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Development of Laboratory Test Method for Stress Corrosion
Cracking of Steels in Liquid Ammonia

Youichi NAKAIL, Yasuji UESUGI, and Hayao KURAHASHI

Synopsis :

To develop a laboratory test method for accelerating stress corrosion cracking (SCC) of steels in liquid
ammonia, effects of ammonia contaminants, such as Q,, N,, CO,, etc., and electro-chemical polarization
on the time to failure of specimen under a constant tensile load have been studied.

SCC is strongly accelerated by an anodic polarization of steel in liquid ammonia which is saturated with
CO, and contaminated with O, above 0.5 atm partial pressure. By this test method, previous research
findings on the inhibition of SCC by the addition of water and the decrease of temperature are confirmed.
The susceptibility for SCC of various commercial steels examined by this method for 7 days is correlated
very well with the result of one year immersion test in ammonia storage tank. Cracks of specimens are
quite similar in appearance and this suggests the same SCC mechanism prevails in both cases.
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Fig. 1. Apparétus for SCC test in ‘li'quid armmmonia.
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Table 1. Chemical composition of steels. (wt%)
Steel C Si Mn P S Ni Cr Mo \% Cu Al B
A 0.11 0.27 0.78 | 0.014| 0.006 | 0.98| 0.46 | 0.44| 0.031 | 0.25| 0.056| 0.00!8
B 0.14 0.25 0.87 | 0.010 | 0.004 — | 0.39 | 0.44| 0.027 | 0.24 | 0.053 | 0.0005
C 0.13 0.33 1.32 | 0.013; 0.005| 0.50 — | 0.13 ] 0.042 — | 0.029 —
D 0.13 0.35 1.35 | 0.022! 0.004 — — — | 0.036 — 1 0.030 —
E 0.08 0.23 1.47 ] 0.015| 0.005| 0.29| 0.10 — | 0.020 — | 0.032 —
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Table 2. Mechanical properties of steels.

Steel | Y. S. (kgf/mm?)| T .S. (kgf/mm?) | Hardness (Hv)
A 83.0 88.0 | 278
B 73.6 81.0 242
C 57.0 65.0 | 235
D 62.0 66.0 210
E 34.2 46.8 132
58
X
B ak
| ¥
€15 -
(a) Tensile specimen
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(b) Four-point bending specimen
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(c) Slit type specimen for welding

Fig. 2. Specimens for SCC test in liquid ammonia.
(Dimension : mm)
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Fig. 3. Effect of applied current on fracture time
of steel A in NH;+ CO,.
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Fig. 4. Effect of applied current on fracture time
of steel A in NH;+CO,+ 0, and NH;+CO,+N,.
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Fig. 5. Effect of the partial pressure of O,, N,
and air on fracture time of steel A in NH,4-CO,
with constant anodic current applied.
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Fig. 6. Effect of the partial pressure of CH, on
.. fracture time of steel A in NH;+CO,+O, with
constant potential applied.
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Fig. 7. Effect of the addition of water on frac-
ture time of steel A in NH;+CO,+ O, with con-
stant current applied.
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Fig. 8. Effect of temperature on fracture time of

steel A in NH,+ CO,+O, with constant current
applied.

Table 3. Results of 7 day four-point bending
SCC test of commercial steels in NHy+CO,+ O,
solution under constant applied anodic potential
(2.0V vs Pt).

applied stress (X oy)

Steel — -

0.2 0.4 0.6 0.8 1.0
A ® X x x X
B O ® ® x X
C O O ® o e
D O O O O ®
E O @) O O O

key: X macro-and microcracking @ mxcrocxackmg O no crackmg

(@) Steel A
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Photo. 2. Photomicrographs of stress corrosion cracks formed on the four-point bending
specimens of steels A and C in NH;+CO,;+ 0O, as shown in Table 3.
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Photo. 3. Macrophotograph of the welded spec-
imen of steel A tested in NH;+CO,+ O, with
constant anodic current applied.

3.4 BEDOBR SCC BmIM

BiERoORE SCC EF M2~ 510, Hiic d HE
@ 2 3RS A (Fig. 2) w A 1. 1k]/om CiERE
T, 200 2 F L 2B — b 2 U — TN TIRERER
T2, FEEREME NH;+CO,+0, 5%, 7/ — F&
H10A/m2, RERWIRA 1 , ATH 5. ZOFKE, Afx
B TERIEE D7 K BD ST, ASRD BN
43R %& Photo. 3 iR T. BELELCHTEEIICE N
ALY, BB LB TR IR B
LN EE B S, TOX S HEROSTE)IARSS
MERORG T (HT 80) #M 2 o o’ 1 4E[H7R%E
LTEBAFREE—FHLTwaS.

4. = =

SCC o{fERMEEMT 256, F—wcMELins
DIFERIFETORF L OFEH:, MBEAETHS. &<
B bi3mc X5 Tx<, KEROX S ICELW
MBEIAR X BB IO ENARELHELILS. &
WE TRBRLEDTOBEIENTMO SCC B2 1 E S 5
RS BRI % F O TR L7oRS SR, NH3+CO,+0, /T
HE R &7/ — FIToiT 52 LTk 9, EREH T SCC
BHEAEIRH/LIEEFBEL T LA £IT, TTZD
TRAEETEHE LN D EIN & ERETRAET 250 & O ik

BRI LETH 5.

1964 4 X H{#H LTwv 7= 2% 300m® o HT 60 %
(#F 23 mm) LR 2 o 2% 11 45 CBRaE
L7 & CHERDENBRE I S iEfEiticE
FLTHD, EKEHELETIHMOEVTENE &5
ADERERBLL, ToREMBITFELE LTHESS X
OVE R RN ELD, BRSO EH) (£ > 2 )
Thole. KL I2REND Y 54 o & —[hk, HER
RHRE, #RIERORERG IR LR (570°Cx2h) 2 5E
LD bR S, | ER0BMRE THOS
BOBNAER I N, Z0 HNFEEKINE Photo, 4

T, BHROWIE % Photo. 5 it HNIIEESER

PRERICR R AT, HE,» S 0N BT
HEELTWD. 2R A 2 v (R T
b, WUICNGARER % > 2 L Rix 570NN
ORI DM, TOX S HEITEER T X4 (Photo.
3). FhE L IMOLERSIAREGD CHOMKIC
W25, £ DFNOREIGEBITEE LTRRTH D, CH
D 4 AT RERER T b RO EHE Sh7c (Photo.

weld bead

10 mm
Photo. 4. Cracks formed on the inner surface
of ammonia storage tank fabricated with TIT 60

steels and used for 12 years.
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Photo. 5. Microphotograph of stress corrosion cracks formed on the inner surface of
ammonia storage tank shown in Photo. 4.
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Photo. 6. Comparison of magnetic particle tests of steels A and B immersed in ammonia
storage tank for one year and the ones tested in laboratory apparatus.
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Photo. 7. Photomicrographs of stress corrosion cracks formed on steels A and C immersed in

ammonia storage tank for one year.
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