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The Effect of Temper Embrittlement on Hydrogen
Embrittlement of 2!/,Cr-1Mo Steel
Tadaomi Fujn, Ryuichi HORITA, and Kazuo NOMURA
Synopsis

The effect of temper embrittlement on hydrogen embrittlement was investigated on 214 Cr—1Mo steel
for high—temperature and high—pressure vessels. The threshold stress intensity, Ky, for hydrogen-stress
cracking (HSC) was determined by immersing modified 1T-WOL specimens with and without step—-
cooling heat treatment into a H,S-saturated 0.5% acetic acid solution.

The results obtained are summarized as follows :

(1) Temper embrittlement enhances the susceptibility to hydrogen embrittlement of grain boundary.

(2) The Ky value decreases with increase of fracture surface transition temperature, 2Trs(°C), grain
size, d(mm), and hydrogen content, C(ppm).

(3) The Ky value has a good correlation with the hydrogen embrittlement susceptibility factor, @,

denoted by

@ =0.05d-15(vTrs+133) +4 (log 42+ C1/3)
(4) On the basis of the relation between Ky and ¢ and some diagrams to determine the maximum
residual hydrogen content in a pressure vessel wall, a safety estimation method for preventing HSC during
hydrostatic test of pressure vessels after the service was proposed.
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Table 1. Chemical composition of steels used.

Material Type of Thick Chemical composition (wt%) Jj
mar steel (mm) """ Mn P S Ni_Cr Mo Cu Al As Sn  Sb v N @
A 2Y,Cr-IMo 50 .13 .34 .56 .013 .002 .028 2.39 .97 .11 .01l .010 .017 .0250  .006 .0124 (323?%)
B 1%Cr-YMo 26 .14 .54 .60 .01l .004 .03 1.36 .52 Ol 026 .005 .001 .0016 <.001 .0105 (112377)
C 2Y,Cr-IMo 85 .14 .20 .50 .04 .005 — 2.32 .99 .0144 — .002 .0025 .0031  — — (116168)
D " 50 .14 .17 .54 .010 .004 — 2.40 1.02 .016 .007 .003 002 .0150  — (1§56)
E ” 70 .14 .26 .55 .004 .006 — 2.32 .98 — — .002 .001 .0006 — (4%19)

*J=(Si+Mn)(P+Sn)x10* T=(10P+5Sb+4Sn+ As) x 100
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Table 2. Heat treatment conditions, mechanical
properties, resolved hydrogen content and austenite
grain size.

Materi| Heat Step vIrs | T.S. CO” 2)
l:ak Treatment [PWHT Cooling MOk «(;r ppm (ﬂ‘;

A ex2h 1| 6%0T | No | AP |~20 | 565|114

xI6h 25
850 | Fc [Yes | AS [+40| — [L14|(8)

930°x2h \gsox | No | BP | +18 563 | 197
B x6h 40
t23| — 2.5 |(66)

(304°C/min ) FC |Yes | BS
800°Cx2h T eoowe | No | CP [-45(610114 |
650°Cxgh | X16h %
ac | FC |[Yes.|CS |-30 608|134 |(75)
c 1350°Cx Smin sso;gh No |CHP |-66 | 632 | 248
X
0Q(a00°CANn) £ | Yes |CHS | -25 |62.5 269 200
(SHAZ) |eox | No |CLP|-30 719|521 (32)

FC |Yes [CLS |+46|729|579
930%Cxth  fesh | No | DP |-82 | 70.1|396

D WQ(400C/min)  xi6h 50
620°C2h | FC |ves | DS [-24 | — |397](6)
1350°Cx5min 1g509¢ | No |ELP{-55| 715|474

E 0Q xI6h 1200
(S.HAZ) | FC |Yes |ELS|-14| — |478(F32)

Remarks : 1) Resolved hydrogen content
2) d : Austenite grain size (Average value of 20
grains.)
N : Grain number specified in JIS.
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