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Effect of Alloying Elements on the Corrosion Resistance of Austenitic
Stainless Steels in Nitric Acid Containing Highly Oxidizing Ions

Haruhiko KAJIMURA and Hiroo NAGANO

Synopsis :

Stainless steel has good corrosion resistance in nitric acid. When the corrosion potential is in transpas-
sive region, however, the resistance tends to be decreased according to the oxidizing environment. In this
study, the effects of alloying elements such as Mo, Nb, Ti, Zr, Si, Cr and P were investigated on the corro-
sion resistance of the austenitic stainless steel in the transpassive region, i. e. 40%HNO;+ 0.2 g/1Cr®™*.
The corrosion of welded joint was also examined. The results are as follows.

(1) Si was the most effective element for corrosion resistance improvement in highly oxidizing nitric
acid, while Mo, Nb, Ti and Zr were not effective. (2) Si improved the corrosion resistance in highly ox-
idizing nitric acid solutions containing Cr®" ions by suppressing cathodic reaction and by mitigating the de-
trimental effect of P segregated intergranularly. (3) The corrosion resistance of high Si steel was in-
ferior to that of low Si steel in pure nitric acid, where the steel is in the passive region. On the other
hand, Cr showed reverse effects, i. e, improvement of the corrosion resistance in passive potential region,

and little effect in transpassive region.

(4) Weld metal of Si-bearing austenitic stainless steel corroded

severely due to the formation of the intermetallic compounds and segregation of Ni, Si and Nb.
Key words : alloying element ; stainless steel ; corrosion ; nitric acid ; oxidizing ion ; segregation.
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Table 1. Chemical compositions of stainless steels used (wt%).

¢ si | m P s Ni cr Nb Mo Ti zr
alo.00 | 0.3 |o.65| 0.014 |0.002 | 20,8+ 25 oLl - - -
Blo.o1 | 0.3 |0.65] 0.005 |0.003 A200: 1 25 0.25 |%3%#| 0.26 | -
clo.ot | 0.2 |o.65| 0.014 |o.002 19-82. 1 25 - S R A
p[o.01 | 0.3 |0.65] 0.015 |0.002 3300 25 - - - 0B
£ lo.015 |21 k1072 | 0.012 |o.001 | 20| 25 0.25 - - -
Flo.on | 0.3 fo.60|23%2¢ 1 0.002 | 20 25 0.25 - - -
cloor | 2 [o.60|2°0% «10.002 | 24 25. 0.25 - - -
ulo.or | 4 0.60 0:012 x 10.002 | 28 25 0.25 - - -
t]o.015| 4 [o.70| 0.010 |o0.000 |28 sk | 105 5| 0.25 - - -

* Investigating element (content were varied)

** Ni content were varied in order to make austenitic structure

Cr-20Ni ¥ N— 2 C A& v B3 F+—VE
B, MBREELLTO CI30.01~0.015%, P ik
0.01~0.015%, S i 0.001~0.003% T& %. ftik#t
AW Nb, Bit Mo, Ci& Ti, Dit Zr, E i Si, F-H
@ P, 11k Cr DEBLRANLELOTHS, Wbt —
2544 MBI T A Ni B2RELA. BEAL
DB O EALE X ASTM No. 5~6 TdH 5 75,
2.66%Nb $Tix No. 10 LLE, 2.95%Ti KT 1.89%
Zr $Tid No. 8~9 & %&o7:. H#tE#M Iz 50~150 kg D
HREEE R %, Bl AEEEOR, HRE 7.6 mm
WKSERE L, 1100°C, WQ mE#E{LMEL L b
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B ICoWTid 48h THAEH L, SEEENET 240
h DERREE, 5013 40%HNO; 1 48h B LU
240 h DEAERERLITo72. BEABRI T N CHIBRE
T 7. B T0% RTEERE A1 4+ M 2@

L7k T 40% H%E L, Cr°F 44 v & RRHHK
CrO; THRML 7. BRRAROHK, EBBVICLILIBE
R EIET D L RICHE O RFEERBEBE L TVRR
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BV SEMEEHE, EPMA XA REMHMEIT2/. &
512, 40%HNOs;+ 0.2g/1 Cr®t, 100°C D &HFicB W
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Fig. 1. Effect of alloying elements on. the corro-
sion rates of 25%Cr austenitic stainless steels in
the boiling solution of 40%HNO; + 0.2 g/1Cr®*
for 48 h.
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Fig. 2. Effect of alloying elements on the inter-
granular corrosion depth of 25%Cr austenitic
stainless steels in the boiling solution of 40%HNO;
+ 0.2 g/1Cr®" for 48 h. :
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Fig. 3. Effect of Si content on the corrosion rate
of 25%Cr austenitic stainless steels in boiling nit-
ric acid for 48 h.
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Fig. 4. Effect of Si content on the intergranular
corrosion depth of 25%Cr austenitic stainless
steels in boiling nitric acid for 48 h.
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a : 25Cr-20Ni-0.3Si
b : 25Cr-28Ni-4Si
Photo. 1. Scanning electron
micrographs of the surface of
25%Cr austenitic stainless
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Fig. 5. Effect of Cr content on the corrosion

rates of 4% Si austenitic stainless steels in boiling
nitric acid for 48 h.
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Fig. 6. Effect of P content on the corrosion rate
of Si-bearing 25% Cr austenitic stainless steels in
the boiling solution of 40%HNO; + 0.2 g/ICr® *

for 48 h.
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Fig. 7. Effect of P content on the intergranular
corrosion depth of Si-bearing 25%Cr austenitic
stainless steels in the boiling solution of 40% HNO;
+ 0.2 g/1Cr®" for 48 h.
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BRCLDBEMTIT O, BERO 240 h EEREBRO
R % Fig. 8 12/”T. 40%HNO; B 1F 40%HNO3+ 0.2
g/l Cr®" OB B W THHM R HAZ B RIFCTH D

fods, BEEBEIWBEBRBVWTUEAL TV, Lad,
SBALALE I X o CRIRERIE S 38N L 72, Photo. 2

13 40%HNOs+ 0.2 g/1 Cr®™ w1 240 h IE A HKER B DA
BEeEMoEE SEM 1% & UIKTHE O EMEHGTH
H, BEFFF4 MCB>TEEL TV,
25Cr-28Ni-4Si Ml DB H SR OB EABRRB O -0 B
BB IO WTHRE L. &5 % Fig. 9 2R Y.
1000°C LAF o2 C IR TG REE S dE S h e
A, 1100°C YL EOBILBE i 2 & 12 X DR R
BOOLNEL D, BBMBEIENTHD I EIHLN
7:. Photo. 3 REEED I $ KRB EBME % 1T 7
BHEEEO I 7 0ill#icdy, BEI IOMABTIEITY
Fo4 FEICH2D THEYAEED S 1000°C D2k

200
| D As welded

/] Weld +650°C x 1h AC

[ %
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0 LAY ~fA I-H { IZ]
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Intergranular corrosion depth (um)

Base Weld [Base Weld

metal metal [metal HAZ metal

40%HNO3 40%HNO3+0.2g/% Cr67]

Fig. 8. Intergranular corrosion depth of welded
joints of 25Cr-28Ni-4Si in boiling nitric acid for
240 h.
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Z DFER 1E Photo. 4 IZ/RT &L 512, 3h DFERE AT
HORE»EREL, 9h BEICLOTIFHE®IZIZE A
EHEL, MEYWORMBLKE LRRIREZDTHAS, L
PO ENBEIEOLSF Y F5 4 PEDBE LA
HDTWBE I EDPHOSND.

Photo. 5 (2 Z DT Iz ST D EPMA 5 1 > 5¥F
MRERT. T2bbITHPICIE Ni, Si, Nb Dk,
Fe, Cr ®fA2532% 5 1%, Photo. 6 IZi#rHw (1,
2), 7vFI34 8 (3, 4) RUEFYFIAL4F (5) @
EDX i X B H#ERER L BB TIE S
9-10%, Ni #%41-44%, Nb #%3.2%, Cr #517-20% =

6o} a
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Fig. 9. Effect of heat treatments on the inter-

granular corrosion depth of weld metal of 25Cr-
28Ni-4Si in boiling nitric acid for 48 h.

a : Surface
b : Cross section

Photo. 2. Interdendritic
corrosion on the weld metal
of 25Cr-28Ni-4Si after 240
h immersion test in the boil-
ing solution of 40% HNO4 +
0.2 g/ICr8™.
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a: As welded

b :1000°C X 8 h, AC
¢:1100°C X 8h, AC
d:1250°C X 8 h, AC

Photo. 3. Optical micro-
graphs showing the effect of
heat treatments on the con-
figuration of intermetallic com-

pounds in the weld metal of
25Cr-28Ni-4Si.

A : 3 h immersion
B : 9 h immersion

Photo. 4. Interdendritic
corrosion on the weld metal of
25Cr-28Ni-4Si after the im-
mersion test in the boiling
solution of 40%HNO;+ 0.2
g/1Cr®™.

Photo. 5. EPMA line analysis
L of the intermetallic compounds
—_— in the weld metal of 25Cr-

a : SEM image b : EPMA analysis ' 28Ni-4Si.

Nb

LOTWA, FYrESAMETRTY FI A4 FRICHA~ 3-4 SrEHhEG
THTPIC Si, Ni B¥EL 2D Fe MR 2T, Fig. 10 = 25Cr-20Ni-0.3Si-0.25Nb $ & 0% 25Cr-
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a: SEM image
Photo. 6. EDX analysis of alloying elements in various parts (1~5) of the
weld metal of 25Cr-28Ni-4Si.
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Fig. 10. Polarization curves of 25% Cr austenitic
stainless steels in the solution of 40% HNO; + 0.2
g/1Cr®" at 100°C (20 mV/min)

28Ni-4Si-0.25Nb i » 40%HNO;+ 0.2 g/l Cr®* iR,
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b : EDX analysis

Nb, Ti, Zr, Si® 5 b Si 2232 OBREF CRHEH
RAESEE I ENbAhDI. —HIZ Mo AN

BB TETH DD, 18%Cr BT —RFF+1 FRDE
A, ta—AHRE (65%HNO;) 2 X 15 ic /g a st
KT B0 AEBRTE Cr®" 14 2 G LBtEo#H
I BT S 25%Cr A — 25+ 1 FEOT M
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$%bb, Fig. 1 IZ7RL72X 52 Nb, Ti, Zr i&IT
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BEALEDOER L FELERIHH EEZLOND.

Nb #4300 D 41K} C 134 SR BE A ASTM No. T 6 F2BE
THhHH, 2.7% HRMMTIE 10 L bE 2y eBRILES
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HHEEFHCHA 2R LT { 25 0B 3ms
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Si WM DA, Fig 3 WRT L 5 B b A 4
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BUITREND X, 7V — FRUBHHIHI S hn 2 &
LBbDEEZOND. FETLFEIC L VA TYES
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