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Table 14-1

Nominal compositions of some special/proprietary stainless steels developed for improved serviceability over
conventional grades

Composition (Percent by Weight Maximum Unless Otherwise Specified)*

UNS
Designation Type C Mn P S Si Cr Ni Mo Others Application
Austenitics
NO8020 20 Cb-3 0.06 2.00 0.035 0.035 1.00 19721 32535 23 3/4 Cu Superior SCC resistance
NO08024 20 Mo-4 0.03 1.00 0.035 0.035 050 22.5/25 35/40 3.5/5 0.15/0.35 Cb Better pitting resist than
20 Cb-3
N08026 20 Mo-6 0.03 1.00 0.03 0.03 050 2226 33/37 5/6.7 2/4 Cu, 0.1/0.16 N Resists hot chlorides,
Low pH
N08028  Alloy 28 0.03 250 0.03 003 1.00 26/28 30/34 3/4 0.6/1.4 Cu
NO8031 Alloy 31 0.015 2.00 002 001 030 26/28 30/32 6/7 1.0/1.4 Cu, 0.15/0.25 N
N08366 AL-6X 0.03 2.00 0.04 004 1.00 20/22 23.5/255 6/7 - Resists chloride pitting
NO0B367 AL-6XN 0.03 2.00 004 003 100 2022 23/25.5 6/7 0.18/0.25 N, 0.75 Cu Resists chloride pitting
NO8700  JS700 0.04 2.00 0.04 003 100 1923 24/26 4.3/5 8XC/4Cb Resists SCC
NO8904  904L 0.02 2.00 0.045 0.035 1.00 1923 23/28 45 1/2Cu, 0.1 N Resists reducing acids
N08925 0.02 1.00 0.045 0.03 050 19721 24/26 6/7 0.8/1.5 Cu, 0.1/02 N
$20910 22Cr, 13Ni,5Mn  0.06 4.00/6.00 004 0.03 1.00 205235 11.5/135 1.513 0.2/0.4 N, 0.10/0.3 V High strength, good
0.1/0.3 Cb corr. resist.
S$21000  SCF-19 0.03 5.00 0.025 0.003 040 20 18 5 0.85N High strength, SCC
resistance
S21300 15-15 CC 0.25 15.0/18.0 0.025 0.003 040 1621 1.10 1.10 1.4 N, 0.56 Cu Improved SCC resistance
S21904  21Cr, 6 Ni, 9 Mn 0.03 8.0/10.0 004 003 100 19215 1.10 — 0.15/0.40 N High-temperature
oxidation resistance
524100 18 Cr,2Mo, 12Mn 0.15 11.00/14.00 0.06 0.03 1.00 16.5/19 5.5(15 i 045N Higher strength than 304

-18-18 Plus

SNBA

_17.00/19.00 0.04 0.03

.24

17/1

19.50."1()5‘0 1&.5{).’18.50 6/6.5

strength of 304

0.5/1.0 Cu, 018022 N

5N
' 2123 718 0.3/06 Cu, 0.45/0.5
2/4 0.03 0.005 050 24/25 o
8322?5 gggSSSMO 0.03 ;’7 003 001 100 2325 16/18 4/5 0.1 Cb, 0.4/0.
S34 . -
5 Resists SCC
Fe%rﬂlics 002 002 04 25727 0.5 0.75/1.5 O0.I5N, :
g - i e o ' 0.05/2 Cb, 0.2 Cu
05Ni + Cu e
1 = Resists chlorides
1.0 3.6/4.2 0.045, Ti.+ Cb :
$44735 29-4C 03 1.0 004 003 10 2830 i n:“n- :
03 1.0 25728 135 3/4 0.04 N, 0.2/1.0 Ti + Cb, Resists seawater
S44660 SC-1 0.03 1.0 0.04 O. i Py |
002 02 2830 225 35/42 0.02N,0.15Cu, Resists seawater
S44800 29-4-2 0.01 0.3 0.25 . L S e
13N Can quench or
e Alloy 355 0.1/0.15 05/1.25 004 003 05 1516 4/5 25325 0.07/0 e e
$35500 oy 1/0. : - - o
1.25/1.75 Cu High strength,
S45000 Custom 450 0.05 1.0 003 003 1.0 14/16 5 051 . 5
5 5 Higher strength than 45
004 003 05 11125 7595 0.5 1.5/2.5 Cu, 0.1/0.5 Cb, gh gl
S45500 Custom 453 0.05 05 . X St = o
N n quen:
7 4/5 25325 0.07/0.13 it Tt
05/1.25 004 003 05 161 e
S35000  Alloy 350 0.07/0.11
0.08/0.2 N High strength, austenite
Duplc;UB AL 2205 0.03 20 003 002 10 2123 4.5/6.5 2535 P
i ‘ in reducing acids
5 0.04 15 004 003 10 27728 45/6.5 2901':?2’? g 11,;0&2;51'1&1.51‘2.5 Cu foc;zdaums B
532528 .:Iull:':y IP?IF:: 0-03 2.0 0.035 010 06 2629 35/5.2 1.072. A ke
$329: -Mo . 2
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b T4=21

Stainless steels categorized by structure and chemical composition

Group General Properties Hardenability Type Analysis Built Up from Basic Type
O Chromium-iron Martensitics: Hardenable by heat 403 Cr 12% adjusted for special physicals
£ Nonrusting tools and treatment 410 Basic type, Cr 12%
A 4 structural parts 414 Ni added to increase corrosion resistance and physicals
416 S added for easier machining
416Se Se added for easier machining
420 C higher for cutting purposes
420F S added for easier machining
422 Mo, V, and W added for strength to 1200°F
431 Cr higher and Ni added for better resistance and
properties
440A C higher for cutting applications
440B C higher for cutting applications
440C C still higher for wear resistance
Ferritic: Nonhardenable 405 Al added to Cr 12% to prevent hardening

Used for elevated 409 Low Cr for auto exhaust

temperature and 429 Less Cr for better welding than 430

nonrusting 430 Basic type, Cr 17%

architectural parts 430F S added for easier machining
430F Se Se added for easier machining
434 Mo added for pitting resistance
436 Mo, Cb, and Ta added for heat resistance
439 Cr added for improved corrosion resistance
442 Cr higher to increase scaling resistance
444 Stabilized for welding
446 Cr much higher for improved scaling resistance

Chromium-nickel  Austenitic: Hardenable by cold 301 Cr and Ni lower for more work hardening

Used for chemical work 302 Basic type, Cr 18%, Ni 8%

resistance 302B Si higher for more scaling resistance
303 S added for easier machining
303Se Se added for easier machining
304 C lower to avoid carbide precipitation
304L C lower for welding application
304N N added to increase strength

g 304LN Low C, N added
@ 305 Ni higher for less work hardening

_______(continued)
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g Table 14-2
+ continued
-~ ¢ Group General Properties Hardenability Type Analysis Built Up from Basic Type
! 308 Cr and Ni higher with C low more corrosion and
g scaling resistance
309 Cr and Ni still higher for more corrosion and scaling
resistance
' 309S Lower C than 309
310 Cr and Ni highest to increase scaling resistance
3108 Lower C than 310
314 Si higher to increase scaling resistance
316 Mo added for more corrosion resistance
316F 0.1% S for improved machining
316L C lower for welding applications
316N N added to improve strength
316LN Low carbon, nitrogen added
317 Mo higher for more corrosion resistance and
strength at heat
317L Clow for welding applications
318 Cb, Ta added to avoid carbide precipitation
321 Ti added to avoid carbide precipitation
332 Ni added to resist carburization
347 Cb, Ta added to avoid carbide precipitation
348 Similar to 347, but low Ta content (0.10%)
384 High Ni for easier cold heading
Chromium-nickel- 201 N and Mn partially replace Ni
manganese 202 Basic type, Cr 18%, Ni 5%, Mn 8%
205 N and Mn partially replace Ni
Precipitation Martensitic and Hardenable by S$17400 17% Cr, 4% Ni (17-4), high-strength alloy
hardening (PH) semiaustenitic; precipitation heat S$17700 17% Cr, 7% Ni (17-7), higher strength than 17-4
combination of treatment S$15500 Lower Ni than 17-4 to reduce ferrite
chemical resistance $13800 Lower Cr, higher Ni than 17-4 for reduced
and high strength anisotropy
Duplex Austenite plus ferrite Not normally 329 Basic type, Cr 25%, Ni 4%, like 316 but less SCC
- hardenable by, §$32550 3% Mo for pitting resistance

heat treatmen
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Stainless Steels

=g
e
= _g 8 L 8 steels is the system of the Alloy Casting Insti-
g =] s =] = el tute (ACT). Stainless steel alloys that are pre-
e | 2 s = = = = 2 i - Y : B
e § K ? 3 5 2 28 BB 3 g dominately used for corrosion applications have
8203 8 0 g 5 s i RS T5 3 E C as the first letter in an alphanumeric alloy-
= g § = % é iy % o 2 s £ - ?‘-‘f% ?‘f o designation system. Alloys primarily for heat or
| E] E 2 2 8.2 2Pk = W .o 6.8 E 5 = - E§=5s5& et oxidation resistance are identified by a two-
s = = P = = - » .
S| 8 g % 2SS EIXE E3EE 258 (Z£=2Z %3 g = letter system with the first letter being H. ASTM
= jeer s 5 FESSE5SE SBs2EE=fE|B¥E 29 ¥ 5 4 International has detailed specifications cover-
2| = S = ] -5 &2 ¢ 8 Ez2Ef€E€g g2 | Bz S |l=s 8 = 23 ing the analysis and properties of cast stainless
- | F 8 2 S_Eei»ele SEHEFEB8|E=E|lgyR 27 z'3 : “ ; i
-2 ho§ . Sece SeEsE S REE S Bas Sl e Sl o 5 & = g steel: ASTM A 296, “Corrosion-Resistant
=28 S M= g H £3 EL'E ES8E25ge 2 Z g = E === B n S8 Iron—Chromium and Iron—Chromium—Nickel
=|=8 EEESEc= E o e gEs 2 :g ESBx 2] &S a g Zu E = &S a_gn Alloy Castings for General Applications,” and
ZWESOEO s BEE S EEBEE B ES2E| s EFl s et %‘ £5 B ASTM A 297, “Heat-Resistant Iron—-Chromium
BEESEBEgEsaSwsSgagres8s=scE|= S|l 55Z0 & &5 208 I Ch P M el AllGy Castines
S EgEEE Pz EEaSIEsE g en |8y & S and Iron—Chromium—Nicke oy Castings for
B g s E SEEsE 2528 R2E5|5 €8 R g 5| 5= 8 General Applications.”
= 3 i = R R Z 2
S S35=50=5=2 CEFEzZ85E (=8| 55858 ° S5 There may or may not be a wrought equiva-
2 lent for a cast alloy. As shown in Table 14-3,
most alloys do have wrought equivalents, but the
Blatig mop cgaga. SEZE ; e
S ARAnsmsAsass ORS8%%3|sgz|sEZs ]
SHeonm | SQAS | AL aem “ Table 14-3
Wrought equivalents of cast stainless steels (C)
and heat-resistant steels (H)
= =
= 23
= = B Cast-Alloy Cast-Alloy
= %g i e Designation Wrought Designation ‘Wrought
+ =85 = ASTM A 743 Alloy ASTM A 297 Alloy
= § =3 .E E ,u;f Grade Type Grade Type
=33 =5
| paEL o CA-15 410 HA -
| "
CA-40 420 HC 446
|
I CB-30 431, 442 HD 327
g o CB-7Cu 17-4PH HE =
E 2 = E CC-50 446 HF 3028
'y s UEE®|E CD-4MCu 4 HH 309
| = SEESE|s CE-30 312 HI —
[ SEEgamg|l S CF-3 304L HK 310
= EES58P2| e CF-8 304 HL =
g EEEEE|E
4] = g i E = CF-20 302 HN —_—
SR CF-3M 316L HT 330
CF-8M 316 HU —
_aL — CF-8C 347
4 = CF-16F 303
o =N =
ol T CG-8M 317
=8 B g = CH-20 309
! 25s E g £8 5 CK-20 o=
2sl & g 8 g8 =
e = o] Bl E] Source: Alloy Casting Institute, Steel Founders Society of
554 America

g o paniaC igan D odh 5 S ARy G o g 3V 8
LA (e e |y 3 6 s R aidy; sla 3W ASTM A 296
sl 488 ead IS Jalas a2l a8 ) gla Ll ocams Gl (S




Nlagele¥lailelgRie Ny lcizl s Chapterb- Stainless Steels

=B pal A

bl s 31 515 e B3 m AN S sl e
201 Gl (aljh 0 ) se o palsd ) e Gl ) 0 e
la Y 8 L laia e (B0 e slaa g adila e
EBE RPN
\Jm\ywtgj\atgu&_\ﬁ}j@hm \3.1\ J\_A\...no
J}MGAUA\PQJ@QQ\A‘\SM\A

0 ) el 2l ndaline Gal sa (il (sla 3 g8 e
2183 G g Guudaliza g i) al o6& 40 b sdle 4S Jlals
At 3 )\S Ll



Nlagele¥lailelgRie Ny lcizl s Chapterb- Stainless Steels

MMY\ JJA.A

-28 <l L?u)S c aY g8 j yiS 545 PR| RN dju
35 ) bl e b SEu) Jsae o Gl 1), GPa30
JSbia Ja alBaa () i 0 gd o la Y 8l sla 2 IS
i Aa T ginge Cp) 4 Al i sla 2V 8 S0 )A

e Hala AV 68 b 5 (WL 3Ly ) aHla (ab ) Cuen |

¢ Ol Cad G e el gl o Sal Gl sie ) (e JS 4 (Sl
5 YL Al YU (il 4y zliial 4S Ll e 5l g ol
Ll oaa JSUE culia

304 & 5 5 Gl 30005 _me oaldinl 3 ) g Sl (i g y2a
Al ) (B ae S (p AYL316



Nlagele¥lailelgRie Ny lcizl s Chapterb- Stainless Steels

il e
@J\ﬁ@ﬁb)@ﬁjh?d@)\}@\i\.ﬂ)__J.L..uﬁi
6 Asan ) S S Cuaglia 5 ) 1 S sla aY 48
) S ola oY g8 )

@J\PLM\Q

BRIV L.?\AJ Aa gla aY 8 é\)\ﬁ.ﬁa\mﬁ\ L jpua @
Ot Ao g Gl (0 S ol Y 8 3 yidin aa ;0 50 25aa
A s e (g e a0 Gl (Sae il

dgan IS0y am sla AV @yl ) s Jalewil Cy pia o
) S S ol sla 2Y 8 glaa



Introduction to metals: pter5- Stainless Steels

O Sl pal d phas 3l oY s ol aS aan e ols 7-14 JKG
e g 9 Ol 4S8 4405420 g 55 e yigs S sl Y 68

s W5 plgie 4 ik 5 Ol Gl Wl aila s S ductilityiies
YTV C;)iaa BIBY

Chapter 14 =
5
MP: =
i - =) =1
ties of some 200 400 600 200 = = 8
Alloy : T T T B -]
sical values s T T é g w8 3 s
ad plate = — — = 5 =3 = -3 =
b 430 ) S g3 ‘B Esy &g
410 =1 L e s 8 k= 285 g8
= S 7 s 1 = a2 &2 5 R=] = 8
301 = Z B 5 = 2 a8 °§ |
304 = | R s §8 e WA |
B =% s =0 = g 8 = an 2 HZH = = . ar
Sie = =5 fzfgeid i & rESEfy B|E _Lrf
- 3 (= = - f o i EEB8 2 8§ g
o S— 5|8 ‘§'—a‘§§§2g EE8szE 29BESF _E|EEZEE
= | g SEASEZ8 &S5ge2:2Z3F EEas® E|E=g3F¢g 8
303 = S| Ee§luPc3F prisSie.tsERe¥S: éggﬁg
430F i SEREgi583% SEES588-JicEmEEE| BT ERE
P —] g BSSS .23 g .35 .08 888 5 cdrE|ESESE
420 Ema] 4| 5525885988558 s 582888 ER| 2088
- N%v“ﬂpugbthhﬁhvﬂe%“‘tg“.ﬂb = Eéu"-u
440C ) s EEREEg S iR SE 5 Eg B g8 §|Z 5533
1020 S eSo ST desEmEm=< e 83 80 3= SEe®HIS 3
steel L L i :g:“ﬁgz'sdf'ﬁ-:a'i‘a“gfﬁ'ﬁ}?“adff Bl =S SaN
T T e CREZwndomw=Ed VOO ZTIIEaS=E==CSSES | &5 md
Yield strength, ksi
Impact strength, J 5 P
Eloszefsglng 52%ssps5bsssyss|ssbad
= FIISITIEYS TITLESSSTITSISIIZ|SESEES
= = =
2l z| 2 o g
e e 2 =
E gl2s g =z
= w2 o -=
S i = 2 5 e =]
E = 5 = = 5 4=
S1=|E8 g HiE
5 5 g 5 =
2 -
=l = z g
SIAE 2 = = 8
. glk| E¢ F5 = g
3 ot - T
80 E|E| gy 55 e Sy
Percent elongation Impact strength, ft-1b FlB|E Z 5 S 5§58 ES g
Bl 2| EE%8 sg &8 =2 228
sl=lgs8 E2EES 23
4 - e _ - i 2l & | E= =2 ESBoHNg =8
s are very different. Caution shown in the table, there is a basic ferritis =N = &= %
order to not select a ferritic basic martensitic, and a basic austenitic com, 7 g
e alloy is desired. The confu- si 5 i =
austenitic types is the 200 se- tored to obtain most of the other alloys. L3 £ =
are not in wide use, but they two digits in the three-digit system have . 'f;" g g
| nificance to the stainless steel user. ? @ = E E
n be useful in figuring out the The most commonly used identificatig § E = 15
1g the different alloys. As system in the United States for cast stainless als| S S



Introduction to metals: ar5- Stainless Steels

&)Mtgu Jyjégs:\j&&‘j.é

gESes s

25



Nlagele¥lailelgRie Ny lcizl s Chapterb- Stainless Steels

5 Cual 300 e oaleiul JJJA)L\J\ R 8 g 2a @
A (B e Sl 0 YL316 <304 ¢ &

jhﬁ\ﬂw\.@;{\':;‘m' el&;.w" b e H3aw )l a0
-5/ A A HAaw sawy o« MPa 1724 4
2 o« HRC 60

4 Caaglia 5 AlSaiu) LA 4 440 5420 o3 5l o
o) oo US4 By slealld



Nlagele¥lailelgRie Ny lcizl s Chapterb- Stainless Steels

230 55 a2 IS L L (i gl K0 a5l Y 8
(i AL adanSle QW8 23 3 e S ) AS 20 el Cad
ey W8 MPal1250 ~aiS J8ainl s HRC40
sdiulretainer s, fatners _m8 4augs ) n el ) |
D gai (5

d.\\ﬁ\.&» JYJﬂeLAJJJjAJJASWSeM\uA}Y\AQ
aS ki L (805 e 2V 8 (sl a3 )5 0l  yiad
ansem\ _Qu\ah\&ud@&l\oﬁdﬂj\s&

2w MPa3760 g G il o



Introduction to metals:

nter5- Stainless Steels

, e c————— -

Chapter 14 ¢
stainless Steels ol
Table 14-5
M : ; &
echanical properties of cold-worked austenitic and heat-treated martensitic stainless steels 0 200 400 600 800 “1401’;0 1200 1400
Hardened and Tempered Mechanical Properties (Bar) ] : : : l b]A I i
( |’ 'Martensitics "¢
AISI Type Number 410 416 420 Heat treated @j
Yield strength, (Ib/in.?)? 70,000-150
! L . . X ,000  70,000-150,000  70,000-215,000 |
gll;:r;::?ot:?:ﬂze_strength, (Ib/in2)*  95000-200,000 95,000-200,000  110,000-245,000 ooty ?O'l dr{ d
in. 30-10% 25-10% : 25-7 ; heet s
_ 7%
Hardness, Brinell 200-425 200-425 250—5500 :?:ﬁ . m
Impact strength, Izod ft-1b® 110-20 60-20 60-5 :
Cold-Worked Mechanical Properties (Sheet and Strip), Types 201 and 301 (Minimum Values) Annealed -m
Tem, s
per Quarter-hard Half-Hard  Three-Quarters Hard e
Yield strength, (Ib/in.2)® 75,000 J
: L 8 ) 11
Ultimate tensile strength, (lb/in.z)la 125,000 158'833 e | I I l I
Elongation in 2 in. 25% 15“7 Gl ¢ e o o i - 3
Hardness, Rockwell C 25 320 157% » b
1 Figure 14-9

:Mulliply by 6.8948 to convert to kPa.
Multiply by 1.355 to convert to joules.
Source: Courtesy of Republic Steel Corporation

tensile strengths available on any steel have
been recorded on small-diameter cold-drawn
austenitic stainless wire. Tensile strength can be
as high as 400 ksi (3760 MPa). The ability to
work harden is most prominent in the 301 alloy.

HRC
32 43 52 59 64
I I
Lower
carbon
grades
Higher 42 <
n 440A
grades 440C
| 1 1
300 400 500 600 700
Brinell hardness, HB
Figure 14-8

“Hardness ranges for various stainless steels:

typical values for hardened bar and plate
Source: Courtesy of Republic Steel Corporation

One final comment on mechanical proper-
| ties: Because stainless steels have good oxida-
- tion resistance, they are often used in furnaces
' where they must carry loads at elevated temper-
atures. As can be seen from Figure 14-10, the
. creep characteristics of the austenitics are far su-
* perior to those of carbon steels or the ferritic
| grades; as a matter of fact, they compete with
. some of the “witch’s brew” specialty high-
temperature alloys. .

The conclusion can be made that the me-
. chanical properties of stainless steels are some
' of their best points. They have the strength,
 toughness, and formability to meet a wide range
' of structural applications.

The ability to work harden decreases as .'
nickel content increases over about 9%. Typ
305 alloy with 12% nickel is considered to.
free spinning (a low work-hardening rate). ]
tensile strengths obtainable in the various fa
lies of stainless steel are shown in Figure 14—
The PH stainless steels have become
leading alloys for high-strength application,
These alloys can have tensile strengths arou:i
200 ksi (1880 MPa) and still have good toughs
ness and resistance to crack propagation. Thy '
are widely used in the aircraft and aerospace in:
dustry for structural components. On machinlé
tl?ey are very useful for base plates, springs, ang
highly stressed structural members. They often
replace the 410, 416, and similar types of alloyS -
The advantage over these alloys is the simple :
heat treatment. Quench hardening is not
quired. PH stainless steels can be heat treateditg
hardnesses as high as 48 HRC, but becauses!
t!xeir low carbon content they are not as wear #¢9#
sistant as the higher-carbon martensitics (even
at the same hardness). i

; ‘1 4.5 Fabrication

| Wrought stainless steels are available in most of
sthe forms and shapes that are available in carbon
isteels: bars, plates, strips, tubing, pipe, and the

ike. They are fabricated into parts and struc-
tures by a wide variety of processes. Most fabri-
cators charge extra in addition to the material

. Tensile strength ranges for families of stainless steels

cost to fabricate something from stainless steel
as compared with carbon steel, because some
stainless steels (the ones that readily work
harden) require heavy-duty tooling and special
techniques. We shall mention a few of the idio-
syncrasies of stainless steels in the areas of form-
ing, machining, welding, and heat treatment to
help the designer assess fabrication costs.

Forming

As shown in Figure 14-7, most austenitic stain-
less alloys have high elongations in tensile tests,
which means that they can stretch a lot without
fracturing. The ferritic stainless grades, as a
group, are not as formable as drawing quality
carbon steels. Most of the alloys, with the excep-
tion of the quench hardenable 400 series, can be
bent flat in thin gages. One problem exists, how-
ever: Most stainless alloys have higher yield
strengths than carbon steels, which means
greater spring-back after forming. To compen-
sate for the extra spring-back, higher forming
forces (possibly 50%) are needed compared
with carbon steels. For drawing and stamping,
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1 ] 1 Figure 14-10 Temperature,*C
- 1' i Creep strength of stainless 500 o&p o ’ o 146
il s(t’eels (the stress that produces 25 :
1 “\ 1% elongation at 10,000 h of Ly dudidiowd
loading) ; ini
‘! Source: Courtesy of Republic Steel okt
i C i
\: orporation 20 ‘old-Rolled Strip
i
£ -
b 15 heets
g
]
(:2‘ 10 Tyzc: 310
and 347
po reflective)
" Hot-Rolled Plates
5 Hot rolled
ot rolled and annealed
Type 416
Typedds |
900 1000 1100 1200 1300 1400 Sheets and Plates
i Temperature,*F ]
- o7 . . o 3
poss;b(ljy 150% to ZQU% extra press capacity is cleanability, a 2B finish can be ordered on No. 6 finish, dull satin
neede comparedA with carbon steel. The higher sheet to be used. It will come protected in pa 3
forees also result in more tool wear than would and be bright, with a surface 1
be encountered thh carbon steel. Types 304 and 4 pin. (0.1 um). Table 14-6 shows some of 3
| 316 have good drawing properties. Deep vessels finishes that are available to assist in fabricatifg 3
are frequently made from these alloys. Stainless parts with good finishes,
o [e_nd‘s to gall or pick up on draw dies. This can be
minimized by cladding draw dies with aluminum 4
beora Machining
e The ‘PH al]oy§ have limited formability, The stainless alloys that are not modified for im
rawing is not possible, and sharp 90° bends are proved machinability have less than 50% of th
questmnab'IeI In some of the cold-worked tem- machinability of AISI B1112 steel, the traditio
pers (con.dltmn &) &3y ; steel screw machine stock. The free-machini
Y In spite oft!uese limitations, cold forming of 400 series alloys 416 and 430F allegedly h
stainless sleeIs. 18 very prevalent and the prob- 90% of the B1112 machinability. Type 30
lems are.few with z.lde.quat.e equipment. One fac- which is the free-machining austenitic, has abol
tor. that is helpful in forming stainless sheet and 60% of the machinability of B1112,
Strip to shape is the‘?vallability of special mill Most published machinability info
finishes. lf.the goal is to lmal_(e a large sheet has been obtained on automatic screw
metal contalne_r sych as an institutional cooking chines and on machines for which all ope
kettle and the inside must have a good finish for tions are carefully controlled and monitored. In f : i
hardening and distortion.
———

nter5- Stainless Steels

urface finishes available on stainless steel sheet,

ish, cold rolled, annealed, and pickled
No. 2 finish, bright annealed

No. 1 finish, hot rolled, annealed, and pickled
No. 2B finish, bright cold rolled

No. 2D finish, dull cold rolled

No. 3 to 8 different degrees of polish (8 is most

{ Hot rolled, annealed, and pickled
. Mill-Polished Finishes (On One or Both Sides)

- No. 3 finish, intermediate polish (low grit)
+No. 4 finish, standard polish

' No. 8 finish, mirror polish (highest luster)

job-shop types of machining operations, stain-
less steels are absolutely no problem if handled
‘properly. Slow speeds, sharp tools, and positive
feeds are the secrets to machining stainless
teels. The ferritics are gummy, and rigid tool
setups are needed. The austenitics tend to cold
Work, and with these alloys, continuous feed is
absolutely essential. Many times novice ma-
hinists will hesitate on the downfeed while
Grilling. If this is done, you are “finished.” The
Irill point cold-works the dwell area to hard-
IEsses as high as 50 HRC, and further drilling is
ossible. This does not happen if the opera-
.does not hesitate in the downfeed. In
illing operations, positive chip loads are es-
sential; “kissing” the surface will cause work

563

The PH alloys, because of their high hard-
ness in the as-received condition (17-7 condition
C can have a hardness of 47 HRC), require car-
bide tooling and careful control on speeds and
feeds. It is very difficult to drill and tap holes
smaller than no. 6 thread (4 mm). This usually
poses no problem; most design applications can
work around the necessity of small screws.

The PH alloys, martensitics, and ferritics
grind without problems, but the nonferromag-
netic nature of the austenitics requires special
hold down practices in surface-grinding opera-
tions.

The free-machining grades of stainless steel
should be considered (types 430F, 416, and 303)
Wwhenever substantial machining is required. The
sulfur additions are really helpful. The biggest
disadvantage of these grades is that some envi-
ronments cause more corrosion on these grades
than would have occurred on their nonsulfur-
ized counterparts.

Pickling and Passivation

Stainless steels are basically iron—chromium al-
loys that contain a minimum of 10% chromium.
Alloy additions of nickel, molybdenum, und
other elements are also incorporated for en-
hanced properties. Stainless steel alloys achieve
their corrosion resistance primarily from the
formation of a very thin chromium oxide surface
layer referred to as a passive film. Thermody-
namically, chromium oxide is a very stable oxide
that forms spontancously on stainless steels
upon exposure to air and moisture. However,
for maximum corrosion resistance, the
chromium oxide (or passive) film must be uni-
form, continuous, and free from defects. Defects
such as iron contamination or welding scale dis-
rupt the passive film, creating sites for corrosion.
Free iron can be scrubbed onto the surface on
stainless steel by handling with steel tools, such
as drilling with a steel bit or forming in a steel
die. Although the free iron is invisible, once ex-
posed to water or other solutions the stainless
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Mechanical defects

564 Chapter 14

Table 14-7
Surface defects that may reduce the corrosion resistance of stain less steels

'ﬂfpil:al cl“ |.,.';'_
Surface Defect Sources Meth‘oc! :
Free iron Machining with steel tools Passivate

Press forming or blanking with steel tools

Handling with steel equipment

Grit blasting/glass-bead blasting with contaminated media

Handling with stainless steels tools that have previously
handled steel

Cleaning with steel items such as wire brushes or steel wool

Rolling mills at the steel producer

Tumbling, deburring, and lapping

Stress relieving, hardening, annealing, mill scale

Heat scale (discqloration), Spatter, arc strikes, undercuts,
flux, laser cutting, torch cutting, spot welding
Scratches, grinding marks, metal chips and burrs

Heat treating scale
Welding/cutting scale

Rust Rust on stainless steel parts will continue to rust until removed

Casting defects Carbon pick-up from casting molds reduces the corrosion
resistance on the surface

Other contaminates Greases, oils, crayon, or grease pen marks

Pickle
Pickle

Mechanical quhé

electropolish’ "¢
Pickle b
Pickle

steel readily rusts. Discolored scale from heat

the surface finish of austenitic stainless steeld
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Table 14-9

Heat treatment for martensitic stainless

Treatment Purpose

Full anneal Maximum softening

Process anneal Soften hardened parts

Hardening Harden and strengthen

Stress relieve Increase toughness of hardened parts
Temper Convert retained austenite

1400 to 1600°F (800 to 900°C) slow cool
1200 to 1400°F (650 to 800°C) air cool
1700 to 1950°F (920 to 1050°C) air or oil quen
300 to 750°F (120 to 400°C) air cool
1000 to 1200°F (520 to 650°C) air cool

stress relieving rather than tempering. Alloy
steels are tempered to reduce the carbon level
of the martensite. In stainless steels it is argued
that, because the carbon is already low in the
martensite, the toughening mechanism is sim-
ply removal of thermally induced stresses. Tem-
pering in martensitic stainless steels means
heating at relatively high temperatures to trans-
form retained austenite. Some typical heat
treatments for martensitic stainless steels are
shown in Table 14-9. The most used heat treat-
ments are hardening followed by stress reliev-
ing. All other processes tend to sensitize the
stainless and lower the corrosion resistance.
Normally, only two heat treating processes
are used on austenitic stainless steels: annealing
and stress relieving. Annealing is performed at
temperatures in the range from 1800 to 2000°F
(1000 to 1100°C), followed by a water quench,
The quench is imperative if sensitization is to be
prevented. Most stainless steel shapes are pur-
chased in the annealed condition. Thus most
people avoid this heat treatment, Water quench-
ing machined parts causes sevete distortion. On
complex machined shapes or weldments, stress
relieving may be required for stability. Some
low-temperature processes [650 to 850°F (340 to
450°C)] are used without fear of sensitization,
but they are really ineffective. Effective stress
relieving requires temperatures above 1600°F
(870°0); followed by as rapid a ‘cooling rate as
theipart will permit: Sensitization will oceiit, but
L-grade or stabilized alloys can be used to mini-
mize this effect. The designer should question
the necessity of stress relieving when the part is

T—

still on the boards. If it seems that stress re
ing may be necessary, a low-carbon or stabi
grade of stainless should be specified.
PH stainless steels have very definite reg

that must be rigidly adhered to. Types 17-4,15:
and 13-8 are solution treated, quenched;ian
age hardened. The age-hardening temperatog
may be adjusted to achieve different strer
and toughnesses. Types 17-7 and 15-7 requi

lution treatment, conditioning, deep freezin;
and aging. Again, the aging can be varied, Th
are also variations in the conditioning tr
ment. Typical PH stainless steel heat treatm
are illustrated in Figure 14-12. There are
important points to be made concerning hea
treatment of these alloys: (1) there are not
able size changes, and (2) the high-temperatut
conditioning treatments on 17-7 and 15-7 causg
scaling if performed in an air furnace. The probs
lems are easily overcome if recognized. The sizg
changes are simply allowed for in machininga 5
lowances. The scaling is usually overcome by
doing the conditioning on rough machineg
parts. The aging heat treatment does not cause
significant discoloration even in air furnacesf
The best approach to handling PH stainless.}
steels is to harden completely and then fini
machine. The low-carbon martensite struct )
can usually be handled with cemented carbidg
tooling. ) LR

Summary

Many fabrication factors have been brought to
light in this discussion; the intent was not to scare

*stainless Steels

17-4 PH®(517400)
15-5 PH®(515500)

Condition A
as received

34 HRC

Solution treat
1900'1-‘—% b, A.C.
[1038°C] . 32 HRC

H-900
900°F—1h,A.C.

[482°C] 44 HRC

®Registered trademark of Armco Steel Corp.

1
|
|
1025°F—4 b, AC. |
[552°C]  38HRC |

I

H-1100 !
100°F—4 h,A.C.
[593°C]  3SHRC |

§ Figure 14-12 &
‘Typical heat treatment for PH stainless steels, See ASTM A 564 for additional heat
| treatment details.
| Source: Courtesy of Armco Steel Corporation

| the potential user but to educate. Fabrication of
Lstainless steels is really easy as long as you‘gake
ithe time to review recommended precautions
and practices. The chemical process industries
‘have for many years used stainless steels for
everything from I-beams to Faraday cups. They
can be fabricated.

17-7 PH (817700)

PH15-7 Mo
Condition A
as received
85 HRB
1750°F —10 min 0.005
[954°C] infin.
AC toRT expansion
/ 0.0045
in.fin.
Condition R-100 expansion
Cool to —100°F, 8 h (net)
[=713°C]
Airwarm to RT.
36-40 HRC
’ 0.0005
in./in.
RH-950 contraction
950°F —1 h, A.C.
[510°C] 48 HRC

14.6 Corrosion Characteristics

: oo Enaua i Totsa it L ssansg o
Stainless stesls. owe their corrosion resistance
to the chromium that is in solid solution in the
various alloys. Chromium has an affinity fqr
oxygen, and in solution in stainless steels it
assists in the formation of a passive surface
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" Table 14-10 I
. Relative corrosion resistance of AlS| stainless steels*

~ Stainless Steels 571

Mild- Atmospheric Chemical
UNS A heric and 5 2
Number Fresh Water Industrial Marine Salt water Mild Oxidizing Reducing

520100 x x
§20200
$20500
$30100
530200
$30215
S$30300
$30323
830400
$30403
S30430
$30451
830500
S30800
$30900
S$30908
S$31000
531008
$31400
$31600
$31620
531603
831651
§31700
§31703
§32100
532900
NO08330
§33200
S$33400
534700
$34800
$38400
S$40300
8540500
$40900
$41000
$41400
S$41600
542000
$42020
$42200
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Table 14-10
continued

Mild- Atmospheric Chemical
AISI UNS Atmospheric and
Type ' = Number Fresh Water Industrial '~ Marine  Saltwater =~ Mild = Oxidizing  Redugip
429 $42900 X X — — X X
430 543000 X X - — b
430F 543020 9 X — —_ X —_
431 S43100 X X X — X —
434 §43400 X X X == X X
436 $43600 X X X —_ X X
440A 544002 X - — —_ X, —_
4408 544003 X - — — —_ -—
440C S$44004 X — — 2y 1 i
442 S$44200 X X — — X X
444 $44400 X b X — X X
446 544600 X X x — X X
— $13800 b X —_ - b X
— S15500 X X X — X X
— S$17400 X X X — X b
— S17700 X X X —_ X X

*An X indicates resistance to an environment. This is a guide and not a substitute for quantitative corrosion data,
Source: Steel Products Manual—Stainless and Heat-Resisting Steels, The Tron and Steel Society, November 1990

to 2000°F (1100°C) in oxidizing atmospheres,
such as in hot-air furnaces. Temperatures for
intermittent use are somewhat lower. Safe tem-
peratures in reducing fuel gases are approxi-
mately the same.

Figure 14-13
Maximum continuous-use

Sulfuric Acid At room temperature, tyf
316 and 317 show low corrosion rates at low. ¢
centrations (<10%) and at very high concentras
tions (>95%). At higher temperatures, they; r
resistant only to very dilute solutions (<1

Temperature, "C
200 400 600 800

temperature for stainless steels Type ‘

without excessive scaling in an

oxidizing environment

Source: Courtesy of Republic Steel

Corporation

310

316
Carbon steel

Temperature, ‘F
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Alloy selection
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‘ 7 Alloy Selection

General Characteristics

should be apparent at this point that stainless
teels are very useful materials in engineering de-
lign. A wide range of mechanical properties ex-

575

steels is intended for certain applications, and the
types within each class have particular traits that
set them apart from others in that class. Figure
14-15 shows the spectrum of stainless steel alloys
and their primary areas of application. The fer-
ritic alloys are somewhat lower in cost than the

&7 K i g B S he nocats & okt et £ other alloys (Figure 14-16), and thus they find
R O S R R BT AR B bts, an s i ;etlte? ?}l:an i tl Or:rll'ems antcep] wide application for nonstructural applications.
S e ] pese 2 ‘]’;’ow Sessn B th°5 5 hte'"'g" :"a Type 430 is widely used for such things as house-
R R T jystems. e s:’e B G bt s hold appliances and automobile trim. Type 430F
particular application? Each class of stainless
e ey ST )
R e ) Stainless
e e o
s i) “° Classes |
T ) :
e
[T S
[T o | Applications
T g Atmospheric Structural Chemical Structural
“ corrosion compunems resistance members
ficiuiial Elevated Cutting Tanks Springs
K 5 temperatures devices Piping
PREN = %Cr + 3.3(%Mo) + 16(%N) Decorative Tools
. , ; . | | |
20 30 40 50 60 Types
ting resistance equivalent number s °e o -
409 410 202 15-5
414 301 13-8
ainless steel alloys. Higher PREN values :ZSF e aAr-7>
15-7 Mo
431 C304 5
440A 305
. 440B i
Ty The high-nickel grades (austenitics) are ot
e ferred at elevated temperatures. ) 20
We could go on indefinitely mentioning § i
cific environments, but the ones mentioned (T
t= indicate that stainless steels can satisfactd :;?
of handle many environments in spite of the 347
- ous forms of corrosion that can occur. It'i GOAL>
recommended before making a final choicéi
specific stainless steel for a specific environm i
t that corrosion data be consulted (NACE Cor Figure 14-15

sion Data Survey and others).

. Widely used types of stainless steel
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Figure 14-16
Relative cost factors for various

stainless steel (hot finished bar).

Source: Courtesy of Republic Steel
Corporation

Type

304
304L
316
316L
317
3171
309
310
321
347
410
430
420
440C

Super ferritics
Duplex alloys

Super austenitics

is free machining, so it is used for fasteners and
other parts that require screw-machine types of
qperalion. Type 446 has very good oxidation re-
sistance, so it sees use in furnace parts.

In the martensitic class, type 403 is used for
elevated-temperature turbine parts. Types 410,
414, and 420 are used in cutlery, surgical instru-
ments, and some tools. Type 416 is free machin-
ing, so it is used for fasteners and the like. Type
431 has the best corrosion resistance of the
group; it is used where strength and corrosion
resistance are required. The 440 family is used

for tools.

Only two stainless steels have sufficient
hardness and carbon content to be very useful
for wear applications, types 440C and 420. The
abrasion resistance of some stainless steels is
compared with carbon steel and a tool steel in
Figure 14-17. Even though the PH stainless
steels have hardnesses above 40 HRC, they
have poor ‘wear characteristics for most forms
of abrasion and sliding wear. The 440C alloy is
capable of the highest hardness and abrasion

nless Steels

nsidered general-purpose alloys:. They are
d for tanks, architectural items, sanitary pip-

5 nd wares, and any number of applications.

fhey do not work harden as much as types 301
and 201, and thus they can be used for deep-
drawn parts. Type 304 has a lower carbon con-
tent than 301 or 201. It is less susceptible to
sensitization during welding than 301 and 201.
Jt'is the most widely used stainless steel based
oh tonnage. Only type 409, a special grade
developed for automotive exhaust systems (cat-
alytic convertors, etc.), competes in tonnage.

»1 Type 303 has sulfur additions to make it free
machining. It cannot be welded or readily pick-
led, but the free-machining characteristics jus-
Lify its use on bolts, shafts, nuts, and mechanical
gomponents requiring excessive machining or
large production quantities. The chemical resist-
nce is lower than that of the nonsulfurized
austenitics. Corrosion rates should be carefully
checked before use.

Type 305 has a high nickel content that min-
imizes work hardening. It is considered a free-
ipinning alloy. That is, it can be used for spun

1 2 3
Relative cost

resistance of any conventional stainless steel
58 to 60 HRC. Types 420 and 440C are avail
In proprietary grades that are modified by
processing and chemistry changes for improy
abrasion resistance. For example, 420 stainle:
steel containing about 6% vanadium providg
better abrasion resistance than even some tog
steels. These alloys are widely used for cuttj
tools and knives.
There are many of austenitic alloys, b
most are a modification of the original 18
chromium-nickel composition. Types 201 a
301 readily work harden: they are often used ]
cold-rolled sheet and strip for flat sprinj
and in cold-drawn wire form for corrosion
resisting wire springs. The 201 is like the 30
alloy in properties, but manganese replag
nickel as an austenitizing element. From ti
to time there are nickel shortages, an
manganese 200 series alloys provide an a
tive composition. b
Types 302 and 202 are the basic
alloys, which, with type 304, are what might. b

is also'used for cold-headéd fasténers.

ages of chromium and nickel, which imparts an
-extra degree of corrosion resistance over 302-
i and 304-type alloys. It is frequently used for

shapes without fear of excessive work hardening.

Type 308 contains relatively high percent- "

T i ure 14-17
blative wear rates of stainless A2 tool steel (60 HRC) (2277
sl :‘b?a:z::e’;?“(:n”:;:;d 440C stainless (58 HRC) [
G 65 procedure) 420 stainless (52 HRC) 7 7 :
416 stainless (38 HRC) [ 77 7007
17-4 stainless (43 HRC) 7 7 G
1020 steel (80 HRB) {7 7~ 7
316 stainless (90 HRB) % 00
| 1 L ] |

|
0 1 2 3 4 5 6
Wear rate, mm*/min

welding filler metal on 302 and 304 ¢
steels.

Types 309 and 310 contain eve
chromium and nickel than type 308 do
are used for special chemical-process equ
They have better corrosion resistance th
of the austenitics, but they also cost more
14-16). Type 310 is frequently used as t
versal” welding filler metal. Because i
stays austenitic and resists cracking, it
used to weld carbon steels to stainless st
for other dissimilar metal combination:
alloys are also used for oxidation resistar

Type 314 is basically a type 310 wit
2% silicon added to improve resistance 1
ric acid and similar environments.

Type 316 is the most commonly us
for chemical service. It has about 2% n
num in it to improve corrosion characte
reducing media and to improve pitting
ance. It is used for everything imaginabl
chemical-process industries.

Type 317 is a “souped-up” 316 witt
percentages of chromium, nickel, and m
num, It has better pitting resistance th
but it costs more dnd is not as readily ava

less (like type 302), only stabilizing eleme)
been added to reduce sensitization in wel
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