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Effects of Nickel on the Chloride Stress Corrosion of High
Chromium Ferritic Stainless Steels

Seok-Pil Jang, Joon-Shick Kim and Hyuk-Sang Kwon
Korea Advanced Institute of Science & Technology

Effects of nickel on the stress corrosion cracking(SCC) of extremely low carbon and high
chromium ferritic stainless steels have been examined in boiling 42% LiCl plus 1% thiourea
solution using a uniaxial tension-constant load tester with evaluating the influences of nickel
on the film breakdown potential, repassivation rate, and susceptibility to hydrogen induced
failure of the alloys. Commercial alloys, 29Cr-4Mo and 29Cr-4Mo-2Ni ferritic stainless steels,
have been employed as a prototype for comparison.

The 29Cr-4Mo alloy is immune to SCC under freely corroding conditions but becomes
susceptible when anodically polarized to a critical cracking potential(E.., —450mV) that
is 20mV noble to the corrosion potential(~470mV, SCE). The addition of 2% nickel to
29Cr-4Mo alloy, however, induces SCC at open circuit by shifting the corrosion potential
in the noble direction that is 80mV noble to the E.., but without an effect on the E..( —450mV,
SCE). The 2% Ni addition to 29Cr-4Mo alloy increased the susceptibility both to localized
corrosion and to hydrogen embrittlement but reduced the repassivation rate of the alloy,
which appears to contribute to the increased susceptibility to SCC of 29Cr-4Mo-2Ni alloy.
The similarities in the fracture morphology between samples that failed by SCC in a hot
chloride solution and those failed under loading and simultaneously hydrogen charging in
IM H;SO, plus NaAsO; solution suggest that hydrogen is involved in the failure process
of SCC of these ferritic stainless steels.
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Fig. 1. Apparatus used for SCC test : unia%ial ten-
sion-constant load type.
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Table 1. Chemical compositions of alloys

Alloy Cr Mo Ni C N Mn
Designation .

AL29-4 28,55 3.88 0.11 0.001 0.009 0.05

AL29-4-2 2950 3.93 2.23 0002 0012 0.10

Table 2. Mechanical properties of alloys

>Alloy Yield Strength Elongation
Designation (Kg/mm?) (%)
AL294 5.2 21
AL29-4-2 63.2 18

Vel g9t 3HAY(E) = SCCAIH A A
25 Fodg fAo4 02mV/secd] FA S
Qo2 Waa]7)m =23 oF BT o T M
doltt.

%4 2] A1Ee 5% H,S0,+ 100mg/L NaAsO,
o] Sofol A 20X10%/sece] ML T E A A 7}
stma #steds, SAld 05mA/em*e SHFE
Al Hell 7}sho] Fae) Agle] &0l E Yot A
Hel Hw-e Fa} A o] A (SEM) & o] 8-81o]
kst o},

3. &nt ¢
3.1 24 [e

Fig. 2= 140C2] 42% LiCl+ Thiourea$ %l A
AL29-48} AL29-4-2241H ) A A|zbel] w}E F-4
9ol MEE Holid, ¥ T BT 27|dE
A (E, )7t —600mVe]3t2 o] A ARE 3|
A} zbel whel Z7}stol AL29-4% —470mVel A AL
29-4-2% —370mVell A sHA 3k ¥4 A 4 (stabilized
corrosion potential, E )7} <eizict, A=
‘Mixed Potential’ o} &l wjz} A Abzh& w9}
QEE7} ot M AR e, §4
Hel7h Az bgE E @t o2 F7hee AL
e Fute] ok 3 i AAbel @B IRt
el 71@eh, T8 RS FA 2T G
e e ZrFe A" Ayl gy

olo
Yo dr

—300

—370mV

—500 +

Potential(mV, SCE)

LI SN

600

42% LiCl+Thiourea
140C

— 700 -A I BV AN GRS IS A A A AT 1
0 50 100 150 200 250 300 35¢
Time(min)

Fig. 2. Influence of immersion time on the corro-
sion potential for both AL29-4-2 and AL29-4 in
42%LiCl plus thiourea solution boiling at 1407C.
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Fig. 4. Anodic polarization curve of AL29-4 and

AL29-4-2 respectively in deaerated 429%LiCl plus

thiourea boiling at 140T : scan rate=0.5mV/sec.
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Fig. 5. Corrosion attack on slip steps of AL29-4-
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Fig. 8. Elongation as a function of time for AL29-
4 and AL29-4-2 stresed to 80% of the yield stre-
ngth in 42%LiCl plus thiourea boiling at 140T.

o A1-A17ke) 71&7]) & vl wstel B AL29-42F AL
29-4-29] F = £ 57} 7o) v &LgL & 4 9ot
ety F g A-FH ST & Aol F Hele
AL AP Aolo] Y| A7} ofle}, F T
IZH AFF 9 oo |ty AEAE
T el
3.5 &4 FHAMD oin| z=of ofdt LZEQ
[o

)

(=]

0%

Helo| B A€ Qe A27}e BCCTHEE 27 A&
o e xdhtole ~egla]az}el ulah i A el
gl 7bsicl, e Qejadte] G3E SCCH A9 e
239} g JAAARL £ &3 o] JHA
A A=g £ ol 2y, Fde A FAe
s e, 53 dHtele ~Hleazt] A,
S A4 mdst A JdAsE AR RIHI 9
t}. Kwon'®£& 26Cr-1Movgle]l E A alg] A7}
A g2 AR At g4 HAd g9 SCC
B33 of gabolo] fAgE BA 7} EA)gHe}L 3|
e 7} oS §AES gk, Table 3o 934
2X10%/secel U WY EsollA AL29-4-2% F
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Alloy
Designation &, mirl %) g, H2504( %) & sto/ & Ar
Al20-4 18.30 3.82 021
AL29-4-2 15.84 1.71 0.11

Fig. 9. SEM fractographs of AL29-4 and AL29-
4-2, loaded 80% of the yield strength in boiling
42%LiCl plus thiourea at open circuit potential.
(a) AL29-4 (b) AL29-4-2.
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