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FOREWORD
1 * j

The ASME Handbook of Metals Properties is one of the many services of the Society. It

came into being as a result of a survey in 1941 by the Metals Engineering Division which revealed

the need of the mechanical engineer and designer for a ready reference to the properties and char-

acteristics of metals A preliminary stud}' was instituted, and as a result, in August, 1945, the

Executive Committee of the Council authorized the publication of a Metals Engineering Hand-

book and appointed a Handbook Board. This Board was set up as a continuing body, the mem-
bers to be selected upon the recommendation of the Metals Engineering Division with the

approval of the standing Committee on Professional Divisions and the concurrence of the Pub-

lications Committee. The personnel of the Board has changed from time to time.

The Society is grateful to the members of the Board and to the many others who have made

valuable contributions to the text of the Handbook.

The Society is particularly happy to recognize the active cooperation of the American

Society for Metals, which has permanent representation on the Board through a nominee of its

own choice.

FREDERICK S. BLACKALL, JR., President, 1953

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

This Handbook has been prepared to fill the urgent need for a reference manual related to

the design engineer's point of view. A wealth of information of direct interest to him has been

compiled from many authentic sources and is presented in a form which, it is hoped, will prove

most useful to the experienced engineer and the embryo designer alike

This volume tabulates the properties of metals about which a design engineer needs informa-

tion. A volume has already been published dealing primarily with the design function in metals

engineering. Another volume, in preparation, deals with the processes by which metals are con-

verted to finished product. A fourth volume, also in preparation, collects in one place many

engineering tables to supplement the designer's knowledge of standards for shape, dimension,

gears, and the like.

The Advisory Committee, consisting of Messrs. II. B. Lewis, O J. Horger, C. L. Tutt, Jr.,

and J. F Young, has reviewed under the Board's direction matters relating to content, quality,

format, arid courses of action on the Handbook, and has reported findings and recommenda-

tions to the Board The work of this committee will continue as it will have the responsibility

of recommending to the Board necessary revisions to keep this Handbook abreast of the ever-

changing need for current design data.

Contributions have been made by members of The American Society of Mechanical Engi-

neers and other societies. Industrial organizations have been most generous in furnishing data

and in permitting the use of material already in print. In each case, proper recognition is given

to these sources.

LEWIS K. SILLCOX, Chairman

ASME METALS ENGINEERING HANDBOOK BOARD
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PREFACE

PURPOSE. This Handbook is the direct outgrowth of a survey conducted in 1941 by the

Metals Engineering Division. Disclosure that a need for it existed was somewhat startling

because of the many reference books already available, and the excellent coverage of some of

them. The survey explained, however, that other references were not written for the design

engineer nor exclusively from his viewpoint, and that the existing handbooks did not contain

the scope of metals engineering information needed by the design engineer. In practice he

looked through many references to find related information on a single material, if, indeed, that

information were available at all. This Handbook has been written to satisfy that need, to

compile in one place engineering data on metallurgical, physical, fabrication, and mechanical

properties of typical metals.

SCOPE. A word of caution, however, is in order at the outset. The design engineer is

accustomed to using specification values of the properties with which he is concerned, since it is

on such values that the engineer purchases material and supplies a product, usually under con-

tract For these, he should refer to the applicable specification, and not to this volume. There

are several reasons for this. First, specifications are continually being revised and the engineer

would want to use the one that is currently in effect Second, this volume is not intended to

be a collection of specifications and was not so designed. Third, while specification values are

limiting values, or maximum or minimum values for acceptance, the values included are either

actual test values for a single specimen or average values obtained in production practice.

Specifications by no means give all the data on a material that the engineer needs. It has

therefore been the aim of the present volume to furnish comprehensive data with comments

necessary to characterize the material and typify its uses for the guidance of the designer.

The data presented are organized according to the following plan :

1. Metals of like kind are grouped together. An ascending numerical sequence of desig-

nation is followed, with occasional exceptions necessitated by publication limitations.

2. All data for each metal are reproduced under the designation for that metal.

3. Metals have been identified, in most instances, by the designation commonly used by
the fabricating industries. A cross index is provided for further identification by other systems.

4. A skeleton format has been employed to obtain continuity in presentation.

5. Properties reported cover sizes, forms, and conditions (cold work, heat-treatments, etc.)

in which the metal is usually used. This has resulted in omissions from the skeleton format

where specific data were not of importance to the typical applications for the metal.

6. The English system of units has been employed except where metric units are conven-

tional, or where conversion would bias interpretation of data from the published source.

This plan was adopted with the hope that it would (1) facilitate reference, (2) aid the user

to write in new information of special interest as it becomes available, and (3) provide research

groups and suppliers some indication of omissions in available data.
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CHOICE OF DATA. The constant change in the field of engineering materials can result in

the inclusion of some items that will become less significant. Recent and future developments
will be covered in revisions of this volume.

The large number of metallic engineering materials has created a selection problem that

was met with arbitrary decisions. An outstanding example is that of the steels. While a large

number are represented in this volume, they constitute only a minor fraction of the steels pro-

duced or even of those covered by the American Iron and Steel Institute. The same is true in

the selection of typical nonferrous alloys. The necessary data for a material which is not

included can often be approximated by interpolating between two close materials.

PROPERTY VALUES. The ideal way to present the values of the properties would be by
scatter bands, by distribution curves, or by indicating the standard statistical deviation for an

average value. It cannot be correctly said that the tensile strength of a certain steel at a cer-

tain size, heat-treated in a certain way, always has a singular value. Variations in compo-

sition, structure, and manufacturing practice produce corresponding variations in the properties

obtained with a given material made, let us say, to meet a commercial specification. A figure

might be given for the most probable value and the expected variation above and below that

value. With these facts, a reasonable minimum value could be approximated below which the

property may seldom be expected to fall. The latter is the procedure of specification-writing

bodies after they have sufficient evidence on which to base a finding. Unhappily the ideal is

seldom achieved, though there is a trend in that direction.

The data presented in this Handbook come in one or the other of two categories. They
are either average values representative of good practice or actual test values on single indi-

vidual specimens. A typical case of reporting average values is that of the "
physical property

charts'' of the SAE (Society of Automotive Engineers) steels. They give what is expected,

on the average, for the middle of the range of composition. They offer a good compromise,

since a producer will not care to cite minimum values that would stamp his steels as of inferior

quality; and he will not care to cite the very best values, for, in that case, the user would experi-

ence too many cases of failing to get the published values. With this as a guide, the engineer

should be able to determine the properties he can rely upon and the metallurgist should be able

to decide on compositions and treatments to produce those properties.

UTILIZATION OF DATA. Where average expected values are not available, actual values

are given, along with specific compositions and treatments. If another heat of metal of exactly

the same composition were made, treated, and tested in the same way, the properties would be

the same, within the experimental error of determination. In practice, conditions cannot be

precisely reproduced, and successive lots of metal will vary by somewhat more than the error of

testing variations. The actual variation will represent the summation of the effects of all the

variables on the property. This indicates the significance to be attached to the properties of

the individual metal, at least of that metal as a representative of a type or class. This cannot

be expressed quantitatively unless the distribution curve for that type or class of metal is known.

That is seldom the case in published or tabulated data; therefore, reasonable latitude, based on

good experience and sound judgment, must be allowed in interpreting and using such data.

It should also be clear that such data on individual metals or alloys are not proper for use in

specifications.

The data selected for inclusion represent, in so far as I am able to judge, good data. Much
of them I have been able to check against more than one reliable source, or to select from sources
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that are held to be reliable. Even so, there may be some inconsistencies, inherent in the subject

matter. A good example is the high-temperature properties and behavior of the heat-resistant

alloys. A few of these alloys have been quite well investigated, but others cannot yet be

described adequately. In instances where the data seemed to call for such a procedure, I have

not hesitated to include several sources.

PHYSICAL PROPERTIES. Data on the various physical properties of the pure metals are

relatively accurate in determination and simple to use. Reasonably high purity of the test

samples is usually guaranteed; and most investigators know that the metal must be soft-annealed

to avoid vitiating the determinations by extraneous effects of cold work and its accompanying

structural characteristics. While physical measurements always involve an "error," or uncer-

tainty, the results are usually quite accurate with respect to purity, structure, and measure-

ment. Within the experimental error there is little likelihood that most of the data are far

wrong, and accordingly, there is little likelihood of making improper use of such data.

MECHANICAL PROPERTIES. Data on many mechanical properties of commercial metals

and alloys require somewhat different treatment and interpretation. These are the data sub-

ject to the significant variations as described previously. Data for the heat-treating steels call

for special comment. Until recently the carbon and alloy steels (SAE steels) have been treated

largely on an individual basis, and indeed, they do have individual characteristics. But it is

now clear that steels, almost regardless of composition and alloying elements, have surprisingly

uniform tensile properties at the same hardness level, provided they are
"
fully hardened" when

quenched.

The magnitude of the effect of producing an incompletely hardened condition by quench-

ing is due principally to the "mass effect," and is shown by data on the mass effect of certain

steels that appear in many of the tables of properties on wrought steels. This effect is also

brought out by the inclusion of end-quench hardenability test data. Such data show the rela-

tive depths to which various carbon and alloy steels harden and at about what depths the

incompletely hardened structures begin. They also show that little or no alloy is needed to

harden small sections to produce optimum properties, but as the section size increases, the need

for "hardening" elements increases to produce similar results. These generalizations were

developed at a recent date but have been found to be a guide for the selection of steel compo-

sitions and treatments. Now that this information is available, it should be applied when using

or interpreting data on the properties of heat-treated steels, at least for the ordinary tensile

properties.

For data covering properties other than the simple static and tensile properties, the situ-

ation changes for all types of metals and alloys. This group includes such properties as notch

toughness, notch fatigue, impact behavior or high-velocity loadings, fatigue, corrosion fatigue,

low-temperature properties, high-temperature properties, corrosion, magnetic properties, and

damping. These are controlled by composition, manufacturing variables, treatment, and struc-

ture. In so far as was possible, data have been included on these points but no correlations

have appeared here except a few generalizations. Notch-toughness and creep properties have

been studied elsewhere in some detail and a fair amount of information is available. Consider-

able discussion of the significance of these properties will be found in Parts I and II of the

companion volume, "Metals Engineering Design."

It is hoped that the data of this volume, or similar data in any book, will be used or applied
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with these qualifications clearly in mind. Until unequivocal metal data are available, the exer-

cise of understanding and judgment is vital to the successful use of such data.

ACKNOWLEDGMENTS. The compilation of the material for the Properties and Data

Section has been partly a task done at Battelle Memorial Institute and partly a labor of love.

The editor wishes to express his appreciation for the excellent support furnished him by his

company and for the assistance and encouragement given by the members of the Metals Engi-

neering Handbook Board. One of their functions was to secure informed criticism of the treat-

ment and coverage of many of the subdivisions. Those reviews were competent and thorough

and I feel that the value of the data has been substantially increased by this backstage work

Work on the manuscript was no sinecure for the office staff, and I want to thank them for the

care and attention they have given to the proper handling of the many processing details. My
special thanks are due to Mrs. Gene M. Weeks, for it was the happy way in which she com-

bined skill with persistence that the original manuscript was converted into the uniform and

readable pages of the final product. That was no simple task.

From past experience in compiling data in large numbers, it is practically certain that

errors will be present, in spite of checking and rechecking So that steps can be taken to

correct them in future editions, it will be appreciated if errors are called to the attention oi

Miss Jean Meyer, Secretary to the ASME Metals Engineering Handbook Board, 29 West 39th

Street, New York 18, N.Y.

SAMUEL L. HOYT
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Characteristics. When properly made and inspected, wrought iron is

a reliable, low strength, ferrous material which resists corrosive
attack under normal atmospheric conditions and at moderately
elevated temperatures. It is popular for chains because it is

resistant to bruising and can be readily reconditioned by annealing.
It loses useful strength and becomes notch brittle at low temperatures.

Commercial Forms. Pipe, plate, bars, shapes, sheet coated and

uncoated, rivets, staybolts, chain.

Technological Properties

Machmabihty. Wrought iron in the cold drawn condition at 101-131
BHN is rated at 50% of the standard cold drawn B1112 steel.

Wrought Iron

Physical Properties
1

Density 0.28 Ib/cu in. (7.7 S.G.)
1ASM Metal. Handbook

yCoef. of Thermal Expansion
Temp Range
18-100C 11.40 x 10-*/C
64-2 12F 6.35 x 10'VF



Wrought Iron Chains

Chemical Composition

C <.06% Mn <.06%
Characteristics. Values given are for forge welded wrought iron chains.
Values for a 3*5% Ni wrought iron are included for comparison.



ADDITIONAL MECHANICAL PROPERTIES

Compression Properties
1

Compressive strength of annealed ingot iron

Elastic limit 19,400 psi

Proportional limit 19,200 psi
Yield strength 20,600 psi

*Data from P. W. Bridgman

Mean compressability at 30C, up to 10M kg/cm* - 0.566 * 10"* kg/cm
1

Mean compressability at 75C, up to 10M kg/cm
a

0.572 x 10'* kg/cm
1

Pressure coefficient up to 10M kg/cm
a - 7.0 x 10*6/kg/cm

l

Temperature coefficient between 30 and 75C 2.3 x 10"VC

Pure Iron

Creep Strength. Data from Tap sell and Clenshaw, see Fig* 22, p 433
Met. Hdbk.

Hardness at Elevated Temperatures
Values obtained by Tapsell and Clenshaw by both static

and impact methods are reproduced in Fig. 23, P 433
Met Hdbk. For effect of cold work on hardness, strength
and ductility of ingot iron, see Figs 2 and 4, p 437.

Poisson's Ratio

(Continued on page 4)



Pure Iron

(Continued from page 3)

Specific Heat. See Fig 4, p 424,
Met. Hdbk.

Density
1

lb/cu in

0.2842
0,2840

0.2845
0.2845

Ingot iron

Carbonyl iron

Electrolytic iron

Bur. of Stds. iron

Calculated X-ray
J

0.2842

JASM Metals Handbook
This value is calculated from
value of the lattice parameter i

weight of an atom of iron.

Note: For effect of cold
see Fig 3, p 424 Met.

S.G

7.866
7.860
7.874
7.874
7.865

a good
and the

work
Hdbk.

Chemical Composition
5

C Mn Si Cu Ni
% %

.04 -Ingot iron <.020 <.020 .005 .020 tr .04 - present .004 1

Electrolytic .006 - .005 .004 .005 - present
Carbonyl .0004 - 1 - 1 - 1 - 1 - 1 - 1

<.01
Bur. Standards <.001 -J

<.00()5 .002 .002 <.002 - 2
.003 .0002

H, purified
1

,00> .028 .004 .003 .001 - - .003 .0001

Westinghouse
4 ^.OOI <.003 <.003 <.005 <.01 <,001 - <.01 <.004

1 Unable to identify, also Cr, Co, Mo and Zn
J Unable to identify, also Ag, As, Au, B, Ba, Bi, Ca, Cb, Cd, Ce, Co, Cr, Ga, Ge. Hf, H,In. Ir, K,
Li, Mg, Mn, Mo, Na, Ni, Os, Pb, Pd. Pt, Rh, Ru, Sb, Sc, Sn, Sr, Ta, Th, Ti, Tl, LJ, V, W, V, 7n,
Zr Total impurities <0 010% See Research Paper,RP 1472, Ntl Bur. Stds , May 1942

*Total impurities 024%
4
Zn<.002%, Mo< 001%, Pb<^ 0004%, Sn< 0002%, others ^ 0001%, Fe=99 99%
'Commercial Grades

Technological Properties

Relative Machinabthty The ASM machinabi
of ingot iron, cold drawn to 101-131 BHN,
the Rll 12 standard.

Characteristics. Pure iron is relatively soft and ductile and is strongly magnetic. It rusts
and corrodes easily, and dissolves many elements and impurities rather easily.

Typicol Uses. Ingot iron is used as sheet, plain and galvanized, for good resistance to

corrosion in inside and outside applications, for deep drawn parts, enamelling stock, for

third rails, etc. Iron powder is used for magnetic cores and in the pressed and sintered
state for iron parts. Westinghouse iron is used as a spectroscopic standard.

Commercial Forms. Ingot iron is the only pure iron that is made on a tonnage basis. It is

produced as sheet, strip, wire, galvanized sheet, rail sections for good conductivity, etc.

Electrolytic iron is produced as cathodes for remelting or use in powder form. C arbonyl
and hydrogen reduced and purified iron are powders for use in powder metallurgy. Other
forms are for experimental work.

Thermal Conductivity
1

lity rating Tne thermal conductivity of iron decreases with rise in temperature*
is 50% of

though, upon transforming into the gamma phase at A 3| it appears to

increase. Data for ingot iron arc shown in Fig 5, p 425 Met. Hdbk.
1ASM Mete4s Handbook, data from Cleaves and Thompson

Coef. of Thermo I Expansion

Temp Range
Deg C Deg F
-100 -148
-50 -58

20
100
200

300
400

32
68

212

392
572
752

500 932
600 1112

I Expansion
4

Coefficient* Coefficient
1

per Deg C1
per Deg Ca

per Deg F 1

per Deg F3

9.1 X 10" - 5.1 X 10"
10,5 x 10'

6 - 5.8 x 10'*
1 1 < v in-* f~. A * irr*
i v, j ^ i\j

11.5X10-*
11.7x10"

12.6 x 10" 12.7 x 10"
13.8 x 10"

" - ""
13*.8 x 10" \\

%

J) x Jo" 7*.6 x

14.6 x 10" 15.0 x lO'
6

8.1 x
1Q-

14.6 x 10" 15.0 x lO'
6

..._ ...

16.6 x 10" 15.9 x 10'
6

8.8 x lo"
(

16.8 x IQ-' 16.2 x 10-*
in-* 1 < n

.

16.0 16.0

10-'

10"
9.3 >

8.9 >

10"
10"

5.8 x 10'

6.4 x 10"
6.5 x 10"
7.0

7.7

8.3
8.8

9.0

8.9

c 10-*
< 10"

c 10"
c 10"
c 10'

6

} Data by Austin and Pierce.
Data by Hidnert on National Bureau of Standards iron

Increase in length in parts per million at the indicated temp for a
change in temp of 1C. The coefficient for 1F is *^ of the values
given. Experimental difficulties make determinations above 600C un-
certain, though it is known that gamma iron has a larger coefficient
than alpha iron.

4ASM Metals Handbook

Electrical Resistivity
1

Temp Range
Deg C Deg F

Bur. of Stds. 20

Temp Coef. JL u.uuo} i onm/oiim/-v.
Note: Coldwork increases the resistivity of iron by
a few per cent depending on the amount. Annealing the
cold worked metal restores the original value. The
effects of both cold work and annealing are shown
in Fig 8, p 428 Met Hdbk. Electrical resistance at

high and at low temp is shown in Fig 7, p 425
1 A.SM Metals Handbook, data by Tammann and Moritz

68 9.7 1 microhm/cm
3

32 0.00651 ohm/ohm/ C
ron

ng t

Heats of Transformation and Fusion 1

Csl/gm
At A a zero
At A) 4.9 Calculated by Ralston
At A4 1.7 Calculated by Ralston
At M.P. 65 As heat of fusion. Ralston
1A8M MetaJs Handbook

Critical Points or Transformation Temperatures
4

On Heating

(not present)
A a Curie point

1 Ac a
- 1414F

A. 1 A*-. . i /c-7ri7
'

a

Ac s
- 1670F(a=00

Ac 4
- - (y =

8)

On Cooling

(not present)
Ar a

- 1414F
Ar,

- 1659 F (y =
a)

Ar4 - 25301 9F( S = 7)
1
Magnetic iron loses its strong magnetism above Aj ,

the Curie point
At Aj iron changes from body centered cubic a iron to face centered
cubic y iron

At A4 y iron changes to 8 iron, which is body centered cubic.
4ASM Metals Handbook.



IRON GRAY, CAST

Class 20
MEDIUM SECTIONS

Characteristics: A soft grade of gray iron, commonly
melted in the cupola. It has very good fluidity and cast-

ability and is very easily machinable. It is particularly
valuable in medium and thin-sectioned castings, and gen-
erally advisable where only moderate strength is required
and it is desirable to avoid high casting stresses even in

complicated sections.

Uses: Typical castings machine bases, ornamental

castings, grates, housings, frames, manhole covers,
andirons, traffic signs, etc.

IRON GRAY. CAST

Class 20
LIGHT SECTIONS

Uses: Sanitary ware, cooking utensils, mail boxes, piston rings and
similar thin-walled castings. Also See Class 20, Medium Sections.'

'Typical castings machine bases, ornamental castings, grates, housings,
frames, manhole covers, andirons, traffic signs, etc.



IRON OKAY, CAST

Class 20
HEAVY SECTIONS

Uses: Certain types of pipe, fittings, castings resistant to thermal shock,
heavy machine bases, bed plates, weights etc. Also, see Class 20, Medium
Sections. 1

'Typical castings machine bases, ornamental castings, grates, housings,
frames, manhole covers, andirons, traffic signs, etc.

IRON GRAY. CAST

Class 25
MEDIUM SECTIONS

Chemical Composition
1

-Typical
Total C Graphitic C Combined C

3.40

P S

0.30 0.10

Alloys

not used

Si Mn

2.20 0.50

C Equivalent
*

4.15

'irons of this class are commonly supplied with different
analyses depending on the application. Compositions are

usually specified.
CE= % Total C +0.3 (% Si +% P)

Uses. Use similar to Class 20 when higher strength
required.



IRON GRAY, CAST

Class 25
LIGHT SECTIONS

Uses: Use similar to Class 20 when higher strength required.

IRON GRAY. CAST

Class 25
HEAVY SECTIONS

Uses: Use similar to Class 20 when higher strength required.



IRON GRAY, CAST

Class 30
MEDIUM SECTIONS

Chemical Composition
'

Total C Graphitic C Combined C Si Mn

Typical 3.35 265
Typical Range 3.00-3 50 2.50-2 80

7ypic.il
'

P
O-r

20

070
060-0.80

Alloys

2.20 0.50
1.50-270040-080

C. I*quivalcnt
*

0.10 A small alloy con- 4.05
lypical Range 0.15-0.60 0.07-0.14 tent may be used

'Irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
*CE ~ % Total C * 3 (% Si * % P)

Characteristics. This class together with Class 35 (35 M psi mm.) repre-
sents a great number of gray iron castings. Class 30 and 35 irons are

readily castable in thin sections, possess the high machmabihty
characteristic of gray iron, and are close grained enough to be sound
in relatively heavy sections

Uses Typical uses include light brake drums, clutch plates, crank-
casc;,, cylinder blocks, liners, sleeves, filter grids, impellers, com-
pressor frames, pipe and fittings, rams, grate bars and numerous auto-
motive, electrical and machine components.

IRON GRAY, CAST

Class 30
LIGHT SECTIONS

Characteristics* This class to-

gether with Class 35 (35 M psi
mm.) represents a great number of

gray iron castings. Class 30 and
35 irons are readily castable in

thin sections, possess the high
machmabihty characteristic of gray
iron, and are close grained enough
to be sound m relatively heavy
sections.

Chemical Composition
1

Total C Graphitic C Combined C

lypical 3 35 - -
Typical Range 3.30-3.50 -

P S

Typical 0.20
Typical Range 10-0 25

0.10
07-0.14

Alloys

nor used

i Mn

2 20 0.50
1.70-2.50 0.40-0.80

C Equivalent

4.05

"Irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
'CE = % Total C +0.3 (% Si +% P)

Uses- Typical uses include light brake drums, clutch plates, crankcascs,
cylinder blocks, liners, sleeves, filter grids, impellers, compressor frames,
pipe and fittings, rams, grate bars and numerous automotive, electrical
and machine components.



Chemical Composition* Typical
Total C Graphitic C Combined C Si Mo

3.35

P
%

0.20

S
%

0.10

Alloys
%

2.20 0.50

C Equivalent
%

4.05

'Irons of this class are commonly supplied with different analy-
ses, depending on the application. Compositions are not
usually specified.
*CE = % Total C + 0.3 (7, Si + 7* P)

IRON GRAY, CAST

Class 30
HEAVY SECTIONS

Characteristics: This class together with Class 35 (35 M psi
mm.) represents a

great
number of gray iron castings. Class 30 and

35 irons are readily castable in thin sections, possess the high
machinabihty characteristic of gray iron, and are close grained
enough to be sound in relatively heavy sections.

Uses: Typical uses include light brake drums, clutch plates,

crankcases, cylinder blocks, liners, sleeves, filter grids, impellers,

compressor frames, pipe and fittings, rams, grate bars and numer-
ous automotive, electrical and machine components.

Chemical Composition
1

Total C Graphitic C Combined C

Typical 3.25

Typical Range 3 10-3.40

Typical 0.20

Typical Range 0.10-0.25

2.55
2 35-2.70

0.70
0.60-0.80

Alloys

Si Mn

2.00 0.70
1.50-2.50 0.55-0.75

C Equivalent

0.10 Small amounts of 3.90
0.07-0.14 alloys may be used

'irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
*CE = % Total C + 3 (% Si +% P)

Uses: Typical uses include light brake drums, clutch plates, crankcases,
cylinder blocks, liners, sleeves, filter grids, impellers, compressor frames,
pipe and fittings, rams, grate bars and numerous automotive, electrical

and machine components.

IRON GRAY, CAST

Class 35
MEDIUM SECTIONS

Characteristics: This class to-

gether with Class 35 (35 M psi
mm.) represents a great number of

gray iron castings. Class 30 and
35 irons are readily castable in

thin sections, possess the high

machinabihty characteristic of gray
iron, and are close grained enough
to be sound in relatively heavy
sections.



WON GRAY, CAST

Class 35
LIGHT SECTIONS

Characteristics: This class to-

gether with Class 35 (35 M psi
min.) represents a great number of

gray iron castings. Class 30 and
35 irons are readily castable in

thin sections, possess the high
machmabihty characteristic of gray
iron, and are close grained enougn
to be sound in relatively heavy
sections.

Uses: Typical uses include light brake drums, clutch plates, crankcases,
cylinder blocks, liners, sleeves, filter grids, impellers, compressor
frames, pipe and fittings, rams, grate bars and numerous automotive,
electrical and machine components.

IRON GRAY, CAST

Class 35
HEAVY SECTIONS

Characteristics: This class to-

gether with Class 35 (35 M psi
mm.) represents a great number of

gray iron castings. Class 30 and
35 irons are readily castable in

thin sections, possess the high
machinabihty characteristic of grav
iron, and are close grained enougn
to be sound in relatively heavy
sections.

Chemical Composition*
Total C Graphitic C Combined C

Typical 3.25 - -
Typical Range 3.15-3.35

P S

Si Mn

Alloys

2.00 0.70
1.50-2.20 0.50-0.75

C Equivalent*

Typical 0.20

Typical Range 0.15-0.25
0.10 Small amount of

0.07-0.14 alloy may be used
3.90

'irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
CE= % Total C +0.3 (% 81 +% P)

Uses: Typical uses include light brake drums, clutch plates, crankcases,
cylinder blocks, liners, sleeves, filter grids, impellers, compressor
frames, pipe and fittings, rams, grate bars and numerous automotive,
electrical and machine components.
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Chemical Composition*
Total C

Typical 3.10

Typical Range 2.75-3.30

P

Graphitic C Combined C Si

2.25
2.00-2.50

. .85

0.65-0.90

Alloys

1.80
1.00-2.10

Mn

0.70

C 1-quivalent

3.70Typical 0.20 0.10 Moderate alloy ad-

Typical Range dttions may be used

'Irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
CE * % Total C +0.3 (% Si +% P)

Uses: Typical uses include diesel and other gears, camshafts, light
crankshafts, large cylinder blocks, heads, liners, sleeves, steam pressure
castings, pumps, compressors, valves, impellers, heavy beds, face

plates, columns, gudgeons, tube supports, dies, bushings, locomotive
bull rings and cylinders, anvils, rams, wheels, etc.

IRON GRAY, CAST

Class 40
MEDIUM SECTIONS

Chorocteristicc: Class 40 and Class 50 irons

are specified if strength and/or specific
characteristics such as maintaining hardness
above a certain level, resistance to growth
at high temperatures, improved strength and
soundness in heavy sections, etc. are of

paramount importance. Although the superior
castabihty of gray iron is maintained to a

considerable degree, some sacrifice in this

property is usually accepted to obtain other
desirable physical characteristics. Strengths
up to 50 M psi min can be obtained simply by
lowering carbon equivalent and treating the
irons with ladle inoculants, although actual

alloying agents such as nickel, chromium,
molybdenum, etc., are frequently employed.

Chemical Composition
1

Total C

Typical 3.10

Typical Range 2.80-3.30

P

Graphitic C Combined C Si Mn

0.70

Alloys

1.80
1.00-1.90

C Equivalent*

Typical
Typical Range

0.20 0.10 Medium alloy ad-

ditions may be used
3.70

'irons of this class are commonly supplied with different analyses, depending on
the application. Compositions are not usually specified.
*CE= % Total C + 0.3 (% Si + % P)

Uses: Typical uses include diesel and other gears, camshafts, light

crankshafts, large cylinder blocks, heads, liners, sleeves, steam pressure
castings, pumps, compressors, valves, impellers, heavy beds, face

plates, columns, gudgeons, tube supports, dies, bushings, locomotive
bull rings and cylinders, anvils, rams, wheels, etc.

IRON GRAY. CAST

Class 40
LIGHT SECTIONS

Characteristics: Class 40 and Class 50 irons

are specified if strength and/or specific
characteristics such as maintaining hardness
above a certain level, resistance to growth
at high temperatures, improved strength and
soundness m heavy sections, etc. are of

paramount importance. Although the superior
castabihty of gray iron is maintained to a

considerable degree, some sacrifice in this

property is usually accepted to obtain other
desirable physical characteristics. Strengths
up to 50 M psi mm can be obtained simply by
lowering carbon equivalent and treating the
irons with ladle inoculants, although actual

alloying agents such as nickel, chromium,
molybdenum, etc., are frequently employed.

11



IRON GRAY, CAST

Class 40
HEAVY SECTIONS

Characteristics: Class 40 and Class 50 irons

are specified if strength and/or specific character-
istics such as maintaining hardness above a

certain level, resistance to growth at high tem-

peratures, improved strength and soundness in

heavy sections, etc. are of paramount importance.
Although the superior castability of gray iron is

maintained to a considerable degree, some sacri-

fice in this property is usually accepted to obtain

other desirable physical characteristics. Strengths
up to 50 M psi mm can be obtained simply by

lowering carbon equivalent and treating the irons

with ladle inoculants, although actual alloying
agents such as nickel, chromium, molybdenum,
etc., are frequently employed.

Chemical Composition
Total C Graphitic C Combined C

Typical 3.110 - -
Typical Range 3.00-3.50

P S

Si Mn

0.70

Alloys

1.80
1.00-2.20

C Fquivalent*

Typical
Typical Range

0.20 0.10 Moderate alloy ad-
ditions may be made

3 70

'irons of this class are commonly supplied with different analyses, depending
on the application. Compositions are not usually specified.
ZCE = 7. Total C + 0.3 (% Si * % P)

Uses' Typical uses include diesel and other gears, camshafts, light

crankshafts, large cylinder blocks, heads, liners, sleeves, steam
pressure castings, pumps, compressors, valves, impellers, heavy beds,
face plates, columns, gudgeons, tube supports, dies, bushings, loco-
motive bull rings and cylinders, anvils, rams, wheels, etc

IRON GRAY. CAST

Class 50
MEDIUM SECTIONS

Characteristics: Class 40 and Class 50 irons

are specified if strength and/or specific character-

istics such as maintaining hardness above a

certain level, resistance to growth at high tem-

peratures, improved strength and soundness in

heavy sections, etc. are of paramount importance.
Although the superior castability of gray iron is

maintained to a considerable degree, some sacri-

fi<5e in this property is usually accepted to obtain
other desirable physical characteristics. Strengths
up to 50 M psi mm can be obtained simply by
lowering carbon equivalent and treating the irons

with ladle inoculants, although actual alloying
agents such as nickel, chromium, molybdenum,
etc., are frequently employed.

Chemical Composition
1

Total C Graphitic C Combined C
% % %

Typical 2.90 2.00

Typical Range 2.70-3.05 1.75-2.10

S

0.90
0.75-1.00

Alloys

Mn
or

0.702.00
1.50-2.40

C Equivalent

0.10 Moderate amounts of ^.5*

alloys are generally used
Typical
Typical Range
'irons of this class are commonly supplied with different analyses, depending
on the application. Compositions are not usually specified.
CE ~

7. Total C + 0.3 (7. Si * 7. P)

Uses- Typical uses include diesel and other gears, camshafts, light

crankshafts, large cylinder blocks, heads, liners, sleeves, steam
pressure castings, pumps, compressors, valves, impellers, heavy beds,
face plates, columns, gudgeons, tube supports, dies, bushings, loco-
motive bull rings and cylinders, anvils, rams, wheels, etc.

12



Chemical Composition'
Total C Graphitic C Combined C Si Mn

2.90

P
%

0.10

Allo

0.10 Moderate amounts
of alloys are used

2.00 0.70

C Equivalent

3.65

'Irons of this class are commonly supplied with different analy-
ses, depending on the application. Compositions are not

usually specified.usually specified.
?CE = % Total C +0.3 (% Si *% P)

Uses: Typical uses include diesel and other gears, cam-

shafts, light crankshafts, large cylinder blocks, heads,
liners, sleeves, steam pressure castings, pumps, com-

pressors, valves, impellers, heavy beds, face plates,
columns, gudgeons, tube supports, dies, bushings, loco-

motive bull rings and cylinders, anvils, rams, wheels, etc.

IRON GRAY. CAST

Class 50
LIGHT SECTIONS

Characteristics: Class 40 and Class 50 irons are specified
if strength and/or specific characteristics such as main-

taining hardness above a certain level, resistance to growth
at high temperatures, improved strength and soundess in

heavy sections, etc. are of paramount importance. Although
the superior castability of gray iron is maintained to a con-
siderable degree, some sacrifice in this property is usually
accepted to obtain desirable physical characteristics.

Strengths up to 50 M psi mm can be obtained simply by
lowering carbon equivalent and treating the irons with
ladle inoculants, although actual alloying agents such as

nickel, chromium, molybdenum, etc., are frequently em-
ployed.

Chemical Composition
Total C Graphitic C Combined C

2.90

P

Si Mn

0.10

Alloys

The use of alloys
is essential

2.00 0.70

C Equivalent
2

2.5*5

'irons of this class are commonly supplied with different analy-
ses, depending on the application. Compositions are not

usually specified.usuay specie.
2CE ~

7o Total C + 0.3 (7o Si + % P)

Uses. Typical uses include diesel and other gears, cam-

shafts, light crankshafts, large cylinder blocks, heads,
liners, sleeves, steam pressure castings, pumps, com-

pressors, valves, impellers, heavy beds, face plates,
columns, gudgeons, tube supports, dies, bushings, loco-

motive bull rings and cylinders, anvils, rams, wheels, etc.

IRON GRAY, CAST

Class 50
HEAVY SECTIONS

Characteristics. Class 40 and Class 50 irons are specified
if strength and/or specific characteristics such as main-

taining hardness above a certain level, resistance to growth
at high temperatures, improved strength and soundness in

heavy sections, etc. are of paramount importance. Although
the superior castability of gray iron is maintained to a con-
siderable degree, some sacrifice in this property is usually
accepted to obtain other desirable physical characteristics.

Strengths up to 50 M psi can be obtained simply by lowering
carbon equivalent and treating the irons with ladle inocu-

lants, although actual alloying agents such as nickel,
chromium, molybdenum, etc., are frequently employed.

13



IRON GRAY, CAST

Class 60
MEDIUM SECTIONS

Characteristic*: Class 60 irons are the highest
strength grade normally melted in the cupola.
They usually require substantial additions of

alloys such as combinations of nickel, molyb-
denum and chromium to maintain this

hig^i
level

of strength in medium and heavy sections. A
tendency to chill limits their use (as well as
Class 50 irons) in thin sections. Special
founding practice and the necessity of alloys
definitely increase the cost of Class 60 irons.

Uses: Typical uses include special brake drums, camshafts, connecting
rods, truck cylinder blocks, heads, diesel liners, idler gears, diesel

engine housings, truck end plates and transmission, pressure castings
in chemical industry, high pressure well pumps, crusher frames, hot-

forming dies, heavy duty bevel and cut gears, hydraulic cylinders,
water work sluice gate valves. Classes 40, 50 or 60 are specified for

pressure-containing parts for temperatures above 450F

Mechanical Properties
Casting Test Dar Tensile
Sect Lt Diam Strength

Form or Condition in. in. M psl

Cast 1.2 in, diam 0.51-1.00 1.2 60 mm.
Typical - - 65'

Typical Range 60-66
f

'0.750 In. diam machined from test bar (2)
1.2 in. diam X 18 in. between supports

'1.125 in. diam X 6 in. supports
<At % transverse load

Trans S
M Ib

Defl
in.

0.34

Mod of

Rupt
M psi

98

Imp S
ft Ib

115
s

0.23-0 40 85-105

Hard
BHN

290
250-300

Comp S
M psi

Mod of
Blast E
M psi

Trans
Resil
in Ib

170 19.500
4

800

IRON GRAY, CAST

Class 60
LIGHT SECTIONS

Characteristics: Class 60 irons are the highest strength
grade normally melted in the cupola. They usually require
substantial additions of alloys such as combinations of

nickel, molybdenum and chromium to maintain this high
level of strength in medium and heavy sections. A tendency
to chill limits their use (as well as Class 50 irons) in thin
sections. Special founding practice and the necessity of

alloys definitely increase the cost of Class 60 irons.

Chemical Composition
1

Total C Graphitic C Combined C Si Mn

2.85

P

0.10 0.10

Alloys
%

Alloys are
essential

2.20 0.70

C Equivalent
2

%
2.25

Irons of this class are commonly supplied with different analy-
ses, depending on the application. Compositions are not

cified.usually spe
*CE = % Total C + 0.3 (% Si P)

Uses: Typical uses include special brake drums, cam-
shafts, crankshafts, connecting rods, truck cylinder blocks,
heads, diesel liners, idler gears, diesel engine housings,
truck end plates and transmission, pressure castings in

chemical industry, high pressure well pumps, crusher

frames, hot-forming dies, heavy duty bevel and cut gears,
hydraulic cylinders, water work sluice gate valves. Clas-
ses 40, 50 or 60 are specified for pressure-containing
parts for temperatures above 450F.

14



Chemical Composition
1

Total C Graphitic C Combined C Mn

Typical 2.85

Typical Range 2.50-3.00
2.20 0.70

Alloys C Equivalent

Typical
Typical Range

0.10 0.10 Alloys are
essential

3.50

'irons of this class are commonly supplied with different analyses, depending
on the application. Compositions are not usually specified.
*CE = % Total C * 0.3 (7. Si % P)

IRON GRAY, CAST

Class 60
HEAVY SECTIONS

Characteristics: Class 60 irons are the highest strength grade normally
melted in the cupola. They usually require substantial additions of

alloys such as combinations of nickel, molybdenum and chromium to
maintain this high level of strength in medium and heavy sections. A
tendency to chill limits their use (as well as Class 50 irons) in thin

sections. Special founding practice and the necessity of alloys def-

initely increase the cost of Class 60 irons.

Uses* Typical uses include special brake drums, camshafts, crank-

shafts, connecting rods, truck cylinder blocks, heads, diesel liners,
idler gears, diesel engine housings, truck end plates and trans-

mission, pressure castings in chemical industry, high pressure well

pumps, crusher frames, hot-forming dies, heavy duty bevel and cut

gears, hydraulic cylinders, water work sluice gate valves. Classes
40, 50 or 60 are specified for pressure-containing parts for temperatures
above 450F.

Mod of
Rupt Imp S
M psi ft Ib

0.40

0.30-0.45

115 100
3

Hard
BHN

275
270-285

Mod of Trans
Elast E Resil
M psi in. Ib

19.000
4

3000
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SPECIAL CASTINGS

Corrosion Resistant

CA

Physical Properties

Specific resistivity, microhm/cm 1 at 70F CA 15 78

CA40 76
Specific heat, Dtu/lb/'F at 70F 0.11

Density, at 70F 0.275 Ib/cu in. (7.61 S.G.)

Magnetism Ferromagnetic

Characteristics Popular corrosion - resistant casting alloy, and

can be heat treated to improve the hardness and mechanical

properties. Drawing at ^OOF lowers the notch toughness. Is

resistant to oxidation, corrosion, and erosion

Uses' Valve trim.

Thermal Conductivity

ntu/hr/ftVft/F r.t.-212F 14.5
-1000F 16.7

Cal/ cm 1
/ cm/sec/C r.t.-lOOC .060

-538 .069

Technological Properties

Machinabihty, relative to

annealed 18Cr-8Ni

Weldabihty, relative to

annealed 18Cr-8Ni

Hardening temp
Tempering temp
Melting point, sohdus

CA 15 good
CA 40 equivalent
CA 15 equivalent (preheat 400-600F recom-

mended before welding
castings previously drawn
at 1100)

CA <}Q fair (preheat SQO-750F recommended
before welding)

1800P
, AQ or OQ

600-HOOF
CA-15 2700-2790F
CA-40 2700-2750F

Creep Strength (M psi)

Stress for 1~<, creep i

Temp 10,000 hr

1050F
1100

11.0

8.9
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Technologicol Properties

Machinabtlity, relative to

annealed 18Cr-8Ni

Weldabihty, relative to

annealed 18Cr-8Ni

Magnetic permeability
Annealing temp
Scaling temp oxidizing

Melting point, solidus

equivalent

poor (preheat 600-800 re-

commended before

welding. After welding,
reheat, treat immediate-

ly. Fabrication welding
not recommended.)

magnetic
1400-1500F, AC
1500F. In comparison to al-

loys with higher Cr and to

alloys with at least 15" Cr
with Nij HB has relatively
low resistance to scaling.
CB 2700-2750

Characteristics: CB has greater corrosion
resistance than CA but is not harden able by
quenching.

Uses: Valve bodies and trim. For nitric acid
the carbon is held below 0.20%. This grade is

being replaced by CF(19.9).

Physical Properties

Specific resistivity microhm/era* at 70F 76

Specific heat, Btu/lb/F at 70F 0.11

Density, at 70 F 0.272 Ib/cu in. (7.53 S.G.)

ThermoI Conductivity

Btu/hr/ftVft/F r.t.-212F 12.8
-1000F 14.5

Cal/cmVcm/sec/C r.u-lOOC .053
-538 .060



Characteristic*! CC is highly re-

sistant to oxidizing corrodants, and acid

pride waters. May be used "as cast".

lisas: HC is used in sulphur -bearing
atmospheres at high temperatures where
strength is not important. A grade with

3.0% is supplied for wear at high temper-
atures. N is added up to over .15%, with Ni
over 2% to improve the mechanical proper-
ties. HC is embrittled by heating to 750-
1025 F.

Technological Properties

Machin ability , relative to

annealed 18Cr-8Ni

We Id ability, relative to

annealed 18Cr-8Ni

Magnetic permeability

Melting point, solid us

Scaling temp oxidizing

Physical Properties

Density, at 70F

Specific restivity,
microhm/cm1 at 70 F

Specific heat,
Btu/lb/Fat 70 F

CC Fair (N i content < 1%)
Equivalent (Ni content > 2% with 0.15%N)

HC Fir
CC Poor (Preheat 400-800 recommended

before welding* After welding heat to

1100- 1400 F, then air cool)
HC Poor (Preheat 600-1000F AC from 1550

after welding)
CC Magnetic
HC 14.7 (48 hrs at 1600F)

9.9 (2 100-2 hrs WQ)
CC 2700-2750F
HC 2650-2750F
HC 2000 F. highly resistant to oxidizing

or reducing atmospheres, and in the

presence of sulphur.

CC 0.272 Ib/cu in. (7.53 S.G.)
HC 0.274 Ib/cu in. (7.56 S.G.)

77.0

0.12
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Technological Properties

Annealing temp
Machmabihty, relative to

annealed 18Cr-SNi

Weldabihty, relative to

annealed 18Cr-8Ni

Magnetic Penneability

Scaling temp oxidizing

Melting point, solidus

2000F, AC, OQ
CE-30 Good
HF Equivalent
CE EquivalentlNo preheat or after

HE Fair f is required
Ch-30 Over 1.5

HE 1.3-1.8

2000F. HE is highly resistant to scaling

oxidizing or reducing atmospheres am
the presence of sulphur.

2600-2700F

Thermal Conductivity HE

Btu/hr/ftVft/F r.t,

Cal/cm a/cm/sec/ <C r.t

heat

Physical Properties

Density at 70F

Specific resistivity,
Microhm/cm* at 70 F

Specific heat, Btu/lb/F at 70F

CF-30
HE

0.277 Ib/cu in. (7.67 S.G.)
276 lb/cu in. (7.65 S.G.)

85

14

Characteristics: A ductile corrosion resistant

alloy which can be used "as cast," though
preferably "quench annealed." Is less suscepti-
ble to intergranular attack than CF and is better
for use as cast or as welded.

Uses: Valves, pumps, and fittings for sulphite
liquor in the paper industry.

- 1500 10.0
- 816 .041

Stress Rupture Strength (M psi) HE

Stress to rupture in

Temp 100 hr

1400F 11.0

5.3
2.5

1600
1800
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1
Alloy Casting Institute

*CF-8 8-11 c
3 CF-8C 8*C mm, 1.0 Omax <

4Not intentionally added
'ASTM allows o 6s %
6CF-8M 1 50*.
7 CF-8M 2 0-3.0%

Cb-Ta lOXCmm, 1 35 "otnax

SPECIAL CASTINGS

CF

Heat Hesistant

HF

dely i

casting alloy, produced with several different carbon
contents. It is quench-annealed for corrosive service,
with the low carbon CF-8 the best. For Sulfunc acid,
2.3% Mo is added and Cb for welding, and Se for ma-

chining. It is not hardened by heat treatment. HF is

similar to CF with higher C for use at moderately
high temperatures. CG is related type with higher
e arbon content.

Technological Properties

Annealing temp
Scaling temp oxidizing

Machmability, relative to annealed
l8Cr-8Ni

ihty, relative to annealed
18Cr-8Ni

Melting point, sohdus, approx

Magnetic permeability, heat-treated

1 With Mo the luenchmR temperature she
Tapping operations difficult,

3 After welding, WO from IQ50-2050F

1900-21001-, OQ or WQ1

1600F. Is inferior to HF, especially
to sulphur.
CF-8 Machinable (by cutting tools

at about 40-4 5% rate of Bessemer
Screw Stock). CF-8M, C F-12M,
CF-20, HF a

Fquivalent. CF-8C
Good. CF-16F Improved
CF-8 By gas, electric-arc without

pre-heat/CF-12M, CF-20, CF-8M
Fquivalent, no pre-hcat required.

1

CF-8C Good, II F Fquivalent, no

pre-heat or after-heat treatment re-

quired. CF-16F Repair welded

satisfactorily, Fabrication welding
may require special techniques. No
preheat required.'

CF-8, CF-8C, HF 2600 F

CF-8M, CF-12M, CF-16F 2550F
CF-8 1.0-1.30, CF-8M 1.V2.5,
CF-8C 1.2-1.8, CF-16F 1.0-2.0,
CF-20 101, HF non-magnetic,

aid be on the high side

Creep Strength (M psi)

Temp

1000F
1200

1300
1350
1400
1600

CF-8

20.5

5.2

2.4

26

10

3.7

1 1900F 2 hr, AC, leOOF 4 hr, AC

14 1

8.7

7

4.8

6
3.2

Stress Rupture Strength (Mpsi)

35 1

30 1

12.5

9.4

20

9.6

8

4.9

10

2.9

6
2.0

3.8

1.4

1 1900F 2 hr, AC 1600F 4 hr, AC.

(Continued on page 44)

43



( Continued from page 43)

Physical Properties

Density at 70F
Specific resistivity,
microhm/cm1

at 70F

Specific heat,
Btu/lb/F at 70F

0.280 Ib/cu in (7.75 S.G.)
CF-8: 76.2, CF-8M, CF-12M
82.0,CF-8C:71.0, CF-16F'
72.0, CF-20 77.9, HF.80.0
0.12

Thermol Conductivity

;.-212F

-1000F
-1500F
-2000 F

-100C
-538C
-8 16C
-L093C

CF-8

9.2
12.1

16.6

21.8

CF-16F
CF-8M
CF-12M CF-8C
Qtu/hr/ftVft/'F

9.4 9.3
12.3 12.8

Cal/cmVcm/ec/t

16.9
22.1

16.7

23.0

HF

9.0

13.4
15.0
16.9

16.2

24.1

27.0
30.4

CF-8M, CF-12M
prC perT

15.8

17.5

8.9
9.7

per'

16.7

18.5

Coefficient X 10~*

F -8C
a, fc

17 ' 1

rT3 perr perC

9.3
10.3

16.2
17.8

9.0
9.9

c

F - 20
o*pert per
1?

17.3 9.6
18.7 10.4

18.5

18.5
18.7

18.9

19.6

9.9
10.1

10.3
10.3
10.4

10.5

10.9

704

30

150
601

,75
J

Impact Strength
C harpy Keynote

Ft Lb
100 200 300

71 66 62 58 52

66 60 51 45
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Characteristics: This is similar to Ce 1

. HH is

resistant to sulphur-bearing atmospheres, both oxidizing
and reducing.

Uses: Used in the paper and chemical industries. Mo
is added to H-10 for sulphite liquor etc. HH is very
widely used for high temperatures.
1A ductile corrosion resistant casting alloy which can be
used "as cast,

* though preferably "quench annealed.* Is less
susceptible to intergranular attack than CF and is better for

use as cast or as welded.

Physical Properties

Density, at 70F 0.279 lb/cu in. (7.72 S.G.)

Specific resistivity, CH-20 84

Microhm/cm' at 70F HH 75-85

Specific heat, Btu/lb/Y at 70F 0.12

Thermal Conductivity

BTU/hr/rtYft/F r.u-212 8.2
-1000 10.9

-1500 14.3 (HH)
-2000 16.4 (HH)

Cal/cmVcm/sec/(C r.t.-lOO .034
-537 .045
-816 .059
-1093.068

Technological Properties

Annealing temp
Scaling temp oxidizing

Machmability, relative to

annealed 18Cr-8Ni
Weld ability, relative to

annealed 18Cr-8Ni

Magnetic Permeability

Melting Point, Approx

1900-2100 F,OQorWQ
2000 F
Fair

Equivalent (No preheat required*
After welding WQ 1950-2050F
for CF-20. No heat treatment
after welding required for HH)

HHType 1 1.1 to 1.9
2 1.0 to 1.5

CC-20 1.71 (heat treated)
2600 CH-20
2500 HH

(Continued on page 46)
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(Continued from page 45)

Stress Rupture Strength (M psi)
fitrmmm fnr

Temp
Stress for rupture in

100 hr.

1200F
1400
1600
1800
2000

1200F
1400
1600
1800
2000

100 nr

HHType 1
s HH Type 2*

13'

1.6
1

8
l

4.5
1

2.5
1

2.2
1

14.0

6.4
3.1

1.5

6.5

3.8

2.1

35.0
14.0

7.5
4.0

1.8

22.0

10.0

4.7

2.5

1.2

1 Amer. Brake Shoe Co (Avery) for a fully austenitic

alloy. HH alloys whose compositions give a

partially ferritic structure (u > 1 0) are weaker.
'Alloy Casting Institute.
'ASM Metals Handbook

SPECIAL CASTINGS

Corrosion Reaiatant

CM- 25

Characteristics:

sulphuric acid.

Use*: In oil refineries, etc

Specially resistant to

SPECIAL CASTINGS

Corrosion Resistant

CN-7MCU Chemical Composition
1

C

CN-7MCu

CN-7MCu

0.07 max

Ni

21-31 J

Mn
%

1.50 max

Si

0.04 max

Cr
%

18-22

S
%

0.04 max

Mo

'Alloy Casting Institute
'ASM Metals Handbook shows 20-30% for CN-7
'ASM Metals Handbook show 2 00% max Si and optional for
Mo for CN-7. Alloy Casting Institute indicates that there
are several proprietary alloy compositions falling within
the stated Cr and Ni ranges, and containing varying amounts
of Si, Mo and Cu. Such alloys are available from licensed
producers only
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Technological Properties

Machin ability, relative to annealed Equivalent
18Cr-8Ni

Weldability, relative to annealed
18Cr-8Ni

Magnetic Permeability
Melting Point, Approx

Annealing temp
Scaling temp oxidizing

CK-20 Equivalent (No preheat required. After

welding WQ from 2100F)
HK Fair (No preheat or heat treatment

after welding required)
1.02
CK-20 2600
HK 2550
2000F, OQor WQ
2100F

Characteristic si CK has very good corrosion re-

sistance. HK has very good resistance to scaling even
in sulphur-containing atmospheres both oxidizing and

reducing. HK is similar to an auscemtioHH alloy, but

is less sensitive to variations in composition.

Uses: Used in the paper and pulp industry. Cb may be
added to lessen the effect of carbide precipitation,
and Se to improve the machinability.

Physical Properties

Specific resistivity,
Microhm/cm* at 70F 90

Specific heat,
Btu/lb/F at 70F 0.12

Density, at 70F
0.280 Ib/cu in. (7.75 S.G.)

Thermal Conductivity HK

Btu/hr/ft'/ft/Y r.t.-212 8.2
-1000 12.9
-1500 11.9

Cal/cmVcm/secA: -100 .034
-537 .053
-816 .049
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SPECIAL CASTINGS

Corrosion Resistant

HD

Physical Proportlos

Specific resistivity.

Specific heat, Btu/l

Density, at 70 F .274 lb/cu in.

Thermo) Conductivity

Btu/hr/fV/ft/T r.u-212 12.6
- 1000 17.9

-1500 20.3
-2000 24.2

Cal/cmYcm/sec/*C r.u-100 .05
-537 .07
-815 .08
-1092 .10

Specific resistivity. Microhm/cm* at 70F 81

Specific heat, Btu/lb/F at 70F 0.12

(7.584 S.G.)

Technological Proportlos

Machinability, relatiTe to annealed

Weldabilicy, r elafire to annealed
18O8Ni

Magnetic Feme ability
Melting Point, Appro x

Equivalent

Similar to HE1 Fair (No preheat or heat
treatment after

welding required)
Magnetic
2700

SPECIAL CASTINGS

Corrosion Resistant

HI

Technological Properties

Macbin ability, relative to annealed 18Cr-8Ni Equivalent

Chemical Composition
1

C Mn

0.20-0.50

Ni

2.0 max

Si

14-18 2.0 max

1
Alloy Casting Institute

.04 max

Cr

26-30

.04 max

Mo

0.50 max

Creep Strength (M psi)

Stress for 1% creep in

Temp lO.OOOhr

1400F 6.6
1600 3.6
1800 1.9

2000 0.8
2150 0.15
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SPECIAL CASTINGS

Corrosion Reeiataoft

Tochnologicol Proportios

Machinability, relative to annealed

Weldability, relative to annealed
18O8Ni

Melting Point, Approx

HL

Equivalent

Fair (No preheat or heat treatment
after welding required)

2600

Physical Proportios

Specific resistivity, Microhm/cm* at 70F 94
Specific heat, Btu/lb/F at 70F 0.12

Density, at 70F .279 lb/cu in. (7.723 S.G.)

Thermal Conductivity

Btu/hr/ft
a
/ft/

1>F r.t.-212 8.2
-1000 10.9
-1500 11.9

Cal/cmVcm/secA^ r.u-100 .03
-537 .045
-815 .05

Coof. of Thermal Expansion

Temp Range
Deg C Dag F

20-537 r.t.-1000

-815 -1500
-1092 -2000

648-981 1200-1800

Coefficient X 10~*

per Dag C per Dag F

16.6 9.2
17.5 9.7
18.2 10.1

19.3 10.7

Stross Ruptwro Strongth (M psi)

Temp
1400F
1600
1800

Stress to rupture in
100 hr

15.0

9.2
5.2

Croop Strength (M psi)

Streaa for 1% creep in

Temp 10,000 hr

1400F
1600

7.0

4.3

Character! sties. HN (20:25) has good resistance to

scaling at high temperatures, even in the presence of

sulphur.

Usos. Hot sulphuric acids and for certain severe cor-

rosive conditions. Mo is usually added.

Technological Proportios
Ma china bihty Poor

Weldability Good
Scaling temp oxidizing 2000 F
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Characteristic*! CT is similar to CN 1

HT has good resistance to scaling under oxidizing
conditions but is sensitive to sulphur in reducing
atmospheres.

Use*: Castings which are subject to rapid heating
and cooling, and for parts in carburizing furnaces.
1HN (20:25) has food resistance to scaling at high tempera-
tures, even in the presence of sulphur.

Physical Properties HT

Specific resistivity. Microhm/cm' at 70F
Specific heat, Btu/lbAF at 70F

100.0
0.11

Density, Ib/cu in. at 70F .286 Ib/cu in. (7.816 S.G.)

Technological Properties HT

Machmability, relative to annealed
18Cr-8Ni

Weldability, relative to annealed
18Cr-8Ni

Magnetic Permeability
Melting Point, Approx
Scaling temp, oxidizing

Good: as cast

Equivalent: heat treated
Fair (No preheat or heat treatment

after welding required)
Partially magnetic
2400-2450
2100F (2000F, reducing)

Thermo I Conductivity HT

BTU/hr/fe/ft/^F r.t.-212 7.7
-1000 11.4

Cal/cmVcm/secA: r.t.-100 .03
-537 .05
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SPECIAL CASTINGS

Heat Resistant

HU

little better than
a little better,
in reducing at-

Characteristic*. HU
HT and resists scaling a little better,

especially that due to S in

mospheres.

Uses. HU is used for parts which are sub-

jected to rapid heating and cooling and for

parts in carbunzing furnaces.

Technological Properties

Mach in ability, relative to annealed
18Ci-8Ni

Weldabihty, relative to annealed
18Cr-8Ni

Magnetic Permeability
Melting Point, Approx

Good, as cast

Equivalent, heat treated
Fan (No preheat or heat treatment

after welding required)

Partially magnetic
2400-2450

Physical Properties

Specific resistivity. Microhm/cm
3
at 7OF 105.0

Specific heat, Dtu/lb/F at 70F 0.11

Density, Ib/cu in. at 70F .290 Ib/cu in. (8.03 S.G.)

51



SPECIAL CASTINGS

Hat Resistant

HW

Characteristic*: HW has good re-

sistance to thermal shock andhigh electrical

resistivity. It is not satisfactorily
resistant

to sulphur, and HH or HL is usually
substituted.

Uses* Parts which are subjected to rapid
heating and cooling or are used in carbur-

izmg furnaces, also cast resistors.

Technological Properties
2

Machmabihty, relative to annealed

18Cr-8Ni
Weld ability, relative to annealed

!8Cr-8Ni
Resistance to Scaling

1

Magnetic Permeability
Melting Point, Approx
1 ASM Metals Handbook
1
Alloy Casting Institute

Good

Fquivalent (No preheat or heat treatment
after welding required)

20SOF, oxidizing,
1900F, reducing

2350F

Physical Properties

Density, Ib/cu in. at 70 F .30 Ib/cu in. (8.30 S.G.)

Creep Strength (M psi)

Stress for ITi creep in

Temp 10,000 hr

1400F 6.0
1600 3.0

1800 1.4

2000 0.5
1

'Extrapolated
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SPECIAL CASTINGS

Ht Resistant

HX

Characteristic*! HX is resistant to

thermal shock, and though comparable to

HW is more resistant to corrosion and is

considerably more resistant to high S in

reducing atmospheres.

Uses: Parts which are subjected to rapid
heating and cooling, and also for pans for

carbunzing furnaces.

Technological Properties

Machinabihty, relative to annealed
18Cr-8Ni

Weldability, relative to annealed
l8Cr-8Ni

Melting Point, Approx

Good

Equivalent (No preheat or heat treatment
after welding required)

2350F

Coef. of Thermal Expansion

Temp Range
Deg C De

20-1017

gF

r.t.-1850

Coefficient x to"
6

per Deg C per Deg F

15.3 8.5
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Characteristics. A general purpose steel. A good cold-drawing
grade, work hardens rapidly.

Uses. Hardware, household utensils, trim, and structural pur-

poses.

STEEL STAINLESS. WROUGHT

301

Technological Properties

Forging temp
Annealing temp
Hardening temp
Freezing point

Machinabihty
Weld ability

Scaling temp, oxidizing

Drawabihty
Stress relieving

2300-1700F
1850-2050F, Cool Rapidly
Hardens only by cold working
2550-2590F
P400-1420C
Poor
Good
1550F continuous
1400F intermittent

Very good
400-750F

Physical Properties

Density, at 70F
Specific heat, cal/gm at 212F
Specific resistivity, microhm/cm 1

Magnetism, annealed

0.286 lb/cu in. (7.93 S.G.)
0.118 ,

72 or 28.3/m. 1

Nonmagnetic

Thermal Conductivity

Btu/ftVhr/ft/F at 212F
932F

.

12.4

Coef. of Thermal Expansion

Temp Range

32-212F 0-100C
-600 F -316C
-1000F -538C
-1200F -649C

Coefficient * io~*

per Deg F per Deg C

9.4
9.5
10.1
10.4

16.9
17.1

18.2
18.7

3684-0 . 55



STEEL STAINLESS, WROUGHT

302

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting range

Mach inability
Weld ability

Scaling temp, oxidizing

Draw ability
Stress relieving

2 300-1 700 F

1850-2050 (Cool Rapidly)
Hardens only by cold work
25 50-2590 F
1400-1420C
Poor
Good
1600 continuous
1450 intermittent

Very good
400-750F

Characteristics. One of the most widely used stainless steels.

It is easy to fabricate for decorative and corrosion applications.
It is workable hot and cold and is strong at elevated tempera-
tures. Silicon is increased in 302 B for resistance to scaling.

Physical Properties

Density, at 70F
Specific heat, cal/gm at 212F
Specific resistivity, microhm/cin 1

Magnetism, annealed

0.286 Ib/cum. (7.93S.G.)
0.118
72 or 28.3/m. J

Nonmagnetic

Thermal Conductivity

Btu/ftVhr/ft/F at 212P 9.4
932F 12.4
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Characteristics. This is free machining 18:8. It is highly re-

sistant to corrosion though inferior to 301 or 304.

Physical Properties

Density, at 70F
Specific heat, cal/gm at 2121

Specific resistivity, microhm/cm*
Magnetism, annealed

0.286 lb/cu in. (7.93 S.G.)
0.118
72 or 28.3/m. J

Nonmagnetic

Thermal Conductivity

Btu/ft/hr/ft/ F at 212F 9.4
932F 12.4

STEEL STAINLESS, WROUGHT

303

Technological Properties

Forging temp
Annealing temp
Freezing point

Machmability
Weld ability

Scaling temp, oxidizing

Drawability
Stress relieving

2350-1700F
1850-2050 F, Cool rapidly
2550-2590F
1400-1420C
Good
Poor, except with low-hydrogen
electrodes

1600F continuous
1450F intermittent
Good
400-7 50 F
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3TEBL STAINLESS, WROUGHT

304

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting range

Machin ability

Weldabihty
Scaling temp, oxidizing

Orawability
Stress relieving

2 300-1 700 F
1850-2050 F, Cool

rapidly
Hardens by cold work only
Sohdus 2600F or 1425C
Liquidus 2750F or 1508C
Poor
Good
1600F continuous

1450F intermittent

Very good
400-750F

Characteristics. This is the popular low carbon grade of 18:8

for welding. It can be worked hot and cold.

Physical Properties

Density, at 70F
Specific heat cal/gm at 212F
Specific resistivity, microhm/cm*
Magnetism, annealed

0.29 lb/cu in. (7.9 S.G.)
0.12
72 or 28.3/m. 1

Nonmagnetic
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Characteristics. Has good strength and resistance to scaling at

elevated temperatures. The low carbon grade is better for weld-

ing characteristics.

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 8.0

392F
572F
752F
932F 10.8

Cal/cm2
/ sec/cm/ Cat 100C

200C
300C
400C
500C

STEEL STAINLESS, WROUGHT

309 309S

Technological Properties

Forging temp
Annealing temp
Melting range

Machinabihcy
Weldability
Scaling temp, oxidizing

Drawabihty
Str< eheving

2300 to 1800F
1900 to 2050 F, Cool rapidly
Sohdus 2550F or 1397C
Liquidus 2650F or 1453C
FOOT
Good
2000 F continuous, 1800 F inter-

mittent

Good
400-7 50 F

Physical Properties
Density, at 70F
Specific heat, cal/gm at 212 F

3

Specific resistivity, microhm/cm
at 70F

Magnetism, annealed

0.288 Ib/cu in. (7.98 S.G.)
0.118

78 or 30.7/in.

Nonmagnetic
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STEEL STAINLESS, WROUGHT

308

Technological Properties

Forging temp 2300-1700
Annealing temp 1850-2050 Cool Rapidly
Hardening temp Hardens by cold work only

Freezing point 25 50-2590F
MOO-1420C

Stress relieving 400-750F

Physical Properties

Density, at 70F
Specific heat, cal/gm at 212F
Specific resistivity, microhm/cm 1

Magnetism, annealed

0.29lb/cu in. (7.9 S.G.)
0.12
72 or 28.3/m. 1

Thermal Conductivity

Utu/ftVhr/ft/F at 21 2F
932F

8.8

12.5

Chemical Composition ( AISI)

C Mn Si PS
.08 max 2.00 max 1.00 max 0.040 max 0.030 max

Cr Ni Mo Se Zr

19.0/21.0 10.00/12.00 - - -

Ti Cb Al

Characteristics. Similar to 304 but is used where greater
corrosion resistance is desired. It is weldable and can be
worked hot and cold.

STEEL STAINLESS. WROUGHT

317

Technological Properties

Forging temp
Annealing temp
Hardening temp
Freezing point

Stress relieving

2100-2550F
1850-2050F, Cool rapidly
Hardens by cold work only
2500-2550F
1 370-1 400 C
400-7 50 F

Physical Properties

Density, at 70 F

Specific heat, cal/gm at 212F
Specific resistivity, microhm/cm 1

0.29 lb/cu in. (7.9 S.G.)
0.12
74 or 29 I/ m. 1

Thermal Conductivity

Btu/t/hr/ft/F at 212F
932F

9.4
12.4

Characteristics. Superior to Type 316 for certain applica-
tions but is also more difficult to produce.

Coef. of Thermal Expansion

Coefficient X 10"
6

Temp Range per deg F per deg C

32-212F 0-100C 8.9 16.0

600 F -316C 9.0 16.2
1000F -538C 9.7 17.5
-1200F -649C 10.3 18.6

-1500F - C 11.1 20.0
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Chemical Composition (AISI)

C Mn

.25 max 1 2.00 max

Cr Ni

24.0/26.0
2

19.0/22.0

Ti Cb

J310
=

1 50 max, 314 =
1 50/3.00

?314 =23 0/26
3
310S =.08 max

Si

Mo

Al

.040 max .030 max

Se Zr

STEEL STAINLESS, WROUGHT

310

Chorocteristics. 310 has higher Ni than the 25:12 which gives
it greater stability, and is preferred to 18:8 as an electrode for

welding ferritic steels*

Uses. 310 B is used as car bur iz ing boxes and as furnace
hardware.

Technological Properties
Forging temp 2300-1800.F

Annealing temp
Melting range

1

Machinability
Weldability

1

f

Scaling temp, oxidizing

Drawabihty
Stress relieving

'3108 melt* at a little lower temperature than 310
'Values ve for 310, 3100 is more resistant
'314 Fair

.

1900 to 2050F, Cool rapidly
Sohdus 2550F or 1397C
Liquidus 2650F or 1453C
Poor
Good
2000 F continuous,
190OF intermittent
Good
400-750 F
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STEEL STAINLESS. WROUGHT

321

Technological Properties

Forging temp 2300 to 1700F

Annealing temp

Freezing point
Machinabihty
WeIdability

Scaling temp, oxidizing
Drawability

Hardening
Stabilizing
Stress relieving

1950 to 2050F, Cool rapidly

2550 to 2590F or 1400 to 1420C
Poor
Good
1650 F
Good
By cold work only
1550 to 1650F
400 to 750F

Characteristics. This is 18:8 with the carbon stabilized by Ti
for welding and elevated temperature service. This type is use*

ful when the weldment is not annealed after welding.

Physical Properties

Density, at 70F

Specific heat, cal/gm at 212F
,

Specific resistivity, microhm/cm
at 70F

Magnetism, annealed

Thermal Conductivity

Btu/ftVhr/ft/Fat 212F
932F

0.290 Ib/cu in. (8.02 S.G.)
0.118

7 2 or 28.3/m. 1

Nonmagnetic

9.3
12.8

Coef. of Thermo I Expansion

Temp Range

32-212F 0-100C
600F -316C
-1000F -538C
-1200F -649C
-1500F -815C

Coefficient X i(T*
per deg F per deg C

9.3 16.7

9.5 17.1

10.3 18.6
10.6 19.1
11.1 20.0
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Charocteristics. Type 316 with Mo, is more resistant to some
media, such as sulphite liquor, etc., and is preferred to 18:8.

STEEL STAINLESS, WROUGHT

Technological Properties

Forging temp
Annealing temp
Hardening temp
Freezing point

Machmability
Weldabiluy
Scaling temp, oxidizing
Draw ability
Stress relieving

316

2100 to 2300F
1850 to 2050F (Cool rapidly)
Hardens by cold work only
2500 to 2550F or

1370 to 1400C
Poor Tough
Good
1650F
Good
400 to 750 F

Physical Properties
Density, at 70F

Specific heat, cal/gm at 212F
s

0.118

Specific resistivity, microhm/cm
at 70F

Magnetism, annealed

Thermal Conductivity

Btu/ftVhr/ft/Fat 212F 9.4
932F 12.4

0.288 Ib/cu in. (7.98 S.G.)

74 or 29.Z^n. J

Nonmagnetic

Creep Strength (M psi)
1

Temp.

1000F
1100
1200
1300
1500

Stress for 1% creep in

10,000 hrs

25.0,
18.2
12.7

7.9
2.8

24'

'AISI Steel Product. Manual
2ASM Metals Handbook
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STEEL STAINLESS, WROUGHT

330

Characteristics. Not a standard A1S1 Type but is used in the

wrought form.

STEEL STAINLESS, WROUGHT

403

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting point

Machmabihty
Weldabihty
Scaling temp, oxidizing
Draw ability

Tempering temp

2100 to 1650F
1200 to 1250F, AC
1700 to 1850F, Cool rapidly
2700 to 2750F or

1480 to 15 IOC
Fair
Fair needs precautions
HOOF
Fair

400 to 1400F

Characteristics. This is a hardenable stainless steel, useful
where strength but riot great hardness is needed.

Uses. Forged turbine blades.

Physical Properties
Density, at 70F

Specific heat, cal/gm. 212F
Btu/lb/oF, 32-212

Magnetism, annealed
Specific resistivity, microhm/cm3

0.279 Ib/cu in. (7.75 S.G.)
0.154
0.11

Ferromagnetic
57 or 22.47 in.'

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 14.4

932F 16.6
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Chemical Composition ( AISI)

Si

1.00 max

Mo

Al

.040 max .030 max

Se Zr

Mn

2.00 max

Ni

9.00/12.00

Cb 1

10 x C mm
*TS 347A, Cb + Ta 8 x C min Estab per Nat'l Prod Auth Order M-3.

.08 max

Cr

17.0/19.0

Ti

Characteristics. This is 18 8 with the carbon stabilized by Cb
for welding and elevated temperature service. This type is use-

ful when the weldment is not annealed after welding.

STEEL STAINLESS, WROUGHT

347

Technological Properties

Forging temp 2300 to 1800F

Annealing temp
Freezing point
Machinabi lity

Weldabihty
Scaling temp, oxidizing

Drawability

1950 to 2050F (Cool rapidly)
2550 to 2590F or 1400 to 1420C
Poor
Good
1650 F

Very good

Coef. of Thermal Expansion

coefficient X lO"
6

TempKange per deg F per dc R C

32-212H 0-100C 93 16 7

-600 F -316C 95 17 I

-lOOOr -538C 10 3 18 5

-1200F -649C 10 6 19 1

-1500F -816C 111 20

Physical Properties
Density, at 70F

Specific heat, cal/gm at 212F
Specific resistivity, microhm/cm'

at 70 F

Magnetism, annealed

0.288 Ib/cu in. (7.98 S.G.)
0.118

73 or 28.7/m. 1

Nonmagnetic

Thermal Conductivity

Utu/ft
a/hr/ft/r at 21 2h

932F
9.3
12.8

65



STEEL STAINLESS, WROUGHT

405

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting point

1950 to 2050F
1350 to 1500F
Not appreciably hardenable
2700 to 2790 F or

1480 to 1530C

Characteristics. This is a non-airhardemng ferritic steel,

good for hot and cold working. It has lower strength at ele-

vated temperatures than similar steels with Mo, but has

good resistance to scaling and corrosion. Welds have ex*

cessive grain coarsening, unless high in N. Machmabihty
is improved by S or Se.

Uses. It is used extensively to line oil stills.

Physical Properties

Density, at 70 F

Specific heat, Btu/lb/F 32-212F
Specific resistivity, microhm/cm1

0.28 Ib/cu in. (7.7 S.G.)
0.11
60 or 23.67m. J



Characteristics. Low-priced, general purpose, heat-treatable
stainless steel. It can be cold worked and otherwise fabricated

fairly well. Its resistance to atmospheric corrosion, water and
sonic chemicals is good and is improved by heat treatment.

Physical Properties

Density, at 70F Btu/lb/l , 32-212

Specific heat, Btu/lb/F B2-212)
Specific resistivity, microhm/ cm 5

Magnetism, annealed

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 14.4

392F 15.0

572F 15.5
752F 16.1

932F 16.6

0.279 lb/cu in. (7 75 S.O.)
0.11
57 or 22 7/in.

3

Ferromagnetic

STEEL STAINLESS. WROUGHT

410

Technological Properties

Forging temp
Annealing temp
Hardening temp
Tempering temp
Melting point
Machinabihty
Weldabihty
Scaling temp, oxidizing
Draw ability

2100 to 1650F
1200 to 1250F, AC
1750 to 1825 F, OQ
400 to 1200F
2700 to 2750 F or 1480 to 1510C
Fair
Fairneeds precautions
1300F
Fair
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STEEL STAINLESS. WROUGHT

416

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting point

Machmability
Weldabihty

Scaling temp, oxidizing

Drawability

2150-1700F
1200- HOOF
1700-19501 , Cool rapidly
2700- 2790 F

1480-1530C
Good
Poor, unless welded with

low-hydrogen electrodes

1250F continuous
1400F intermittent

Poor

Coef. of Thermal Expansion

Temp Range

32-212F 0-100C

Coefficient * 10'*

per deg F per deg C

-600 F
-1000F
-1200F

-316C
538C
-649C

5.5

5.6
6.4
6.5

9.9
10 1

11.5
11.7

Characteristics. A free machining stainless steel similar to 410.

Physical Properties

Density, at 70 F _ 0.278 Ib/cu in. (7.73 S.G.)

Specific heat, Btu/lb/ r-,32-212F 0.11

Specific resistivity, microhm/cm* 57 or 22.7/m.
1

Magnetism, annealed ferromagnetic

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 14.4

932F 16.6

STEEL STAINLESS, WROUGHT

414

Characteristics. Stainless steel of intermediate hardne

Uses. Springs, knife blades, tempered rules, etc.

Technological Properties

Forging temp 2100 to 2200F

Annealing temp 1200 to 1300F
Hardening temp 1800 to 1900F, cool rapidly

tempering temp 400 to 1300 F

Physical Properties

Density, at 70 F

Specific heat, Btu/lb/ F, 32-212F
Specific resistivity, microhm/cm 1

Magnetism, annealed

0.281b/cuin.(7.7 S.G.)
0.11
70 or 27.6/m.

J

ferromagnetic

Thermal Conductivity

Btu/ft
2/hr/ft/F at 212F 14.4

932F 16.6
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SPECIAL CASTINGS

420

Technological Properties

Characteristics. A higher carbon, heat-treatable stainless
steel. A free machining grade is also supplied, formerly
listed as 420 H.

Uses. Cutlery, surgical instruments, valves, ball bearings,
magnets.

Forging temp
Annealing temp
Hardening temp
Melting point

Mac hin ability

Weldabihty
Drawabihty

2100-1650F
1350-1450F
1800-1900, Cool rapidly
26 50- 2750 F
1450-15 IOC
Fair
Fair
Poor

Physical Properties

Density, at 70F
Specific heat, Btu/lb/ F, 32-212F
Specific resistivity, microhm/cm 1

Magnetism, annealed

277 Ib/cu in. (7.70 S.G.)
11

55 or 21 6/m. J

ferromagnetic

Characteristics. This is a stainless type which gives high
hardness.

Uses. Instruments, cutlery, valves, etc.

STEEL STAINLESS, WROUGHT

440A 440B 440C

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting point

Tempering

2440B

1900 to 2100F', 2150H, 2200F 1

1350 to 1450F
1850 to 1950F cool rapidly
2500-2700F', 2750 F'.

300 to 800 F

J440C

Physical Properties

Density, at 70 F

Specific heat, Btu/lb/"
Specific resistivity, microhm/cm5

Magnetism, annealed

0.277 Ib/cu in. (7 68 S.G.)
, 32-212F 0.11

60 or 24.0/m. 1

ferromagnetic
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STEEL STAINLESS, WROUGHT

430 430F

Technological Properties
Forging temp 1950 to 2100 1

Anneafing temp
Melting range

Macbin ability

Weldabihty
Scaling temp, oxidizing

Drawability

1400 to 1500F and 1250 to 14001
Solidus to> 2400F or> 1435C
Liquidus

to ^
2750F

or ^
1508C

430 Fair, 430F Good
Fair, welds are brittle

1500 F continuous, 1600 F inter-

mittent

Good

Characteristics. This is easily formed and is used for auto

trim. It is more resistant than 405 and is used for chemical

equipment. 430F is free machining.

STEEL STAINLESS, WROUGHT

443

Characteristics. Compared with 430 and 442, this is a more
easily worked steel for corrosive and elevated temperature
service. (No longer listed by A1S1 as a standard type.)
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Characteristics. This is a stainless steel which gives high
mechanical properties.

STEEL STAINLESS. WROUGHT

431

Technological Proportion

barging temp (Initial) retarded cool 2100 to 2250 F

Annealing temp (Low) 1150 to 1225F
Hardening temp cool rapidly from 1800 to 1950F
tempering 400 to 1200 F

Physical Properties

Density, at 70F 0.28

Specific heat, BTU/lb/ F 0. 11

Specific resistivity, tmcrohm/cm j 72

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 11.7

Coef. of Thermal Expansion

Coefficient * 10"*

Temp Range per deg F per dg C

32-2 12F 0-100C 6.5 11.7

600 b -316C 6.7 12.1

Characteristics. This is more resistant to corrosion than the
lower Cr types. It is used for high temperature service but is

not easily fabricated. (No longer listed by AISI as standard

type.)

Mechanical Properties

Modulus of elasticity, F in psi 29 x 10

STEEL STAINLESS, WROUGHT

442

Technological Properties
Mtlting range Solidus 2600F or 1425C

Liquidus 2750F or 1508C
Scaling temp, oxidizing 1750F

Physical Properties

Density, at 70F

Specific heat, Btu/lb/ F, 32-21^
Specific resistivity, microhm/cm

at 70 F

Magnetism

.28 lb/cu in. (7.7 S.G.)
.11

64 or 25.2/m. 1

Ferromagnetic
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STEEL STAINLESS, WROUGHT

446

Technological Properties

Forging temp
Annealing temp
Hardening temp
Melting range

Machin ability
Weldabihty
Scaling temp, oxidizing

Drawabihty

1950 to 1450F
1450 to 1600F (Cool rapidly)
Not hardenable by thermal treatment
Sohdus 2550F or 1370C
Liquidus 2750F or 1510C
Fair
Fair (High NI)

1900F continuous

2000F intermittent
Poor

Characteristics. This has high resistance to corrosion and

scaling and, with high N, is relatively fine grained and
ductile.

Physical Properties
Density, at 70F

Specific heat, cal/gm, 100C
Btu/lb/of, 32-212

s

Specific resistivity, microhm/cm
at 70 F

Magnetism

0.27^ Ib/cu in. (7.60 S.G.)
.144

.12

67 or 26.5/in.
1

Ferromagnetic

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 12.1

932F 14.1

Modulus of elasticity, E in psi 29.0 x 10"* in tension

Creep Strength
1

(M pal)

Temp

1000F 6.0
1100 3.0
1200 1.5
1300 0.6, 0.7 1

1400
1500 0.3

JASM Metals Handbook
2 AISI

Stress for 17* creep in

10,000 hr 100,000 hr

4.2

2.3
1

oil
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Characteristics. Relatively corrosion resistant, compared to

plain carbon and low alloy steels, with good properties at

moderately high temperatures. Mo may be added for strength
and Al and Si for resistance to scaling.

STEEL STAINLESS, WROUGHT

501

Technological Properties

Forcing temp
Annealing temp
Hardening temp
Melting range

Scaling temp, oxidizing
Tempering

2100 to 2200 F

1325 to 1375F
1600 to 1700F
2700 to 2800F
or 1480 to 1535C
1I50F
400 to 1400F

Physical Properties

Density, at 70 F

Specific heat, Btu/lb/i , 32-21^
Specific resistivity, microhm/cm
Magnetism

0.28 Ib/cu in. (7.75 S. G.)
0.11

40 or 15.8/in.
J

Ferromagnetic
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8XEEL STAINLESS, WROUGHT

502

Technological Properties

Forging temp 2100 to 2200F
Annealing temp 1325 to 1375F
Hardening temp Generally used in the annealed condition only

Melting point 2700 to 2800 F or 1480 to 1535C Characteristics. Similar to 501 but with lower carbon.

Physical Properties

Density, at 70 F
Specific heat, BTU/lb/ F 32-212F

Specific resistivity, microhm/cm*

0.28 lb/cu in. (7 7 S.G.)
0.11
40 or 15.8/m.

1

Thermal Conductivity

Btu/ftVhr/ft/F at 212F 21.2

932F 19.5

74



8TBBL STAINLESS, WROUGHT

7 Cr-Mo

Technological Properties
Scaling temp, oxidizing 1200 F

Characteristics. An intermediate grade capable of operating ac

higher temperatures than 501*

Physical Properties

Density, at 70F

Specific heat, Btu/lb/ F, 32-212

Specific resistivity, microhm/cm
at 70F

Magnetism

0.28 Ib/cu in. (7.75 S.G.)

0.11

45 or 17.7/m.
1

Ferromagnetic

Modulus of elasticity, E in psi 29 x 10*
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Characteristics. An intermediate grade capable of operating at

higher temperatures than 7 Cr-Mo because it is more resistant

to scaling.

STEEL STAINLESS, WROUGHT

9 Cr-Mo

Physical Properties

Density, at 70 F

Specific heat, Dtu/lb/ F, 32-212

Specific resistivity, microhm/cm'
at 70F

Magnetism

0.28 Ib/cu in. (7.75 S.G.)
.11

53 or 20.9/m.
1

Ferromagnetic

Modulus of elasticity, E m psi 2) x 10
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Chemical Composition
C1 Mn3

. 20-. 3 3 appro x .35-.50 approx .06* .04* .11*

S Cu

.05 max .20 mm when specified
1Carbon is not specified but is controlled by the strength
and ductility requirements of the section thickness.

^Manganese is not specified but is adjusted with the car-
bon content to meet the mechanical requirements.
3 Maximum allowable phosphorus (heal analysis).
4Acid open hearth or electric furnace.
5Basic open hearth or electric furnace.

*Acld Bessemer

STEELS. ASTM

A7-50T

Characteristics. This is an open-hearth or electric-

furnace carbon steel. If intended for plates, shapes
or bars < 7

/^ in. for use in those parts of structures

not subject to dynamic loads, the steel may be made

by acid-bessemer process unless otherwise specified.

Uses. Structural steel for bridges and ships. Used as

shapes, plates and bars for bridges, buildings, ships
and general structural purposes.

STEELS, ASTM

A 8-51T

Characteristics: This is an open-hearth or electric-

furnace high-strength structural nickel steel.

Uses: Shapes, plates and bars up to and including
V/4 in. in thickness intended primarily for special use
in main stress-carrying structural members.

Mechanical Properties

Form or Condition
Tensile Yield
Strength Point
M psi Mpsi

Elong

%

Red
Area R atio

3

90-115 55 mm 14mm 1 30 mm 2

Bend Test: 180 deg
<

y< m. - - - i'/2
> 34 m. to l!4m.mcl. - 2

1Deduct 2.00% from specified mln. for each 1/32 in. decrease in
thickness below % in.
'Deduct 50% from Specified min., for each 1/16 in. increase above

,% in.
JBend D lam/Specimen thickness.
Note Sea specification for details and modifications.
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STEELS, ASTM

A 21-47T

Characteristic*. This is an open-hearth or electric-furnace steel

for tapered axles up to and including 6% in* nom. diam at center*

Axles > 6% in. nom, diam shall be normalized (in accordance
Grade D, A236).

Chemical Composition
C Mn
7. %

0.40-0.55 0.60-0.90

p
7

0.045 max

s
7.

0.05 max

STEELS, ASTM

A 27-46T

Choroctet I sties. This is an open-hearth, electric-furnace, con-
verter or crucible mild- to medium-strength carbon-steel in eight

grades (see specification for details).

Uses* Castings for general applications

Mechanical Properties

Farm or Condition

Tensile
Strength
M psi

Grades U-60-30 60
60-30 60
65-30 65
65-35 65

70-36 70

Yield
Point
M psi
min

30
30
30
35*

36

Elong
2 in.

7,

min

22
24
20
24
22

Red.
Area
7.

30
35
30
35

30

lWhen agreed upon by manufacturer and purchaser, and
when full annealing is required by purchaser, YP value
shall be 33.
Note See specification far details and modifications.
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Chemical Composition

C1 C2

% %
Flange - _
Firebox .25 max

P'

.30 max

P 4

Mn 1

%
.30-.80
.30-.80

S

Mn 2

.30-'.80

.30-.80

Flange ,05 max .04 .05 max -
Firebox .04 max ,035 .04 max .25 max

*For platea % in. and under 'Not specified but normally
2 For plates over '/ in. less than 0.35%
'For Acid Steel
4For Basic Steel

'incidental

STEELS, ASTM

A 30-50T

Character! sties. This is an
open

hearth or electric-

furnace steel which is suitable for boilers and fire-

boxes of steam locomotives. Only plates 2 in. and
under in thickness are made to this specification.

Chemical Composition

Mn
7.

Grade A Ladle1 - 0.30-0.60 0.040 max 0.050 max

Grade B Ladle1 0.28 max 0.30-0.80 0.040 max 0.050 max

l For check analysis, see ASTM Specs.

STEELS, ASTM

A 31-51T

Characteristics. This is an open-hearth or electric-

furnace rivet steel covering two grades.

Uses. Boilers and other pressure vessels.

Mechanical Properties

Tensile
"treng
MpsForm or Condition

Strength
si

Grade A

Grade B
Bend Test'
Grade A, 180 deg

Grade B, 180 deg,
< % in. diam
> % in. diam

'but not less than 32
'but need not exceed 30
'but not less than 23

pin/ specimen diam
Note: See specification for

detail and modification

Yield
Point
M psi

45-55 0.5 T.S. mm

Elong
8 in. min

7. Ratio4

1.500M+TS* mm -

58-68 0.5 T.S. min 1
1.500M + TS1 mm

flat on
itself
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STEELS, ASTM

Aj
4 AftA 1 %n
1 Vll

Chorocteristics. This specification covers
made from new wrought iron or a mixture of new wrought iron1

and uoo scrap
1 and shall be free from any admixture of steel.

l For definition, see ASTM Spec.

Mn

0.15 max

Mechanical Properties

Tensile
Strength
Mp.i

Yield
Point
M psi

48 1mm. 25 mm

Elong
8 in.

min

2?

20

16
18

18

16

16

Ratio1Form or Condition

20% of the test specimen may show the

following:
Round Bars.
Tested as rolled ^Yj in

Reduced by machining
Flat Bars: >
Tested as rolled

*
8 in

<
!. in

reduced by machining
Bend Tests:
Hot Bend Test - If heated between
1700 + 1800F (925-980C)

Round bars: < 2 sq. in.) thru
Rd. bars and all flat bars -2 sq. in.JIBO deg - - - 1

Nick Bend Test - When nicked 25% around
rd. bars, along one side flat bars to depth
>8 < 16 % diam or thickness specimen and

broken, shall not show more than 10% of the
fractured surface to be crystalline.
Cold Bend Test -

Bars 4 sq in. through 180 deg 2

l For material -^4 sq. in. (cross-sectional area) a reduction of 500 psi will be permitted
for each additional 2 sq. in. and proportionate reduction for fractional parts thereof, to
a minimum of 45.
Bend diam/specimen diam
Note See specification for details and modifications.

flat on
itself

STEELS, ASTM

A 42-47

Characteristics* This
specification

covers standard and special forming
wrought iron plates, rolled from blooms, piles, or slabs made from all

pig-puddled or processed wrought iron
1 and shall be free from any admixture

of iron scrap
1 or steel.

Uses* Plates for general fabrication purposes, including bending and

flanging, in thicknesses >.
3

/ie in.

l For definition, see ASTM Spec.

Chemical Composition

Mn

0.06 max

Mechanical Properties

Form or Condition

Standard plate-longitudinal test specimens

Special forming plate

Bend Tcsr )

Cold-Bend Test -Thru 90 deg )

l For material > % in. in thickness, a decrease of Mpst
will be permitted for each additional / in in thickness
and a proportionate amount of reduction for fractional

parts thereof, provided that the tensile strength shall
not be less than 39 M psi.
'For material > '/ in. in thickness the minimum yield

point shall be -V
3 TS.

Note* See specification for details and modifications.

Tensile
Strength
M psi

48 mm 1

( 51-1.5 trans-

( verse ductility
4

Yield
Point
M psi

27 mm 2

27 mm

Elong
8 in

14 mm 3

1 6 - trans-

verse ductility
4

Ratio5

Around pin

3 For material <% in. in thickness, a deduction of 1%
for each decrease of l/w in. in thickness below 7

/}6 in.
shall be made, providing the elongation ^ 8%.

4
Expressed as percentage elongation in 8 in.

40 x thickness of plate
Diam "

Specified long, elong. in 8 in %



Chemical Composition

P S
% %

0.90 max 0. 10 max

All pipes shall be of cast iron of such good quality, and of

such character and so adapted in chemical composition,
that iron shall be strong, tough, resilient, of even gram and

soft enough for satisfactory drilling and cutting. The metal
shall be melted in a cupola or other suitable furnace.

STEELS. A8TM

A 44-41

Characteristics. This is a cast-iron, pit-cast pipe cast verti-

cally with dry sand molds and cores, ends to be specified at

time of purchase. Pipe shall be smooth, free from scales,
lumps, blisters, sand holes and other defects. No plugging,
filling, burning-in, or welding allowed except as permitted by
purchaser. See specification for details on breaking strength.

Uses* Pipe for water or other liquids*

Mechanical Properties

Grades 32510
35018

Tensile
Strength
Mpsi

50 mm
5 3 mm

.5 mm
mm

Elong
2 in.

10 mm
18 mm

Note Sec specifications for details and modifications

STEELS. ASTM

A 47-48T

Characteristics. This is an air-furnace, open-hearth, electric-

furnace or multiplex process malleable iron.

Uses* Castings for railroad, marine, motor vehicle, agricultural

implement, and general machinery purposes.

Chemical Composition

It is the intent of this specification to subordinate chemical

composition to physical properties. The quantities of any
chemical element may be specified by purchaser.

STEELS, ASTM

A 48-48

Characteristics* This specification covers general gray iron

castings not covered by other ASTM specifications and apply
where strength is a consideration.
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STEELS, A8TM

A 53-51T

Characteristics. This is a black, hot-dipped-galvanized*
welded and seamless aceel pipe of nominal wall* Grade B
bcasemer pipe shall be killed aceel made by deoxidized acid

besaemer process
1
. Eleccric-reaistance-welded pipe % to \ in.

in diam shall be made from open-hearth a; eel. Furnace-welded

pipe ahall be of aoft weld able aceel; if -^ 4 in. nominal diam,
1C may be butt-welded unless otherwise specified but if > 4 in*

nominal diam, ic ahall be lap-welded.
*See specification for details.

Ufa*. Coiling, bending, flanging and other special purposes.
Suitable for welding but Grade A should be specified when
seamless or electric-resistance-welded pipe is intended for

close coiling, cold bending or forge we Id inc. Butt-welded pipe
is DOC intended for flanging* Order should state purpose for

which pipe ia intended.

STEELS, ASTM

A 59-49

Choroetristics. This is an open-hearth or electric-

furnace hoc-rolled Si Mn bar steel.

Usas* Springs. (Widths over 6 in. are classified as

places and will be furnished only by mutual agreement
between manufacturer and purchaser.)
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Characteristics* This is iron and steel chain in two
classes' crane chain shall he lap fire-welded from all

pig-puddled or processed wrought iron 1 free from iron

scrap
1 or steel, proof coil (unless otherwise specified)

shall be made hy fire-welding or electric-welding from

open-hearth steel.

UseSt Crane chain slings, cranes, steam shovels, and
marine uses.

Proof coil railroad cars, construction and forestry
work.

'See ASTM Spec, fur defir

STEELS, ASTM

A 56-39

Chemicol Composition

Wrought Iron C rane Chains 0.06 max,
Steel Proof Coil 0.05 max 0.05 max

Chemical Composition
1

C Mn P Si Cr

0.48-0.53 0.70-0.90 0.040 max 0.040 max 0.20-0.35 0.80-1.10 0.15 max

'For check variution, see ASTM Spec

STEELS, ASTM

A 60-49

Characteristics* This is an open-hearth or

electric-furnace hot-rolled Cr V bar1 steel

used in the manufacture of springs.

'Widths > 6 in. are classified aa plates, and will
be furnished only by mutual agreement between
manufacturer and purchaser.
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STEELS. ASTM

A 68-49

Characteristics. This is an open-hearth or electnc-furnacr

hot-rolled carbon bar 1 steel with silicon requirements.

Uses. Railway and general purpose springs.

l Widtha ""

6 in. are classified as plates and will be furnished only
by mutual agreement between manufacturer and purchaser

Chemical Composition
1

C Mn P S Si

0.90-1.05 0.30-0.50 0.040 max 0.050 max 0.15-0.30

x For check variations, see ASTM Spec

STEELS, ASTM

A 72-45

Chemical Composition

Mn

Characteristics. This is a welded wrought-iron pipe, black and

galvanized, "standard weight", "extra strong" and "double extra

strong". The pipe shall be made from all pig-puddled or processed
wrought iron and shall be free from iron scrap

1 or sttel. All

pipe "L2 in. norn. diam may be butt-welded, all pipe "> 2 in. nom.
diam shall be lap-welded.

Uses* Coiling, bending, flanging and other special purposes.
Butt-welded pipe is not intended for flanging and is not recom-
mended for close bending or coiling in si/es 2.1/4 m.
l For definition, see ASTM Spec.

STEELS, ASTM

A 83-46
Characteristics. This is an open-hearth or electric-furnace lap-welded and
seamless steel, and lap-welded iron. The material for wrought-iron tubes shall
be made by the knobbled hammered charcoal-iron process.

Uses. Boiler tubes and boiler flues, including safe ends, arch and stay tubes,
and seamless superheater and small boiler tubes.
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STEELS, AflTM

A 84-39

Chemical Composition

Mn
%

0.06 max

Characteristics* This is a wrought iron for solid stay bolts,
1 round bars

only. The bars shall be rolled from a slab pile or box pile made from
all pig-puddled, knobbled charcoal, or processed wrought iron. a The
original muck bars shall be piled, rolled, replied, and rerolled. The

component parts of the slab pile
2 or box pile

3 shall be free from any
admixture of iron scrap or steel.

^Other grades of bar iron formerly covered in this specification will be found
in ASTM A189.

2 For definitions, see ASTM Spec

STEELS. ASTM

A 86-39

Chemical Composition

Mn
%

0.06 max

Characteristics* This is a wrought iron for hollow-rolled staybolts,
round bars only, rolled from a slab pile

1 or box pile
1 made from all

pig-puddled, knobbled charcoal or processed wrought iron. 1 The
original muck bars shall be piled, rolled, replied, and rerolled. The

component parts of the slab pile or box pile shall be free from any
admixture of iron scrap or steel.

1 For definition, see specification.

Mechanical Properties

Tensile

Strength
Mpsi

Yield
Point
min min
M psi %

0.60TS 28

Elong
n. 4 i

Red
Area
min

Form or Condition

47-52 0.60TS 28 35 48
Bend Test
Cold-Bend Test - thru 180 deg -

Nick-Bend Tests (When nicked 25% around, with tool having 60-deg cutti

depth > 8 < 16% specimen diam) When broken slowly,
clean fibers, free from crystallization.

Note See specification for details and modifications.

r i?i

{itself

"

ng edge, to

shall show



STEELS, ASTM

A 94-49T

Characteristics* This is an open-hearth or electric-furnace special high-strength
structural steel. In the conditioning of surface imperfections no welding shall

be employed.

Uses. Shapes, plates and bars intended primarily for use in mam stress-carrying
structural members.

Mechanical Properties

Form or Condition

For material > \ in. deduct from 8 in.

mm. for every increase of Vj4 in. above
V4 in. to a minimum of 14%
For material < s

/ij in. deduct from 8 in.

mm. for every Via in. below */i6 in.

Bend Test

il

\ in.
^

*4 in. to 1 in. mcl.
> 1 in. to l

l/
4 in. mcl.

-> 1 1' .~> 1 4 m.

Yield
Tensile Point
Strength mm
M psi M psi

80-95

(
-

Elon Red
Area

45 1600M + TS 1500M + TS

2.00

to a minimum of 24% shall be made
J Bend distil/specimen thickness

STEELS, ASTM

A 95-44

Mechanical Properties

Elong
2 in.

Red
Area

Tensile Yield
Strength Point
M psi M psi % %

70 mm 36 mm 22 mm 30 mm

Bend Tests shall be required only when
specified in order. When a bend test is

specified, specimen shall stand being bent
cold through an angle of 90 deg around a

pin 1 in. diam without cracking. Bend test

specimens shall be machined to 1 by /2 in.

in section with the corners rounded to a

radius not over Vu in.

Note See specification foi

tions.
details and modifies-

Chemical Composition

C Mn P S Si

0.15-0.45 0.50 mm 0.05 max 0.06 max 0.20 mm

Characteristics. Ihis is an open-hearth, electric-furnace carbon steel.

See specification for details of heat treatment.

Uses. Castings for valves, flanges, fittings or other pressure-contain-
ing parts for high-temperature service. 1

l See specification for explanatory note.
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STEELS, ASTM

A 106-51T

Characteristics. This is an open-hearth or electric-furnace seamless C-steel

pipe of nominal wall, suitable for bending, flanging and similar forming opera-
tions. Supplementary requirements are provided for pipe intended for use in

central stations having steam service pressures of 400 psi and over.

Uses. Pipe for high-temperature service.

STEELS, ASTM

A 107-49T

Characteristics. This is an open-hearth or acid-bessemer hot-rolled carbon
bar steel in two fundamental qualities. Purchaser shall specify quality by
grade designation or chemical composition. Sections include rounds, squares,
and hexagons of all sizes, flats < 6 in. width; bars < 3 m. maximum sectional
dimension.

Uses. Merchant quality is generally used for structural purposes and similar
miscellaneous bar applications. Special quality is used for applications in-

volving forging, heat treating, cold drawing, turning, or similar uses.
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STEELS, A8TM

A 108-49T

Characteristics. This is an open-hearth, electric, or acid-bessemer cold-

finished carbon steel of various grades, qualities and cross-sections rounds
< 1\ in. diam, squares <. 4 in. between // surfaces, hexagons < 3V, in. between

// surfaces, flats < \ in. thick and < 12 in. wide. Purchaser shall specify

grade designation or chemical composition.
1

Uses* Bars for heat treatment and for machining into components, or shafting,
in constructional applications, or for other similar purposes. The free-cutting

grades are for use on high-speed cutting machines, generally automatic.

STEELS, ASTM

A 109-49T

Characteristics. This is an open-hearth or electric-furnace cold-rolled

carbon steel made in strip for general use in five tempers.



Chemlcol Composition

C1 Mn a P S Cu

- - .06 max* .06 max* .20 mm*
.04 max 4

1Carbon is not specified but is used to secure
the specified properties.

'Manganese is not specified but is used to se-
cure the specified properties.
*Acld Steel
4Basic Steel

'The S of the locomotive grade is .05 max.
*When specified.

STEELS, ASTM

A 113-50T

Characteristics. This is an open hearth steel

of low to medium as-rolled strength. With
limits on P and S it is purchased on the
basis of tension and bend tests. There are

three grades under this specification whose
properties are given below. This includes a
cold forming grade.

Uses. It is supplied as shapes, plates, and
bars for general locomotive and car construc-

tion but not as boiler and firebox plate.

Chemical Cempositlon

Material shall be a matter of agreement between manufacturer and pur-
chaser. If carbon-steel bars are used, springs shall conform to ASTM
Specification A68-49, f silicon-manganese or chromium-vanadium steel

is specified, bars shall conform respectively to ASTM Specifications
A59-49 and A60-49.

STEELS. ASTM

A 125-50T

Characteristics. This is a heat-treated, C or alloy,
helical compression, hot-coiled spring steel made of

round bars >% in. diam.

Uses* Springs, suitable for use on railway equipment.

Mechanical Properties

Hardness* Maximum hardness shall not exceed 461 BUN. Purchaser may
not specify a total range spread of less than 50 Bnnell numbers.

Note- See specification for details of test procedures



STEELS, A8TM

A 126-42 Chemical Competition
P S
% %

0.75 max 0.12 max

Characteristics. This is a gray iron in three classes: A, regular gray
iron; B, higher-strength gray iron including the so-called semi-steels

used in valves and fittings, C, high-test cast iron whether regular or

alloy composition.

Uses* Castings such as valve bodies, fittings, flanges, including parts
to be assembled into valves, manufactured in advance and supplied for

sale from stock by the manufacturer, jobber, or other dealer.

Mechanical Properties

Form or Condition

Class A (regular gray iron)
B (higher strength gray iron)
C (high-test cast iron)

Note See specificatio
tions. tions.

Tensile
Strength
M psi

21 mm
31 mm
41 mm

details and rnodifica-

8TBBLS, A8TM

A 128-42

Characteristics. This is an austenitic Mn steel

(often known as Hadfield's Mn steel) made by
open-hearth, electric-furnace, convertible or

crucible process*

Mechanical Properties

Bend Tests: When specified che specimens shall stand

being bent cold through 150 deg without

breaking around a pin 1 in. in diara.

Not* S pacification for detail* and modifications.
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STEELS, ASTM

A 129-50T

Characteristics* This is an open-hearth iron plate of 2 in.

max thickness. Material is furnished in three grades.

Chemical Composition

Grade A
Grade B For plates )

Ladle 1 >^ > 1m. )
Ul

Grade C
2 For plates )

Q> 1 in. f
'

l For check analysis, see ASTM Spec.
2Plate steel shall be made with fine gr

C Mn Si

0.04 max 0.05 max -

.04 max 0.05 max

max . 60-0.90 0.04 max 0.05 max 0.15-0.30

STEELS, ASTM

A 131-50T

Characteristics. This is an open-hearth

Uses. Plates, bars and rivets intended

primarily for use in ship construction.
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STEELS, ASTM

A 134-51T

Chorocteristics. This is .an electric-fusion (arc)-welded straight seam or spiral
seam steel place pipmg - 16 in diam with wall thickness - % in. See specifica-
tion for details of manufacture and material quality*

Uses. Intended for conveying liquid gas or vapor. Suitability of pipe for various

purposes is somewhat dependent on its dimensions, properties, and conditions
of service.

Tensile Properties off Production Welds:
Reduced-section tensile test specimens taken perpendicularly across the weld
with the weld reinforcement removed shall show a TS not less than 95% of mm.
specified TS of the plate.

STEELS, ASTM

A 135-51T

Characteristics. This is an open-hearth or electric-

furnace steel pipe 30 in* and under in diam with

nominal walls. It is electric-resistance-welded and
comes in two grades but only Grade A is adapted for

flanging and bending.

Uses. Conveying liquid, gas, or vapor. Purchase
order should state purpose for which pipe is in-

tended, as suitability varies with dimensions, proper-
ties and conditions of service.

Chemical Composition

7.

Ladle 0*040 mar
Check 0.050 max

0.050 max
0.060 max
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STEELS, ASTM

A 139-51T

Uses. Conveying liquid, gas or vapor. Suitability varies with

dimensions, properties or conditions of service. For high
temp service, see ASTM Spec A-155.

Mechanical Properties

I orm or Condition

Grade A
Grade B
Basic min elong for

walls > 6/16 in.,

Grade A

Grade B

Tensile
Strength
MP.I

48 nun

60 mm

2 m
Yield
Point
M pm

30 mm
35 mm

35 min

30 min

Elong

longitudinal strip testsj
For long, strip tests,

"|

deduct for each 1/32 in. I Grade A
below 5/16 in. from f

basic mm. J Grade B

lFor wall thicknesses > 1/2 in. but need not exceed 30 per cent
NOTE See specification for details and modifications.

1.75

1.50

1.500M
1

I

TS
l,500M

l

TS !

STEELS, ASTM

A 147-49T

Characteristics. This is a heat-treated carbon steel or alloy
steel for springs. The bands shall be of wrought-iron or grade
1008 or 1010 open-hearth steel bars and shall be welded by
lap-weld or electric process. Subject to agreement between
manufacturer and purchaser, bands maybe made of steel castings.

Uses* Hot formed leaf springs for railway use. May also be
used for miscellaneous springs of flat material.

Mechanical Properties

Hardness Maximum Brine 11 Hardness shall not exceed 444.
When hardness limits are specified by purchaser, total range
shall be not less than 50 Rrmell numbers.

Note See specification for details and modifications
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STEELS, ASTM

A 148-46T

Characteristics* This is a carbon or alloy steel for

castings made by open-hearth, electric-furnace, con-
verter or crucible process in seven grades for use for

structural purposes. (See specification for details of

heat treatment.)

STEELS, ASTM

A 155-51T

Characteristics: This is an open-hearth or electric-
furnace killed steel pipe, electric-fusion-welded,
18 in and over o.d. Pipe is suitable for bending,
flanging, corrugating and similar forming operations.

Uses: High temperature and high-pressure service 1
.

l See specification for explanatory note on working stresses.

Supplementary requirements are also provided for pipe in-

tended for service at 400 psi.

Mechanical Properties

Form or Condition
Tensile Yield Elong
Strength Point 8"
M psi M o*i %

Mpsi
45 mm 0.5TS 1 mm 15003

-p
c mm

50 mm 0.5TS J mm 1500'
T S

min

55 mm 0.5TS 1500s

TS min

Ratio4

Grade A

Grade B

Grade C

Bend Test: 180 deg
^ 1 in.
> 1 m.

*but not less than 24
'but not less than 27
Deduct from the specified min. 0.1257. for each increase of

41/ 3 2 in above s
/4 in, to a minimum of 20 per cent.

Pin dlam/ specimen thickness
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STEELS, ASTM

A 157-50T

Characteristics. This is an electric-furnaee

alloy-steel in several grades.
1

Uses. Castings for valves, flange s, fittings
or other pressure containing parts for high-
ttrnperature service.

l See Spec for details of gradmgs, heat treatment
and high temp service

Mechanical Properties

hor r Cnn

Grults ( (,

C 9

CIO

Bend Test*
(Only ^hen

specified in

order)

Note See specific

Tensile
Strength

85
"0

(.5

Yield
Point
mln

Elong

20

Ihm 90 ,1tg around 1 in. diam ptn.
Grade (

c
',

thru 120 deg.

ration for <l(ttiil8 find modifications

Red
Area
rnin

40
40
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STEELS, ASTM

A 158-51T

Characteristics. This is an open-hearth or electric-

furnace alloy-steel pipe of nominal wall thickness. It

is seamless and made Jn twelve grades unless other-

wise specified. Pipe ^ 2 in. nominal diam shall be
furnished hot-finished, pipe < 2 in. nominal diam may
be hot-finished or cold-drawn, unless otherwise

specified. See specification for details of heat treat-

ment, supplementary requirements for pipe intended
for superior service, and other specific requirements.

Uses. For high temperature service.
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STEELS. ASTM

A 159-49T

Characteristics. This is a gray iron used for castings for automotive and allied

industries.

Uses. 110* Miscellaneous soft iron castings in which strength is not primary,
either as cast or annealed.

Ill' Small cylinder blocks, cylinder heads, air-cooled cylinders, pistons,
clutch plates, oil pump bodies, transmission cases, gear boxes,
clutch housings, lightweight brake drums, etc.

1 13* Brake drums and clutch plates for moderate service requirements
where high-C iron is desired and heat checking is a problem.

114' Heavy duty drums and clutch plates where both heat checking and
strength are definite requirements.

120* Automobile cylinder blocks, cylinder heads, fly wheels, truck brake
drums, cylinder sleeves, cylinder liners, pistons, etc.

121 Truck and tractor cylinder blocks and heads, heavy flywheels, tractor

transmission cases, differential carrier castings, heavy gear boxes.
122 Diesel engine castings, liners, cylinders, piston and heavy parts in

general.
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STEELS, ASTM

A 161-51T
Chemical Composition

C Mn Si Mo

Low C, Ladle 1
0.12-0.18 0.35-0.77 0.040 max 0.050 max 0.23 max

C-Mo, Ladle 1 0.11-0.19 0.33-0.77 0.040 max 0.040 max 0.15-0.45 0.48-0.63
l bor check analysis, see ASTM Spec*

Characteristics. This is an open-hearth or electric-

furnace killed low C or C-Mo steel tubing 2 in. and
over in outside diameter and thicker than No. 5

B.w.g. in minimum wall. Tubing shall be seamless
and hot-rolled or cold-drawn as specified. Order
should specify outside diam and nun wall thickness,
inside diam shall not be specified.

Uses. In carrying oil at elevated temperatures and

pressures in various types of oil stills, in which the

tubes may be subjected to a furnace temperature
higher than that of the contained fluid.

Mechanical Properties

i Low Carbon Steel tubes
Carbon Molybdenum Steel tubes
Basic minimum, \ Low C

*/tf in. wall thickness ) C-Mo
Standard rd tension test )Low C
specimen, 2 in. gage lengthJ|C-Mo
For longitudinal strip

J
tests, deduct from basic ( Low C
mm for every

l/
3a in. be- \

low V16 in. ) C-Mo

Tensile
Strength
M psi

47 mm
55 mm

Yield
Point
M psi

26 mm
30 mm

Elong

35 mm
30 mm
28 mm
22 mm

1.75

1.50

Hardness, BHN

137
150

125
137

,

Note See specification for details and modifications

STEELS, ASTM

A 176-49

Characteristics. This is an electric-arc or electric-induction soft corrosion-resisting
Cr steel. It is furnished in plate, sheet and strip in various finishes.

Mechanical Properties

Form or

Condition

Grades 1

Tensile
Strength
M psi

70 nun
70 mm
70 mm
75 mm
75 mm

Yield
Strength
M psi

35 mm
35 mm
35 mm
40 mm
40 mm

Elong

min

25
l

25
l

22 l

20

20

Rock-
well-
Hard-
nesa-
Max

B88
B88
B88
B95
B95

Hardness
BHN
Max

202
202
202
202
217

Cold,
Bent?
degree
180
180
180
180
135

1
Material ^ 050 in. (U.S. gage No. 18 and under) minimum of 20 07o.

'Specimens shall stand being bent cold through the angles stated above
without cracking on the outside of the bent portion
Material^* - n. shall be bent around a pin the diam of which is 2 X
the thickness of the specimen.
Material S, \ in. shall be bent around a pin the diam of which - the
thickness of the specimen,
Note See specification for details and modifications
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STEELS, A8TM

A 177-44

Characteristics* This is an electric-arc or electric-induction high-strength

corrosion-resisting Cr Ni steel. It is furnished in sheet or strip in four tempers.

STEELS, ASTM

A 178-51T

Characteristics. This is*n open-hearth iron or elec-

tric-furnace steel tubing made by electric-resistance

welding and normalized above upper critical tem-

perature.

Uses: Boiler tubes, boiler flues, superheater flues

and safe ends. Type C tubes are not suitable for safe-

ending by forge welding.

Mechanical Properties

Form or Condition

Type C tubes

Tensile
Strength

60

Yield
Point
Mpsi

37 mm

Elong

30
l

*For longitudinal strip testa, deduct 1 507* from basic minimum for

every 1/32 in. decrease in wall thickness below 5/16 in.

Note See specification for details and modifications.



STEELS, A8TM

A 179-51T
Chomicol Composition

C Mn

Ladle 1 0.08-0.16 0.30-0.60 0.040 max 0.050 max
1 Por check analysis, see ASTM Spec.

Characteristics: This is an open-hearth or electric-

furnace, seamless, cold-drawn, low-carbon steel

tubing made in sizes l/2 in. to but excluding 2 in. o.d.

Tubes shall be annealed to insure ductility. Tubes
over 0.065 in. in wall thickness shall have a Rock-
well hardness number not to exceed B72.

Use*: 1 Tubular heat exchangers, condensers, and
similar heat transfer apparatus.
*When intended for corrosion, resistance at elevated tem-

peratures, special requirements as to chemical composition
and hardness shall be a matter of agreement between manu-
facturer and purchaser.

STEELS, ASTM

A 189-42

Characteristic*. This 13 a refined wrought iron in two grades.

A, double refined t round, hexagonal and rectangular bars, and

B, single refined, round, hexagonal and rectangular bars. The
bars shall be made from all pig-puddled or processed wrought
iron1 and shall be free from any admixture of iron scrap

1 or

steel.

I8ee specification /or definition.

Chemical Composition
Mn
%

0.06 max
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STEELS, ASTM

A 192-51T

Characteristics. This is an open-hearth or electric-furnace

seamless steel tubing '2 m. and larger o.d. Tubes less than

2 in. o.d. shall have wall thicknesses of not less than 8%
o.d. but in no case less than 0.085 in. Tubes greater than
2 in* o.d* shall have wall thicknesses of not less than
0.200 in. Cold-drawn tubes shall be annealed *'dead soft"

after final cold-drawn pass. Hot-finished tubes need not be
annealed unless specified by purchaser.

Uses. D oiler and superheater tubes.

Mechanical Properties

Hot finished tubes

Tensile
Strength
M psi

Yield
Strength
M pai

. Annealed
Cold drawn tubes

,,

Assumptions for design purposes 47 mm 26 mm
'0.200 in. and over in wall thickness
3 < 0. 200 in wall thickness
Note Sr current specification for details and modifications

Elong
2 in.

35 mm

Hard1

8HN

137
125
125

Rock3

Hard

D77
B72
B72

STEELS, ASTM

A 195-50T

Characteristics. This is an open-hearth or electric-furnace rivet steel.

In cold-heading process, bars shall first be annealed by heating to

145QF (78RC) and cooling slowly in furnace or in still air. No anneal-

ing need be used in hot heading process.

Uses. With proper riveting technique, suitable for use with structural

silicon steel.

Mechanical Properties
Tensile
Strength
M psi

Elong
Yield Sin.
Point Min
M psi %Form or Condition

Rivet steel 68-82 38 mm 20

Note See specification for details and modifications.
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8.00 to 11.00

9.00 to 12.00

8.00 to 11.00

8.00 to 10.00
Ti

5 times C mm

0.50 max
0. 15 mm
1.00 max
1.00 max
1.00 max
1.00 max
Cb

10 times C mm

0.50V

Uses. Grade for least exacting service.

Grades 3,4,8, for most severe conditions of

8c,8t,8f service.
Grades 1,2,2H for service between two extremes

above.

Characteristics. This is an open-hearth, electric furnace or acid-

bessemer steel covering ten grades of nuts for bolts used in high-

pressure or high-temp service, or both. Grade O shall be made by hot-

forged or cold process
1

,
or machined from bar stock. Grades 1 and 2

shall be made by hot-forged or cold process, or machined from hot-

forged or hot-rolled bars. Grades 211, 3 and -4 shall be made by hot-

forged or cold process, or machined from hot-forged, hot-rolled or cold-

drawn bars and heat treated to meet required physical properties. Un-
less otherwise specified, these grades of nuts shall be reheated above
critical range of the steel and quenched in suitable medium at temp not

less than 850F for 2H and 3, and not less than 1100 for 4. Grades 8,
8c and 8f shall be made by hot-forged or cold punching process, or

machined from forged or rolled bars and annealed by quenching in water
from mm temp of 2000 F. When increased mechanical properties are de-

sirable, nuts may be machined from cold-drawn bars without annealing*
1
All nuts, excepting grades 0,8,8c,8t and 8f, made by cold process shall be
heated in process of manufacturing to a temp of at least 10OOF (S38C). Nuts
made by hot proceas or from hot-forged or hot-rolled bars need not be stress*
relieved.

Characteristics* This is an open-hearth or

electric-furnace killed steel tubing. Tubes
shall be seamless and hot-finished or cold-

drawn, as specified. Hot-finished tubes shall

be annealed by heating to at least 1300F
(690C). Cold-drawn tubes shall b$ annealed
after the final cold-draw pass.

Uses. Boiler tubes and flues, including safe

ends,
1 arch and stay tubes, and superheater

tubes.

l
Trus type is not suitable for safe-ending bv forge
virlding

102



STEELS, ASTM

A 193-51T

Characteristic*: This is an open-hearth, electric furnace or crucible alloy-steel bolting
material including rolled, forged or cold-drawn bars, and bolts, screws, studs, and stud

bolts. See specification for details of heat treatment and other design factors.

Uses: Pressure vessels, valves, flanges and fittings for high-temperature service.

(continued on page 104)
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STEELS. ASTM

A 193-51T

(continued from page 103)
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STEELS, ASTM

A 199-51T

Characteristics: This is an electric-furnace chromium-

molybdenum and chromium-molybdenum-silicon seamless cold-
drawn intermediate alloy steel tubing in sizes '/ in. to but

excluding 2 in. o.d. Purchaser shall not specify inside
diameter.

Uses* Heat exchangers, condenser tubes and similar heat-

transfer apparatus.
*

STEELS, ASTM

A 202-50T

Characteristics* This is an open-hearth or electric-furnace
Cr-Mn-Si alloy steel plate of firebox quality in two high
tensile strength ranges up to 2 in. inrl. in thickness.
Grade A is a ductile material of maximum workability,
suitable for rivets 1

. Grade B is a high tensile material

with sufficient ductility to be workable without heating.

Uses. Boilers and other pressure vessels.

*When so used, the bars shall be subject to ASTM A31, except
chemical and mechanical properties
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STEELS, ASTM

A 200-50T

Characteristics. This is an electric-furnace, seamless, Cr-Mo
and Cr-Mo-Si intermediate alloy-steel tubing 2 m. and over in

outside diam and thicker than No. 5 B.w.g. in minimum wall.
Tubes shall be hot-rolled or cold-drawn and heat-treated as

specified. Order shall specify grade desired, outside diam and
minimum wall thickness, inside diam shall not be specified.

Uses. In carrying oil at elevated temperatures and pressures in

various types of oil stills, in which the tubes may be subjected
to a furnace temp higher than that of the contained fluid.

STEELS, ASTM

A 209-51T

Characteristics* This is an open-hearth or

electric-furnace, killed, C-Mo alloy-steel
tubing of three grades. Tubes shall be seam-
less and hot finished or cold drawn, as

specified. Hot-finished tubes shall be
annealed or normalized and drawn. Cold-
drawn tubes shall be annealed after the final

cold-drawn pass. Order should specify grade
desired.

Uses. Boiler and super-heater tubes.



STEELS, ASTM

A 201 -SOT

Characteristics. This is an open-hearth or electric furnace carbon-silicon plate
steel of intermediate strength and intended for fusion-welded boilers and other

pressure vessels. It is supplied in two grades in both flange and firebox quali-
ties. Plates over 2 in in thickness are to be heat treated for grain refinement.
This means normalizing since liquid quenching is not permitted under this

specification. The carbon content is permitted to run high enough in the heavier

plates to require special precautions in welding to avoid base metal cracking.
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STEELS, ASTM

A 203-50T Characteristics* This is an open-hearth
or electric-furnace nickel steel plate
in three tensile strength ranges, in-

tended particularly for fusion welding.
Maximum thickness of flange quality
shall he 2 in., of Grades A and B, fire-

box quality, 6 in., of Grades C, D and

F, firebox quality, 4 in. Welding tech-

nique is of fundamental importance.
See Spec, for details of heat treatment.

Uses. Locomotive boiler shells, boilers
for stationary service and other pressure
vessels.
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STEELS, A8TM

A 204-50T

Characteristics. This is an open-hearth or

electric-furnace molybdenum-steel plate, in

three high tensile strength ranges intended

particularly for fusion welding. Maximum
thickness of flange quality plates under this

specification shall be 2 in., of grades A and B
firebox quality, 6 in.; of Grade C firebox

quality, 4 in. Welding technique is of funda-
mental importance. See ASTM Spec, for details
of heat treatment.

Uses. Locomotive boiler shells, boilers for

stationary service and other pressure vessels.

Gfade A .28*

!33
S

Grade B .31
s

.33;

.35
s

1
Flange

3 Firebox
J
<lin.

.90

.90

.04
l

.035'

.04*

.035*

.05

.04'

.05
l

.04
a

.15-. 30

.15-. 30

4 > 1-2 in. incl
5 > 2-6 in. incl.

Chorocteri sties. These are two high-strength, open-hearth or

electric-furnace carbon- silicon plate steels. They are supplied
in flange quality up to 2 in. in thickness and in firebox quality

up to 6 in. in thickness. Plates > 2 in. thick shall be heat
treated for grain refinement.

Uses. Locomotive boiler shells, boilers for stationary service,
mnd other pressure vessels. They axe suitable for fusion welding
but the carbon is so high that precautions need to be taken to

avoid base plate cracking.



SPECIAL CASTINGS

A 206-517
Mo

Chemical Composition

C Mn P S Si

Symbol Grade % % % % %
PI 2 C-Mo Ladle1

0.11-0.19 0.35-0.77 0.040 max 0.040 max 0.15-0.45 0,48-0.63

s for

Characteristics. This is an open-hearth or

electric-furnace seamless C-MO alloy-steel

pipe of nominal wall. See specification for

supplementary requirements for superior
service and for heat treatment and finishing.
Order shall specify maximum temp at which

pipe will be operating.

Uses. High-temperature service. Suitable for

bending, flanging (vanstoning) and similar

forming operations, and for fusion welding.

Characteristics. This is a pearlitic mealleable iron

made by air-furnace, open hearth, electric-furnace or

any of the multiplex processes.

Uses. Castings for railroad, motor vehicle, marine,
agricultural implement and general machinery pur-
poses, both for general use and for localized harden-

ing purposes.

Grade 43010
48005
53004
60003
70002

1

Higher tfngile and yie

and-temper treatment
Note See specificatioi

60
70

80
80
90

43
48
53
60
70

10
5

4

3

2

163-207
179-228
197-241
197-241
241-285

cngths may be obtained by use of conventional quench-

SPECIAL CASTINGS

A 225-50T

Charactenstics. This is an open-hearth or electric-furnace Mn-V steel plate in two high
tensile strength ranges, intended particularly for fusion welding. Maximum thickness of

flange quality shall be 2 in., of grades A and B firebox quality, 4 in. Welding technique
is offundamcntal importance. See specification for details of heat treatment.

Uses. Locomotive boiler shells, boilers for stationary service and other pressure vessels.

110



Characteristics: This is an electric-furnace steel

Cubing made by seamless process and either hot-

finished or cold-drawn as specified.

Uses. Seamless ferritic and austenitic steel boiler

and superheater tubes, and austenitic steel heat

exchanger tubes.

Chemical Composition

C Mn P S

Ladle 1
0.15 max 0.30-0.60 0.040 max 0.050 max

l For check analysis, see ASTM Specs

SPECIAL CASTINGS

A 214-51T

Hardness Test

Tubes < 0.065 in. in wall thickness shall not require hardness test.

Tubes > 0.065 in. shall not exceed Rock B72. I

Chorocteristies. 1 This i*. an open-hearth or electric-

furnace steel tubing made by electric-resistance

welding. Tubes shall be normalized at a temperature
above the upper critical temperature. Order shall

specify outside diam and minimum wall thickness,
inside diam shall not be specified.

Uses. Heat exchangers, condensers, and similar heat

transfer tubing in sizes up to but not including 2 in. o. d.

1These specifications are applicable to types of "low-alloy"
s,teels intended to produce greater strength at elevated

temperatures, but not intended specifically for corrosion
resistance at elevated temperatures. See specification for

details on special requirements.
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STEELS, ASTM

A 216-47T

Characteristics. This is an open-hearth or electric-
furnace C steel in two grades. Selection will depend
upon design and service conditions, mechanical
properties, and the high-temperature characteristics. 1

Uses* Castings for valves, flanges, fittings or other

pressure-containing parts for high-temperature service
and of quality suitable for assembly with other cast-

ings or wrought-steel parts by fusion welding. (See
also ASTM A217).

'See specification for details on we! din

heat treatments.
characteristics and

Diam

1 in.

STEELS, ASTM

A 217-49T

Characteristics* This is an open-hearth or

electric-furnace alloy steel in seven grades.
Selection will depend on design and service

conditions, mechanical properties and the

high-temperature and corrosion-resistant

characteristics. See specification for details,

Uses. Castings for valves, flanges, fittings
and other pressure containing parts

1 intended

primarily for high-temperature and corrosive

services 2
",

'See also ASTM A95 and A216 for C steel castings
aSee specification for details on welding techniques.
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STEELS, ASTM

A 226-51T

Characteristics. This is an open-hearth or electric-

furnace killed steel. Tubes shall be manufactured

by electric-resistance welding and shall be normal-
ized at a temperature above upper critical tem-

perature. Tubes < 2 in. o.d. shall have wall thick-
nesses not less 8% o.d. and in no case less than
0.085 in. Tubes > 2 in. o.d. shall have wall thick-
nesses not less than 0.200 in.

Uses. Boiler tubes and superheater tubes with o.d.

i V, m.

STEELS, ASTM

A 227-47

Chemical Composition

Mn J P S Si

% ^0 % %

0.45-075 060-1.20 0.045 max 0.050 max 0.10-0.30
x Carbon in any one lot shall not vary more than 207c.

'Manganese in any one lot shall not vary more than 0.30%.

Characteristics. This is an open-hearth round steel

wire known as hard-drawn spring wire, uniform in

quality, intended especially for the manufacture of

springs* The wire shall be cold-drawn to desired
mechanical properties*

Mechanical Properties

Form or Condition

Diameter, in.
1

0.028-0.041
0.047-0.072
0.080-0.120
0.135-0.177
O.L92-0.250
0.312-0.437
0.500-0.625

Tensile
Strength

Min

271-255
248-232
227-210
206-195
192-182
174-165
156-147

311-293
286-266
261-241
237-225
221-210
200-190
180-170

1 For intermediary sizes, see specification.
Note S* specification for details and
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STEELS, ASTM

A 228-51T

Chemical Composition

C Mn P S Si

0.70-1.00 0.20-0.60 0.03 max 0.03 mar 0.12-0.30

Characteristics. This is an open-hearth or electric-

furnace, high quality round steel wire, uniform in

strength and hardness. The wire shall Be cold-drawn
to produce the desired mechanical properties.

Uses. Music spring wire.

Mechanical Properties

Form or Condition

Tensile
Strength
M psi

min r

0.004 in. diam. 439 485
0.010 in. diam. 387 428
0.015 in. diam. 365 404
0.026 in. diam. 337 373
0.036 in. diam. 321 355
0.051 in. diam. 303 335
0.072 in. diam. 287 317
0.100 in. diam. 271 300
0.121 in. diam. 263 290
0.140 in. diam. 256 283
Note For intermediate values
see ASTM Spec. Also see
specification for details and
modifications.

STEELS, ASTM

A 229-41

Chemical Composition

Mn

Grade A > 7

/, 2 m. 0.55-0.75 0.80-1.20 0.045 max O.OSO rrax 0.10-0.30
B < T/

J2 >n. 0.55-0.75 0.60-0,90 0.0 15 rr ax 0.050 max 0.10-0.30

Characteristics* This is an open-hearth round steel wire known as oil-tempered
spring wire, uniform in quality, intended especially for the manufacture of

springs. 1 he wire shall he hardened and tempered to produce the desired
mechanical properties.

Diameter, In
1

0.032-0,093
0.10^-0.192
0.207-0.250

0.437
0.500

30 1 p 8 1 in sizes

thanO 120 in.

120 in and finer, and

Note See
it odificatioi

STEELS, ASTM

A 230-47

v,nicn case tne mecnanicai properties, specmea snail not apply.

Uses* Intended especially for the manufacture of valve springs and
other springs requiring high-fatigue properties.
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STEELS, ASTM

A 231-41

Chemical Composition

C Mn P S Si Cr ,
V

0.45-0.55 0.60-0.90 0.040 max 0,050 max 0.15-0.30 0.80-1.10 0.15 mm (0.18 desired)

Characteristics. This is an open-hearth round untempered steel wire known as

Cr V spring wire, uniform in quality. The wire shall be in the annealed or cold-
drawn condition as specified by purchaser.

Uses* Intended for the manufacture of springs, especially when used at moderately
elevated temperatures.

Chemical Composition

C Mn P S Si Cr V

0.45-0.55 0.60-0.90 0.0^0 max 0.030 max 0,12-0.30 O.HO-1.10 0.15-0.25

STEELS, ASTM

A 232-47

Chorocteristtcs. This is an open-hearth or electric-furnace highest quality

Cr-V steel valve spring wire. Wire shall he either annealed, cold-drawn or

oil-tempered as specified by purchaser.

Uses. Intended for the manufacture of valve springs and other springs requiring

high-fatigue properties, especially when used at moderately elevated tem-

peratures.
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3TEELS, ASTM

A 234-51T

Chemical Composition

Grade1

Carbon WPA
WPB
WP1
WPI1

2'^Cr-Mo WP22
>OMo WP5a

C-Mo

Pipe
A 106-5 IT Grade A
A106-51T Grade B
A206-51T
A158-51T

Grade P 1

Grade PI 1

Permissible Raw Materials
Plate

A285-50T Grades B,C
A212-50T Grade A
A204-50T Grade B

Foffings

A158-51T Grade P5a

A105-46
A105-46
A182-49T

3

A182-49T
A182-49T

Grade I

Grade II

Grade F I

Grade F22
Grade F5

'When fittings are of welded construction, symbols shall be supplemented by letter "W."
No ASTM specification has yet been written for pipe or plate of this chemical composition.However fittings may be made from pipe or plate which conform in their mechanical and
chemical properties to forging specification shown for this grade.
'No ASTM specification has yet been written for plate or forging* of this chemical
composition, ilowever fittings may be made from plate or forging* which conform
in their mechanical and chemical properties to pipe specification shown for this

grade.
'No ASTM specification has yet been written for plate of this chemical composi-
tion. However fittings may be made from plate which conform in their mechanical
and chemical properties to pipe or forging specification shown for this grade.

Characteristics. This is an open-hearth or electric furnace

wrought carbon steel and ferriuc alloy. When fittings are to be
used for service at temperatures over 750F, and when specified
in the order, the steel shall be silicon-killed.

Uses. Steel welding fittings for pressure piping.

Forms. Blooms, billets, slabs and of forging quality bars,

plates or seamless tubes.

Heot Treatment:

Hot-finished Carbon- Steel Fittings

Forming Temp
> 1 150 F< 1650 F
>1650F

Cold-finished Carbon-Steel Fittings. <1150F

Alloy- Steel Fittings

Cr-Mo Steel Fittings

Fusion-Welded Fittings

Treatment

None if cooled in

still air. Normal-
ized.

Stress relieved re-

heat 110Q-1200F
1 hr/in., cooled
in furnace or air.

As prescribed in specifications list-

ed in Chemical Composition above.

Unless otherwise specified, Full an-

nealed or normalized and tempered
1

In accordance ASA
No. B3 I.I- 195 I

lSe specification for details and modifications. Tension tests are not required.

STEELS, ASTM

A 246-48T

Mechanicol Properties

Form
or

Condition

Grades
Commercial

A
B
C

Tensile Yield Elong
Strength Point 2 in

.vl psl .1 psi %

mm mm mm
subject to bend test only
45 25 25
50 30 23
52 33 IR1

Bend Test
at room temp

flat on itself

flat on itself

180 deg
a

180 deg*
1 Variable percentage decreasing 1 for each even infers' Standard
gage number below i>o. 18 gage (Example 17* for 20 gage)*
'Around one thickness of material.
'Around l'/ * thickness of material.
Not*. See specification for details and modifications.

Characteristics* This is an open-hearth or acid bessemer flat

rolled C sheet steel. It may be spot welded in the "hot rolled"
condition but for best results the oxide or scale should be re-

moved before welding.

Uses* Intended for structural purposes where mechanical test

values are required.
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STEEL8, ASTM

A 235-49T

Characteristics. This is an open-hearth or electric-furnace C steel for

various classes of untreated and heat-treated forcings.
1 Purchaser shall

specify class desired, choice depending on design and stress or service.

See specification for details of heat treatment,

Uses* Forcings for general industrial use.

'When semi-finished steel is desired to process these forcings, ASTM A273 is

recommended.

Characteristics. Tins is an open-hearth, electric-furnace, or acid-bessemer
steel for nominal wall furnace- or electric-welded and seamless black pipe
piles of cylindrical shape. The specifications are not intended to apply to

pipe for general structural purposes.

Uses. Piles in which the steel cylinder acts as a permanent load-carrying
member, or alternatively acts as a shell to form cast-m-place concrete piles.

STEELS, ASTM

A 252-46
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STEELS, ASTM

A 236-49T

Choroctori sties. This is an open-hearth or electric-furnace C steel for various classes
of uncreated and heat treated forgmgs.

Uses. Locomotive and car construction.
Classes A and B1

, soft steel forgings for miscellaneous uses.
Classes C, D, E, F and G 1

, for driving axles, engine truck axles, trailing truck

axles, tender truck axles, car axles, main and side
rods, scraps, crank-pins, piston rods etc.

Class H, for locomotive and tender axles, piston rods, and similar locomotive and
car forgings.

lSee specification for heat treatments and supplementary requirements.

STBELS, ASTM

A 261-47

Chorocterictics. This is an open-hearth or electric-furnace heat-treated
C-steel bolting material 1

.2 in, diam.

Uses. Pressure vessels, valves, flanges, and fittings,

'include! bars, headed bolts, screws, studs and stud bolts.
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Chemical Composition
P
%

Ladle1 0.050 max
lSee specification for check variation*.

S
%

0.050 max

STEELS, ASTM

A 237-49T

Character 1st ice. This is an open-hearth or electric-

furnace heat-treated alloy steel in various classes.
See specification for heat treatments*

Uses. Forgings for general industrial use*

Chemical Composition
2

Mn
%

Ladle 1 0.20 max 1.25 max 0.05 max

'See ASTM Spec, for check analysis.
'Manufacturer shall use such alloying elements
combined with C, Mn and S within limits above
specified as will give mechanical properties des-
cribed below and such that the atmospheric cor-
rosion resistance of this steel will be materially
increased.

STEELS, ASTM

A 242-50T

Charocttri sties. This is an open-hearth or electric-furnace low-alloy
structural steel for welded or riveted construction,

s
^ft to 2 in. thick.

Uses* Primarily for use as stress-carrying material of structural members
where saving in weight and atmospheric corrosion resistance are

important.
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STEELS, ASTM

A 238-49T

Characteristics. This is an open-hearth or electric-

furnace heat-treated alloy steel in various classes.
See specification for heat treatments.

Uses* Forgings for use in locomotive and car con-

struction* for 'shafts, driving axles, engine truck

axles, trailing truck axles, crankpms, main and side

rods, piston rods, valve stems, rod straps, eccentric

cranks, etc*

Chemical Composition
P'

Ladle1 0.045 max

S3

%
0.050 max

1 For check variation*, see AS'I M Spec.
Limits for other elements shall be agreed upon by
manufacturer and purchaser. Purchaser may specify
that residual alloy elements, not intentionally added,
shall not exceed 0.35% Cu, 0.25 <, M, 0.20 . Cr, and
0.06% Mo.
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STEELS, ASTM

A 240-49

Characteristics. This is an electric-arc or electric-induction soft corrosion-resisting Cr
and Cr-Ni steel in plate, sheet and strip

1
.

Uses. For fusion-welded unfired pressure vessels.

I See specification for definitions and heat treatment.
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STEELS, ASTM

A 245-48T

Choracteri sties* This is an open-hearth or acid-bessemer
fiat hot-rolled C sheet steel* It may be spot welded in the
'

'hot-rolled" condition but for best results the oxide or

scale should be removed before welding.

Use*. Intended for structural purposes where mechanical
test values are required.

STEELS, ASTM

A 249-51T

Characteristics. This is an elec-
tric-furnace welded austenitic
steel. Tubes shall be made from

strip steel by welding and heat
treated as specified.

Us**. Alloy steel boiler, super-
heater, heat exchanger and con-
denser tubes.
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STEELS, ASTM

A 250-51T

Characteristics. This is an open-hearth or electric-
furnace killed steel with three grades. Tubes shall be
made from scrip by electric-resistance welding and
shall be normalized above critical temperature.

Uses. Carbon-molybdenum alloy-steel boiler and
superheater tubes.

Mechanical Properties

Form or Condition

Grade Tl
Tla
Tib

Tensile
Strength
M psi

55 mm
60 mm

Yield
Point
M psi

30 mm
32 nun

Elong

7.
Hard*
BHN

Rock,
Hard

1

30 mm 137 max B77 max
30 mm 143 max B79 max

53 mm 28 mm 30 min 137 max B77 max

^ubes - 0.200 in wall thickness aTubea < 0.200 in. wall thickness
NOTE- See specification for details and modifications.

Chemicol Composition

Mn

Open-hearth, Type A1 0.05 max 0.35 max 0.02 max
Alloyed, Open-hearth, Type B 1 0.05 max - 0.015 max

Cu Mo

Open-hearth, Type A1 0.045 max
Alloyed, Open-hearth, Type B a 0.040 max 0.40 ram 0.05 mm
l An alternate open hearth Type A Iron may contain 0.20%

2Total G! Mn, P, S, and Si 0.257. max. A variation in com-
bined percentages will be permitted but shall not exceed
0.31%.

Characteristics* This is an open-hearth, black and

galvanized, iron pipe. It may be seamlcss> furnace
butt-welded or electric-resistance welded and is of
nominal wall thickness.

Uses. For
coiling, bending, flanging and other

special purposes; pipe 2 in. and under may be used
for close coiling. Furnace butt-welded pipe is not
intended for flanging.

STEELS, ASTM

A 253-51T

Tensile
Strength
M psi

40 min
46 min

Yield
Point
M psi

25 min
30 min

Katio*

Mechanical Properties

Form or Condition

Type A and Alternate Type A

Type B
Standard round1 - - 28
For walls, 5/16 in. and over in

thickness', longitudinal strip

tests; all small sizes tested

in full section (basic minimum) 1
35

For longitudinal strip
test deduct for each
1/32-in decrease in

wall thickness below 5/16 in

from basic minimum the

following percentage
1 1.75

Bend Test: pipe i 2 in

90 deg around mandrel 12

180 deg for close coiling 8

'For all types
'Mandrel diam/nom.diarn pipe
NOTE See specification for details and modifications.
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STEELS, ASTM

A 254-51T

Chorocteristlcs. This is aa open-hearth or electric

furnace copper brazed steel tubing 3/16 in. and over
o.d. There are two general classes: I double wall

360 deg and II single wall.

Usos. For general engineering uses, particularly in

automobile, refrigerator and stove industries, for fuel

hoes, brake lines, oil lines, heating and cooling
units, etc.

Chemical Composition

C Mn P S

Ladle 1 0.07-0.12 0.30-0.60 0.040 max 0.050 max
1 For check analysis, see ASTM Specs.

Mechanical Properties

Form or Condition

JSee ASTM. Eg
2
See ASTM- ElB

Tensile 1

Strength
Mpti

42 mm

Yield
Point
M pal

Blong
2"

Hard,
Rock1

BHN

28 min 29 mm 55 max

STEELS, ASTM

A 264-44T

Characteristics* This is an open-hearth or electric-furnace C or low-alloy steel base
in plate, sheet and strip

1 to which is integrally and continuously bonded on one or

both sides a layer of corrosion-resisting Cr Ni steel. This material is single or
double-clad. See specification for physical properties.

See specification for definition.
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STEELS, ASTM

A 265-43T

Characteristics. Phis is an open-hearth or electric-furnace C or low-

alloy plate steel base to which is integrally and continuously bonded
on one or both sides a layer of Ni or Ni-base alloy. It is single or

double-clad and plate is ^> V14 in. thick. See specification for physical
properties

STEELS, ASTM

A 266-51T

Characterises. 1 This is an open-hearth or electric

furnace carbon steel for drum forgings made in three

classes of tensile strength.
lWhen semi-finished steel is desired to process these
forgings, A273-49 is recommended.

Uses. Hollow drums and headers for use in boilers

and other pressure vessels and also for forgings for

heads, covers, plugs and other component parts.
Class I and II

1 are suitable for fusion welding.
Class III is not to be used when it will in any way
be subjected to fusion welding.

'The term class is used to distinguish between materiel*
of different tensile strengths.
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STEELS, ASTM

A 268-47

Characteristics. This is an electric-furnace

stainless steel tubing in MX grades. These are

commonly known as straight-chromium* types
and are characterized by being ferromagnetic.
The high-Cr, ferntic alloys are sensitive to

notch-bmtleness on slow cooling to ordinary

temperatures. Purchaser shall specify o.d. and

average wall thickness. Inside diam shall not
be specified.

Uses* Tubing for general corrosion-resisting
and high-temperature service.

STEELS, ASTM

A 269-47

Mechonicol Properties

Hardness Test:
Tubes shall have a Brine 11 hardness num-
ber not to exceed 200 or a Rockwell hard-
ness number not co exceed B90. Brine 11

hardness test shall be used on tubes

20.200 in. Rockwell hardness test

shall be used for tubes < 0.200 to and in-

cluding 0.065 in. Hardness tests shall not
be required on tubes < 0.065 in.

Net* S specification for details and
modifications.

Charocter I sties. This is an electric-furnace stainless steel tubing in five grades. Pur-
chaser shall specify grade, o.d. and average wall thickness. Inside diam shall not be

specified. See specification for details of heat treatment.

Uses. For corrosion-resisting and high-temperature service.
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STEELS. ASTM

A 270-50T

Choroeteristies. This is an electric-furnace seamless and welded
austenitic stainless steel sanitary tubing in sizes up to and in-

cluding 4 in* o*d. These tubes are furnished with special surface
finishes, order, therefore, should specify finish, o*J* and average
wall thickness* The inside diam shall not be specified*

Uses. Dairy and food industry*

STEELS, ASTM

A 271-47

Characteristics. This is an electric-furnace seamless austenitic Cr Ni
steel still tubing in three grades from 27% in. o.d. and > 0.220 in. min.
wall thickness. Purchaser shall specify grade, o.d* and minimum wall

thickness, inside diam shall not be specified.

Uses. For carrying fluids at elevated temperatures and pressures in

various types of heaters in which the tubes may be subjected to a

furnace temperature higher than that of the contained fluid.

Mechanical Properties

Tensile
Strength
Mp.i

75 min

Yield*
Point
M p*l

30 mm

Elong
1

2 im
%

35 min

Hard
BHN

200 max

of 1.75% from
i. decrease in
tkness shall be

1 Por longitudinal strip tests a deduction o
basic minimum elongation for each V in.
wall thickness below %, in. in wall thick
used.

'Whan definite Yield Point is not exhibited, the yield
strength corresponding to limited permanent offset of
0.2% shall be reported.

Not* See specification for details and modification*.
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STEELS, AflTM

A 276-49T

Choract eristics. This is a hot-rolled and cold-finished* corrosion-resisting bar steel furnished
in rounds, squaxes and shapes, ground and ground-and-polished rounds.
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Characteristics. This is a malleable iron. See specification for details

and modifications.

Uses. Iron flanges, pipe fittings, and valve parts, including parts to

be assembled, manufactured in advance and supplied from stock.

STEELS, A8TM

A 277-44T

Characteristics. This is a gray-iron for castings
suitable for pressure-containing parts for use at

temperatures up to 650F.
Castings

intended for use
above 450F shall be stress relief annealed, only
classes 40, 50 and 60 shall be used at that tempera-
ture. Alloys may be used to facilitate the develop-
ment of mechanical properties, or stabilize the

structure at elevated temperatures.

STEELS, ASTM

A 278-51T

Mechanical Properties

Tensile
Strength

Form or Condition M psl

Characteristics* This is an open-hearth or electric-

furnace, seamless, alloy-steel pipe intended for

service at high temperatures and suitable for bending,

flanging and similar forming operations, and for

fusion welding. This chromium-molybdenum alloy is

a course-grained steel having a carburized austemtic

grain size of 1 to 5 as determined 1

by carburizing at

170OF for 8 hr.

i

ASTM. B 19,

STEELS, ASTM

A 280-51T
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STEELS, ASTM

A 283-50T

ChoracUrlstici. This is an open hearth or electric-furnace
steel which is supplied in four grades of low to inter-

mediate strength for structural plates 2 in. and under in

thickness.
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STEELS, ASTM

A 284-51T

Characteristic!. This is an open>hearth or Electric-furnace
C-Si plate steel made in four grades. Maximum thickness lor

grades A, D and C is 12 in., and for grade D, 8 in. Welding
technique is of fundamental importance.

Plates over 4 in. thick are g^ven a grain refining heat
treatment (normalizing) to improve their uniformity and
characteristics.

Uses. Machine parts and general construction (other than

pressure vessels by gas cutting, welding, etc.

Mochonicol Properties

Grade A
B
C
D

Bend Test thru 180 deg

% in.

> % -
I in. incl

> 1 - IS in, incl

> IS - 2 in. incl

> 2 - 3 m. mcl
> 3 - 4 m. mcl
> 4 m.

Tensile
Strength
Mpsi
50 mm
55mm
60 mm
60 mm

Grade I
flat on
itself

flat on
itself

I*

Yield
Point
Mp.i
25 mm
27.5 mm
30 mm
33 mm

V*
1 '

25 mm
23 mm
21 mm
21 mm

Elong

Ratio Inside Diameter
Thickness of Specimen

B C
flat on i,

itself Yj

1

IS
2

2S

x For material < */* in.
For material > %in. - 2

mm
mm
min
mm

2V,

luct 2.00% for each decrease of /M in. below % in.
*/iin. - 2"4i". incl, deduct 0.1257* for each increase of

l
in. above % in.

to a minimum of 227. for ?rade A, 207. for Grade B and 18% for Grades C and D,
'For Grade A material >2 ^ in., deduct 0.57. for each increase of \ in. above 2/j in. to a
minimum of 267*.

STEELS, ASTM

A 287-46T

Chemical Composition

C Mn P S Si

Ladle 1
0.38 max 0.70-1.00 0.04 max 0.05 max 0.15-0.30

l For check variations, see ASTM Spec.

Chorocteriitlcs. This is an open-hearth or electric-
furnace normalized and tempered rolled C-steel, See
specification for details of heat treatment.

Uses. Locomotive frames.

Elong
2 in.

Mechanical Properties

Tensile Yield
Strength Point

Form or Condition M psi M psi

70 min 35 mm 25.0 mm 45.0 min
Bend Test:

Thru 180 deg inside diam of bend = thickness of specimen.

Not* Sea pacification for details and modifications.
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STEELS, AflTM

A 285-50T

Characteristics. This is an open hearth or electric furnace plate
aceel of low to intermediate tensile strength of flange and firebox

qualities for stationary boilers and pressure vessels, in thicknesses

up to 2 in.
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3TEBL8, ASTM

A 288-50T

Chemical Composition
P S

% %
Ladle1 0.050 max 0.050 max
I For check analysis, see ASTM Spec.

Characteristic*. This is an open-hearth or electric-furnace
annealed or normalized, quenched and tempered carbon and
alloy forging steel* Purchaser shall specify $r*de of steel
desired.1 See specification for details of machining and heat
treatment*

Uses. Magnetic retaining rings for turbine generators*
lWhen semi-finished steel is desired to process these forglngs,
A273 and A274 are recommended.

STEELS, ASTM

A 289-49T

Characteristics* This is an electric-furnace alloy forging steel.

See specification for supplementary requirements. Purchaser
shall specify class of steel desired.

Uses. Coil retaining rings for turbine generators. The finished

rings shall be non-magnetic as determined by zero deflection
of a compass needle as the compass is moved directly adjacent
to and in and about the finished rings.
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8TBKL8, ASTM

A 290-49T

Mechonieol Properties

Hardne**
Form or Condition BHN

Forcings:
Average
Maximum & Minimum Range
Permissible Range

163-197
159-207
< 30 numbers

Not*' See petficationfor detail* and modification*.

Choroctori sties. This is an open-hearth or electric-furnace normalized and

tempered, and quenched and tempered C forging steel, in three grades. When
semi-finished steel is desired to process these forgings, ASTM A273 is recom-
mended. See specification for heat treatment and welding procedures.

Uses. Rings for main reduction gears, also ring forgings for auxiliary drives.

STEELS, ASTM

A 291-49T Chemical Composition

C
Class %

0.40 min

Mn

0.55 mm

lFor check variation*, *ee ASTM Spec.

Ladle 1 1

2

0.050 max 0.050 max 0.15 mm
0.050 max 0,050 max -

Characteristics. This is an open-hearth or electric-furnace normalized and
tempered C or alloy forging steel. See specification for supplementary require-
ments and heat treatment.

Uses. Pinions for main reduction gears, also forgings for auxiliary drives.
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Chemical Composition
2

P l S

0.050 max 0.050 max
1 Llmit* for other element* eh nil

be agreed upon by manufacturer
and purchaser.

STEELS, ASTM

A 292-50T

Characteristics* This is an open-hearth or electric* furnace heat created carbon
and alloy forging steel. Purchaser shall specify the class of steel desired, 1 When
semi-finished steel is desired to process these forgtngs, it ts recommended that

A273 or A274 specifications be used.

Uses. Turbine generator rotors and shafts.

lSee specification for supplementary requirements and details of heat treatment.

Chemical Composition

C
Class %

Ladle1
1 0.50 max

2-6

1

2-6

Si

0.15 mm

Mn

1.00 max 0.050 max
0.050 max

Mo

0.050 max
0.050 max

See Suppl. See Suppl.
Req. S4 Req, S5

x For check analysis, see ASTM Spec

STEELS, ASTM

A 293-50T

Characteristics. This is an open-hearth or electric-furnace heat-

treated carbon and alloy forging steel. Purchaser shall specify

grade of steel desired. See specification for details of sup-
plementary requirements and heat treatment.

Uses. Turbine rotors and shafts.
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STEELS, ASTM

A 294-50T

Characteristics. This is an open-hearth or electric-

furnace treated carbon and alloy forging steel.
1

When semi-finished steel is desired to process
these forcings, it is recommended that A273 and
A274 specifications be used. Purchaser shall

specify class of steel desired.

Uses* Turbine bucket wheels.

*Set specification for supplementary requirements (addi-
tion of V and Mo) and details of heat treatment

STEELS, ASTM

A 295-46T

Characteristics. This is an electric-furnace high C-Cr steel in three types.

Uses. Billets for rolling or forgings, tube rounds, bars, rods, wire and tubes
to be used in the manufacture of ball and roller bearings.

Mechanical Properties

Form or Condition

Annealed bars or tubes 3

Hot rolled finish

Cold drawn finish1

Finished ball wire

Rock-
well
Hard,
net*

B92 max

Hardnes*
OilN

207 max
250 max

JCold-swaged material la not included.
'Small sizes where Rockwell B scale hardness readings are

impractical shall show a max TS of 1 10 M pal.
Note See specification for details and modifications.
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STEELS, ASTM

A 299-50T

Characteristic i. This is a high strength, low manganese, open-hearth
or electric furnace steel for boilers and pressure vessels manufac-
tured by fusion welding. Plates up to 2 in. in thickness are produced
to this specification and they may be normalized and/or stress re-

lieved. Definite Si and Mn contents are specified to limit C to lowest

practical amount consistent with specified tensile strength and thick-
ness of material. The relatively high C and Mn should be taken into

account when welding and precautions taken to avoid cracking.

STEELS. ASTM

A 300-50T

Characteristics* This is a steel plate made to fine gram
melting practice. Plates shall be furnished in heat-treated

(normalized) condition unless otherwise specified.

Uses. Welded pressure vessels that operate at subzero temp.
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STBBLS. ASTM

A 301-51T

Characteristics. This is an open-hearth or electric-

furnace chromium-molybdenum steel1 made in two

compositions, Grades A and B. Grade A is a coarse-

grained steel having a carburized a ustenhe grain
size of 1 to 5

a determined by carburizing at 1700F for

8 hr. Welding technique is o! fundamental importance.
1
Conforming with ASTM. A 20. JA3TM:E19
Uses* Plates for use in boilers and other pressure
Teasels for service at high temperatures.

STEELS. ASTM

A 302-50T

Characteristics. This is an open-hearth or

electric-furnace Mn-Mo steel plate in two high
tensile strength ranges. Maximum thickness
shall be 2 in. for flange quality, 4 in. for fire-

box. Welding technique is of fundamental im-

portance. See specification for details of heat
treatment.

Uses* Boilers and other pressure vessels.
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STEELS* ASTM

A 303-48T

Charactwist ice. This is an open-hearth or acid-bessemer hot-rolled C steel.
Flat hot-rolled C-steel may be spot welded in the "hot-rolled" condition, but

for best results the oxide or scale should be removed before welding.

Uses* Strip intended for structural purposes where mechanical test valves are

required*

Characteristics. This is an electric-furnace round spring steel wire with a

nominal composition of 18%Cr, 8%Ni, uniform in quality. The wire has ap-

proximately the same corrosion resistance as annealed 18%Cr, 8%Ni alloy

steel. It shall be cold drawn to the desired physical properties.

Uses* Intended especially for the manufacture of springs. Springs made from

this wire will operate at temperatures up to 350 F without noticeable loss in

physical properties* and even at temperatures as high as 600 F, the per*
centage loss in physical properties is small enough to make their use feasible

for many applications such as thermostat, store, and hot oil valve springs.

STEELS. ASTM

A 313-47T
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STEELS, A9TM

A 306-50T
Chemical Composition

1

Open-hearth & electric-furnace 0.040 max 0.050 mav ( 0.20 mm
0.11 max 0,060 max (when specifiedBessemer

'When tension tests are waived, chemistry consistent i

applied
tor check analysis, ee ASTM Spet.

ith mech properties must be

Shapes

Bar sections arc all cross-sections Centrally considered as hot-

rolled bars, including rolled shapes of bar si?es as follows:

Rounds
Squares
Round-Cornered Squares
Hexagons
Flats

Shapes and Special Sections

'/4 8*4 m. inch (diam)
l/
4 5 / in. incl. (between // surfaces)

3
8 8 in. incl, (between '

surfaces)
^4 4V{6 in. incl. (between // surfaces)
1

/<* (0.2031) in. and over in thickness
not over 6 in. in width

Angles, channels, tees and ^ees,
when greatest cross-sectional dimen-
sion is under 3 in,

Ovals, half ovals and half
rounds

Special Sections

Chorocteristics. This is an open-hearth or electric-furnace

hot-rolled, carbon steel. For grades 55, 60, 65 and 70,
Bessemer steel may be supplied subject to agreement
betwt on man ufm cure r and purchaser.

Uses* Bars of special quality subject to mechanical property
requirements and intended for general constructional

applications.

140



STEELS, ASTM

A 307-50T

Chemical Composition
1

P S
% %

Bolts 0.06 max 0.15 max
Nuts 0.13 max 0.23 max
1 Resulfurized material is not subject to

rejection based on check analysis for
sulfur Bolts and nut* ure customarily
furnished from stock, in \\hich case in-

dividual heats of steel cannot be iden-
tified

Characteristics* Tins is an open-hearth or electric-furnace
steel covering two classes of machine bolts and nuts and tap
holts. Steel for the manufacture of nuts shall also be made
by acid-be ssemer process. If no grade is specified, A will
be furnished.

Uses* Grade A for general applications.
Grade B 1 for flanged joints in piping systems where

one or both flanges are cast iron.
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ST1EL8, ASTM

A 311-49T

Characteristics. This is an open-hearth stress-relieved-annealed,
cold-drawn, open-hearth, free-cutting C bar steel in four grades. It is

furnished in rounds, squares, and hexagons <2^ in. in diam or with a
distance between / surfaces and flats <2 in. in thickness or <6 in.

in width and < 6 sq. in. in cross sectional area.

Uses* Suitable for applications where high strength, good machina-

bility, and decreased distortion are important.

8TEEL3, ASTM

A 315-51T
Chemical Composition

C Mn P S Si Cr Mo

Ladle 1 0.14 max 0.33-0.58 0.040 max 0.040 max 0.28 max 0.85-1.20 0.48-0.63
l For check analysis, see ASTM Specs.

Choracteristics* This is an
open-

hearth or electric-furnace seamless
Cr-Mo alloy-steel piping of nominal
wall* Unless otherwise specified.

PP* 2 2 in. shall be hot-fmished

and pipe < 2 in. may be hot-finished
or cold-drawn. The steel shall be

made by coarse grain melting prac-
tice. For details of processing, heat

treatment and supplementary require-
ments, see specification.

Uses* High-temperature service. Suit-
able for bending, flanging (vnnston-

ing) and similar forming operations,
and for fusion welding.

Mechanical Properties

Form or Condition

Basic minimumisic minimum . */k in. wall thickness, strip )

tests, and for all small sizes tested in r

full section '

idard round te

strip tests, di

[A from basic n

3 Test
i

:
2 in. nom.

f

Tensile Yield
Strength Point
Mpsi Mpsi

60 mm 25 mm

Standard round test specimen, 2 in. gage length
For strip tests, deduct for every % a in. below )

__
*A from basic mm J

"~

Ben^Test ) Thru 90 de*
Thru 180

2 in. 2 in.

Long. Transv.

30 mm 20 mm

22 mm 14 mm
1.50 1.00

g, for close coiling

1
Mandrel diam/nom diam specimen.
Note: See specification for details and modifications.

12

8
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STEELS, A9TM

A 312-51T

Characteristics. This is an
electric furnace austenitic

steel pipe, seamless or

welded, made in seven grades
and intended for high tern-

perature and general cor-

rosive service.
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STEELS, ASTM

A 320-51T

Characteristics. This is an open-hearth or electric-

furnace alloy steel for low-temperature service*

Seven grades are covered in rolled, forged, cold-

drawn bars and bolts, screws, studs & stud bolts

including both ferrtcic and austenitic steels.

Uses. Bolting materials for pressure vessels, valves,
flanges, fittings*
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Characteristics* This is usually produced as
rimmed steel with a good surface finish but is

also made as a fully killed, "fine grained" steel
to eliminate or minimize the strain* aging be-

havior of the rimmed quality. It is a very soft,
mild steel of low strength and high ductility and
is easy to forge or to form and shape cold. It is

easy to weld or braze and hence is suitable

where ease of fabrication is desired and strength
is not important. It is hardened or strengthened
by cold working and can be restored to its initial

soft condition by annealing. It is not heat-
treat able in the usual sense (by quenching and

tempering) but it can be surface- hardened by
case hardening or cyaniding.

Typical Uses. For structures and assemblies
where strength is not needed or is only a minor

requirement but where the maximum ease of

forming and joining is important. For the; more
severe drawing operations, such as certain auto-

mobile body parts,
the killed type must be

applied to avoid too great losses in fabrication.

Common Forms. Hot rolled bars, strip, sheet,

plate; cold drawn bars, cold rolled bars; wire;
cold headed parts; auto body stock cold finished
and annealed; pipe and tubing; tin plate, gal-
vanized sheets.

Aging of Mild Steel and Non-Aging Steel. Ordinary
mild steel of the open-hearth, rimmed type ages
at room temperature. For a full description of

this, see ASM Metals Handbook, pp. 000-000 and
Figs 6, 7, 8 and 9, p 441.

Physical Properties
1

Density at room temp 0.284 Ib/cu in.

(7.871 S.G.)
ASM Metal Handbook

STRBLS, AISI

1006 1008

(Continued on page 146)
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SPECIAL CASTINGS

1006 1008

(Continued from page 145)

Technical Properties

Machmability (On basis of B1112 *
100). Both C1006 and

C1008 cold drawn to 126-1*3 BHN, about 50-55%.

Critical Joints (C1008) Ac, 1350F Ar 1570F

Ac, 1605 Ar, 125*5

'BUSS

STEELS, A18I

1010 1012 1013

Cherpy test, ky hoi* notch, PtLbs
Beisemer Open Hearth Icett

Notched Bar Tests1

Steel 10 10
3

Temp

148F
68
32

-40
-80

37
26
4

3

36
32
26
3

47

42
35
5

*Low
temp(8ourc*_g. Epstein. Tran. ASTM,

,lv32,n,29
V

3)
JT8 of Bessemer steel 55 M psi
TS of Open Hearth steel 48 M pel

Treatment Temperatures

Annealing
Normalizing
Quenching
Carbun zing
*Dr 250-325

1000-1350F
1650-1750
1650-1700
1 650-1 700

1

Critical Points' (C1010)

Ac, 1350F Ar, 1570F
Ac, 1605 Ar, 1255

a (k Laughiin

Characteristics. These steels are a little stronger than C1008 and a little less

ductile and forrnable. They are less expensive and can be used when the require-
ments for drawing and forming are less exacting. Their higher strength may be

advantageous for surface-hardened parts.

Typical Uses. Hot rolled bars, strip, sheet, plate; cold drawn bars; cold rolled bars;

wire; cold headed part,s; auto body stock cold finished and annealed; pipe and tubing;
tin plate; galvanized sheets.
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Chemical Composition

C Mn P S

.13-.'l8 ,30-*60 .040 max .050 max

Technological Properties
Machmabiluy

1

(On basis of 81112 = 100)
Cold drawn to 131-170 BHN = 50%
Industry value * 60% a

1ASM Metals Handbook
a
Ryereon

Chorocteristlci. A popular carbuimng grade and can be strengthened by cold working or

surface hardened by carbun zing or cyamding. In the hot rolled or annealed condition it is

relatively soft and has good weldabihty and formabihty for fabrication. It can be readily
brazed for joining parts. It is less expensive than the softer and more ductile grades.

Typical Uses. It is normally used in the as-rolled condition as bars, shapes, sheets, etc.

where ease of forming and joining are important and the more expensive grades are not

needed, and where stiffness rather than strength is important.

Common Commercial Forms. Hot rolled bars, billets, slabs, plate, sheet, strip, shapes,

wire, cold rolled bars, cold drawn bars.

(Continued on page 148)
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STEELS, AIS!

1015

(Continued from page 147)

Source International"""**

Nickel Co. Properties: Case
hardened. Representative
core properties of 1 in.

bars, pseudo-carburized at

1650-1700F, direct quench-
ed from the box into water
and tempered at 300 F. The
values are

representative
of medium to line grained
steels as determined by
the McQuaid-Ehn test.

This chart covers the

range from .12 to .2$%C
as found in the steels
1012. 1015, 1017, 1020 and
1023.

Direct Quench from the Bex into Water

015 030
Kt CfNT CAMON

STEELS, AISI

1016 1018

1017 1010

Characteristics. Generally similar to CIO 15 except for a little greater strength from the

higher C and Mn.

Typical Uses. It is normally used in the as-rolled condition as bars, shapes, sheets, etc.

where ease of forming and joining are important and the more expensive grades are not

needed, and where stiffness rather than strength is important.

Common Commercial Forms. Hot rolled bars, billets, slabs, plate, sheet, strip, shapes,

wire, cold rolled bars, cold drawn bars.

Technological Properties Machinabihty
1

(On basis of B1112 100)

C1016 78%
61

62-73
73
78 (ASM value for cold drawn

to 137-174 BHN 1
)

'ASM and industry values
all*tU Handbook

C1017
C1018
CIO 19

C1016

Treatment Temperatures
For CIO 18*

Forging 2050-2350F
Normalizing 1650-1750
Annealing 1575-1650

Quenching 1600-1650

(Continued on page 149)
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SPECIAL CASTINGS

1016 1018

1017 1019
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STEELS, AISI

1020

Treotment Temperatures

Anneal me 1600-1650 F

Normalizing 1650-1750

Quenching 1600-1675
Carbunztng 16^0-1700
Process anneal 1000-1350

Technological Properties
Mach in ability (On basts of B1112 100)
Cold drawn to 137-174 BHN - 65%. (ASM
Metals Handbook) Union Drawn Steel

gives 72%.

Chemical Composition

C Mn P

.18-.23 .30-.60 .040 max

S
%

.050 max

Characteristics. Similar to C1015 though it is somewhat stronger and less easily
formed cold. In the case-hardened condition it has higher core strength than C1015.
As with similar steels, soft spots in the case can be guarded against by specifying
that the steel be "normal" in the McQuaid-Ehn Test; the type which gives an
"abnormal" structure will have soft, unhardened areas. Another aid is the use of a
NaOH or NaCl solution for quenching, while the steel C1022 may be used to take

advantage of its higher Mn content.

Typical Uses* Internal combustion engine parts in the case-hardened condition
where core strength is not critical, spline shafts of larger cross section which are

not highly stressed, lightly stressed gears with hard wearing surfaces, case-hardened
pins. Also used for chains, see below.

Common Commercial Forms* Hot rolled bars, billets, slabs, plate, sheet, strip,

wire, cold rolled bars, cold drawn bars, shapes.

Quemched and Drawn Parts

As Quenched Hardness
(Treatment 1675F for 8hrs, and furnace

cooled; 1425F quenched in water.)

Diam Center

V, in. 28 Re
lin. 93 Rb
2 in. 83 Rb
4 in. 77 Rb

Hardness
Half Radius

30 Re
96 Rb
85 Rb
78 Rb

Surface

40.5RC
29.5 Rc
95 Rb
94 Rb

Heot Treoted Chains: Source -ASM Metals
Handbook. The chain of approximately
C1020 analys4s is heat treated to about
the following properties 55 Mpsi YS, 85

Mpsi TS; 28% Elong. in 2 in.; 45% RA. It

then resists work hardening and low tem-

perature embmtlement and should not

require annealing.

Source International
Nickel Co. Treatment* Water

quenched from 1575- 1625 F and
drawn. Size treated 1 in. diam
or thickness. Size tested. Not
stated but probably 0.505 in.

diam. The values are represen-
tative of this steel.

400 MO 900 1000 1200 1400

TEMPERING TEMFCMATUtt f

(Continued on page 151)
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STEELS, AI8I

1020

Mechanical Properties

Po/tn or Condition

S!d"d!
0-wl h i-"-- 1

Hot rolled or ann., rds.

CoMdra^J-^-:.,^,
Rolled \ Size treated, 1 in. diam;
Normalized* size tested, 0.505 in.

Annealed 7 diam1

}to
Vw in.

>'/,. -IM in. mcl.
> l

l/
2
- 3% m. mcl.

Normal

Processing
14

Turned and polished
14

, 2

Aver, prop.
14

1 in. rd. bar

Test
Temp

1700F
1600

4 in. rd.

Tensile Yield
Strength Strength
M psi M psi

50.46
70.05 -
56mm
68-83
75.0

65
64
60

70-90
68-88
61-82
55-70
78

28 nun
55-70
63.7

Elong
2 In"

39.1
17.2

15-25
20

36
37
38

58-78" 16-26

56-76" 15- 25

45-65" 12-22

30-40
20

Yield
Point
M pal

36.65
68.75

43
39
36.5

25-38
68

Red.
Area

66,1
59.4

Hard
BHN

117
148

Shear Stress
Elastic Mas
Mpsl Mpsi

Degs of Twist
Elastic Max

19.9S
33.6

62.46
62.7

3.1
4.1

2109
1901

40-50
52

59
60
60

149-183
156
143
137
126

48-61 137-183
48-61 134-179
35-55 128-166
50-65 114-143
55 159

58 149

41 192

54.4
39.5
62.2

45.8

69.2
59.2

66.5 137
63.5 126
62.3 121

66 111

69.1 131

67.9 131
65.5 126
66.6 121

70.9 156

29.4 255
64.2 179
67.9 156
67.6 143

53
56.8

ion under load.

Case-Hardened Parts* Treatments. Carburice at 1 650-1 700 F.
1) Quench from the box in oil. Dr at 350-425F.
2) Cool in the box, reheat to 1400- 1450 F and quench in oil, Dr at

350-425F.
3) Cool in the box, reheat to 1550F and quench in oil. reheat to 1400-

1450 F and quench in oil, Dr at 350-425 F.

Treatment and Test Bars: Unnotched Charpy bars, cartwrized 4 hr at
1650 F to a depth of 0.030 In., reheated to 1425F and quenched in water,

. The test bars were broken usual, but not notched.

NBT,
FtLb4

64
72
80

48
42
16

58
13
99
52

84
60
66
80
91
87
83
84
94

40
80
98
97

70F 20F -15F -70F8543
R. Serge ton, Trans. ASST, 1932, Vol. 19, p. 368.

Test Temp
FtLbi

210F
45
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SPECIAL CASTINGS

1022
Chemlcol Composition

C Mo P S

C1022 ,18-.

C

23 .70-UOO .040 max .050 max

TecKnologlcol Preport I

Machin ability: Drawn to 159-192 BHN 78%
(On basis of B1112 * 100)

Charocttristics. C1022 is similar to C1020. Its higher
Mo makes it surer in heat treatment and better adapted
to use in larger sections than 1020.

Phyalcol Prop.rtUi
1

'
1

Density 0.2839 lb/cu in. (7.859 S. G.)
*Steel. .23C, .63Mn, .1181, annealed
"ASM Metals Handbook

Treatment Temperature!

Annealing 1600-1650F
Normalizing 1650-1750
Quenching
Carbun zing 1650-1700

As Quenched Hardness

(Treatment: 1675F for 8 hrs,and furnace

cooled, reheated to 1425F quenched in

water.)

Diam

Vzm.
1 in.

2 in.

4 in.

Center

27 Re
92 Rb
84 Rb
81 Rb

Hardness
Half Radius

29 Rc
95 Rb
88 Rb
84 Rb

Surface

45 Rc
41 Rc
38 Rc
34 Rc
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Chemical Composition

C Mn

C1023
C1025

.20-. 2 5 .30.60 ,040 max ,050 max

.22-. 28 .30-.60 .040 max .050 max

STEELS. AIS!

1023 1025

Critical Points (Approx) (1025)

Ac, 1355F \fj 1440F
Ac, 1530 Afj 1285

Technological Properties

Machinability 64% (On basis of B1112 100)

Physicol Properties
1

l
Ntl Phy a. Lab. Jour. Iron and Steel Inat., 1946,11. Steel: .23C,
635Mn, 07NI, . 13Cu, Tr. Cr.
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STEELS, AI8I

1029 1030
Chemical Composition

C Mn

C1029
C1030

.25-.31 .60-.90 .040 max 1050 max

.2S-.34 .60-.90 .040 max .050 max

Characteristic!. C1029 and C1030 are water-hardening steels, suitable for small
pans of moderate strength.

lardness of less than 320 BUN, for moderate duty. For gears and
f moderate strength and can be surface-hardened tn a cyanide or
u

men
sprockets _.

activated bath.

Technological Properties
Relative machinabihty (On basis of B1112 -

100)
Cold drawn to 170-212 BHN - 65%, according to

ASM Metals Handbook. A lower "industry* value
of 57% has been given.

( Continued on page 1 55)
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(Continued from page 154)

STEELS. AISI

1029 1030

Quenched and Tempered

330

Treatment: Normalized *

at 1700F, water quenched
from 1600F, and drawn.

400 400 MO 1000

TEMPERING TEMPfRATURf ,
f

Treatment Temperatures

Forging
Normalizing
Annealing
Quenching
Quenching,
Quenching, Oil

1

2000-2250F
1600-1700
1475-1550
1525-1575

1525
1575

Union Drawn Steel Co Quench
in oil for thin or intricate sec-
tions.

Oil Quenched and Tempered

390

STEELS, AISI

1034 1035

Water Quenched and Tempered

SourceInternational Nickel Co.
Treatment. Quenched as 1 in.

sections from 1525-1575F.

400 oOO ROD 1000

TIMWINO TlMHMTUtU f

UMPIRING TEMPERATURE f
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3TEBLS, AMI

1034 1035

(Continued from page 155)

Technological Properties

Machioability-C1035
(On basis of Bl 112 100)
Cold drawn to 174-217BHN - 65%*
Hot rolled -70%
Cold drawn - 70%
X ASM Metals Handbook

Charoctvrlstics. Similar to C1030 but bas a little greater harden ability and higher

strength. Like C1030 it has moderate strength and hardness in the as-rolled or

as-forged condition and can be strengthened by cold drawing. The presence of residual

alloys may raise the hardenability and cause cracking in water quenching. These
medium carbon steels are satisfactory for forging and brazing and fair for welding.

Uss. Typical applications are shafts, bolts, medium strength parts. It may be water

quenched, or quenched in brine or caustic and used as gears or sprockets of moderate

strength.
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(Continued from page 157)

Technological Properties

Machtnability (On basis of Gil 12 100)

Mill annealed to 179-229 BHN - 60% l

Hot rolled at 201 BHN - 63%'
Cold drawn at 207 BHN - 65%*, 64%
] ASM Metals Handbook

el Products Manual

Characteristics. Very similar to C1035 chough with a hcde higher
strength and hardness.

Typical Uses* Some examples of applications of C1040 are given
in the table.

Part
Crankshafts

Connecting rods
Wheel flanges
Steering arms

Hard
BHN

228-286
187-241

302-444
207-269

Part

Couplings
Thrust washers
Wheel lugs
Gears, sprockets

Hard
BHN

207-321
341-514
364-477
250

Critical Points

Ac,
Ac,

1340F
1

1445
1350
1250

1340F
a

1455

1255

Average values of Bethle-
hem Steel Co.
Approximate values of Re-
public Steel Corp.

Treatment Temperatures

Forging start

Forging finish

Noimalizing
Annealing
Quenching

2350-2100F
1850-1600
1625-1675
1450-1500
1525-1575

r Quenched and Tempered

400 600 800 1000 1200

TCMttftlNG TfMKflATUftC f

Oil Quenched and Tempered

Source Bethlehem Steel

Corp., aver, values. Size
created: 1 in. rd. Size tested:

0.505in.rd. Treatment: Fine

grained steel, normalized,
water quenched and oil

quenched and tempered, as
indicated.

400 eOO MO 1000

rfMPftlNO TtMKtATUM. f

(Continued on page 159)
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STEELS, A1SI

1040

(Continued from page 158)

Tempered at 1000F Tempered at 1200F

Source Republic Steel Corp.
Treatment: Water quenched, tem-

pered atlOOOF and 1200F.Test
samples' Above I

1

/: in. diam.
the test bars were taken from
mid-radius. The test bars were
0,505 in. diam.

DIAMETER Of SECTION (INCHES) DIAMfTER Of SECTION (INCHES)

Chemical Composition

C Mn P S
% % % %

.50-. 60 .60-.90 .040 max .050 max

Treatment Temperatures

Forging
Annealing 1500-1575F
Normalizing 1550-1650
Quenching 1450-1550

STEELS, AISI

1055

Characteristics. This steel gives high surface hardness, when heat treated, combined with relatively

good toughness. It has good forging characteristics. It is shallow hardening and its useful section
size is limited.

Uses. Battering tools, ground working tools, wear resistant parts, springs, shafts, collars, heavy
machinery parts, wrenches, hammers, pliers, screw drivers, axes, hatchets, knife blades, parts of

agricultural implements to $et strength at low cost such as control rods, shafts, and parts used for

turning earth. Parts requiring high hardness are water quenched and parts requiring strength are

oil quenched*
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STSSLt, AIM

1060
Chemical Composition

C Mo P S
% % % %

.55-.65 .60-.90 .040 max .050 max

Tamp Rang

Cof. of Thermal Expansion
l

Material ,59C, .92Mn, .25Si, annealed

Coefficient

Xl<f*/C X10"'/OF
11.1 6.2
11.9
12.9
13.5
14.1

14.6
14.9

DagC
25-100
25-200
25-300
25-400
2V500
25-600
25-700

Deg P

77-212
77-392
77-572
77-752
77-932
77-1112
77-1292

1
ASM, Metals Handbook

6.6
7.2

7.5
7.8

8.1

8.3

Crlticol Points

Act 1355F* Ar, 1300F
Ac, 1400 Ar, 1250
lBethlehem Steel Co.

Source Bethlehem Steel Co. ^
Aver values. Treatment and

samples: Heat treated as 1 in.

bars and tested as 0.505 in. rds.

Treatment Tomproturs

Forging
Annealing 1450-1550F
Normalizing 1550-1650
Quenching 1450-1550

Choroctori sties and Uss. Very similar to C1055.

Quanchad and Tampered

200 400 600 800 1000

TEMPERING TEMPERATURE, f
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Chamlcol Composition

C Mo P S
% % % %

.4 3*. 50 .60-.90 .040 max .050 max

Technological Prooortio*
Machinability (On basis of B1U2 - 100)
Mill annealed to 179-229 BHN -60%', 72%'
As rolled - 56%*
Cold drawn - 60%', 57%'

I
ASM metals Handbook.

STBEIS, AIM

1045

(Continued o* p*&* 162)
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STEELS, AI8I

1045

(Continued from page 161)

Critical Points 1

Ac, 1340F
Ac, 1450
Ryerson

Ar,
Ar,

1405F
1275

Treatment Temperatures

Forging 2000-2300F
Annealing 1450-1525

Normalizing 1575-1675
Quenching 1475-1550

Water Quenched, Tempered at 1000F

Characteristic*. Steel 1045 is typical for flame hardening and can produce a sur-

face hardness of 500 BUN to a depth of 0*10 m. This
applies particularly to shafts

and gears. In general it is medium strong in the as-rolled or as-forged condition,
and can be heat-treated by a liquid quench (water or oil) or by flame or induction

hardening. It forges satisfactorily and is fair in brazing. It is used for parts re-

quiring medium strength, and for parts with a wearing surface.

Uses* Typical uses of heat treated 1045 are listed below

Part BHN Part

Crankshafts 228-286 Coupling
Connecting rods 187-241
Shafts 228-402

BHN
207-321
341-514
364-477

Thrust washers
Miarts ^K-4U^ Wheel lugs }04-4 11

Spline shafts Steel 1045 is used for sphned shafts but
is not usually so reliable as the alloy
steels in response to heat treatment.

Common Commercial Forms. Billets and forging stock, forgings, hot rolled,

annealed, cold rolled, cold drawn rod and strip.

Physical Properties
Density .435C, .69Mn, ,20Si, annealed - 0.2834 lb/cu in.

(7.844 S.G.)

Source International Nickel Co.
Sections from 2 to 2 in. *

Water Quenched, Tempered at 8OOF

inclusive were quenched from

1475-1525F, over 2 in. to 4 in.

. nclusive, from 1500-1550F, and Woter Q .nehed, Tempered at 1200F
over 4in. from 1525-1575F.
In sizes over 1 in. the test
-'' bars were taken from *

the mid-section position.

OtAMCTCI Of SKTION (INCHfS)

2345
DIAMETEft OF SICTION (INCHES)

162

(Continued on page 163)



(Continued from page 162)
8TBEL8, AI8I

1045

OH Quenched and Tempered Wafer Quenched and Tempered

Source International Nickel Co.
Material: 1 in.rds, quenched from
1475-1 525F. Aver, properties.

200 400 600 800 1000 1200

TEMPERING TEMPERATURE f

Chemical Composition

C Mn P S
% % % %

.75-.S8 .60-.90 .040 max .050 max

SPECIAL CASTINGS

1080

Characteristics and Uses. Similar to C1055.
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STEBLS, AI8I

1080

(Co*ti***J from page 163)

Treatment Temperatures

Forging -
Annealing 1250-1450F
Normalizing 1575-1650
Quenching 1475-1525

Source Bethlehem See el Co. "">
Aver properties of fine grained
steel. Test samples and treatment:
Treated as 1 in. rda. as indicated
and tested as 0.505 in. rds.

Quenched and Tempered

&3JO

teo&T "oTtlK

- ELONGATION-

a
300 400 600 800

1EMPCRINO TEMnMAT

100 '



Chvmicol Composition

C Mn P S

.4S-.55 ,60-.*90 .040 max .050 max

Characteristics. Very similar to C1045.

Tachnologlcol Properties
Machinabtlity (On basis of B1112 100)

Mill annealed to 179-229 BHN * 50%', 707.
1

Cold drawn 54%
1 ASM Metals Handbook
*AISI

8T1EL8, AISI

1050

(Continued on p*& 166)
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STEELS. AISI

1050

Critical Points 1

Ac t 1340F
Ac, 1420

Ar,
Ar

1320F
1250

*Aver. values by Bethlehem
Steel Co.

(Continued from page 165)

Treotment Temperatures

Normalizing 1600-1650F
Annealing
Quenching 1500-1575

Oil Quenched and Tempered Water Quenched and Tempered
Source Bethlehem Steel Co.
Aver values; fine grained. Test

samples: Treated at 1 in. rd.

Tested at 0.505 in.rd.

JOO 400 600 800

TEMWtNG TEMttHAT

1000 1300 1*00 200 400 600 800 1000 1700

TEMPERING TEMPIBAtUdE f

STEELS. AISI

1070
Chemical Composition

C Mn P S
% % % %

.65-.75 .60-.90 .040 max .050 max

Characteristic* and Uses. Similar to C1055.

Technological Properties
Machinabihty (On basis of B1112 - 100)

Mill annealed to 183-241BHN * 45%'
'ASM, Metals Handbook



STEELS, AI8I

1095

Characteristics. Produces maximum surface hardness and high strength

with some sacrifice of toughness.

Uses. Edge tools, grass and grain cutting tools, springs, wear-resistant

parts. Widely used for hot coiled springs.

Treatment Temperatures

Forging -
Annealing 1250-1400F
Normalizing 1575-1650
Quenching 1450-1500

As Quenched Rockwell Hardness
Treatment - 1650F, air cooled, 1475F, oil

tower quenched
Hardness

Diam Center Half Radius Surface

Vj in. 41 Re 44Rc 60Rc
1 in. 40Rc 42Rc 46Rc
2 in. 37Rc 40Rc 43Rc
4 in. 30Rc 37Rc 40Rc

Treatment 1650 F, air cooled, 1450F,
water quenched

Diam

V in.

1 in.

2 in.

4 in.

Center

48Rc
44Rc
40 Re
30Rc

Hardness
Half Radius

55Rc
46Rc
43Rc
38Rc

Surface

65 Re
64Rc
63Rc
63Rc
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STEELS, AMI

1095

{Continued from page 167)

Oil Qunchd and Tmprd Wator Quenched and Tempered

Source Bethlehem Steel Co.
Aver values for fine grained
steel* Test samples and treat-
ment: Treated as 1 ID. rds.

Tested as 0.505 in. rds. after
heat treatments indicated.

100 1000 1)00 1400

rtMKMNG TlMMtATUH, f

JOO 400 400 800 1000

TEMPERING TEMPERATUR6 f
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good surface finish. It has good brazing characteristics but is
bard to weld except with the low hydrogen electrode E 6015
(AWS), It is only fair in case hardening and for high surface
hardness a similar open-hearth grade should be substituted.

Only mild cold forming can be performed and it is not suited to

cold heading.

Uses. This and similar grades are widely applied for parts
made on screw machines which can sacrifice ductility and

toughness for machinabihty. It is used for bolts, nuts, studs,
and screws, not for vital parts or parts subjected to severe
stresses and shocks.

Forms. A Bessemer steel grade available in a wide

variety of sizes and shapes, such as rounds, squares, hexa-

gons and flats.

TttLS, AIM

B1111

Technological Properties

Machinabihty Index (On basis of Cold drawn to
fill 12 * 100) 179-229 BHN *

STEELS, AISI

81113

Characteristics and Uses. Same as Bllll and B1112 1

except
that B1113 has still better machinabihty.

Characteristic*. IU special virtues are ease of machining and good
surface finish. It has good brazing characteristics but is hard to weld
except with the low hydrogen electrode E 6015 (AWS). It is only fair
in case hardening and for high surface hardness a similar open hearth
grade should be substituted. Only mild cold forming can be performed
and it is not suited to cold heading

Uses. This and similar grades are widely applied for parts made on
crew machines which can sacrifice ductility and toughness for me-

chinability. It is used for bolts, nuts, studs, and screws, not for vital

parts or parts subjected to severe stresses and shocks.

Forms. A Bessemer steel grade available in a wide variety of sices
and shapes, such as rounds, squares, hexagons and flats.

Technological Properties

Machinabihty Index (On basis of Cold drawn to
B1112 100) 179-229 BHN *



STEELS, AISI

B1112

Technological Properties

Machinabihty B1112 is used as the standard for rating
other steels for machmability. The ASM Metals Hand-
book rates steels to the nearest even 5% of B1112 as
cold drawn or cold rolled to 179-229 BHN when ma-
chined with suitable cutting fluid at 180 fpm under
normal cutting conditions with high speed steel tools.

Ryerson gives a 100% rating to cold drawn B1112
with properties as shown below. 1 Union Drawn Steel

bases its ratings on the use of high speed tools

(type not stated) and on 8 hr tool life. With a feed

ot 0.0025 in. and a depth of cut of 0.500 in., the

surface speed for B1112 is 165 fpm. The feed is

based on the use of multiple-spindle-type machines

using both rough and finish-forming tools. Machmabil-

ity rating is 100%.

Hiee Mechanic*! Prop, cold drawn values from ASM Metals
Handbook.

Chorocteriitic* ond Uses. Same as Bill 1 except that B1112
has better machinabihty. Can be surface hardened by heating
in cyanide at 1500 - 1650F, followed by single or double

quench and draw.

Characteristics Its special virtues are ease of machining and good
urface finish It has good bracing characteristics but is hard to weld
xcept with the low hydrogen electrode E 6015 (AWS). It is only fair in

ase hardening and for high surface hardness a similar open hearth
rade should be substituted Only mild cold forming can be performed
nd it is not suited to cold heading.

Uses This and similar grades are widely applied for parts made on
crew machines which can sacrifice ductility and toughness for ma-
hinability It is used for bolts, nuts, studs, and screws, not for vital

arts or parts subjected to severe stresses and shocks.

9TBELS, AISI

C1113

Technological Properties

Machinabihty Index (On basis of

B1112 * 100)

Cold drawn bars
* 100% (Source -

Union Drawn
Steel)

Characteristics and Uses. This is a free machining, open-
hearth steel. It is a little softer and more ductile than the high

sulphur Bessemer steel B1113.
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STEELS, AISI

C1211

STEELS, AISI

C1212

STEELS, AISI

C1213

STEELS, AISI

cms
Characteristics. free machining open-hearth steel, less ductile and formable than CIO 15 but freer machining. It has better mechanical
properties than Bessemer steel but is not as machinable. It is satisfactory for tfrnall amounts of cold forming, and can be used for more
important parts than Bessemer steel. It is satisfactory for forging and br ing but is only fair for case hardening.

Uses. For bar and forging applications where free machining is desirabl_. A typical use is piston pins.

Chemical Composition (AISI)

C Mn

.14-.20 1.10-1.40

P

.040 max

S

.16-'.23

STEELS, AISI

C1116
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rrtELi, AMI

C1117

Technological Properties

Machinability Rating (On basis of

B1112 = 100)

Cold drawn to 143- Hot rolled at 137
179 BHN 85% BHN '85%
(SourceASM, Met- Cold drawn at 170

als Handbook) BHN* 91%
(Source- Ryerson.)

As Quenched Rockwell Hardness

Treatment 1700F for 8 hi., furnace cooled,
reheated to 1450F, water quenched, no

temper.

Dlam . Center Midway

Y) in. 29l
/j Re 34'/2 Re

1 in. 93 Rb 96 Rb
2 in. 86 Rb 90 Rb
4 in. 81 Rb 83 Rb

Surface

42 Rb
37 Rb
33 Rb
32 Rb

Characteristics. Same as C1115
1

but with good case hardening
characteristics. Is more ductile than the lower mangajese
grades and will stand somewhat severe cold deformations.

Uses. Is used where good machinability and case hardening
are required. Can be satisfactorily hardened superficially in

activated baths and subsequently heat treated. Typical uses
are distributor cams, cam shafts, universal joints.

Characteristic* Free machining open-hearth steel, less ductile and
formable than CIO IS but freer machining. It has better mechanical
properties than Bessemer steel but is not as machinable. It is
satisfactory for small amounts of cold forming, and can be used for

more important parts than Bessemer steel It is satisfactory for forging
and bracing but is only fair for case hardening.
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Chemical Composition (MSI)

C Mn

.14-.20 1.30-1.60

P

.040 ma

S

.0&-.13

STEELS, AIM

C1118

Ch orocteristics. Same as C1115
1

except that its case hardening
characteristics are good.

Uses. It is used about the same as Clll? except its greater
hardenability makes C1118 better for solid parts or for heavier
walls. For more drastic quenching or for lighter sections, the

C1117 is preferred. In cold forming, C1118 is about the same
as the straight carbon grade.

Characteristic!. Free machining open-hearth steel, laaa duct 11

and formable than CIO 15 but fraer machining. It has better machanical
properties than Bessemer steel but is not as machinable. It is

satisfactory for mall amounts of cold forming, and can b used for
more important parts than Besaemar steel. It is satisfactory for

forging and braxing but is only fair for case hardening.

Uses. Is ussd where good machinabillty and cass hardening are

required, Can be satisfactorily hardened superficially in activated
baths and subsequently heat treated. Typical uses are distributor

cams, cam shafts, universal joints.

Technological Proportios

Machinability Index (On basis of

B1112" 100)

Cold drawn to 143-
179 BHN * 80%
CU19 i given M
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STEELS, Altl

C1120

Technological Properties

Machinability Rating (On basis of
B1112 * 100)

Cold drawn to 143-
179 s 81% (Source -

ASM, Metals Hand-
book)

Characteristic*. Same as C1115
1

. This is a water hardening
steel, quenching temperature * 1500- 1550 F.

Characteristics Free machining open-hearth steel, less ductile and
formable than CIO 15 but freer machining. It has better mechanical
properties than Bessemer steel but is not as machinable It is

satisfactory for small amounts of cold forming, and can be used for

more important parts than Bessemer steel It is satisfactory for forging
and brazing but is only fair for case hardening

STEELS, A1BI

SAE 1132

Technological Properties

Machinability Rating (On basis of

BU12 100)
Cold drawn to 187-
229 BHN * 75%
(ASM, Metals Hand-
book)

Uses. Used in place of C1035 and C1040 when more harden-

ability and higher properties are required with good machin-

ability.
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TIELf , A1SI

C1137

Characteristics. It has good heat treating and brazing charac-
teristics and is of fair forging quality. It can be used in the
cold drawn or heat-treated condition, either oil or water-

quenched, though care is needed in water quenching. This steel
combines heat treating and free cutting. It can be induction or

flame hardened but C1141 is better. Technological Properties

175
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rrttLi, AMI

C1137

Oil Quenched

(Continued fro> page 1 75)

Wo tar Quanchad

Source: Bethlehem Steel Co.
Treatment and samples: 1 in.

diam bars were treated as shown
and tested as .505 in. rds. Data
are average values for coarse

grained steels.

400 600 800 1000

TEMKftING TtMKftATURE f

STBILt, AXfl

C1151

Characteristics. Similar to C1141 though more responsive to

heat treatment.
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Characteristics. Similar to C1141 though with higher sulphur
for improved machinability.

C1144

Technological Properties

Machinability Rating (On basis of As rolled - 76%
B1112 - 100) Annealed - 85%

{Continued on paft 1 78)
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TSELS, Aiit

CI144
(Continued from page 177)

Oil Quenched and Tempered Water Quenched and Tempered

Source. Bethlehem Steel Co.
Treatment and samples: 1 in.

diam bars were treated as shown
and tested as .505 in. rds. Data
are average values for coarse

grained steels.

200 400 600 800 1000

TEMMtINO TEMKtATUlI, *
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Characteristic*. A relatively cheap, low- alloy
carburizing steel with greater h irdenability than
the 1000 and 1100 steels of comparable carbon
content, and with poorer rnach inability than the

sulphurized 1100 steels.

Technological Properties

Machinabihty Rating (On basis of B1112 =

100) cold drawn to 170-229
= 50% (ASM, Metals Hand-
book.) An in ii us try value
of ^5% is also given for

the hot rolled condition.

Mechanical Properties
Common Case Hardening Treatments For fine

Drained steel (1) Direct box quench in oil, draw
(2) Cool in box, oil quench from

a high temp draw.

End-Quench Hardenability Band

DISTANCE FHOM OUENCHID END Of SPfCIMfN (INCHES)

STEELS. AISI

1320H

Chemical Composition

C Mn P

.17-1 2 4 1.50-2.00 - l

Si

%
.20-.35

'p and S are 0.040 max in open hearth steel and 0.025
max in electric furnace steel. AISI.

'Note - These values are to be used when points are selected and specified.
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tTKKLt, A2H

1330

Quenched ond Tempered Properties

900 400 MO 100 1000 I TOO 1400

TEMMMNO TlMffftATUftf f

I Source - Republic Sceel Corp.
Approx properties.Treatment: 1 in.

rds 1600F, air cooled, 1525F,
water quenched, tempered as

shown. Tested as 0*505 in. rds.

Chemical Composition
C Mn P S Si

% % % % %
.28-. 33 1.60-1.90 .040 max .040 max .20-.3 5

'AISI

Choracteri sties. This is a water- hardening, low-

alloy steel*

Technological Properties
Machmabflity Rating (On basis of fill 12 = 100)
mill annealed to 179-235 BHN = 50% (ASM,
Metals Handbook)

Treatment Temperatures
Forging 2200-2300F

Normalizing 1575-1750

Annealing 1525-1700

Quenching 1500-1550

1

Republic Steel Corp.
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Chemical Composition
C Mn P S

.3S-.43 1.60*1.90 .040 'max .040 max

'AI8I

Si

Characteristics. This is an oil-hardening steel.

Technological Properties
Machinability Rating (On basis of B1112 100) mill

annealed to 187-241 BHN 45%
The corresponding rating of
A 1335 * 50%.

Treatment Temperatures

Forging 2250F
Annealing 1475-1550

Normalizing 1550-1650

Quenching 1475-1550

tTEBLJ, Alt!

1340

End-Quereh Hordenabillty

raUVAUNT HAMMI&& AT CfNff* Of tOUNO U*
OUINCHfO IN AG4TA1IO OH (MCHIS DMMttft)

Source Bethlehem Steel Co. >

Single heat results. Analysis: .40C,
oil-hardening grades (1340) ,43%C,
1.70%Mn, .23%Si, .03%Ni, .02%Cr,
Tr.Mo.(3140).39%C,.76%Mn,.25%Si,
1.20%Ni, .65%Cr, .08%Mo. (9440)
,39%C, 1.06%Mn, .28%Si, ,39%Ni,
32%Cr. .ll%Mo. Grain size, carbur-
ized at 1700F, 6-8.

173 4

tOUVAlfNT HAtONfU AT ClNTW Of ROUND lAt
QUENCHED IN AGITATED WATW INCHfS CHAMtTH)

(CtmUmaJtm pagt 194)
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STEELS, AISI

1340
(Continued from page 183)

Quenched and Tempered Properties Quenched and Tempered Properties

* Source Bethlehem Steel Co.

Single heat results. Composi-
tion' .43C, 1.70Mn, .015P, .039S,

.23Si, .03Ni, .02Cr, Mo nil,

McQuaid-Ehn Gram Size 6-8
Treatment' 0.565 in. rd bars

normalized at 1600F, quenched
in agitated oil from 1525F, drawn
as shown, tested atO. 505 in. rds.

Source Republic Steel Corp.-*-

Appro* properties. Treatment
1 in. rds normalized at 1585F,
reheated to 1550F, quenched in

oil, drawn as shown for 1 hr.

Tested as 0505 in. rds.

aoo 400 AOO wo looo

UMPIRING TEMPERATURE

MO 400 600 WO (000 1200 1400

TEMPERING TEMPERATURE f

STEELS, A18I

1330H

Chemical Composition
C Mn P

.27-.34 1,50-2.00 - l

Si

.20-135

1 P and S are 0.040 max in open hearth steel and 0.025
max in electric furnace steel. AISI.

End-Quench Hardenability Band

V* Yi Vt Hi IHi 1% 2

POTANCC PROM OOtHCHeO CNO OP SPfCIMCN (MCHI4)

'Note - Thise values are to be uaed when points are selected and specified.
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Critical Points
Limited tests indicated no
effect on the critical points,
with Ae, 1300F and Ae *

1425F.
S

ITELi, Attt

13T45

Characteristics. Boron Treated A 1345 The
hardeoability was materially improved by the
boron addition, especially at higher hardness
levels of 50 Re. It was not as good as 4145 at
42 Re.

Uses. Certain suggested uses are indicated under
tests.

'SAB. Report. "Investigation of Boron Treated Steels,"
Aug. 2, 1946. Single heat result*.

Technological Properties

Machining Tests. Tests were conducted on 1/4 in. diam bars,
cold drawn after annealing to 100% pearlue, 50% pearhte plus
50% spheroidal pearhte. and 100% spheroidal pearl it c, with both

light and heavy feeds. Steel 13T45 was compared with 4145 on
the basis of cutting speed, as follows.

Light Feed'

Groin Size. Generally fine, but
varied from coarse to fine depend-
ing on the boron alloy.

Notch Toughness
In notched bar tests the boron treat-
ment was favorable at high hardness
(Dr. ^t 400 to 600F) but not with high
drawing temperatures. This same
situation held down to -70F.

100% Lamellar
50:50

100% Spheroidal

Heavy Feed
2

100% Lamellar
50:50

100% Spheroidal

Hard
BHN

229-241
212-223
201-212

229*241
212-223
201-212

Cutting Speed for e
10 Mln, Tool Life

13T45
258-360 FPM
282-295

435

131 FPM
173

206-227

4145
273 FPM
273
500

142 FPM
180
191

'Peed - 0.002 in., depth of cut * 0.050 in.

*Feed - 0.0127 in., depth of cut * 0.050 in.

Other Tests. 13T45 compared favorably with 4145 in forging,

annealing, heat treatment, cold forming and machining.
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rrttLi, AIM

1335H End-Quench Hard nobility Bond

IttSH

DBTANCI MOM QUINCHEO tHO Of SKCIMfN (tCHEt)

'Not* - Th values r to be u*d when point* are selected and specified.

STEELS, AMI

1340H

Chemical Composition
C Mn P
% % %

.37-.45 1.50-2.00 -1

End-Qunch Hordenoblllty Bond

.20-.35

*P and 8 are 0.040 max in open hearth steel and 0.025
max in electric furnace steel. AISL

OttTANCC HtOM OUCNCHCO END Of iMCIMfN (INCHES)

'Note These values are to be used when points are selected and specified.



Chemical Composition (AISI)

C Mn P S Si Ni

.15-'.20 .40-.60 .040raax .040*max .2<K35 3.25-3.75

tTSELt, AW

2317

Characteristics* An alloy carburizing steel, long used for

important and highly stressed case-hardened parts.

Uses. A typical use is for medium sized pins for roller

chains, (A. E.Focke, Diamond Chain Co.) pins, bolts, studs,
etc. in aircraft service.

Technological Properties

Machm ability Rating (On basis of B1112 = 100)
Cold drawn to 174-217 BHN 55% (ASM, Metals
Handbook)

Compreiilve Strength
1

Compressive strength is important in resisting loads on case-
hardened parts such as gears, bearings, and races.

The permissible compressive stress is 200 Mpst for inter-

mittently loaded gears, assuming good practice particularly
freedom from carbide network in the case, adequate carbon
content of the core and section thickness.

International Nickel Co.

End-Quench Hardenobillty

COOUNG tATE IN OEG f ft* SfCOND

DISTANCE FROM WATER COOtlD fWO Of STANDARD
Aft IN INCHES

Source Rycrson

(Continued on p*g* 188)
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TEELi, Alii

2317

(Continued from page 187)

Oil Quenched and Tempered Water Quenched and Tempered

Source International Nickel
Co. Aver values. Treatment:
1 in. bars or sections quenched
from 1450-1 500 F in either oil

or water, drawn as shown*

200 400 600 800 1000 1200

TEMPERING TEMPERATURE f

' International Nickel Co.

010 015 020
PER CENT CAMION

Source International Nickel Co. lest bars and
treatment: 1 in. diam. bars were pseudo-c arborized
at 1650-1700F, direct quenched into oil, and drawn
300F after treatment.

Treatment Temperature*

Forging 1900-2200F

Normalizing 1600-1700

Annealing 1500-1550~
tenching core 1525
tenching case 1375
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Chemical Composition
1

C Mn P Si Ni

.2S-.33 .60-.80 .040 max .040 max .20-.35 3.25-3.75

'AJSI

Physical Properties
Source-ASM, Metals Handbook.
Data from Natl.Phya.L ab., Tour.

Iron ondSteel Inst., 1946, NoJI

Density*- 0.2838 Ib/cu in.

(7.855 S.G.)

STIELf, Alt!

2330

Characteristics. A heat treatable steel which develops high
strength and toughness in moderate sections.

Uses. Highly stressed bolts, nuts, studs, tumbuckles and
the like, as heat- treated tubing with high torsional and

fatigue strength for axle and propeller shaft tubes; as cold

drawn for good machmability, strength and ductility.

End-Quench Hardenability
fQUIVAlENT HARDNESS AT CENTER Of ROUND iAR

QUENCHED IN AGITATED Oil IINCHES DIAMETW)

End-Quench Hardenability

Source Ryerson.
Fine grained steel.

COOLING RATC IN DK F Kft SECOND

EQUIVALENT HARDNfSS AT CfNTfK Of ROUND BAR
QUENCHED IN AGITATED WATER (INCHES DIAMtJER)

Source Bethlehem Steel Co. Single heat

results. Carbunzed at 1700F. Composition
(2330) 31C, .70Mn, 26Si, 3 46Ni, 03Cr, .OSMo.
(4130). 31C, 54Mn, ,27Si, 14Ni, 1.02Cr, . 17Mo
(8630) .30C, BOMn, .27Si, 65N, .48Cr, 18Mo.

Grain Size 6-8 for all three steels.

Oil Quenched and Tempered

DISTANCE FROM WATER COOLED END Of STANDARD
MR IN INCHES

Water Quenched and Tempered

^(Source Intetnational Nickel

Co.) Test bars and Treatment
1 m.iliam bars, quenched from
1 425-1 47*> F into oil or water,
drawn as shown. Tested as

0.505 in. diam bars from the

center. Average properties.

Treatment Temperatures
Forging 2000-2250F
Annealing 1450-1600
Normalizing 1550-1700
Quenching 1450-1500

Criticoi Points
ACl 1280 F
Ac3 1375

Ar3
Ari

1200
1025

1000

TIMmNNG TEMfftATURE. P

TEMKRINO TtMPtKAiv/nt. r

Steel .325C, .55 Mn. .17 Cr. .04 Mo,
.09 Cu. Annealed.

300 400 600 K 1000 1300

TEMKRMG TEMFfRATUtf, f

(Continued on page 190)



2330

(Continued from page 169)
As Qi*nchd Rockwell Hardness
(Treatment 1600 F, ait cooled,
1425 F, water quenched)
Diam Center Midway Surface
l/a m. 51 Re 51 Re 52 Re
lin. 48 Re 50 Re 52 Re
2 in. 35 Re 39 Re 51 Re
4 in. 24 Re 25 Re 46 Re

Technological Propsrtiss
Machinabflity Rating (On basis of 81112 =

100) mill annealed to 179-229 BHN 50%
(ASM, Metals Handbook)
Industry values range from 45%, as rolled,

to 70%, mill annealed.

(Continued on page 191)
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(Continued from page 190)

SPECIAL CASTING*

2330

Quenched and Tempered Quenched and Tempered

^ (Source Republic SteeJ Corp.)
Test bars and Treatment 1 in.

rounds, normalized at 1650 F,
quenched from 1475 F into

water, drawn for 1 hr at temper-
atures shown. Tested as 0.505
in* rounds.

(Source Bethlehem Steel Co.) 4
Test bars and Treatment 0.530
in. diam bars, normalized at

1600 F, quenched from 1425 F
into water, drawn as shown.
Tested as 0.505 in. rounds.

Single heat results.

Composition: .3 1C, .70Mn, .013P,
.0275, .26Si, 3.45Ni, .03Cr,
.05Mo. Grain size: 6-8.

400 600 MO 1000

TCMMtlNO TEMMHATUtf/F

Chemical Composition
x

C Mn P
% % %

3S-.43 .70-.90 .040 max
1
AISI

S Si Ni

.040max .2(K35 3.25-*3.75

BTEKLS. AI

2340

Charoctarlstics. Similar to 2330 but of greater sttength. An
oil-hardening steel.

Uses* Shafting, drive shafts, connecting rods, highly stressed
bolts and studs.

Treatment Temperatures

Forging 1950-22OOF
Annealing

1
1450-1600

Normalizing
3 1600-1700

Quenching 1400-1500
s * 202 BHN (Republic

369 BHN (Republic

(Continued on p*g 193)
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STEELS, AIS1

2340

(Continued from page 191)

Technological Properties

Machinability Rating (On basis of B1112 100)

null annealed to 187-241 BHN = 45**.

End-Quench Hardenability -

Source Ryerson.

COOIING IATE IN DIG f PM SfCOND

DISTANCE MOM WATER COOLED END Of STANDARD
BAR IN INCMIS

Water Quenched, Tempered at 1000F Water Quenched, Tempered at 1200F

SourceInternational Nickel Co.

Treatment. % to 2 in. sections

inclusive quenched from 1400-

1450F, over 2 to 4 in. inclusive

from 1425-1475F and over 4 in.

from 1450-1500F, In sizes over
1 in, the properties are those of

the midway section.

DIAMITFU OF SIC7ION (INCHfS> DiAMETIR Of StCTION (INCHES)

Quenched ond Tempered Quenched and Tempered

* Source International Nickel

Co. Treatment 1 in. diam bars

quenchedin oil from 1400-1 4*>OF

and drawn as shown. Tensile

test bars 0.50S m. diam from the

center section.

Source Republic Steel Co.*.
Treatment* 1 in. rds t

1600 F, air

cooled, 1425F, oil quenched,
drawn as shown for 1 hr. Tested
as 0.505 in. rds.

600

TfMPtRING TtMfflATUKI
400 600 800 1000

TEMPERING TEMPERATURE f

(Continued on page 193J
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(Continued from page 192)
SPECIAL CASTINGS

2340

Oil Qunchtd
Tempered at 8OOF

Oil Quenched Tempered at 1000F

Source International >

Nickel Co. Treatment: Vz to 2 in.

sections inclusive quenched
from 1400-1450F,over 2 to 4 in.

inclusive from 1425-1475F and

over 4 in. from 1450-1 500 F. In

* sizes over 1 in. the *

properties are those of the mid-

way section.

3345
OIAMETEI Of SECTION (INCHtS)

Oil Quenched Tempered at 1200F

330

2343
DiAMfTfN Of MCTON (INCHtS)

3345
DIAMETER Of SECTION (tNCMHi
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2345 2350

onch Hardonobillty

COOUNO HAT! IN MO t KCONO

8X8! 8998 2 a*..** *

MfTANCI ItOM WATM COOUED INO (X STANDAID
MR M NCNIS

Source Ryeraon. Fine grained steel. 5-8.

Characteristics. Very similar to A2340. The higher carbon makes pos-
sible the development of greater strength and hardness.

Oil Quonctod ond Tmprd
390

Oil Qmnched and T.mp.r.d

SourceInternational Nickel
Co, Aver values. Treatment:
1 in. rds quenched from 1400-
1450F into oil and drawn as
shown.

200 400 AGO 100 1000

TtMFMING TCMKKATUftf. t
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End-Qunch Hordmobility Bond

DttTANCf PROM QUENCHED INO OF SPtCWIN (KHES)

TBBLS, AMI

2512 H

Chemical Composition

C Mo Si

.08-.! 5 .35-.65 .20-.35

Ni
%

4.70-5.30

lTh Pand 8 are 0.040 ma* in open hearth steel
and 0.02S max in electric furnace steel. AISI

'Not* - The value* arc to be uied when points are selected and specified.

End-Qunch Hordenability Bond

STEELS, AISI

2515 H

Chemical Composition

C Mn Si

%

.11-.18 .35-.65 .20-.35

Ni
%

4.70-5.30

'The Pand S are 040 max in open hearth steel

and 02S max in electric furnace steel. AISI

DISTANCE PROM QUENCHED END Of SPECIMEN (INCHES)

These valves are to be used when points are selected and specified
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STEELS, AI8I

2517 H End-Quench Hordnabillty Band

Chemicol Composition

C Mn Si

.14-.21 .35-.65 .20-.35 4.70-5.30

1 The Pand S are 040 max in open hearth steel

and 0.025 max in electric furnace steel AISI

'. T
J '4 1 1>4 t'l P'4 7

DISTANCE FROM QUENCHED END Of SPECIMEN (INCHES)

'Not* - These values are to be used when points are selected and specified
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8TBBL1, AIM

2512 2515 2517

Technological Properties

Machmabihty Rating (on basis of Bill 2 - 100)
2515, mill annealed to 170-229
BHN - 30%
Industry values for these three steels run up to

48-51%. (ASM, Metals Handbook).

(Continued on page 198)
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(Continued from page 197)

Wofef Qwenched ond Tempered Oil Quenched and Tempered

Treatment: 1 in. bars quench-
ed from 1425*1475 in water
and from 1450-1500 in oil,

drawn as shown. Source:
International Nickel Co.

200 400 600 KO 1000 1200 1400

TfMKftlNO TEMKKATUftf f

JOC * 600 BOO 1000 1200

TEMKftINO TEMKftATU*E. F
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Treatment Temperatures
1

Forging 1950-2200F
Annealing 1550-1600
Normalizing 1625-1725
Quenching 1425-1525
1Ryer*on

Technological Properties

Machmabihty Racing Industry values for

relative mach in ability, as hot rolled and
cold drawn, are approximately 60% and 65%
respectively.

Source International Nickel-*-
Co. Test conditions. 1 in. bars
were pseudo-carburized at 1650-

1700F, direct ouenched into oil

and drawn at 300 F.

STEELS, AI9I

3115

Ertd-Ouench Hordenoblflty

COOLING kATE IN oeo r MM SCCOND

ins

" n v i iv m u* 2

OISTANCC WOW WATfl COCXED fND O* STANOAtD
IAR IN MCNIS

Direct Quench

22C

01S 020
CENT CAMOH



SPECIAL CASTINGS

3145 3150

End-Quench Hordenobility

COOIINO ftATf IN OK5 F PfI SECOND

Treatment Temperatures
1

Forgine 1950-2150F
Annealing 1475-1525
Normalizing 1475-1675
Quenching 1425-1500
*Rytrion for Stl A3 ISO

DISTANCE FROM WATfR COOUO NO Of STANDARD
IAR IN INCHES

Steel A3 150 of Gram Size 5-8,

(Source Ryerson. Average values)

Characteristics and Uses. Similar to 3140 but

capable of developing greater strength and hard-
ness in the same sections.

Technological Properties

Machinabihty Rating (On basis of B1112 - 100)
Annealed for machining about 50% Industry
values.

TCMPHINO T8MWATUM t TIMMRING TEMWRATURf t
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Technological Properties

Machmabihty KatmgHOn basis of B1112 =100)
Cold drawn to 163-207 = 60%. Industry data run

from 60% to 66%.
1
ASM, Metals Handbook

Treotment Temperatures
1

Forgma 1950-2250F

Annealing 1525-1575 (170)
Normalizing 1650-1750 (?07)
Quenching
'Values in parentheses are BHN
of the condition.

STEELS, Aft!

3120

End Quench Hardenobility

COOIINO RAT! IN O f SCCONO

Critical Points

Ac t 1350F Ar,

Ac, 1480 Afl 1230F

DISTANCE FROM WATER COOUD WO Of STANDARD
(At IN MCHIS

Source Ryerson. Aver values. Grain size- 5-8

Compiessive Strength
1

Permissible compressive stresses for case
hardened parts, such as gears, bearings, and

races, is 180,000 psi for intermittent loading.
For constant loading this should be reduced
20-25%. This assumes good practice and free-

dom from carbide network in the case.

International Nickel Co.

Rockwell "C* Core Hordoes.
Treatment Quenched in oil at 1700F

Six* of
Round % Radius
lin.rd 36
2m.rd 26
3m.rd 20

Radius

32.5
20.5
17

Center

30
19
15

on p*ge 202}
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STWL*. AIM

3120
(Coniinmd from p*t* 201)

Wajter Quenched ond Tempered OH Quenched and Tempered

Test conditions: 1 in. sections

quenched from 1525-1575F into
oil or water, drawn as shown,
and tested as 0.505 in. rds.

(Source-International Nickel Co.)

200 400 600 800 1000 1200

TEMPERING TfMf>ERATUf f

STEELS, AI8I

3140H End Quench Hordonobility Band

V4 Vi W 1 IVi 1H t^ 2

DBTANCf MOM OUfNCHID MO Of SKCMIN (MCMM)

'NOTE - Tha valuat r to b uad when point* arc aleotd and apccifiad.
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Characteristics. A moderately deep
hardening steel for liquid quenching,
water quenched aa simpler parts in

sections up to 2 in.

Uses. Axles, drive shafts, bolts, nuts,

studs, steering knuckles, steering
arms, drill collars, etc* Develops high
toughness at high draw temperatures*

Treatment Temperatures'

Forging 1950-2250F
Annealing 1500-1600*

Normalizing 1575-1675*

Quenching, oil 1525-1575
Quenching, water 1475-1525

h?4BHN
*241BHN
*Ryerson and Republic Steel Corp.

Critical Points

ACl 1345F Ar, 1360F
Ac, 1460 Art 1220

SPECIAL CASTOfOft

3130

End Quench Hordenoblllty

COOUMO RATI M OtO f AM ItCONO

/4 h H i iw m
msTANCf MOM WATM cooueo two or fi

Aft W INCMtt

Source Ryersoo. Aver value a,

Grain size - 5-8.

Mechanical Properties

Te*t Temperature*
OF -40 F 100F gffi!Form or Condition

Bars
Hardness ) as hot rolled - 154-197
Annealed ) cold drawn - 183-228
Normalized at 1700F 1 88FP 46FP 30FP 11FP 192

OQ from 1500F, Drawn 11 75F 1
120+ 120+ 120+ 170 207

lLow temperature Notched Bar Tests. H. W. Gillett. "Impact Resistance and Tensile
Properties of Metals at Low Temperatures.* Fin* grained steel.

Toehnologieol Properties

Machinability Rating
1
(00 basis of

B1112100)
Mill annealed tol79*217BHN=55K
Industry value* range from 48%, as
rolled, to 64%, annealed for ma*
chining*

*ASM, Metals Handbook

(Continuation pag* 204)

203



8TEEL8, AI8I

3130

(Continued from page 203)

Wottf Quenched and Tempered Oil Quenched and Tempered

Source International Nickel
Co. Aver properties. Test con-

ditions: 1 in. sections quenched
from 1500-1550 F into oil or

water and drawn as shown.
Tested as 0.505 in. bars.

TtMMHMNG TfMPfRATUM, t

400 600 900 1000

TEMPERING TEMPERATURE F

Quenched and Tempered

XX) 400 600 800 1000

TEMPERING TEMPERATURE

Source Republic Steel Corp. Appro x values.
Test conditions: 1 in. rds normalized at 1650F,
quenched from 1500F into water, drawn as
indicated for 1 hr. Tested as 0.505 in. bars.
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Choroctvri sties. A medium deep harden-

ing steel capable of developing good
strength and toughness when oil

quenched.

Uss. Spline shafts, crankshafts, pro-
peller shafts, knuckles, rear axles,
trailer axle shafts, various parts of

power shovels, parts of drilling equip-
ment such as core drills, bits, reamer
bodies, tool joints, drill collars, piston
rods and pump parts, parts of excavating
and earth moving equipment (at 400BHN)
and farm machinery for strength and
abrasion resistance, and heavy duty
machine tool gears.

STEELS, AJS1

3140

(Continued on page 206)
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STEELS, AW

3140

205)

Critical Points

Aci 1350F Ar, 1275F
Ac, 1420 Art 1225

Tratm*nt T

Forging 1950-2250F
Annealint 1475-1550

1

Normalizing 1550-1700'
Quenching 1475-1550
1 187BHN
J250-300BHN
'Ryereon. Republic Steel Com.
nd Bethlehem Steel Co.

CiM|.QuncK Hordmblllty
COOUNO tATf IN 010 9 Ht SKOND

888$ swt* 2 SK , a

End-Quench Hord.noblllty

fOWVMENT HAtONISS AT CENTER Of KXJNO IAK
OUENCHIO IN AGITATED OH (INCHIS DtAMCTft)

Source - Bethlehem Steel Co. Single
heat results. Analysis: .40C. oil-

hardening grades (1340) .437.C,
1.70%Mn, .23%Si, .03%Ni, .02%Cr,

' i* a
Tr,Mo.(3140).39*C, .76%Mn, ,25%Si,

DISTANCE MOM WATff COOifO MO OP ITAHDAftD 1.20%Nl, ,65%Cr, .08%Mo. (9440)"n**** .39%C, 1.06%Mn, .28%Si, ,39%Ni,
Source - Ryerson, aver results. Grain *32%Cr, .ll%Mo. Grain size, c ar bur-
si te - 5-8. ized at 1700F, 6-8.

734 5

EOUIVAUNT KUONCSS AT CENTER O ROUND IAR
OUCNCHCO M ACITATEO WATM i INCHIS DMMCTft)

Qiwnchd ond Tprd Oil Quenched ond Temp.red

Source Republic Steel

Corp. Approx values. Test con-
ditions: 1 in. rds normalized
at 1600F, auenched from 1500F
into oil, drawn as sho^n for

1 hr, tested as 0.505 in. bars.

Source International >

Nickel Co. Test conditions: 1

in. sections quenched from
1475-1525F into oil and drawn
as shown. Tested as 0.505 in.

bars. Data are average values.

400 400 KM 1000

rtMKftMG TtM*MATURf F TfMKRMO TtMKRATURe. F

(Continued cm page 207)
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(Continued ffom page 206)
Ttchnologicol Properties

Machinability Racing
1
(On basis of BUI 2 * 100)

Mill annealed to 187-229BHN = 55% (A3 145 -50%)
Industry values range from 36%, as rolled, to 5 7%
mill annealed for machining.

'ASM, Metali Handbook.

STEELS, AIM

3140

Quenched and Tempered

200 400 600 800 1000 1200 1400

TEMPERING TEMPERATURE f

Effect of Mass
Oil Quenched, Tempered at 1000F

I.

* Source - Bethlehem Steel
Co. Single heat results* Test
conditions: Fine grained steel

(6-8) of the composition: 39C,
,76Mn, .013P, .026S, ,25Si,

1.20Ni, .65Cr, ,08Mo. Treated
as 0.530 in. rds, 1600F, air

cooled, 1525F, quenched in

agitated oil, drawn as shown.

Source International &
Nickel Co. Aver, values. Test
conditions: Sections from % to

2 in. inclusive, quenched from

1475-1525F, over 2 in. to 4 in.

inclusive from 1 500- 1 5 50 F. and
over 4 in. from 1525-1575F. In

* sizes over 1 in. the -

values represent the midway
position.

Effect of Moss
OH Quenched, Tempered ot 800F

DIAMETER Of SECTION (INCHES)

Effect of Moss
Oil Quenched, Tempered ot 1200F

S. MO 300-

100 '

TO 5

DUMCTtR Of SKTtON (INCHES) DUMITH Of StCTON (NCHH)

(Continued on p*g* 208)
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rmu, AIM

3140
(Continued from page 207)

Effect of Macs
Wafer Quenched, Tempered at 100OF

Effect of Mass
Wafer Quenched, Tempered at 1200F

Source - International Nickel
Co. Aver values. Test condi-
tions: Sections from Yi to 2 10.

inclusive, quenched from 1475-

1525F, over 2 in. to 4 in. in-

clusive from 1500- 1550 F, and
over 4 in. from 1 5 25-1 575 F. In

sizes over 1 in. the values

represent the midway position.
1250

1

5

OMMITOI Of SKTON (INCHfS) DIAMETER OF SECTION INC Ml ^

Oil Tmpr<| at 1000F
Oil Quenched, Tempered at I200F

Source Republic Steel Corp.
Test conditions: Rds, quenched
in oil, tested as 0.505 in. bars.

Test bars from sizes over \Vj

in. represent the midway posi-
tion. Bars drawn as shown.

J 3 4 3

OlAMfTM Of SCCTKX (INCHES) DIAMETER Of SECTION (INCHES
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Character! *tics* This steel has exceptionally high hardenabihty and is
well suited for heavy parts which must have high surface hardness com-
bined with high and uniform properties when heat treated.

Typicol Uses. Case-hardened gears and pinions, especially in medium
large sizes up to about 6 inch sections, and for heavy heat-treated parts,
and spline shafts.

Common Commercial Forms. Blooms and billets for forging or rolling, hot
rolled bars.

Similar Steels. The "Krupp" nickel-chromium steel is very similar but con-
tains more nickel, or 3.80-4.30, and us strength will come on the high
side as compared to 3310, Steel 9310 is very similar to ^310 see p.

End-Quench Hardenability
EQUIVALENT HAtONfSS AT CENTf! Of tOOND IA
QUENCHED IN AGITATED OH INCHES 01AMI TEH)173 4

fOUIVAUNT MABDN6SS AT CENTER OF HOUND BAR
OUENCHCO IN AGITATED WATER INCMJS DIAMETER

Source Bethlehem Steel Co. Single heat
results. Analysis- (3310). IOC,. 55Mn,.22Si,
3.28Ni, 1.45Cr, ,07Mo, Grain size 6-8,

(9310) .11C, .53Mn, .29Si, 3.19Ni, l.23Cr,
. HMo, Grain size 5-7. Carbunzed at!700F.

Treatment Temperatures (collected)

Forging 1950-2200 F
Annealing 1475-1575
Normalizing 1600-1700
Carbunzing 1700

Quenching 1500-1550

Critical Points (collected)

ACl 1350F
1

1332F
a

Ac, 1480 1 1440 a

Ar, 1210 1
1235

s

Ar, 750
1

1160 s

lBethlehem Steel Co.
2
Average, International Nickel,
Republic, Ryerson

International Nickel

T1ILI, Alt!

E3310

Coef. of Thermol Expansion 1

Temp Range
Deg C Dee F
25-100 77-212
25-270 77-518

Coefficient a
* io"V<>c x IO"*/F
21.06 11.7
22.86 12.7

*P. Hidnert, see J. A. Mathow., Tran
1922, Vol 67, p. 133) The data are for
but the C wee 0.32%. Steel analysla- .32C,
53Mn, .013P, .01SS, .2381, 3.53Ni, 1.37Cr.
Treatment - Quenched 152SF, Drawn 10SOF.

Rockwell "C* Hardness
Discs tested Y2 in. from mid-length. Treatment
1700F for 8 hr., F.C., 1500F, quenched in

agitated oil. No draw.

Size

'/2 in. diam
1 in. diam
2 in. diam
4 in. diam

Center

37
32
29
28

Half Radius

37
34
31
28

Surface

38
37
32
30

(Continued on pag* 210)
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E3310
Oil QuneKd end Tendered

(Continued from page 209)

Size of stock treated- 1 in. diam.
Size tested - .505 in. diam.
Treatment - 1500-1550F - Oil
quenched. Drawn as shown*
(Source - International Nickel
Company) >

0.15 O.JO

ftt CINT CAMON

Representative core ]

carbu
. ative core properties of 1 in. bars, pseudo-
buri*ed at 1650.1700F, direct quenched into oil,

and tempered at 500F. (Source - International
Nickel Co.)

400 400 800 1000

TEMPERING TEMPERATURE F

1200 1400
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End-Qutneh Hardenobllity Bond

/ \ V Us H, j

DISTANCE MOM QUENCHED END Of SPECIMEN (INCMIS|

Chemical Composition
C Mn Si

STEELS, AMI

331 OH

Ni Cr

.07-. 14 .35-,65 .20-.35 3.20-3.80 1.35-1.75 ~ l - l

*The P and S are 040 max In open hearth steel and 025 max in electric

furnace steel. AISI

Note - These values are to be used when points are selected and specified

End-Quench Hordenabillty Band

DISTANCE MOM QUENCHED END Of SPECIMEN (INCHES)

STEELS, AISI

3316H

Chemical Composition
C Mn Si Ni Cr

.13-.20 .35-.6) .20-. 3 5 3.20-3.80 1.35-1,75 - 1 - l

*The P and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. AISI
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Technological Properties

Machinabihty Rating
(On basis B1112 = 100)

Cold drawn to 156-207 BHN * 70%
(ASM, Metals Handbook. Industry
values from 73%, as rolled, to 78%
cold drawn)

TIILi, AMI

4023

Treotmont Temperoturea*

Forging . 2250F max
'

1630
1650-1750
1425-1575

orging .

Annealing' _

Normalizing
2

Quenching
1 = 170 BHN
2 * 202 BHN
3 * Republic Steel Corp.

End-Quench Hordenability Band

STEELS, AISI

4047H

"4 V, i, } 1'. IVj 1 4 2

DISTANCE HIOM QUCNCHfD END Of SKCIMfN (INCHCS)

Chemical Composition

C Mn P

,44-.52 .60-.95 (!)

Si Mo

.20-.35 .20-.30

'The P and S are 0.040 ma* in open hearth steel and 0.025 max in
electric furnace steel. AISI

'Note These values are to be used whan points are selected and specified.
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STEELS, AMI

4032

Water Quenched and Tempered

MO

1

--

Chemical Composition
C Mn P Mo

.30-.35 .70-.90 .040 max .040 max .20-.35 .20-.30

'AISI

Technological Properties

Machinabihty Rating
(On basis of B1112 * 100)

200 400 AOO 900 1000

TEMPCMNG TIMPATU F

TtWMHMNO TCMKKATUM, f

Source: Republic Steel Corp.
^pprox values. 1 in. rds, nor-

malized at 1600 F, quenched
from 1550 F into water, drawn
as shown for 1 hr. lested as
505 in. bars

Mill annealed to 170-229 BUN *

65% (ASM, Metals Handbook. In-

dustry values run from 55% as
rolled, to 70% annealed for

machining)

STEELS, AISI

4063H
End-Quench Hardenability Band

DISTANCE FROM QUCNCHfO END Of SKCIMCN (MCHIS)

'NOTE - These ed and specified.
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STEELS, All!

Technological Properties

Machmabihty Rating
(On basis of B1112 = 100)

Treatment Temperatures

2250F max
1500-1700

Forging
Annealing
Normalizing
Quenching, oil

1550-1750
1475-1550

1 a 192 BHN
2 a 235 BHN
3 = Republic Steel Corp.

Mill annealed to 183-235 BHN '

60% (ASM, Metals Handbook)

4042

Oil Quenched and Tempered

Source: Republic Steel Corp. Approx. values.
1 in. rds. normalized at 1600F, quenched from
1500F into oil, drawn as shown for 1 hr. Tested
as 0.505 m. bars.

200 400 400 00 1000 1300 1400

TfMPfftlNG TtMPtftATUftE f

End-Quench Hordenability Band

DISTANCE PROM QUENCHED END Of SPECIMEN (INCHES)

STEELS. AISI

4068H

Chemical Composition

C Mn P

.62-.72 .70-1.05
M)

S

(i)

Si Mo

.20-.35 .20-.30

'The p and S are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AISI

'NOTE - These value* are to be ued when points are selected and specified.

215



TMLi, Alt!

4063

Endr-Qwich Hordmtobility

WWVAUNT HAIONftS AT CtNTfft Of WUNO IAI

OUINCHIO M AOlTATtO O* <MCNIS OUMfTfl)113 4

=v
^

,
P9VMCI fftOM QUfNCHIO INO (MCNfS)

Us . Leaf and coil springs.

Quenched and Tempered

Treatment Temperatures

15 OOF
Forging
Annealing
Normal i zing
Quenching

1600
1500

fQUrVAUMT MAMNKI AT CINTN Of tOUNO lAft

QUa>CI0 M AOITATIO WATII (INCHIS OUMWt)

Source - Bethlehem Steel Co. Single heat.

Analysis Spring Grades: (4063) ,64%C,
.87%Mn, .25%Si, .04%Ni, .15%Cr, .25%Mo.
Grain size 6-8. (9763) .63%C. .67%Mn,
,20%Si, ,59%Ni, .25%Cr, .19%Mo. Grain

size, 70%f 6-8. Carburized at 1700F.

400 600 800 1000

TfMPfMING TCMPERATUM f

1200 400

Source - Bethlehem Steel Co. Single heat results.

Composition: .64%C, .87fcMn, .012%P, .027%S,
.25%Si,.04%Ni, .l5%Cr, .25%Mo.Gram size - 6-8.

Test Conditions' 0.530 in. rds normalized at

1600F, quenched in agitated oil from HOOF, drawn
as shown. Tested as 0.505 in. bars.



Chemical Composition (AJSI)

C Mn P S Cr Mo Si

.28-.33 ,40-60 .040 max .040 max .80-K10 .15-.*25 .20-'. 35

Characteristic*. Similar steels, 8630, B730.

Uses. Connecting rods in automotive industry, tubing and

shapes for aircraft. The higher carbon 4135 is used for

knuckles.

Common Commercial Forms* Blooms, billets, bars, forgings,

strip, tubing.

Technological Properties

Machinabthty Rating (On
basis of B1112 - 100)

As rolled 4130 51%

S4130

67
4132 64
4135 64
4137 61

STEELS. AJSI

4130

Rockwell "C" Hordntss As quenched
Size tested 1 in. discs cut from mid-

length.
8ie Center Half Radius Surface
'4 m. 50 50 51
1 in. 44 50 51
2 in. 31 32 47
4 m. 24.5 25 45.5

(Continued on />df 278;
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STEELS. AI8I

4130
(Continued from page 217)

Phyticol Properties
1

Density, annealed 0.2834 Ib/cu in. (7.845 S.G.)

*A8M, Metal* Handbook. Data from Nat'l. Phy, Lab , Jour. Iran and Steel Inst., 1046, No II. Composi-
tion: -35C, .59Mn, .26N1, <**Cr, .20Mo.

End Quench Hordenoblllty

COOIINO RATE IN oec f PER SECOND

DtSTANCf PROM WATER COOUD END OF STANDARD
AR IN INCHCS

End Quench Hordenability

* Source Ryerson. Test results
after quenching, and after drawing at

temperatures shown.

Source Bethlehem Steel Co. Single heat -

results. Carbunzed at 1700F. Composition
(2330) .31C, ,70Mn, ,26Si, 3.46Ni, .03Cr,
.05Mo. (4130) .31C, .54Mn, .27Si, .l4Ni,

1.02Cr, ,17Mo. (8630) .30C, .80Kln, ,27Si,

.65Ni, .48Cr, ,!8Mo. Grain *i?e 6-8 for

all three steels.

fOOIVAlfNT HARDNESS AT CtNTEl Of tOUNO IA*

QUENCHED IN AGITATED OU (INCHES DIAMETER)

EQUIVALENT HARDNESS AT CENTER Of ROUND BAR
QUENCHED IN AGITATED WATER (INCHES DIAMETER)

Quenched and Tempered Quenched and Tempered

* Source Republic Steel Corp.
Size treated 1 in. diam. Size

tested .505 m. diam x 2 in.

Treatment Normalized 1575F,
Quenched 1550F into water,
Drawn as shown for 1 hr.

Source -Bethlehem Steel Co."*-
Size treated' .530 in. diam. Size
tested: .505 in. diam x 2 in.

Grain size - 6-8. Treatment:
Normalized 1600F, Quenched
1575F into water. Drawn as
shown.

400 MO tOO 1000

TtMMUNO TEMrtRATURI F

400 600 MX) 1000

TEMPERING TCMPfRATURC f

(Continued on page 219)
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Critical Points (collected)

Ryereon* Bath. Steel Co. 1
Rep. Steel Co.* AI8I

Act 1395F 1400F 1*395F 1380
Ac, 1480 1510 1490 1475
AT, 1405 1400 - 1350
Art 1250 1305 1220 1250

'Single heat results: ,3lC; .53Mn; .2881; 1.04Cr;
,.20Mo.
'Representative data.

(Continued from page 218)

STEELS, AIM

4130

End-Quench Hardonobility Bond

i/4 2

DISTANCE FROM OUENCHfD END Of SPfCIMCN (MCHCS)

TBBLt, AISI

4130H

Chemical Composition

C Mn Si Cr Mo

.27-. 34 .35-.65 .20-. 35 .80-1.15 .15-.25 -l -l

*P and S are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AI3I

Note These values are to be used when points are selected and specified.

End-Quench Mardenobillty Bond

STEELS, AIM

4132H

Chemical Composition

C Mn Si Cc Mo P S

3 5.30-.37 .35-.65 .20-.35 .80-1.15 .15-.25

1P and 3 are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AtSI

DISTANCE OM OUCNCHK) IMP Of SfCCtMCN (NCHCS)

'Note These values are to be used when points are selected and specified.

219



STEELS, AIM

4135H

Chemical Composition

C MD Si Mo

.32-,39 .60-95 .20-.35 .80-1.15 .15-.25 -l -l

1P and 8 are 0.040 max in open hearth steel and 0.025 max in
electric furnace ateel. AISI

End-Quonch Hordonobility Bond

va y> / i t',4 m iv* 2

DISTANCE FROM QUENCHED END OF SFfOMIN (INCNIS)

'Note .Th values ar* to b used whn points ar* *lcted and specified.

STEELS, A1S1

4137H

CKomicol CompoaHton

C Mn Si Cr Mo

.35%43 .60-.95 .20-.35 .80-1.15 .15-.25 -l -l

1P and 3 are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AISI

End-Quonch Hordanoblllty Bond

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES)

'Note- These values are to be used when points are selected and specified.
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Chemical Composition (AI3D

C Mn P S Cr Mo Si

.3S-.43 ,75-1*00 ,040 max ,04o'max .80-1*. 10 ,!5-!25 .20-'.35

Uses. Automotive: connecting rods, crankshafts, knuckles,
rear axle and trailer axle shafts. Oil industry: bits, core

drills, reamer bodies, drill collars, tool joints, piston rods
and pump parts. Aircraft: shapes and tubing.

Common Commercial Forms. Blooms, billets, bars, forgings.

Physical Properties
1

Density 0.2834 Ib/cu in. (7.845 S.G.)

Source -ASM, Metals Handbook. Data from
Natl Phys, Lab., Jour. Iron and Steal Inst.,
1946, No. II. Steel-. 35C, .59Mn, .88Cr,
. 20Mo. Annealed at 1580F, drawn at 1 185F.

Characteristic* Intermediate
haj-denability and will give
good properties in larger heat-
treated sections than is pos-
sible with carbon steel of
this C content. This steel
can be arc welded by using
pre- and post-heat. Similar
steels - 8640, 8740.

trtu, AMI

4140

Technological Properties
Machinabthty (On basis of B1112 - 100)

Annealed: A4140 61%
A4142 57%
A4145 57%

(CoMmM<< on pat* 222^
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STEELS, AIS1

4140

Treotment Temperatures (collected)

Rep. Steel Co

2250F
1500-1700

Normalizing 1600-1725
Quenching -oil 1500-1550

Forging

Annealing

Ryerson
1950-2250F
1500-1550
1600-1750
1525-1600

(Continued from page 221)

Properties as Quenched and Drawn Quenched and Tempered

* Source Republic Steel Co.
^ize treated 1 in. diam. Size
tested .505 in. diam x 2 in.

Treatment Normalised 1600F,
Quenched 1500F into oil, Drawn
as shown, for 1 hr.

SourceBethlehem Steel Co. *

Gram size 6-8. Size treated
.530 in. diam. Size tested-. 505
in. diam. Treatment Normalized
1600F, Quenched 1550F into

agitated oil, Drawn as shown.

WO 400 600 BOO 1000 1700 '400
400 600 800 1000 1200

TEMPERING TEMPERATURE f

Quenched and Tempered at 1000 F Quenched and Tempered at 1200F

Source Republic Steel Corp.
Size treated 1 in. to 6 in. diam.
Size tested 2 in. x 50 5 in. diam.
Tests over 1.5 in. at mid-radius.
Treatment- 1500-1550F, Drawn
as shown, Quenched in oil.

DUMITW Of StCttON (INCHES)

(Continued on page 223)
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(Continued from page 222)

End Quench Hardooobillty

SPECIAL CASTING!

4140
EQWVAlfNT KAJIONISS AT CfNTM Of ftOUNO ftA

OMNCHfO M AOITATfD OK (INCHES DtAMtTEl)

Source Bethlehem Steel Co.
Single heat results. Analysis: .40C
oil-hardening grades (4140) .41%C,
.85%Mn, ,20%Si, .12%Ni, 1.01%Cr,
.24%Mo. (8740) .40%C, .StfflMn,

,25%Si, ,55SNi, .55%Cr, ,25%Mo.
Grain size 6-8, carburized at 1700F,

Source Ryerson. Test results
after quenching, and after drawing
at temperatures shown.

End Quench Hordenobility
COOUNO RATI M DtO F FCR MCONO

8881 ft*** 2 2N.o * 3

173 4 5

EQUIVALENT HARDNESS AT CENTEft Of ROUND A
QUCNCHCO IN AGITATED WATER INCHES 9IAMETE*)

DISTANCE PROM WATH COOUO fND Of STANDARD
ftAft IN INCHES

DISTANCE FROM QUENCHED END Of SKCIMfN (INCHfS)

'Note Theee values are to be used when points are selected and specified.

End-Quench Hardenobility Band

TEELt, AX1I

4142H

Chemical Composition

C Mn Si Mo P S

.40-.48 .70-1.05 .20-.35 .80-1.15 .15-.25 -l -1
1P and 8 are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AISI

DISTANCE MtOM QUfNCHIO fND OF SPKIMtN (INCHCS)

'Note These values are to be uaed when points are selected and specified.
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ST1EL8, Alt!

4145H

Chemicol Composition

C Mn Si Mo

42-.50 .70-1.05 .20-.35 .80-1.15 .15-.25 -l -1

*P and S art 0.040 max in open hearth steel and 0.025 max in
electric furnace steel. AISI

End-Quench Hardenobillty Bond

1 I'j 1' \>4 2

DISTANCE FtOM QUENCHED END Of SPECIMEN (INCHES)

'Note These values are to be used when points are selected and specified.

STEELS, AISI

4147H
End-Quench Hordurability Band

% Hi / I 1' 4 iv 2

DISTANCE f*0* OUfNCMfO END Of SKCMHS (INCHIS)

'Note These values are to be used when points are selected and specified.
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STEELS, AW

4150

End-Quench HordenoblHtv
COOUNO lATf IN OfO F KR SECOND

End-Quench Hardenoblllty
eOUtVAUNT HARONC&S AT CINTil Of tOUNO ftAft

OUfNCMfO IN AOITATiO Ot (INCHCS DIAMCTfR)
3

'/4 V* /i 1 IV* IVi Hi 2

DISTANCC FROM WATIR COOlfO END Of STANDARD
IAR IN INCHfS

Source Ryerson. Average results. Grain
size -

5-84.

Source Bethlehem Steel Co.

Single heat results. Analysis, .50C, oil-

hardening grades. (4150) .50%C, ,76%Mn,
.2ir.Si. .20%Ni, .95%Cr, .21%Mo, car-

burized grain size at 1700F 90% 7-8.

(8750) .51%C t .80%Mn. .24%Si, .53%Ni,
.525SU, .25%Mo, grain size 6-8. (9850)
.51%C, .84%Mn, .25%Si, 1.05%Ni, .8

.247.Mo, grain size 5-8.
23 4 3

T HARONISS AT CENTER Of ROUND RAR

OUENCHCO IN AGITATED WATK (INCHCS DIAMCTfR)

(Continued on page 226)
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STEELS, Alii

4150
Technological Properties

Machmability Rating (On basis of B1112
8 100)
Mill annealed to 187-235 BHN * 50%(ASM
Metals Handbook)

(Continued front page 225)

Treatment Temperatures
1

Forging 1950-2150F

Annealing 1450-1525

Normalizing 1500-1650

Quenching 147S-1525

^Collected, principally from
Ryerson

Quenched and Tempered Quenched and Tempered

Size Treated* 1 in. rd. Size
Tested 2 in. x .505 in. rd.

Treatment: Normalized 16001,
quenched 1500F into oil, drawn
as shown for 1 hr.

&230

9
-

fi

1,

400 600 800 1000

TEMPERING TEMPERATURE

! Source -Bethlehem Steel Co. 3100
S Single heat results* Composi- y

,

I tion: .50C, .76Mn, .015P, .0128,
2 .2lSi, .20Ni, .95Cr, .21Mo. Test

1

9 Conditions: 0.530 in. rds normal- jo
O ized at 1600F, quenched from
"*

1525F in agitated oil, drawn as
shown. Grain sire of the steel
was 90% 7-8.

200 400 600 800 1000 1200 1400

TEMPERING TEMPERATURE f

STEELS, A1SI

4150H

Chemical Composition

C Mn Si Cr

.46-.J4 .70-1.05 .20-.35 .80-1.15

Mo P S
% % %

.15-. 25 ~ l - 1

!P and S are 0.040 max in open hearth steel and 0.025 max in
electric furnace steel AISI

End-Quench Hordenoblllty Band

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES'

'Not* These value* are to be used when pointa are selected and specified.
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STEELS, AISI

4317

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES)

'These values are to be used when points are selected and specified.
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rrtsi.1, Am

4320H

Chemical Composition
C Mn
% %

.16-.23 .40-.70

Si Ni

P
%.

Cr

End-Quonch Hard.nobility Band

S

*,

Mo

.20-. 35 1.50-2.00 .35-.65 .20-.30

Vh* P and S are 0.040 max in open hearth steel and 0.025 max in

Uetric furnace steel. AI8I.
'/ V* V4 1 H> Itt 1% 2

DISTANCE MOM QUfNCHfO END Of SffCIMEN (MCHES)

'These values are to be used when points are selected and specified.

End Quench Hardonobiltty Band

Vt Vt Vt \ 11 4 IVi JJ/4 2

DISTANCE FtQM OUENCHfO END OF SfKIMfN (NCHCS)

'These values are to be used when points are selected and specified.
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STttLJ, AISI

Characteristics. A high grade case hardening steel.

Uses. Used in the automotive and machinery industries for

differential drive pinions, differential ring gears, transmission
gears and bearings, in aircraft engine bearings and gears.
The higher carbon 4325 is used for knuckles.

As-Quenched Rockwell "C" Hardness

Treatment: 1700F-8 hrs- F.C
1500F- Quenched in Agitated Oil

Surface
44/2
39

Vi in. diam
1 in. diam
2 in. diam
4 in. diam

Center
44'/2

36
27
24

Midway
44'/?

37
30
24

35
25

4320

Technological Properties

Machinability Rating
(On basis of Bl 112 *

100)

Mill annealed to 197-
228 * 55% (ASM,
Metals Handbook.)

End-Quench Hardenab.lity

KNKVAlfNT HARDNESS AT CENTER Of ROUND IAR
OUfNCMfO IN AGITATED OH (INCHES DIAMETER)173 4

1234 5

EOUTVA11NT HAtONfSS AT CENTER Of ROUND IAK
QICNCrCD M AGITATED WATER (INCHES DIAMETER)

Source - Bethlehem Steel Co. Single heat

results. Analysis: .20C, carburizing grades
(4320) .177.C, .55%Mn, .25%Si, 1.75%Ni,
.47%Cr, ,25%Mo. (4820) .21%C, ,51%Mn,
.21%Si, 3.49%Ni, .187.0, ,24%Mo. Gram
size 6-8, carburized at 1700F.

End-Quench Hordenability

COCKING RATI IN DEO t HE* SECOND

S*.KO ^ 3

4320

</4 ^ v, i t/4 m 1^4 2

DISTANCE PROM WATft COOtEO END Of STANDARD
Aft IN INCHES

Source Ryerson. Aver results*

Treatment Temperatures
1

Forgm* 1950-2250F

Annealing
Normalizing

1525-1575
1625-1750

(Collected)

Direct Quench
270

003 010 OIS 070
m CENT CARSON

Source - International Nickel Co. Representative
core properties. Test conditions: 1 in. bars pseudo-
carbur ized at 1650-1 700 F, direct quenched and drawn
at 300 F.

(Continued on page 230)
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STtSLt, Alt!

4320
(Continued from page 229)
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Treatment Temperatures

Forging 1950-2250F
Annealing 1475-1700

Normalizing 1575-1725
Quenching 1475-1550

TEELl, Alt!

4340

Chorocteristic*. This is an older
"triple alloy" steel; it

has high hardenabllity and is capable or giving good proper-
ties in large sections. It is relatively free from temper
brittleness and retains useful machinaoility at relatively

high hardness (ca 400 BHN).

Uses. Automotive crankshafts and rear axle shafts, aircraft

crankshafts, connecting rods, propeller hubs, gears, drive

shafts, landing gear parts, and heavy duty parts of rock

drills. A lower carbon variety (4330) is used for hollow

propeller blades.

Oil Quenched, Tempered at 80OF
350

TEMPERING TEMPERATUIE t

Oil Quenched, Tempered at 1000 F

OtAMETM Of SECTION (INCHES)

* Source Bethlehem Steel
Co. Single heat results.

Composition: .41C, .67Mn,
,023P,.018S, .26Si, 1.77Ni,
.78Cr, ,26Mo. Grain size -

6-8. Test conditions* 0.530
in. rds normalized atl600F,
quenched from 1475F in

agitated oil, drawn as
shown. Tested as 0.505 in.

bars.

1250

Source International *

Nickel Co. Average values.
Test conditions: Sections

Vj to 2 in. incl. quenched in

oil from 1500-1 550F, over 2

in. to 4 in, incl. from 1525-

1575F, and over 4 in. from

1550-1600F. In sizes over
1 in. the Values represent

properties at mid-radius.

Tested as 0.505 in. bars*-*

12345
DIAMtTU Of SECTION (NCHtS)

Oil Quenched, Tempered of 1200F
330

&250

231

WAMETIR Of SECTION (INCHtt)

(Continued on p*g* 232)



rrtiLs, Am

4340

(Continued /torn page 231)

Technological Properties

Relative Machinabihty
(On basis of Bl 112 *

100)

Mill annealed to 187-
241 BHN45%(ASM,
Metals Handbook.)

Oil Quenched and Tempered Quenched and Tempered

-"-SourceInternational Nickel
Co. Average values. Test Con-
ditions: 1 in. sections quenched
from 1500-1 5 50 F in oil, drawn
as shown, tested as 0.505 in.

bars.

Source Republic Steel*-
Corp. Approz values. Test
conditions: 1 in* rds, normal-
ized at 1600F. quenched from
1525F in oil, drawn as shown
for 1 hr., tested as 0,505 in,

bars. Maximum section for

which these properties can be
expected is 4.0 in.

400 400 MO 1000

TEMPffMNO TfMPfRATUtf, f

Effect of Mots
Oil Quenched, drown of 1000F

Effect of Mass
Oil Quenched, drawn at 1200F

Source Republic Steel Corp.
Test conditions: Bars, oil

quenched and drawn as shown*
Values for sizes over 1% in.

represent the mid-radius
posi-

tion. Tested as 0.505 in. oars.

iicnoN <MCHU>
3 4 3

DIAMETM Of SECTION (INCHfS)

(Continued on page 233)
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TEILS, AIM

4340

End-QiMnch Hordnablity

EQurVAiENT HARDNESS AT CENTER Of ROUND tAl
OUfNCHCO IN AGITATED OH (INCMfS DlAMfTW)123 4

1234 5

EOUfVAlfNT HARDNESS AT CENTER Of ROUND IAR
QUfMCHfD M AOfTATEO WATEf (INCHCS OlAMfTEt)

Source - Bethlehem Steel Co. Single heat
results. Analysis: .40C oil-hardening
grades, (4340) .41%C, .67%Mn, ,26%sf,
I.77%Ni, .76%Cr, .26%Mo. (4640) .40%C,
.71%Mn, .24%Si, 1.83%Ni, .16%Cr, .28%Mo.
(9840) .40%C, .90%Mn, .25%Si, 1.02%Ni,
.84%Cr, ,26%Mo. Grain size 6-8, carbunzed
at 1700F.

(Continued from page 233)

End-Quench Hordenabihty

COCKING KATf IN DEO F PER SCCOND

Vt Vt /4 1 1'/4 IV4 1V4 2

DISTANCE FftOM WATER COOLED END Of STANDARD
A* IN INCHES

Source Ryerson. Aver values. Grain size
- 5-8.

234



Characteristics. This is a popular, hi^h- grade carburizmg steel for

important parts where reliability and uniformity are required*

Use*. In the automotive industry it is used for differential pinions,
differential pinion shafts, knuckle pins, piston pins, pump shafts and
aircraft engine pins. In the oil industry it is used for rock bit cutters,

pump parts to resist wear, sucker rods for corrosive wells. With a

little higher nickel (2.00-2.25%) it is used as pins up to 0.318 in.

diam for roller chains.

STIELI, A1I

4615

End-Quench Hardenobility

COOLING RATE IN OfG F PC SCCOND

33S?SS 2 2.N,s *

h '< 1 !" Hi U 1

DISTANCE FftOM WATER COOlfO END Of STANDARD
Aft IN INCHES

Source Ryerson. Aver curve, lest con-

ditions' Grain size 5-8.

(Continued on page 236)
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STEELS,

4615

Source - International Nickel Co. Direct Quench

representative properties. Te st

Condition*: 1 in. bars pseudo-
carburized at 1650- 1700F and heat

treated as shown, tempered after

treatment at 300F.

m pag* 235)

Cora PropsftUs of 4600 (. 15-.22C)

Tensile
Strength

Form or Coalition M pii

Box cooled &
reheated for hardenlog:

1 4* 1 * HO

Drawn
at300F

147 F 00 1
4615 U01475F ' OQ 14620 13514620
H61 5

14620
HO
140

Yield
Point
M psl

75
9Q
75
95
80
103

20

15

22
17

24
19

61
46
66
52
69
56

i.od
FtLb

48
26
66
44
76
54 013 020

PER CENT CARION

STEELS, Aisi

4620H
End-Quench Hordenobility Bond

Chemical Composition

C Ma Si Ni Mo

.17-.24 .40-.70 .20-.35 1.50-2.00 .20-.30 -1 -'

*P and 8 are 0.040 max in open hearth steel and 0.025 max In
leetrie furnace ateel. AISI. '/ M % i IV, m 1/i 2

OUTANCf "MM QUENCHED END Of SPECIMEN (NCHIi)

The** valu** ar* to b* u**d when point* are iclected and specified.

DISTANCE MM OUfNCHIO INO Of 9*KMIN (NCHC8)

, Tbsss value* are to be used when points are selected and specified.
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Chemical Composition
1

C Mn P S Si Ni Mo

.17-.*22 .45-.65 .040 max .040 max .20-.35 1.65-2.00 .20-.30

1
AISI

Chorocteri sties. Very similar to 4615, though it develops greater
core strength.

Usos. It is also used for spline shafts, differential and transmission

gears and bearings. In aircraft engines it is used for cam shafts,

bearings and gears.

Compresslve Strength.
1
(Gears) The permissable compressive stress

for intermittently loaded, case-hardened gears and bearings is

200 M psi. For constant mesh loading this value should be reduced

by 20-25%. This assumes good practice and freedom from carbide

network in the case.

1
International Nickel Company.

Technological Properties

Machinabihty Rating (On basis of B1112 = 100)
As rolled = 55% (Industry value)

TtELS, Attt

4620

Critical Points

ACl 1325F Ar, 1325F
Ac, 1480 Ar, 1200

Treatment Temperatures

Forging 1 950-2200 F

Annealing 1550-1600
Normalizing 1650-1750

Carbunzing 1650-1700

Quenching -high 1550

Quenching low 1425

As-Quenched Rockwell Hardness

Treatment -1 700 F, 8 hrs, F.C.
1500 F, Quenched in Agitated Oil

Size Tested M in. discs cut from mid-length

Diam
Kin.
1 in.

2 i

4 i

in.

Center

C31
B97
B91
B88

Midway
C32
B99
B94
B91

Surface

C40
C27
C24
B96

End-Quench Hordenobillty

KMVAICNT MAtONCSS AT CENTEff Of tOUND IAR
QUENCHED M AGITATED OM (HECHES OUMITfl)173 4

Quenched and Tempered Properties

MO

* Source Bethlehem Steel

Co.Single heat results. Analysis:

(4620) .17%C, .50%Mn, .26%Si,

1.86%Ni,.12%Cr,.28%Mo.(8720)
.22%C,.90%Mn, .30%Si, .48%Ni,
,52%Cr. ,22%Mo. Carburized

grain size at 1700F = 6-8.

1234 5

EQUIVALENT HARONCSS AT CENT EH Of KHJNO IAI
OUENCHfO IN AGITATED WATfR INCHES DIAMETEI)

End-Quench Hordenobillty

COCKING RATE IN DEO F P SECOND

888? 3*8 S ? 2K* *

* Source Ryerson. Aver
results. Grain size 5-8. Cooling
rate in Deg F per second.

400 * 1000

TCMffttNO TfMKKATURC, f

Source International Nickel Co, Aver values*
Test conditions: 1 in. bars or sections quenched
from 1550-1600F in oil, drawn as shown. Tested
as 0.505 in. bars.

POTANCf NKJM WATEt COOUO IND Of STANDARD
SAI IN MCHCS

(Continued o* page 238)
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4620 (Continued from page 237)
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Chemical Composition
1

C Mn P S Si Ni Mo

.38-*43 ,60-.80 .040 max .040max ,20-.35 1.65-2.00 .20-.30

TIILI, AMI

4640

Characteristics. With good mechanical properties in small and medium

sizes, this steel has excellent maclunabihty at high hardness levels

and small distortion in heat treatment.

Uses. Gears which may be surface hardened in a cyanide bath, spline

shafts, hand tools, and machine parts. The higher carbon, 4650, is

used for railroad roller bearings and, as oil quenched and drawn to

440 HHN, as springs.

Treatment Temperatures
1

Forging 2000-2250 F

Annealing
Normalizing
Quenching

1450-1550
1600-1750
1450-1550

industry values.

(Continued on page 240)
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STttLJ, Altl

4640 (Continued from page 239}

Quenched ond Tempered Properties Quenched ond Tempered Properties

Source International Nickel
Co. Aver values. Teat con-
ditions: 1 in. bars or sections

quenched in oil from 1475*
1525F and drawn as shown.
Tested as 0.505 in. bars.

Steel 4650, shown for com*
art son, was quenched in oil

;rom 1450-1500F.

400 600 800 1000

TEMKIINO TiMffHATUM f

Quenched ond Tempered Properties Quenched and Tempered

200 400 600 100 000

TtMWMNG TEMfCIATUH f

Source - Republic Steel

Corp. Approx values. Test
conditions: 1 in. rds normal-
ized at 1600F, quenched in oil

from 1500F, drawn 1 hr as
shown. Tested as 0.505 in.

bars. Maximum section for

which these properties can be
expected is 1.1 in* Maximum
hardness: Annealed- 197 BHN
Normalized - 225 BHN.

Source: Bethlehem Steel
Co. Single heat tests. Com-
position: .41%C, .70%Mn,
.016%P, .013%S, .24%Si,
1.83Ni, .16%Ct t .28%Mo.
Grain Size: 6-8. Teat Con-
ditions: 0.530 in. rds normal-
ized at 1600F, quenched in

agitated oil from 1475F, drawn
as shown. Tested as 0.505 in.
bars.

(Continued on page 241)
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(Continued from p*g* 240)

rrsiLt. AIM

4640

Technological Properties

Machinability Ratio* (Co basis Bl 112 -100)
Mill annealed to 187-235 BHN 55% (ASM.
Metals Handbook)

End-Quench Hordenobility

COUIVAtCNT HAIDNCSS AT CfNlft Of OUNO IA
OUINCMfO IN ACI1ATCO OH INCHES DIAMETfti133 4

1234 5

IQUIVAiINT HAMDNfSS AT CENTEI Of ROUND IAI
OUIHCNfO t4 AdTATfO WATH (INCHCS DUWNETBt)

Source Bethlehem Steel Co. Single heat
results. Analysis: ,40C oil-hardening

grades, (4340) .41%C, .67%Mn, ,26%Si,
1.77%Ni, .76%Cr. .267.Mo. (4640) .40%C,
.71%Mn, .24%Si. 1.83%Ni, .16%Cr, .28%Mo.
(9840) .40%C, .90%Mn, .25%Si, 1.02%Ni,
.84%Cr, .26%Mo. Grain size 6-8, carburized
at 1700F.

End-Quench Hordenablllty

COOtWO RATt t4 DIG F Wl SCCOND

V4 H U * V/i IVi Px, 3

DISTANCE OM WATER COOUD INO Of STANDARD
ARM INCHES

Source Ryerson. Aver results. Grain
size 5-8.
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End*Quench Hordonablltty Bond

STEELS. AMI

4812H

Chemical Composition
C Mn Si Ni Mo P S

.10-. 17 .30-.60 .20-?35 3.20-3.80 .20-.*30 Ji -t

'The P and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. A IS I.

DISTANCE FROM QUENCHED END Of SKCIMEN (INCHES)

NcTte These values are to be used when points are selected and specified.

End-Quench Hordenobility Bond

STEELS, AMI

4815H

Chemical Composition

C Mn Si Ni Mo P S

.12-J9 .35-.65 .20-'.35 3.20-3.80 .20-!30 -' -'

1 Th P and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. AISI.

DISTANCE HO* QUtNCHfD END Of SPECIMEN (INCHES)

'Note These values are to be used when points are selected and specified.
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trttLS, AIM

4815

Direct Quench

009 025015 020
Kt CENT CAMON

Source International Nickel Co. Representative
values. 1 in. bars, pseudocarburized at 1650- 1700 F,
direct quenched into oil and drawn at 300 F.

Chemical Composition
C Mn Si Ni Mo P S

.13-!l8 ,40-'.60 .20O5 3.25-3.75 .20-'.30 .040max .040max
1

AISI.

Characteristics. A case hardening steel.

Uses. Differential drive pinions, rock bit cutters, pump parts to resist
wear and spline shafts. It is also used as sucker rods for corrosive
wells.

Technological Properties

Machinability Ratine
(On basis of B1112 = 100)

Cold drawn to 187-229 = 50%.

(ASM, Metals Handbook.)

End-Quench Hardenobility

COOLING RATE IN OtO f SKONO

DISTANCE MOM WATER COOLED END OF STANDARD
BAR IN INCHES

Source Ryerson. Aver values for fine

grained steel.

Treatment Temperatures'

Forging 1950-2 200 F
Annealing 1500-1575

Normalizing 1600-1700

Carbunzing 1700

Quenching -high 1525
-low 1425

Average industry values.

Rockwell "C" Core Hardness
Quenched in oil at 1700F

Size of

Round 7/8 Radius 1/2 Radius Center

1 in. rd. 39 36 35
2 in. rd. 32 28 26.5
3 in. rd. 27.5 23 21
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STK1LS, AISI

4820

Charocteri sties. Similar to* 481 5
1

but capable of developing greater

strength.

End-Quench Hordenabllity
IQUrVAtENT HAMNCSS AT CtNTft Of HOUND MR
OMNCHED IN AOITATfO Ot (MCHES DUMCTft)

Relative machmability, annealed
- 45%.

A case hardening steel.

Technological Properties

Machmability Rating
(On basis of Bl 112 * 100)

Compressive Strength
1

Permissible compressive stress for case hardened gears,
bearings, and races is 215,000 psi for intermittent load-

ing. For constant mesh loading this value should be re-

duced 20 to 25%. This assumes good practice and freedom
from carbide network in the case.

'international Nickel Co.

1234 5

COMVAfJNT HA*ONt*S AT ONTO Of ROUND SAR
OUfNCHB IN AOITATfD WATM (NCHtS tXAMlTW)

(Continued on page 246)

245



fTEXL*, AISI

4820

(Cotimt<i from pag* 245)

EnoVQvwtch Hordonoblllty
COOtINO RATE IN DEG F PW SECOND

2 2o.is <. 3

DISTANCE FROM WATER COOLED END OF STANDARD
BAR IN INCHES

Source Ryerson. Fine grained steel.

V* Yt */* \ I
1
< >Vj P 4 J

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES)

These values ere to be used when points ere selected and specified.

DISTANCE FROM QUENCHED END Of SPECIMEN (INCHES)

1

Thase values are to be used when points are selected end specified.
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fTBELf, AI8I

5120

Choroctori sties. A relatively cheap, medium-hardening steel,

especially when pot quenched.

Technological Proportion

Machinability Rating Cold drawn
(On basis B1112 * 100) to 170-212

(ASM Metals

Handbook.)

Trootmont Tamparoturas

Forging 225OF max
Annealing 1600

Normalizing 1650-1750

Carburizing 1700

'Republic Steel Corp.
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tfBttl, AMI

5130

Troetmont Tomporoturos

Forging 2250F max
Aaoealinf 1550-1700
Normalizing 1600-1725
Quenching 1525

l
Republ
valuea.

ic Steel Corp.Appcox

CritJcol Point*

Ac, 1370F Ar,
-

1490 Ar; 1290

Chomieol Composition
1

C Mn P

.2S-.33 .70-'.90 .040m

'AISI

S Si Cr

,04o'raax .20-'.35 .80-1.10

Characteristics. A relatively inexpensive alloy ateel of inter-

mediate harden ability for water hardening.

Technological Proportion

Machinabihty Rating As rolled*
(On basis ofB1112 100) 51%. An-

nealed for

machining *

67%.

Physical Proportios

Quonchod and Tomporod
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STEELS, AISI

5140

Characteristics. Similar to 5130 though with greater strength
and hardenability.

Uses. Transmission gears, spline shafts, etc.

Quenched and Tempered Properties

< Source Republic Steel

Corp. Approx values. Teat
Conditions: 1 in. bars normal-
ized at 1575F, quenched from

15OOF in oil, drawn 1 hr as
shown. Tested as 0.505 in.

bars. Maximum section for

which these properties can be
expected is 1.0 in.

Treatment

Forging 2250F max
Annealing 1500-1725

Normalizing 1550*1750
Quenching 1500-1550-oil
1

Republic Steel Corp. Approx

Critical Points

Ac
t

1360F
Acl 1450

Ar,
-

Ar* 1230

Technological Properties

Machinability Rating Mill annealed

(On basis of B 11 12 100) to 174-229
BHN-60K
(ASM Metals

Handbook.)

20Q 400 600 800 1000

TEMKRING TEMPCRATURE, F

Coefficient of Thermal Expansion
1

Temp Range
Deg C Dei

Mean Coefficient
gF Per Deg C PerDefF

25-100 77-212 12.8 x !<)- 7.1 x HT4

25-270 77-518 13.8 7.6

'Source - ASM Metals Handbook, Data from National
Physical Laboratory, Jour. Iron and Steel Int,, 1946.
No. II. Composition teeted = .40C, .78Mn, .579i, ,78Cr.
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ITtftLI, Altt

5135H End-Quench Hordonobility Bond

Chemical Composition
C Mn Si Cr P S
/t / / % %.. %in

.32-.39 .55-.S5 .20-.35 .75-1.10 ~ U) -"'

P and 3 are 0.040 max in open hearth steel and 0.025 max in

electric furnace steel. AISI % h V4 1 IV; IVi IV* 2

DISTANCE FROM QUfNCHCD END Of SffCMfN (MCHCS)

These values are to be used when points are selected and specified

STEELS, AISI

5140H
End-Quench Hordenability Bond

DISTANCE FROM QUENCHED END OF SPECIMEN (MCHES)

These values are to be used when points are selected and specified.
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0TBCLS, AW

Chemical Composition
1

C Mn P Cr

.4S-.53 .70-.90 .040 max .040 max .20-.35 .70-.90
t *

Chorocteristics. Similar to 5140 though with higher hardness,

strength and elasticity.

Uses. A typical use is for coil springs and for flat springs
1/8 in. thick and heavier. The latter are oil quenched and
drawn at 725 - 900F to 375 - 415 or 415 - 461 BHN.

Treatment Temperatures'

Forging
Annealing
Normalizing
Quenching
Forming

2250F max
1450-1725
1600-1750
1475-1525
not over 1800

Republic Steel Corp. ApproxRepubli
value*.

5150

As Quenched Rockwell "C" Hardness

Treatment: 1600 F - A.C. 1525 F - Oil Tower
Quenched

Size Tested: 1 in. discs cut from mid-length

Center Midway Surface

Yi in. diara 59 60 60
1 in. diam 50 52 59
2 in. diam 40 44 55
4 in. diam 29 31 37

Technological Properties

Machinability Rating
(On basis B1112 - 100)

Mill annealed to 179-
235 BHN*55%(ASM
Metals Handbook.)

(Continued on p age 252)
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5150 (Continued from page 251)
Quenched ond Tempered Properties

400 MO MO looo i aoo 1400

TIMPMINO TtMPHATUt!. t

Source: Republic Steel Corp. Approx values. Test
Conditions: 1 in. bars normalized at 1600F, oil

quenched from 15 OOF, drawn as shown for 1 hr.
Tested as 0.505 in. bars. The maximum section
for which these properties can be expected is
1.2 in.

TBBLt, AIS1

E52100

Treatment Temperatures'

Forgin* 1800-1950F
Annealing 1425-1450
Normalizing 1650-1700
Quenching-oil 1500-1550

-water 1475-1525

Ryerton

Critical Points

Ac 1340F Ar, 1315
H15 Ar* 1280

Characteristics. This is the popular bearing steel. To reduce
the

liability
to fatigue failure it is made with a minimum of

foreign inclusions.

Uses. The principal use is as electric furnace steel. Bearings.

Technological Properties

Machinability Rating Hot Rolled
(On basis B 1 1 12 100) Annealed 45%
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End-Quench Hordenobllity Bond
TIELi, Alt!

514SH

DISTANCE FtOM QUENCHED END Of SPECIMEN (INCHES)

These values are to be used when points are selected and specified.

End-Quench Hardenobility Band

3130H

'/4 v* v i n* m 1% 2

DISTANCE MOM QUENCHED END Of SPECIMEN (INCHES)

STEELS, Alii

51 SON

These values are to be used when points are selected and specified.
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TEKLI, AMI

6150 6152
Characteristic*. These two steels are essentially tbe same and differ only in
the amount of V required.

Uses. Flat springs under 1/8 in. thick, cold formed, and 1/8 in. and over,
hot formed, oil quenched and drawn at 7 25-900 F to 44-48 or 48*52 Re, and
for coil springs over 1/2 in. diam with same heat treatment. Also used for
valve springs, piston rods, pump parts, spline shafts.

(Continued on page 256)
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6150 6152

(Continued from page 255)

As Quench*) Rockwell "C" Hardness
Treatment: 1600F - A.C 1550F Oil Tower
Size Tested: 1 in. discs cut from mid-length

Center Midway Surface
l/2 in. diam 60 60 61
1 in. diam 57 58 60
2 in. diam 44 47 54
4 in. diam 35 36 42

End-Quench Hordenoblltty
COOUNO RATf N DfO f PER UCONO

8881 M88

DtSTANCC ftOM WATtt COOUO END Of STANDARD
At IN INCHtS

Source Ryerson, aver values.

Trotmnt Tmpraturss
1950-2250F
1500-1600
1625-1750

Forging

Annealing
Normalizing
Quenching

Industry data.

1550-1600

Technological Properties

Machmabihty Rating Steel E 6150 (On basis
81112= 100).

Spheroidized annealed to 183-241 BHN = 45%.
E6150 is an electric furnace steel with P and
S limited to 0.025% max.

End-Quench Hardenoblllty

COmVAtENT HARDNESS AT CfNttR Of ROUND IAR
OUfNCHCO IN AGITATED Oil (INCHES DIAMETfR)

1)3 4 5

EOUIVAIENT HARDNESS AT CENTER Of ROUND IAR
QUfNCHCO IN AGITATED WATER INCHES DIAMETER)

Source Bethlehem Steel Co. Single heat
results. Analysis. .50 Carbon, oil-garden-
ing grades (6152) ,49%C, ,78%Mn, .29%Si,
.18%Ni, 1.00%Cr, Tr Mo, .17%V. Grain
size 6-8. (9450) ,51%C, 1.34%Mn, .23%Si,
,47%Ni, .45%Cr, .10%Mo. Gram size 6-8.

Carburized at 1700F.

Quenched and Tempered Quenched and Tempered

190

* Source Republic Steel

Corp. Approx values. Test
Conditions* 1 in. bars, nor-
malized at 1700F, quenched
in oil from 1550F, drawn for

1 hr, as shown. Tested as
0.505 in. bars. The maximum
section for which these prop-
erties can be expected is

1.6 in.

Source Bethlehem Steel-*
Co. Single heat results. Com-
position: .49%C, .78%Mn,
.012%P, ,016%S, .29%Si,
.18%Ni, 1.00%Cr, Mo nil,
.17%V. Test Conditions-0.565
in. bars normalized at 1600 F,

quenched in agitated oil from

1550F, drawn as shown. Tested
as 0.505 in. bars. Grain size -
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Chemical Composition (Aisi)
C MrT P S Si Cr V

,17-.

C

22 .7<K90 .040max .040max .2(K35 .70-.90 .10 min

TIELS, Aftt

6120

Characteristics. Case hardening steel of medium hardenabihty.

Technological Properties

Machmability Racine

(On basis B1112 = 100)

Critical Points

Ac, 1410F Ar,

Ac, 1530 Ar; 1300

Cold drawn to 179-221
BHN = 50% (ASM. Metals
Handbook.) Treatment Temperatures

1

Forging 2250F max
Annealing 1600

Normalizing 1700-1800
Carbun zing 1700

Quenching -
high 1550
low 1425

'Republic Steel Corp. Appro*
valuee.
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6150H

Chemical Composition
C Mn P S Si Cr V

.4(*.14 .60-.95 - (1) - M) .2(K35 .80-1.15 .15mm

*P and S are 0.040 max in open hearth steel and 0.025 max in

electric furnace steel. AISI

End-Qutneh Hardenobility Bond

'
"j 4 i r* ' v p/4 2

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES)

'Note These values are to be used when points are selected and specified.
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Chemical Competition
1

C Mn P S Si Ni Cr Mo

,13-.*18 .70-.90 .040 max .040 max ,20%35 .40-.*70 .40-.60 .15%25
AISI

Characteristics. A triple alloy case-hardening steel with medium barden ability.

Uses. Automotive differential pinions, side gears and shafts, knuckle pins,

piston pins, pump shafts, spline shafts, aircraft engine pins and gears*

rrttLt, AMI

8615

Technological Properties

Machmability rating (On basis of B1112 - 100)
Cold drawn 70% (Union Drawn Steel. Appro*
value.)

DISTANCE FtOM QUENCHED END OF SPECIMEN (MCHES)

'Note - These values are to be used when points are selected and specified.

MSTANCI MOM QOBNCHIO IND Of SPfCIMIN <MCNfS)

Neta Thaaa values are to be uaad whan polnta are selected and specified.
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8617

Direct Quench
MO

Chemical Composition
1

C Mn P Cr Mo

.15-.20 .70-.90 .040max .040max .20-.35 .40-.70 .40-.60 .15-.25

*AI8I

Characteristic*. Similar to 8615 but develops
a little greater strength,

as shown by the line chart giving the effect of carbon on the core

properties.

015 0.30

K CENT CAMON

Technological Properties
Machinabihty Rating (On basis
of B1112- 100)
Cold drawn 66% (Union Drawn
Steel. Aver value.)

End-Quench Hardenablllty

COOLING RATE IN DG F SfCOND

So- K rt ft

Source International Nickel Co. Representative
values, Test conditions: 1 in. bars, pseudo-car-
burized at 1650* 1700 F, direct quenched in oil,

drawn at 300F. Tested as 0.505 in. bars. Effect of

carbon from 0.15% to 0.26%.

DISTANCE FROM WATER COOLED END Of STANDAID
IAR IN INCHES

Source Ryerson, Aver values.

Vi ,4 \ 1' 4 Vj li 4 2

DISTANCE PROM QUENCHED END OF SPECIMEN (INCHES I

*Note - These values ere to be used when points am selected and specified.



Chemical Composition
1

C Mn P S Si Ni Cr Mo

,18-*23 .7(K90 .040 max .040 max .20-.*35 .40-. 70 .40-.60 .15-.25

'AISI

Characteristics. Similar to 8615 and 8617 though stronger.

Usos* Differential ring gears, steering worms, transmission gears, aircraft

engine camshafts and gears, spline shafts for good core properties and high
surface hardness after case hardening. Is also used in the heat-treated con-
dition as chain, at about lOOMpsi YS.

TttLt, AMI

8620

Compressive Strength.
1 Permissible compressive stress to case hardened

gears, bearings and races is ISOMpsi for intermittent loading. For constant
mesh loading this value should be reduced 20-25%. This assumes good prac-
tice, adequate section thickness, and freedom from carbide network in the case.

^international Nickel Co.

Treatment Tomporoturts
1

Forging
Annealing
Normalizing
Carburi zing
Quenching -

Industry value*, appro x.

1950-2250F
1575-1625
1600-1750

1700

As Quonehed Rockwell Hordness

Treatment: 1700F, 8 hrs, Furnace Cooled
Reheated to 1550F, Quenched in

agitated oilagi

Dlam
l/2 in,
1 in.

2 in.

4 in.

Center

C43
C25
B97
B93

Midway
C43
C27
C22
B95

Surface

C43
C29
C23
C22

Rockwell "C" Core Hordness 1

Treatment: Quenched in oil at 1700F
Sice of
Round % Radius 72 Radius Canter

lin.

2in,

3 in.

36
28
22

31
22.5
18

30.5
21

15.5
1
Ryerion. Aver values. Teat conditions
Rounds treated as shown and tested for

core hardness. Grain size 5-8.

Oil Quonchod and Tomperod

400 600 800 1000 ) 200 1400

TfMWtWG TlMHtATUM. f

Source International Nickel Co. Aver values.
Test conditions: 1 in. bars quenched in oil from
1 52 5- 15 75 F, drawn as shown.

Technological Properties

Machinability Rating (On basis of B1112 100)
Cold drawn to 170-217 BHN 60%. (ASM, Metals
Handbook)

End-Quench Hordenobility

COOUNG MATE IN DfG P ffI SfCONO

DISTANCE FftOM WATB COOifO END Of SUNOAftD
AR M WCHCS

Source Ryerson.
size - 5-8.

Aver values. Grain

(Continued on page 262)

261



262



Oi.mlcol Composition
1

C Mn P S Si Ni Cr Mo

.28-.33 .70- .*90 .040 max .040 max ,20-.*35 ,40-.*70 ,40-.60 ,15-.*25

1
A1SI

Characteristics. Very similar to steel 4130.

Usts. Is used for aircraft engine mounts on account of good properties when
normalized in light sections and its air hardening after welding. Is used for

connecting rods, engine bolts and studs, shapes and tubing.

8TEBL1, AI9!

8630

Technological Propertie*

Machinability Rating (On basis B1112 - 100)
Mill annealed to 179-229 BUN - 65% (ASM
Metals Handbook)

(Continued on fmge 264)

263



TIELI, Am

8630

(Continued from page 263) End-Quench Hardenoblllty

As Quenched Rockwell "C" Hordntss

Treatment: 1600F, air cooled, 1550F, water quench
Size Tested: 1 in. discs cut from mid-length

Source - Bethlehem Steel Co. Single heat

results. Carborized at 1700F. Composition:
(2330) .31C, .70Mn, ,26Si, 3.46Ni, .03Cr,

,05Mo. (4130) .31C, .54Mn f .27Si, ,l4Ni,

l.02Cr, .l7Mo. (8630) ,30C, ,80Mn,

.27Si, .65Ni, ,48Cr, .18Mo. Gram
size: 6-8 for all three steels, a*

tOUfVAUNT HARDNffSS AT CENTER Of ROUND IA*
QUfMCMIO W AGITATO Qfl, (HOS MAMfTM)

I J 3 4

Diatn

1 in.'

2 in.

4 in.

Center

47
43
30
22

Midway

49
48
31
25

Surface

52
52
51
47

Quenched and Tempered
130

Wottr Quenched and Tempered

400 600 BOO 1000

TEMPERING TEMPERATURE f

"* Source: Bethlehem Steel

Co. Single heat values. Com-
position: -30%C, .80%Mn,
.0187.P, .024%S, .27%Si,

,65%Ni, .48%O, .18%Mo. Grain
Size: 6 8. Test Conditions:

0.930 in. bars normalized at

1600F, quenched in water from

1550F, drawn as shown. Tested
as 0.505 in. bars.

1734 3

fCXXVAllNT MAON SS AT CfHTH OP ROUND RAR
QUENCHfO IN AGITATED WATER (NCHfS DUMCTER)

End-Quench Hardengbillty
COOIING KATE IN OfG f PER SECOND

DISTANCE FROM WATER COOVED END OF STANDARD
IAR IN INCHES

Source Ryerson. Aver values.

Grain Size - 5-8

Treatment Temperatures
1

Forging 2000-2250F

Annealing 1500-1600
Normalizing 1550-1650

Quenching 1500-1550

'industry values, approx.

I Quenched and Tempered

Source Republic Steel Corp.

Approx values. Test conditions:

I in. bars normalized at 1600 F,

quenched from 1525F in water,
drawn 1 hr as shown. Tested as

0.505 in. bars. The maximum
section for which these properties
can be expected is 1,5 in.

Source International Nickel*-
Co. Aver values. Test conditions:

1 in. bars quenched from 1525-
1575F in oil, drawn as shown.

400 600 100 1000

TEMPERING TEMHRATURI. t
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nd-Quench Hardenobillty Bond
TEELi, Altl

8625H

Chemical Composition

C Mn Si Ni Cr Mo P S
% % % % % % % %

.22-.29 .60-.95 .20-.35 ,35-.75 ,35-.65 .15-.25 -l -l

1P and S we 0.040 max in open hearth iteel and 0.025 max in electric

furnace eteel. AISI.

DISTANCE FROM QUENCHED END OF SPECIMEN (INCHES)

'Note Theee valuee are to be used when points are selected and specified.

>/4 Vt v. i iii m i'/4 2

DttTANCf MOM QUENCHED END Of SKCIM1N (INCHES)

Chemical Composition

C Mn Si Ni Mo P S

,25-.32 .60-.95 .20-.35 .35-.75 .35-.65 .15-.25 -l -1
JP and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. AISI.

'Note These values are to be used when points are selected and specified.

STEELi, Altl

End-Quench Hardenability Band

8630H

Chemical Composition

C Mn Si Ni Cr Mo

.27-.34 .60-.95 .20-.35 .35-.75 .35-.65 .15-.25 -1 -1
1P and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. AISI.

MsTANCI FROM QMNCNID MD SPECIMEN (NCHE8)

'Note These values are to be ueed when points are selected and specified.
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8632H

End-Quench Hordanablllry Band

Chemical Composition

C Mn Si Mo
%

.30-.37 .60-.95 .20-.35 .35-.75 .35-.65 .15-.25 -l - l

1P and 8 are 0.040 max In open hearth steel and 0.02S max in electric

furnace steel. AIS1.

DBTANCt 9*0* OUfNCHtt MD OF SKOMtN (MOfS)

'Not* These value* are to be used when point m are selected and specified.

DISTANCE ROM OUCNCHfO IND Of SPKIMCN (t<HS)

'Note These values are to be i}sed when points are selected and specified.

WSTANCl MOM OUtNCHfD IND O* SPECIMEN (MCHI&)

'Note These values are to be used when points are selected and specified.
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8640

Effect of Moss

190

Tempered of 100OF Effoet of Mass

330

Tempered at 120OF

Test Conditions: Sizes shown
were quenched in oil and drawn
as shown. Tested as 0.505 in.

bars. Above l!> in. the test bars
were taken from the mid-radius

position.

400 600 800 1000

TEMPERING TfMPCRATUftE

DIAMETER OF SECTION (INCHES)

(Continued on page 266V
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8640

(Continued from page 267)

Characteristic*. Compares favorably with most low alloy, 0.40%C steels and

develops greater hardness and strength than 8130.

Uses* Knuckles, propeller shafts, transmission gears, spline shafts.

Technological Properties

Machinability Rating (On basis B1112 - 100)
Mill annealed to 179-229 BUN - 60%

Quenched and Tempered

End-Quench Hardenobtlity

COOilNO RATE IN KG F PM SECOND

OtfTAMCI MOM WAIM COO4EO END Of tTANDAtO
lAt IN MCHfS

Source Ryerson. Aver values. Grain
Size 5-8

Source Republic Steel *

Corp. Approx values. Test Con-
ditions: 1 in. bars normalized at

1600 F, quenched from 1525F in

oil, drawn Ihr as shown. Tested
as 0.505 in. bars. The maximum
section for which these proper-
ties can be expected is 1.4 in.

Treatment Temperatures
1

Forging 2000-2250F
Annealing 1475-1575
Normalizing 1550-1650
Quenching 1475-1550

Industry values. Approx

TB1L8, Alii

8640H 8641H

Chemical Composition

C Mn Cr Mo

8640H ,37-.45 .70-1.05 -1
.20-. 35 .35-.75 .35%65 .15-.*25 -1

8641H ,37-,45 .70-1.05 .040-.060 .20-.35 .35-J5 .35-.65 .15-.25 - l

P.Mid B are 0.040 max in open hearth steel and 0.025 max in electric furnace eteel. AISI.

End-Quench Hardenobility Band

'/4 li \* 1 l 4 11* !*> J

DISTANCE OM QUENCHED END Of SPECIMEN (INCHES)

'Not* Th** values * to be used when point* are selected end specified.
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End-Quench Hordenablllty
COOUNO IATI IN OfC F PW SKONO

DISTANCE FtOM WATER COOtEO END Of STANDAKO
Aft IN INCHES

Scarce Ryerson. Aver values. Gram
size - 5-8.

Treatment Temperatures
1

Forging 2000-2200F
Annealing 1475-1525
Normalizing 1575-1625
Quenching 1500-1525

*Ryer*on. Aver. Grain size, 5-8

mitt, AIM

8642

Chemical Composition
1

C Mn P S

.40-.*45 .75-1.00 .040 max .040*
1
AJSI

Si Ni Cr Mo

.20-'.35 .40-.*70 .40-'.60 .15-.25

End-Quench Hordenoblllty Band

8TEEL8, AISI

8642H

DtSTANCE MOM OUCNCKEO END Of SAKHMCN (INCHES)

Chemical Composition

C Mn Si Ni Cr Mo P S
% % % % % % % %

40-.48 .70-1.05 .20-.35 .35-.75 ,35-.65 .15-.25 -1 -l

1P and S are 0.040 max in open hearth steel and 0.02S max in electric

furnace steel. AISI.

NOTE These values are to be used when points are selected and specified.
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8645H

End-Quench Hordenobillty Bond

Chemical Composition

C Mn Si Ni Cr Mo P S
% % % % % % % %

.42-.50 .70-1,05 .20-.35 .35-.75 .35-.65 .15-.25 -l - l

SP and S are 0.040 max in open hearth steel and 0.025 max in electric
furnace eteel. AIS1.

i:

DISTANCE O* OUfNCHfO END Of SKCIMCN (INCHIS)

'Note These values are to be used when points are selected and specified.

'Note These values are to be used when points are selected and specified

'Note These values are to be used when points are selected and specified.
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Chemlcol Composition
1

C Mo P S Si Ni Cr Mo
% % % % % % % %

.48X53 .75-1.00 .040 max .040 max .20-.35 .40-.70 .40-.60 .15-. 25
1
AI8I

Characteristics. A popular alloy spring steel of good properties with high hard-
ness and good surface.

Uses* For sections from 1 to 2 in. die higher carbon B660 is used. Also used
for rear axle shafts.

End-Quench Hordenobtltty

COOiINO RATf IN DfO F KR SECOND

888*8988 2 2.N ., * 2 Treatment Temperatures*

Forging 2000-2250F
Annealing 1450-1550
Normalizing 1V75-1650
Quenching 1475-1525

'industry value*. Approx.

DISTANCE FROM WATER COOLED END OF STANDARD
lAft IN INCHES

Source Ryerson. Aver values. Grain
size - 5-8.

Technological Properties

Machinability Rating (On basis B1112 - 100)

Mill annealed to 183-241 BHN - 50% (ASM,
Metals Handbook)

Crltieol Points

ACl 1340F Ar, 1240F
Ac, 1400 Afl 1100

TBSt*. Attl

8650

Quenched and Tempered

400 600 tOO

TCMffKING TCMKRATUM, I
1

Source Republic Steel Corp, Approx. Test con-
ditions: 1 in. bars normalized at 1600 F, quenched
from 1500F in oil, drawn as shown. Tested as
0.505 in. bars. The maximum section for which
these properties can be expected is 2.0 in.
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8655H

Chemical Composition

C Mn Si Ni Cr Mo

.50-.60 .70-1.05 .20-.35 .35-.75 .35-.65 .15-.25 - 1 -l

1P and S are 0.040 max in open hearth steel and 0.025 max in electric

furnace steel. AISI.

End-Quench Hordenablllty Band-

DtSTANCf MOM QUENCHfO INO Of SKCIMIN (NCHfS)

'Note These values are to be used when point* are selected and specified.

STEELS, AISI

8660H

Chemical Composition

C Mn Si Ni CT Mo

.55-.65 .70-1.05 .20-.35 .35-.75 .35-.65 .15-.25 - l - l

*P and 8 are 0,040 max in open hearth steel and 0.025 max in electric

furnace steel. AISI.

End-Quench Hordenobility Band

Vi K W 1 H,, IVi 1V< 9

OOTANCe rlOM OMNCHfO CNO OF SfKWMM (MCHfS)

1Note These values arc to be used when points are selected and specified.
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Characteristics. Very similar to 8620 though its greater hardeoability
makes it better suited to larger sized parts.

Usos. Differential pinions, ring gears, side gears, steering worms,
transmission gears in the automotive industry, un pump parts to resist

wear) rock bit cutters, etc. Another use is for spline shafts.

Comprossivo Strength
1

The permissable compressive stress for case-hardened gears, bearings
and races is 180M psi for intermittent loading. For constant mesh load-

ing this value should be reduced 20-25%. This assumes good practice,

adequate section thickness, and freedom from carbide network in the

case.

'international Nickel Co.

8720

Technological Proportios

Cold drawn to

100) 170*217 BHN
60%
(ASM Metals
Handbook.)

MACbin ability Racing
(On basis of B1112 -

End-Quanch Hordanobility
EQUIVALENT HARDNESS AT CENTER Of ROUND IAR
QUENCHED IN AGITATED OIL (INCHES DIAMETER)133 4

1334 5

EQUIVALENT HARDNESS AT CENTER OF ROUND BAR
QUENCHED IN AGITATED WATER (INCHES DUMfTER)

Source Bethlehem Steel Co.

Single heat results. Analysis:
(4620) .17%C, .50%Mn, .26%Si,
1.86m, .12%Cr, .28%Mo. (8720)

.22%C, .90%Mn, .30%Si, .48%Ni,

.52%Cr, ,22%Mo. Carbunzed gram
size at 1700F = 6-8.

Traotmant Tamparatura*

Forging
Annealing
Normalizing
Carbun zing
Quenching

1950-2250F
1575-1625
1650-1750
1650-1700

End-Quonch Hordonobi I Ity

COOtING RATE IN DEO f SECOND

DISTANCE MOM WATER COOtED END Of STANDARD
IAR IN INCHES

Source: Ryerson. Aver results.
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8735

End-Quench HordenabUlty
COOUNO RAU M MO F ftl SCCONO

888? 398 8 2 2<,.K<> 3

K v* ^ i iv in P/S 2

OttTANCI MOM WATM COOiED END Of STANDAtO
IAD M INCHES

Source: Ryerson, aver values* Grain size 5-8.

Treatment Temperatures
1

Forginc 2000-2 2OOF
Anneafin* 1475*1525
Normalizing 1575*1625
Quenching -oil 1 500-1575

'itjrsrson

Characteristics. Similar to 8630 and 8640.

Uses. Knuckles* aircraft engine bolts and studs, shapes, tubing.

Technologicol Properties

Machinability Rating Mill annealed

(On basis of B1112 to 179-229 -

100) 65%
(ASM Metals

'

Handbook.)

ITltLt, AMI

8720H

Chemical Composition

C Mn

.17-.24

Si

60-.95

Ni

P

if

Cr Mo

2CK35 .35-.75 -35-65 .20-.30
!Tbs P and B are 0.040 max in open hearth steel and 0.025 max in electric
furnace steel. Alffi

End-Quench Hordenability Band

DttTANCI >OM QUfHCHEO END OF SPECIMEN (INCHfS)

These values are to be need when points ere selected and specified.
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8740

Quenched ond Tempered

390

Characteristics. Similar co 4140.

Uses. Knuckles, connecting rods, propeller shafts, transmission gears,
rear axle and trailer shafts, tool joints, bits, core drills, reamer bodies,
drill collars, piston rods, pump parts, aircraft engine bolts and studs,

shapes and tubing.

End-Quench Hardenobility

COOUNG RATf N DIO f ft* SKONO

83*8988 2 2K *

Source: Bethlehem Steel '

^>
Co. Single heat values. Com-
position: .39%C, 1.00%Mo,
.012%P, .017%S, .25%Si,
.53%Ni, .527.O, .28%Mo.
Grain Size: 6 - 8. Test Con-
ditions: 0.565 m. bars normal-
ized at 1600F, quenched from

1525F in agitated oil, drawn
as shown. Tested as 0.505 in.

bars.

'/ vt */* ' tu m i% 2

DISTANCE FffQM WATER COCXEO END Of STANOAtt
Aft IN MCHfS

Source: Ryerson, aver values. Grain size 5-8.
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, AISI

8740

End-Quench Hord.nobility

COmVAttNT MAIONCSS AT CIMTEft Of tOUNO A*
OUfNCMK) M AGITATfD OH (NCHfS PUMfTM)

K*J*MtHl HMONIU AT CINTH Of ROUND ftAR

) M AOITATfO WATfl (MCHfS CMAMITH)

Tr*otmnt Tmprature*
1

Forging 2000-2200F

Ung 1475-1525
Normalizing 1575-1625

Quenching -oil 1500-1575

RycrBon

urce Bethlehem Steel Co. Single
heat results. Analysis: .40C oil-

hardening grades (4140) .41%C,
.85%Mn, ,20%Si, ,12%Ni, 1.01%Cr,
,24%Mo. (8740) .40%C, .95%Mn,
.25%Si, ,55%Ni, .55%Cr, .25%Mo.
Grain size 6-8, carburized at 1700F.

(Continued from page 275)

Oil Quenched Rockwtil *C Hordn.i.

Treatment: 1600F, Air Cooled 1525F, Oil

Tower Quenched.
Size Tested: 1 jn. discs cut from midlength.

Cntr Midway Surface

(Vi in. diam) 56 56 57
(1 in. diam) 54 55 56
(2 in. diam) 45 49 52
(4 in. diam) 36 37 43

Technological Properties

Machmability Rating Mill annealed

(On basis of B1112 = to 179-229
100) BHN * 60%

(ASM Metals
Handbook.)

STEELS, AIII

8735H
End-Quench Hordenability Bond

'/ h J/i 1 1*4 '
(
J P 2

DISTANCE nOM OUCNCHfD (NO Of SPfiCIMEN (NCHfS)

The a* value* are to be ueed when point* are eeiected and specified.
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OH Qusnchad and Tmpr*d OH Quinchsd, Tt>mpts>d at 800F

* Source: International Nickel
Co. Aver values. Test conditions:
1 in. sections quenched from
1 500-1 550F in oil, drawn as
shown.

TIMPCRNO TIMKtATUM,

OH Quanchad, Tamparad at 1000F

Effect of Mass. Source: k

International Nickel Co., aver
values. Test conditions: sec*

tions l
/2 to 2 in. inclusive

quenched from 1500- 155OF in

oil, over 2 in. to 4 in. inclusive

quenched from 1525-15 75 F in oil.

sections over 4 in. quenched
from 15 50- 160OF in oil, drawn
as shown. For sizes over 1 in.

the properties represent the

half radius position.

2345
DUMCTEft Of SKTON (NCH$)

OH Quanchad, Tamparad of 1200F

t S 4 9 a 7

OMMffalOf HCTIOW QNCMt)
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tTMLt, Alt!

8742

(Continued from pogt 277) End-Qiranek Hardonabillty

COOUNG IATI N OfO. t PW SKONO

Characteristic*, Similar to 8740 with greater strength and hardness.
In smaller sizes, similar to 8642.

Vi H * ' t'/4 IVi 1* 2

08TANCI HO* WA1W COOUO INO OP STANDARD
IAD M INCHES

Source: Ryerson, aver values. Grain Size 5-8

This* valutt arc to ba used whan points are selected and specified

These values are to be used when points are selected and spacified.
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BTlELt. AMI

8750

End- Quench Hordeoabillty
EOUTVAIENT HARDNESS AT CENTER Of ROUND tAR
OUCNCHIO N AdTATIO O* (INCHIS DIAMETER)

1

End-Quench HoreUnobility
COOLING RATE IN DEO F PCR SCCOND Treatment Temperatures

Forging 2000-2200F

Annealing 1450-1500
Normalizing 1575-1625
Quenching -oil 1500-1575

1)3 4 S

EQUIVALENT HARDNESS AT CENTER Of ROUND IAR
QUENCHED IN AGITATED WATER (INCHES DUMfTER)

Source- Bethlehem Steel Co. Single heat
results. Analysis, .50C, oil-hardening

grades. (4150) .50%C, .76%Mn, .21%Si,

DISTANCE FROM WATER COCHED END Of STANDARD
AR IN INCHES

Source: Ryerson, aver values. Grain size 5-8.

size at 1700F 90% 7-8. (8750)
.20%Ni,.95%Cr, .219&Mo, carburlzed grain

.5l%C,
.80%Mn, ,24*Si, .53%Ni, .

grain size 6-8. (9850) .51%C, .84%Mn,
,25%Si, 1.05%Nt, .88%Cr, .24%Mo, grain
size 5-8.

(Continued on page 280)
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mitt, AMI

8750
Quenched and Tempered

(Continued from page 279

Technological Properties

Machinability Rating
(On basis B11 12 -100)

Mill annealed to

183-241 * 50%
(ASM Metals
Hanabook.)

Aa Qtfich*d Rockwtll -C" Hardness

Treatment; 1600 F, Air Cooled 1479 F, Oil
Tower Quenched

Sice Tested! 1 in* discs cut from mid-length.

Center

am) 61
1 fn. diam) 57
2 in. diam) 52
4 in. diam) 38

Midway

61
58
53
39

Surfact

61
58
53
42

Source: Bethlehem Steel
Co. Single heat results. Com-
position: .51%C, .80%Mn,
.018%P,.0195SS, .24%Si, .53%Ni,
.52%Cr, .25%Mo. Grain Size:
6-8. Test Conditions: 0.530
in. bars normalized at 1600F,
quenched from 1475F in

agitated oil, drawn as shown.
Tested as 0.505 in. bars.

&250

i

I.

io IMS ie

TtiLI, Alt!

8745H End-Quench Hordenobllity Band

V* V> / \ 1' 4 I'j P 4 J

DISTANCE FROM QUfNCHCD fNO Of SKCIMIN (NCHIS)

These vlu *r to b us< d when pointi r selected end specified
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End-Quench Hordenobility Band

17*1

% "> J
I 1

(

4 Hj JJ, J

DISTANCE WOM QUENCHED END Of SftCIMEN (INCHES)

STBtLt, AJfl

8747H

These veluei are to be ueed when points are selected and specified,

End- Quench Hardanobility Band

DISTANCE FROM QUENCHED END OF SKCIMCN (INCHES)

TBILt, Altl

8750H

These values are to be used when points are selected and specified.
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Criticol Points1

Ac* 1410F Ax, 1330
Ac> 1480 An 1270
lBethlehem Steel Co.

miu, AMI

9255

Characteristic* and Uses: Similar to 9261 though with

slightly less hardenability.

Quenched and Tempered

As Quenched Rockwell "C" Hardness

TreatmcDt: 1650 F, Air Cooled, 1625 F Oil
Tower Quenched

Size Tested: 1 ID. discs cut from mid-length

Center Midway Surfnee

58 59 61
48 55 57
33 37 52

y-t in. diam
1 in. diara

2 in. diam
4 in. diam 27 1

/, 31
1

/, 35
l/?

Source: Bethlehem Steel ^>
Co. Single heat results. Com-
position: .58%C, .78%Mn,
.020%P, .024%S, 2.00%Si,
,08%Ni, .08%Cr, Mo nil. Grain
Size: 6-8. Test Conditions:
1 in. bars normalized at 1650F,
quenched from 1625Fin agitated
oil, drawn as shown. Tested as
0.505 in. bars.

End Quench Hardenobllity

EQUIVALENT HARDNESS AT CENTER Of ROUND IAR

OUINCHED IN AGITATED OH (INCMK DIAMETER)
\ ? 3 4

? 3 4 5

EQUIVALENT HARDNESS AT CENTER Of ROUND IAR
QUENCHED IN AGITATED WATER INCHES DIAMETER)

" Source: Bethlehem Steel

Co. Single heat results. Anal-

ysis: (9255) .55%C .70%Mn,
1.95%Si, ,08%Ni, .08%Cr, Tr
Mo, (9261) .59%C, .80%Mn,
1.96%Si, .02%Ni, .23%Cr, Tr
Mo. Carburized grain size at

1700F: (9255) 6-7, (9261) 6-8.

200 400 600 800 1000 IMO H
TEMPERING TIMWRATUm. F
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STEELS, Alt!

9260 9261 9262

Treatment Temperatures

Steel 9260

Forging 2000-2200F
Annealing <Ac t , 1525-1575

Normalizing 1600-1650

Quenching Oil - 1575-1625

Crltieot Point.

Ac, 1440F
Ac 1490

Ar 1345F
Ar 1330

'Bethlehem Steel Co.

Chemicol Composition
1

C Mn Si

9260 .55-.65 .70-1.00 .040 max .040 max 1.80-2.20
9261 .55-.65 .75-1.00 .040 max .040 max 1.80-2.20 .10-.25
9262 .55-.65 J5-1.00 .040 max .040 max 1.80-2.20 .25-.40

'ABI

Characteristics. These are alloy steel spring steels, oil-

hardening type. The chromium additions give greater harden-

ability for heavier sections.

Uses. These steels are used for heavy duty service.

Quenched ond Tempered

Technological Properties

Machinability Rating
(On basis 81112 = 100)

9260- mill annealed to

187-255 BHN = 45%
(ASM Metals Handbook.)

As Quenched Rockwell "C" Hardness

Treatment- 1600 F, Air Cooled 1575 F Oil
Tower quenched

Size Tested 1 in. discs cut from mid-length

Center Midway Surface

$in. diam 63 63 63
1 in. diam 62 62 62
2 in. diam 50 55 60
4 in. diam 37 38 42

BOO 1000

TEMPERATURE F

* Source: Bethlehem Steel

Co. Single heat results. Com-
position: ,59%C, .80%Mn,
.0125SP, .020%S, 1.96%Si,
.02%Ni, .23%Cr, Mo nil. Grain
Size: 6-8. Test Conditions:

0.565 in. bars normalized at

1600F, quenched from 1575F
in agitated oil, drawn as
shown. Tested as 0.505 in.

bars.

Source: Bethlehem Steel R*

Co. Single heat results. Anal-

ysis: (9255) .55%C .70%Mn,
1.95SSi, .08%Ni, .08%Cr, Tr
Mo, (9261) .59%C, .80%Mn,
1.96*.Si, .02%Ni, .23%Cr, Tr
Mo. Carburized > grain size at

1700F: (9255) 6-7, (9261) 6-8.

End Quench Hardenobllity

eOUtVAtENT HARDNESS AT CENTER Of ROUND IAR
OUCNCHEO IN AGITATED Oil (INCHES DIAMETER)

a 30

123 4 5

EQUIVALENT HARDNESS AT CENTER Of ROUND IAR
QUENCHED IN AGITATED WATER (INCHES DIAMETER)
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End Quench Hordenability Band

rrttu* AMI

9260 H

Chemical Composition

C Mo Si

.55-.65 .70-1.05

P S
% %

1.70-2.20 -' -
1 P and S are 0.040 max in open hearth steel and
0.025 max in e lettrie furnace steel. ABSI

DISTANCE FROM QUENCHED END Of SPECIMEN (INCHES)

These values are to be used when points are selected and specified.

End Quench Hordenability Band

STEELS. Alt!

9261 H

DISTANCE FOM QUENCHED END o* SPECIMEN (INCHES

Chemical Composition

C Mn Si Cr P S
% % 7. % % %

0.55-0.65 0.70-1.05 1.70-2.20 .05-.35 -' - 1

1 P and S are 0.040 max in open
electric furnace steel. AISl.

hearth steel and 0.025 max in

These values are to be used when points are selected and specified.
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STBELt, AMI

9262 H

Chomlcol Composition

C Mn Si O
.55-.65 .70-1.05 1.7O-2.20 .20-.50 -' - f

'P and 8 are 0.040 max in open hearth steel and 0.025 max
in alaetric furnace ttael. AISI

End Quonch H ordanability Bond

V* 4 ',4 I 1'4 I'J 1>4 2

DISTANCE ROM OUfNCHED END OF SMCIMEN (INCHES)

Tha valu* ar to be used when point* are elected and specified
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Chemical Composition (MSI)
C Mn P S Si Ni Cr Mo

.08-.13 .45%65 .025 'max .025 max .20-.35 3.00-3*.50 1.00-1.40 .08-.15

TIlLi, AMI

E9310

Cheroeteristics. An electric furnace steel for case hardening, similar to the 3300
grades and is a deep hardening steel.

Uses. Typical use is aircraft gears.

End Qu.nch Hordanability Bend (T.ntotive)

EQUIVALENT HARDNESS AT CENTER Of ROUND ftAR

QUENCHED IN AGITATED Oil (INCHES DIAMETER)123 4

Treatment Temperetwra*

Forging
AnnealingAnnealing
Normalizing
Carburizing
'Collected.

2200F max
1525-1575
1625-1725
1700

EQUIVALENT HARDNESS AT CENTER OF ROUND ftAR

QUENCHED IN AGITATED WATER (INCHES DIAMETER)

^ Source Bethlehem
Steel Co. Single heat results.

Analysis: (3310) .10%C,
.55%Mn, .22%Si, 328%Ni,
1.45%Cr, ,07%Mo, Gram size

6-8; (9310) .11%C, .53%Mn,
.29%Si, 3.19%Ni, 1.23%Cr,
,ll%Mo, Grain size 5-7. Car-

burized at 1700F.

As Quanchsd Rockwtll "C" Hordntts

Treatment: 1700 F, 8 hrs Fire cooled
1450 F Quenched in Agitated Oil *

No Draw

/? in. diam
1 in. diam
2 in. diam
4 in. diam

Center

38
37
32
29

Midway
40

38
35
30

Surface

40
40
38
31

(Continued on page 288)
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ffTlELS, AMI

E9310
1 Quench

(Continued from page 287)

015 020
PR CENT CARBON

Source: International Nickel Co. Representative
values. Steels - 9310, 9315, 9317. Test Conditions.

1 in. bars, psuedo-carburized at 1650- 1700 F, direct

quench into oil, drawn at 300 F.

8T1ELS, A1SI

E9315 E9317

Crltico

AC
'

Ac.

9317

At
s

Ar'

Vitrntionl Nickel Co.

1300F
1455

1290
800

Chemical Composition (AlSl)

C Mn P Si Ni Cr Mo

9315 .13-.18 .45-.65 .025 max .025 max .20-.35 3.00-3.50 1.00-1.40 .08-.15

9317 .15-.20 .45-.65 .025 max .025 max .20-.35 3.00-3.50 1.00-1.40 .08-. 15

Characteristics. Similar to 3315, for heavy duty service.

Uses. Used for shafts, spline shafts, differential drive pinions etc.

Cote Hardened Properties See 9310 (above)
lor core properties for 0.15 and 0.20% C.

Technological Properties

Machinabiluy Rating

(On basis B1112 = Cold drawn to 179-

100) 229 BHN ~ 40%.

(ASM Metals Hand-

book.)

Compressiv* Strength

Permissible compressive stress for gears, bearings, and races is 21 5M psi for inter-

mittent loading. This value should be reduced by 20-25% for constant mesh loading.
Good practice is assumed, with adequate section thickness and freedom from carbide

network in the case.
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End- Quench Hordenoblllty Bond

STBtLt, Altl

9437 H

Chemical Composition

C Mn Si Ni O Mo
% % % % % %

.35-.43 .85-1.25 .20-.35 .25-.65 .25-.55 .08-.15
1 P and S are 040 max in opn hearth steel and 025 max in electric furnace tttel. A IS I.

P
%

DISTANCE FROM OUfNCMfD END Of SKCIMfN (INCHfS)

lThese values ar to be used when points are selected and specified

End Quench Hordenobility Bond

t >. i r. t'j P. 2

DISTANCE FROM OUENCHIO END OF SPKIMEN (INCHES)

8TEKL8, Altl

9440 H

These values are to be ueed when points ere selected end specified.

289



rrwtLf, AMI

NE9450

Quenched and Tempered

no looo

TIMfCRINC TtMPHATURf, f

Test Condition!: 0.530 in. bars normalized at

1600F, quenched in agitated oil from 1500F,
drawn a! hown. Tested as 0.505 in. bars.

End-Quench Hardenability Band (Tentative)

EOUtVAlENT HARDNESS AT CENTER Of ROUND IAI

QUENCHED IN AGITATED OH (INCHES DUMfTEf)
1 2 3

DISTANCE fOM QUENCHED END (INCHES)1234 5

EQUIVALENT HARDNESS AT CENTED Of ROUND BAR
QUENCHED IN AGITATED WATER (INCHES DIAMfTER)

Source Bethlehem Steel Co. Single heat

results. Analysis. .50 Carbon, oil-harden-

ing grades (6152) .49%C, .78SMn, .29%Si,

.18%Ni, 1.00%Cr, Tr Mo, .ITfoV. CTtam

size 6-8. (94SO) ,S1%C, 1.34%Mn, ,23%Si,

.47%Ni, .45%Cr, ,10%Mo. Grain size 6-8.

Carbunzed at 1700F.

TBBLI, Alfl

9442H
End Quench Hardenability Band

P. 2

DttTANCI FROM QUfNCHfD END Of SPECIMEN (INCHES)

'These valuee are to be used when point e are eelected and specified*
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Quenched and Tempered
330

TCILS* ton

9440 9442

JOO 400 600 BOO 1000 1JOO 1400

TEMPfKINO TEMKRATUII '

Source: Bethlehem Steel Co. Single beat values.

Composition: .39%C, 1.06%Mn, .017%P, .018KS,
,28%Si, .39%Ni, .32%Q, .ll%Mo. Grain Size -
6-8. Test Conditions: 0.530 in. bars normalized
at 1600F, quenched from 1525F in agitated oil,
drawn as shown. Tested as 0.505 in. bars.

As Quenched Rockwell "C" Hardness

Treatment: 1600F, Air Cooled 1525F, Oil Tower Quenched
Size Tested: 1 in. discs cut from mid-length

Center Midway Surface
1A m. diam 53 54 56
1 in. diam 39 45
2 in. diam 26 33
4 in. diam 21 23

51
41
28

(Continued on page 393)
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TOILS, AIM

9440 9442

IOUIVAUNT HAMNISS AT CENTtt OP IQUNO IAI
OUENDCD M AGITATO Oft (MCHU MAMfTH)173 4

(Continued from page 291)

Oil Quenched and Tempered

End-Quench Hardenobillty

Source - Bethlehem Steel Co* Single
heat results. Analysis: .40C, oil-

hardening grades (1340) .43%C,
1.70%Mn, .23%Si, .03%Ni, .02%Ct,
Tr.Mo.(3140).39%C,.76%Mn..25%Si,
1.20%Ni, .65%Cr, ,08%Mo. (9440)

.39%C, 1.06%Mn, .28%Si, .39%Ni,
,32%Cr. .ll%Mo. Grain size, carbur-

ized at 1700F, 6-8.

1734 S

EOMVAICNT KAtONCSS AT CENTH Of ffOUNO lAfl

OUENCHH) M ACITATfD WATER {MCHiS DiAMETtl)

Oil Qunchd, Temprd of 800F

300 400 600 800 1000 t JOO 1400

TEMMftlNG TEMMftATlMt f

Source: International Nickel Co. Aver values. Test
Conditions: 1 in. sections quenched from 1525*
1 5 75F in oil, drawn a shown.

Oil Qunchd, T*mprd at 10OOF

Effect of Mass Source:

International Nickel Co. Aver
values. Test Conditions: Sec-

tions to 2 in. inclusive quenched
from 1525-1575F, oven 2 in. to

4 in. inclusive from 1550-1600F,
and over 4 in. from 15 75- 1625 F
in oil, drawn as shown. In sizes

over 1 in. the values represent
. the midway position.

7343
DIAMETER OF SECTION (INCHES)

Oil Quenched, Tempered ot 1200F

DUMETM Of MCTION (MCHISt 0*AArr OF SKTION (INCHtS)
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Characteristics'. Boron Treated 94T40. Fine

grained and normal.

'Source: 8AE Report on Investigation of Boron
Treated Steels, January 1948.

Hordsnabiliry. The depth of hardening was
1.8 times that of 9440.

rritLt, AJSI

94T40

Flald Tests. Axle shafts made of 94T40 were
found in field tests to compare favorably with
the steels regularly specified, 2345 and 8645.

Experience in Fabrication. Steel 94T40 was found to forge satisfactorily and to respond
properly to an annealing cycle of heating to 15OOF, holding 2 hr, cooling to 11 80-1 2OOF,
holding 5 hr, and air cooling. The hardness was 207-217 BHN. In machining 94T40 was

comparable to the production steels 4145, 8645, and 9445*

Torsional Fatigue Tests
1

Stress
M psi

35
40
45
50
60
70
BHN

94T40

135,415
62,884
43,911
41,432
24,959
12.571
444

8949

Cycles to Failure

Steel
3240

113,000
40,000
37,000
27,500
19,000

191,060
101,000
80,000
37,000
14,000

401-444

61SO

143,500
101,000
53,000
27,500
9,000

4340

47,000
29,000
24,000
22,500
11,000

388-415 402-430
1
Test Conditions: 1*4 in. diem shafts, oil quenched and drawn
to 444 BHN. Torsional fatigue tests were run at 30 complete
per minute: the values are the averages of three tests. Typic
are given for other steels for comparison.

at 900F
reversals
al values

Impact Tests

Steel

94"T40
94T40
4145
8640
9445

Aver No, of Blows
to Failure

13
10.5

13.5
11

10.7

Re Hard
Surface Center

36.3
38.4
40
37.7
39.2

37.2
39.7
39
36.7
39.5

'Test Conditions: Torque rod end pins were tested with a 40-
pound hammer falling 7 feet onto the ball end. This produced a
shock load through the threaded section nearest the shoulder of
the pin.
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TtELI, Alii

9445H
End Quench Hordonobility Bond

WSTANCf NOM QUtNCHIO fNO Of SKCIMEN (INCHES)

'Th* v !' r to b ud when points r l*ct*d and apecified.
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Choroctarlstlcs ond U. Very similar to 4340
with lower nickel and slightly higher manganese.

Gitlcol Points
1

A
C| 1360F

1425
1250

800-1100

1
Industry valuta.

mitt, Aiti

9840

Mechanical Properties

Form or Condition

Ban Annealed 1

15OOF
Normalized* 16OOF

8tel Co.

SBS

207
331

Oil Qu.nched, Ttmp.r.d ot 800F End*Qu*nch Hordenobility

0)2345
DIAMETEt OF SCCTON (INCHES)

Oil Qunchd, Tmp0rd ot 1000F

350

Effect of Mass. Source:
International Nickel Co. Aver-

age values. Test Conditions;
Sections to 2 in. inclusive

quenched from 1525-1575F,
over 2 in. to 4 in. inclusive

quenched from 1550-1600F,
over 4 in. quenched from

1575-1625F in oil, drawn as

shown. For sizes over 1 in.

the values represent the
* midway position.

80UTVAUNT HAftONttS AT CENT* Of SOUND IM
QUfNCHfO IN AOftATfD Ot (MCHB MAMflK)

'/ h >4 t t'/4 m 1*4

|

OtttAHCt MOM QUCNCMtO fMO (JMCHC8)1234 i

fOUIVAlfNT HAJIONESS AT CfNTft Of OUNO IAI
QUCNCHEO IN AGITATED WATfft (MCHfS OiAMETfR)

Source - Bethlehem Steel Co. Single heat
results. Analysis: .40C oil-hardening

grades. (4340) .41%C, .67%Mn, .26%Si,
T.77%Ni, .76%Ct, ,26%Mo. (4640) ,40%C,
.71%Mn, .24%Si, 1.83%Ni, .16fcCr, .28%Mo.
(9840) .40%C, .907.Mn, .25%Si, 1.02W1,
.84%Cr, .26%Mo. Grain size 6-8, carburized
at 1700F.

Oil Qu.nch.d, Tmprd ot 12OOF

350

OMMTBI Of HCTION (WCHW)
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rrtiu, Am

9840

(Continued from page 295)

Technological Proportion

Mftchinability Rating
(On basis of B1112 = 100)

Annealed for

machining 57%

Quenched and Tempered Oil Qwonchod ond Tomporod

*- Source: Bethlehem Steel

Co. Single heat results. Com-

position: *40%C, .90%Mn,
.036%S, .25%Si, 1.02%Ni,
.84%Cr, .26%Mo. Grain Size -
6-8. Test Conditions: 1% in.

bars normalized at 1600F,

quenched from 1525F in agitated
oil, drawn as shown. Tested as

0.505 in. bars.

Source: International
Nickel Co. Average values,

Test Conditions: 1 in. sec*

tions quenched from 1525-

1575F in oil, drawn as shown.

200 400 600 800 1000 1200 1400

TEMPERING TEMPERATURE F

Tomporod at 120OF

Source: Republic Steel Co.

Approximate values. Test Con-
ditions: Bars in sizes shown,
oil quenched and drawn as,
shown. For sizes over 1% in.

the values represent the mid-
radius position. Tested as

0.505 in. bars.

MAMfTK Of StCTON (MCHfS) OUMETfR Of SECTION (MCNtS)
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STEILS, A1I

9850

Treatment Temperatures

Forging 2250F max
Annealing 1475-1700

Normalizing 1575-1700

Quenching 1475-1525

'Republic Steel Corp.

Technological Properties

Machinabihty Racing
(On basis of B1112 = 100)

Annealed for

machinability =

50% (Industry
value approximate)

End-Quench Hordenability

Source: Bethlehem Steel

to. Single heat results. Analy-
sis, .50C, oil-hardening

grades: (4150) .50%C, .76%Mn,
.21%Si, .20%Ni, .95%Cr,
,21%Mo. Carbunzed grain
size at 1700F, 90%, 7-8.

(8750) .51%C. ,80%Mn, .24%Si,

53%Ni, .52%Cr, .25%Mo. Grain

size 6-8. (9850) .51%C,
.84%Mn, .25%Si, 1.05%Ni,
.88%Cr, .24%Mo. Grain size

5-8.

EOUIVAlfNT HASONCSft AT CINTfi Of tOUND A*
OUfNCHEO M ACITATfO OK (MCHtS DIAMETER)

>* I IV. }Vt I**

INSTANCE *iOM QUEMCHEO fMD (INCNES)

I f 3 4 5

fOMVAUNT HARONI$S AT CfNTCI Of SOUND IAR
OUfiNCNfO IN AOITATtD WATH (MCHfS OiAMtUt)

Quenched and Tempered Oil Quenched end Tempered

+ Source; Bethlehem Steel

Co. Single heat results. Com-

position: .51%C, .86%Mn,

.022%P, .020%S, .22%Si,
1.06%Ni, .90%Cr, .24%Mo. Grain

Size - 5 - 8. Test Conditions:

0.530 in* bars normalized at

1600F, quenched from 1475F
in agitated oil, drawn as

shown. Tested as 0.505 in.

bars*

Source: Republic Steel

Corp. Approximate values. Test
Conditions: 1 in. bars normal-

ized at 1600F, quenched from

1500F in oil, drawn as shown.
Tested as 0.505 in. bars. The
maximum section for which
these properties can be ex-

pected is 3.5 in.

400 600 MO 1000

TfMPfftINO TfMfMATUtf f

297



TBBU, AIM

9763

QuncKd ond Tempered

End-Quench Hordenobility

EQUIVALENT HARDNESS AT CENTER OF SOUND AR
QUENCHED IN AGITATED Oil (INCHES DIAMfTER)123 4

Test Conditions: 0.530 in. bars normalized at

1600F, quenched from 1475F in agitated oil,

drawn a* shown. Tested as 0.505 m. bars.

1234 3

EQUIVALENT HARDNESS AT CENTER OF ROUND BAR
QUENCHED IN AGITATED WATER (INCHES DIAMETER)

Source Bethlehem Steel Co. Single heat.

Analysis Spring Grades (4063) .64%C,
.87%Mn, ,25%Si, .0495N1, .15%Cr, ,25%Mo.
Gram size 6-8. (9763) ,63%C, ,67%Mn,
.20%Si, .59%Ni, .25%Cr, ,19%Mo. Gram
size, 70%, 6-8. Carburized at 1700 F.
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(These data relate to spectrographically pure copper or to copper which is

equal to or higher in purity than commercial electrolytic copper)

COPPER ALLOYS, WROUGHT

PURE Copper

Technological Properties .

Melting point 1083.0 0.1 C or 1981.4 0.2 F f

Boiling point 2595C or 4700F

Values for spectrogrephically pure copper.

Physical Properties

Density, at 20C or 68F

Specific heat, cal/gm at

20C or 68F

Volume conductivity,
% of standard copper

Mass conductivity, % of

standard copper
Electrical resistivity,

microhm/ cm* at 20C or 68F
Electrical resistivity,
ohms/meter gm at20Cor68F

Temp coef of electrical

resistivity, microhm/cm*/ C
at 20C or 68F

Temp coef of electrical

resistivity, ohms/meter gm/C
at 20C or 68F

0.324 Ib/cu in. (8.96 S.G.)'The
density decreases 0.028% by
50% reduction in drawing.

0.092 The specific heat in-

creases linearly to 0.115 at the

melting point.

103.06% '

102.3%

1.6730''
2

0.14983
1' 2

Thermol Conductivity

Cal/cmVcm/C/ sec at 20C 0.9411 0.0051

Btu/ftVft/hr/ ^F or 68F 228

The thermal conductivity decreases linearly to
about 0.75 at the in.p.

0.0068

0.00060

Values for spectrographically pure copper.
The electrics] resistivity increases about linearly to about

11 microhm/cm3 at the m.p.

Coef of Thermal Expansion
Temp Range
20Cor68F 16.5

9.16 xlO'V'F
0-300C or 32-572F L, = L

[l t (16.23< + 0.00483**) * 1(T]

Mechonieol Properties
'

Form or Condition

Values are approximate

Tensile Blong
Strength 2*
M psi %

32 45

For properties of copper of commercial purity,
see Electrolytic Tough Pitch Copper and De-
oxidized Copper.

Choracteristlcs. Yellow Brass has the combina-
tion of high strength and ductility, and has ex-
cellent cold working properties with fair hot

working properties.

Uses. Cartridge cases and ammunition com-
ponents, and is also used for radiator cores and
tanks, reflectors, flashlight shells, lamp fixtures,
bases for incandescent lamps, sockets and screw
shells, eyelets, fasteners, pins, rivets, springs,
various stampings, tubes, etc.

COPPER ALLOYS, WROUGHT

YELLOW Brass

Technological Properties

Melting point solidus 1660F or 905C
hquidus 1710For930C

Hot working temp usually hot extruded

Annealing temp 800-1 300F or 425-700C

Physical Properties

Density, at 68F
Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, annealed
Electrical resistivity,

microhm/cm^ at 68F
Electrical resistivity,

ohms/mil ft, at 68F

0,306 Ib/cu in. (8.47 S.G.)
0.09/C

27%

6.4

38

Thermal Conductivity

Cgs units at20C
Btu/ftVft/hr/ F at 68F

0.28
67.7

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.3 x 10'V
11,3
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COPPER ALLOYS, WROUGHT

ELECTROLYTIC TOUGH

PITCH Copper

Technological Properties

Melting point solidus 1949F or 1065C
liquidus 198 IF or 1083C

Hot working temp 1400-1600 F or 750-875C
Annealing temp 700-1 200F or 375-650C, in neutral

or oxidizing atmosphere
Recrystallizatioo temp

Weldability

Soldering
Brazing
Riveting

Varies considerably with composi-
tion) grain site, amount of cold re-

duction, and time of holding at

temperature* As an example, a pure
copper which had been cold reduced
75% required 350F to recryatallize
in 19 nun. and only 225F for 24 hr.

A tough pitch copper, reduced 69%
recrystallized in 30 min. at about

"435F. The first effects of softening
are observed 25-50 degrees F lower.
No simple value can be given but
the usual annealing treatment re-
sults in the soft condition.
Not too satisfactory though it is

done by electrical fusion and resis-
tance methods.
Good
Good
Use copper

Chemical Composition
This grade is specified as 99*9% Cu + Ag. By agreement silver may be

specified up to 30 oz/ton, 0.102%, silver being counted as copper in

the analysis. Additional notes follow:

O s 0.01 -0.07%, with nominal, 0.04%
Pb * should be under 0.005% for hot rolling
Others may be present in small amounts

Choracter! sties* Copper combines very good conductivity for electricity
and heat, and corrosion resistance with good ductility, formabihty, and
moderate strength.

Uses. Electrical wiring, transmission lines^
bus bars, contacts, switches

and electrical equipment, roofing, building fronts, down spouts and

gutters, flashing, screens, gaskets, radiators, ball floats, burrs, cotter

pins, nails, rivets, tacks,
kettles, pans, chemical eq

, , , ,

soldering coppers, copper plating anodes,
uipment, printing rolls, rotating bands, etc.

Physlcol Properties

Density
Specific heat, cal/gm at 68F
Volume conductivity, at 68F,

referred to copper standard
Electrical resistivity,

microhm/cm* at 68F
Temp coef of electrical

resistivity, at 68F
Electrical conductivity vs cold

work, at 68 F

Velocity of sound, in ft/sec
at68F

Latent heat of fusion, cal/gm

0.321-0.323 Ib/cu in. (8,89-8.94 S.G.)
0.092 (also see pure copper)

101% annealed

1.71, annealed

0.00392/C

Drops from about 102% to about 98% for

95% reduction in area

12,700
50.6

Thermal Conductivity

Cal/cmVcm/ C/ sec at 20C 0.934, for copper of

101% electrical conductivity* Also see pure copper
Btu/rV/ft/W at 68F 226

Coef of Thermal Expansion
Temp Rang*

20-300C or 68-572F 17,7 x 10'V
9.82 x 10"V

l*t
~U [l + (1623 * IP'*/ + 483 x 1Q

Modulus of elasticity, E in M pai 17,000 (Probably decreas
with cold work)

Poi sson's ratio 0.33 .01

Dampening capacity Relatively high
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COPP1R ALLOYS, WROUGHT

Characteristics. Phosphorus deoxidized copper contains a

small residual of P. This improves its properties and
characteristics for hot and cold working but detracts from

its electrical conductivity.

Uses. Household gas lines, heater lines, oil burner tubes,

plumbing lines, refrigerators, condenser, evaporator, and

heat exchanger tubes, steam and water lines, tubes for the

dairy, distilling, brewing, and paper industries, air, gas,

oil, and hydraulic lines and oil coolers for engines and

machinery, rotating bands, etc.

Physkol Properties

Density, at 68F
Specific heat, cal/gm at 68F
Volume conductivity, % of

standard copper
Electrical resistivity,
microhm/cm1 at 68F

Electrical resistivity,

ohms/mil ft at 68F
Temp coef of electrical

resistivity, 20-200C or 68-392F

Electrical resistivity vs cold
work

0.323 Ib/cuin. (8.94 S.G.)
0.092

85%

2.03

12.2

0.002 198/C for 0,042% P
0.003/C for 0.02% P

about 1% increase with 84%
reduction

DEOXIDIZED Copper

Technological Properties
Melting point

Recrystallization temp

Machinability index,
free cutting brass = 100

Hoc working temp

Annealing temp
Workability
Weldability

Soldering
Brazing
Riveting

1981F or 1083C
See comments under tough pitch
copper. See Fig 2, p 908, Metals
Handbook.

20
1400-1600F or 750-875C
700-1200F or 375-650C

Excellent, hot or cold

Satisfactory by oxyacetylene
and carbon-arc methods. Resis-
tance methods are used under

special conditions.
Good
Good
Use copper rivets

Thermo! Conductivity
Cal/cmVcm/'C/sec at 20C 0.81

Btu/ftVft/hr/Fat68F 196

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 17.7 x 10"VC
9.82 x 10'VF
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COPPER ALLOYS. WROUOMT

WROUGHT Brass

Technological Property
Melting point

Recrystallization temp

Machinability index

Hot working temp
Annealing temp
Weldability

Soldering
Brazing

solidus 1920F or 1050C
liquidus 1950F or 1065C
700F or 370C, approx., for

material reduced 50% and

grain size 0.01 5-0.070 mm
initially.
20, with free-cutting brass
-100
1400-1600F or 750-875C
800-1450F or 425-800C

Fair, by carbon arc

Good, by oxyacetylene
welding
Good
Good

Characteristics. Gilding metal has excellent

forming properties, both hot and cold, with a

yellow color.

Uses* For coins, medals, novelties, jewelry,
bullet jackets, firing pin supports, base for

enamel, etc.

Physlcol Properties
Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity, % of Cu,

at 68F
Electrical resistivity,

microhm/cm' at 68 r
Electrical resistivity,

ohms/mil ft at 68F
Temp coef of electrical

resistivity, at 68F

0.320 Ib/cu m.(8.86S,G.)
0.09 per C

56%

3.1

18.5

.00231/C

Thermal Conductivity
Cgs units at 20C
Btu/ft/ft/hr/F 135

Coef of Thermal Expansion
Temp Range

25-300C or 77-572 F 18.1 x 10"VC
10.0 x 10-6/F

Modulus of elasticity, E in M psi 17,000
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COPPER ALLOYS, WROUGHT

Characteristics* Commercial bronze has very good working properties,

especially cold.

Uses. Grill work, screen cloth, weather stripping, etching bronze,

escutcheons, kick plates, line clamps, marine hardware, rivets, screws,

primer caps, rotating bands, costume jewelry, compact cases and the

like, ornamental trim, base for enamel, etc.

COMMERCIAL Bronze

Technological Proportlos
Melting point

Recrystallization temp

Hot working temp
Annealing temp
Weldability

Soldering
Brazing
Machinability index

solidus 1870F or 1020C
liquidus 1910F or 1045C
About 700F or 370C, for 37%
cold reduction with 0.050mm
initial grain size

1400-1 600F or 750-875C
800-1450F or 425-800C

Fair, by carbon arc

Good by oxyacetylene
Good
Good
20, with free cutting brass"100

Physical Properties
Density, at 68F
Specific heat, cal/gm at 68F
Volume Conductivity, % of

Cu, at 68 F, annealed
Electrical resistivity,

microhm/cm3 at 68F
Electrical resistivity,
ohms/mil ft, at 68F

Temp coef of electrical

resistivity, at 68F

0.318 Ib/cu in. (8.80 S.G.)
0.09

44%

3.9

23.5

0.00186/C

Thermal Conductivity
Cgs units at 20C 0.45
Btu/ft*/ft/hr/F at 68F 109

Coef of Thermal Expansion
Temp Rang*

25-300C or 77-572F 18.2 x 10"VC
10.1 xlO'V'F

Endurance limit, spring temper, 0.040 in. thick

Endurance limit, hard wire at 0.080 in.

Modulus of elasticity, E in M psi

21 M psi, 15 x 10' cycles
23 M psi, 10 x 10 T

cycles
17,000
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COPPKR ALLOY*. WtOUOHT

RID Brass

Technological Properties
Melting point solidus 1810F or 990C

liquidus 1880F or 1025C
Recrystallizacion temp About 660F or 350C for sheet of

0.035 initial grain size, reduced
50%
30, basis of free cutting brassMachioability index

Hot working temp
Annealing temp
Weldability

Soldering
Brazing

1450-1650F or 800-900C
800-1350F or 425-725C

Fair, with carbon arc

Good, with oxyacetylene
Good
Good

Characteristics. Red Brass has good hot working properties, and
excellent cold working properties.

Uses. Architectural trim, weather strip, and etching parts, electrical

conduit, sockets, etc., fire extinguishers, eyelets and fasteners,
condenser and heat exchanger tubes, flexible hose, pickling Crates,

plumbing pipe, pump lines, radiator cores, plumbing traps, etc.,

costume jewelry, compact cases, etc., tags, dials, etc.

Physical Properties
Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, at 68 F, annealed
Electrical resistivity,

microhm/cm* at 68F annealed 4.7
Electrical resistivity,
ohms/mil ft, at 68F annealed 28

Temp coef of electrical

resistivity, at 68F 0.00 167 t

0.3l61b/cuin. (8.75 S.G.)
0.09/ T
37%

Thermal Conductivity
Cgs units at 20C 0.38

Btu/ftVft/hr/F at68F 92

Coef of Thermal Expansion
Temp Range

25-300C or 77-572F 18.7 x 10"VC
10.4 x 10-/F

Endurance limit, 1/8 hard rod
Modulus of elasticity, E in M pai
Creep Strength (See Fig 3,p 913

Metals Handbook

20 M psi, 30 x 10
7

cycles
17,000
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Characteristics. Low Brass has excellent hot work-
ing properties, with fair cold working properties*

Uses* Ornamental metal work, spandrels, etc.,

battery caps, musical instruments, bellows, clock

dials, flexible hose, pump lines, tokens, etched

articles, etc.

COPPER ALLOYS, WtOUOHT

LOW Brass

Technological Properties

Melting point solidus

liquidus
Recry stall ization temp

Machinability index

Hot working temp
Annealing temp
Weldability

Soldering
Brazing

1770For 965C
__, 1830ForlOOOC
About 750F or 400C for strip of

0.060mm initial grain size, after

37% reduction.

30, on basis of free cutting brat*
=100
1500-1650F or 825-900C
800-1 300F or 425-700C

Fair, by carbon arc

Good, by oxyacetylene
Good
Good

Phyilcol Properties
Density, at 68F
Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, at 68 F, annealed
Electrical resistivity,
microhm/cm8 at 68F

Electrical resistivity,
ohms/mil ft, at 68F

Temp coef of electrical

resistivity, at 68F

0.313 lb/cu in. (8.67 S.G.)
0.09/C

32%

5.4

32

0.00154/C

Thermal Conductivity

Cgs units at 20C 0.33

Btu/ft*/ft/hr/F at68F 81

Coef of Thermal Expansion
Temp Rane

25-300C or 68-572F 19.1 * KrVC
l0.6xlO-/F

Modulus of elasticity, E in M pai 16,000
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COPPER ALLOY*, WROUGHT

LEADED COMMERCIAL

Bronze

Chemical Composition
Cu Zn

Rod

Pb Fc
% % % %

87.50/90.50 rest 1.25/2.25 .10 max

Technological Proportion

Melting point sohdus 1850F or 10 IOC
liquidus 1900F or 1040C

Hot working temp Usually hot extruded

Annealing temp 800-120OF or 425-650C

Machinability 80 on basis of free cutting
brass -100

Characteristics. Leaded Commercial Bronze has

greatly improved machinability.

Uses. Screw machine parts, screws, pickling

crates, etc.

Physical Properties

Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, annealed
Electrical resistivity,

microhm/cm^ at 68F
Electrical resistivity,
ohms/mil ft, at 68F

0.319 lb/cu in. (8.83 S.G.)
0.09/C

42%

4.1

25

Thermal Conductivity

Cgs units Q at 20C 0.43
Btu/ftVft/hr/Fat68F 104

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 18.4 x lO'VC
10.2 x 10"VF

COPPER ALLOYS. WROUGHT

LOW LEADED

Brass

Chemical Composition
Cu Zn Pb Fe
% % % %

Sheet 62.5/66.5 rest .30/.70 .10 max

Technological Properties
Melting point solidus 1650F or 900C

liquidus 1760F or,925C
Hot working temp Usually hot extruded

Annealing temp 800-1 300F or 42 5-700C
Machinability 60 on basis of free cutting

brass = 100

Characteristics* Low leaded brass has very
good machioability.

Uses* Various hardware parts, watch hooks, etc.

Physical Properties

Density, at 68F
Specific heat, cal/gm at 68 F
Volume conductivity, % of

Cu, annealed
Electrical resistivity,
microhm/cm1 at 68F

Electrical resistivity,
ohms/mil ft, at 68F

0.306 lb/cu in. (8.47 S.G.)
0.09/C

26%

6.6

40

Thermo) Conductivity

Cgs units at 20C 0.28

B?u/ftVfVhr/ F at 68F 67.5

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.3 * lO"'/ C
11.3 x 10"VF
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Characteristic*. Cartridge brass has the combination of high strength
and ductility, and has excellent cold working properties with fair

hot working properties.

Use*. Cartridge cases and ammunition components, and is also

used for radiator cores and tanks, reflectors, flashlight shells,

lamp fixtures, bases for incandescent lamps, sockets and screw

shells, eyelets, fasteners, pins, rivets, springs, various stampings,
tubes, etc.

COPPER ALLOW, WHOUOHT

CARTRIDGE

Brass

Technological Proprt!
Melting point

Recrystallization temp

Machinability index

Hot working temp
Annealing temp
Weldability

Soldering
Brazing

solidus 1680F or 915C
liquidus 1750F or 955C
About 660 F or 350C for 0.045mm
initial grain size and 50% reduc-
tion

30 on basis of free cutting brass
.100
1350-1550For 725-850C
800-1400F or 425-750C

Fair, by carbon arc

Fair, by electric resistance

Good, by oxyacetylene
Good
Good

Modulus of elasticity, E in M psi 16,000

(Continued on page 308)
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COPPER ALLOYS. WROUGHT

CARTRIDGE

Brass

(Continued from page 307)

Thermal Conductivity

Cgs units at 20C 0.29
Btu/hVft/hr/F at 68F 70

Co*)f of Thermal Expansion
Temp Range

25-300C or 77-572 F 19.9 x 10'V C
11. 1 x 10"/F

Equation, 20-300C
L

t L [1
+ (17.75* * 0.00653**) x 10"]

Physical Properties
Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity. % of

Cu, at 68F, annealed 28%
Electrical resist, microhm/cm9

at 68F, annealed 6.2
Electrical resist, ohms/mil ft

at 68 F, annealed 37
Temp coef of electrical

resistivity, at 68F 0.001484/C

0.308 Ib/cuin. (8.53S.G.)
0.09/C

COPPER ALLOYS. WROUGHT

Muntz Metal

Technological Properties

Melting point sohdus 1650F or 900C
liquidus 1660F or 905C

Hot working temp 1150-1450F or 625-800C

Annealing temp 800-1 100F or 425-600C

Characteristics. Muntz Metal has good resis-

tance to corrosion and hot working properties,

Uses. Architectural trim, nuts and bolts, con-
denser plates, tubing for condensers, evapor-
ators, and heat exchangers, valves, hot

forgings, brazing rod, etc.

Physical Properties
Density, at 68F
Specific heat, cal/gm at 68 F
Volume conductivity, % of

Cu, annealed
Electrical resistivity,
microhm/cm1 at 68F

Electrical resistivity,
ohms/mil ft, at 68F

0.303 lb/cu in (8.39 S.G.)
0.09/C

28%

6,2

37

Thermal Conductivity

at 20C 0.29U
F at 68F 70.3

Cgs units

Dtu/ftVft/hr/
'

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.8 x 10'*/C
11.6xlO-VF
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COPPBK ALLOYS, WROUGHT

LOW LEAPED

Brass ITubeJ

Characteristics. Low Leaded Brass (Tube)
has improved machinability over non-leaded
brass with moderate cold working properties.

lisas* Primers for ammunition, pump lines,

J-bcnds, etc.

Technological Properties
Melting point solidus 1660F or 905C

liquidus 1720F or ?40C
Annealing temp 900-1 200F or 425-650C
Hot working temp Is usually extruded

Machinability 60 on basis of free cutting
brass 100

Physical Properties

Density, at 68F
Volume conductivity,
% of Cu, annealed

Electrical resistivity,
microhm/cm* at 68r

Electrical resistivity,

ohms/mil ft, at 68F

0.307 Ib/cu in, (8.50 S.G.)

26%

6.6

40

Thermal Conductivity

Cge units . at 20C 0,28
Btu/ftVft/hr/ F at 68F 67.7

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.2 x i<rVC

Chemical Composition
Cu Zn Pb Fe
% % % %

Sheet 62,5/66.5 rest .75/1.25 .10 max

Uses* Hardware, butts, gears, nuts, rivets,

screws, dials on instrument plates, engravings, etc.

COPPER ALLOYS, WROUGHT

MEDIUM LEADED

Brass

Technological Properties

Melting point solidus 1630F or 885C
liquidus 1700F or 925C

Hot working temp Usually hot extruded

Annealing temp 800- 12OOF or 42 5-650C
Machinability 70, on basis of free cutting

brass = 100

Physical Properties

Density, at 68F
Specific heat, cal/gm at 68F
Volume conductivity,
% of Cu, annealed

Electrical resistivity,

microhm/cm3 at 68F
Electrical resistivity

ohms/mil ft, at 68F

0.306 Ib/cu in. (8.47 S.G.)
0.09

26%

40

Thermol Conductivity

Cgs units Q at 20C 0.28
Dtu/ftVft/hr/ F at 68F 67.7

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20,3 x 10
-'/C

_______ 11.3 x 1Q-VF
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COPPER ALLOYS, WROUGHT

HIOH LEADED

Brass

Technological Properties

Melting point solidus 1630F or 885C

Chemical Composition
(Nominal)

Cu Zn

62.5 33.75

Pb
7.

1J5

Uquidus 1670F or 910C
Hot working temp Usually hot extruded

Annealing temp 800- 11OOF
Macbinability 90, on basis of free cutting

brass ** 100

Uses. Clock plates, nuts, clock and watch backs,

gears, wheels, and channel plates.

Physicol Properties

Density, at 68F
Electrical resistivity,
microhm/cm* at 68F

Electrical resistivity,
ohms/mil ft, at 68F

0.306 lb/cu in. (8.47 S.G.)

6.6

40

Thermol Conductivity
Cgs units at 20C 0.28

Btu/ftVft/hr/F at68F 67

Coef of Thermal Expansion
Tetnp Range

20-300C or 68-572F 20.3 x 10'VC
11.3 x 10'VF

COPPER ALLOYS, WROUGHT

FREE CUTTING

Brass

Technological Properties

Melting point sohdus 1630F or 885C
liquidus 1650F or 900C

Hot working temp 1 300-1450F
Annealing temp 800- 11OOF

Characteristics. Free Cutting Brass has the

highest machinability rating of the brasses
and bronzes.

Uses. Gears and pinions, hardware, and parts
made on high speed screw machines.

Physical Properties
Density, at 68F
Electrical resistivity,

microhm/cm* at 68F
Electrical resistivity,

ohms/mil ft, at 68F

0.307 lb/cu in. (8.50 S.G.)

6.6

40

Thermol Conductivity
Cgs units at 20C 0.28

Btu/ft*/ft/hr/F at68F 67

Modulus of elasticity, E in M psi 14,000

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.5 x 10"VC
11.4 x HTV'F
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Characteristics. Naval Brass is well suited to forming operations, both hot
and cold.

Uses* Condenser plates, marine hardware, propeller shafts, piston rod and
valve stems, airplane turnbuckle barrels, and welding rod.

COPPER ALLOYS, wTrOUOHT

Naval Brass

Technological Properties
Melting point so lidus

Hot working temp
Annealing temp
Machinability

1630F or 885C
liquidus !650For900C
1200-1500F or 650-825C
800-1100F or425-600C

30, on t

brass *
basis of free cutting"

Thermal Conductivity

Cgs units at 20C 0.28
Btu/ft

2/ft/hr/F at68F 67

Coef of Thermol Expansion
Temp Range

20-300C or 68-572F 21.2 x 10
-VC

11.8 x 10-
6/F End. Lt., as rod, cold drawn 11.5% 15 M psi at 30 x 107 cycles

Modulus of elasticity, E in M psi 15,000

Physical Properties
Density, at 68F
Electrical resistivity,

microhm/cm^ at 68F
Electrical resistivity,
ohms/mil ft, at 68F

0.304 Ib/cu in. (8.41 S.G.)

6.2

38

Chemical Composition
(Nominal)

Cu Zn Pb

60 39.5 0.5

COPPER ALLOYS, WROUGHT

LEADED

Muntz Metal

Uses* Condenser tube plates.

Thermol Conductivity
Cgs units at 20C 0.29
Btu/ftVft/hr/F at68F 71

Technological Properties
Melting point solidus 1630F or 885C

liquidus 165OF or 900C
Hot working temp 1150-1450F or 625-800C
Annealing temp 800-1 100F or 425-600C

Coef of Thermol Expansion
Temp Range

20-300C or 68-572F 20.8 x 10'VC
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COPPER ALLOYS, WROUGHT

Forging Brass
Characteristics* Forging Brass has very good
machinability.

Uses* Forging* and pressings.

Technological Properties
Melting point solidus

liquidus
Hot working temp
Annealing temp
Machinability

1620F or 882C
_, 1640For893C
1200-1500F or 650-825C
800-1 100F or 425-600C

80, on basis of free cutting
brass 100

Thermal Conductivity
Cgs units at 20C 0.28

Btu/ft/ft/hr/F at68F 69

Coef of Thermol Exponsion
Temp Range

20-300C or 68-572F 20.7 x 10"VC
11.5 x 10-$/F

COPPER ALLOYS. WROUGHT

ARCHITECTURAL

Bronze

Technologicol Properties
Melting point solidus 1610F or 875C

liquidus 1630F or 890C
Hot working temp 115CM350F or 625-725C

Annealing temp 800- 11OOF or 425*6000
Machinability 90, on basis of free cutting

brass 100

Chemical Composition
(Nominal)
Cu Zn p b

57 40 3

Uses. Architectural trim, for hardware such
as butts, hinges, and lock bodies, and for

industrial forgings.

Physical Properties
Density, at 68 F
Electrical resistivity,
microhm/cm 3

at68F, annealed 6.2
Electrical resistivity,
ohms/mil ft, at 68F, annealed 37

0.306 lb/cu in. (8.47 S.G.)

Thermal Conductivity
Cgs units at 20C 0.29
Btu/ftVft/hr/Fat68F 71

Coef of Thermol Expansion
Temp Range

20-300C or 68-572F 20.9 x 10'VC
11.6 x 10-/F
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COPPUt ALLOY*. WROUGHT

LIADEO

Naval Brass

Chorocteristics. Leaded Naval Brass is suited to forming by hot

extrusion, hot forging, pressing, and machine.

Uses. Marine hardware and screw machine products.

Physical Properties

Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, at 68F, annealed
Electrical resistivity,

ohms/cir mil ft, at 68F, annealed

0.305 lb/cu in. (8.44 S.G.)
0.09/ C

26%

40

Technological Properties

Melting point sohdus
liquidui

Hot working temp

Annealing temp
Machinabihty

1630F or 885C
1650F or 900C

1200-1400F or 650-750C
800-1 100F or 425-600C

70, on basis of free cutting
brass - 100

Thermal Conductivity
Cgs units at 20C 0.28

Btu/ftVft/hr/F at 68F 67

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 21.4 * 10'VC
11.8 x 10-'/F

Characteristics. A free machining brass.

Uses. Screw machine products.

Physical Properties

Density, at 68F
Electrical resistivity,
microhm/cm8 at 68F, annealed

Electrical resistivity,
ohm/mil ft, at 68F, annealed

Chemical Composition
(Nominal)

Cu Zn Pb

60.5 38,4 1.1

0.304 lb/cu in. (8.41 S.G.)

6.4

38

COPPER ALLOYS. WROUGHT

FREE CUTTING

Muntz Metal

Technological Properties
Melting point sol idus 1630F or 885C

liquidus 1650F or 900C
Hot working temp 1150-1450F or 625-800C

Annealing temp 800-11OOF or 425-600C
Machinability 70, on basis of free cutting

brass = 100

Thermal Conductivity
Cgs units at 20C 0.28

Btu/ftVft/hr/F at68F 69

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.8 * 10" V
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COPPER ALLOYS, WROUGHT

MANGANESE

Bronze

Technological Properties
Melting point solidus 1590F or 865C

liquidus 1630F or 890C
Hot working temp 1150-1450F or 625-750C

Annealing temp 800-1 100F or 425-600C
Machinability 30, on basis of free cutting

brass * 100

Physical Properties

Density, at 68F

Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, at 68F, annealed
Electrical resistivity,

ohms/cir mil ft, at 68F, annealed

Charocteristics* Manganese bronze is suited to forming by hot forging, pressing, hot

heading, and upsetting.

Uses* Clutch discs, pump rods, shafting, valve stems, welding rod, etc. It has good
resistance to corrosion.

0.308 Ib/cu in. (8.53 S.G.)
0.09/C

24%

43

Thermal Conductivity
Cgs units at 20C 0.26

Btu/ft
2/ft/hr/F at68F 61

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 21.2 x 10-VC
11.8 x 10-/F

COPPER ALLOYS, WROUGHT

ALUMINUM

Brass

Technologicol Properties

Melting point solidus 1710For935C
liquidus l'780For975C

Hot working temp 1400-1600F or 750-875C

Annealing temp 800-1 100F or 425-600C
Mmchinability 30, on basis of free cutting

brass - 100

Chemical Composition
'

Cu Zn OthersAl Pb Fe

Tube 76.00 mm rest 1.75/2.50 .075 max .06 max .10 max

'ASTM

Chorocteristics. Aluminum Brass is suited to forming by hot extru-

sion, cold drawing and cold rolling* It has good corrosion resistance.

Uses* Condenser, evaporator, and heat exchanger tubes, distiller

tubes and ferrules.

Physical Properties

Density, at 68F
Specific heat, cal/gm at 68F
volume conductivity, % of

Cu, at 68F, annealed
Electrical resistivity,

ohms/mil ft, at 68F, annealed 45

0.301 Ib/cu in. (8.33 S.G.)
0.09/C

25%

Thermal Conductivity
Cgs units at 20C 0.24

Btu/ftVft/hr/F at68F 58

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 18.5 x 10"VC
10.3 * 10-/F



Chemical Composition
1

Cu Sn Pb Fe Zn Sb

Sheet, I

Wire or > rest 3.5/5.8 .03/.35 .05 max .10 max .30 max .01 max
Rod 1

'ASTM

com* ALLOY*. WKOUOHT

5X - GRADE A

Phosphor Bronze

Technological Properties

Characteristics. Phosphor Bronze is relatively strong and corrosion resis-

tant and is well suited to various cold forming operations.

Uses. Beater bars, bridge bearing plates, bellows, Bourdon tubing, clutch

discs, cotter pins, diaphragms, fuse clips, fasteners, lock washers, sleeve

bushings, springs, switch parts, truss wire, wire brushes, chemical hard-

ware, perforated sheets, textile machinery, welding rods, etc. This alloy
is hot short.

Melting point

Annealing temp
Machinability

Weldability

Soldering
Brazing

olidus 1750For 950C
liquidus 192OF or 10300
900-1250F or 475-675C
20, on basis of free cutting
brass 100
Good by oxyacetylene, car*
bon arc, and electric reels*
tance
Good
Good

Physical Properties

Density, at 68F 0.320 Ib/cu in. (8.86 S,G.)

Specific heat, cal/gm at 68F 0.09/C
Volume conductivity, % of

standard copper at 68F 18%
Electrical resistivity,

microhm/cm" at 68F 9.6

Thermal Conductivity

Cgs units at 20C 0. 19

Btti/ftVft/hr/F at 68F 46

Coef of Thermal Expansion
Temp Rang*

20-300C or 68-572F 17.8 x 10'VC
9.9 x 10*VF
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COPPER ALLOW, WROUGHT

Admiralty Metal

Technological Proportion
Melung point solidus

liquidus
Hoe working temp
Annealing temp
Machinability

1650F or 900C
1720For935C

1200-1450F or 650-800C
800-1 100F or 425-600C

30, on basis of free cutting
brass * 100

Characteristics* Admiralty Metal is suited to hot rolling and extrusion,
and to cold rolling and drawing, and is superior to brass in certain cor-

rosive conditions.

Uses. Condenser and heat exchanger tubes, condenser tube plates, distiller

tubes and ferrules.

Physical Properties

Density, at 68F
Specific heat, cal/gm at 68F
Volume conductivity, % of

Cu, annealed
Electrical resistivity,

ohms/mil ft, at 68F, annealed 42

0,308 lb/cu in, (8.53 S.G.)
0.09/ C

24.65%

Thermal Conductivity
Cgs units at 20C 0.26
Btu/ft/ft/hr/F at68F 64

Coef of Thermal Expansion
Temp Range

20-300C or 68-572F 20.2 x 10*VC
11,2 x 10~VF

Modulus of elasticity, E in M psi 15,000

flfi



COPPIR ALLOYS, WROUGHT

8X - GRADE C

Phosphor Bronze

Choroc tori sties ond Uses. Same as Grade A, but stronger.'

Phosphor Bronze is relatively strong and corrosion resistant and
is well suited to various cold forming operations.
It is used for beater bars, bridge bearing plates, bellows,
Bourdon tubing, clutch discs, cotter pins, diaphragms, fuse

clips, fasteners, lock washers, sleeve bushings, springs, switch
parts, truss wire, wire brushes, chemical hardware, perforated
sheets, textile machinery, welding rods, etc. This alloy is

hot short.

Technological Properties
Melting point solidus

liquidus

Annealing temp
Machinability index

Weldability

Soldering
Brazing

1620 F or 880 C
1880 F or 1020C
900-1250 For 475-675 C
20 (Free cutting brass * 100)
Good by oxyacetylene, car

bpn arc, and electrical re-

sistance
Good
Good

Physical Properties
Density, at 68 F 0.318 Ib/cuin. (8.80 S.G.)
Specific heat, cal/gm at 68 F 0.09/C
Volume conductivity, % of standard Cu 13%
Electrical resistivity, microhm/cm

8
at 68 F 13

Thermal Conductivity

,

at 20C 0.15
F at 68F 36.3

Cgs units
Btu/ft/ft/hr/

Coef. of Thermal Expansion

Temp Range
20-300C or 68-572F 18.2 x 10"VC

10.1 x l<rVF
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COPPER ALLOYS. WROUGHT

10X - GRADE D

Phosphor Bronze

Technological Properties
Melting point solidus

hquidus

Annealing temp
Machinabtlity index

Weldebility

Soldering
Brazing

1550 For 845 C
1830 F or 1000 C
900-1250 For 475-675 C
20 (Free cutting brass = 100)
Good by oxyacetylene, car-

bon arc, or resistance
Good
Good

Characteristics and Uses. Grade D Phosphor Bronze is

limited in cold-forming properties but is used for parts

requiring good resistance to wear and corrosion, heavy bars

and plates subjected to severe compression, bridge plates,

expansion plates and fittings, and parts requiring extra

spring qualities, resiliency, and fatigue strength.

Physical Properties
Density, at 68 F 317 Ib/cum. (8.78 S.G )

Specific heat, cal/gm at 68 F 0.09/C
Volume conductivity, % of Cu 11% (free cutting

brass = 100)

Electrical resistivity, microhm/cm
9
at 68 F 16

Thermal Conductivity

Cgs units _ at 20C 0.12
Btu/ftVft/hr/ F at 68F 29

Coef. of Thermal Expansion

Temp Range
20-300C or 68-572 F 18.4x 10-VC

10.2 x 10"VF



Chemical Composition*

Cu 98.5 rain So 1.0/1.5

'Commercial trade

Characteristics. The 1.25% So bronze is suited to many
cold-forming operations.

Uses. Electrical contacts, flexible hose, pole line hard-

ware, trolley wire.

COPPBR ALLOY*, WROUGHT

USX -GRADE E

Phosphor Bronze

Technological Properties
Melting point solidus

hquidus
Annealing temp
Machinability index
Hot working temp
Weldabiiity

Soldering
Brazing

1900 F or 1035 C
1970 F or 1075 C
900-1200 For 475-650 C
20 (Free cutting brass 100)
1450- 1600 For 800-875 C
Good by oxyacetylene, car-

bon arc and resistance meth-
ods
Good
Good

Physical Properties
Density, at 68 F 0.321 Ib/cuin. (8.8? S.G.)
Specific heat, cal/gm at 68 F 0.09/

VC
Volume conductivity, % of Cu 48%
Electrical resistivity, microhm/cm9 at 68 F 3.6

Thermal Conductivity

Cgs units n at 20C 0.49
Btu/ftVft/hr/ F at 68F 1 18.5

Coef. of Thermal Expansion
Temp Range

20-300C or 68-572F 17.8 x 10"V C
9.9 x 10-VF

Characteristics. Cupro-Nickel has very good corrosion re-

sistance and good mechanical and forming properties.

Uses. Condensers, condenser plates, evaporator and heat

exchanger tubes, condenser tubes, distiller tubes, ferrules.

Modulus of eU.ticity, E in M psi 22,000

COPPER ALLOYS, WROUGHT

30X

Cupro-Nickel

Technological Properties

Melting point solidus

hquidus
Hot working temp
Annealing temp
Machinability index

Weldabihty

2140 For 1170C
2260 For 1240 C
1700- 1900 For 925-1050 C
1200- 1500 For 650- 825 C
20 (Free cutting brass = 100)
Good by oxvacetyleae, car-

arc and <

'

Soldering
Brazing

bon
tance methods
Good
Good

electric resia-

Physlcol Properties
Density, at 68 F 0.323 lb/cu in. (8.94 S.G.)

Specific heat, cal/gm at 68 F 0.09/C
Volume conductivity, % of Cu 4.6%
Electrical resistivity, microhm/cm

9 at 68 F 37

Therm ol Conductivity

Cgs units at20C
Btu/ftVft/hr/ F at 68F

0.07
16.9

Coef. of Thermol Expansion

16,2 x

9.8 x lO^Vp
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Com* ALLOTf. mOUOHT

18X - ALLOY A

Nickel Silver

Technological Properties
Melting point solidas

liqaidus

Annealing temp
Machinability index

Weldability

Soldering
Brazing

1960 F or 1070 C
2030For 1110C
1100-1500 For 600-825 C
20 (Free cutting brass 100)
Good by oxvacetylene, car-

bon arc, ana electric resis-
tance methods
Good
Good

Physical Properties
Density, at 68 F 0.316 Ib/cuin. (8.73 S.G.)

Specific heat, cal/gm at 68 F 0.09/C
Volume conductivity, % of Cu 6%
Electrical resistivity, microhm/cm9 at 68 F 29

Thermal Conductivity

Cgs units at 20C 0.08
BtVftVft/hr/Fat68F 19.3

Choracteri sties. Nickel Silver is well suited to cold-forming

operations,
is tarnish- and corrosion-resistant, and has a

pleasing white color.

Uses. Table flat ware, base for silver plate, optical goods,
rivets, screws, truss wire, uppers, costume jewelry, etching
stock, hollow ware, name plates, radio dials, etc.

Coef. of Thermol Exponslon
Temp Rene*

20-300C or 68-5 72F 16.2 x 10"Vt
9.0 x 10"*/F

COPPBR ALLOYS, WROUGHT

18X - ALLOY B

Nickel Silver

Technological Properties
Melting point solidus

liquidus
Annealing temp
Machinabtlity index

Weldnbility

Soldering
Brazing

1930 F or 1055 C
1100- 1500 For 600-825 C
30 (Free cutting brass * 100)
Good by oxyacetylene, car-

bon arc and electrical resis-

tance methods
Good
Good

Physical Properties
Deflator, at 68 F 0.314 Ib/cuin. (8.70 S.G.)
Specific heat, cal/gm at 68 F 0.09/^C
Volume conductivity, % of Cu 5.5%
Electrical resistivity, microhm/cm* at 68 F 31

Thoimol Conductivity

Cgs units at 20C 0.07
Btu/fcVrVhi/F at 68F 16.9

Characteristics. Alloy B is stronger and harder than Alloy A
and is somewhat limited in cold-terming properties.

Uses. Springs, resistance wire, optical goods, etc.

Coef. of Thermo! expansion
Temp Rene*

20-300C or 68-572F 16.7 x 10~*/C
9.3 x KTV"F
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COPP1R ALLOYi, WROUGHT

sx

Aluminum Bronze

Characteristics. Suited to forming, hot and cold, but is

limited in drawing and stamping.

Physical Properties
Density, at 68 F 0.295 Ib/cuin. (8.17 B.C.)
Volume conductivity, % of Cu, annealed 17.5%
Electrical resistivity, microhm/cm

1 at 68 F 9.8

Temp coef. of elect, resistivity, 20-200 C 0.00160/C

Thermo! Conductivity

at 20C
F at 68F

Cgs units

Btu/ftVft/hr/
0.198
48.0

Technological Properties
Melting point solidus

liquidus
Hot working temp
Annealing temp
Machinability index

Recrystallixation temp

Weldability

Soldering

Braxing

1920 For 1050 C
1940 For 1060C
1500-1600 For 815-870 C
800-1400 F or 425-750 C
20 (Free cutting brass 100)
About 660 F or 350 C, for 44%
reduction and initial grain
size of 0.075 mm
Good by metal arc with suit-

able flux-coated electrodes.
Fair with oxyacetylene t car-

bon-arc and resistance meth-
ods
Good with silver soldering.
Soft solder not used.
Not used
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COPPIR ALLOYt. WHOUOHT

TYPE A

Silicon Bronze

Technological Properties
Melting point solidus

liquidus
Hot working temp

Annealing temp
Machinability index

1780 For 970 C
1880 For 1025 C
BOO- 1600 For 700-875 C
900- 1300 For 475-700 C
30 (Free cutting brass 100)

Characteristics. Silicon Bronze is well suited to both hot
and cold-forming operations and combines good mechanical
properties and corrosion resistance.

Uses* Hydraulic pressure hoes, marine hardware, pole line

hardware, nails, screws, nuts, rivets, burrs, hot water tanks,

bearing plates, shafting, bushings, channels, heat exchanger
tubes, Fourdrimer wire, kettles, screens, piston rings,
chemical equipment.

Modulus of elasticity, E in M psi 15,000

(Continued on page 323)
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Physical Properties
Density, at 68 F 0.308 Ib/cuin. (8.53 S.G.)
Specific best, cal/gin at 68 F 0.09/C
Volume conductivity, % of Cu at 68 F annealed. 1%
Electrical reactivity, ohms/mil-ft at 68F, annealed

Thermal Conductivity
Cgs unit* at 20C .09
Btu/sqf</rVbr/Fet68F

150

COPPE1 ALLOW* WtOUOHT

TYPE A

Silicon Bronze

Coef. of Thermal Expansion

Temp Range

20-300 C or 68-572 F 18.0 x 10
-VC

10.0 x 10~YF

(Co*ti***4 from p 522;

Chemical Composition'*
Optional Optional Optional

%
Pb .05 maxCu 96 mm Mn .75 max Fe .80 max

Si .75/2 00 Zn 1.50 max Sn 1.60 max
(One or more of the optional element* may be present to the
amounts indicated.

*ASTM

Characteristic*. Type B Silicon Bronze is similar to Type
A 1

in forming characteristics, and is also corrosion-resistant.

Uses. Hydraulic pressure lines, marine hardware, bolts,

nuts, rivets, V bolts, cap screws, machine screws, pole line

hardware, electrical conduit, heat exchanger tubes, welding
rod, etc.

'Silicon Bronze is well suited to both hot and cold-forming opera-
tion* and combine* good mechanical properties and corro*ion
resistance.

COPPER ALLOYS* WROUGHT

TYPE B

Silicon Bronze

Technologicol Properties
Melting point solidus

Itquidus
Hot working temp

Annealing temp
Machinability index

1890 For 1030 C
1940 For 1060 C
1300- 1600 F or 700-87 5 C
900-1250 For 475-675 C
30 (Free cutting brass * 100)

Physlcol Properties
Density, at 68F 0.316 Ib/cu in. (8.75 S.G.)

Specific heat,

cal/gm at 68F 0.09/C
Volume conductivity,
% of Cu at 68F 12% annealed

Electrical resistivity,

ohms/mil-ft at 68F 86

ThermoI Conductivity
Cgs units at 2DC 0.14

Btu/sq ft/ft/hr/op st 68 F 33

Modulus of elasticity, E in M psi 15,000

Coef. of Thermal Expansion
Temp Range

20-300C or 68-572 F 17.9 x 10"VC
9.9 x 10"VF
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COPPM ALLOY*. WKOUOKT

10X

Aluminum Bronze

Technolooicol Properties
Melting point solidus

liquidus
Transformation temp, on

cooling
Recrrstallization temp
Machtnahility index

Hoc working temp
Heat treatment

Cold forming
Weldability

Soldering
Bracing

1890 For 1030 C
1905 For 1040 C

1060 For 570 C
About 800-1000 F
Machining ia difficult but is done
commercially, especially with
carbide tools

1470- 1695 For 800-9 25 C
Alloys of this classification are heat
treatable. Common commercial usage
is to quench from 1200 F or 650 C. The
alpha alloys can be precipitation

-

hardened.
Quite limited

Good by metal arc with special flux

coated electrodes. Only fair with oxy-
acetylene, carbon arc, and electric re-

sistance methods
Only with silver solder
Noc used

Cham I col Composition*

Rods, bars, shapes
Rods, forgings

Cu
%

80/93
78/93

Mn

Al
%

6.50/11
6.50/11

Fe
%

4 max
4 max

Zn

Ni 1

%
1 max
5.50 max

Te

Si'

2. 25 max
2. 25 max

Others 2

Rods, bars, shapes 1.50 max .60 max 1 max .65 max .50 max
Rods, forgings 2 max .60 max

*ASTM
'When both Ni and Si are present, only one may be in excess of 0.25%.
Analysis is made only for elements specified. If other elements are sus-

pected or indicated, further analysis shall be made to determine that the
total of such other element* U not in excess of 0.50%.

Physical Properties
Density, at 68 F 0.274 Ib/cu in. (7.58 S.G.)
Sbecific heat, cal/gm at 68-212 F soft 0.104
Volume conductivity, % of Cu annealed 12.6%
Electrical resistivity, microhm/cm* at 68 F 13.67

Temp coef. of electr. resist., at 68 F 0.000829/C

Thermal Conductivity

Btu/r9$t/hr/ F a! 68F
annealed 0*144

34.8

Characteristics. Aluminum Bronze has very good mechanical

properties and other properties which suit it to applications
which require resistance to corrosion, wear, and heat. It

also has a pleasing appearance and resists tarnishing.

Uses. Corrosion-resistant parts -marine pumps, shafts, pro-
pellers, trim, valves, nuts, etc., pickling crates, chains,
hooks, impeller blades in chemical equipment, beater bars
and blades in paper-making equipment, tubing of alpha
alloys with simple structure.

Heat-resistant parts parts for internal combustion
engines, jaws and clamps for electric welding equipment,
gas stove grill plates, and searchlight components, which

require strength and resistance to corrosion.
Parts requiring toughness, wear resistance, low coef-

ficient of friction, and damping capacity -spin die bearings,
bushings, gear wheels, pinions, worm wheels, roller bearing
cages, bearing material, wear and aligning plates for

machines and bridges, cam rollers, locking nuts, cam sup-
ports, damping bushings in airplanes.

Parts requiring hardness and low friction forming
and drawing dies for both ferrous and nonferrous metals.

Decorative usage coins, medallions, plaques,
statues, grills, fireplace fittings, vanity sets, imitation

jewelry, "gold" pigment.

Mechonlcql Properties

Form or Condition

Annealed rod

Commercial temper
Sand cast
Sand cast, extruded
Sand cast
Sand cast, extruded

Forged
Extruded
Hot rolled

Teneile Yield 1

Strength Strength
Mp.l Mpsi

80
95

75
82

90
95
86
91
100

40
55
28

37.5
37
47

35
52
60

Elong

22
16

40
25
14
12

28
28
20

Hard
BHN

126
140
175
195

143-156
179-187
170-187

Effect of temp
The TS begins to drop rapidly at 350C at which temperature the rolled

alloy is about 70 M rJsi.The TS then falls off to about 20 M psi at 550C.
The elongation increases generally to values from 40*60% at 400-500C.
*At 0.5 extension under load.

Modulus of elasticity, E in M psi 17,500 to 19,000

324



Chemlcol Competition*

Condenser-tube plates

Cu Al Fe Ni

rest 8.0/11.0 1.5/3.5 4.0/7.0
Rods, bars, shapes 78/85 9 /ll

"

2/4 4/5.50
Forging rods, bars, shapes 78/93 6.5/11 4 max

Si Mo

.,
5.50 max

1

Others

Condenser-tube plates .5/2.0 .50 max
Rods, bars, shapes .25 max 1,50 max .20 max .50 max*

Forging rods, bars, shapes 2.25 max* 2.0 max .60 max .50 max

*ABTM
'With this Ni limit, Si shall not axetad ,25%.
'With this Si limit, Ni shall not aaoaad .25%.
JTha analysis is mada only for alamanta speciflad. If other elamenta ara
uapaotad or indicated, furthar analysis shall be mada to determine that the

total of thasa other alamants is not in axcass of .50%.

Characteristics and Uses. Similar to 10% Aluminum Bronze but is

especially adapted to hot-rolled plates, bars, forging* and marine

shafting.

COPPM ALLOY*. WSOtXUIT

SPECIAL

Aluminum Bronze

Technolooicol Properties
Melting point solidus

liquidu.
TrsnsformatioQ temp, cool-

ing
Recrystallization temp
Hot working temp
Heat treatment

Welding

Soldering
Brazing

1895 For 1035 C
1930 For 1055 C

1380 to 1470 F or 750 to 800 C
!380+For750+C, approx
1470-1740 F or 800-950 C
Se examples under Mechani-
cal Properties
Good by metal arc with special
flax-coated electrodes. Only
fair with oxyacetylene, carbon
arc, and electric resistance
methods
Only with silver solder
Not used

Physteol Properties

Density, at 68 F 0.274 Ib/cuin. (7.58 S.G.)
Specific heat, cal/gm at 68 F 0.104. approx
Volume conductivity, % of Cu, annealed 7.5%
Electrical resistirity, microhm/cm* at 68 F 22.9

Therrnol Conductivity
Cgs units at 20C 0.091
Btu/sq ft/ft/hr/<>F nt 68 F 22

Modulus of elasticity, E in M psi probably about 16,000
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COPP1K AULOYf, WROUGHT

Beryllium Copper

Technological Properties
Melting point solidus

liquidus
Recrystaliizatioo temp,
minimum temp for complete
recry stallizatioD in 1 hr

1587 For 864 C
1750 For 955 C

For 50% reduction = 900 F or 480 C
For 75% reduction = 810 F or 430 C
For 90% reduction = 700 F or 370 C

Solution temp 1390-1450 F or 755-790 C
Precipitation temp From A temper 600 5F or 316 3C, 3 hr

From VH temper 60Q 5 F or 316 3C, 2 hr
From H temper 600 5F or 316 3C, 2 hr

For stock thicker than 0.75 *& allow 1 hr. more for %H and H. Higher
temperatures, with shorter times, for more accurate springs with lesser
drift.

Choracferf sties. Beryllium Copper is a malleable alloy
that is capable of being strengthened and hardened by
heat treatment. It is used for numerous applications tn

spite of its relatively high price.

Uses. Parts which require good formability for fabrication

and high proportional limit, fatigue strength, and creep
strength for service springs for special or severe
conditions.

Parts whicji require corrosion resistance, high conduc-
tivity or non-magnetic qualities, with high strength
springs, diaphragms, contact bridges, surgical instruments,
bolts and screws.
Hard parts that wear well against steel firing pins,

dies, aircraft engine counterweight bushings, small

tools, and non-sparking tools and parts.

Physlcol Properties
Density, at 70 F 0.297 0.01 Ib/cuin. (8.23 0.02 S.G.)

increase during aging 0.6%
linear contraction during aging 0.2%

Specific heat, cal/gm at 30-100 C 0.1/C
Volume conductivity, % of Cu 17% for A

21% for AT
Electrical resistivity, microhm/cm

3
at 68 F 10 for A

6.8-9.8 for AT

Coef. of Thermal Expansion
Temp Range per Deg C per Deg F

20-100C or 68-212F 16.6 x !()- 9.2 x 10"*

100-200C or 212-392F 17.2 * 10'
6

9.5 x 1Q-*

200-300C or 392-572F 19.0 x IO"
6

10.5 x 10'*

Temperature coefficient of E, at 0C minus 35.0 x 10'VC
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Chemical Composition
Cu Sn Pb Zn Ni

Sand cast 86.00/90.00 5.50/6.50 1.00/2.00 3.0/5.0 1.00 max
Ingot 86,00/89.00 5.75/6.50 1.00/1.75 3.5/5.0 .75 max

Fe Sb S Si P Al

Sand cast .25 max .05 max
Ingot .20 max .25 max .05 max .005 max .03 max

Characteristic*. High grade steam or valve bronze for use up
to 550F.

Uses. Valve bodies (medium pressures), oil pumps, gears, high

duty bearings, bushings, backings for babbitted bearings, etc.

COPPER ALLOY*. CAST

LEADED TIN

Bronze

Technological Properties
Melting point solidus, 1 800- 1830F or 980-1000C

Physical Properties

Density, at 68F 0.315 lb/cu in^S.G.8.7j
Volume conductivity, 14% of Cu

Coef. of Thermal Expansion
Temp Range
70-500F or 21-260C 18.5 x 10M/C

10.3 x 10-/F

Chemicol Composition
Cu Sn Pb Zn
%

Sand cast 85.00/89.00 7.50/9.0 1.0 max 3.0/5.0 1.00 max
Ingot 85.00/89.00 7.75/9.0 .9 max 3.5/5.0 .75 max

Fe Sb Al

Sand cast .25 max .05 max

Ingot .20 max .25 max .05 max .005 max .03 max -

COPPER ALLOYS, CAST

LEADED TIN BEARING

Bronze

Technological Properties
Melting point solidus 1570F or 855C

hquidus 1830F or 1000C

Characteristics. Strong, general utility structural bronze for

severe conditions.

Uses. High duty, wear resistant bearings, bolts, nuts, gears,
high pressure bearings and bushings against hardened steel,

valves, expansion points, pump pistons, electrical equipment,
automotive bushings.

Physical Properties

Density, at 68F 0.318 lb/cu in. (S. G. 8.80)
Volume conductivity, 11% of Cu

Thermo! Conductivity
12%ofCu

Coef. of Thormol E uponsion

Temp Range
70-350F or 21-177C 18 x

10 x 10-/F
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COPPER ALLOYS. CAST

HIGH LEADED TIN

Bronze

Ttchnologlcol Properties

Melting point solidus, 1750F or 955C

Chemlcel Composition
Cu' So Pb Zn Ni

1

v.u <9U r u f-tu. m
% % % % %

Sand cast 83.0/86.0 4.50/6.0 8.00/10.00 .00/2.00 .50 max
Ingot 83.0/85.0 4.50/5.5 8.5/9.75 .5/1.50 .50 ma*

Fe Sb S Si P Al
% % % % % %

Sand cast .20 max .30 max -

Ingot .15 max .25 max .08 max .003 max .02 max -

'Minimum Cu may ba calculated aa Cu + Ni

Physical Properties

Density, at 68F 0.320 ib/cu in. (S. G. 8.87J

Uses. Small bearings and bushings, bronze backings for babbitted
automotive bearings.

COPPER ALLOYS, CAST

HIGH LEADED TIN

Bronze

Technological Properties

Melting point solidus, 1750F or 955C

Chemical Composition
Cu' Sn Pb Zn

Sand Cast 81.0/85.0 6.25/7.50 6.00/8.00 2.00/4.00 .50 max
Ingot 82.0/84.0 6.50/7.50 6.50/7.75 2.50/4.00 .50 max

Fe Sb S Si P Al
% % % % % %

Sand Cast .20 max .35 max _ _
Ingot .15 max .30 max .08 max .003 max .02 max -

'Minimum Cu may be calculated Cu + Ni

Physical Properties

Density, at 68F 0.322 Ib/cu in. (S. G. 8.93)
Characteristics. General utility alloy.

Uses. Bearings, bushings, and automobile fittings.

Coef. of Thermal Expansion
Tamp Rant*
30-200For -1-93C 18,x 10'/ C

10 x 10-/F
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Chemical Composition
Cu' Sn

%
Pb Zn Ni'

Sand Cast 78.00/82.00 9.00/11.00 8.00/11.00 .75 max .50 mar

Ingot 78.00/81.00 9.25/10.75 8.25/10.75 .75 max .50 max

Fc Sb S Si P Al

% % % % % %
Sand Cast .15 max .55 max _ _ - -
Ingot .10 max .50 max .08 max .003 max .03 max -

Minimum Cu may be calculated at Cu + Ni

Uses* Bearings for high speeds and heavy pressures, such as
roll-neck bearings, lathe bearings, babbitt-lined armature bearings
on electric locomotives, and bearings in contact with mineral

waters or paper mill sulphite liquor.

COPPER ALLOYS, CAST

HIGH LEADED TIN

Bronze

Physical Properties
Density, at 70F 0.320 Ib/cu in. (S.G.

Thermal Conductivity
At70F, 12%ofCu

Coef. of Thermal Expansion
Temp Range
21-204C 18.4 x 10-VC
70-400F 10.2 x 10-*/8F

COPPER ALLOYS, CAST

HIGH LEADED TIN

Bronze

Physical Properties
Density, at 68F 0.334 Ib/cu in. (S.G.9.25)

Uses. Locomotive castings and general service bearings for

moderate pressure; general purpose wearing metal for rod bush-

ings, shoes, and wedges; freight and streetcar bearings; backs

for lined journal bearings for locomotive tenders and passenger

Technological Properties
Melting point solidus, 1700F or 925C
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COPPEK ALLOY1, CAST

HIGH LEADED TIN

Bronze

Technological Properties

Melting point solidus, 1650F or 899C

Chemical Composition
Cu' Sn Pb Zn Ni

f

Sand Cast 68.5/73.5 4.50/6.0 22.00/25.00 .05 max .05 max
Ingot 69.0/73.0 4.50/5.75 22.00/24.50 .05 max .05 max

Fe Sb S Si P Al

% % % % % %
Sand Cast .15 max .75 max .05 max
Ingot .10 max .75 max .08 max .03 max

Minimum Cu may be calculated as Cu + Ni

Phyalcol Properties

Density, at 68F 0.336 Ib/cu in. (S, G. 9.30)

Uses* Bearings under light loads and high speeds such as driving
boxes and railroad bearings.

Mechonicol Properties

Form or Condition

Sand cast

Tensile Red. , .

Strength Elong Area Hard Shear S z CompYS
1 E

M pel % % BHN M pei M psi 10* pei

21 10 48 23 13 10

At 0.001 in. set

At 0.1 in. set

COPPER ALLOYS, CAST

85-5-5-5

Technological Properties

Melting point soiidus, 1810-1840F or 990-1005C

Physical Properties
Density, at 68F 0.318 Ib/cu in. (S.G.8.8
Volume conductivity, 15% of Cu

Chemical Composition
Cu' Sn Pb Zn Mi'

Sand Cast 84.00/86.00 4.0/6.0 4.0/6.0 4.0/6.0 1.0 max
Ingot 84.00/86.00 4.25/6.0 4.0/5.75 4.50/6.0 .75 max

Fe Sb S Si P Al

% % % % % %
Sand Cast .3 max .05 max
Ingot .25 max .25 max .08 max .003 max .03 max

'Minimum Cu may be calculated as Cu -I- Ni

Cool, of Thermal Expansion
Temp Range
70-400F or 21-204C 19.1 x lO'VC

10.9 x 10-VF

Chorocteristics* This alloy has fair strength, soundness, and
good machining properties.

Uses. Low pressure valves, pipe fittings, small gears, fire

equipment fittings, small pump castings, ornamental fixtures, etc.
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Chemical Composition
Cu< Pb Zn

%

.

Ni
1

Sand Cast 82.0/83.75 3.25/4.25 5.00/7.00 5.00/8.00 1.00 m
Ingot 82.0/83.5 3.5/4.25 5.25/6.75 5.50/8.00 .75 m

Fe Sb S Si P Al

% % % % % %
Sand Cast .30 max - - - - -
Ingot .25 max .25 max .08 max .003 max .01 max

'Minimum Cu may be calculated Cu + Ni

COPPER ALLOYS* CAST

LEADED RID

Brass

Characteristics. This is a general purpose, free machining alloy.

Uses. Air, gas, and water fittings; plumbing supplies and fittings;

pumps and pump bodies; hardware, carburetors; injectors; railroad

catenary and overhead fittings.

Technological Properties

Melting point solidus, 1800F or 980C

Physical Properties , ,

Density, at 68F 0.312 Ib/cu to. (S. G. 8.$

Mechonicol Properties

Form or Condition

Sand cast

*At 0.5% extension under load

0.001 in. set

0.1 In. met

Red.Tensile Yield Kea. .

Strength Strength Blong Area Hard Sheaf S 1
Comp YS

M pel M pel % % BHN M pel M pel

32 15 24 20 55 29 11.3

Chemical Composition
Cu' Pb Zn Ni

Sand Cast 78.00/82.00 2.25/3.5 6.00/8.00 7.00/10.00 LOO max

Ingot 78.00/82.00 2.5/3.5 6.25/7.75 7.50/10.00 .75 max

Fe Sb S Si P Al

Sand Cast .40 max - .02 max
Ingot .35 max .20 max .08 max .003 max .01 max

'Minimum Cu may be calculated ae Cu + Ni

COPPER ALLOYS, CAST

LEADED SEMI-RED

Brass

Technological Properties
Melting point solidus, 1 750F or 955C

Uses. Low pressure valves and fittings, general hardware fittings,

plumbing supplies and fixtures, ornamental fixtures.

Physical Properties .

Density, at 68F 0.314 Ib/cu in, (S. G. 8.70)
Volume conductivity, 18% of Cu

Mechonicol Properties

Form or Condition

Sand cast

Teneile Yield
1 Red.

Strength Strength Elong Area Hard E
Mp.i Mpil % % BHN 10' pel

32 15 22 20 55 13

At 0.5% elongation under load

Uaes. Spring bushings, hardware fittings, ornamental castings, ship trimmings, etc.

Physical Properties
Density, at 68F 0.304 Ib/cu in. (S.G.8.40)
Volume conductivity, 20-26% of Cu

Technological Properties
Melting point solidus, 1675-1725F or 915-940C

Cool, off Thermal Expansion
Temp Range
70-500F or 21-260C 21.6 x KT'/'C

12 x 10-/F
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COPPER ALLOYS, CAST

LEADED SEMI-RED

Brass

Technological Properties

Melting point solidus, 1725F or 940C

Chemical Competition
Cu' Sn Pb Zn Ni

f

Sand Cast 75.00/76.75 2.50/3.50 5.25/6.75 13.00/17.00 1.00 max
Ingot 75.00/76.75 2.75/3.25 5.50/6.50 14.00/17.00 .50 max

Fe Sb S Si P Al

Sand Cast .4 max .02 max
Ingot .35 max .20 max .07 max .005 max .01 max -

Minimum Cu may be calculated as Cu + Ni

Physical Properties
Density, at 68F 0.310 Ib/cu in. (S.G.8.6)

Uses. Plumbing fixtures, cocks, faucets, stops, wastes, air and gas
fittings, general hardware fittings, low pressure valves and fittings.

COPPER ALLOYS, CAST

LEADED YELLOW

Brass

Technological Properties

Melting point solidus, 1700F or 925C

Physical Properties

Density, at 68F 0.307 Ib/cu in. (S.G.8.50)
Volume conductivity, 25% of Cu

Coof. of Thermal Expansion
Temp Range
70-200F or 21-93C 20.7 x lO'VC

'

11.5 x 10-/F

Chemical Composition
Cu Sn Pb Zn Ni

Sand Cast 70.00/74.00 .75/2.00 1.5/3.75 rest

Ingot 70.00/73.00 .75/1.75 1.5/3.50 rest .5 max

Fe Sb S Si P Al

Sand Cast .6 max
Ingot .5 max .1 max .05 max .05 max .01 max

Uses. Plumbing fixtures, fittings and trimmings; valves;
chandeliers; irons; hardware; and ornamental work.
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Chemical Composition
Cu Sn Pb Zn Ni Fe

Sand Cast 65.00/70.00 1.50 max 1.50/3.75 rest - .75 max

Ingot 65.00/69.00 1.50 max 1.50/3.50 rest .5 max .5 max

Sb S Si P Al

Sand Cast .10 max .05 max .01 max .30 max

Ingot .05 max none

COPPER ALLOYS, CAST

LEADED YELLOW

Brass

Technological Properties

Melting point solidus, 1700F or 925C

Characteristic*. This is a general purpose, yellow casting alloy.

Uses. Light castings not subjected to high internal pressure, furni-

ture hardware, ornamental castings, radiator fittings; ship trimmings,

gas cock and light fixtures.
Physical Properties /

Density, at 68F 0.303 lb/cu in. (S. G. 8.4)
Volume conductivity, 18-25% of Cu

Coef. of Thermal Expansion
Temp Range
70-200F or 21-93C 20.2 x 10~VC

11.2 x 10"VF

Characteristics. This is a low cast, general purpose alloy

with wide limits on composition.

Uses. Die castings.

COPPER ALLOYS, CAST

ASTM

Alloy A

Chorocteristics. This alloy has excellent castability and
mechanical properties as a die casting.

COPPER ALLOYS, CAST

ASTM

Alloy B
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COPPBK ALLOW, CAST

SILICON

Brass

Charocteri sties. This die casting alloy has high
strength, hardness, and resistance to wear and
corrosion.

J. C. Fox, Doehleifejarvis Corp.

COPPER ALLOYS, CAST

HIGH STRENGTH

MANGANESE 81*01.16

Technological Properties
Melting point liqwdus, 1650F or 900C

Physical Properties

Density, at 68F 0.285 lb/cu in. (S.G. 7.9J
Volume conductivity, 12% of Cu

Coef. of Thermal Expansion
Temp Range
70-500F or 21-260C 19.8 x lO'V'C

11,0 x 10*VF

Thermal Conductivity
13% of Cu Characteristics. This is an alloy for extra heavy duty

service.

Uses* Large valve stems, gears, cams; bearings for slow

speeds and heavy loads; screw down nuts, bridge parts;
hydraulic cylinder parts.
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COPPER ALLOTS, CAfT

MANGANESE

Bronze

Tochnologicol I . -r
Melting point HquUus, 1660F or 905C

Characteristics. This is a strong, corrosion-resistant alloy.

Ussi. Propeller hubs, blades, and parts in contact with fresh

and salt water; gears; liners; valve stems; complicated lever

arms requiring strength and toughness.

Physical Properties
Density, at 68F 0.296 ib/cu in. (S. G. 8.2)

Volume conductivity, 18% of Cu

Coef. of Thermal Expansion
Temp Rang*
70-200F or 21-93C 21.6 x 10'VC

12.0 x 10M/F

Chemical Composition
Cu Pb Sb Zn Ni

Sand cast 56.00/62.00 1.50 max .50/1.50 - rest -
Ingot 56.00/62.00 .5/1.00 .5/1.00 - rest .5 max

S Fe Si P Al Mn

Sand cast 2.00 max 1.50 max 1.5 max

Ingot
- .75/1.50 - - .25/1.00 .10/.50

COPPBR ALLOYS, CAST

LEADED MANGANESE

Bronze

Technological Properties

Melting point solidus, 1675-1725F or 915-940C

Characteristics. This is a free machining manganese bronze.

Uses* Valve stems, marine castings and fittings, pump bodies,

gas engine bases, lever arms, brackets, gears, etc.

Physical Properties , .

Density, at 68F 0.296 ib/cu in. (S. G. 8.2)

Coef. of Thermal Expansion
Temp Range
70-400F or 21-204C 20.5 x 10"V C

11.4 x 1Q'*/F
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COPPER ALLOYS, CAST

ickel Silver-257*

Physieol Proprtia . .

Density, at 68F 0.318-0.322 Ib/cu in. (S. G. 8.8-8.9)
Volume conductivity, 4-5% of Cu

Thermo! Conductivity
6.5% of Cu

Chemicol Composition
Cu Sn Pb Zn Ni

Sand cast 64.00/67.00 4.00/5.50 1.00/2.50 rest 24.00/27.00

Ingot 64.00/67.00 4.50/5.50 1.00/2.00 rest 24.00/26.00

Fe Sb S Si Mn Al

Sand cast 1.50 max 1.00 max
Ingot 1.00 max .25 max .05 max .10 max 1.00 max -

Characteristic*. This is a silvery white alloy which is corrosion-

and tarnish-resistant.

Uses. Dairy and soda fountain equipment, hardware, musical

instruments, keys, and valve seats for elevated temperatures.

COPPER ALLOYS, CAST

Nickel Silver -

Physical Properties
Density, at 68F 0.320 Ib/cu in. (S.G.8.85)
Volume conductivity, 5% of Cu

Thermal Conductivity
6% of Cu

Chemical Composition
Cu Sn Pb Zn Ni

Sand cast 63.00/67.00 3.50/4.50 3.00/5.00 rest 19.50/21.50

Ingot 63.00/65.00 3.50/4.50 3.50/5.00 rest 19.50/21.00

Fe Sb S Si Mn Al

Sand cast 1.50 max 1.00 max
Ingot 1.00 max .25 max .05 max .0} max 1.00 max

Uses* This analysis of Nickel Silver is used for marine castings,
ship trimmings, furniture trim, hardware, valves, ornamental

castings.

COPPER ALLOYS, CAST

LEADED

Nickel Silver-12;

Physleol Properties

Density, at 68F 0.323 Ib/cu in. (S. G. 8.95)

Chemical Composition
Cu Sn Pb

%
Zn Ni

Sand cast 53.00/58.00 1.50/3.00 8.00/11.00 rest 11.00/14.00

Ingot 53.00/58.00 1.50/3.00 8.00/11.00 rest 11.00/14.00

Fe Sb S Si Mn Al

Sand cast 1.50 max - - - .50 max -
Ingot 1.00 max .25 max .05 max .50 max -

Charocteri sties. This is a free machining Nickel Silver.

Uses. Hardware fittings, valves, valve trimmings, plumbing fixtures,

statuary, ornamental castings, and free machining work.
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Character! sties. This is a free machining alloy.

Uses. Valves, hardware, boat and railroad car fittings, pipe
fittings, etc.

COPPER ALLOYS* CAiT

LEADED NICKEL

Silver-16^

Phyiicol Properties
Density, at 68F 0.320 Ib/cu in. (S.G.8.95)
Volume conductivity, 5-6% of Cu

Thermal Conductivity
7% of Cu

Characteristics. This is a strong, heatttreatable

alloy of good resistance to wear and corrosion.

Uses. Pickling baskets, steel mill
slippers, nuts,

internal gears, marine equipment and welding jaws.

Physical Properties
Volume conductivity, 14% of Cu

COPPER ALLOYS. CAST

ALUMINUM

Bronze

Technological Properties
Heat treatment, A Solution treatment; 1600-1650F or 870-900C,

quench in agitated water bath, age 1 hr at

1100-1150F or 595-620C, quench in water.
Heat treatment, B Solution treatment, same as A, age 1 hr at

1000F or 540C, quench in water.

Thermal Conductivity
14% of Cu

Coef. of Thermal Expansion
Temp Range
70-500F or 21-260C 17.1 x 10-/C

9.5 * 1(TV F
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COPPSX ALLOY*. CAST

ALUMINUM

Bronze

Physical Properties
Density, at 68F 0.267 Ib/cu in. (S.G.7.4)
Volume conductivity, 13% of Cu

Coef. of Thormol Expansion

21-260C 17.1 x 10'V'C
9.5 x 10-/F Thormol Conductivity

15% of Cu

Characteristic*. This alloy is relatively resistant
to acids and mild alkalies, with good strength.

Usos. Mine pumps for acid waters, valve seats,

guides, stems, propellers, worm wheels, bearings,

bushings, etc.

COPPB1 ALLOYS, CAST

NICKEL ALUMINUM

Bronze

Technological Properties
Heat treatment, A Solution temperature, 1600-1650F or 870-900C,

quench in water, age 1 hr at 1 100-1200F or

595-650C, quench in water.

Chorocterlstlcs. Hard, strong, and resistant to wear
and corrosion.

Uses* Valve guides and seats in airplane engines,

bearing plates under heavy loads, gun mounts and

slides! and for corrosion resistant parts* Propeller

bushings and bearing retainers.
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COPPER ALLOYS, CAST

ALUMINUM

Bronze

Technologlcol Properties
Heat treatment, A Solution temp, 1600-165OF or

870-900C, auench in oil or water.
Heat treatment, B Treatment A, plus aging 1 hr at 1000F

or 540C, quench in water.

Characteristics. Good strength, ductility, and resistance
to shrinkage as well as resistance to wear and corrosion.

Use*. Bearings, gears, worm gears, bushings, etc.

Physical Properties
Density, at 68F 0.271 Ib/cu in. (S.G.7.5J
Volume conductivity, 13% of Cu

Thermal Conductivity
15% of Cu

Coef. of Thermal Expansion
Temp Range
70-500F or 21-260C 16.2 x 10"VC

9.0 x 10"VF
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Chorocteristics.^ Hi ah purity Al is more resistant to

corrosion than other forms*

Usec.v Cladding on stronger alloys*

Technological Properties '$

Melting point 1220.4F or 660.2C

Boiling point 3740F or 2060C

ALUMINUM ALLOYS, WROUGHT

Physical Proportion
^

Density, at 68 F
Specific heat, cal/gm at 100C
Latent heat of fusion, cal/gm
Heat of combustion, cal/gm
Electrical resistivity,

micro/cm* at 20C
Temperature coefficient, 20C
Volume conductivity, % of Cu
Emissivity, 25C
Reflectivity

AP

0.09751 Ib/cu in. (2.6989 S.G.)
0.226
94.6

7389

2.6548
0.00429
64.94%
0.030 (air)

90%

$ Metals Handbook, ASM

Characteristics.* Combines machtnabihty and strength.

Uses. Screw machine parts and forcings which require
considerable machining.

Physical Properties
Density, at 6BF
Specific heat, cal/gm at 212F or 100C 0.23

Electrical resistivity, microhm/cm*
20C or 68F

Volume conductivity, % of Cu

0.102 Ib/cu in. (2.82 S.G.)

4.310 for T3
40% for T3

Thermal Conductivity
Cal/sq cm/cm/C/sec,

25C or 77F 0.37 for T3

ALUMINUM ALLOYS, WROUGHT

IIS

Technological Properties

Melting point solidus, 995F or 535C
hquidus, 1190F or 643C

Hot working temp 900 to 500F or 480 to 260C
Annealing temp,(O)' 800 to 750F or 430 to 400C
To soften after

cold work2 650F or 340C
Solution temp, (T4)

J 930 to 980F or 500 to 530C
Precipitation

320 to 340F or 160 to 170Ctemp, <T8)
4

We Idability,

light sections

Riveting

Good by flash welding
Use 24S-T4 ot 17S-T4

\2 hrs, furnace cool to 5OOF (50 deg mi
?No holding time, quench not critical
'/to 1 hr (salt bath), water quench
12 to 18 hrs, quench not critical

iM/hr)

Free Machining

Modulus of elasticity, E, M psi
Modulus of

rigidity,
M psi

Poisson's ratio

Compressive YS
Torsional YS
Torsional TS

10,300
3,850
0.33

Same as tensile YS, approx
0.55 tunes tensile YS, approx
0.65 times tensile TS, approx
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R317

Technologicol Proportion
Hot working temp
Annealing temp
Formability
Solution temp
Aging temp
Riveting
Welding, brazing,

soldering

750 to 675F or 400 to 355C
750 to 800F or 425 to 400C
Good by forging or machining
930 to 950F or 498 to 509C
Room temp. 4 days
24S-T4 or 17S-T4

Not recommended

Character! sties. Combines good machinability with strength.

Usos. Free-machining stock and forgings.

* Free Machining

Physical Properties

Density, at 68F 0.101 Ib/cu in. (2.81 S.G.)
Volume conductivity, % of Cu 30

ALUMINUM ALLOYS, WROUGHT

US

Technological Properties
Melting point solidus, 955F or 513C

liquidus, 1185F or 641C
Recrystallization temp,

after 50% reduction 650F or 345C
900 to 500 F or 480 to 260C
750 to 800F or 400 to 425C
650 F or 345C
925 to 950F or 495 to 5 IOC (+ quench)
Room temp, 2-4 days
Good, by resistance welding
A17S-T4; 17S-T4; 24S-T4; or steel

Hot working temp
Annealing temp,

to remove cold work
Solution temp
Precipitation temp
Weldability
Riveting, T4

Physlcol Proportios

Density, at 68F or 20C
Electrical resistivity, microhm/cm 1

at 68F or 20C
Volume conductivity, % of Cu
Specific heat, cal/gm at 212F

Thermal Conductivity
Cal/sq cro/cm/C/sec O 0.41

T4 0.29

0.101 Ib/cu in. (2.79 S.G.)

3.831 for O; 5.747 for T4
45% for O; 30% for T4
0.23

Characteristics* Relatively high strength and good forma-

bility and corrosion resistance.

Uses. Used in the construction and transportation industries
in structures and for rivets, hardware, screw-machine parts,
aircraft fittings, etc.

Modulus of elasticity, E, M psi 10,400
Modulus of

rigidity,
M psi 3,850

Poisson's ratio

Compressive YS
Torsionai YS
Torsional TS

P,l,/V

0.33
Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx
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Characteristics. 2S has good formabihty and resistance to

corrosion, with low strength. It also has good conductivity
for its density.

Usos. For cooking utensils, food and chemical equipment,
bottle and jar tops, architectural trim, many small parts.

2S

Tochnologlcol Properties
Melting point solidus, 1190F or 643C

liquidus, 1215F or 657C
Hot working temp 950 to 500F or 510 to 260C
Annealing temp 650F or 345C
Cold working Excellent

Welding Excellent in light sections

Formability Temper Band Classification
O A
H12 B
H14 B
H16 D
HIS F

Physical Properties

Density, at 68F 0.098 Ib/cu in. (2.71 S.G.)
Specific heat, cal/gm 0.2297
Electrical resistivity, microhm/cm 1 condition 0, 2.922

at 68F condition HIS, 3.025

Temperature coefficient, 50-86F 0.0115
Volume conductivity, % of Cu condition O, 59

condition HIS, 57
Reflectivity as high as 97% at A = 20,OOOA

as high as 90% at X s
5,000A

Thermal Conductivity
Cal/sq cm/cm/C/sec condition O, 0.53

condition HIS, 0.52

Modulus of Elasticity, E,M psi 10,000
Modulus of

Rigidity,
M psi 3 L850

atio,/xPoisson's R
Compressive YS
Torsional YS
Torsional TS

Same as tensile YS, approx.
0.55 times tensile YS, approx.
0.65 times tensile TS, approx.
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18S

Technological Properties
Melting point solidus, 945F or 507C

liquidus, 1180F or 638C
Hot working temp
Annealing temp, O
Solution temp, T61

900 to 500F or 480 to 260C
750 to 800F or 400 to 425C
950 to 970F or 510 to 520C, quench

Precipitation temp, T61 335 co 345 F or 168 to 175C

Phyaieol Preport I

Density, at 68F
Electrical resistivity, microhm/cm*
at68F

Volume conductivity, % of Cu
Specific heat, cal/gm at 21 2F

0.101 Ib/cu in. (2.80 S.G.)

3.448 for O; 4.310 for T61
50% for O; 40% for T61
0.23 approx

Charocteristlcs. High strength up to 400 F.

Uses. Forged cylinder heads and pistons, etc.

Coef. of Thermal Expansion
per Deg C

Temp Range
eg C Deg P

per Deg P

Deg
x 10 x 10

Cond O Cond T6 Cond O Cond T6

-60-20 -76-68
20-100 68-212

-200 -392
-30<- -572
-400 -752
-500 -932 -

22.4

23.3
24.2

20.9 - 11.6
22.6 12.4 12.6

12.9
13.4

Modulus of elasticity, E, M psi 10,600, T61
Modulus of rigidity, M psi 3,850, T61
Poisson's ratio 0.33

Compressive YS Same as tensile YS, approx
Torsional YS 0.55 times tensile YS, approx
Torsional TS 0.65 times ten'sile TS, approx

Thermal Conductivity
Cal/sq cm/cm/ C/ sec, 77F

0.46
T61 0.37

ALUMINUM ALLOYS. WROUGHT

56S

Technological Properties

Melting point sohdus, 105 5 F or 568C
liquidus, 1180F or 638C

Hot working temp 950 to 500F or 510 to 260C
Annealing temp 650F or 345C
Weldabihty Good with fusion methods

but limited. Good with re-

sistance methods

Riveting With 56S, if used

Uses* 56S is used for wire and wire products where good re-

sistance to corrosion is required. Rivets for use with mag-
nesium alloy and cable sheathing are typical.

Physical Properties

Density, at 68F 0.095 Ib/cu in. (2.64 S.G.)
Electrical resistivity, microhm/cm*

at 68F 5.945 for 0; 6.386 for H38
Volume conductivity, % of Cu 29% for O; 2?% for H38
Specific heat, cal/gm at 212F 0.23 approx

Modulus of elasticity, E in M psi 10,300
Modulus of

rigidity,
M psi 3,850

Poisson's ratio 0.33
Compressive YS Same as tensile YS, approx
Torsional YS 0.55 times tensile YS, approx
Torsional TS 0.65 times tensile TS, approx

Thermal Conductivity
Cgs units at 77F

O 0.28

H38 0.26
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Characteristic . Stronger than 2S but has good workability,
weldabihty, and corrosion resistance.

Uses* Cooking utensils, food and chemical equipment,
tanks, trim for transportation equipment, etc.

3S

Technological Proportion
Melting point solidus, 1190F or 643C

Uquidus,1210F or 654C
Hot working temp 950 to 500P or 510 to 260C
Annealing temp 750F or 400C
Weldabitity Good
Formability Temper Bend Classification

A
H12 B
HU C
H16 E
HIS G

Physical Properties

Density, at 68F
Specific heat, 21 2 F, cal/gm
Electrical resistivity, micro/cm 8

Volume conductivity, % of Cu

0.099 lb/cu in. (2.73 S.G.)

0.23
O 3.448
H12, 4.105

H14, 4.205

H18, 4.310
O 50

H12, 42

H14, 41

H18, 40

Thermo! Conductivity

Cal/sq cm/cm/ C/ sec O 0.46
H12 0.39
HU 0.38
HIS 0.37

Modulus of Elasticity, E M psi
Modulus of Rigidity,

M psi
P01 sson's Ratio

Compressive YS
Torsional YS
Torstonal TS

10,000
3,850
0.33

Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx

345



ALUMINUM ALLOYS, WROUGHT

MS R301

R301 is ImiUr to 148 and is supplied on the
same specification, Government AN-A-22.

Technological Properties
Melting point

Recrystallization temp,
50% reduction

Hot working temp
Annealing temp, O*

to remove cold work4

Solution temp, T4'

solidus, 950F or 510C
liquidus, 1180F or 638C

650F or 345C
900 to 500F or 480 to 260C
750 to 800F or 400 to 430C
650F or 345C
925 to950F or 495 to 515C

Precipitation temp,T6* 335 to 345 F or 168 to 174C
Precipitation temp,T4 315 to 325F or 157 to 163C
Weldability Good by fusion and resis-

tance methods

Riveting, T6 Use A17ST4; 17S-T4;
24S-T4; or steel

Formability Good in O temper, fair in

quenched condition, W
Tamper Bend Classification

O B'

T4 H'.

T6 K 1

]
Aided is slightly better.

.Freshly quenched-appreciably better.
'2 hr, furnace cool to 500F (50 deg max/hr).
TNo time required, cooling not critical.
'10 min to 1 hr (salt bath), cold water quench.
"8 to 12 hrs, cooling not critical.

Characteristics. Strength and hardness combined with
relatively good formabihty.

Uses. Heavy-duty forgings, boils for power shovels, air-
craft parts, etc.

Physical Properties
Density, at 68F or 20C 0.101 Ib/cu in. (2.80 S.G.)
Electrical resistivity, microhm/cm* 3.448 for O; 4.310 for T6
Volume conductivity, % of Cu 50% for O; 40% for T6
Specific heat, 212F or 100C, cal/gm 0.23 approx

Thermal Conductivity
Cal/sq cm/cm/C/sec, 77F or 25C O 0.46

T6 0.37

Modulus of elasticity, E,M psi 10,600, bare

10,500, clad
Modulus of rigidity M psi 3,850
Torsional YS 0.55 times tensile YS, approx
Torsional TS 0.65 times tensile TS, approx
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Characteristics. 24S is a stronger alloy than 17S.

Uses. Aircraft structures, rivets, etc.

24S

Technological Properties

Melting point solidus, 935F or 502C
liquidus, 1180F or 638C

Recrystallization temp
50% reduction

Hot working temp
Annealing temp, O

650F or 345C
900 to 500F or 480 to*260C
750 to 800F or 400 to 425C
650F or 345C
910 to 930F or 488 to 499C, WQ,
precipitation at r. t.

Precipitate T4 at 370 to 380F or

188 to 193C
Stretch T4 3% precipitate at 370
to 380F or 188 to 193C
Solution treated (T4) and cold
worked
T36 precipitated at 370 to 380F
or 188 to 19 3C
Good by resistance methods

remove cold work
T4 treatment

T81 treatment

T84 treatment

T36 treatment

T86 treatment

Weldability Good by resistance methods

Riveting, T4 condition Use A17S-T4; 17S-T4; 24S-T4;

Formability
or steel

Temper Band Classification

O B'
T4 J

'

T36 K'

'Alclad is slightly better

'Freshly quenched* appreciably better

Physical Properties

Density, at 68F
Electrical resistivity, microhm/cm*

at 68 F
Volume conductivity, % of Cu
Specific heat, cal/gm at 212F

0.100 Ib/cu in. (2.77 S.G.)

3.448 for O, 5.747 for T4
50% for O; 30% for T4
0.23 approx

Thermal Conductivity
Cgs at 77F O 0.45

T4 0.29

Modulus of elasticity, E in M psi 0.064 in. clad sheet and thicker 10,000
Clad sheet under 0.064 in.

Other bare and clad sheet

Modulus of
rigidity,

bare products in M psi 3,850
Poisson's ratio 0.33

Compressive YS Same as tensile YS, approx
Torsional YS 0.55 times tensile YS, approx
Torsional TS 0.65 times tensile TS, approx

9,600
10,600

347



ALUMINUM ALLOYS, WROUGHT

52S

Technological Properties
Melting point solidus, 1100For593C

liquidus, 1200F or 649C
Recrystallixation temps

after 50% reduction 550F or 290C
Hot working temp
Annealing temp, O
Weldability

Soldering, brazing.

Riveting

Formability

950 to 500F or 510 to 260C
650F or 345C
Good with fusion methods
but limited, good with re-

sistance methods
Good
Condition O, use 2S. For H
tempers, use A17S-T4;
53S-T61; 53S-T4
Temper Bend Classification

O B
H32 C
H34 D
H36 F
H38 G

Characteristics. Combines good workability with good fatigue

strength and corrosion resistance and moderate strength.

Uses. Aircraft fuel and oil lines, fuel tanks, and marine and

transportation applications.

Physical Properties

Density,
at 68F 0.097 Ib/cu in. (2.68 B.C.)

Electrical resistivity, microhm/cm*
at 68F 4.926 for O; 4.926 for H38

Volume conductivity, % of Cu 35% for O and H38
Specific heat, cal/gm at 212F 0.23, approx

Thermal Conductivity
Cal/sq cm/cm/ C/ sec, 77F 0.33 for O and H38

Coef. of Thermal Expansion

per Deg C per Deg F

Temp Range 10 x 10

Deg C Deg F Cond O

-60-20
20-100
-200
-300
-400
-500

-76-68
68-212

392
-572
-752
-932

Cond O

22.0 12.2

23.8 13.3
24.9 13.8

25.8 14.3

Modulus of elasticity, E in M psi
Modulus of

rigidity,
M psi

Poisson's ratio

Compressive YS
Torsional YS
Torsion al TS

10,200
3,850
0.33

Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx
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32S

Choroctoristica. Relatively low expansion and good forge-
ability.

U Useful for applications such as forged pistons.

0.097 Ib/cu in. (2.69 S.G.)
Physical Proportios
Density, at 68F
Electrical resistivity, microhm/cm*

at 68F
Volume conductivity, % of Cu
Specific heat, cal/gm at 212 F

4.310 forO; 4.926 for T6
40% for O; 35% for T6
0.23, approx

Tochnologicol Proportios

Melting point solidus, 990F or 532C
liquid us, 1060F or 571C

Hot working temp 900 to 500F or 480 to 260C
Annealing temp, O' 750 to 800F or 400 to 425C
Solution treatment, T6a

950 to 970F or 510 to 520C
Precipitation treatment,T6* 335 to 345 F or 168 to 174C

'2 hre, furnace cool to 500F (50 deg max/hr)
.4 hre (min). water quench
*6 to 10 hr, quench not critical

Thormol Conductivity
Cal/sq cm/cm/ C/sec, 77F O 0.37

T6 0.33

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity,

E in M psi 3,850
Poisson's ratio

Compressive YS
Torsional YS
Torsional TS

0.33
Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx

Characteristics. Combines good forgeabihty, strength, and
resistance to corrosion.

Uses. Crankcases, fuse parts, machine and automotive parts.

Physical Properties
Density, at 68F
Electrical resistivity, microhm/cm*
at68F

Volume conductivity, % of Cu
Specific heat, cal/gm at 212F

0.097 Ib/cu in. (2.69 S.G.)

3.135 for O; 3.831 for T4 and T6
55% for O; 45% for T4 and T6
0.23, Wfx

Hot working temp

Annealing temp, O'

Solution treatment, T4a

Precipitation treatment, T6*
applied to T4

Weldability

Soldering, brazing
Riveting

liquidus, 1200F or 649C
900 to 500F or 480 to 260C
750 to 800F or 400 to 425C
960 to 980F or 515 to 525C, WQ

335 to 345F or 168 to 174C
Good with fusion methods
but limited; good with re-
sistance methods
Good
Use53S-T61; 53S-T4;
53S-T6

1

2 hre, furnace cool to 500F (50 deg max/hr)
*4 hre (min), water quench
J
6 to 10 hre, quench not critical
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61S

Technological Proportion
Melting point

Hot working temp
Recrystall* zation temp

for 75% reduction

Annealing temp, O4

to remove cold work 1

Solution temp, T44

Precipitation temp, T6*

Precipitation temp,
start with T4, T6*

Weldability

aolidus, 1080F or 582C
liquidus, 1205F or 652C
950 to 500F or 510 to 260C

650F or 345C
750 to 800F or 400 to 425C
650F or 343C
960 to 980F or 516 to 527C, WQ
315 to 325F or 157 to 163C

345 to 355F or 174 to 179C
Same as A5 IS

Riveting, for T4 and T6 53S-T61; 53S-T4; 53S-T6;
or steel

Formability Temper Bend Classification

O B
T4 E 1

T6 F

'Preahlv quenched -
appreciably better'

hr, furnace cool tolOOF (SO deg max/hr)
holding time, quench not critical

I hr, cold water quench
,.u -o 20 hr, cooling not critical
*6 to 10 hr, cooling not critical

Chemical Composition
Cu Si Mn Mg Fe
% % % % *

Sheet .15/.40 .40/.80 .15max .80/1.2 .70max
Bar, rod, shapes, wire .15/.40 .40/.80 .15 max .80/1.2 .70 mar

Tubing .15/.40 .40/.80 .15 max .80/1.2 .70 max

Sheet .35 max
Bar, rod, shapes, wire .15/35

Tubing_.35 max

Zn
%

.20 max

.20 max

.20 max

Ti Others

.15 max .10 max

.15 max .15 max

.15 max .10 max

Characteristics. Good strength, workability, and corrosion
resistance.

Uses. Aircraft landing mats, pontoon boats, canoes, furniture,
vacuum cleaner tubing, and transportation equipment.

Physicol Properties
Density, at 68F
Electrical resistivity, microhm/cm*
at68F

Volume conductivity, % of Cu
Specific heat, caf/gm at 212F

0.098 Ib/cu in. (2.70 S.G.)

3.831 for O; 4.310 for T4 and T6
45% for O; 407. for T4 and T6
0.23. approx

Thermal Conductivity
Cgs units at 77F O 0.41

T4 and T6 0.37

Modulus of elasticity, E in M psi 10,000
Modulus of ri

Poisson's ratio

Compressive YS
Torsional YS
Torsional TS

in M psi 3,850
0.33

Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx
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Chemical Composition
Cu Si Mg

Bar, rod, shapes, wire .10 max .45/.65*%Mg 1;10/1.40 .35 max

Forgings .lOmax .45/.65*%Mg 1.10/1.40 .35nax

Cr Zn Ti Others

Bar, rod, shapes, wire .15/. 35 .10 max .15 max .15 max

Forgings .I5/.35 .25 max .15 max .15max

Characteristics. Good workability and corrosion resistance

with moderate strength.

Uses* Petroleum refining equipment, beer barrels and in naval

and architectural construction.

Physical Properties
Density, at 68F
Electrical resistivity, microhm/cm

at 68F
Volume conductivity, % of Cu
Specific heat, cal/gm at 212F

0.097 Ib/cu in. (2.69 S.G.)

3.831 for O; 4.310 for T4 and T6
45% for O; 40% for T4 and T6
0.23, approx

Thermal Conductivity
Cal/sq cm/cm/C/sec, 77F 0.41

T4 and T6

ALUMINUM ALLOYS, WROUGHT

53S

Technological Properties
Melting point solidus,

liquidus,
Hot working temp
Recrystallization temp,

for 75% reduction

Annealing temp, O 1

to remove cold work
Solution treatment, T4a

Precipitation treatment, T61

Precipitation treatment, T4, T64

Weldability

Soldering, brazing
Riveting, conditions T4 and T6

\2.hrs, furnace cool to 500F (SO deg
?
T/ to 1 hr, water quench
.16 to 20 hrs, quench not critical
4
6 to 10 hrs, quench not critical

1075F or 579C
1205F or 652C
950 to 500F or 510 to 260C

650F or 345C
750 to 800F or 400 to 425C
650F or 345C
960 to980F or 516to527C
315 to 325For 157 to 163C
345 to 355F or 174 to 179C
Good with fusion methods
but limited; good with re*

sistance methods
Good
Use 53S-T61; 53S-T4;
53S-T6 or steel

max/hr)

0.37

Modulus of elasticity, E in M psi 10,000
Modulus of rigidity, in M psi 3,850
Po is son' s ratio

Compressive YS
Tors ional YS
Torsional TS

Same as tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx
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25S

Technological Properties
Melting point sohdus, 970 F or 521C

liquidus, 1185F or 641 C
Annealing temp, O 1 750 to 800F or 400 to 425C" -*-

900 to 500F or 480 to 260CHot working temp*
Heat treatment, T6*

solution treatment

ChoroctorlsHcs. A forging alloy; also has fairly high strength.

Uses. Aircraft propellers, link rods, radial engine crankcases.

950 to 970F or 510 to 520C
precipitation treatment 335 to 345F or 168 to 174C

Riveting Use A17S-T4; 17S-T4; or

24S-T4

J2 hrs, furnace cool to 5OOF
*4 hrs, water quench
'8 to 12 hrs, quench not critical

Physical Properties

Density, at 68F
Electrical resistivity, microhm/cm'
at68F

Volume conductivity % of Cu
Specific heat, cal/gm at 212 F

0.101 ib/cu in. (2.79 S.G.)

4.310 for T6
40% for T6
0.23

Modulus of elasticity, E in M psi 10,400
Modulus of

rigidity,
M psi 3,850

Poisson's ratio 0.33

Compressive YS
Torsional YS
Torsional TS

Same aa tensile YS, approx
0.55 times tensile YS, approx
0.65 times tensile TS, approx

Thermal Conductivity
Cal/sq cm/cm/C/sec, 77F T6 0.37

Coef. of Thermal Expansion
per Deg C per Deg F

X 10~* X 10*

Deg C Deg F Cond OCond T6 CondO Cond T6

-60-20 -76-68 - 21.6 - 12.0
20-100 68-212 22.8 23.3 12.7 12.9
-200 -392 23.7 - 13.2 -
-300 -572 24.5 - 13.6 -

Hot working temp
Annealing temp

Formability

Solution treatment

Precipitation treatment, T275
Precipitation treatment, T315
Incubation period at r. t.

Weldability

Riveting

800 to 700F or 425 to 370C
675 to 700F or 355 to 370C
cool to 450F, 4 hr

Good, as annealed or freshly

quenched
810 to 840F or 430 to 450C, WQ
270to280For 132 to 138C
310 to 320F or 154 to 160C
24 hr

Only spot welding clad sheet
is recommended
Use 24S-T4; 17S-T4

Chorocteristlcs. Exceptionally high strength and otherwise

good properties.

Uses* Components of aircraft structures. Heat treatment
must be carefully controlled to minimize tendency to
stress-corrosion cracking.

Physical Properties
Density, at 68F 0.102 Ib/cu in. (2.82 S.G.)

Modulus of elasticity, E in M psi 10,400
Shear modulus, M psi 3,900
Bearing YS~for edge distance 1.50D > 1.4 x YS

for edge distance 2.00D 1.6 x YS
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Character! sties. 75S is a very high strength alloy, with good
corrosion resistance.

Use*. Structural parts for aircraft.

Physical Properties

Density, at 68F
Electrical resistivity, microhm/ c

at 68F
Volume conductivity, % of Cu
Specific heat, cal/gm at 212F

0.10 1 Ib/cum. (2.80 S.G.)

5.747 for T6
30% for T6
0.23, approx

Thermal Conductivity
Cgs units at 77F 0.29 for T6

75S

Technological Properties
Melting point

Hot working temp
Annealing temp,

to remove cold work

Annealing temp, O

solidus, 890F or 476C
hquidus, 1180F or638C
850 to 500F or 455 to 260C

775F or 415C, 50% reduction

775 to 850F, AC, followed by 450F or

415 to 45 5C, AC. followed by 230C
860 to 930F , WQ or 460 to 500C, WQ

Precipitation treatment, T6 HeatWto 245 to 255For 118 to 124C;or
heatto205to215F (96 to 102C), cool

to r.t., and reheat to 310 to 320F

(154 to 160C)
Good by resistance methods
Use A17S-T4; 17S-T4; 24S-T4; or steel

Temper Bend Classification

D
W E 1

.
1

T6 K

Solution treatment, V

Weldabihty
Riveting
Formability

Heat extrusions to 860-880F

JAlclad
Is slightly better

As long as 2 hr sfter quenching

Modulus of elasticity, E in M psi 10,400 (primary)

9,600 (secondary)
Modulus of

rigidity,
M psi 3,850

Poisson's ratio 0.33
Directional properties Transverse and longitudinal properties approximately equal

Compressive YS Same as tensile YS, approx
Torsional YS 0.55 times tensile YS, approx
Torsional TS 0.65 times tensile TS, approx

3S3





Coef. of Thermol Expansion
Temp Ranee Coefficient x 10"*

Deg f Deg C per Deg F per Deg C

68-212 20-100 11.1 20.0

-392 -200 11.4 20.5

-572 -300 11.9 21.5

Choracterlatict. Excellent castability and good corrosion

resistance.

Use*. Thin-walled and intricately designed castings.

Physical Properties

Density, at 68 F 0.096 Ib/cu m. (2.66 S.G.)

Electrical resistivity, microhm/cm at 68 F 4.421

Volume conductivity, % of Cu 39%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.37

ALUMINUM ALLOW, CAST

13

Technological Properties
Melting point solidus 1065For574C

hquidus 1085 F or 585 C
excellent

good by flash welding
plate with copper, then
solder as for copper
use 53S-T4; 53S-T6; 53S-T61

Castability
Weldability
Soldering

Riveting

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, in M psi 3,850
Poisson's ratio 0.33

Chemical Composition
Si Fe Cu Mg

Die Cast 4.5/6.0 2.00 max .60 max .10 max
Sand Cast 4.5/6.0 .80 max .10 max .05 max
Permanent mold 4.5/6.0 .80 max .10 max .05 max

Mn Zn Ti Others

Die Cast
Sand Cast
Permanent mold

.30 max .50 max .20 max

.10 max .20 max .20 max .10 max

.10 max .10 max .20 max .10 max

Uses. Die castings which require above average ductility
and excellent corrosion resistance. It is also used for

sand and permanent mold castings for good castability
and corrosion resistance with moderate strength, such
as cooking utensils, food handling equipment, marine

fittings, and thin-section castings.

ALUMINUM ALLOYS. CAST

43

Physical Properties
Density, at 68 F 0.097 Ib/cu in. (2.69 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 4.660 as cast; 4.105 annealed

Volume conductivity,
in % of Cu 37% as cast; 42% annealed

Specific heat, cal/gm at 212 F 0.23t approx

Technological Properties

Melting point solidus 1070 For 577 C
Hquidus 1165For629C

Castability very good
Weldability good by fusion and resistance

methods, but check welding
manuals for details
can be soldered
can be brazed

Thermal Conductivity
Cgs units at 77 F

0.35 as cast

0.39 annealed

Soldering
Brazing Coef. of Thermal Expansion

Temp Range Coefficient X 10"*

Deg F Deg C per Deg F per Dag C

68-212 20-100 12.2 22.0

-392 -200 12.8 23.0

-572 -300 13.3 24.0

Modulus of elasticity, E in M psi
Modulus of rigidity,

in M psi
Poisson's ratio

10,300
3,850
0.33
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ALUMINUM ALLOY*. CAST

85

Technological Proportion

Melting point solidus 970 For 5 21 C
Hquidus 11 35 For <S13C

Weldability Good by flash welding
Soldering Plate with copper, then

solder as for copper
Riveting Use 53S-T4; 53S-T6;

53S-T61

Characteristics. General purpose die-casting alloy which
permits relatively large amounts of impurities.

Physical Properties
Density, at 68 F 0.101 Ib/cu in. (2.78 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 6.158

Volume conductivity, in % of Cu 28%
Specific heat, cal/gm at 212 F 0.23, approx

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Poisson's ratio

10,300
3.850
6.33

Thermal Conductivity
Cgs units at 77 F 0.27

Coef. of Thermal Expansion
Temp Range

Deg F Deg C

68-212 20-100
-392 -200
-572 -300

Coefficient x 10

per Deg F per Deg C

11.7 21
12.2 22
12.8 23

ALUMINUM ALLOYS, CAST

108

Technological Properties
Melting point solidus 970 F or 521 C

hquidus 1 170 For 632 C
Weldability Good with electric fusion and

resistance methods

Soldering Good
Brazing Good
Riveting Use A17S-T4; 17S-T4

Characteristics. Good testability, weldabihty, pressure
tightness and moderate strength.

Uses. Manifolds, valve bodies, etc.

Phyaicol Properties

Density, at 68 F 0.101 Ib/cu in. (2.79 S.G.)
Electrical resistivity,

nucronm/cm 1 at 68 F 5.562
Volume conductivity, in % of Cu 31%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.29

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, M psi 3,850
Poisson's ratio 0.33

Coef. of Thermal Expansion
Temp Range Coefficient x 10'*

Deg F Deg C per Deg F per Deg C

68-212 20-100 12.2 22

-392 -200 12.8 23
-572 -300 13.3 24
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ALUMINUM ALLOY!. CAST

Allcast

Character! sties. A
general-purpose alloy with good as-

cast properties, which can also be improved by heat
treatment.

Physical ProportU*
Density, at 68 F 0.100 Ib/cu in. (2.76 S.G.)
Volume conductivity,

in % of Cu 27% as cast

30% stress relieved

30% quenched and aged
36% quenched and stress relieved

Coef. of Thermal Expansion
Temp Ranee Coefficient * 10*

4

Dtg F Deg C per Deg F per Deg C
68-212 20-100 12,2 21.9

Thermo I Conductivity
Cgs units at 68 F:

0.25 as cast
0.28 stress relieved

0.28 quenched and aged
0.33 quenched and stress relieved

Coof.of Thermal Expansion
Temp Range

DegC perDefC
20-100 21.9xlO*

-200
-300
-400

Characteristics. Good castability, weldability, and sound-

ness, and moderate strength.

Uses. Ornamental grilles, reflectors, and general-purpose
castings.

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, M psi 3,850
Poisson's ratio 0.33

ALUMINUM ALLOYS, CAST

A108

Technological Properties
Melting point solidus 960 F or 516C

liquidus 1140For616C
Weldabihty Good with electric fusion and

resistance methods
Soldering Good
Brazing Good
Riveting Use A17S-T4; 17S-T4

Physical Properties

Density, at 68 F 0.101 Ib/cu in. (2.79 S.G.)
Electrical resistivity,

microhm/cm* at 68 F 4.660
Volume conductivity, in % of Cu 37%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.34

Coef. of Thermal Expansion ,

Temp Range Coefficient * 10"

Deg F Deg C per Deg F per Deg C

68-212 20-100 11.9 21.5

-392 -200 12.5 22.5

-572 -300 12.8 23*0
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ALUMINUM ALLOYS, CAST

113

Technological Properties
Melting point sol idu* 975 F or 524 C

hquidus 1 165 For 629 C
Weldability Good with electric fusion and

resistance methods

Soldering Good
Brazing Good
Riveting Use A17S-T4; 17S-T4

Characteristics. Good castability, machmability, and

pressure tightness.

Uses. Castings which must be dense.

Physical Properties
Density, at 68 F 0.105 lb/cu in. (2.91 S.G.)
Electrical resistivity,

microhm/cm* at 68 F 5.747
Volume conductivity, in % of Cu 30%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity

Cgs units at 77 F 0.28

Modulus of elasticity, E in M psi 10,300
Modulus of

rigjtdity,
M in psi 3,850

Poiss.on's ratio 0.33

Coef. of Thermol Exponsion
Temp Range Coefficient X 10"*

Deg F Deg C per Deg F per Deg C

68-212 20-100 12.2 22.0

-392 -200 12.8 23.0

-572 -300 13.3 24.0

ALUMINUM ALLOYS, CAST

cm

Technologicot Properties
Melting point solidus 975 F or 524 C

liquidus 1 1 65 F or 629 C
Weldabihty Good with electric fusion and

resistance methods
Soldering Good
Brazing Good
Riveting Use A17S-T4; 17S-T4

Physical Properties
Density, at 68F 0.105 lb/cu in. (2.91 S.G.)
Electrical resistivity,
microhm/ cm 1 at 68 F 6.386

Volume conductivity, in % of Cu 27%
Specific heat, cal/gm at 212 F 0.23* approx

Thermol Conductivity
Cgs units at 77 F 0.26

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, M in psi 3,850
Pois son's ratio 0.33

Coef. of Thermal Expansion
Temp Ranee Coefficient X 10'

DeiDegF
68-2 12

-392
-572

ig C per Deg F per Deg C

20-100 12.2 22.0
-200 12.8 23.0
-300 13.3 24.0
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ALUMINUM ALLOYS, CAST

Characteristics. Good high-temperature strength, high
hardness and resistance to wear, and good machinability.

Uses* For air-cooled cylinder heads, automotive pistons,
bushings, and tappet guide clusters.

Physical Properties

Density, at 68 F 0.105 lb/cu in. (2.95 S.G.)
Electrical resistivity,
microhm/cm* at20C

Volume conductivity,
% of Cu

4.205, sand cast,T2
5.225, sand cast, T61
5.071, perm, mold, as

cast

4l% t sand cast,T2
33%, sand cast,T61
34%, perm, mold, as

cast

Specific heat, cal/gm at 212 F 0.23, approx

Coef. of Thermal Expansion
Temp Ran B Coefficient X 10'

Deg P Deg C per Deg F per Oeg C

68-212 20-100 12.2 22.0
-392 -200 12.8 23.0
-572 -300 13.0 23.5

Thermal Conductivity
Cgs units at 77 F
0.38 sand cast, T2
0.31 sand cast, T61
0.32 perm, mold, as cast

122

Technological Properties

Melting point solidus 1005 F or 541 C
tiquidus 1160 For 627 C

Annealing temp, T2 1 595-605 F or 313-318C
Solution temp* 945-955 F or 507-51 3 C, WQ
Sand castings, precipitation temp following
solution treatment, T6l a

305-315 F or 152-157C
Permanent mold castings,
precipitation temp, T52' 305-315 F or 152-157C

Permanent mold castings,
precipitation temp, T551* 335-345 F or 168-174C
Permanent moid castings,
precipitation temp for

solution heautreated
material, T65S 335-345 F or 168-174C

Weldability Good with electric fusion
and resistance methods

Soldering Good
Riveting Use A17S-T4; 17S-T4

! 2 to 4 hrs, quench not critical
MO to 14 hrs, quench not critical
.5 to 7 hrs, quench not critical

,18 to 22 hrs, quench not critical
*7 to 9 hrs, quench not critical
*12hrs, water at 150-212F

Modulus of elasticity, E in M psi
Modulus of rigidity,

in M psi
Poisson's ratio

10,300
3,850
0.33
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ALUMINUM ALLOYS, CAST

A132

Technologlcol Properties
Melting point solidus

Uquidus
Precipitation temp

acast, T551 1

Solution temp
1

Precipitation temp
after solution heat

treatment, T63*
Weldability

1000 For 538 C
1095 F or 591 C

335-345 F or 168-174C
955-965 For 513-518 C,WQ

Soldering
Riveting

335-345 F or 168-1 74 C
Good with electric fusion and
resistance methods
Good
Use 53S-T4; 53S-T6; 53S-T61

!l4 to 18 hre, quench not critical
*

hrs, water at 150-212F
'12 to 16 hrs, quench not critical

Characteristics* Good high-temperature strength, rela-

tively low expansion, and good wear resistance.

Uses* Automotive and Diesel pistons, pulleys and
sheaves.

Physical Properties

Density, at 68 F 0.097 Ib/cu in. (2.68 S.G.)
Electrical resistivity,

microhm/cm* at 68 F 5.945 for T551
Volume conductivity, in % of Cu 29% for T551
Specific heat.m cal/gm at 212F 0.23, appro*

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Pois son's ratio

10,300
3,850
0.33

Thermal Conductivity
Cgs units at 77 F 0.28 for T551

Coef* of Thermal Expansion
Temp Range

Deft F Deg C

68-212 20-100
-392 -200
-572 -300

Coefficient X 10
'per Deg F per Deg C

10.6 19.0
11.1 20.0
11.7 21.0

ALUMINUM ALLOYS, CAST

Red X-13

Technological Properties
Treatment for pistons Heat 8 hr at 400 F for

dimensional stability

Physical Properties

Density, at 68 F 0.098 Ib/cu in. (2.7 S.G.)

Thermal Conductivity
Cgs units at 77 F 0.33 for T4

0.35 for T62

Coef. of Thermal Expansion

TempR^^
68-212 20-100
-392 -200
-572 -300
-752 -400

Coefficient x 10
per Deg P per Deg C

11.2 20.1
11.6 20.8
12.0 21.7
12.4 22.3

Choroeteristics. Combines high strength at elevated

temperatures with a relatively low coefficient of ex-

pansion.

Uses. For pistons for internal combustion engines.



ALUMINUM ALLOYS, CAST

Characteristics. Excellent high-temperature strength.

Uses. Motorcycle, Diesel and aircraft pistons, air-cooled

cylinder heads* aircraft generator housings, etc.

Physical Properties

Density, at 68 F 0.101 Ib/cu in. (2.81 S.G.)
Electrical resistivity,

microhm/cm 1 at 68 F 3.918, sand c

5.071, sand c

4.660, sand c

Volume conductivity,
% of Cu 44%, sand ca , T21

34%, sand ca , T571
37%, sand ca

,
T77

32%, perm, mold cast, T61

Specific heat,cal/gm at 212 F 0.23, approx.

st, T21
st, T571
st, T77

5.338, perm, mold cast,T61

Thermal Conductivity
Cgs units at 77 F 0.40 sand cast, T21

0.32 sand cast, T571
0.36 sand cast, T77
0.31 perm, mold,T61

Coef. of Thermol Expansion
Temp Range Coefficient X 10"

Deg F TDe
- ~ ~ ~ "" WR

68-212
-392
-572

->eg C
20-100

-200
-300

<~oemcim * lu

per Deg F per Deg C
12.5 22.5

13.0 23.5
13.6 24.5

142

Technological Properties
Melting point solid us 995 For 535 C

liquidus 1165For629C
Sand Castings

Annealing temp, T21 1 645-655 F or 341-346C
Precipitation temp,
as cast, T5712

Solution temp*
Precipitation temp*
after solution treat-

ment, T774

Permanent Mold Castings
Precipitation temp,
as cast, T571

Solution temp*
Precipitation temp,

335-345 For 168-174 C
965-975 For 5 18-524 C, AC

645-655 F or 34 1-346C

335-345 For 168-174 C
955-965 F or 5 13-5 18 C.WQ

after solution treat-

ment. T61 7

Weldabikty

Soldering
Riveting

395-405 For 202-207 C
Good with electric fu-

sion and resistance
methods
Good
Use A17S-T4; 17S-T4

}2 to 4 hrs, quench not critical
:40 to 48 hrs, quench not critical
*6 hrs, still air
*1 to 3 hrs, quench not critical
'40 to 48 hrs, quench not critical
*4 hrs, water at 150-2 12F
'3 to 5 hrs, quench not critical

Modulus of elasticity, E in M psi 10 t 300
Modulus of

rigidity,
in M psi 3,850

Poisson's ratio 0.33

3(1



ALUMINUM ALLOY!* CAST

195

Chorocteristics. Combines high tensile properties with

good machinability.

Uses. Flywheel housings, rear axle housings, bus wheels,
aircraft wheels, crankcases and fittings.

Technological Propertl
Melting point solidus

liquidus
Solution temp, T4'
Precipitation temp for

solution treated ma*

tenal,!^
1

Precipitation temp for

solution-treated ma-
terial, T62

Weldability

Soldering
Riveting

1020 F or 549 C
1195For646C

955-965 For 513-518 C,WQ

305-315 F or 152-157C
1

305-315 F or 152-157C
1

Good by fusion and
electric resistance
methods
Good
Use A17S-T4; 17S-T4

Jl2 hra, water at 150-212F
,3 to 5 hra, quench not critical
J
12 to 16 hre, quench not critical

Modulus of elasticity, E in M psi
Modulus of rigidity, M psi
Poisson's ratio

10,300
3,850
0.33

Physical Properties
Density, at 68F O.lOllb/cuin.

(2.81 &G.)
Electrical resistivity,

microhm/cm* at 68F
4.926 for T4; 4.660 forT62

Volume conductivity, in % of

Cu 35% for T4; 37% for

T62
Specific heat, cal/gm at 212F

0.2 3 1 approx.

Thermal Conductivity
Cgs units at77F 0.33 for T4

0.35 for T62

Coef. of Thermal Expansion
Temp Range Coefficient x 10

Dg F Deg C per Deg F per Oeg C

68-212 20-100 12.8 23.0
-392 -200 13.3 24.0
-572 -300 13.9 25.0

ALUMINUM ALLOYS, CAST

218

Technological Properties
Melting point solidus 1005 For 541 C

liquidus 11 50 For 621C
Weldability Good by flash welding
Soldering Good after copper plating

Riveting Use 53S-T4; 53S-T6;
53S-T61

Uses. 218 is used where exceptional mechanical prop-
erties, corrosion resistance, and finishing characteristics
are required, such as marine and aircraft fittings.

Physicol Properties
Density, at 68 F 0.091 Ib/cu in. (2.53 S.G.)
Electrical resistivity,

microhm/cm 1 at 68 F 7.184
Volume conductivity, in % of Cu 24%
Specific heat, in cal/gm at 212 F 0.23, approx

Modulus of elasticity, E in M ps
Modulus of

rigidity,
in M psi

Poisson's ratio

10,300
3.850
6.33

Thermal Conductivity
Cgs units at 77 F 0.24
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Characteristics. Good castabihty, weldability, and
pressure tightness.

Uses* Aircraft supercharger covers, fuel pump bodies,
air compressor pistons, liquid ccToled cylinder heads,
liquid cooled aircraft engine crankcases, water jackets
and blower housings.

Physical Properties
Density, at 68 F Q.098 Ib/cu in. (2.70 S.G.)
Electrical resistivity,
microhm/cm> at 68 F 4.010, sand cast, T51

4.789, sand cast, T6
4.660, sand cast, T61
4.105, sand cast, T7
4.421 , perm, mold cast, T6

Volume conductivity,
in % of Cu 43%, sand cast, T51

36%, sand cast, T6
37%, sand cast, T61
42%, sand cast, T7
39%, perm, mold cast, T6

Specific heat, cal/gm at 212 F 0.23, approx

ALUMINUM ALLOYS, CAST

355

Technological Properties
Melting point solidus 1075 F or 580 C

liquidus 1 160 For 625 C
Heat treatment

Sand Casting!
Precipitation temp,

1 T511 435-445 F or 224-230 C
Solution temp4

4 975-985 F or 524-529 C, WQ
Precipitation temp, *T6* 305-315 F or 152-157 C
Precipitation temp, *T61* 305-315 F or 152-157 C
Precipitation temp, *T7 T

435-445 F or 224-230 C
Precipitation temp, 'T711 470-480 F or 243-249C

Permanent Mold Castings
Precipitation temp, tT51f 435-445 F or 224-230 C
Solution temp10 975-985 F or 524-529 C, WQ
Precipitation temp, *T6n 305-315 F or 152-157C
Precipitation temp, *T62 1l

335-345 F or 168-174C
Precipitation temp, 'T711

435-445 F or 224-230 C
Precipitation temp, *T71U470-480 F or 243-249 C
Weldability Good with fusion and

electric resistance
methods

Soldering Good
Brazing Good
Riveting Use 53S-T4; 53S-T6;

53S-T61

1
Start with material a* cast

'Start with solution-treated material
*7 to 9 hrs, quench not critical
*12hrs, water at 150-212F

Thermal Conductivity
Cgs units at 77 F 0.40, sand cast, T51

0.34, sand cast, T6
0.35, sand cast, T61
0.39, sand cast, T7
0.36, perm, mold cast, T6

Coef. of Thermal Expansion
Temp Range Coefficient x 10"

Dcg F Deg C per Deg F per Deg C

68-212 20-100 12.2 22.0

-392 -200 12.8 23.0

-572 -300 13.3 24.0

o 5 hrs, quench not critical
o 10 hrs, quench not critical
o 9 hrs, quench not critical
o 6 hri, quench not critical

. o 9 hrs, quench not critical

8 hrs, water at 150-212F
;!3 to S hrs, quench not critical
*14 to 18 hrs, quench not critical
"7 to 9 hrs, quench not criticalU4 to 6 hrs, quench not critical

Modulus of elasticity, E in M psi -

Modulus of
rigidity,

in M psi
Poisson's ratto

10,300
3,850
0.33

363



ALUMINUM ALLOYS. CAST

A214

Teehrtologicol Properties

Melting point solidus 1050 For 566 C
liquidus 1180F or 638 C

Weldabilicy Good with electric fusion
and resistance methods

Soldering Good
Brazing Good
Riveting Use 53S-T4; 53S-T6;

53S-T61

Characteristics. Good resistance to corrosion and

tarnishing.

Uses. Typical use is for cooking utensils.

Physical Properties
Density, at 68 F 0.096 Ib/cu in. (2.65 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 5.225

Volume conductivity, in % of Cu 33%
Specific heat, cal/gm at 212 F 0.23 t approx

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Poisson's ratio

10,300
3,850
0.33

Thermal Conductivity
Cgs units at 77 F 0.31

Coef. of Thermal Expansion
Temp Range Coefficient x 10"

Deg F Deg C per Deg F per Oeg C

68-212 20-100 13.3 24.0
-392 -200 13.9 25.0
'-572 -300 14.4 26.0

ALUMINUM ALLOYS, CAST

214

Technological Properties
Melting point solidus 1075 F or 579 C

liquidus 1 185 For 64! C
Weldability Good with fusion and elec-

tric resistance methods
Soldering Good
Brazing Good
Riveting Use 53S-T4; 53S-T6;

53S-T61

Characteristics. Moderate strength, but excellent resis-
tance to corrosion and tarnishing.

Uses. For dairy and food handling equipment, cooking
utensils, fittings for chemical and sewage equipment.

Physicol Properties
Density, at 68 F 0.096 Ib/cu in. (2.65 S.G.)
Electrical resistivity,
microhm/cm 8 at 68 F 4.926

Volume conductivity, in % of Cu 35%
Specific heat, cal/gm at 212 F 0.23> approx

Coef. of Thermal Expansion
Temp Range Coefficient x 10"*

Deg F Deg C p r Deg F per Deg C

68-212 20-100 13.3 24.0
-392 -200 13.9 25.0
-572 -300 14.4 26.0

Thermal Conductivity
Cgs units at 77 F 0.33

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Poisson's ratio

10,300
3,850
0.33
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Character I sties. General-purpose, heat-treatable alloy
with good high-temperature properties.

Uses. For pans for internal combustion engines, etc.,
which are highly stressed at elevated temperatures.

ALUMINUM ALLOYS, CAT

Red X-8

Physical Properties
Density, at 68 F 0.099 Ib/cu in. (2.73 S.G.)
Volume conductivity,

in % of Cu 26%t as cast

29% i stress relieved

Coef* of Thermal Expansion ,

Temp Range Coefficient X 10
Deg F Def C per Def F per Deg C

68-212 20-100 11.9 21.4

Thermal Conductivity
Cgs units at 68 F 0.24, as cast

0.24, stress relieved

36S



ALUMINUM ALLOY*, CAiT

356

Teehnologieol Properties

Melting point solidus 1073 F or 580 C
liquidus 1 130 For 610 C

Heat treatment

Precipitation temp,
1 75^*43^445 F or 224-230 C

Solution temp
4

995-1005 F or 535-541 C, WQ
Precipitation temp,

f
T6' 305-315 F or 152-158C

Precipitation temp,
fT7* 435-445 F or 224-230 C

Precipitation temp, T71 r 470-480 F or 243-249C
Permanent Mold Castings

Solution temp' . 995-1005 F or 535-541 C, WQ
Precipitation temp. 'T6f 305-315 F or 152-1 57C
Precipitation temp,

fT7" 435-445 F or 224-230 C
Weldability Good with fusion and

electric resistance
methods

Soldering Good
Brazing Good
Riveting Use 53S-T4; 53S-T6;

53S-T61

!No volution treatment
'Start with eolution-treated material
7 to 9 fare, quench not critical
*12 hr., water at 150-212P
*2 to 5 hr, quench not critical
?7 to 9 nrs, quench not critical

.2 to 4 hr, quench not critical
?8hr. water at 150-212F
*3 to 5 hra, quench not critical
"7 to 9 hre, quench not critical

Physical Properties

Density, at 68 F 0.097 Ib/cu in. (2.68 S.G.)
Electrical resistivity,
microhm/cm 1 at 68F 4.010, sand cast, T51

4.421, sand cast, T6
4.310, sand cast, T7

Volume conductivity,
in % of Cu

4.205, perm, mold cast, T6

43%, sand cast, T51
39%, sand cast, T6
40%, sand cast, T7
41%, perm, mold cast, T6

Specific heat, in cal/gm at 212 F 0.23, appro*

Thermal Conductivity
Cgs units at 77 F 0.40, sand cast, T51

0.36, sand cast, T6
0.37, sand cast, T7
0.38, perm, mold cast, T6

Coef. of Thermal Expansion
Temp Ranne Coefficient x lo"

6

Dg F Dg C per Deg F per Deg C

68-212 20-100 11.9 21.5
-392 -200 12.8 23.0
-572 -300 13.0 23.5

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, in M psi 3,850
Poisson's ratio 0.33
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ALUMINUM ALLOYS, CAST

220

Characteristics. 220 has the best tensile properties of

the sand cast alloys, as well as excellent machinability
and corrosion resistance.

Uses. Aircraft fittings, railroad passenger car frames,
and miscellaneous castings which must be strong and
resistant to shock loads*

Technologicol Properties
Melting point solidus 840 For 500 C

liquidus 1 150 For 620 C
We Idability Good with electric resis-

tance methods

Soldering Good
Riveting Use 53S-T4; 53S-T6;

53S-T61

Physlcol Properties

Density, at 68 F 0.093 lb/cu in. (2.58 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 8.210 for T4

Volume conductivity, in % of Cu 21% for T4
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.21 for T4

Modulus of elasticity, E in M psi 10,300
Modulus of rigidity, in M psi 3,850
Poisson's ratio 0.33

Coef. of Thermal Expansion
Temp Range Coefficient x 10'

Dei
~ ""

Peg?
68-212

-392
-572

egC
20-100
-200

-300

per Deg F per Deg C

13.6 24.5
14.2 25.5
14.7 26.5

ALUMINUM ALLOYS, CAST

360

Characteristics. Excellent castability and resistance to

corrosion.

Uses. For thin-walled and intricate castings.

Technological Properties

Melting point solidus 1050 F or 565 C
liquidus 1095F or 590 C

Weldability Good by Hash welding
Soldering Good after copper plating
Riveting Use 53S-T4; 53S-T6;

53S-T61

Physical Properties
Density, at 68 F 0.097 lb/cu in. (2.68 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 4.660

Volume conductivity, in % of Cu 37%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.35

Mechanical Properties

Form or Condition

Die cast

Tensile Yield Elong
Strength Strength V< round
M pai M pal %
42 23 1.8

Modulus of elasticity, E in M psi 10,300

Coef* of Thermal Expansion
Temp Range

DegF^ rJeg _

68-212 20-100 10.8

-392 -200 11.4

-572 -300 11.9

is ion
Coefficient x 10"
rr Deg F per Deg C

19,5

20.5
21.5
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ALUMINUM ALLOYS, CAtT

40E

Technological Properties
Melting point solidus 1060 For 5 72 C

liquidus 1140 For 760 C
Precipitation temp 356 F or 180 C (or 21 days

Weldability

Soldering
Brazing

aging at room temp)
Good by oxyacetylene or

elec* resistance methods
Good
Good

Characteristics* 40E gives a good combination of mech-
anical properties without heat treatment and has good
resistance to shock and corrosion, machinabihty, dimen-
sional stability, and freedom from distortion caused by
heat treatment.

Uses. Stressed parts of airplanes, turret housings, air

compressor pistons, instrument parts, and machine parts

subjected to shock.

Physical Properties

Density, at 77 F 0.101 Ib/cu in. (2.81 S.G.)
Electrical resistivity,
microhm/cm" at 68 F 4.926

Volume conductivity, in % of Cu 35%
Specific heat, cal/gm at 212 F 0.23, appro x

Thermal Conductivity
Cgs units at 77 F 0.33

Coef. of Thermo I Expansion
6

Temp Ranee Coefficient X 10~

Deg F Dg C per Deg F pr Deg C

68-109 21-93 13.7 24.7

Modulus of elasticity, E in M psi
Poisson's ratio

10,300
0.33
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ALUMOTUM ALLOYS, CA0T

B195

Characteristics. Combines relatively high strength and
good machinability.

Uses. Aircraft fittings, aircraft gun control parts, aircraft

wheels, railroad car seat frames, and fuel pump bodies.

Physical Properties
Density, at 68 F 0.101 Ib/cu in. (2.78 S.G.)
Electrical resistivity,
microhm/cm at 68 F 4.926 for T4; 4.789 for T6

Volume conductivity,
in % of Cu 35* for T4; 3695 for T6

Specific heat, in cal/gm at 212 F 0.23, approz

Technological Properties
Melting point solidus 980 For 527 C

liaaidus 1 160 For 627C
Solution temp* T4*
Precipitation temp for

solution-treated ma*
terial

?
T6

Precipitation temp for

solution-treated ma*

terial, T71

Weldability

945-955 F or 507-513C,WQ

305-315 For 15M57C

Soldering
Riveting

495-505 For 257-263C
Good by fusion and
electric resistance
methods
Good
Uee A17S-T4; 17S-T4

Thermal Conductivity

Cgs units at 77 F 0.33 for T4
0.34 for T6

'8 hre, water at 150-2 12F
*S-7 hra, quench not critical
J
5-7 hra, quench not critical

Modulus of elasticity,
E in M psi 10,300

Modulus of rigidity, in M psi 3,850

Poisson's ratio 0.33

Chemical Composition

Si 7.5/9.5 Mg .10 max
Cu 3.0/4.0 Mn .50 max
Fe 2.0 max Zn 1.0 max

Ni .50 max
Others .50 max

Chorocteristlcs. General-purpose alloy.

Uses. Used where greater castability is required than
that of 85 alloy.

Modulus of elasticity, E in M psi 10,300

ALUMINUM ALLOYS, CAST

380

Technological Properties
Melting point solidus 970 For 520 C

liquidus 1090 For 588C
Weldsbiliry Good by flash welding
Soldering Good after copper plating
Riveting Use 53S-T4; 53S-T6;

53S-T61

Physical Properties
Density, at 68 F 0.099 Ib/cu in. (2.76 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 6.386

Volume conductivity, in % of Cu 27%
Specific heat, cal/gm at 212 F 0.23* approx

Thermal Conductivity
Cgs units at 77 F 0.2
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ALUMDniM ALLOY*, CAST

319

Technolefieol Properties
Melting point solidus 950 For 510C

liquidtis 1 120 For 605 C
Heat treatment

Saad Castings
'

Solution temp 935-945 F or 501-507 C, VQ
Precipitation temp*
after eolation treat*

saent. T61 305-315 F or 152-157C
Weldability Good with flash weld-

ing method

Soldering Good after copper plat*

Riveting Us*e 53S-T4; 53S-T6;
53S-T61

'Precision mold easting* *am* a* above except
sand castings solution*

------

Characteristics. Good caating characteristics, weld-
ability , and pressure tightness, with moderate strength.

Uses. For automotive cylinder heads, crankcases for

internal combustion engines, typewriter frames, piano
plates, etc.

Physical Properties

Density, at 68 F 0.100.1b/cn in. (2.77 S.G.)
Electrical resistivity,
microhm/cm* at 68 F 6.386 for sand castings

6.158 for perm, mold castings
Volume conductivity,

in % of Cu 27% (sand); 28% (permanent mold)
Specific heat, cal/gm at 212 F 0.23, approx.

Modulus of elasticity, E in M psi
Modulus of rigidity, in M psi

10,300
3,850

Poisson's ratio 0.33

Technological Properties
Melting point solidus 450 F or 230 C

liquidus 1 200 For 650 C

Chorocteri sties. Excellent bearing qualities.

Uses. For bearings and bushings.

Physical Properties

Density, at 68 F 0.104 Ib/cu in. (2.89 S.G.)
Electrical resistivity,
microhm/cm > at 68 F 3.831

Volume conductivity, in % of Cu 45%
Specific heat, cal/gm at 212 F 0.23, approx

Thermal Conductivity
Cgs units at 77 F 0.42

Coef. of Thermal Expansion
Temp Rang*

~ '

DegF DegC
68-212 20-100 12.8

-392 -200 13.5

Coefficient X 10
per Deg P per Deg C

23.1
24.3

Mechanical Properties

Form or Condition

Permanent mold cast

'

500 kg load, 10 mm ball

Rotating beam at 50 x 1Q7 cycle*

Tensile Yield Elong
Strength Strength ground Hard, ShearS End Lt Comp.YS
Mpsi Mpsi % BHN 1

Mpsi Mp.i* Mp.i

22 10 12 45 14 9 10

Modulus of elasticity, E in M psi
Modulus of rigidity, in M psi

10,300
3,850

Poisson's ratio 0.33
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Chem Icol Composition
Nominal
Ni * Co * 99.95%

MICXCL ALLOYS

Pure Nickel

Choroctori sties. This is electrolytic nickel.

Utos. Plating surfaces and in electronic devices.

Technological Properties
Melting point
Annealing temp

265 IF or 1455 C
See Fig 10, p 1046,
Metals Handbook

Physical Properties
Density, at77F 0.322 lb/cu in. (8.9
Specific heat, cal/gm at 212 F 0.1123/C The specific

heat rises to 0.16 at the Curie point (35 3Q
where it drops abruptly to 0.135 and U
0.1265 at 500 Cor 932 F.

Volume conductivity, in % of Cu 25.2%
Electrical resistivity, microhm/cm* at 68 F 6.84
Temperature coefficient of electrical resistivity,

microhm/cmVC, 0-100 C 0.0069
Magnetic properties See Figs 4 and 6t p 1046, Metal*

Handbook
Magnetostriction, cm/cm/gauss -32 * 10"'
Curie point 665 For 35 3 C

Modulus of elasticity, E in M psi 30,000 at room temp. For
additional information see Fig 9, p 1046, Metals Handbook.

Chemical Composition

Mn 4.25-5.25 Fe .75 max C ,2 max
"E" Nickel is similar, with 2% Mn

Cu .25 max Si .15 max S .015 max

Characteristics. Manganese gives better resistance to sul-

phur compounds at elevated temperatures in both oxidizing
and reducing atmospheres.

Uaos. Spark plug wires.

NICKEL ALLOY*

GRADE "D 1

Nickel

Teehnologtcol Properties
Hot working temp
Annealing temp
Workability
Weldabihty

Brazing
Soldering

2150-1200For U75-650C
1400-1500 For 760-815 C
Good both hot and cold
Good by oxyacetylene and
resistance methods
Good
Good, with soft solder and
silver solder

Modulus of elasticity, E in M psi 30,000

Physicol Properties
Density, at 68 F 0.317 Ib/cuin. (8.78 S.G.)

Specific heat, cal/gm at 32-212 F 0.13
Electrical resistivity, microhm/cm1

at 68 F 19*

Magnetic transformation temp (Curie point)
665 For 352 C

Thermal Conductivity

Cis Units

0.11532-212 0-100 333*1
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NICKEL ALLOYS

GRADE "A"

Nickel

Technological Properties
Melting point solidus

liquidus
Recrystallization temp

Annealing temp
Hot working temp
Workability
Weldability

Brazing
Soldering

2615 For 1435 C
2635 For 1446 C
HlOFor600C
1200-1400 For 650-760 C
2 300- 1200 For 1 260-650 C
Good both hot and cold
Good by oxyacetylene,
metal arc, and resistance
methods
Good
Good with soft and silver

solders

Chemical Composition

Ni Cu Pe Mn Si C S

Wrought 99 min .25 max .4 max .35 max .35 max .15 max .01 max

Use*. Nickel plating and in the chemical industries at nor-

mal and elevated temperatures, especially for handling
caustic soda.

Physicol Properties

Density, at 68 F 0.321 Ib/cu in. (8.885 S.G.)
Specific heat, cal/gm at 32-212 F 0.13
Volume conductivity, % of Cu 18%
Electrical resistivity, microhm/cm* at 68 F 9.5

Temperature coefficient of electrical resistivity,
microhm/cm'/C at 68-212 F 0.00474

Magnetic properties, initial permeability 110 gausses
maximum permeability 600 gausses

coercive force 3.4 oersteds
saturation magnetization (B-H) 6100 gausses
hysteresis loss at saturation 3000 ergs/cm

8
/cycle

Magnetic transformation temp, (Curie point) 680 F or 360 C

Thermal Conductivity

Temp Range
Deg
32-212

Deg C
0-100

Cgs Units

0.145

Btu/ftVhr/
iiu/op
420

Coef. of Thermal Expansion
Temp Range
77-212F 7.4 x 10'VF
25-100C 13.3 x 10"VC

Modulus of elasticity, E in M psi

Strength in double shear, in M psi

Endurance limit, at 10* cycles in M psi

Effect of temp
Minimum creep rate, at 750F or

400C, M psi, stress for 0.0001%/hr
Minimum creep rate, at 800F or

425C, M psi, stress for 0,0001%/hr

21,500, sand cast

30,000, annealed

52.3, annealed

57.55, Vi hard

75.3, hard

24, annealed

30, hot rolled

42.5, cold drawn

10, hot rolled

24, cold drawn
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Chemlcol Composition

Ni rest Si 2 max Mn 1.5 max C 1 max Fe 1.25 max

NICKEL ALLOY!

Cast Nickel

Character Isties* Nickel in this cast form has corrosion re-

sistance similar to wrought nickel.

Uses. Equipment for handling corrosives, such as caustics,
and for avoiding contamination from metals i

Technological Properties
Melting temp
Weldafllity

Brazing
Soldering

and iron.

such as copper

2450-2600 F or 1345-1425 C
Good with oxyacetylene and
metal arc methods
Good
Good with soft solder and
silver solder

Physical Properties
Density, at 68 F 0.301 Ib/cuin. (8.34 S.G.)
Electrical resistivity, microhm/cm* at 68 F 21

Magnetic properties Slightly magnetic

Technological Properties
Melting point solidus

hquidus
Hot working temp
Annealing temp
Workability
Hardening treatment

Weldability

Brazing
Soldering

Characteristics* Duranickel is used for parts for

high strength and resistance to corrosion, especial-
ly in large sections.

Uses. Pump rods, springs, shafts, plastic molding
equipment*

NICKEL ALLOYS

GRADE "Z"

Duranickel

26 15 For 1435 C
2635 For 1445 C
2 150-1300 For 1 175-700 C
1600 F or 870 C, 1 hr, WQ
Good, hot or cold
HOOF or 595C,8-l6hr,FC
Good by oxyacetylene or

metal arc

Good
Good, with soft solder or

silver solder

Physical Properties
Density, at 68 F 0.298 Ib/cuin. (8.26 S.G.)

Specific heat, cal/gm at 32-212 F 0.13/C
Electrical resistivity, microhm/cm1

at 68 F 43.3
Magnetic properties Annealed, only very slightly magnetic

Age hardened, slightly magnetic

Coef. of Thermal Expansion

Temp Range
32-212F
0-100C

7.2 x 10"VF
13.0 x l<rVC
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NICK1L ALLOYS

"K" Monel

Technological Properties
Melting point solidus

liquidus
Hot working temp
Hot shortness temp
Annealing temp
Hardening treatment
Formability
Weldability

Brazing
Soldering

2400 For 1315C
2460 For 1350C
2150-1350 For 1 175-730 C
1000-1350 For 540-730 C
1600F or 870 C, 1 hr, WO
1100 F or 595 C, 8-16 hr, FC
Good, either hot or cold

Good by oxy acetylene, re-

sistance, or metal arc

Good
Good, with soft solder or

silver solder
Chorocteri sties. Grade MK W

is an age-hardenable, extra

high strength, Monel with high resistance to corrosion.

Uses. Nonmagnetic parts for aircraft, pump rods, springs,
shafts, valve stems. Like Monel, it should not be used
above 600 F or 315 C in sulfidizing atmospheres.

374



Physical Properties

Density, at 68 F 0.319 ib/cuin. (8.84 S.G.)

Specific heat, cal/gm at 2300 F or 1260 C 0. 127
Volume conductivity, % of Cu 3.58%
Electrical resistivity, microhm/cm* at 68 F 48.2

ohm/cir mil-ft 290
Temperature coefficient of electrical resistivity,

microhm/cm' at 68-212 F 0.0011/dC
0.0019/F

Magnetism Slightly magnetic
Permeability 2,000-10,000 gauss/oersted
Saturation 1,000-2,000 gausses at 200 oersteds

Curie point 43-60 C

NICKEL ALLOYS

Monel

Thermal Conductivity
Temp Rang*

Deg F Deg C eg Unit*
32-212 0-100 0.062

3./<>
173.5

Coef. of Thermal Expansion

Temp Range
77-212F 7,8.x 10**/F
25-lOOC 14.0 x 10'VC
(See Fig l,p 1049, Metal* Handbook)

Shear modulus, M pai 9,500 (Continued on page 376)
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NICKEL ALLOYS

Monel

(Continued from page 375)

Technological Proportfi

Melting temp
Recrystallization temp

Hot working temp

Hot shortness temp
Annealing temp

Welding

Brazing
Soldering
Riveting

2370-2460F or 1300-1350C
1220F or 660C, for 10% reduction

1110F or 600C for 50% reduction

Forging, 2 150-1 700F or 11 75-925C

High tensile forging, 1200-1000 F
or 650-540C

Hot forming. 2150-1850F or

1175-lOlOC
1700-1200F or 925-650C
Stress-equalizing, 390-570F
Temper annealing. 750-1 100F
Full anneal, 1400F
Good by oxyacetylene, resistance,
and metal arc methods
Good
Good with soft solder or silver solder

Use Monel rivets

Characteristic*. Monel has excellent corrosion resis-

tance and moderate strength, and is available in many shapes
and sizes.

Uses. It is used in many corrosive environments, such as
ae water, dilute sulphuric acid, and strong caustic solu-

tions, in the chemical, paper, power industries, etc., and in

marine equipment; and in architectural applications. It is

also usea at elevated temperatures up to about 1000 F in

simple oxidizing conditions, sometimes even up to 1500 F,

but in sulfidizing atmospheres should not be used above
700 F.

NICKEL ALLOYS

"S" Monel

Tochnologicol Properties
Melting temp
Annealing treatment

Hardening treatment

Brazing
Soldering

2300-2350 For 1260-1290 C
1600 For 870 C, 1 hr, AC to

1200 F, WQ
HOOF or 595 C, 4-6 hr,

AC or FC
Good
Good with soft solder or

silver solder

Chemical Composition

Ni Cu Mn Si Pe C
% % % % % %

Navy 46N7, class B 62/68 rest .5/1.5 3.5/5.0 3.5 max .25 max

Characteristics. "S" Monel is a heat-treatable, casting alloy
for applications requiring high strength, pressure tightness,
and high resistance to corrosion and galling.

Uses. Valve seats and moving components.

Physical Properties

Density, at 68 F 0.302 Ib/cuin. (8.36 S.G.)
Electrical resistivity, microhm/cm* at 68 F 63.3

Magnetism Nonmagnetic at room temp
Magnetic transformation point -70 F or 57 C
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NICKEL ALLOYS

Cast Monel

Chemical Composition

7. 7. 7. 7. 7. 7.

Ni 62.0/68.0 Curest Fe 2.5 max C 0.35 max Si 1-2.24 Mn .5-1.5

Uses. For various applications requiring strength with high
resistance to corrosion and wear, with pressure tightness
in castings.

Technologicol Properties
Melting temp
Wei debility
Brazing
Soldering

2400-2450 F or 13 15-1 345 C
Good with metal arc
Good
Good with soft solder and
silver solder

Physical Properties
Density, at 68 F 0.312 Ib/cuin. (8.63 S.G.)
Electrical resistivity, microhm/cm

1
at 68 F 53*3

Magnetism Slightly magnetic

Coef* of Thermal Expansion

Temp Rant*
77-21 2F
25-100C

7.2 x

12,9x 10-VC

Chemical Composition

% % 7. 7. 7. % 7.

Mo 20/22 Fe 18/20 C 0.12 max Mn 3 max Cr 1 max Si 1 max Ni rest

NICKBL ALLOY!

Hastelloy A

Chorocteristics. Hastelloy A is a corrosion-resisting alloy
which is useful for applications in which stainless steel is

susceptible to attack, such as phosphoric acid, sulphuric
acid in concentrations up to 50%, hydrochloric acid and

reducing chloride salts. It is susceptible to attack under

oxidizing conditions and to hot hydrochloric acid. It also
has good high temperature properties. See Section on Super

Alloys, pOOO.

Physical Properties
Density, at 77 F 0.318 lb/cu in. (8.80 S.G.)

Specific heat, cal/gm 0.094
Volume conductivity, % of Cu 1.4%
Electrical

resistivity, microhm/cm
1
at 77 F 126.7

Temperature coefficient of electrical resistivity,
68-1472 For 20-800 C zero

Technical Properties
Melting point solidus

liquidus
Hot working temp
Hot shortness temp
Annealing temp
Workability
Full anneal

Detrimental temp (corrosion

2370 F or 1300 C
2425 For 1330 C
2250-1900 For 1230-1035 C
11 10-1600 For 600- 870 C
2150 For 1175C
Good, hot or cold
2100-2150Forll50-1180C,
H-1K hf, VQor AC

1200-1900 For 650-1HOC
050-1065C,

745- 760 C,

ttylene, re-

metal arc

Creep rate at 1650F or 900C at 1500 psi, under 1% per yr
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NICKEL ALLOY*

Hastelloy B

Technological Proportion
Melting point solidus

liquidus
Magnetic permeability
Hot working temp
Hot shortness temp
Annealing temp
Hardening treatment

Forming and heat treatment

Weldability

2410 For 1320 C
2460 F or 1350 C
4cgs
2250-1900 For 1250-1035 C
11 10-1600 For 600-870 C
2150 For 1175C
1375-1400 F, 168 hr, AC
Same as Hastelloy A
Good by oxyacetylene, re-

sistance and metal arc

methods

Characteristics. Similar to Hastelloy A but
more resistant to mineral acid compositions,
and particularly to boiling hydrochloric acid
and wet hydrogen chloride gas* High tem-

perature properties are good to 1500F,

Physicol Properties
Density, at 77 F 0.334 Ib/cum. (9.24 S,G.)
Specific heat, cal/gm 0.091
Volume conductivity, % of Cu 1.3%
Electrical resistivity, microhm/cm

8
at 77 F 135

Magnetic permeability 4 cgs

Compressive PL, M psi 25-36

YS, 0.2% offset 61-68
Min. Creep Rate* 1% in 10,000 hr., at 1350F is 7500 psi (wrought sheet)

NICKEL ALLOYS

Hastelloy D
Characteristics. This is a casting alloy which is resistant
to all concentrations of hot sulphuric acid, hydrochloric
acid under mild conditions, and to other nonoxidizing acids
and salts. It has excellent wearing properties and freedom
from galling against both hard and soft alloys.

Chemical Composition

% % % % 7* %

Specified Si 8.5/10 Cu 3.85/4.25 C 0.12 mai Mn 0.8/1.25 Cr 1 max Ni rest

Technological Properties
Melting point sohdus

liquidus
Machinability

Weldability
Heat treatment, -for moder-

ate softening and
toughening

2030 F or 1110C
2050 For 1120C
Limited, by machining and

grinding
Suitable by oryacetylene

1925-1950 For 1050-1065 C,
2-4 hr, FC

Physical Properties
Density, at 77 F 0.282 Ib/cum. (7.8 S.G.)

Specific heat, cal/gm 0.109
Volume conductivity, % of Cu 1.5%
Electrical resistivity, microhm/cm

3
at 77 F 113

Temperature coefficient of electrical resistivity,
68- 1470 F or 20-800 C nearly zero

Thermal Conductivity

Temp Range
Deg F Dg C Cg. Unit*

77 25 0.05

Btu/fg/p
hr/

144.83

Coef. of Thermal Expansion
Temp Range
32-212F 6.1 x 10-VF
0-100C ll.Ox 10'VC
32-1832F 10.0 x l<rVF
tMOOOC 18.1 x l<rVC
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NICKEL ALLOY!

Hastelloy C

Choracterl sties* Similar to A and B except for the
chromium addition which confers resistance to cor-

rosion under oxidizing conditions. It is resistant to
wet chlorine, feme chloride, nitric acid, hydlo-
chloric and sulphuric acids at moderate temperatures
or under oxidizing conditions, acetic acid, sea

water, etc* High temperature properties are ex-

ceptionally high up to 20OOF.

Technologicol Properties
Melting point solidus

lic^uidus
Harmful temp (corrosion)
Hot working temp
Hot shortness temp
Annealing temp
Formability
Stabilizing anneal

Hardening treatment

Weldabihty

Scaling in air

2320 For 1270C
2380 F or 1305 C
930-1 470 For 500-800 C
2200-1900 F or 1205- 1035 C
1200-1700 For 650- 925 C
2225 For 1220 C, 2-3 hr, AC
Good, hot or cold
2050-2075 For 11 20- 11 35 F,
2-4 hr, AC
1575-1600 For 860- 870 C,
16 hr, AC
Good by oxyacetylene, re-

sistance, and metal arc

methods
Resistant up to 2000 F

Physleol Properties
Density, at 77 F 0.323 Ib/cuin. (8.94 S.G.)
Specific heat, cal/gm 0.092
Volume conductivity, % of Cu 1.3%
Electrical resistivity, microhm/cm

3
at 77 F 133.0

Temperature coefficient of electrical resistivity,
68- 1 470 F or 20-800 C zero

Magnetic permeability, cgs units 4

Thermal Conductivity

Temp Range Btu/ft*'hr/
Deg F Deg C Cga Units in./F
77 25 0.03 86.9

Coef. of Thermal Expansion
Temp Range
32-2 12F 6,3 x 1Q-VF
0-100C 11.3 * 10'VC
32-1832F 8.5 x 10"V F
0-1000C 15.3 x 1<TVC

Compressive PL, M psi 41

YS, 0.2% offset, M psi 75-79
Min Creep rate, 1% in 10,000 hr, at 1350F is 12,000 psi (wrought sheet)

Physical Properties

Density, 0.31 Ib/cu in. (8,58 S.G.)

Specific heat, 0. 105 cal/ C
Electrical resistivity, 123*5 microhms/cmVcm.
Magnetic permeability, 26C, 1.0011

-30C, 1.0011

Coefficient of linear thermal expansion, 0-100C, 0.00001219
0-500C, 0.00001403

Contraction in casting, % in./fu

Characteristics. A machinable! corrosion-resistant

alloy for use with sulphuric, nitric, phosphoric, and
mixed acids, salt and acid mixtures, and sea water
and saline atmospheres; available in centrifugal or
sand cast forms.

Uses. It is useful at elevated temperatures where
severe. corrosion is encountered. In general, it is

not used with halogen acids.
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NICKEL ALLOYS

Inconel

Tochnologjeol Proportion
Melting point solidus

liquidus
Hoc working temp
Hot shortness range
Annealing temp

Formability
Weldability

Brazing
Soldering

2540 For 1395C
2600 For 1425 C
2300- 1600 For 1 260-870 C
1200-1600 For 650-870 C
1600 For 870 C, for 3 hr to

1800For980Cfor7-15min
Good, hot or cold

Good by oxyacetylene, re-

sistance and metal arc

methods
Good
Good, with soft solder or

silver solder

Choroeterl sties. Inconel is an excellent material for high
temperature service under oxidizing conditions, but should
not be used above 1500 F or 815 C in sulphidizing atmos-

pheres. It can be worked either cold or hot.

Physical Properties
Density, at 68 F 0.307 Ib/cuin. (8.51 S.G.)

Specific heat, cal/gm at 77-212 F 0.109
Electrical resistivity, microhm/cm* at 68 F 98.1

Temperature coefficient of electrical resistivity,

micrphm/cm'/ C at 68-930 F or 20-500 C 0.000125

Magnetism Nonmagnetic at room temp
Maximum permeability Cgs 1.005 1.02 max
Magnetic transformation temp Minus 40 C

Thermal Conductivity
Temp Range

Deg F Deg C Cgi Units

32-212 0-100 0.036

Btu/ftVhr/
in./Op

104

Modulus of elasticity, E in M psi 31,000
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Chemical Composition

% %
Ni rest Fe 11.0 max Mo 1.5 C .4 max Cr 14.0/17.0 Si 3.0

NICKEL ALLOW

Cast Inconel

Character! sties. A casting alloy with high strength, pres-
sure tightness, and resistance to wear, corrosion, and oxida-

tion at high temperatures.

Technological Properties
Melting point
Weldabifity

Soldering and brazing

2500-2550 For 1370-1400 C
Good by fusion and resis-
tance methods
Good

Physical Properties
Density, at 68 F 0.30 Ib/cum. (8.3 S.G.)

Magnetic transformation temp Minus 150 F
or Minus 100 C

Coef. of Thermal Expansion
Temp Range
77-212F 6.4 x 10'VF
25-100C 11.5 x 10"VC

NICKEL ALLOYS

Nickel-Chromium

Characteristics. A standard alloy for heating elements with

high electrical resistivity, resistance to oxidation, and good
working characteristics. It is sensitive to sulphur, especially
in reducing atmospheres.

Physical Properties
Density 0.30 Ib/cuin. (8.4 S.G.)

Specific heat, cal/gm 0.107
Volume conductivity, % of Cu 1.6%
Electrical resistivity, microhm/cm

1
at 68 F 107.9

Temperature coefficient of electrical resistivity,
See Fig 1, p 1060, Metals Handbook

Technological Properties
Melting point
Hot working temp

Annealing temp
Formability
Weldability

Brazing
Soldering

2550 F or 1400 C
2200 F or 1200 C
1600-1900 For 870-1040 C
Good, hot or cold
Good by fusion and resis-
tance methods
Good
Good, with soft solder and
silver solder

Thermo! Conductivity
Watts/sq cm/cm/C at 2 12 F 0. 134

Coef. of Thermal Expansion

158^1830? 9.8 x 10*VF
70-1000C 17.6 x 10'VC
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NICKEL ALLOYS

Nickel-
CHROMIUM-IRON

Technological Properties
Hot working temp
Annealing temp
Form ability

Weldabihty
Brazing
Soldering

2300-1800 F or 1 260-980 C
1200- 2000 h or65(M100C
Good, hot or cold

Good, by oxyacetylene
Good
Good, with soft solder or

silver solder

Characteristics. A satisfactory heating element for various
domestic and industrial appliances, carburizing and anneal-

ing containers, dipping baskets for acid pickling and cyanide
hardening, pickling machine parts, filters, enameling racks,
salt bath containers, and for high-resistance rheostats.

Physical Properties
Density, at 68 F 298 Ib/cuin. (8.247 S.G.)
Specific heat, cal/gm at 68 F 0.107
Volume conductivity, % of Cu 1.5%
Flectrical resistivity, microhm/cm

3
at 68 F 112

Temperature coefficient of electrical resistivity,
See Fig 1, p 1060, Metals Handbook, lower fig.

Thermal Conductivity

Temp Range Btu/frVhr/
Deg F Deg C CRS Units in /F
* 20 0.0325 94.1468

Coef. of Thermal Expansion
Temp Range
68-1830F 9.4 x 10'VF
20- 1000C 17 x 10~VC

NICKEL ALLOYS

Iron-Nickel
CHROMIUM ALLOY

Technologicol Properties
Hot working temp
Annealing temp
Scaling temp
Formabihty
VcldabUity
Brazing
Soldering

2300-1800 For 1260-980C
1200-2000 For 650-1 100 C
1500 F or 815 C
Good, hot or cold

Good, by oxyacetylene
Good
Good, with soft solder or

silver solder

Characteristics. This is a relatively inexpensive heat-resis-

tant alloy with good electrical resistance and relatively high
temperature coefficient.

Uses. Heavy duty rheostats and resistors for service in

cracked gas atmospheres and for low-priced electrical

resistors.

(Physical Properties

Density, *t 68 F 0.287 Ib/cuin. (7.95 S.G.)

Specific heat, cal/gm at 68 F 0.1 10/C
Volume conductivity, % of Cu 1.7%
Electrical resistivity, microhm/cm

1
at 68 F 100

Temperature coefficient of electrical resistivity,
See Fig 1, p 1061, Metals Handbook

Thermal Conductivity

Temp Range Btu/ft*/ hr/
DegF DegC Cgs Units in,/

dF
20 0.031 89.79

Coef. of Thermal Expansion
Temp Range
68-930F 8.8 x 10"VF
20-500C 15.8 x 10~VC
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Chemical Composition
(Nominal, 45-55% Cu modified by additions of Mn and Fe)

NICKSL ALLOYS

Constantan

Choroeteri sties. Constantan has an excellent combination
of high electrical resistivity and low temperature coefficient,

and high thermal emf against platinum. It is used for elec-

trical resistors (which operate at room or moderately low

temperatures) and for thermocouples.

Uses. It is generally used as wire but is also used in

cast form.

Physical Properties
Density, wrought '0.32 Ib/cuin. (8.9 S.G.)

cast 0.31 lb/cum. (8.6 S.G.)

Specific heat, cal/gm 0.094
Electrical resistivity, microhm/ cm* 49

ohm/cir mil-ft 294
ohm/sqmil-ft 23 f

Temperature coefficient of electrical resistivity,
68-212 F or 20-100C, wrought 0.00002
68-930 F or 20-500 C, wrought 0.000025
32-300 F or 0-150 C, cast 0,0001

Technological Properties
Mel ting point solidug 22 30 F or 1 220 C

liquidus 2355 F or 1290 C

Thermal Conductivity

Temp Rang*
Dtg F Deg C Cgs Units

0.0546

Btu/ffVhr/
in./^
158.25

Coef. of Thermal Expansion
Temp Range

8,3
14.9

68-212F
20-100C
68-930F
20-500C
68-1830F
20-1000C

10'VF
. 10-VC

9.0 x 10"VF
16.3 * 10'VC
10.4 x KrVF
18.8 x i<r7C

Chemical Composition Nominal 1

7. % % %

Ni 64
Cr 22

Cu 2.5
Mo 5

Fe6
Mn 0.3

given by the Illium Corp.

Si 0.15
C 0.05

NICKBL ALLOYS

Illium "R"

Characteristics. A machinable, heat and corrosion-

resisting alloy available in wrought form for use
where a wrought form of Illium is desirable. With-
stands high temperature fluorine conditions better
than Illium "G.'

r

Physical Properties

Density, 0.31 Ib/cu in (8.31 S.G.)

Specific heat, 0.110 cal. per Deg C
electrical resistivity, 119.6 microhms/cmVcm
Magnetic permeability, 26C,. 1.0012

-30C, 1.0018
Coefficient of linear thermal expansion, 0-100C, 0.1202 x 10'

4

0-500C, 0.1398 x 10"
4

Technological Properties
Melting point solidus 2415F or 1323C

liquidus 2500F or 1371C
Weldability Excellent with inert gas,

arc or oxyacetylene
Soldering Fair, with soft solder

Good, with silver solder
Heat treatment 2150F water quench desirable

for optimum corrosion re-

sistance
2150F anneal for maximum

softness and ductility*
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Chemical Composition
This is spectroscopicaily pure zinc.

ZINC ALLOYS

Pure Zinc

Characteristics. This is a special grade of zinc*

Uses. Research investigations.

Technological Proportion
Melting point 787.03 F or 419.46 C
Boiling point 1663 F or 906 C

Physical Properties
Density, at 77F
Effect of temp

Specific heat, cal/gm at 68F
Volume conductivity, % ofCu
Electrical resistivity,
microhm/cms at 68F

Temp coefficient of electrical

resistivity, microhm/cm*/ C
at 32-2 12F

Coefficient of friction,

against zinc

0.258 Ib/cu in. (7.133 S.G.)
See Fig 1, P 1087 Metals
Handbook
0.0915/C
28.27%

5.916

0.00419 (See Fig 5, P 1087
Metals Handbook)

0.21

Thermal Conductivity
Cgs units at 25C 0.27

Btu/ftVft/hr/F at 77F 65.4

Coef. of Thermal Expansion
Tmp Range
68-482F 22.0 x 10"VF
20-250C 39.7 x 10'VC

= L (l + 35.4 x io'
6
* + 1 x 10"**')

ZINC ALLOYS

Zamak 3

Technological Properties
Melting point

' '

Weldability
Soldering

sohdus
liquidus

717.1 For 380.6C
727.9 F or 386.6 C
Good with oxyacetylenc
Good with soft solder
over nickel-plated sur-

face

Characteristics. A popular zinc die casting alloy. Close
chemical control is needed to avoid dimensional changes
and intergranular attack.

Uses. Automotive parts such as carburetors, fuel pump
bodies, speedometer frames, horns, heaters, grilles, brackets,
hardware, instrument panels, etc., in numerous electrical ap-
pliances, business machines, oil bvrners, washing machines,
kitchen equipment, various small tools, projectors, vending
machines, hardware, toys, padlocks, etc.

Physical Properties
Density, at 70 F 0.24 Ib/cum. (6.6 S.G.)
Specific heat, cal/gm at 68-212 F 0.10
Volume conductivity, % of Cu 27%
Electrical resistivity, microhm/cm' at 68 F 6.3694
Temperature coefficient of electrical resistivity,

microhm/cm
9
/ C at 32-212 F 0.003774

Thermol Conductivity
Cgs units at 70-140C 0.27

Btu/fcVft/hr/V at 158-284F 65.4

Coef. of Thermal Expansion
Temp Range
68-212F 15,2 x 10*VF
20-100C 27.4 x 10-*/C
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ZINC ALLOY!

Zamak 5

Technological Properties
Melting point solidus

liquidus
Weldabiliry

Soldering

716.7 F or 380.4 C
727 For 386. 1C
Good with oxyacetylene
Good with soft solder
over nickel-plated sur-

face

Physicol Properties

Density, at 70 F 0.24 Ib/cum. (6.7 S.G.)

Specific heat, cal/gm at 68-212 F 0.10
Volume conductivity, % of Cu 26%
Electrical resistivity, microhm/cm

8
at 68 F 6.5359

Temperature coefficient of electrical resistivity,

microhm/cm
3/C at 32-212 F 0.003527

Uses. 1 As sand castings this alloy is used for drop hammer
dies.

'For die castings, see also Alloy XX 111, Zamak 3. Automotive
parts such as carburetors, fuel pump bodies, speedometer frames,
horns, heaters, grilles, brackets, hardware, instrument panels,
etc., in numerous electrical appliances, business machines,
oil burners, washing machines, kitchen equipment, various
small tools, projectors, vending machines, hardware, toys,
padlocks, tc.

Thermal Conductivity
CBS units at 70-140C 0.26

Btu/ftVft/hr/Y at 158-284F 63.0

Coef. of Thermal Expansion
Temp Range
68-212F 15.2 x l<rVF
20-100C 27.4 x 10*VC

ZINC ALLOYS

Zamak 2

Technological Properties
Melting point solidus

liquidus

Weldability
Soldering

714.7 For 379.3 C
733.6 F or 389.8 C
Good with oxyacetylene
Good with soft solder
over nickel-plated sur-

face

Chemical Composition*
% %

Al 3.5 /4.5 Pb .007 max
Cu 2.5 /3.5 Cd .005 max
Mg .02/ .10 Sn .005 max

*ASTM, B86, Alloy XXI
Special high grade tine is required.

Fe .100 max

Uses'. Sand castings for drop hammer dies.

'For die castings see Alloy XXIII, Zamak 3 and Alloy XXV,
Zamak 5.

Physical Properties
Density, at 70 F 0.24 Ib/cuin. (6.7 S.G.)

Specific heat, cal/gm at 68-212 F 0. 10

Volume conductivity, % of Cu 25%
Electrical resistivity, microhm/cm' at 68 F 6.8493

Thermal Conductivity
Cgs units at 70-140C 0.25
Btu/rWft/hr/OF at 158-284F 60.5

Coef. of Thermal Expansion
T
S?212F

M
15.4 x 1<TVF

20-100C 27,7 x 1Q-VC
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WHO ALLOY!

SLUSH CASTING ALLOY

Zinc

Technological Properties
Melting point solidu* 716 For 380C

liquidus 734 For 390 C

Characteristic*. Its composition must be closely controlled
to avoid warping, cracking, and intergranular attack.

Uses. Slush and permanent mold castings for lighting fix*

tures, etc.

Mechanical Properties
Tensile
Strength
MptiForm or Condition

Chill cast, Vi in. section 28

Uses. For slush and permanent mold castings.

Characteristics. This is commercial rolled zinc of deep
drawing quality. It is subject to slow creep under load, par-

ticularly at 212 F and above.

Uses. Battery cans, eyelets, grommets, laundry tags, ad-

dress plates, flashing, etc. where strength and stiffness are

not critical.

Soldering Good

Physical Properties

Density, at 70 F 0,258 Ib/cuin. (7.14 S.G.)
Specific heat, cal/gm at 68-212 F 0.094
Volume conductivity, % of Cu, hot rolled 28.44%

cold rolled 28.27%
Electrical resistivity, microhm/cm' at 68 F

hot rolled 6.06
cold rolled 6.10

Thermal Conductivity
Cgs units at 18C, with grain 0.26

Btu/ftVft/hr/V at 64F 60.5

Coef. of Thermal Expansion
Temp Range

20-40C20^ 32 * 5 x
/o

23 x 10-VC across grain
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ZDNC ALLOYS

Rolled Zinc

TechnolooJeol Properties
Melting point 786 F or 4 19 C
Hot working temp 525-250 F or 275-120 C
Hot shortness temp
Formability

Soldering

570-786 F or 300-4 19 C
Good, by drawing, bending, roll

forming, spinning, swaging, and

impact extrusion
Good

Characteristics. Same as Zn:.08 Pb when parts require some

rigidity.

Physical Properties
Density, at 70 F 0.258 Ib/cum. (7.14 S.G.)
Specific heat, cal/gm at 68-212 F 0.094 approx

Thermal Conductivity
Cgs units at 18C, with grain 0.26 approx
Btu/fWft/hr/F at 64F 60.5

Coef. of Thermal Expansion
Temp Range

18 ' x 10"VF with grain
12(8 x 10-6/oF acfoss grain
32 ' 5 x 10"/C with grain
23 x 10-

6/C across grain
20-4ZU 4

ZINC ALLOYS

Rolled Zinc

Technological Properties
Melting point 786 F or 4 19 C
Hot working temp 435-250 F or 225-120C
Hot shortness temp 525-786 F or 275-419 C
Annealing temp 220 F or 105 C
Formabihty Good, by drawing, bending, roll

forming, swaging, and impact
extrusion

Soldering Good

Characteristics. It deforms under continuous load, particu-
larly above 125 F.

Uses. Soldered battery cans, made of plate or strip, and for

photoen graver's and lithographer's sheet.

Physical Properties
Density, at 70 F 0.258 Ib/cum. (7.14 S.G.)
Specific heat, cal/gm at 68-212 F 0.094 approx

Coef* of Thermal Expansion
Temp Range

F I 18.8 x 10-yF with grain

'
33*.9 x lo;V C with grain?n or20-98C
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Charocteri sties. This is a stronger and suffer alloy. It de-

forms under heavy, continuous loads, particularly at 125 F
or higher.

Uses. Weatherstrip, name plates, ferrules, and drawn,

formed, or spun articles requiring stiffness.

ZINC ALLOYS

COPPER HARDENED

Rolled Zinc

Technological Properties
Melting point sohdus

iiquidus
Hot working temp
Hot shortness temp
Annealing temp
Formabihty

Soldering

786 For 419 C
792 For 422 C
570-445 F or 300175 C
570-786 For 300-4 19C
345 R or 175 C
Good, by drawing, bending, roll

forming, spinning, and swaging.
Good

Physical Properties

Density, at 70F 0.259 Ib/cu in. (7.18 S.G.)
Specific heat.

cal/gm at 68-2 12F
Volume conductivity,
% of Cu

Electrical resistivity,
microhm/cm 3 at 68 F,
hot rolled

0,0957 approx

28% approx

6.22

Characteristics. A relatively strong zinc alloy. It deforms
under heavy, continuous load, particularly at 125 F and above.

Uses* Corrugated roofing and flat, drawn, or mildly formed
articles requiring maximum stiffness.

Tcchnologlcol Properties

Melting point sohdus
Iiquidus

Hot working temp
Hot shortness temp
Annealing temp
Formability
Soldering

ZINC ALLOYS

Rolled Zinc Alloy

786 F or 419 C
792 F or 422 C
570-445 F or 300- 175 C
570-786 For 300-4 19 C
345 For 175 C
Good, by drawing, bending, roll forming
Good

Physical Properties
Density, at 70 F 0.259 Ib/cum. (7.18 S.G.)
Specific heat, cal/gm at 68-212 F 0.0957
Volume conductivity, % of Cu 27%
Electrical resistivity, microhm/cm

9
at 68 F,

hot rolled 6.31

Thermol Conductivity

Cgs units at 18C, with grain 0.25

Btu/rWft/hr/F at 64F 60.5

Coef. of Thermol Expansion
Tmp Rang*

68-212F
{}9;

3xlO:y;F with grain.

20-100C

J 19.3 x 10"/ F with grain
11.7x 10-VF across grain

i 34.8 x l<rVC with grain
(21.1 x 10*VC acroas grain
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HAD ALLOW

COMMERCIAL

Pure Lead

Technological Properties
Melting point 62 IF or 327.4C
Joining Good by soldering

or "lead burning"

Physical Properties
Density, at 68-77F 0.4097 Ib/cu in. (11.340 S.G.)

Use*. Storage batteries, cable sheath, ammunition, sheet, foil, gaskets, alloys,
caulking, pipe and traps.

Endurance Limit 520 psi at 10* cycles in flexure at 860 cycles/ min, V in* sheet

LEAD ALLOYS

Calcium Lead

Technological Properties
Melting point solidus 621.3F or 327.4C

liquidus 621.5F or 327.5C
Joining Good with soft solder

Characteristics* The addition of a small amount of calcium
hardens lead and increases its resistance to creep.

Ust. Cable sheath, battery grids.

Physical Properties

Density, at 68F 0.409 Ib/cu in. (11.34 S.G.)

Volume conductivity, in % of Cu 8.2%
Electrical resistivity,
microhm/cm at 68F 21.1 Minimum creep rate at 80F 0.1% per yr at 360 pst
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LEAD ALLOTS

Chemical Lead

Tochnologlcol Proportion

Melting point 618F or 325.6C
Recrystallization temp About room temp but

varies with the
purity

Joining By "lead burning ,

or by soft solder.

lativelv pure and is satisfactorily resistant to

incipally sulfuric acid. It is a general purpose
Characteristics. Reli

many corrosives, prin<
lead.

Uses. Used principally in the construction of chemical equipn
and as pipe and sheet in building construction.

Physical Properties

Density, at 68F

Specific heat, cal/gm at 32 F
Volume conduct. , in % of Cu
Electrical resistiv.,

microhm/cm' at 68F 20.648

Temp coef. of electrical resistivity,

microhm/cm'/C, at 68-104F 0.00336

Cast 0.4092 Ib/cu in. (11.34 S.G.)
Rolled 0.41 Ib/cu in. (11.36 S.G.)

0.0309/C
8.37

Coef. of Thermal Expansion
Temp Range per Deg F per Deg C

-310 to 66F or -190 to 19C 14.7 x 10"* 26.5 x 10'*

63 to 212F or 17 to 100C 16.3 x 10'* 29.3 x 10"'

Thermal Conductivity

Temp
DegC
100
200
400
500
600
700

Deg F

212
392
752
932
1112
1292

Cgs units

0.081
0.077
0.038
0.037
0.036
0.036

Itu/ftVft/hr/V

0.065
0.062
0.031
0.030
0.029
0.029

Poisson's ratio 0,40 to 0.45

LEAD ALLOYS

Wiping Solder

Characteristics. This is plumber's wiping solder.
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Chemical Composition (Nominal)

P
96*

Sb%
4

Toehnologicol Properties
Melting point solidus 49 5 F or 260C

liquidus 578F or 300C

Chorocteristies. This addition
Often referred to as hard lead.

of Sb materially hardens lead.

Physicol Properties

Density, at 64F 0.398 Ib/cu in. (11.04 S.G.)

Specific heat, cal/gm at 68-212F 0.0318/C
Volume conductivity,

in % of Cu 7.7%, quenched from 235C, aged 150 days
Electrical resistivity,
microhm/cm' at 68F 24.0

LEAD ALLOYS

AntJmonial Lead

Thermal Conductivity
Cgs units at 20-100C 0.073
Btu/ftVft/W* at 68-2 12F 17.67

Cof of Thermo! Expansion
Temp Rang* p*r Og F per Def C

68 to 212F or 20 to 100C 15.4 x UT4
27.8 x 1(T*

Minimum creep rate, cold rolled, at 86F 210 psi for 1%/10,000 hr

Chemical Composition (Nominal)

Pb%
94

Sb%
6

Technological Properties

Melting point solidus 495F or 260C
liquidus 552F or 290C

Characteristics. This grade of antimonial lead has about the same
corrosion resistance as soft lead but has greater strength. Often

referred to as hard lead.

Uses* Rolled sheet and extruded pipe in building construction.

Physical Properties
Density, at 64F 0.393 ib/cu in. (10.88 S.G.)

Specific heat, cal/gm at 68-212F 0.0322/C
Volume conductivity,

in % of Cu 7.6%, quenched from 235C, aged 150 days
Electrical resistivity,

microhm/cm* at 68F 25.3

LEAD ALLOYS

Antimonial Lead

Thermol Conductivity

Cgs units at 20-100C 0.069
Btu/ftl/ft/hr/

flF at 68-212F 16.70

Coef. of Thermal Expansion
Temp Rang* per Deg F per Deg C

68 to 212F or 20 to 100C 15.1 x 10** 27.2 x 1<T*

Minimum creep rate, cold rolled, at 86F 400 psi for 1%/10,000 hr

Minimum creep rate, cold rolled, at212F 50 psi for 1%/10,000 hr
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LEAD ALLOYS

8X

Antlmonial Lead
Technological Properties

Melting point solidus 486F or 252C
hquidus 520F or 271C

Chemical Composition (Nominal)

Pb% 8b%

92 8

Physicol Properties

Density, at 64F 0.388 Ib/cu in. HO. 74 S.G.)
Specific heat, cai/gm at 68-2 12F 0.0326/C
Volume conductivity,

in % of Cu 7.5%, quenched from 235C, aged 150 days
Electrical resistivity,
microhm/cm* at 68F 26.5

Coef. of Thermo! Expansion
Temp Range per Dag F per Deg C

68 to 212F or 20 to 100C 14.8 x 10** 26.7 x 10"*

Thermo! Conductivity
i at 20-100C 0.065

' ' T at 68-212F 15.73

Mechanical Properties

Form or Condition

Commercially rolled, 95%
235C, Q, aged 1 day

'l/16 in. ball, 9.85 kg, 30 sec
2

At 20 X 10* cycles

Tensile
Strength Elong
M psl %

Hard
BHN 1

End Lt
Mpsi*

4.65

12.35
31.3
4.7

9.5 1.75

26.3

Minimum creep rate, cold rolled, at 86F 425 psi for 1%/10,000 hr

LEAD ALLOYS

Grid Metal

Technotogtcol Properties

Melting point solidus 486F or 252C
(10% Sb) liquidus 509F or 265C

Uses. Battery grids.

Physicol Properties

Density, at 64F 0.385 Ib/cu in. (10.66 S.G.1

Specific heat, cal/gra at 68-2 12F 0.0328/C
Volume conductivity,

in % of Cu 7.4^, quenched from 235C, aged 150 days
Electrical resistivity,
microhm/cm at 68F 27.1

Coef. of Thermal Expansion

26.4 x 10-
4
/ t

14.6* x 10-V F

Thermal Conductivity
Cgs units at 20-100C 0.064
Btu/ftVft/hr/V at 68-212F 15.49
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Characteristics. This is a low tin alloy.

Uses* Coating metals and joining.

LEAD ALLOYS

5^95

Soft Solder

Technologicol Properties

Melting point solidus 518F or 270C
liquidus 594F or 312C

Physical Properties

Density, at 68F 0.397 Ib/cu in. (11 S.G.)
Volume conductivity, in % of Cu 8.8%
Electrical resistivity, microhm/cm' 19.5

Thermal Conductivity
Cgs unit, at 54C 0.085
Btu/ftVft/hr/F at 129F 20.57

Coef. of Thermal Expansion
Temp Rcnge per Deg F per Deg C

59 to 230F or 15 to HOC 15.9 x UT* 28.7 x W*

Characteristics. A relatively low tin solder.

Uses* Coating and joining metals and as body solder to fill

dents and seams in automobile bodies. With less Sn (10%i)
is used for Terne plate.

liquidus 531For277C

Physical Properties

Density, at 68F 0.368 Ib/cu in. (10.20 S.G.)
Volume conductivity, in % of Cu 9.8%
Electrical resistivity, microhm/cm' 17.5

Thermal Conductivity
Cgs units at 54C 0*089
Btu/ftVft/hr/ at 129F 21.54

Coef. of Thermal Expansion
Temp Range par Dag F par Dag C

59-230F or 15-1 IOC 14.7 x 10"* 26.5 x 10"*

Chorocreristlcs. This is a

greatly reduced tin content.

Uses* Coating.

new solder composition with Mechanical Properties

Brinell Hardness No 13.0

Technologicol Properties

Melting point 585>F or 310C
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LCAC ALLOYI

HALF ft HALF

Soft Solder

Technological Properties
Melting point solidus 361F or 183C

liquidu. 421F or 216C

Physical ProDottios

Density, at 68F 0.321 Ib/cu in. (8.89 S.G.)

Specific he*t, ctl/gm at 60F 0.041/
6 C

Volume conductivity, in % of Cu 11%
Electrical resistivity, microhm/cm* 15.6
Surface tension, at 662F or 350C in dynes/cm 472

Thermol Conductivity
54C 0.111
~>

at 129F 19.36

Characteristics. This is the widely used soft solder.

Cool* of Thermal Expansion
Temp Renf per Deg P per Deg C

59-230F or 15-1 IOC 19.7 x 10"
4

23.4 x 10*

Mechanical Properties

Form or Condition

Teneile Yield Red.
Strength Strength Elong Area Hard Shear S
Mpl Mpsl % % BHN M pl

6.1 4.8 60 70 14.5 5.87

LEAD ALLOY*

LEAD BASE

Babbitt

Technological Properties

Melting poioc solidus 464F or 240C
liquidus 493For256C Uses. For light loads and lower speeds, in car journal

bearings.

Physical Properties

Density, 0.38 Ib/cu in. (10.24 S.G.)
Specific heat, cal/gm at

68-459F or 20-237C 0.036/C
Volume conductivity, in % of Cu 6.0% 1

Electrical resistivity, microhm/cm' 28.7

'These values vary with the thermal treatment

Melting point solidus 595 F or 247C
liquidus 667F or 353C

Characteristics. This Babbitt Metal has greater
strength at elevated temperatures.

Uses. High loads and speeds, as in diesel engines,
automotive engines, steamships, steel mills and
machinery.

Physical Properties
Density, at 68F 0.365 Ib/cu in. (10.1 S.G.)
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Technological Proportios
Melting point solidus 464F or 240C

liquidus 522F or 272C

Uses. For light loads and moderate speeds mining

machinery, transmission machinery, car journals, etc.

LEAD ALLOYS

LEAD BASE

Babbitt

Physicol Proportios

Density, at 68F 0.36 Ib/cu in. (10.04 S.G.)
Specific heat, cal/gm at 68-212F 0.036/C
Volume conductivity, in % of Cu 6.1%'
Electrical resistivity
microhm/cm* at i 28.2'

That* values vary with the thermal treatment

Thormal Conductivity
Cgs units at 20C 0.058
Btu/rt l/ft/hr/F at 68F 14.04

Coof. of Thormal Expansion
Temp Range per Deg F per De| C

68-2 12F or 20-100C 13.3 x NT* 24 x HT*

Uses. For moderate loads and speeds as in blowers,

pumps, electric motors, and machine tools.

Density, at 68F 0.35 Ib/cu in. (9.73 S.G.)

Specific heat, cal/gm at 68-212F 0.038/C
Volume conductivity, in % of Cu 6.0%'
Electrical resistivity, microhm/cm* 28.6 1

1

These values vary with the thermal treatment

Thermal Conductivity"~
0,057

at68F 13.79
Cgs units at 20C
Btu/ftVft/hr/Y

Coof. of Thermal Expansion
Temp Range per Deg F per Deg C

68-212F or 20-100C 10.9 x 1(T* 19.6 x 10"*

Chorocteristics. Retains strength and hardness excep-
tionally well at elevated temperatures.

Uses. Diesel, truck, and tractor engines and in heavy
machinery*

Physicol Proportios
Density, at 68F 0.365 Ib/cu in. (10.1 S.G.)

Technological Proportios
Melting point solidus 477F or 247C

liquidus 595F or 313C
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TIN ALLOYS

Characteristics. Very soft and malleable, and highly
resistant to water,

the atmosphere, milk, and to numerous packaged products.

Uses. Pure tin is used for electrotinning, foil, collapsible tubes, tin

plate, pipe.

Pure Tin

Te-ehnologieol Properties

Melting point 449.4 F or 231.9C
Boiling point 4120 F or 2270C
Transformation point (equil-

ibrium) 55.8 For 13.2C
Recrystall ization temp Below room temp

Physical Properties
Density, alpha or gray tin at 33.8 F or 1 C 0.208 Ib/cum. (5.765 S G.)

beta or white tin at 59 F or 15 C 0.2637 Ib/cum. (7.2984 S.G.)

Density of liquid tin

Volume change on transformation of white to gray tin + 27%
Specific heat, cal/gm at 12-212 F 0.0534 + 0.0000348 x t

(Also see Fig. 2, pg 1071, Metals Engineering Handbook)
Volume conductivity, % of Cu 15.0%
FJectncal resistivity, microhm/cm

3
at 68 F 11.5

, liquid at m.p. in microhm/cm
3

48.1

Temperature coefficient of electrical resistivity,

microhm/cm
3/C at 32-212 F 0.00447

Thermal Conductivity
Cgs units at 00 0.16

Btu/tWft/hr/F at 32F 38.72

(Also see Fig. 3, pg 1071,
Metals Handbook)

Effect of Temperature
(Use Figs. 4, 5 and 6, pg 1071, Metals Engineering Handbook)

Cof. of Thermal Expansion (White tin)

Temp Range per Deg F per Deg C

32-212F or 0-100C 12.8 x KT* 23 x 10"*

68-448F or 20-231C 13.3 * 1(T* 24x10"*

Modulus of elasticity, E in 10* psi 6.0-6.5
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.33
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TW ALLOYS

Hard Tin Chemical Composition (Nominal)
Sn% Cu%

99.6 0.4

Technological Properties
Melting point solidus 44 1 For 227 C

liquidue 446 For 2 30 C Charactor I sties. Hard tin is harder than pure tin.

Use*. Collapsible tubes and foil.

Mechanical Properties

Form or Condition

Strip, 0.1 in., annealed 3 hr at 100C
Strip, 0.1 in., annealed 3 hr at 200C
Strip, cold reduced 80%

TenclU
Strength
M pii

3.3

3.1

4.0

Bursting pressure of collapsible tube, 1 in. x 0.004 in. wall 46psi

TIN ALLOYS

ANTIMONIAL

Tin Solder Chemical Composition (Nominal)
Sn% Sb%

95 5

Technological Properties
Melting point solidus 452 For 233 C

hquidus 464 For 2 40 C

Physical Properties
Volume conductivity, % of Cu 11.9%
Electrical resistivity, microhm/cm* at77 F 14.5

Choracteri sties. This is a higher melting tin solder with
better conductivity than high lead alloys.

Uses. Solder for electrical equipment, copper tubing, cool-

ing coils for refrigerators, and avoids lead for service in

contact with foodstuffs.

TIN ALLOYS

Tin Foil
Technological Properties
Melting point solidus 390 F or 199C

Chemical Composition (Nominal)
Sn% Zn%

92 8

Physical Properties
Volume conductivity, % of Cu 14%
Electrical resistivity, microhm/cm* 12.

Thermo! Conductivity
Cga units at 0-200C 0.14
Btu/ftVft/hr/V at 32-392F 33.88

Uses. Packaging food products.
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Chemical Composition (Nominal)
Sn% Ag%

95 5

TIN ALLOY!

Tin-Silver Solder

Uses* This is a solder for electrical work and high temper-
ature service. Technological Proportion

Melting point sohdus 430 F or 221 C
liquidus 473 F or 245 C

Physical Properties
Volume conductivity, % of Cu 16.6%
Electrical resistivity, microhm/cm* at 32 F 10.4

Temperature coefficient of elecmeal resistivity,
microhm/cm

8/C at 32-212 F 0.00423

Chemical Composition*
Sn Sb

Grade 70A (i)

Grade 70 B (i)

Grade 70A
Grade 70B

.12 max

.50 max

Zn

Bi

.25 max

.25 max

Al

Cu

.08 max

.08 max

Others

Fe

.02 max

.02 max

Pb

.005 max 005 max .08 max rest

.005 max .005 max .08 max rest

ASTM, B32-46T

'69.00% min in composite sample, 68 50% min in random sample

TIN ALLOYS

Soft Solder

Technological Properties
Melting point sohdus 36 1 For 183 C

liquidus 378 F or 192 C

Uses. A solder for joining and coating metals.

Physical Properties
Density, 0.300 Ib/cum, (8.32 S.G.)
Volume conductivity, % of Cu 11.8%
Electrical resistivity, microhm/cm

3
14.6

Coef. of Thermal Expansion
Temp Range per Deg F per Oeg C

59-230F or 15-110C 12.0 x 10"* 21.6 x 10'*
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TW ALLOYS

Soft Solder

Technological Properties
Melting point 361 F or 183 C

Physical Properties
Density, 0.304 Ib/cu in. (8.42 S.G.)
Volume conductivity, % of Cu 11.9%
Electrical resistivity, microhm/cm

3 '

14.5

Chemical Composition*
Sn Sb

Grade 60A (t)

Grade 60B (i)

Grade 60A
Grade 60B

.12 max

.50 max

Zn

Bi

.25 max

.25 max

Al

Cu Fe

.08 max .02 max

.08 max .02 max

Others Pb

.005 max .005 max .08 max rest

.005 max .005 max .08 max rest

ASTM, B32-46T

'For fabricated metal, random sample s 61.50 min and composite
samples 62.00 min, for cast metal, composite sample = 62. 50 min.

Uses. Solder for electrical work.

Coef. of Thermol Expansion
Temp Range per Deg F per Deg C

59-2 30F or 15-1 IOC 13.7 x 10"
4

24.7 x KT*

Thermal Conductivity
Cgs units at 0-180C 0.12

Btu/ftVft/hr/F at 32-356 F 29.04

Creep Strength (Minimum)

Temp
room

176F or ROC

0.0001 in /day
335 psi
68 psi

TIN ALLOYS

Tin Babbitt

Technological Properties
Melting point sohdus 433 For 223 C

Uquidus 700 For 37 1C

Physical Properties
Density, 0.265 Ib/cuin. (7.34 S.G.)

Uses. Bearings and die castings.
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Chemical Composition*
Sn Sb Cu As Fe

Sand cast 88/90 7/8 3/4 .10 max .08 max

Pb Zn Al Bi

Sand cast .35 max none none .08 max

*ASTM, B23-46T

Uses. This is an excellent bearing metal.

TIN ALLOYS

Tin Babbitt

Technological Properties
Melting point solidus 466 F or 241 C

hquidus 669 F or 354 C

Physical Properties
Density, 0.267 Ib/cuin. (7.39 S.G.)

Uses. Used for bearings.

TIN ALLOYS

Tin Babbitt

Technological Properties
Melting point solidus 464 For 240 C

liquidus 792 For 422 C

Physical Properties
Density, 0.269 Ib/cuin. (7.46 S.G.)
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TIN ALLOYS

Tin Babbitt

Technological Proportion

Melting point solidus 358 For 181 C
liquidut 565 For 296 C

Physical Proportion
Density, 0.280 Ib/cuin. (7.75 S.G.)

Usos. Bearings and die castings.

TIN ALLOYS

Soft Solder
Technological Priorilot
Melting point solidus 361F or 183C

liquidus- 421F or 216C

Physical Profortlos
Dtoaky, at 68F 0.321 Ib/cu in. (8.89 S.G.)

Specific bent, cal/gm at 60F 0.041/
6 C

Volune cooductiTity, in % of Cu 11%
Electrical resistivity, microhm/cm* 15.6
Surface tension, at 662F or 350C in dynes/cm 472

Thormol Conductivity
Cgg units at 54C 0.111
Btu/iWft/hr/F at 129F 26.86

Characteristics. This is the widely used soft solder.

Coof. of Thormol Expansion
Temp Rang* <pr Dg F per Deg C

59-230F or 15-1 IOC 13.0 x 1Q-* 23.4 x UT*

Mochonicol Proportios

Form or Condition

Tencile Yield Red.
Strenfth Strenfth Blonf Area Hard Shear S
Mpil II psi % % BHN M psi

6.1 4.8 60 70 14.5 5.87
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MAGNESIUM ALLOW

Characteristics. Pure magnesium is chemically active.

Uses. Deoxidizer and getter, in pyrotechnics, and for dry

electric current rectifiers. Gngnard reaction, alloying in-

gredient in aluminum, lead and zinc alloys, deoxidizing and

desulfurizing copper and nickel alloys, debismuthizmg lead,

reducing agent in production of metallic titanium and zir-

conium.

Physical Properties
1

Density, at 68 F 0.0628 lb/cu in. (1.74 S.G.)

Specific heat, cal/gm at 78 F or 25 C 0.25/C
Heat of combustion 5995 cal/gm
Volume conductivity, % of Cu 38.6%
Electrical resistivity, microhm/cm

3
at 68 F 4.46

Temperature coefficient of

electrical resistivity, microhm/cmVC at 68 F 0.01784

'50% cold reduction lowers the conductivity about 6%

Pure Magnesium

Technological Proportios

Melting point
Recrystallization temp

Hot working temp
Annealing temp
Machinability index

Weldability

Riveting

1202 For 650 C
1 hr anneal after 30%
red. 350 F, 99.85% Mg

200 F, 99.99% Mg
900-450 For 480-2 30 C
650 For 345 C
500, with free cutting
brass 100
Good with oxyacety*
lene, resistance weld-

ing, and particularly
with helium arc

Use aluminum alloy
56S-H12

Thermal Conductivity
Cgs units at 18C 0*376 appro*
Btu/ftVft/hr/** at 64F 91.3 spptox

Coef. of Thermol Expansion

Tmp Rang*
40C
104F

!

L|

26 x 10-VCl

10-VF14.4 x

L
[l

4- (24.tOI + 0.0096H*) X 10"
4
]

Modulus of elasticity, E in M psi 6,500
Modulus of

rigidity,
in M psi 2,400

Poisson's ratio 0.35
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MAGNESIUM ALLOYS

Mazlo AM244

Technological Properties
Melting point solidus

liquidus
Machinabiiicy index

tfeldabtUty

1045 F or 565 C
1165 For 630 C
500, with free cutting
brass * 100
Good with oxy acety-
lene, resistance weld**

ing, and helium arc

Choroctori sties. This is not a strong alloy.

Uses. Low-stressed, pressure-tight castings.

Phyticol Properties
Density, at 68 F 0.064 Ib/cu in. (1.76 B.C.)

Specific heat, cal/gm at 78 F or 25 C 0.25 approx
Volume conductivity, % of Cu 17.2%
Electrical resistivity, microhm/cm1 at 68 F 10.0

Thermal Conductivity
Cgs units, 100-300C 0*23 approx
Btu/ftVft/hr/*, 212-572F 55.7 approx

Cof. of Thermal Expansion
Tamp Range

40C 26 x 10'V C
104F 14.4xlO-VF

Modulus of elasticity, E in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poiason's ratio 0.35

MAGNESIUM ALLOYS

AM11

Technological Properties
Melting point solidus

liquidus
Aging treatment

Machinabllity index

1165 For 630 C
1190 For 645 C
475 F or 245 C, 4 hr,
air cool

500, with free cutting
brass = 100

Chemico I Composition
Al Mn Fe Ni

Die cast 1.0/1.5 .5/1.5 .005 max .005 max

Cu Si

Die cast .05 max .30 max

Characteristics. General die casting alloy, particularly for

parts requiring ductility and toughness.

Physical Properties
Density, at 68 F 0.062 Ib/cu in. (1.705 S.G.)

Specific heat, cal/gm at 68-662 F or 20-350 C 0.25

Coef. of Thermal Expansion
Temp Range
18-100C 26 x 10"VC
65-212F 14.4 x 10-*/F

Modulus of elasticity, E in M psi 6,500
Modulus ol rigidity, in M psi 2,400
Poisson's ratio 0.35



MAGNESIUM ALLOYS

Characteristics. Alloy A8 produces tough, leak-proof cast-

ngs.

Technological Properties
Melting point solidus

liquidus
Solution treatment, Hi

Aging treatment, HTA

Weldability

Machinabihty index

A8

918 For 492 C
1125 For 607 C
800 F or 425 C, 14 hr,
cool in strong air blast

400 F or 205 C, 16 hr,
cool in air

Good with oxyacetv-

jene, resistance weld-
ing, and helium arc

500, with free cutting
brass * 100

Physicol Properties
Density, at 68 F 0.065 lb/cu in. (1.80 S.G.)

Specific heat, cal/gm at 78 F or 25 C 0.25 approx
Volume conductivity, HT condition, % of Cu 11.5% approx
Electrical resistivity, microhm/cm

9
at 68 F 15.0 as HT

Thermal Conductivity
Cgs units at 100-300C 0*18 approx
Btu/ftVft/hr/F at 212-572F 43.5 approx

Cof. of Thermal Expansion
Temp Rang*

40C 26 x 10'VC
104F 14.4xlO-*/F

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Poisson's ratio

6,500
2,400
0.35
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MAGNESIUM ALLOYS

AID

Technological Properties
Melting point solidus 867 F or 464 C

liquidus 1101 For 594 C
Hot working temp 750-450 F or 400-230 C

(hot short above 810F
or 430 C)

Annealing temp, wrought 650 F or 345 C
Solution treatment, HT 790 F or 420 C, 20 hr,

cool in strong air blast

Aging treatment, partial, A 325 F or 165 C, 12 hr,
air cool

Aging treatment,
complete, A 350 F or 175 C, 20 hr,

air cool
500 F or 260 C, 4 hr,
air cool

500, with free cutting
brass a 100
Good by oxyacetylene
or helium arc

Use Aluminum Alloy
56S-H12 rivets

'Used on eastings (AC or HT) to minimise growth at ele-
vated tamp

Stabilizing treatment, S 1

Mftchinability index

Weldability

Riveting

Cotf. o! Thermol Expansion
Temp Rani*

40C 26 x 10-VC
104F 14.4 x 10

M/F

Characteristics. Alloy A10 has a good combination of strength
and ductility. It also produces high strength bars and shapes
by extrusion and can be strengthened by heat treatment.

Uses. Sand and permanent mold castings which are pressure-
tight.

Physical Properties
Density, at 68 F 0.066 Ib/cu in. (1.81 S.G.)
Specific heat, cal/gm at 78 F or 25 C 0.25, approx
Volume conductivity, % of Cu, AC 11.5%, approx

HT 9.9%, approx
HTA 12.3%, approx
Wrought 9.7%, approx

Electrical resistivity, microhm/cm
1

,
at 68 F

AC 15.0%, approx
HT 17.5%, approx
HTA 14.0%, approx
Wrought 18.0%, approx

Thermal Conductivity
Cgs units at 100-300C 0.17 approx
Dtu/ftVft/hr/F at 212-572F 41.1 approx
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MAGNESIUM ALLOYS

Ml

Chorocteri sties. Ml is a low-cost alloy of moderate mechan-
ical properties with the best weldability, and hot forma-

bilicy.

Uses. Castings to be welded to Ml wrought products.

Technologjcol Properties
Melting point solidue

liquidus
Hot working temp
Annealing temp
Stress relieving, annealed

sheet
Stress relieving, hard-rolled

sheet
Stress relieving, extrusions

Recrystalhzation temp

Machinability index

Weldability

Riveting

1198Fof648C
1200 For 649 C
1000-560 F or 540-295 C
700 For 370 C

500 F for 15 min

400 F for 60 min
500 F for 15 min
500 F or 260 C, 60 min,
for 20% reduction

500, with free cutting
brass * 100
Good by oxyacetylene,
resistance, and helium
arc methods
Use aluminum alloy
rivets 56S-H12

Physical Properties
Density, at 68 F 0.064 lb/cu in. (1.76 S.G.)
Specific heat, cal/gm at 78 F or 25 C 0.25, approx
Volume conductivity, % of Cu 25.7% as cast

34.5% wrought
Electrical resistivity, microhm/cm* at 68 F

6.7 as cast

5.0 wrought

Thermal Conductivity
Cgs units at 100-300C 0.30 Approx
Btu/ft'/ft/hr/* at 212-572F 72.6 approx

Coof. of Thermal Expansion

Temp Ranfe
20-100C 26 x 10"VC
68-2 12F 14.4 x 10"VF

Modulus of elasticity, E in M psi
Modulus of

rigidity,
in M psi

Poisson's ratio

6,500
2,400
0.35
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MAGNESIUM ALLOYS

AZ92

Technological Properties

Malting point solidus

liquidus
Solution treatment, HT

Artificial aging, A

Stabilizing treatment,' S

Machinability index

WeldaWHty

830 For 445 C
1100 For 595 C
760 F or 405 C, 20 hr,

strong air blast cool

420 F or 21 5 C, 14 hr,
air cool

500 F or 260 C, 4 hr,

air cool

500, wijth free cutting
brass - 100

Satisfactory with resis-
tance methods

'Used on AC or HT condition* to minimize growth at ele-

vated temp

Characteristics. AZ92 has high strength and is a very ver-

satile alloy for sand and permanent mold castings*

Physical Properties
Density, at 68F 0.066 Ib/cu in. (1.82 S.G.)

Specific heat, cal/gm at 78 F 0.25 appro*
Volume conductivity, %'of Cu AC 12.3%, approx

HT 10.5%, approx
HTA 12.3%, approx

Electrical resistivity, microhm/cm
9
at 68 F

AC 14.0%
HT 16.5%
HTA 14.0%

Thermal Conductivity
Cgs units, 100-300C 0.17 approx
Btu/ftVft/hr/'F, 212-572F 41.1 approx

Coef. of Thermal Expansion
Temp Range

40C 26 x 10'VC
104F 14.4 x 10-*/F

Modulus of elasticity, E in M psi 6,500
Modulus of ricidity, in M psi 2,400
Poisson's ratio 0.35
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MAGNESIUM ALLOYS

AZ63

Technological Properties
Melting point solidus

liquidus
Solution treatment HT

Aging treatment, A

Stabilizing treatment,
1 S

Machinability index

850 F or 455 C
1130 For 6 IOC
7^0 F or 388 C, 10 hr,
air cool

375 F or 190 C, 18 hr,
air cool
500 F or 260 C, 4 hr,
air cool

300, with free cutting
braaa * 100

Choroeteri sties. General purpose sand casting alloy with

good strength and best ductility and toughness.

*Uied to minimi** growth at elvatd temp

Physical Properties
Density, at 68 F 0.066 lb/cu in. (1.84 S.G.)
Specific heat, cal/gm at 78 F or 25 C 0.25/ C,
Volume conductivity, % of Cu AC 15.0%

HT 12.3%
HTA 13.8%

Electrical resistivity, microhm/cm
3

at 68 F
AC 11.5%
HT 14.0%
HTA 12.5%

appro x

Thermal Conductivity

Cgs units at 100-300C 0.18 approx
Btu/ftVft/hr/F at 212-572F 43.5 approx

Coef. of Thermal Expansion
Temp Ranfe
20-100C 26 x 10"VC
68-212F 14.4xlO-VF

Modulus of elasticity, E in M psi
Modulus of rigidity, in M psi
Poisson's ratio

6,500
2,400
0.35
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MAGNESIUM ALLOYS

AZ31X

Technological Properties
Melting point solidus

liquidus
Hot working temp
Hot shortness temp
Annealing temp
RecrystaTlizatton temp

Heat treatment, stress
relief annealed sheet

Heat treatment, stress
relief hard-foiled sheet

Heat treatment, stress
relief extrusion s

Machinability index

Veldability

Riveting

1050 For 565 C
1 170 For 630 C
800-450 For 425-230 C
Above 820 For 440 C
650 For 345 C
400 F or 205 C, 1 hr,
after 15% reduction

500 F in 15 mm

300 F in 60 min

500 F in 15 min
500, with free cutting
brass = 100
Good with oxyacety-
lene, resistance, and
helium arc methods
Use aluminum alloy
56S-H12

Chorocteri sties. AZ31X has good strength and high resis-

tance to corrosion, good weldabihty, and best forming
properties as sheet and plate.

Uses. Low-cost extruded bars, rods, shapes, structural

sections, and tubing with good mechanical properties and
the highest % elongation.

Physical Properties
Density, at 68 F 0.064 Ib/cu in. ( 1.78 S.G.)
Specific heat, cal/gm at 78 F or 25 C 0.25, approx
Volume conductivity, % of Cu 18.5%
Electrical resistivity, microhm/cm' at 68 F 9.3

Thermal Conductivity
Cgs units at 100-300C 0.23 approx
Btu/ftVft/hr/F at 212-572F 55.7 approx

Coef. of Thermol Expansion
Temp Range

40C 26 x 10-
6/C

104F 14.4 x 10"VF

Modulus of elasticity, E in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.35

412



MAGNESIUM ALLOYS

Characteristics. Alloy AZ80X is a high strength wrought
alloy. Its strength can be increased by heat treatment.

Uses. Extruded products and press forgings.

Physical Properties
Density, at 68 F 0.066 lb/cu in. (1.80 S.G.)

Specific heat, cal/gm at 78 F 0.25/C, approx
Volume conductivity, % of Cu 10.6% extruded

14.6% aged
Electrical resistivity, microhm/cm3 at 68 F

16.2 extruded

11.8 aged

AZ80X

Technological properfits

Melting point solidus

Hquidus
Recrystallization temp

Machinability index

Hot working temp
Hot shortness temp
Annealing temp
Solution heat treatment

Aging treatment

Stress relieving, extrusions

HTA, extrusions

Weldability

Riveting

900 For 480 C
1115For600C
650 F or 345 C, 1 hr
anneal after 10% re-

duction

500 t with free machin-

ing brass = 100
750-600 F or 400-3 15 C
Above 775 For 420 C
725 For 385 C
750 For 400 C, 2-4 hr,

air cool

350 F or 175C, 16-24
hr, air cool
400 F or 205 C, 1 hr

600 For 315 C f
l/4 hr

Good by oxyacetylene,
resistance, and helium
arc methods
Use aluminum alloy
56S-H12

Thermal Conductivity
Cgs units at 100-300C 0.18

Btu/ftVft/hr/F at 212-572F 43.5

Coef. of Thermal Expansion
Temp Range
20-100C 26 x 10-*/C
68-212F 14,4 x 10'VF

Modulus of elasticity, E in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.35
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MAQNVarUM ALLOYS

AZ61X

Technological properties
Melting point splidus

liquidus
Recrystallization temp

Machin ability index

Hot working temp
Hot shortness temp
Annealing temp
Stress relief, extrusions

Weldability

Riveting

950 F or 510 C
1140 F or 615 C
550 F or 290 C, 1 hr

anneal after 20% re-

duction

500, with free cutting
brass * 100
750-450 F or 400-230 C
Above 780 For 415 C
650 For 345 C
500 F for 15 min
Good by oxyacetylene,
resistance, and helium
arc methods
Use aluminum alloy
56S-H12

Choroeten sties*. Alloy AZ61X has good mechanical proper*
ties and resistance to corrosion.

Uses. Good general purpose alloy for extrusions and forg-
ings of intermediate cost.

Physical Properties
Density, at 68 F 0.065 lb/cu in. (1.80 S.G.)

Specific heat, caVgm at 78 F 0.25, approx
Volume conductivity, % of Cu 11.6%
Electrical resistivity, microhm/cm

9 at 68 F 14.9

Thermal Conductivity
Cgs units at 100-300C 0.19 approx
Dtu/ftVft/hr/F at 212-572F 46.0 approx

Coef* of Thermal Expansion
Temp Range

40C 26 x 10-VC
104F 14.4 x 10'VF

Modulus of elasticity, E in M psi 6,500
Modulus of

rigidity,
in M psi 2,400

Pot sson '
ratio 0.35
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MAONBttUM ALLOYS

AZ91

Tochnologicol Proportlos
Melting point solidus

liquidus
Hot shortness temp
Machinabihty index

875 For 468 C
1105For596C
Above 750 F or 400 C
500, with free cutting
brass = 100

Characteristics,

casting alloy.

The most generally used magnesium die

Physical Properties
Density, at 68 F 0.066 lb/cu in. (1.81 S.G.)

Specific heat, cal/gm at 78 F 0.25 approx
Volume conductivity, % of Cu 10,1%
Electrical resistivity, microhm/cm* at 68 F 17.0

Thormol Conductivity
Cgs units at 100-300C 0.17
Dtu/ftVft/hr/V at 212-572F 41.1

Coof* of Thermal Expansion
Temp Range
20-100C 26 x 10-VC
68-2 12F 14.4xUTVF

Modulus of elasticity, E in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.35
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MAGNESIUM ALLOW

AZ51X

Technological properties
Melting point solidus

liquidus
Recrystallization temp

Machinability index

Hot working temp
Hot shortness temp
AnDealing temp
Stress relieving, annealed

sheet
Stress relieving, hard-rolled

sheet

Weldability

Riveting

990 For 530 C
1150F or 620 C
550 F or 290 C, 1 hr

anneal after 20% re-

duction

500, with free cutting
brass - 100
785-500 F or 420-260 C
Above 800 F or 425 C
650 F or 345 C

500 F, 15mm

375 F, 60 mm
Good by oxyacetylene
and re si stance methods
but helium arc is pre-
ferred

Use aluminum alloy
56S-H12

Charocteri sties. Alloy AZ51X is used only for sheet.

Uses. It has good properties and forms readily hot.

Physical Properties
Density, at 68 F 0,065 lb/cu in. (1.79 S.G,)
Specific heat, cal/gm at 78 F 0.25, approx
Volume conductivity, % of Cu 12.8%
Flectncal resistivity, microhm/cm* at 68 F 13.5

Thermal Conductivity
Cgs units at 100-300C 0.21
Btu/ftVft/hr/F ac212-572F 50.8

Coef. of Thermal Expansion
Temp Range
20-100C 26 x 10'VC
68-212F 14.4 x 10-

6/F

Modulus of elasticity, in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.35
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MAGHBSttTM ALLOYS

Choracteristic*. Alloy TA54 has intermediate strength.

Uses. General purpose hammer-forging alloy.

TA54

Technologicol properties
Hot working temp
Hot shortness temp

Annealing temp
MachmabiHty index

Riveting

820-450 F or 440-230 C
Above 850 F or 455 C
650 For 345 C
500, with free cutting
brass = 100
Use aluminum alloy
56S-H12

Physical Properties
Density, at 68 F 0.067 Ib/cu in. (1.84 S.G.)
Specific heat, cal/gm at 78 F 0.25 approx
Volume conductivity, % of Cu 12.5%
Electrical resistivity, microhm/cm' at 68 F 13.8

Coef. of Thermal Expansion
Temp Rang*

40C 26 x 10-VC
104F 14.4xlO'VF

Modulus of elasticity, E in M psi 6,500
Modulus of rigidity, in M psi 2,400
Poisson's ratio 0.35
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SUPER ALLOY. WROUGHT

19-9 W Mo

Strength
'

(M p.i)
Stress for \% cr*p in

100 hr 1000 hr 100,000 hr

- I 6\6

Creep

Temp
1000F
1100
1200
1300
1350
1400 -
1500 -
1600 -

1 Hot rolled, stress relieved at 1200P

1 Westinghouse Research Laboratory

Physical Properties

Density, at 70F or 2 1C
0.287 Ibs/cu in. (7.933 S.G.)

Coef. of Thermal Expansion
Coefficient X 10"*

per Deg F per Deg C

21-315 9.31 16.76
-426 9.59
-537 9.78
-648 9.97

Temp Range
Deg F Deg C

70-600
-800
-1000
1200
-1500 -815 10.01

17.26
17.60
17.95
18.02

* Grant

SUPER ALLOY, WROUGHT

234-A-5
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SUPER ALLOY, WROUGHT

TIMKEN

16-25-6

StressRuptur Strength <M pai)

Temp 100 hr 1000 hr

1000F
1100

52
I

I 49',57
-

39',

19'

<10
4

39
i

,35
t

,42
>

Physical Properties

Density at 70F or 21C
0.291 Ibs/cu in. (8.059 S.G.)

Coef. of Thermal Expansion
Temp Range Coefficient X 10"*

Deg P Deg C per Dtg P per Deg C

70-600 21-315 9.28 16.70
-800 -426 9.29 16.72
-1000 -537 9.36 16.85
-1200 -648 9.52 17.14
-1500 -815 9.69 17.44

* Grant
I WestingHouse Research Laboratory

Fatigue Strength t

Condition Temp
2000F, WQ, 4hr 1200F 1200F
2150F, WQ, 50hrl500F 1500

lO'cyclei
Mpsi
46
19

25 xlOcycle
Mpsi

18

Physical Properties

Density at 70F or 2 1C
0.296 Ibs/cu in. (8.199 S.G.)

Grant
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Coef* of Thermal Expansion
*

Temp Ranee Coeffie.
Deg P Deg C per Deg P

70-500 21-260 8.5
-1000 -537 8.7

-1600 -870 9.9

Coefficient x 10'*~ ~
per Deg C
15.3

15.7
17.8

Physical Properties

Density at 70F or 2 1C
0.298 lbs/cu in. (8.260 S.G.)

* Grant
1 Wcstinghouse Research Laboratory

42)



* Grant
\ Westinghouse Research Laboratory
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Physical Properties

Density at 70F or 2 1C
0.310 Ibs/cu in. (8.587 S.G.)

Coof. of Thermo) Expansion
Temp R enge Coefficient X 10'*

Deg F Deg C per Deg P per Oeg C
70-500 21-260 7.6 13.7
-1000 -537 8.0 14.4
-1600 -870 9.4 16.9

1 Grant
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SUPER ALLOY, WROUGHT

Inconel X

Creep Strongth
'

(M psi)
Stress for 1% creep in

Tenv 100 hr 10,000 hr 100,000 hr

1000F -
1100
1200

1300
1350
1400
1500
1600

,

60,63
-

37,38'-
.

18,1s
1

9

48, 54*

15, 14*

7

1 Normalised, aged 24 hr at 1550F plus 20 hr

t International Nickel Co data
t Inconeljr ! liable to fracture in idOO hr at

this stress see 8tress*Rupture

Physical Proporttot

Density at 70F 0.300 Ib/cu in. (8.3 S.G.)

Specific heat cal/gra, 20-100C 0.10-0.11

cal/gm, 20-900C(1650F)0.13
Specific resistivity microhm/cm

1 122

Magnetism ^ 1.0028

Stress Rupture Strongth* (M psi)

100 hr 1000 hr

Inter-
national

Tamp Nickel Grant Nickel Grant

Inter-
national

1000F 1 15' 1 15

HOOF
1200F
1300F
1350F
1500F
1600 F
1700F
1800 F

100* -
110 110

901 -
72* 4 59* 60> 55l

4~5
4 48l 35' 40*

25**
4

29* 17 18.5'

10 12 7s 7

3.3 - 2.3

X
2100F, 24 hr, AC, 1300P, 6-20 hr,

.AC.

*2gOF,
4-24 hr, AC; 1300F, 6-20 hr,

*2100P, 4 hr, AC, 1350F 24 hr, AC;
.1300F 20 hr, AC.
'Acceptance test specification
minimum values.

Characteristics. This is a nickel base alloy for

high temperature service, with good resistance to

scaling. Its properties are developed by heat treat-

ment, rather than by working, for service at 1100-
1500F.

Uses* Gas turbine rotors, blades, bolts, forming
tools, jet and rocket components, and as wire and
strip for springs. It is available in a wide variety
of commercial shapes and sizes.

Technologicol Properties

Forging temp 2225-1900F
Annealing temp 1900-2000F, Quench
Solution temp 2100F, 2-4 hr, AC
Aging temp High *1550F; Low s!300F
Stress relief temp 1625F
Melting range 2450-2600F
Machmability Satisfactory, though tough
Weldability Satisfactory
Scahngtemp oxidizing Over 1800F

* Grant
t International Nickel Company

SUPER ALLOY* WROUGHT

Refractaloy 26
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'Morut Nickel Co.
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SUPER ALLOYS, WROUGHT

NimonJc 80A

Stress-Rupture Strength
1 (M psi)

Temp 100 hr l.OOOhr

1000F
HOOF
1202F 67.2 34.9

1292F 57.1 40.3
13B2F 39.2 25.8

1
197SF, hr, AC. 1290P, 16 hr.,
AC. Mond rfickei Co. Tables are
terminated at high* it temp for
which data are available.

Physicol Proportion*

Density at 70 F. 0.298 Ib/cu in. (8.25 S.G.)

+Mond Nickel Co.

SUPER ALLOYS. WROUGHT

Himonic 90

Stross Rupturo Strength (M psi)
1

Temp
1000F
HOOF
1202F
1292F
1350F
1382F
1500F

100 hr

76.1
61.6

44.8
28.0

1,000 hr

63.9
48.2

3?.6
17.9

*197SF, 8 hr. AC. 1290F, 16 hr,
AC. Mond Nickel Co. Tablet are
terminated at highett temp for
which data are available.

Physical Properties*

Density at 70F 8.27 gm/cc 0.298 Ib/cu in. (8.27 S.G.)

Mond Nickel Co.
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SUPER ALLOYS, CAST

Hastelloy A

Characteristics. This is an intermediate high tempera-
ture alloy for casting by gravity or centrifugal methods
and is particularly suited to precision casting.

Uses. Fixtures for cyanide baths, where the heating
is followed by quenching.

Technological Propartis*

Scaling temp 1400 F (oxidizing)

Strss*Ruptur Strength '{M pal)

Tamp 10 hr 100 hr 1000 hr

1000F -
1100 -
1200 - - -
1300 -
1350
1400
1500 19.5 11.6 8.8

1600 -
1700 -
1800 -

'Precision cast tost bars, 0.160 ifvdlanu
212SF, Vihr, AC; 1700F, 72 hr, AC.

^

Choroctarlstics. Similar to Hastelloy A, but stronger.

Technological Properties
Scaling temp 1400 F (oxidizing)

fc&S"

SUPER ALLOYS, CAST

Hastelloy B

Physical Propart las

Density at 70F or 2 1C
0.334 Ib/cu in (9.24 S.G.)
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SUPER ALLOYS. CAST

Hastelloy C

Stross-Rupture Strength
!

(M psi)

Tamp 10 hr 100 hr 1000 hr

1000F -
1100 -
1200

1300 -
1350 -
1400
1500 18.8 14.1 10.7
1600 -
1700
1800 -

'Precisioncast, 0.160 in. diam, 2225F, V4 hr,

Choroctori sties. Similar to HastelloyA but is stronger
and is resistant to oxidizing conditions.

Uses. Parts for heat-treating furnaces operating up
to 2000 F, and for conveyors operating up to 1750 F.

Physical Properties

Density at 70F or 2 1C
0.229 Ib/cu in (8.298 S.G.)

Thormol Conductivity *
Watts per cmA: at 200C 0.145

300 0.160
400 0.175
500 0.190
600 0,205

Annealing temp 2100F +

Hardening temp 1 300-1700 F, by age-hardening
Melting point 2550F
Machinability Difficult use carbide tools,

annealed condition

Weldabihty Commercial with manual arc

and submerged melt
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SUPlft ALLOY*, CAST

73 J

* Grant

SUPER ALLOYS, CAST

STEUITE 31

X40

Physical Proprti*

Density at 70F or 2 1C
0.3 lllb/cu in (8.608 S.G.)

Thermal Conductivity
Watts per cm/C at 200C 0.148

300 0.175
400 0.183
500 0.194
600 0.219

Grar*
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SUPER ALLOYS, CAST

111 VT 2-2

Coef. of Thermal Expansion
Temp Range Coefficient X 10

J
~

oeg C - - -

21-648
-732
-815

Deg F

70-1200
-1350
-1500
-1600
-1800

-870
-981

pr Deg F per Deg C

8.8 15.8

8.9 16.0

9.0 16.2

9.0 16.2

Grant

SUPER ALLOYS, CAST

100NT-2

Stress-Rupture Strength* '(Mpsi)
10 hr 100 hr

1000F
1100
1200
1300
1350
1400
1500 40.5 30.5
1600 35 26.1
1700 25.8 18.2

1800 18.8 13.6

*2260F, Vihr, WQ

1000 hr

22.8
19.3
13.1

9.9

Gra*
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SUPER ALLOYS, CAST

X-50

Physical Properties

Density at 70F or 2 1C
0.320 Ib/cu in (8.855 S.G.)

Stress-Rupture Strength* (M p*i)

Temp 10 hr 100 hr 1000 hr

1000F -
1100 -
1200 - - -
1300 -
1350 -
1400 - - -

,

1500 38.4 1 29.2* 22.5!
1600 25.4' 20.1* 16.2?
1700 19.7> 16.3! 13.8!
1800 12.2 9.7* 7.8

s

'iSOOF, 50 hr

1600F, SO hr

A caet

SUPER ALLOYS, CAST

STEIUTE 23

61

Density at 70F or 2 1C
0.309 Ib/cu in (8.54 S.G.)

Thermal Conductivity
Watts per cm/C at 200C 0.154

300 0.176
400 0.180
500 0.189
600 0.212

Technological Properties

Machinability Difficult

Weldability Apt to crack

Grant
Handbook



SUPS* ALLOYS. CAST

STtUITI 27

6059

Physical Properties

Density at 70F or 2 1C
0.296 Ib/cu in (8.2 1 S.G.)

Thormol Conductivity
Watts per cm/C at 200C 0.141

300 0.155
400 0.166
500 0.181
600 0.198

Coef. of Thormal Expansion
Temp Rente Coefficient X 10'*

Deg P Deg C per Dg F per Dg C

7.53
7.79
8.04
8.29
8.67

70-600
-800
-1000
-1200
-1500
-1600
-1800

21-315
-426
-537
-648
-815
-870 8.84

13.55
14.02
14.47

14.92
15.61
15.91

"Grant

SUPER ALLOYS, CAST

CM-469

Strss*Rupturs Strength* (M pti)

Temp 10 hr 100 hr 1000 hr

1000F -
1100 -
1200 -
1JOO

-
1350 r
1400
1500
1600 - 37.8 21.4
1700
1800 -
'A cast ____________

Technological Propertlei

Mschinabllity Can be machined with
carbide tools

Mechonical Proportlos
Tensile Strength, Britde, 1350F 100 M psi
Hardness, Vickers 498, as cast

Physical Properties

Density at 70F or 2 1C
0.284 Ib/cu in (7.87 S.G.)

Grant
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Physical Properties

Density at 70F or 2 1C
0.300 Ib/cu in (8.3 1 S.G.)

Grant
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