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Effects of P, Sn, As, Sb, Si, and Cu on the Formation of
Bubbles by Hydrogen Attack in 2.25Cr-1Mo Steel

Synopsis:

Tadamiti SARAI and Haruo Kajr

Effects of impurities P, S, As, and Sb and those of alloying elements Si and Cu on the density and
growth of methane bubbles formed on grain boundaries in 2.25Cr-1Mo steel by hydrogen attack were

investigated.
The results are summarized as follows:

(1) The addition of 0.016 wt%Sn to the high-purity steel increased the bubble density and dia-

meter by factors of 2.7 and 1.15 respectively.

(2) The addition of 0.016 wt%Sb increased the bubble density by a factor of 2 to 3, but reduced

the bubble diameter to 0.8.

(3) The addition of either 0.016wt%P or 0.017wt%As decreased the bubble density by a factor

of 0.75~0.5, while the growth rate was unchanged.

(4) Phosphorus and arsenic, however, could not relieve the above effects of tin and antimony.

(5) The bubble density and diameter of 0.26wt%Si steel were 1.3 and 1.4 times those of 0.016
wt%3Si steel respectively, where both the steels contained all of the impurities by 0.01wt2, each.

(6) The addition of 0.2wt%Cu decreased the bubble density but could not relieve the effects of
tin and antimony when added together, while it increased the growth rate.

(7) Temper-embrittlement treatment further reduced the bubble density in 0.016wt2,P steel ma-
gnifying the effect of phosphorus, while the effect of tin was not magnified by the treatment in 0.016

wt?%Sn steel.
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Table 1. Chemical composition of tested steels.
Steel G Si Mn P S Cu Cr Mo Al Sn As Sb N O
R 0.13 0.27 0.49 0.003 0.015 0.005 2.22 0.97 0.019 0.001 0.003 0.001 0.0052 0.0017
P ©0.15..0.26 0.49 0.016 0.016 0.005 2.26 0.99 0.020 0.001 0.003 0.001 0.0051 0.0013
SN 0.14 0.26 0.49 0.004 0.016 0.005 2.23 0.98 0.019 0.016 0.003 0.001 0.0053 0.0018
SN" 0.15 0.26 0.49 0.003 0.018 0.005 2.27 0.99 0.020 0.010 0.003 0.001 0.0056 0.0013
AS . 0.14.0.26.0.47 0.002 0.008-  0.005 2.30 0.96 0.008 0.001 0.017 0.001 0.0065 0.0019
- SB 0.13- 0.26 0.46 0.002 0.009 0.005 2.30 0.97 0.014 0.001 0.001 0.016 0.0047 0.0012
CUu 0.14 0.25 0.47 0.003 0.009 0.197 2.42 0.99 0.017 0.001 0.001 0.001 0.0049 0.0031
by 0.150.25 0.49°0.009 0.016 0.005 2.20 0.99 0.022 0.008 0.008 0.010 0.0044 0.0022
>CG' 0.15 0.25 0.48 0.008  0.007 0.079 2.27 0.98 0.020 0.008 0.007 0.008 0.0048 0.0018
Y C 0.12 0.26 0.50 0.013 0.014 0.200 2.19 0.99 0.016 0.008 0.012 0.008 0.0054 0.0020
(waCSi) 0.11 0.06 0.48 0.012 0.012 0.200 2.38 0.99 0.016 0.010 0.010 0.011 0.0054 0.0016

Table 2. Heat treatment and step-cool treatment.

Heat treatment

960°C x 3hAC*—940°C x 3hAC*—690°C X 3.5hAC—>690°C x 26.5hFC

Step-cool 5.6°G/h

treatment
2.8°C /h

5.6°C /h
593°C X 1 h —————538°C x15h ——

5.6°C/h
524°C, X 24h ——— —

2.8°C /h

496°C X60h ————468°C x125h ———315°C AC

* cooling rate : 42°C/min from 940°C to 400°C
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Table 3. Hydrogen attack treatment.
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1 570 320 390 72hDTHY, FABEE LOZoRAE ECRE - KE
% Z Z %8 LicHBOKRBO2EFEMAERTbOoTHS. EFD
BETE, ~EHRIRRBEL 5. jok, BEOR
Table 4. Marking of specimens.
Example Steel Treatment
P2 P Heat treatment——hydrogen attack treatment 2
P (SC)2 P Heat treatment——step-cool treatment——
hydrogen attack treatment 2
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Photo. 1. Scanning electron fractographs showing
the whole aspects ‘of grain boundaries
and bubbles on them.
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Fig. 3. Histograms of bubble diameters at the
holding time 400h.
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Fig. 1. Bubble density (a) and diameter (b) on : B ]
grain boundaries in the various steels at 50k 4
the holding time from 320 to 500h. - .
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at 500h and the bubbles cannot be iden- L EC'/ feu
tified separately. (see Photo. 2). 9 ;f/ / IAS
s F SN ]
’ bubble grain boundary  wpq between bubbles o [ SN/ 2/-' i
~y &5t J
>OOO0-000-00C = 7/ ]
, _ v S8+ ]
(a) growth of discrete bubbles % SC{LowSi) /
< I R
o trace of "wall® P
, U ]
(b) partial separation of grain boundary by coalescence E P(SC) /./ E

VS split \/ a5 1 ] . | ]
/ \, /\ 0 I_QO 200 300 400 500
Holding Time (h)

(c) complete separation of grain boundary by split of
remained "walls" Fig. 4. Relative area on grain boundaries occupied
e e N by bubbles, showing the fraction of the sep-

arated grain boundary.
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(d) formation of smooth surface ?@%Ebigﬁ%’?ﬁ% < 400 h ’Cff(‘] 2.7 %126 B § BUC%
Fig. 2. Schemstic illustration showing the process BWEED 1.15 FThs. KEIRETHEETEE,
‘ of bubble growth to separationf of graiﬁ R TIL 1.5 {81 5. @Sb HmINH (SB) %
bounda and the formation of smoot .
smémV e - REEIFEL, 400h T 265, 500h TIX3FTH5.
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400h g 500h 1
5 M
Photo. 2. Scanning electron fractrographs showing the grain boundary bubbles at the holding
times 400h (left) and 500h (right).
The density and size differ with each steel.
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Photo. 3. Scanning electron fractographs showing
the effect of Si at the holding time
400h.
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Fig. 5. Relative bubble diameter (a) and density
(b) as compared to the base steel R at the
holding time 400h.
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Photo. 4. Carbides on grain boundary before hyd-
rogen attack treatment (carbon extraction
replicas).
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ERBVWEER, RENEATEF CAEL D, BT
REBICKEM O “B” 2\ /e L amuiging 3
B2, Fricls BARE STz it EL bR
5. [EHTOHRELTL PHO X 5 cBENPNIITH
W, ToX 5NN FhKRREREG TS
U,

2.25Cr-1Mo S DKEB B L 2R LogmoRke
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2.25Cr-1Mo RO KEBEIC X 5 ZEBRIC K X1ET P, Sn, As, Sb, Si, Cu 0 & 1141

CRECE I TARMWIGEP, Sn, As, Sb ks XU Si,
Cu pYELEEMBEC IOTHN, RO#EFBRELE
7z.

(1) TimBEIAIRL, Si % 0.27wty Hmlic
HE#EMxt L, 0.016 wi%Sn  ¥RINM ORMLEE L EE
i, FhEh 2.7 £%5 115 f5THD.

(2) 0.016 wt%Sb ¥RINM OKHUE EIXEEEM O 2
~3EThDHH, TRERINEL 0.8 FTHS.

(3) 0.016 wtZ P yFhnihds X 0% 0.017 w5 As ¥ihn
MoSEEBER, REHO 0.75~0.5 £ Th5. —H,
SWERTIEL L.

(4) UL»LPE As i3, Sn L Sb oFEYHART
ES AN

(5) 0.26 wt%Si MoOKEHE LERET, 0.06wt
%Si MoFnFh 1.3 f%, 1.4 f5Th5. KX LEH
& A B RMHTERK 0.0l wty FOEFAELT5.

(6) E#HH L 0.2 wt%Cu FRINH O KEHEL
ET352, Sn 2 Sb oFELHEBCERL. —T,
B TENS EA, [EORERYRET 2.

(7) HoHnUdHEEL E UBLAEET 5 &, PiRM
Mo SEFEEZILRBESLTP o HRS EHRAIND
2%, KWERLNPIS. —F Sn i OBELE
Bz, DLAEFETLTC Sn oEFEFAIND

EXTgn,

Bk, RRCELCEL, #Wgn, #@hTEok
P SRR B SRR R IERE, /NMEET], EREA O
ReE#oBgxELET.

T [

1) Steels for Hydrogen Service at Elevated
Temperatures and Pressures in Petroleum
Refineries and Petrochemical Plants, API
Publ. 941 second ed., (June 1977)

2) IR, R OFEH: gk, 64(1978), p. 430

3) BAER, &H # FHEE BBER KHE
e #k LW, 63(1977), A155

4) M. P. SEaH: Surface Science, 53 (1975), p.
168

5) P. G. SuewMmoN: Met. Trans., 7A (1976), p.
279

6) BHIREZ, TE H: WHBELEORIT LR
JEit (AASkMinSekmERLFRTRRR),
(1976), p. 41
(1974);" p. S178

8) R. Ray and M. F. AsHBY: Acta Met., 23
(1975), p. 653

9) R. Raj, H. M. Suin, and H. H. JOHNsSON:
Scripta Met., 11 (1977), p. 839

10) FHE—: AR L MoMME (BEX&KME
SBMAERERPE LT, (1978), p. 21

— 87 —




