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TABLES OF CHEMICAL COMPOSITIONS, PHYSICAL AND
MECHANICAL PROPERTIES OF WROUGHT CORROSION-
RESISTING AND HEAT-RESISTING CHROMIUM
AND CHROMIUM-NICKEL STEELS

The data herein presented on the
compositions and properties of the
corrosion-resisting and  heat-resisting
chromium and chromium-nicke! steels
have been assembled by Subcommittee [
on Classification of Data,! of Committee
A-10 on Iron-Chromium, Iron-Chro-
mium-Nickel, and Related Alloys, of
the American  Saciety for  Testing
Madterials.

The data in this publication represent
a revision of corresponding data given
in the “Symposium on Corrosion-Re-
sistant, lleat-Resistant, and Electrical-
Resistance Alloys,” held in 19242 and
the “Tables of Chemical Compositions,
Physical and Mechanical Properties,
and Corrosion-Resistant Properties of
Corrosion-Resistant -and Heat-Resistant
Alloys,” published by the AS.T.M. in
19303

In these earlier publications data
were presented on a broad range of
materials which included both ferrous
and non-ferrous alioys, as well as the
stainfess steels.  Because of the tre-
mendous increase in the commercial
importance of the stainless steels during
recent years, it was decided that their
properties should bhe tabulated in a
separate publication.

—mrc collected any tabulated for Subcommittee
1, of Committee A-1%, by Russell Franks of the Union
Carbide and Carbon Research Laboratories, and Francis
1.. Latyue of The Development and Resc.lrch Division

of Thellnternational Nicke! (,omp:mi

2 Procecdings, Am. Suc. Testing l.us Vol, H, Part
11, p. 18y {1924)

s Proceedings, Am Soc. Testing Mats., Vol. 30, Part I,
Plates V to XV (1930); also issued as acp.lr.u.c publ ication,

Cupyright© 1943 by ASTM International

The present classification provides
data on those stainless steels that have
received the widest commercial usage.
The data have been divided into two
parts; Part T covers the wrought harden-
able and nonhardenable ferritic straight
chromium steels. ‘The ferritic steels
hardenable by heat treatment are indi-
cated in the tables as martensitic and
those not hardenable as simply ferritic.
Part II covers the wrought austenitic
chromium-nickel steels.

The stainless steels are identlfied,
where possible, in accordance with
appropriate A.S.T.M. designations and
grades. For convenient comparison, the
type numbers established by the Ameri-
can Iron and Steel Institute are included
for these compositions, In addition
certain additional compositions for which
there are no corresponding A.S.T.M.
specifications have also been identified
with' A.L.S.I. type numbers.

The A.S.T.M. standards prepared by
Committee A-10 which cover the
wrought chromium and chromium-nickel
stainless steels, identilied in the tables
by the A.S.T.M. designations, are as
{follows:

Standard Specifications for Corrosion-Resist-
ing Chromium Steel Plate, Sheet, and Strip
(A.S.T.M. Designation: A 176 - 42)

Standard Specifications for Corrosion-Resist-
ing Chromium-Nickel Steel Plate, Sheet,and Strip
(A8 T.M. Designation: A 167 - 42)4

Standard Specifications for Corrosion-Resist-
ln;,(.hromlum and Chromium-Nickel Steel Plate,

41942 Bauk of A.S.T.M. Standards, Part 1.

WWW.astm.org



2 Data ox WRoUGHT CHROMIUM AND CHROMIUM-NICKEL STEELS

Sheet, and Stup for Fusion-WWelded Unfired Pres-
sure Vessels (A.S. T. M. Designation: A 240 - 42)¢

Standard Specifications for High-Strength
Corrosion-Resisting  Chromium-Nickel  Steel
Sheet and  Strip  (AST.M.  Designation;
A 177 - 39)¢

Emergency Alternate Provisions in
three of the above standards have been
issued by the A.S.T.M, for the duration
of the \War Emergency. References are
made in footnotes in Tables I and XI to
these Emergency Provisions,

The following tableis included to facili-
tate reference to A.S.I"M. specilications
issued by Committee A-1 on Steel that
cover stcels similar in composition to
those for which specifications have been
prepared by Committee A-10 and which
are referred to in detail in this tabulation
of data:

Committee A-1 !
Specifications Cummn tee |
o S cnﬁcn- ' AlLSIL
g l?:ns for j Grades ,TYEG
. Steels of i Numbers
SET Symbols Similar
‘_‘;.g 5 Composmon:
v 8t I
< i
. 502
502
A (1o
Ale67
{A 240 31, M7
502
410
A2 1
:?’
(]
A9 08
502
Al w0t
A 0 s02
502
3o+
Ry
A
ki
316
Jo4
£y
A9 "
o R
0...... 167 1"
A 20 Mpe 316

Note.—The designations in this table refer to
the following specifications of the American Soci-
ety for Testing Materiala;

Tentative Specifications for Seamless Alloy-Steel Plpe for
Service at Temperatures from 750 to 1100 F. (A.5.T.M,
Designation: A 158 ~ 42 T)»

Standard Specifications for !'arg!d or Rolled Alloy-Steel
Pipe Flunges, Forged Fittings, and Valves and Parts
for Service ut Temperatures hom 750 to 1100 ¥
(A.S.T.M. Designalion: A 182 -

Tentative Sfbecnﬁcauuns for Alloy- Steel bolllng Materials
for High-Temperature Service from 750 to 1100 F.,
\h’}:;l Temperatures (AS.T.M. Desiznation: A 193 -

Standard Specifications for Carbon and Alh{‘ -Steel Nuts
for Bolts for High- Preisurc and Iligh-Temperature
Service to 1100 F. (A.S.T. M. Designation: A 194 - 40).,»

Standard Specifications for Stamleﬁs Cold-Drawn Inter-
mediate Alhy -Steel 1feat-Exchapyer nnd (,um(v.mu.r
Tuien (AS.TM. Designation: A 199 - 40)

Suandard Gmw:ll‘tcuhom fur Scamless lnlcrrnmhnle Alloy.
Steel Still Tubes for Refinery Service (AST.M,
Dusi nnnun A 200 - q0),0

Standard Specifications for "Scamless Alloy-Stec! Buiter
and  Superheater Tubes (AS.T.M. Designation:
A28 - 408 and

Standarl S;wuﬁcwom for Atomic-1lydrogen-Are-Welded
and Electric- Resistance-Welded Alloy-Steet Soiler and
\;lperhealu Tubes (AS.T.M. Designation: A 249 =
42).8

The data for the different steels have
been condensed to the simplest form
to provide a ready reference for both the
maker and user of the steels. As pre-
viously indicated, inspection has been
made of a large amount of data, and
those included herein represent the
present authoritative information on
the steels covered. Single figures rather
than ranges have been used to describe
the several properties of these steels.
These figures arc representative values
and not minimum or average values
except for the data on cold-rolled sheet
and strip of grades 1 and 2 of AS. T M,
Specilications A 167 — 42 for which
minimum figures are given. The values
in these tables should not be considered
as specification figures as these may be
found in the appropriate A.ST.M.
standards for this class of material as
referred to in the tables.

Data on the high chromium and
chromium-nickel valve and die steels
have not been included since these
steels are not used for general construc-
tional purposes requiring heat and
corrosion resistance. Data are not given
for the chromium-silicon valve steels

$1942 Book of A,5.T.M. Standards, Part L.



DatA oN Wroucnt CHrRoMIUM AND CHROMIUM-NICKEL STEELS 3

nor the predominantly austenitic chro-
mium-nickel valve steels that contain 12
to 14 per cent chromium, 12 to 14 per
cent nickel, several per cent tungsten
and approximately (.40 per cent carbon.
Data are not given for the die steels that
contain 12 to 14 per cent chromium and
from 1.50 to 2.50 per cent carbon with
small percentages of other elements,
such as molylxlenum, tungsten, and
vanadium,

Part I--Wrought Chromium Steels:

Data on the wrought chromium
ferritic steels appear in Part I, and cover
the following basic compositions:

4 Lo G per cent chromium
8 Lo 10 per cent chromium
10 to 14 per cent chromium

14 to 18 per cent chromium
23 to 30 per cent chromium

The detailed chemical compositions
of these steels appear in Table I. In-
formation as to their physical properties,
and on the forging and heat-treating
practices to be used in fabricating these
chromium stecls is yiven in Table II,

The mechanical properties of the
steels in various wrought forms, such as
bars, plates, wire, strip, sheet, seamless
tubes, forgings, etc.,, are shown in
Tables II1 to X, The creep char-
acteristics and short-time tensile proper-
ties at clevated temperatures arc pre-
sented graphically by the curves in
Figs. 1 to 11,

The basic ferritic chromium steels for
which data are furnished are those which
may be modified by control of certain
constituents, added for specific purposes
as follows:

The carbon contents of the steels
which contain up to 18 per cent chro-
mium are increased when it is desired to
harden the steels by heat treatment.

Molybdenum is added to the 4 to 6
per cent and 8 to 10 per cent chromjum
steels to enhance strength at elevated

temperatures and retain toughness after
sojourn at such temperatures. This
element is also added in conjunction
with sulfur to improve machinability
of the 12 to 14 per cent and the 14 to 18
per cent chromium steels.

Combinations involving one or more
of the elements phosphorus, sulfur, and
selenium are used to improve mashin-
ability of the 12 to 14 per cent and the
14 to 18 per cent chromium steels,

Nitrogen is added to the 23 to 30 per
cent chromium steels to achieve grain
refinement and improvement in work-
ability and toughness.

The chemical compaositions of the
free-machining types of straight chro-
mium stecls are listed in Table I and
data on the physical and mechanical
propertics of some of them are also
provided. These free-machining steels
are identified in Tables I, II, VI, and
VII as A.LS.I. types 416, 420F, and
430F, and contain, respectively, 12 to
14 per cent chromium with a maximum
of 0.15 per cent carbon, 12 to 14 per
cent chromium with a minimum of
0.15 per cent carbon, and 14 to 18 per
cent chromium with a maximum of 0.12
per cent carbon and small percentages
of sulfur, selenium, and molybdenum,
These types are similar in composition
to the steels representing A.LS.L. types
410, 420, and 430, with the exception
that they contain the small percentages
of sulfur, selenium, and molybdenum.
It may be assumed that, with the
exception of toughness, these free-
machining chromium steels have proper-
ties quite similar to those of the cor-
responding chromium steels without the
elements added toenhance machinability.

Part II—Wrought
Steels:

Chromium-Nickel

The austenitic wrought chromium-
nickel steels for which data are given in
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Part IT are those which cortain basically
the following:

17 per cent chromium, 7 per cent nickel
18 per cent chromium, 8 per cent nickel
24 per cent chromium, 12 per cent nickel
25 per cent chromium, 20 per cent nickel

The detailed chemical compositions of
these stecls appear in Table XI. In-
formation as to their physical properties,
and on the forging and heat-treating
practices to be used in fabricating these
chromium-nickel steels is given in
Table XII.

The mechanical properties of the
steels in various wrought forms, such as
bars, plates, wire, strip, sheet, scamless
tubes, etc., are shown in Tables XIII
to XXI. The creep characteristics and
short-time tensile properties at clevated
temperatures are presented graphically
by the curves in Figs, 12 to 20,

‘The basic chromium-nickel steels for
which data are furnished are those which
arc modified for specific purposes as
follows:

Carbon is used to increase strength,
especially in the 17 per cent chromium,
7 per cent nickel steel,  Tn this steel, as
well as in the other compositions, the
effect of oo high a carbon content is to
reduce resistance to general corrosion,
and  particularly o intergranular
corrosion,

Molybdenum in the 18 per chromium,
8 per cent nickel steels improves resist-

ance to general corrosion, especially by
reducing chemicals and halogens; it also
improves strength at elevated tem-
peratures, and with sulfur improves
machinability.

Columbium is added to the 18 per
cent chromium, 8 per cent nickel steels
to prevent intergranular corrosion in
both weld metal and parent metal,

Titanium also is used in the 18 per
cent chromium, 8 per cent nickel steels
to prevent intergranular corrosion, hut
is less effective in weld metal due to the
difficulty of preventing loss of titanjum
in the weld deposit.

Selenium is used to improve machina-
bility and reduce galling of the 18 per
cent chromium, 8 per cent nickel steels,

Manganese improves the hot work-
ability of all the chromium-nickel steels,
while silicon cnhances  resistance  to
scaling at clevated temperatures.
Acknowledgment:

While the classilication of these data
has been made under the jurisdiction of
Subcommittec I, of AST.M. Com-
mittee A-10, it would have been im-
possible to accomplish the task without
the aid of the various groups that co-
operated with this subcommittee. These
groups included the principal manu-
facturers and users of stainless steels
from whom the data were obtained.
This  assistance is  gratefully  ac-
knowledged.
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6 Darta on WroucHT CHROMIUM AND CHROMIUM-NICKEL STEELS
TABLE I.—CHREMICAL COMPOSITIONS OF WROUGHT CORROSION-RESISTING CHROMIUM STEELS,
= i - £
g 2 [ g g - -
ASTM o 1y 'i P E1 - a -
S.T.M. . = F3-] gx, g Chromium, g4 Molybdenum,
Designation - =4 & EY £, - & percent | ¥ per cent
(] v s 2 52 8.: 5 gE T
o i 5 |g&) 28 3 28 38
< - 15 o} =] v ) 7
$02....]0.1$ max® | 0.50 | 0,030 | 0,030 max. | 0,50 | 4.00 to 6.00) 0.45 to 0.65*
sAto.,go |:§r centchlwmium..; .1 0,15 max. }1.50 | 0.030 | 0.030 max. { 0.30 | 8,00 to 10,00 0.75 ta 1.50
176- 43..... b
A76. 42700 2.0 416....10.15 max. | 0.60 | 0.030 { 0.030 mux. { 0.75 (10,00 to 14.00{ 0.60 e
420...10.tS min, | 0.60 | 0.030 | 0.030 max, | 0.60 [12.00 to 14.00 .
420F..[ 0,15 min, | 0.60 | 0.030 | 0.070 minS | 0.60 {12.00 to 14.00 0.60 max.
416....]0.15 max, | 0.60 { 0.030 | 0.070 minS | 0.75 12,00 to 14.00{ ..., | 0.60 max.
440....10,12 min, | 1.00 | 0.040 | 0.030 max. | 0.60 [13,00 10 18.00] .... e
A}.\. 430....[0,12 max. { 1.00 | 0,030 [ 0,030 max. | 1.00 [14.00 to 18.00{ 0.60 “
s 430F..(0.12 max. | 1.00 | 0.130 | 0.070 min.® | 1.00 [i4.00 to 18.00{ .... | 0.00 max,
bl
;}...’ 416* | 0.35 max. | 1.00 | 0.030 | 0.080 max. | 1.00 [23.00 to 30.00{ 0.60

* A.LS.L type 502 has a carbon content of 0.t0 max., per cent; molybdenum optional.
8 A.LS.I. type 403 is similar to A.S.T.M. grade 1.

€ Or selenium 0.07 min., per cent.

4 A1S.Y, type 442 is similar to A.S.T.M. grade 5. |

¢ A nitrogen content of 0.10 min., per cent, insures grain refineinent,



TABLE IL.-PHYSICAL PROPERTIES AND WORKING CHARACTERISTICS OF WROUGHT CORROSION-RESISTING CHROMIUM STEELS IN THE ANNEALED

COXDITION

A.S.TM. Designation...

A176-42

. A 176 A 240 A 176 A 260
ASTM, Grade. 8 to 10 per cent 2 4 A 6 B
A1S.I. Type No. 410 430 30 | M6 M6
Modulus of elasticity in tension, psi.. . 29 000 000 29 000 000 29 000 000
Modulus of elasticity in torsion,.psi.. e veee voun
Densit {lb. per cu. in..... . 0.28 0.2 0.27
nSILY 1g. per cu. cm.. .. 1.7 19 1.6
Spcc:ﬁc electrical resistance at room temperature, mlcrohlm .
per sq. cm.. 51 60 67
Mngneuc permealuhly fer # [? fer ic | fer zneti
Specific heat, Blu, per Tb. per deg. Fahr, 0.11 0.11 0.12
: i1 I
Thﬂ;m‘a:l co;\%uec‘u\g: .rB(u. per br.per =q. ft. 15.8 15.2 133
pe! . pel - FANTe e 152 F. 16.1 18.2 13.8
932 F L. 15,2 14.1
Fg to (2*()3 ; 0.0000061 g.ooooosg 0.0000059
Mean cocficient of thermal expaasion J33 1 100 F. 0.0000072 o 0.0000063 | 0.0000083
Per Aeg. FARE: .o vvvemnennnererinens 32 to 1200 F........ 0.0000068
,(32wi1sn2F......... 0.0000076 0.00)0076 S 0.0000073 0,0000076
Maxi t e without scaling, deg. Fahr.. 1250 1200 1400 1550 2000
Melting point range, deg, Fahr............................... ceee 2700 to 2790 peee . 2700 to 2750 2700 to 2750
. 3 nitial temperature, deg. Fahr.. 2100 to 2200 2000 to 2150 2000 to 2150 2000 to 2150 1900 to 2050 1900 to 2050 1900 to 2000
Forging practice.....{Final temperature, deg. Fahr. 1500 to 1600 1830 to 1900 1400 to 1500 1700 to 1750 1750 to 1800 1300 to 1500 1300 to 1450
Method of cooling. ......... slow cool slow slow_cool slow cool slow cool air cool air ¢ .
Low aanea e | gl |smote |
ing temperatures. deg. Fahr. 4 Tt 1325-13
Annealing temperatures, deg. Fahr. .. cool from | slow cool from | slow cool from | slow cool from | slow cool from | air cool or rapid] rapid cool from
1525-1600 1575-167% 1500-1600 1550-1650 1550-1650 cot;luf‘l"aln 1400~ 1550
Hardening temperature, deg. Fabr rapid cool from| rapid cool from{ rapid cool from| rapid cool from| rapid cool from d hardening
1600-1700 1615 17 50— 800 1850-1900 1850-1950
Maximum cold reduction of wire before anneal, r unt 78 eer IS s 78
Riveting and hot forming temperatures, deg. Fabr.......0 ‘below 1450 1250 to 1400 below 1450 below 1450 below 1650

STI31§ TINOIN-WAIKOEH) ANV RAIKOHH) IHOAOUA\ NO VIV(Q
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F16. 1.—Creep Strength at Various Temperatures of 4 to 6 per cent F16. 2.—Short-Time High-Temperature Tensile Properties of 4 to 6

Chromium Steel (A.L.S.I. Type No. 502). pet cent Chromium Steel (A.LS.L Type No. 502).



TABLE HL—MECHANICAL PROPERTIES OF 4 TO 6 PER CENT CHROMIUM STEEL.

Cuenicat CoMPOSITION, PER CENT
ASTM. Dcsifnnion
0.15 max. . 0.50 max. AS.TM. Grade..
Manganese.. 0.50' max. . 4tad A.LS.IL Type No . 02
Phosphorus. 0.03 max, Molybdenum.. . 0.45 10 0.65 SLIUCHUTE. . ... itvieee e icrarnaninnn Martensitic
Sulfur 0.03 max.
MecaaNicAL ProPErTIES
Impact Resist- . o
Yield E o ance, {t-1b. Hardness Number 4 Ductility
na | Strength | . Propor- | Elonga-| Reduc- Endur-
Tensile | “Cg Yield tional | lionin | tionof ance Cold
Form and Treatment Strength, | 2709 | Point® | [EMS | 2in., | Ares, (?&)igekll (FLigmt ) lzlend, Erichsen
i. - i. g r r -kg. atigue), . L
Pl percent)) P pi | Bt | &mt | Charpy | Teod | load,” |Rockwell| pa | o | VYalue | Olsen Value,
psi. 10-mm, mm. in.
ball)
65 000 35 000 3 . .- . B70 180 0.250 to 0.450
75000 35000 s : : : B1§ = i80 :
Wire:
Cold-drawn, 50 per cent.. 100 000 92 500 . 3 . . ee B 180 - N
led 73 000 30 000 . 3 . . B2 180 e .
70 000 40 000 -] . . 8 188 - 180 . .
70 000 vee 39 000 . 35 - . 145 . - . .
70 000 37000 | Z6000 | 38 E 1] 143 : = 180 o
176 000 144 000 18 60 30 aso . .- .
Forgings:
Annealed —ee e een . .

9 Vield point as determined with dividers must not be confused with a defined
b 0il quenched from a temperature between 1600 and 1700 F.; tempered at 700 F

£ Depending on thickness with maximum value in thinger thicknesses,

Yyield stremath, such as, at 0.2 per cent offset.

STIALG TAADIN-NAIKOUH)) ANV WAINOYH]) IHONOYA| NO VIV(
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S 9 56000 i 50 &'
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995000 c
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) .
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\ 10000 10
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900 1000 1100 1200 1300 1400 o 400 800 1200 1600
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Fi16. 3.—~Creep Strength at Various Temperatures of 8 to 10 per cent Fi6. 4.—~Short-Time High-Temperature Tensile Properties of 8 to 10

Chromiym Steel, per cent Chromium Steel.



TABLE IV.—~MECHANICAL PROPERTIES OF 8 TO 10 PER CENT CHROMIUM STEEL.

CrEuicar CoMPOSITION, PER CENT

fiarbon. . 0.15 max. ?i‘l‘icom . . g.so rlnax.
anganese 1,50 max. “hromium to 10 Nt
Phosphorus 0.03 max. | Molybdenu 0.75 10 1.50 || Struclure................. Martensitic
Sullur 0.03 max:
MecHANICAL PROPERTIES
"“p"c'i“l."’;"’“"“ Hardness Number
Yield 3 1
Tensile Streagth Yield Propor- | Elongation [ Reducti E Limit “l Cold
Form and Treatment trength, | (offset = | Point® tional in2in., | of Area, Brinell (Fa‘llimnlle] Bend,
psi. .2 per_ psi. Limit, psi. | per cent per cent (3000-kg f * deg.
cent), psi. Charpy Iz0d load, | Rockwell Pl
10-mm.
ball)
85 000 53000 44 . 180
70 000 .. 43 000 35 10 45 145 . 180
rh:
Cold-Drawn N ... .
Annealed.. . 70 000 45 0C0 0 43 %0 s . 18)
Hardened and Tempered e . . aen e
Forgings:
nnealed...........ooiiiaeaa

8 }icld point as determined with dividers must not be confused with a defined yield strength, such as, at 0.2 per cent offset.
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Fic. 5.—Creep Strength at Various Temperatures of Low-Carbon, 10

to 14 per cent Chromium Steel (A.S.T.M. Designation:
X176 - 12, Grade 2; A.LS.T. Type No. 410).
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Fi6. 6.—Short-Time High-Temperature Tensile Propertics of Low-
Carbon, 10 to 14 per cent Chromium Steel (A.S.T.M. Designation:

A 176 - 42, Grade 2; ALLS.I. Type No. 410).



TABLE V.—MECHANICAL PROPERTIES OF LOW-CARBON, 10 TO 14 PER CENT CHROMIUM STEEL.

CHEMICAL COMPOSITION, PER CENT
Carbon.. ...l 0.15 max. Silicon........... ..l 0.75 max. ASTM,
Manganese. . .. Chromium .. AlSt. Type N ..
Phosphums .. Nickel Structure.......oooiiiiiiiii i
Sulfur.........o.oo
MecHaANICAL PROPERTIES
Impact Resist- -
Yield Elonga-| Reduc: | 87¢% ft-lo Hardness Number Endur Ductility
Tensile S(t;a:ﬁh Yield Pt:‘o’gzs' tion in | tion of ance | Cold
Form and Treatment Slr;;’nplh. = 0.2 Point,? Limit, 2in., | Ares, (Brinell l‘_Limi!. Bend, Erichsen
6l ht psi. per per 3000-kg. tigue),| deg.
per cent), pai. cent | cent | Charpy | Izod load.s Rockwell ¢ apssl. e des Value, | Olsen Value,
psi.
10-mm. mm. in.
ball)
Sheet:
?_'nnnlcd ..................... 70 000 40 000 26 B7S 180 7to8 0.3t00.4
trip:
Cold-rolled, 40 per cent _ . 125 000 110 000 3 c23
lAnneal 78 000 40 C00 28 Bso iy 8
re:
20 percent....... 88 000 75 000 35 000 12 B9O
Cold-drawn{40 per cent..... 102 000 95 000 55 000 10 RB9S
o) 110 0600 105 0nO 75 000 6 . Bi10
72 000 37 000 24 000 25 BIS 180
75 000 42 000 30 [ 1358 . 180
12 000 40 000 30 150 Bso e
re:
Cold-drawn, 20 per cent......{ 90000 70000 56 000 20 L] 188
Aanealed. ............ ... . 73 000 40 000 52 000 34 000 k) 68 %0 158 . 40 000 180
“El.'d'"‘d;l"d 187000 | 134000 | 166000 | 100000 | 18 5 30 388 . 90 000
empered=. ... 95000 [ 65000 75000 | 53000 | 23 s 8s 195 eee 55 000
Forgings:
Annealed...........coo 85 000 55 000 25 60 8s 185 o ... .en

a Field poini as determined with dividers must not be confused with a defined yicld :lmulh such as, at 0.2 per cent offset.
$ 0il quenched from o temperature between 1750 and 1800 F.; tempered at 800, and 1300 F.
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DATA oN WROUGHT CHiROMIUM AND CHROMIUM-NICKEL STEELS
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F16. 7.—Short-Time High-Temperature Tensile Pro#crﬁes of High-
Carbon, 12 to 14 per cent Chromium Stee! (A.LS.1. Type No. 420).



TABLE VI.—-MECHANICAL PROPERTIES OF HIGH-CARBON, 12 TO 14 PER CENT CHROMIUM STEEL.

CaruicaL CoMPOSITION, PER CENT

Carbon. . 0.15 min® 0,03 max. e
Manganese 0.60 max. 0.60 max. 420 :
Phosphorus. . 0.03 max. 12 to 14 Martensitic
MECRANICAL PROPERTIES
Impact Resistance
Yield 1t -lb. Hardness Namber
Tenslle Strength Yield Propor- | El ti Reducti Endurance
Form and Treatment Strength, | (ofiset = Point,® tional i:nzxgnt‘.m of Area, Brinell Limit Eeonli
psi. 0.2 per psi. Limit, psi. | percent | per cent (3000-kg. (Fatigue), deg.
cent), psi. Charpy | Jzod load, |Rockwell pst.
10-mm.
ball)
138 000 120 000 . 77 000 7 50 . . een C25 . .o
Anneal 95 000 47 000 . 31000 2 65 “es vee vee B3 . 180
ate:
Anncaled . . .o .. nee .ee .- . .
Tubing:
Annealed....... Veeeressnasosonas . . aos o .. . wea voe oee see eee -
2
Cold-drawn - -
ol B | i | S| 82| % |4 5 g | | e |
. o 91 000 - “ee ..o aee
Hardened and tempered®{ 30 £ | $100% 70 000 30 000 56 000 n o8 7 200 -
FPorglngs:
Annealed.........covieiiiiiiien. . .ee . . . .

8 Yield poinias d d with

Jintd

b 0il quenched from a mmt
€ Data obtained op steels w)

must not be fused with a defined yield siremgtk, such as, at 0.2 per cent offset,
ure of 1850 F.; tempered at 500 and 1400 F.
contained 0.30 to 0.40 per cent carbon.
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TABLE VIL-MECHANICAL PROPERTIES OF 12 TO 14 PER CENT CHROMIUM STEEL (FREE MACHINING).

Cuesicar CoMPOSITION, PER CENT

0.15 max. Silicon

ceeiaeee.. 0.5 max. -
0.60 max. Chromium. .. .. 12to 14 46 .
I'hosphorus 0.03 max. | Molybdenum.. 0.60 max. Marteasitic
Sulfur or Selenium. .. s .. 0.07 min.
Mrcuaricar ProrERTIES
Impact Resi 1 Nuah
Tensil Strah | Yield P o - Eadurance
‘ensile trengt! iel ropor- | Elongation | Reduction ura;
Form and Treatment Strength, | (ofiset = Point,® tio'::l in Igfn o of Area, Brinell Limit S:,'.ﬂ'
psi. 0.2 per psi. Limit, psi. | per cent | percent (3000-kg. (Fatigue), deg.
“cent), psi. Charpy | Iznd load, |Rockwell psi-
13mm.
ball)
Sheet: .
Anncaled...........oiiiiin . . s ven vee vee . .
Strip:
Coll-rolled . . . . ..
nnea . o~ . . . - . cee ..
Wire:
Cold- drnwn . . . . aen . .. ..
Anncaled. 75 000 - 000 23 . . . Baz eee 180
te:
Annealed . . .- .- . . . . - - .
ubing:
Annealed.......ooniiieii ve- . e . - P vee
Bars: _
Cold"drawn. . . .{. 1C4 000 e ... 55 000 1s [ ny 57 000
Annealed y . 45 000 36 000 25 0 35 180 . 43 000 180
Hardened and (cmpcrcd"{ 1:: % . 12660 ;g 3 35 :,’gg o -
Forgings:
Annealed 50 000 . 23 S5 30 192 . .

« Vield point as determined with dividers must not be confused with a d:ﬁned yield stremgih, such as, at 0.2 per cent offset.
b Qil quenched from a temperature of 1800 F.; tempered at 700, and 1400

91
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TABLE VIII.—MECHANICAL PROPERTIES OF HIGH-CARBON, 14 TO 18 PER CENT CHROMIUM STEEL.

CREMICAL COMPOSITION, PER CENT

Phosphotus.

Silicon. ...

Sulfur.........

Chromium...

Vit
-

S.TM
T.M. G

. Designation

MecaanicaL Prorenries

Impect Resi: Hard Wamh
Teasite | Soeneth | vied | » Elon R b Ead
ensile trengt! el ropor- gation ducti urai Cold
Form and Treatment Strength, (n:'ﬂ;el - Point,® L tional in 2in., of Area, (Brinekll (Fhl;:::e) B:nd,
psi. per psi. imit, psi. | per cent per cent 3000-kg. ’ deg.
cent), psi. Charpy | l20d d, |Rockwell pai. &
10-mm.
ball)
Sheet: .
Anncaled. ... e ave vee - .. .- - ves
trip:
Cold-rolled. . ver ver .on vee wee . . . .
105 000 o 65 000 35 000 ® - o o o B9§ = L
106 600 o 32 600 n 0 o ) 317 o 0 000 I
259 000 .. 228 000 Pres 2 7 “ee L] 530 vee 110 000 .
125 000 . 92 000 . 2 40 aee 4 200 cen 70 000 ..
Forgings:
Annealed..........cviiiiiianine J 110000 ser 65 000 e 20 40 ves 13 aen e cen

a }'lldd paul a3 ;‘letermincd with dmd‘en must not be confused wl-d;: dcﬁn;d yield slrengik, such as, at 0.2 per cent offset.

F.; tempered at 600

1850
€ Dats obtained on steels which contained 0.60 to 0.80 per cent
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Fic. 8.—Creep Strength at Various Temperatures of Low-Carbon, 14 to Fic. 9.—Short-Time High-Temperature Tensile Properties of Low-
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TABLE IX.—MECHANICAL PROPERTIES OF L.OW-CARBON, 14 TO 18 PER CENT CHROMIUM STEEL.

Caevical COMPOSITION, PER CENT

A116-42 A240-42
0.12 max. Silicon. .. 1.00 max. 4 A
1.00 max. Chromium 1410 18 3 430
0.03 max. Nickel. 0.60 max. . Ferritic  Ferritic
0.03 max.
MEcHANICAL PROPERTIES
. Impact Resist- | py51dnesy Number Ductility
Yield Elouga-| Redue-| 20 fl-lb- Endor-
Tensile | Strensth | yieig | Propor- | ignfi tion of ance | Cold
Form and Treatment Strength, (: 3’1' Point,? Lli‘r’:i‘l 2in., [ Area, (Brinekll (FLignit ; Bdend, Erich
psi. . psi. Had per per 3000-kg. atigue),| deg. tichsen
p"pc‘?“)' pst. cent | cent | Charpy | Izod “l)_oad. Rockwell|  psi. Velue, Olseni:l zlue,
. mem. mm. g
ball)
Sheet:
'.:A_.nnealed ..................... 80 000 50 000 . 25 . . . B30 aee 180 709 ;0.215100.378
Cord-rolled: 1000 [ . 88000 | .. 3 .- . . B% .
w.lknnclle\l - 80 000 . 50 000 . 25 . . B8O . 180 Tto? 0.5 to 0.4
re:
20 pe 90 000 80 000 3% 000 13 By . . e
Cold-drawnj 40 per cenl 300 000 95 000 55 000 10 B9S
110 000 . 305 000 15 000 8 . ca .ee .
80 000 eee 50 000 20 000 23 . B82 180 .
30 000 . $0 000 . 25 50 .. Bso .. 150 .- .
80 000 .- 30 000 . -] 0 ven . ce B8O .e- ver
rs:
Cold-drawn, 20 per cent...... 92 000 85 000 45 000 15 43 190 . 46 000 . . .
Anncaled................ 80 000 50 000 33 000 25 50 . . 170 . 40 000 .
Hardened and Tempered . . .. . vee . .
Forgings:
Annealed..................... 80000 50 000 . 23 50 170 . . . .-

@ Yicld point as determined with dividers must not be confused with s defined yield stremgih, such as, at 0.2 per cent offiset.
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F16. 10.—Crcep Strength at Various Temperatures of 23 to 30 per cent F16. 11.—Short-Time High-Temperature Tensile Properties of 23 to 30
Chromium Stect (A.S.T.M. Designations: A 176 — 42, Grade 6, and per cent Chromium Steel (A.S.T.M. Designations: A 176-42,
A 210 - 42, Grade B; A.LS.I. Type No. 446). Grade 6, and A 240 - 42, Grade B; A.I.S.I. Type No. 446).



TABLE X.~MECHANICAL PROPERTIES OF 23 TO 30 PER CENT CHROMIUM STEEL.

CrEexicat COMPOSITION, PER CENT

At76-42 A20-42
6 B

C ’arbnn (l).JS max. %il\‘icon‘ 136 6
Manganese . . 1.00 max. romium. . " .
Phosphorus. . 0.03 max. Nickel Ferritic  Ferritic
Sulphur.... ... 0.03 max.

MEcHANICAL PRoFERTIES

Impact Resist- -
Yield EN Red ance, ft-lb, Hazdaness Number Ead Ductility
Teusile S(t;ang:h Yield Ptropmi‘ u:r'll %2 | vion of - ance Cold
Form and Treatment Strength,| 2709 | Point,® L‘l‘x,:l‘l, 2in., { Ares, (Brinekl; (FU!"“ ) Bdend Frichsen
psi - psi. ¥ per r 3000 atigue), | F,
p"p‘;f"‘)' pst. demt | dem Charpy | Izod | load, |Reckwell ps‘ﬂl 8 Value, | Olsen Value,
B 10-mm. mm, in.
ball)
55 000 s 25 “ee en BS3 180 7to8 |0.275 10 0.378
87000 e 55 000 . % e - . - B3 i0 | 7108 | 03tcos

Cnlddra\\n.GSpcrtent ...... 138 000 118 000

Annealed. . . ... 90000 50 000 25 . ien vee cas B34 .
Plate:

At:llnelltd e 55 000 23 ver . 2 . B&3 180

ng: .
Annealed 55 000 PN 25 50 aee ves 175 Bss . .
rs:

Cold-drawn..........cccvuueens .

Annealed 85 000 . 55 000 37 000 28 45 . 2 .- B34 48 000 180 wee .
I?Hudc.-m.'dnm‘l'I'empend . . .-

Ol

Annealed............oolne . JN aee . .. ee see .

" Yield point as determined with dividers must not be confused with a defined yield :lmlgli suclras, at 0.2 per cent offset.
b Nitrogen usua!ly ©.10 min. per cent, 10 insure grain refinement and workabilit; ty.
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24 Data oN WroucHT CHrROMIUM AND CHROMIUM-NICKEL STEELS

TABLE XI1.—CHEMICAL COMPOSITIONS OF WSRTQEEESH CORROSION-RESISTING CHROMIUM-NICKEL

o -
o s
'g -3 "8 =-
. | a .
ASTM. | 3 | Ag | Cubon | 5| BE | Sulues |35 Chrombum, | Nickel, Halyb
Designatlon | 3 | 2 | pereent | 2 § 2 percent | =8| per cent per cent per cent
CREL 22| B :%
H - o =
)< | < 2 & &
Ale-4al 11 |301.00.08 100.20{2.00 | 0.005° [0.030.max® 0.7516.00 to 18.00] 6.00 to 8.00
A367-32....} 2...] 302../0.08 t0 0.20/2.00 | 0.035" |0.030 max® [0.7517.00 to 19.00| 8.00 to 10.00] ...,
303..{ 0,20 max. (2,00 |0.035°® | 0,070 minS |....17.00 to 19,00{ B.00 to 10,00| 0,60 max,
A167~42....] 3...[3040| 0.08 max. |2.00 | 0.0358 {0,030 max® [0.7518.00 to 20.00| 8.00 to 10.00]  ....
AN0-42.,..] § d ..] 0.07 max.®{2,50 | 0,035 ]0.030 max.® [0.75/18.00 min. 8.00 min. cas
Aler-d2.,., 10| 0.0 max., [3.50 | 0.0058 {0,050 max [0.7518.00 min & .
A240-42.... 7 ..1 0.07max¥|2,% | 0,035 10.030max.® 10.7537.00 min, .
2.0 337,71 0.10 max._|1:50m| 00352 |.030 max.® 10.75[18.00 min™ I,
e...] Q.07 max.? 2,50 | 0,035 |0,030 max? [0.75{17.00 min. -
Ateod2 3bo)'| 0.20 max. [2.00 |0.035° |0.030 max® [3.5022.00 to 24.0012.00 to 15.00
- e Poos
310..{ 0,25 max. [2.00 |0,035° |0,030 max® [2.00(24.00 to 26.00{19,00 to 22.00{ ...
316..1 0.08 max.* |2,00 | 0.035 |0.030 max2 0.75/16.00 min.* {10.00 min.' {2.00 to 3.00
ﬁ iz;hg e ¢...] 0.07 max." [2.50 | 0,035° | 0,030 max® [0.75{17.00 min, 10,00 min. 2.00 min,
~42.., .

? Emergency Alternate Provisions EA - A 167 and EA ~ A 240 provide for a phosphorus and a sullur content of 0.040
may., per cent, respectively, in A.S.T.M. Specifications -42 an -42.
:i‘ge t tively, in A.S.T.M. Specifications A 167 - 42 and A 240 - 42 ) .
"'his steel may contain up to 0.17 per cent phosphorus with 0.10 max., per cent suilur, or 0.07 min., per cent selenium,
¢ Or selenium 0.07 min., {)er cent.
¢ A.LS.L type 304 is similar to A.S.T.M. grade S.
. Emcrsen?l Alternate Provisions EA - A 240 provide for a carbon content of 0.08 max., per cent, which requirement
is lpe same as in A.1.S.1, type 304,
A.LS.I, type 308 is similar to A.S.T.M. grade 4.
? Grade 5 has a minimum titanium content of four times the carbon content.
* Emergenty Alternate Provisions KA - A 167 provide for a manganese content of 2.00 max., per cent, chromium (rom
17,00 1o 19.00 per cent, and nickel from 4,00 to 12.00 per cent, which requirements are the same as in ALSL type 321,
¥ Grade T has a titanium content of nct leas than five times the carbon content and rot more than 0.60 per cent; Emer.
gency Alternate Provislons EA = A 240 provide for changing the titanlum content to be “not less .than four times
the‘ uArblua (x:ur'\temﬁnd not more than 0.00 pet cent,” which requirement as to the titanium: carbon ratio ia the same
as L8 type 320,
7.\.].5.!. tyyie 321 Is aimitar to A.S.C. M, grade T,
& Emetgency Alletnate Provisions EA ~ A 240 provide for a carbon content of 0.10 max., per cent, which requirement
is the same ns in A.LS.L type 321, .
Grade 6 has o mini Tumbi of ten times the carbon content; Emergencg Alternate Provisions EA -
A 167 provirde {or changing the columbium content to be *‘eight times the carbon ,'* which i is the same
us in ALSI, type 347, . : .
™ Emetgency Alternate Provisions EA - A 167 provide for-a manganese content of 2,00 max., per cent. chromium from
17.00 to 19.00 per cent, and nickel from 8.00 to 12.00 per cent, which fequirements are the same as in A.LS.L. type 347.
 Grade C has a columbium content of not less than ten times the carbon content and not more than 1 Lmr cent; Emer-
gency Alternate Provisions EA - A 240 provide for changing the columbium content to be *‘not less than eight times
the caArblurs\ ionlenl‘nr;d aot more than 1 per cent,” which requirement as to the columbium: carbon ratio is the same
as in A.LS.L type 347,
© A.1.5.1, 1ype 347 is similar to A.S.T.M. grade C,
P Emergency Alleenate Provisions EA - A 240 provide for & carbon content of 0,20 max., per cent, which requirement
Is the same as in A.1.S.1. type 347,
2 ALS.I, type 3028 is similar ta A.S.T.M. grade 7.
T ALSL type 3098 is simitar to ALS, T.M. grade 9,
* Emergency Allernate Provisions' EA - A 107 provide for a carbon content of 0.10 max., per cent, chromium from
16,00 10 1500 per cent, and nickel {rom 10.00 to 1.0 {mr cent, which requirements are the same as in ALS.I Lype 316,
TA.LS.I. type 316 is similar 10 A.S.T.M rade M.
* Emergency Alternate Provisions EA - A 240 Anmvide for a carbon content of 0.08 max., per cent,
® ALS.LL type 317 is similar to A8 T.M, grade 12,




TABLE X11.-PHYSICAL PROPERTIES AND WORKING CHARACI;ENRISTICS OF WROUGHT CORROSION-RESISTING CHROMIUM-NICKEL STEELS IN THE

NEALED CONDITION.
ASTM. DeSignation - ooveveeeeeeeeeeeneeeeaaees {2 i% -g A 167 - 42 [A167 A 240 A 36742 | A167-42 [A167 A 240]A 167 A 240]A 167 A 240
ASTM Grade. . 1 2 3 S 3 10 11 M s T 8 C
A.LS.I. Type No. 0 302 303 304 304 309 310 316 316 | 321 347 47
Modulus of elasticity in tension, psi... .{ 28000 000% | 28 000 000 | 28 000 000 | 28 000000 | 29000000 | 30000000 | 28000000 | 28 000000 | 28 60O 00O
Modulus of elasticily in torsion, psi 12 500 000% | 12 500 000° 12 500 000
Den 1h. per cu. in. 0.2 0.9 0.9 0.29 0.2 0.29 0.29 0.29 0.29
sity 7.9 7.9 1.9 7.9 7.9 7.9 8.0 1.9 8.0
Specific eﬁecmul
per cm. per sq. cm 2 72 2 7 k] “ n 73
bit Annealed. i ol :(1133 1.003 }% 1.003 1.003 1.003 1.02 1.02
Magnetic permeability_.. ... 10 per cent cold-worked. . . . .
Severely cold-worked.. J 10.0 PR 7.0. 10.0 e .
Specific heat, Btu. per tb. per deg. Fahr. (32 to 212 F. ).. 0.12 0.12 0,12 0.12 0.12 0.12 0.12
1 cond B h . per ft. I E. 01 b 103 o 102 03
‘Thermal conductivity, Btu. per hr. per sq. ft. per [t. . veen . o . e . 10.2
per deg. Fahr, 572F . 10.9 . 11.0 aen 11.1 11.1
1n.6 11.8 11.9 11.9
12.4 12.5 12.1 12.8 12.8
0. 0.0000096 0.0000089 | 0.0000093 | 0.
Mean coeffici 9. L (NNNNOY
deg. F 0.0000102 0.0000102 | 0.000009% | 0.0000092 | 0.0000097 { 0.0000103 | 0.0000103
0000104 9.0000104 vaen
©.0000112 0.0000112 | ©0.0000115 | 0.0000106 cene
Maximum temperature without excessive scaling, deg. Fahr.. -1450 1600 1650 2000 2000 1650 1650 1650
Melting point range, deg. Fahr. to 2590(2550 to 2590{2550 to 2650|2550 to 265012550 to 2650|2500 to 2550i2550 to 2600:2550 to 2600
F ractice Initial temperature, deg. Flhr 2000 to 2200(2100 to 2200/2000 to 220012000 to 215012000 to 2150{2100 ta 2200|2100 to 2200{2100 to 2200
orging practice.......... Final temperature, deegd 1700 to 3750{1200 to 1750(1700 to 1750/1650 to 17001800 to 18501800 to 1850(1700 to 1750 %g.ssg to }ggg :;% to 1750
. ann . to to 1650
Anncaling temperatures, deg. Fahr.. '{Full anneal . “|1950"to 205011950 to 2050{1950 to 2050/1950 to 2050[2000 to 21002000 to 2100(1950 to 2050[1950 to 20501950 to 2050
Hardening temperatuee. ... ... ... € € € d € € ¢ € ¢
Maxinfum cold reduction of wire before anneal, 3 80 80 80 30 80 8 80
Riveting and hot forming temperatures, deg. Fs P 1900 to 2100 aees 1900 to 2100/1900 to 2500{1900 to 2100(1900 to zwnllooo to 2100{1900 to 2100
Ta; Type 301 is used in the cnld'wolhd condition for light-weight high-strength As cold-worked the modulus in tension is d. By st lief heat this

value may be raised to 27,500,
¥As cold-worked, this value dm
€ Nonhardening for all grades and types.
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TABLE XMI.—MECHANICAL PROPERTIES OF 17 PER CENT CHROMIUM, 7 PER CENT NICKEL STEEL.

CuemicaL COMPOSITION, PER CENT

::';;: 1G)esidgnaﬁon A I?i o2
Carbon. .. 0.08 to 0.20 Silicon -2 M. Lrade...
Manganese. 2.00 max. Chromium. . A.1LS.1. Type No. 301,
Phosl;;ahomm 0.035 max. Nickel Structure, Austenitic
Sulfur........ 0.03 max.
Mecaaxscar ProrPERTIES
Impact Resist- Ha v .
ance, ft-Ib. rdness Number Ductility
o (Vield Strength| v Elonga- | Re- Endur.
Tensile phi Yield f 5 H e Cold
Form and Treatment Strength, (ﬂsr'zm')]'z Point, l;:i‘l,npi‘:r:“:s?l l;:in :m:-:‘: (?0';;’2“ F':i"‘:‘“ ) l’iend, Erich.
psi. b, psi. 4 - . : -kg. (Fatigue),| deg. g
psi. per cent {per cent 6! sen Olsen
Charpy | Izod ,,'f_’:g; Rockwell pst. Value, | Value, in.
ball) mm.
Hard. 125000 min. | 75000 min. | ... 25 mia, . C25 e .
Cold-rolled Hard. 150 000 min. | 110 000 min. . 35000 min. | 15 to 189 C32 . e ean
ok Hard £75 000 min. | 135 000 min. 45 000 min. | 10 to 124 a7 o
ard 185 000 min. | 140 000 min. | ... 55000 min. | Sto P | Cit
s:‘nnnled.. O 75000 min. | 30000 min. .. 14 000 win. | 40 min. . Bso 10to 14 cen
trip:
v §Hard.....| 150000 min. | 150000 min. | ... | 3500min. [15wah .. | . . . cn o o b
Cold-rolled {1 Hard 175 000 min. | 135 000 min. R 45 000 min. | 10 to g‘ . . . . C3? e .. e .~
Hard 185 000 min. | 140 000 min. 55000 min. | 8 to . . Cil 80 000 . .
WlAll'melled 75000 min. [ 30000 min. 14 000 min. | 40 min. . . B8O 35 000 .. |10to14
) 20 per cent.| 170000 120 000 60 000 » . . ca .
Cold-drawn {10 pcr cent.| 220 000 180 000 . 100 000 ] . Ca2 vee e .
60 per cent.| 270 000 240 000 - 145 600 L3 . - Cca7 vee .
120 0600 35 000 - 20 000 “ . . BsS 180 veo .-
100 000 45 000 .es 50 0 . 163 39 600 . .- .
183 000 159 000 . ] C36 78 000 180 e .
100 000 32 000 45 000 P [ ] - Bso 39 000 .ee . .

% Proportional limit values at offset of 0.01 per cent.
¥ Elongation values vary with thickness being higher with grester thickwess.

STIAIS TAMDIN-KAINOYH)) ANV RATNOEHD) IHONOYM NO viv(

LT



82

18 000 K 100000 100
- 16 000 : 90000 : 90
. \ \
< N
14000 : 80000 I 80
£ \ Re €t
3 .2 70000 [Sf=et— 3 Qe - — 70 88
S 12000 a %, f g
- g K b= \'“ " 8.8-
£ £ 60 000 N\ S -\‘?‘ 7 60 ",
10000 o 3 e\ [N ¥ €3
s o ~o Ty
3 _ ® 50000 N\ o 50 A<
L & N\ '—"\\ CG.
8 8 000 «%\ ) ‘, =%
= : \ 9 40000 NN @, A 40 §c¢
. .- i 3 — °
£ \ e E0N e o
& 6000 o 2 M~ [ 31
¢ F 30000 3 59
[ 5.9
% 4000 «
a 20000 20
Q
@
L 2000 10 000 10
0 0 0
1000 1100 1200 1300 1400 1500 0 400 800 1200 1600 2000
Temperature, deg. Fohr. Temperoture, deg. Fahr,
Fic. 12.—Creep Strength at Various Temperatures of 18 per cent F16. 13.—Short-Time High-Temperature Tensile Properties of 18 per
Chromium, 8 per cent Nickel Steel (A.S.T.M. Designation: cent Chromium, 8 per cent Nickel Steel (A.5.T.M. Designation:

A 167 - 42, Grade 2; A LS., Type No. 302). A 167 ~ 42, Grade 2; A.LS.I. Type No. 302).



TABLE XIV.—MECHANICAL PROPERTIES OF 18 PER CENT CHROMIUM, 8 PER CENT NICKEL STEEL.

CHeMICAL COMPOSITION, PER CENT

A 167-42
Carbon 0.08 t0 0,20 Silicon, 0.75 max. 2
Manganese. 2.00 max. Chromi 17 to 19 302
Phosphorus 0.035 max. Nickel. 81010 Austesitic
Sulfur...... 0.03 max.
Mecaanicat ProPExTIES
Impact Reist | Hardness Number Ductility
. Yield Strength! o Elonga- | Re- Endus-
Tensile Yield . Fien) % ance Cold
Form and Treatment | Strength, | (Ol =92 | poine,e | Jroportionsl | ton in iduction Brinei FLi'.'niz Bead, | g
pst st psi. ’ N o ) 3000 (Fatigue),| . -
psi. per cent jper cent] cy,rny | 1zod lmd,g Rockwell p‘s‘: oh| dex vila Olsen,
10-mm. alue, | Value, in.
ball) mm.
Sheet:
Cold-rolled, quarter
h ..} 125000 min. | 75 000 min . 35 000 min. | 20 min. . B . . C2s
75 000 min. 30 000 min. . 14 000 min. | 40 min. . .. ees Bso ... 130 [10 to 14/ 0.4 t0 0.5
125000 min. | 75 000 min. 35 000 min. | 20 min. .. . C1s -
! 75000 min. | 30 000 min. 14 000 min. | 40 min. . . . . BSo . 180 |10 t0 14{0.4 t0 0.5
Cold- I 140 000 105 000 40 000 pil . . . .- Cs2 . . . .
drawn 195 000 163 000 60 000 0 . . . . (o) . ven . .
250 000 225 000 100 000 s . . . C45 . coe
PlAnnealed ................ 108 000 30 000 20 000 55 . . . . B&) : 180 P
ate: . .
Annealed................ 8s oo 41 000 50 3 150 .- . 180 oee e
Cold-drawn, 25 per cent | 155000 135 000 20 58 50 320 L. 83 000 180 —ee “es
Annealed. ............... 35 o 30 000 40 000 60 68 80 9% 160 B8O 34 000 180 . aee

* Yield point as determined with dividers must not be confused with a defined yield siremgth, such us, at 0.2 per cent ofiset.
5 Proportional limit values at offset of 0.01 per cent.
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30 Darta oN WroUGHT CHROMIUM AND CHROMIUM-NICKEL STEELS
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F16. 14.—Short-Time High-Temperature Tensile Properties of 18 per
cent Chromium, 8 per cent Nickel Ste¢l (Free Machining)
(A.LS.I. Type No. 303).



TABLE XV.—MECHANICAL PROPERTIES OF 18 PER CENT CHROMIUM, 8 PER CEXNT NICKEL STEEL (FREE MACHINING).

CHEXICAL COMPOSITION, PER CENT

ASTM. DCSI na!lon....
0.20 max. Chromium.. 17 10 19 AST.
Manganese. .. .. 2.00 max. Nickel..... 8to10 AlS.L -
Phosphorus ... ..... . 0.035 max®| Molybdenum... 0.60 max. Austenitic
Sulfur or Selenium 0.07 mip.
MECHANICAL PROPERTIES
Impact Resist- v .
Yield El Red ance, ft-Ib, Hardness Number End Ductility
s+ o | Strength Propor- | ++onga-| Keducs ncur-
Tensile | S8 Yield tional | tion in | tion of ance Cold
Form and Treatment Strength,| 2*6% Point, Limit, | 2in. | Area, (Br,ineklé (FLimit ) lilmd' Erich
psi. - psi. fd per per 3000-kg. atigue),| eg. richsen
perpignt), psi. cent cent | Charpy | Izod . s-ud, Rockwell ps%. Value, m”"ily‘l"e-
g mm. mm. .
ball)
2 per cent 110 000 40 000 n . C30
Cold-drawn{{0 BT cemt: 170000 o0 | 10 | ca
35 000 20 000 2 B30 180 .
80 000 e 35 50 80 220 .. 48 000 180 e ves
Annealed 35 000 58 60 ] 160 .. 35 000 18) ver

& This steel may contain up to 0.17 per cent phosphorus with 0.10 max. per cent sulfur or 0.07 min. per cent seleniam.

STTIIS TINJIN-KAINONH)) ANV RAIKOWH,) LHONOHA NO VIV(

1€



4%

18000 g 100000 100
16000 \__ ‘ 90000 : %
y \ 80000 80
14000 N .
£ €c
g .2 70000 7088
S12000 a 50
o - da
£ £ 60000 60 °.
+10000 o £
3 ® 50000 50 <
' & €
e 8000 \ c o
= £ 40000 400§
(7] -2
L \ b O+
o 6000 @ g’g
C 30000 30 6O
£ a8
w
h 4000 20000 2
0 .
2 .
VU 2000 10000 10
4] : 0 b - 0
1000 1100 1200 1300 1400 1500 0 400 800 1200 1600 2000
Temperature, deg. Fahr. Temperature, deg. Fahr.
F16. 15.—Creep Strength at Various Temperatures of Low-Carbon, F16. 16.—Short-Time High-Temperature Tensile Properties of Low-
18 per cent Chromium, 8 per cent Nickel Steel (A.S.T.M. Desig- Carbon, 18 per cent Chromium, 8 per cent Nickel Steel (A.S:T.M.
nations: A 167 - 42, Grade 3, and A240-42, Grade S; ALS.I Designations: A 167 - 42, Grade 3, and A 240 - 42, Grade S; ALS.L

Type No. 304). Type No. 304).



TABLE XVI.-MECHANXICAL PROPERTIES OF LOW-CARBON, 18 PER CENT CHROMIUM, 8 PER CENT NICKEL STEEL.

CueMicAL CoMPOSITION, PER CENT

AS.T.M, Desig-

A 162—42 WA 20-42

Carbon. .........cooooiiiiiii 0.08 max. Silicon
Manganese. s 2,00 max. Chromium Als, 1. T)pe 304 304 is similar 10 grade S
Phosphorus. ... .0.035 max. | Nickel....... Structure..... . Austenitic Austenitic
Sulfur. ... 0.03 max.
MECHANICAL PROPERTIES
Impact Resist. Hard o
StY iddlh P Elonga-| Reduc- ance, ft-lb. Number Endur- Ductility
Tensite (;:qut Yield t‘;“'x"l' tion in | tion of - mce Cold
Form and Treatment Strength,| o0 Point,® L:::t 2in., | Area, g&nﬂ (F im ) l:lend, Evich
i - i, T 3 -kg. ati ue eg. richsen
P fpereent))  P® pi | I | ot | Charpy | 1mod | load,” |Rockweit] pa Value, | Olsen Value,
psi. 104 mm. in.
ball)
t:
Cold-rolled................... .l
Annealed....... ... ... 85 000P 35 000 . 60 B8O 35 000 180 | 1014 | 0.4t00.8
p: . .
Cold-rolled....:.............. ) . . C e
.lAnnnled ..................... 90 000 40000 $0 . .- B30 180° | 0wl | 0410038
re:
20 per cent 149000 | 105 000 40 000 25 . Cs2
Cold-drawn{40 per cent .. 195 Q00 165 000 60 000 10 [ .- e Cio . .
per cent... 250 000 225 000 100 000 ] .- C4s .-
Annealed..................... 195 000 30 000 20 000 L) .. . ean Bgo 180 ..
All,lln.uled ..................... 8S 000 35 000 . [ (] 100 150 B80 35 000 180 .
ng:
(Haif hard........ 150 000 110 000 10 . 280 C30 .
Cold-drawn|f3i{ Pard i 185000 140 000 s o - " 328 Cas L " .
Annealed...... [ 85 000 35 000 50 65 80 100 150 B30 35 000 180
r8:
Cold-drawn, 25 per cent....... 150 000 e 120 000 20 eee 48 320 L. s 150 .
Annealed..................... 85 000 30 000 40 000 60 70 90 160 B8O 34 000 180 .

* Yield point as determined with div iders must not be ronfuscd with defined yield stremgth, such as,
Therefore, it must not be compnrd with the

b This is a representative and not a minimum value,

(see Tables X111 and X1V).

at 0.2 per cent offset.
minimum valucs shown for grades § and 2 of A.S.T.M. Standard A 167 - 42
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Frc. 17.—Creep Strength at Various Temperatures of 24 per cent Fic. 18.—Short-Time High-Temperature Tensile Properties of 24 per
Chromium, 12 per cent Nickel Steel (A.S.T.M. Designation: cent Chromium, 12 per cent Nickel Steel (A.S.T.M. Designation:

A 167 - 42, Grade 8; A.LS.T. Type No. 309). A 167 - 42, Grade 8; A.LS.I. Type No. 309),



TABLE XVII.-MECHANICAL PROPERTIES OF 23 PER CENT CHROMIUM, 12 PER CENT NICKEL STEEL.

CHEMICAL COMPOSITION, PER CENT

A 167 - 42
Carbon Silicon, 3.50 max. R
angancse. romium.. to .
Phosphorus. Nickel 12t0 18 Austenitic
Sulf
MECHANICAL PROPERTIES
Impact Resist- e
Yield £l I Redue- ance, ft-lb, Hardness Nuinber End Ductility
Strength| vy | Propor- | - 0n&a- Becucs neure
(ofiset el tional | tion in | tiono - ance Cold
Form and Treatment Strength,] %%} Point,® Limit, 2in., | Area, (mill (FLxgnit ) lt’end, Erichsen
psi. d per per -kg. atigue),| deg.
p"p‘:m)' psi. cent | cent | Charpy | Yzod lt‘l)-md' Rockwell | psi. V'::“- OI”“ily alue,
' mm. . .
ball)
45 000 - K1 - o B8§ o 180 o
50000 i . . Bas - it0 | 7Tes =

20 per cent 115 000 50 000 12 . .. . . C28 . . e

40 per cent. 150 000 75 000 8 . .. . . C33 . . .. .

60 175 000 100 000 5 . - Ca7 . .. aen .
..................... 30 000 50 000 25 000 42 . . B8s . 180 vee .
..................... 50 000 e 53 0. .- . ave - - . .

50 000 . N ‘w0 o 100 iio . . 180 o ol

@ Yield point as determined with dividers must not be conl'uscd with a defined yield siremgih, such as, at 0.2 per cent offset.
‘Th compared with the minimum values shown for grades t and 20f A.S.T.M. Standard A 167 - 42

This is
see Tables X111 and X1V).

is a representative and not a

value,

I‘ must

not
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FiG. 19.—Crecp Strength at_Various Temperatures of 25 per cent
Chromium, 20 per cent Nickel Steel (A.S.T.M. Designation:
A 167 - 42, Grade 10; A.LS.L Type No. 310).
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Fi16. 20.—Short-Time High-Temperature Tensile Propertics of 25 per
cent Chromium, 20 per cent Nickel Steel (A.S.T.M. Designation:

A 167 - 42, Grade 10; A LS.L Type No. 310).



TABLE XVIIL—~MECHANICAL PROPERTIES OF 25 PER CEXT CHROMIUM, 20 PER CENT NICKEL STEEL.

CuemicaL COMPOSITION, PER CERT
1S3 B
0.25 max. | Silicon. 2.00 max. -3 LWL rage. ...
2.00 max. { Chromiu 21to 26 g.l.S.l. Type No
0.035 max. | Nickel.... 19 to 22 tructure
0.03 max.
MecnANICAL PrOPERTIES
Impact Resist- e
Yield o J;‘ce. fteib. Hardness Number Eod Ductility
.| Strength Propor- Elonga-| Reduc- nour-
Tensile fset Yield tional | tionin | tionof ance Cold
Form and Treatment Strength, (: ;’2 Point,® | [0S | 2in., | Area, Brinell Limit o
Dsi. psi. mit, | “per per (3000-kg. (Fatigue),| deg. |Efichsen] ..
p";:'“)' pst. cent | cent | Charpy | Izod toad, |Rockwell| psi. Vl:ll:.l!- s
0-mm. - "
ball)
95000t .. 50 000 - 0 . : Bas %0 o o
166000 | 1D 50 000 . ] . BSS : is0 I :
100 000 e 50 000 L 55 B85 . 180 ..t .
o0 | L0 50 000 “ 9 ‘60 BaS : L :
100000 | 50 000 o “ 58 % 170 Bas : 1% : :

a Yuld }oml as d nined with dividers

must not be conf

This e and
(see Tables X111 and X1V),

nota

value. Therefore, it must not

d with a defined yield slunxlh such as, at 0.2 per cent offset.
be ¢ h th values shown for grades 1 and 2 of AS.T.M. Standard A 167 - 42

d with the

pa
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F16. 21.—Creep Strength at Various Temperatures of 18 per cent
Chromium, 12 per cent Nickel, 2 to 3 per cent Molybdenum Stect
(AS.TM. Designations: A 167 -42, Grade 11, and A 240-42,
Grade M; ALSI. Type No. 316).
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F16. 22.—Short-Time High-Temperature Tensile Properties of 18 pee
cent Chrorhium, 12 per cent Nickel, 2 to 3 per cent Molybdenum
Steel (A.S.T.M. Designations: A 167 - 42, Grade 11, and A 240 - 42,
Grade M; A.LS.I. Type No. 316).



TABLE XIX.~MECHANICAL PROPERTIES OF 18 PER CENT CHROMIUM, 12 PER CENT NICKEL, 2 TO 3 PER CENT MOLYBDENUM STEEL.

Cuexicar CoMPOSITION, PER CENT
ICAL Toxposition, AS.TM, Desig-
nati : A167-42 A200-42
Carbon Silicon,. .... T AST.M. Grade..... 1 M
Manganese. . Chromlum 1 A.LSI Type No.... 316 316 issimilar to grade A
Phosphorus. Nickel ... Structure........... Austenitic  Austenitic
Sulfur Molybdenum. . 2to3
MecaaxicaL ProrERTIES
Impact Resist- .
Yield Elonga-| Reds ance, ftlp, | Hardness Number Ductility
«w. | Strength Propor- nga-| ecucs Endur-
Tensile (offset Yield tional | tion in | tion of ance Cold
Form and Treatment Strength, | 2°0% | Point, l.li:‘i.t. 2in., | Arcs, (Brin:kll Fl-l it l:lend, Evichsen
psh. N H r (3000-kg. t A . Tici
per cent), i st c'::l ::nt Charpy | lzod lmd,‘ Rockwell ¢ apﬁ:le) 8 ] Value, | Olsen Value,
peie 10-mm. mm, in,
ball)
88 0009, 40 000 52 B35 | 30000 | 180 | 10%014 | 0.4 tc047s
'30 per cent. ‘145 000! 122000 . 12 . . .
Cold-rofled: 3 BT oot 150 000% 137000 T | :
A‘nncaltd .......... 90 000% oco © .. Ba§ 180 | 10104 | 041008
re:
! 130 000 100 000 45 000 n .. . Cas e
Cold-drawn:{40 per cen 170000 | 140 000 75 000 12 .. . C33 . . .ee
pﬂml 208 000 180 000 108 000 6 .- (%) - ..
Annealed.. .................. $0 000 30 000 20 000 55 B8S 180
Annealed.............icooe. .| soo| . 40000 ss s . 9% 170 Bas | 39000 | 180 .
ublng
Cold-drawn. .. . . . ..
Annealed. .. . 35000 JN 40 000 . 55 . . e BaS e .
re:
Cold-drawn, 30 per cent...... 141000 | 116 000 13 60 c» .
Apnealed. .._......coiiiiaaen. 85 000 30000 | 40000 55 [} 78 100 170 38 000 180° - .
K Yield pouu as determined with dividers must not be confused with a defined yield strength, such as, at 0.2 per ::nt offset.
® This is a representative and not a value. Tb , it must not be ¢ d with the alues shown for grades 1 and 2 of AS.T.M. Standard A 167 - 42
(ue Tables \ﬂ and XIV),
¢ Somc seamless tubing is made [rom a steef containing about 16 per cent chromium, 13 per cent aickel, and 3 per cent molybdenum.
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FF16. 23.—Creep Strength at Various Temperatures of 18 per cent
Chromium, 8 per cent Nickel, Titanium Stabilized Steel (A.S.T.M.
Designations: A 167 ~ 42, Grade 3, and A 240 - 42, Grade T; ALS.I.

1400 1500

100000

90000 -

80000 \

.= 70000
AN
60000
1IN

50 000

Tensile Strength, ps

40 000 | \

30000

20000

10000

%
0
0 400 800 1200 1600 2000

Temperature, deg. Fahr.

F16. 24.—Short-Time High-Temperature Tensile Properties of 18 per
cent Chromium, 8 per cent Nickel, Titanium Stabilized Steel (A.S.
T.M. Designations: A 167 -42, Grade 3, and A 240 -42, Grade T;
A.LS.1L. Type No. 321).




TABLE XX.—MECHANICAL PROPERTIES OF 18 PER CENT CHROMIUM, & PER CENT NICKEL, TITANIUM STABILIZED STEEL.

Crnesicat CoMPOSITION, PER CENT

A S.T.M. Desig-
tion........... Al67-42 A20-42
0.10 max. Silicon A.S.T.M. Grade. ] T
2.60 max. Chromium. . A.1LS.1. Type No. m 321 is similar to grade T
0.035 max. { Nickel...... Structure.......... Austenitic Austenitic
0.03 max. ] Titanium
MecBanicat ProPExTIES
Impact Resist- epe.
Yield ance, ft-Ib. Hardness Number Ductility
. | Strength Propor- | Elonga- Reduc- Endur-
Tensile (oﬁsEl Yield Gopa] | tion in | tion of ance | Cold
Form and Treatment Strength,| 070G | Point® | [OMR' | 2in., | Area, (Brinekll (Fleit , l:'end Erichsen
psi. X i per r 3000-kg. atigue eg. H
per cent),| P pai. cent cp:nr. Charoy | Iz0d Joad, |Rockwell pssl. ! & Value, Okcu{dur,
psi 10-mm. mm. i
ball)
35 000 “ : B8O 180 12 [0.400 to 0.478
... . 7 . Lo L.®
39 000 . 56 e B30 180, 12
) 20 per ceat. 100000 | 90000 40 000 2 .. . c® .
Cold-drawn{40 per cent. 145000 | 130 000 70 000 10 . . C32 . ... .
190 000 175 000 . 95 000 4 . . . c3n .
000 30 000 20 000 ss . Bas 1% * .
89 000 38 000 .. O3 60 . 100 170 vee 180
Sl es000 40 000 o s ‘w0 o 100 i7 BaS : 180 - o

a Yuld | point as determined with dividers must not be confused with & defined yield stremgth, such as, at 0.2 per cent offset.
b This is a rerreununve and ot a minimum value. Thercfore, it must not be compared with the minimum valuea shown for grades 1 and 2 of A.S.T.M. Standard A 167 ~ 42

(smee Tables XI1{ and XIV
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FiG. 25.—Creep Strength at Various Temperatures of 18 per cent
Chromium, 8 per cent Nickel, Columbium Stabilized Steel (A.S.T.M.
Designations. A 167 - 42, Grade 6, and A 240 - 42, Grade C; A.LS.I.
Type No. 347).
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Fi16. 26.—Short-Time High-Temperature Tensile Properties of 18 per
cent Chromium, 8 per cent Nickel, Columbium Stabilized Steel
(A.S.T.M. Designations: A 167 - 42, Grade 6, and A 240 - 42, Grade
C; ALSI Type No. 347).



TABLE XXI—MECHANICAL PROPERTIES OF 18 PER CENT CHROMIUM, 8 PER CENT NICKEL, COLUMBIUM STABILIZED STEEL.

CaemicAl CoMPOSITINX, PER CENT AS.T.M. Desig-
T nation........... A167-42 A240-42
6

A.LS.I: Type N M7 347 is similar to grade C
Structure .. ....... Austenitic Austenitic
MECHANICAL PROPERTIES
) Impact Resist- "
Yield Elo Redue- ance, fi-lb. Hardness Number Endur- Ductility
Strength | +- Propor- nga-) Becuc - -
Tensile | “Cogeer | Yicld tional | tion in [ tion of - ance Cold
Form and Treatment Strength,| 2°g% | Point? L‘i‘::i"‘ 2in., | Area, (?}K’;'l‘-‘k“ (Fngml ) Bdend. Erichsen
i » i H 14 {4 . atigue),| eg.

Bt percent), P Lo c’:nt v.?:nt Charpy | Izod load,s Rockwell] . psi. Value, Olseni:l thie,

pst. 10-mm. mm. *

ball)
eet:

Cold-rolled .- e .. .-

:_’nnnled ......... 40 000 30 B8s 180 12 0.400100.475
p:

20 per cent. 102 000 P oen 3 . “ee . vee .er

C"“"“’“‘d{sopcrcenc : 125000 { ... w | o

w.\u:nnled ..................... L A 38 000 ] BaS 1% 11

)y 20 per cent 90 000 . w000 | B . . €2

Cold-drawn: 40 per cent. 130 000 . 10 000 10 ... . . C32 s . . e

per cent. 175 000 - 95 000 4 . - - csy

30 - 20 000 L) . . wee BBS 180 |

. 37 000 oo 50 o0 . 100 120 .ee e 180 .-

o 000 OV ) @ 160 179 . o
o 40 000 o s @ o 100 170 . o 190 o o

- Yuld pol-l as determined with dividers must not be confused with a defined yicld stremgth, such as, at 0.2 per cent offset. °
( .’I‘ s Xl rudcnxt‘aﬁ;;t and not a minimum value. Therefore, it must not be compared with the minimum values l-hwn for grades 1 and 2 of A.S.T.M. Standard A 167 - €2
see Tables an
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