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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
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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.
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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).

100 000 | 100
0,7
90 000 * kv‘q;" 90
\ 87

80000 [N $7 80
\ 6\)1‘ L
- ~— ?p -~
.= 70000 -= DNt 10 §3
3 1‘5 l [
N S / ga
£ 60000 0 L 60
c ) / ¥
9 50 000 > J 50 <
“+~ 3 F Ce
n “-1\ / =%

] S\/ C

@ 40000 g 40 0¢
o =9
c » O
) / o9
¥ 30000 [~org55 va 30 §9
\-.\.27--./0 \\ ITJ&,

20 000 20

10 000 10
0 0
0 400 800 200 1600

Temperature, deg. Fohr,

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.

$TIILG TAADIN-RAIKOYR) ANV KAIKO¥H) IHOAOYM NO VIv(d
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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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