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The nickel base alloys outperform austenitic stainless steels because of their versatile resist-
ance to uniform corrosion, pitting, and environmental stress cracking.

This article familiarizes engineers with the Fe-Ni-Cr-Mo alloys and provides assistance in
materials selection by characterizing them in terms of chemical composition and performace
in various corrosion media.

Even though it is difficult to assess the beneficial effect of each alloying element in the
Fe-Ni-Cr-Mo system, general guidelines can be summarized as follow.

For uniform corrosion resistance: increased Mo is beneficial for resistance in nonoxidizing
acids; increased Cr is beneficial for resistance in oxidizing environments; and increased Ni
is beneficial for resistance in alkaline environments.

For pitting corrosion resistance: increased Mo and Cr desirable.
For stress corrosion cracking resistance: increased Ni as well as Mo is desirable.
For improved weld and heat affected zone corrosion resistance: low interstitial content is

required.

Further, presented below are variety of chemical process equipment which Shinko-Pfaudler

has manufactured so far by using these alloys.
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Table 1 Compositions of some austenitic alloys for corrosion service

| REICERAE XRET 5, | | | | | | |
. Alloy UNS No. Ni Cr Mo Fe C max Other
NiZ &% 05 _
- - N' A Qi_ﬁg ~ - Fe-Ni-Cr-Mo Alloys
{tERBCEDLNS NI EE& e (a4 SUS 316L | s31603 | 10 16 2 | Bal 0.03 —
=74 1T Fe-Ni-Cr-Mo & &2 7~ SUS 317L | s31703 | 11 18 3 Bal 0.03 | . —
i . . T 254 SMO alloy! S31254 | 18 20 6 Bal 0.02 [0.2 N, 0.7 Cu
-7°& LT Fe-Ni-Cr, Ni-Mo % & ¢¢ Ni-Cu Alloy 904L I Nossos | 25.5 | 22 45 | 42 0.02 | 15 Ca
S D TOD I — P I Carpenter 20Cb-32 | Nogoz0 | 34 20 2.5 | 38 0.06 | 0.5 Cb, 3.5 Cu
fﬁ ] 7 ) “jEBJ ? Noo %1 ES Incoloy 8259 1 Noss2s | Bal | 215 | 3 | 29 0.05 |2Cu 1 Ti
> Fe-Ni-Cr-Mo 7'V~ 7DEREEHERTo Hastelloy G-3¢ | Nossss | Bal | 22 7 19.5 0.015 | 2 Cu, 0.5 Cb
. Al = N A, 0 . Inconel 6253 | N06625 Bal 21.5 9 S5max | 0.10 | 0.4 Ti max.3.7Cb
NMBDEEIEE Cr GBF 20 % <HW), Hastelloy C-276 ! Nioz76 | Bal | 15.5 | 16 55 0.01 {4 W, 035V mex
§C GEW0.03 %LUF), Ni (12~62 %), © 7 FeCrNi, NiMo, Ni-Cu, a0d Ni Alloys ’
5&Y Mo (2~16 %) X bAptA. ZDfhic SUS 304 " s30100 | 8 18 — | 7 0.08 -
; . R . R Incoloy 800 N08800 32.5 21 — 44 0.10 ; 0.38 Ti
u, Cb, trl’ W,V kLU N2 DERMEN Do Inconel 600 Nossoo | 72 155 — 8 0.08 0.3 Ti max
QTN —TDESL 1ELFRLEMN Hastelloy B-2 | N10665 | 69 —~ | = 2max | 0.01 ! -
% = AN » '
. . . . Monel 400° Nodoo | 665 | — | — | 15 0.15 * 31 Cu
NBEEDIRY TSN - TEDEEIN D, Nickel 200 ! Nozzoo | 9.2 | — | — | o4mad 010 ! —

x4 SUS 304, f>va2m4 800 A >

1. 254 SMO is a registered trademark of Avesta Jernverks AB.

2. 20Cb-3 is a trad of C

v B00IE TR T Mox&E LinwCres4

7P
3. Incoloy, Inconel, and Monel are trademarks of International Nickel Co. Inc.

4. Hastelloy is a trademark of Cabot Corp.
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Table 2 Effects of alloying elements on corrosion

resistance
Alloying Nonoxidizing Oxidizing Alkali
element acid acid
Fe [ Bad Variable  Acceptable
Ni ! Acceptable Variable  Excellent
Cr ‘i Variable Excellent  Acceptable
Mo i Excellent Bad Bad
w ' Good Variable  Acceptable
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Table 3 Corrosion resistance in boiling nonoxidizing acids

Corrosion rate, mils/yr (mm/yr), 24 h exposure

40% 10% 10%  55%  85%
Alloy HCOOH HCI H.SO, H3PO, HsPO,
SUS 304 180 >12000% 2200 400 9500
.8 (>305) (56) 10) (24
SUS 316 30  >12000% 400 18 450
] 8 (>3 a0 (0.5 a1
SUS 317 I NT 9000 360 NT NT
o (29 (.1
Nickel 200 10 8000 130 500 NT
1 0. () 3.3 (3 N
Inconel 600 10 4 400 360 NT 1800
0.3 1) @D (46)
Incoloy 825 8 1000 18 6 35
| .20 @5 (0.5 (.15 0:9
Hastelloy G-3 2 1000 24 5 24
i 0.05) (25 (0.6) (0.13) (0.5)
Inconel 625 7 620 44 10 110
by s D) 0.3 (@28
Hastelloy C-276 3 220 16 7 18
(0.0 (5.&) (0.4 (0.18) (0.5
Hastelloy B-2 0.4 7 2 3.5 3.5
0.01) (0.18) (0.05) (0.09) (0.09)

NT=not tested

* Specimen dissolved
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Table 4 Representative redox reactions and
redox potentials

Redox reactions Eh (V)
N03—+2H*+26—2N02—+H20 +-0. 84
Cr2072"+14H*+65~:2C1'3++7H20 +1.33
MnO4~+4H*+3e"=MnQ:+2H,0 | +1.68
Fe3* e~ =Fe2* ‘ +0.75
Cu2*+2e =Cu +0. 35
2H*+2e"=H, 1 +0.00
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Fig. 1 Porlarigation curves showing the action
of oxidizing species on paosive metals
(A) : Internal porlarigation curve
(B) : External porlarigation curve
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sus Table 5 Corrosion resistance in boiling
30F éggg g(l)éli i - —'1 oxidizing environments
o SUS 318L = Corrosion rate, mils/yr (mm/yr),
sl |® ggg %’il . k- h exposure
kil g 10% 5094 H2504+
b i z Alloy HNO3 2.5%Fe2(S04) s
; SUS 304 1 46
15 . E Vi N (0. 025) (1.2)
R <= 1 SUS 316 1 36
£ (0. 025) ©.9
1o < kel 201 SUS 317 0.5 28
{99 % Ni) (0.013) ©.7
3f 1 Nickel 200 >12 000% 8 000
- (305) (203)
10 B3 B 50% NaOH (Zi) 5 4 BOAED Incoloy 825 0.6 11
Crt (g/0) A HE (315 °C) 0. 015) ©3
_ Fig. 3 Comparative corrosion resistance of Hastelloy G-3 0.8 11
2H ﬁ%ss%}mc;% p_iz;1s§ four alloys in 5094 NaOH at a - 1 (0. 020) 0.3
KRAF Vv AEDO Crt* i temperature of 315° C (600 °F) nconel 625 1 23
IC X B EARERRL (0. 025) (0.6)
g. 2 Transpaseivation of 18-8 Hastelloy C-276 18 260
stainless steels by the Hastell >(0. 5) " .6
. 6 i astelloy B-2 12000 NT
addition of Cr6* ion in >305)

boiling 65% HNO;

solution
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* Specimen dissolved
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Table 6 Minimum temperature for stress corrosion

(132) I (No ] cracking?
pitting) o o
— ot Hastelloy -3 | Temperature, °F (°C)
g asterloy Alloy CaCl, NaCl MgCl2
t_ ES i Nickel 200 NC NC NC
g (12?))' Mog 54 30 A Inconel 600 NC NC NC
“i o Hastelloy B-2 NC . NC NC
5 ot 1 Hastelloy C-276 NC NC 450
=40 Alloy 9041 | (230)
2 uor Hastelloy G-3 NC . 450 450
£l | T (230 (230)
BOSUS 317 ® Jncoloy 825 InCOIOY 825 NC 450 400
9 4 N
(ég) I Carpenter 20Ch-3 ] (230) (205)
o Incoloy 800 NC (350) (350)
) /A . ans 175
G oEm m W Carpenter 20Cb-3 400 350 350
%5 Cr + 2.4(% Mo) (205) (175) (175)
Fe-Ni-Cr-Mo 2 Avesta 904L 350 350 350
g b i
(49 NaCl+1% Fes (SO0 3 EHE T N AFad C-276845:@ 1. Autoclave tests using C-shaped samples and
+0.01M HCD ey oxygen-containing solutions: 1 week exposure

Fig. 4 Critical temperature for
pitting in 4% NaCl+1%
Fep(S04)3--0.01M HCI

versus composition for
Fe-Ni-Cr-Mo alloys
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2. NC=no cracking to 450 °F (225 °C)
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Table 7 Alloy selection guidelines

Candidate
alloys

Hastelloy B-2
Hastelloy C-276
Inconel 625
Hastelloy G-3

Hastelloy G-3
Inconel 625
Hastelloy C-276

Nickel 200
Inconel 600
Incoloy 800

Hastelloy C-276
Inconel 625
Hastelloy G-3

Hastelloy C-276
Hastelloy G-3
Incoloy 825

Type of
corrosion

Uniform

Type of
environment

Nonoxidizing acids

Oxidizing (Cl~-free)

Alkaline

Pitting Oxidizing (Acidic-Cl™)

Stress corrosion | Acidic-Cl~ or sour gas
cracking

- Cr 283 BRI COM AN Bk
Z)O
«Ni Z8Mm34uE 702 ) BECOHAMR B
AT
@) MWFL&t:
*Mo & Cr #8in35 2 &EMREE L.
(8) m SCC ¥
Mo Dighic Ni #8452 & 8EE L
BER L UREEROMAMOHKBITIZ, BABTED
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9 U
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Vv PV CREEERBANNIL L S R - BEAD
MEREEL LTHELWSDELAD, LL, 2hbO
SRV TN TORBEMERRO D DOFEER L ZE LN
RnR, RBEAECEDLDLEL L - TEHD D EE kg
ThHDHILAEN T D BALIC L DLEHERTONT,
Lkt o BESIRID I BT & F ORI M S L Io
Z DT 2~ vk LOEAMBECED 55 4 O EE
BRAPLUTH CEET EEECE S5,
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