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Effects of Alloying Elements on Mechanical Properties of 3Cr-Mo-W
Steels for Heavy Sectional High Temperature and High Pressure Vessel

Byung-Ha CHI1, Junichi SHIMOMURA, Toshio FUJITA and Koji SHIBATA

Synopsis :

Development of heavy sectional pressure vessel steels which are applicable to higher pressure and higher
temperature hydrogen environment, is much in demand in recent years. In this study, creep rupture prop-
erties, temper embrittlement susceptibility and resistance to hydrogen attack were investigated in
3Cr-Mo-W steels which was developed by modifing 224 Cr-1Mo steel mainly in order to suppress hydrogen
attack. As results, effects of V, W, Ni and Cr on mechanical properties and precipitation behavior of car-
bides which affect creep rupture properties and hydrogen attack susceptibility were revealed. For in-
stance, V addition increased creep rupture strength through precipitation of fine VC carbides, Cr de-
creased an amount of VC, replacing a part of Mo with equivalent W stimulated the precipitation of MgC
carbides and increased creep rupture strength. Through autoradiography of B'’, it was found that 10 ppm
boron addition suppressed effectively the transformation of austenite to ferrite and temper embrittlement
due to its grain boundary segregation. It was shown that 3Cr-0.7Mo-1.3W-0.3V-0.03Nb-B steel yielded
high creep rupture strength together with good resistance to temper embrittlement and hydrogen attack.
Key words : pressure vessel steel; hydrogen attack; creep rupture; temper embrittlement ; autoradiography ;

tungsten ; vanadium ; molibdenum ; nickel ; boron ; chromium.
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#%—#% 12 PWHT (Post Weld Heat Treatment) #%jfi &
han. L L, PWHT OMEGRE > T5E DT, K
KBTI Ly AL, EMRMHLYBEANRE, K
% PWHT %1r- 7. DUTAR@MXTIE, T PWHT%
PWHT HHMUHED & LD WVIZHICEEDL K LEIES. 20
PWHT Ml 446 d & L T, 690°C T 24.5h (Tempering
Parameter (T. P. ) =20.6 X 103, T. P. #5t5& 3 5K
DEBIAGR LT NT20 & L7z) BRELALEFGL
7z,

Z 1) — THWFRER X 500, 550, 600°C T L — ik
YU VEIERERRE % FV, JISZ 2271 (ISR L THT 5 72
REEH IR G AR 6 mm, HE 5B HIAF 30 mm o AULEABR
FThsb.
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Table 1. Chemical compositions of steels (wt% ).
C Cr Mo w \% N

H1 0.13 3.01 0.71 1.27 0.20  0.0029
H2 0.13 3.03 0.71 1.27 0.20 0.0032
H3 0.13 3.02 1.00 0.58 0.30 0.0031
H4 0.13 2.92 1.01 0.58 0.21 0.0037
H5 0.12 3.03 1.01 = 0.30  0.0035
Hé6 0.12 2.98 0.73 1.35 0.37 0.0044
H7* 0.12 2.99 0.73 1.38 0.27 0.0035
H8 0.12 5.07 0.74 1.41 0.28 0.0043
H9 0.12 3.03 1.03 1.00 0.37 0.0036
H10 0.12 3.06 1.03 0.72 0.37  0.0042

(*0.0SSi-O .5Mn-0.002P-0.004S-0.005A1-0.025Nb-0.015Ti-0.001B)
0.5Ni

bihlcak <7 8d & LM &, BEL & LIED 500°C,
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7z.
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(FTE) &% B w7z, BT BRSSO E T D E
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Wi o FsE i, RERF % 3%IEME 2 ¥ 7 — VER
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MM L7t E X BT 752 b A= —%HOOH
THI LWL TUT- 72, REFOHEETTEOKS 5T
12 EDX 2 X 5 TiTo 7. 72, o554, ERED
BB L O OERSHE, ML 7Y H % e LS
Fr&EREFHEMEICX > TiTo 72, L7 Hofpfian
THEEE L 723 % Villela ¥ VB A L 721%, »— K
CHZEEAE L, BEMHIEL .

KEREMIZ, A— b2 L— 712X Y 600°C, 500
kgf/cm® D WIFAKFEIC—THRIEE L2, v
WE—FILT 3V F— B X 05 RHERIC L AU LD
DIRT OB % P~ TFHE L 7.
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i, 27 kegf/mm® ¥ B2 A GEN 2 ) — THBTRE
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VIR %2 EZOREXDLTHEEL & 5.
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Fig. 1. Effect of V content on 482°C, 10°h ex-
trapolated creep rupture strength.
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Fig. 2. Creep rupture curves of 500 ~ 600°C for
steels H1, H2, H3, H4, H6 and H10.
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Fig. 3. Creep rupture curves of 3%Cr and 5%Cr
steels.
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Fig. 4. Creep rupture strengths of steel Hl, con-
ventional 3Cr-1Mo steels? and W-free 3Cr-1Mo-
% V-Ti-B steel®.
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Fig. 5. Effect of V content on ductile-brittle tran-
sition temperature of the as-tempered specimens.
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Fig. 6. Charpy ductile-brittle transition curves
for steels H1, H7 and H8 in the as tempered and as
step-cooled conditions.
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Fig. 7. Change in mechanical properties of steels
H1, H3 and H5 in hydrogen at 600°C under 500

kgf/cm?2.
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Table 2.

Extracted = precipitates
X-ray diffraction analysis in the (A

S AY (W

Nfkw-o, %
Volgmizkh Vo
VCofizlgiianz L, <
ithcd s

identified by
) as tempered

and (B)aged at 550°C for 3 000 h conditions.
(A) As tempered

(B)

550°C, 3000 h aged

0.7Mo-1.3W|{1.0Mo-0.6W 0.7Mo-1.3W|1.0Mo-0.6W
MsC My3Cs MgC MgC
0.2V | M23Cq MgC 0.2V ] M23Cg M23Cs
M;C; MCs
MgC My3Cq MgC M¢C
0.3V ] Mg3Cq MgC 0.3V | Mgs3Cq M23Cq
M7C3 M7C3 VC(w) VC(W)
VC(w) VC(w)
MsC My3Cq MgC MgC
0.4V | Mg3Cq MgC 0.3V | MasCsq M23Cs
M7C3 M;C;3 VC vVC
vC vC
(w) : weak
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A : Steel H2 (R.T. = 17h)

209h)
Photo. 1.

B : Steel Hl (R.T. =

C : Steel H6(R.T.=1612h)
Transmission electron micro-

graphs for the specimens creep ruptured
under 27kgf/mm? at 550°C.
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Fig. 8. Change of amounts of extracted residues
with V content.
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Fig. 9. Change of partition of V between precipi-
tates and matrix with V content for as tempered
3Cr-0.7Mo-1.3W steels.
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NTHBHIKE VRO FE L (ML TWw525,
BIEOIICKE CFEST A LEZ LA L RILY
BIZEAEBEISAZY. TSN % BRI L
THNRLKER, BRAEEE (wt%) L H1IHMD 2.55%1
W, Cra#EEL-HSHMTIZ2.86%LE,- 7.
37, MBRES X REHOEE, H1#MoER{LY
& MeC T, My3Ce, M;Cs, VC DNEIZ ¥ — 7 FREEA%5Y
(ot CriBE L H8HTIE, MypCe DE—2
HMCDE—Z X DER B E L BHIZ, HI THRE
Eh/: M,Cs & VC HRIES N h o 7. 5% EDX

WX ORI LR, H1 $iCH~< H8 #Tid,
mcwzmﬁf%%W;Momg#ﬁt,Mﬂkwi
B4 Tdhb Cr & Fe DENE L hoTWDHI LS
Mot $eoT, Cr DRI MysCe B AL DMK
YRETHZ ENDID

Do & BE T IAMSEHE S L O RE O SR
Mh, Cr DHEILLLZBERTORERRE LT, UTO
ozt rErbNS, CriiBICL-TC, Cr 2 FE
Bor & 4 B IR & WIRIR D Mp3Ce BLK ALY D AL
MRES N, 7)) — THEREICKRE 2FSERLTL
ZxoHhb VC OEEFIIH S n S,
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Photo. 2. Transmission electron micrographs of
steels HI(A) and H8(B) in the as tempered condi-
tion.

42 Yy IE-TRHESLURRS E LURIEESH
— {12 Cr-Mo 28O H T 2YCr~3Cr #§i%, D &
LICKDELRILLR TV b Tn s, AR
A, Fig. 6 ISRT X912 0.5%Ni 2Lz H
THEBRVCERLCIREED & UL 2 R, £ 72,
S.CRBIZL>TROMEIALLLTVHTHTH DBTT
D7 FR3CUTTHD, BAFICKWEED & LML
BEMERT . RRWAEN WD & LIBILERTE
WE LTz, OSiVW, Rt o' i X %)
H, Q41 E Tl X H50EL LB %17
SEILKD, BLALED CHEEDL & LOIRETRERIL
Wpe UCRPNTIT % 720, B bB EE C 1o X B4,
Kot ormis L bR chs 2 &, @
BEAMEDOLED 2O FEM L 72 B @ Site-competition &)
R (B R P % EOAMITLICILN, KRR
AR & & B ITHHGERE AT WV 2200, RS R
i LA D TR DARAT 2 30614 5058 ) 12 X 2Rtk
DR FURITOIHENEZEZ 5 Nn D @O BFRIZOWT,
BT FTE 2 X % B 0570 & 7458 % Photo. 3
WRT . BETHPA I ICHLIM, H7ME b, D &
LiRAE, S.C. LB B X U8 550°C, 3000 h HLGtNzL#E O
WTRICBWTHRMNICH NS &, FIRTO B 0jE)s
B, MNFTOBORI»BOLNS. L L, H18#
WCHA~NHT7 #13 S. CALE %R B K 08 550°C, 3000 h Hifd
INEHE C L DRI A5 E1A 2 R T . BELIL AR 5 A%
550°C, 1500 h 7 V) — 7HH T & B DR FURHT A F2D
S (AR

—F, 5%Cr SR L~BEL L LT THTH
\» DBTT, S.C. ¥ T &M : v F— %R L7,
ZORMEE LTI, B — 2751 MRS L 05 28
FiiH->THED & LIREECEBIZAER T 5 MysCq 12 &
2bDEEZOLND.

A, D : as tempered B, E: (A, D)+step cooling
C,F: (A,D)+550°C, 3 000h reheating

Photo. 3. Change in B distribution for steels Hl
(A,B,C) and H7 (D,E,F) observed by fission
track etching method.
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728 10ppm OB &, NOFEE*HMWE LT0.15% D
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<, EXWREMRMYBEAND L S It —2FF 4 FH
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3Cr-Mo-W # 5t - &F WIS E N E M OEMEH - T e nRhOEH 805

SIEG LA, BoFEdhizowTidosrizshT
Va . BEIRO B ORRENTICE, FETETRT
LES5T eI N TE Y, HHEEI R LA
FURMTORENGIL AT L THENS. £2T,
WEBLO KB BEC O B 0454 % FTE 2 H v T~
7x. FOFR, HALLEIEE 2 S EW (15mm X 15
mm X 5mm A X O % EATRFCi AR E T
S4%) LTh BAKFIREITL D &, 15°C/min
OFEETOGEHITE, BEOHE L EITOIRREHEG
A, REOKBEANRIT L TWB I LD o7z HEo
T, KRBOBA, BOBEARBETL 7274 ML
ZVoid, RRTO B ORI, 72714 VEEOH
HICHNTHALDEEZLND.

5. #&
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B2 b $ANA F 4 FEMERT. 7274 MER
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BT BEEEXLNS.

(6)AZHIE V, Nb %k b E TR,

Cr i, +okfd & LEL Sk ) KEREICH
LCRER RS HER S NS 720, 214 Cr-1Mo $i2
~RIFRRAREREN LT 5.

(7 VARMEFEDFESE, TERMIZL~, Ev2 ) — THERT
MR AT A L LD IHTBED & LIRILRSEYE, WAKFEE
AP bENT, 3Cr-Mo-W-V-B R N7E4 % 15
VXN i RN (WA

b 0 SRS ERRICER L BIEE W 7272V 733K
KB NIZERT B L ORIGERA R RS 2L £
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