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Stress Corrosion Cracking of Steel in Liquid Ammonia

Youichi NAKAL Yasuji Uesucl, and Hayao KURAHASHI

Synopsis :

The mechanism of stress corrosion cracking (SCC) of low alloy steel in liquid ammonia has been inves—
, tigated by measuring potentiostatic polarization curve, potential- or current—time curve under a constant
tensile load and electro—chemical hydrogen permeation.

The results obtained are as follows;

1) In liquid ammonia containing strong electrolyte, such as NHNOs, anodic polarization curve of
steel shows active, passive and trans—passive states as in aqueous solutions. The passive state is elimi—

nated by the addition of CO,.

+2) By the existence of GO, in liquid ammonia the corrosion rate of steel increases, and a corrosion

product film is formed on the surface of steel.
dition of O,.

The film formation is considerably accelerated by the ad—

3) A potential rise or current decay in the constant load test under anodic polarization is observed
before the failure of specimen, this indicating the growth of the corrosion product film on the surface of

steel.

4) The addition of water or the decrease of temperature inhibits the formation of corrosion product

film and the cracking of specimen.

5) Under anodic polarization, no hydrogen permeation is observed but cracking is stimulated.
These results indicate that SCC of steel in liquid ammonia is due to an active path corrosion mecha-

nism.
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Table 1. Chemical composition of steels. (wt%)

steel C Si Mn P S Ni Cr Cu Mo v Al
pure iron 0.003 — 0.003 | 0.002 | 0.008 — — . — — — —
HT80 0.11 0.27 0.78 0.014 | 0.006 | 0.98 0.46 0.25 0.44 0.031 0.056
S S41 0.19 0.01 0.46 0.020 | 0.025 — — — — — —
- Safety valve Pressure gauge Safety valve Pressure gauge
Teflon
Valve T Stirrer Stainless steel
e 0 ring Valve o O ring 1
. Ref
1 Staintess elactrode (SCE)
I Liquid NH3 —H I = —QIMNaOH
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Counter ~
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Fig. 1. Autoclave and specimen used for the mea- Fig. 2. Autoclave and specimen used for the

suring of polarization curve in liquid NH,.
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Fig. 3. Polarization curves of pure iron in liquid
NH; with 5 wt?; NH,NO,; or 5wtg, NH,CI.
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Fig. 4. Anodic polarization curve of pure iron in
CO, saturated liquid NH;-+NH,NO; compared to
that in liquid NHy+NH,NO;.
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Fig. 5. Polarization curve of pure iron in liquid
NH,+CO, compared to that in pure liquid NHj.

kT 5D EFLbNS.

3.2 FHMEESCERPTONEEES

B X 5 ITHIEZR TRIZEAEEREREZ 57,
F oM ZrhT SCC MBLE Lzt Wi HhEDALRIL
Ww. L2 L, BEOBREDTIXEESETL, SCC 3
RETDEND, EFORECIFRMMIREAL, B
BHUEPBHTWDELEELZLNS. ThLDRHWE LT
X €O, O, N, CH, A EYBHEIhTW3?Y. 20
5b CO, M ECERFEL, (1)K X S iThfkE
LTHEDEREMEZED B0, 7 CO, ffnkZrh

THigko oG EIE L. 2% Fg 5 TRy
TOFRTETD Eerr 13 —0.7V THH, NH; FTD
FRICHLELLBTHS. /4 NH; Rickkl, 7/
—F, #V—FESEO BRFEE IR &L, CO,
OBESREEZT LTS, L L NH;+NHNO; %
it 5L, ZoHBINEL, BEPD CO, 135
BRETHDEVES. BV — FHETTR(2)RoK
ERERISH RSB, 7/ — F HHT T E8r 8k
ThHBHH, KLTI20 BRI HTbND. £F
Eoorr~0V O#HIF Tl BRBEIX EbDTIHEL, »»
2 0V B TR BT X V) EBRMENEE) LIAETEE

CRIED X 5 sF R RT. o 0~0.5V O #iH T,

BAA 0 2l 2 5 & ERERAMICEMEBY, 0.15V
THKIGE LD bbb T A L, 0.25V CTH/ME
ZRT. ZhEFRBOBRRIISND OEBRTHADLN
Twb. ZOBLIETREEOBF L EREOEEBEED
Lhd s, kXUFHRD CO, OREREMRILZHE D,
Z OEIRLECS BRI KT IGT 5 D TRy
Lk, & OB TIIBRIEASRE & &bk
BT aEmsELLh. EHI0.5V L ETIREMNE &
dic T s — RERIZBEIL, EHEREEREOEKER
BB LNG. BAMSEL 5 L BROFAD R
5. ZOBRIETCORMIT—EBMTERMY, &%
X 2.0V T 2~5h T35 L EMEBA LIS, &
NI E LD TN LBEC LD L THD. ZOHEK
MERRMCEELEESERE SN DB IS EFE X5
5. BROSED LIX LD 5 % ToORMIZTRIFIEMEE
WEEE L KB EmMBE AL, Lo T, ZOEE
WIEEIB RIS E O TR AN 5 D TH D, NHz+NH,
NO; RCHEI N/ TESEE L 3 FREWC RS B
DTH5.

DXL, NH;+CO, R XD FRiLKIEHET I
atm @ O, % 72kk N, ZEMLA%R (NHz4+CO,4+0,
%, NHz+CO,-+-N, &) izitr % HT80 fHo4iRihis
% Fig. 6 [cF4. NHy+CO, Ric ki35 HT80 o
SHEEBIE Fig. 5 107 L7ofigko 2 h & I3IE% L.
ZDFRIC Ny L Td oMz 272 < &Lk
V. AR O BIENT 5 LT/ — FOEERNIZE L
{EEEZFTFD. Tibb Ewonr~0.5V OHiETT /
— PRSI 5, NH+CO, Fo 0~0.5V CHizE
IN/7 /7 —F B RO KR, H/MEX DO
5. ¥ 1.0V D ETCH7/ - FERIEEEL < {flX
, NHy+CO, FTXx b 1Hhxw 2R T. Thid,
NH;+CO, Ziz T 0.5V D O BAIC BRI
LB aTmEn gl O, 2iFnT 5 & b THE

— 165 —



2238 % &

5 67 4 (1981) 55142

10"_§uthodic<-->Anodic
£ 0\\ \\
<
- r ‘f\h
> 051 .¥ ~—A.
= »
°
& ° N
o 01F \ NH3+CO2+N2
£ 005 B
=
O 001+ NH3+C02+02
- /
] |

| 1 1
-20 -10 0 10 20
Potential ( Vvs.Pt)

Fig. 6. Polarization curves of HT80 in liquid
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Fig. 7. Potentiodynamic anodic polarization curves
of HT80 immersed in liquid NH;+ CO, for 10 min
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Fig. 8. Potential-time curves of HT80 under ac-
celerated SCC test with constant anodic currents
in liquid NH;+CO,, NH;+CO,+4+ 0, and NH,;+
CO,+N,.
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Fig. 9. Potential-time curves of HT80 under
accelerated SCC test with constant anodic current
in liquid NH;+CO,+ air.
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Fig. 10. Current-time curves of HT80 under ac-
celerated SCC test with constant anodic potential
in liquid NH;+CO,+O,.
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Fig. 11. Schematic potential-and current-time
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Fig. 14. Effect of H,O addition on the current-
time curve of HT80 under accelerated SCC test
with constant anodic potential in liquid NH;--
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NBREN I EXTREIEOR] 5T 45 EBRE CTHRAE
THDIH L, & SCC Tk Fig. 12 ZR/RT X 51T,
BRI TH DT EHEIRRIIE <D, ZOFHEREDE
o BRI sLEEz 605,
3-4 AR SCC (CHIBTREHIVKFMOEE
ek SCC off ki idko 4 BB RIRE O|T
BETHHTEPMBLNTE D, EEHELLEIERY T
OEREMR Lic. ZOFEREHASS D, EFIRRE
RERC R IT 5B O B2 e BEIE Lz, 9 NH+
CO,+0, Fik&immL BEOEMELE Fig. 13
WIRT . KD IRINEMSHET & L DI PHEEAE 8]iCk
D, BRERICAHFHIEh D ZEERLTVS. FAEBA
DREFRFLELIED D0 CERREOILE CCRFHZEL
Twd. L7ah 2 TlR ok EREO L & kT
5Z&Ei2Xx9 SCC %2k T5EFE2LN5H, Thi
Fig. 14 2R LAZEENRBET TR T 5EREL»S
HEITE 5.

D EIWC NH3+CO,+0, B BWITHEDIRE®Z £
B EOBEIEILE Fig. 1517 T, BEDETEED
CEBEERE CCRRFEZELTWS. LAEX 2 TRE

8

106y 3AIm?

byt
(%]
Ll

=
2

A= )
Arox !
25°C 15T 10C  65C

e

Potentiat ( VvsPt)
g

(=)
T

)] a5 1 S 10
Time (h)

Fig. 15. Effect of temperature on the potential-

time curve of HT80 under accelerated SCC test

with constant anodic current in liquid NH;+ CO,
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Fig. 16. Effect of cathodic potential on hydrogen
permeation for HT80 and SS41 steels in liquid
NH, and in 0.1M-NaOH solution.
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