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Effect of Al, Ti, B and N on Hydrogen Attack of Simulated HAZ of Cr-Mo

Steel

Takahiro KUSHIDA, Jun FURUSAWA, Yoshiaki SHIDA,
Takeo KuDO and Hisao FUJIKAWA

Synopsis:

Effects of Al, Ti, B and N on hydrogen attack were examined by using simulated HAZ specimens of

Cr-Mo steel.

sured after exposure to hydrogen atmosphere and that measured after aging in air.

The hydrogen attack resistance was evaluated by the ratio of Charpy absorbed energy mea-

The hydrogen attack

resistance increased with sol.Al content more than 0.01% for simulated HAZ of 10 ppm B bearing Cr-Mo

steels.

The addition of Ti and B also improved the resistance to hydrogen attack.
M,;Cg type carbide precipitated preferentially in the simulated HAZ of B bearing Cr-Mo steel.

It was found that
On the

other hand, only the carbide of M;C; type was observed when B was not added. The carbide of My3Cq type
precipitation was promoted by free B in solution when N was fixed by Al and Ti.
It was recognized that M,3Cg was more stable than M;C3 at high temperature and high pressure in hy-

drogen atmosphere.

The carbide of M;C; type reacts with hydrogen to form methane and metal.

The

reason why the additions of Al and B improve the resistance to hydrogen attack is that the precipitation of
M,3Cs type carbide is accelerated by free B in solution which is more stable at high temperature and high

pressure of hydrogen.

Key words: hydrogen attack; low alloy steel; corrosion resistance steel for elevated temperature service; '
precipitation; grain boundary; heat treatment; simulation; minor element.
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‘ Table 1. Chemical compositions of materials used (wt%).
Steel C Si Mn P S Cr Mo Ti Sol. Al B(ppm) N(ppm)
Al~A5 0.14 0.50 0.50 <0.003 <0.002 1.35 0.50 — <0.001~0.055 9~12 10~16
B1~B5 0.15 0.25 0.40 <0.003 <0.002 2.25 1.00 — <0.001~0.051 8~12 9~12
Cl~C4 0.15 0.25 0.35 <0.003 <0.002 2.25 1.00 — <0.001~0.057 <2 7~12
N D1~D5 0.15 0.25 0.35 <0.003 <0.002 2.25 1.00 0.002~0.090 <0.010~0.015 11~14 66~84
E1~E5 0.15 0.25 0.35 <0.003 <0.002 2.25 1.00 0.006~0.051 <0.010~0.015 12~13 6~9
F1~F3 0.15 0.25 0.35 <0.003 <0.002 2.25 1.00 — <0.001 2~94 =100
Gl1~G2 0.15 0.25 0.35 <0.003 <0.002 2.25 1.00 — 0.035 2~82 =10

)
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THRERTHY KERAERZTUEEDATLERTHAH L
B o RROKEBIW LB ESETAI D
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2YCr-1Mo R I AE5ETLFEDOH, C, Si, Mn, Cr
RO Mo # EARRMFE Lz, A TEOP RIS

Table 2. Heat treating condition.

E‘a‘iactlfness Heat treating condition
950°CX 30 min Air cooling
Base metal 25 mm 710°CX6h  Furnace cooling
. 1250°CX5 min _Oil quenching
Simulated HAZ 15 mm 710°CX6 h Furnace cooling

R L, 2B, AL Ti RUNDOHEBTELFRIRTEH
FTzhZnB bse7. Alid Sol. Al & LTHHL
2. AtRMoOBE, B (EK) TEEOEE Al KO
AIN O#FIAS Sol. Al EEz bh 5.

Table 2 (CHEERERICHE U 72 LS 2 7R L 72, B4
MY IEBER S L (950°C X 30 min) ZBH I LD T,
% 7: HAZ % 285% L7-F3 HAZ M An (1250°C
X 5 min; 800-500°C ® &% HHEE (20°C/s)) 2 &2 T,
FNERFAEL. TR 7T10°CX6h IFSH OB &
LEHLZ. ShOOEM2S, JIS4 52 v vE—RK
BH (2mmV / v FYXRAS EERE) 28EL, iR
BEAERI-F 7L - TR TCEREEKREFIRE
#, Yy VE—REBRETVWKEREICIHBEHZEMMEL
7o, RER S I1ZIREE 500 ~600°C, KFEE 250 ~ 300
kgf/cm? OFIREEMBEEF L RA L 2. WKFRENE
2RI NGA—F—E LT, KRREEHROY v VE—]
RNz irnF—(,Ey) 2EA—RBREICTRAPTHEHRL A
BOWINTFINE—( ,Ey) THRLUZME (,Ey/,Es) %
Hwi:, chick s &L boBE BRrhs L&
27 COENTIGEWIEETHAZRBERIZERATYS
ZEichB, 37, Ve VE—REBREEE, KRREW
XAt d o5 LHBATES X IC 2% Cr-1Mo
I HAZ Tt —40°C, 204 Cix —20°C, 14
Cr-%Mo $AHIE HAZ T 0°C, #OEH Tt 20°C %
BAY., ThALOBRERZFNREFNROFEMOY VT L F I
FoMFETLRILOARADORETHY, KFEREICK
LB ERBLRLTWVWRETH %.

¥ 7=, RitwoFAEE, HREoTERS % 10~20%
YEAbaE 2 kK 7T CIERRE L T - TR & 2 X#R Mk
THEET B HE, £LC, Wiy 7V s L eEFREN
$LHEOWME R B, S50, SEREEARIOHT
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Fig. 1. Effect of sol. Al content on hydrogen
attack resistance of simulated HAZ of B containing
2 Y4 Cr-1Mo steel.
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Fig. 2. Effect of sol. Al content on hydrogen
attack resistance of simulated HAZ of B containing

1 %4 Cr-% Mo steel.
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L
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Hydrogen attack resistance
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NS R 2 S R,
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B=10 ppm Charpy test at —20°C
Fig. 3. Effect of sol. Al content on hydrogen
attack resistance of base metal of B containing 2 4
Cr-1Mo steel.
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Test condition; 600°C, 300 kgf/cmz, 200 h Charpy test at 0°C
Fig. 4. Effect of Ti and N contents on hydrogen
attack resistance of simulated HAZ of B containing
2 Y{Cr-1Mo steel. '

1.0 = - -

@ -

o 'Y

g | \

2 VEH

g VEA 550°C, 300kgf/cm?

- - 200h .

8 0.5} 600°C,

= 300kgf/cm2

= I 150h

3 |

o

-’i N

= ! (C1~ca)

ol (c1) (c2) (c3) (ca

|‘ 1 I 1 1 1 L I ll 1 1
0  0.01 0.02 0.03 0.04 0.05

sol.A1 (wt%)

Charpy test at —40°C
Fig. 5. Effect of sol.Al content on hydrogen attack
resistance of simulated HAZ of B free 2 {Cr-1Mo

steel.
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Fig. 6. Effect of sol.Al and B contents on hy-
drogen attack resistance of simulated HAZ of 2 Y4
Cr-1Mo steel.
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Test condition; 600°C, 300 kgf/cm® Charpy test at 0°C
Fig. 7. Effect of sol.Al, Ti and B contents on hy-
drogen attack resistance of simulated HAZ of 24
Cr-1Mo steel.
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Hhor. #9 10ppm ONEREET HI1CH5% Al 28
HLTWDHE, BORMEISEMT 528, MpsCs
OFHEDEMT S, —F Al 5 F 9N 100 ppm
LEBICECGHEIE, BE 001% ELZBICEALTY
Th MpCo DITHEEBZ DT THS.

¥ 7, BLYWHHETO &R, Sol. Al #4%0.02%
D EOTKEREESBIF28ICHTH LT 523
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Fig. 8 Effect of sol. Al and B contents on pre-
cipitation of My3Cg type carbide in simulated HAZ
of 2 % Cr-1Mo steel.
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T# O % XBEIFECTON LT, BHRUAER
BT X D MasCs Bl LY, M,Cs BR{LHoON HE D
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" /‘42305 in Hz

(&

™ Ye! . Y ®

= L T e S —©

5

c \ M7C3, M23Ce

£ |l - in Air

8

B

i B M7Cs3

£ W inH, ™ .
Weak L . . '
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Fig. 9. Reactivity of M;C3 and M,;Cg types car-
bide precipitated in simulated HAZ of 2 }4 Cr-1Mo

steel.

Table 3. Weight loss of M;C3 and M23Cs type carbides in high temperature and high pressure hydrogen.

] Fe Cr Mo C Weight
Mark | Steel | Carbide | Figiow, | FerGrado %) | FerCriMe ¥ | (i) | loss (%)
1 — CriCs 0 100 0 9.0 0
2 C1l M7C; 32 44 24 7.5 4.7
3 C4 MCs 33 45 22 7.6 5.2
4 B2 M7Cs 25 37 38 6.9 2.4
5 B5 M;Cs 26 34 40 6.8 2.1
6 — Cr23Cs 0 100 0 5.7 0
7 B5 M323Cs 43 33 19 4.8 0.8
8 B4 Mz23Cs 42 27 31 4.4 0
9 G2 M23Cs 52 29 19 4.8 0

Test condition : 500°C, 300 kgf/cm?, 50 h
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—fe___ (9
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Test condition; 500°C, 300 kgf/em?, 50 h
Fig. 10. Reactivity of M;C5 and M»3Cg types car-
bide in high temperature and high pressure hyd-
rogen atmosphere.

AL EMERITR L -0 5% Fig. 9 TH 5.
M23Ce Bl b3, KEJEHRROKREHIZ 600 h BFE

LTHZDRBHIRTHHHEICELIZ R v, M,Cy BIR

iz, KETPEEN TR ZORHEBICE/LE 2V, &
WEEKFEP TEREORE L & 6122 O HE RS

LTWLONREDLNI, ZOZ L2 oEREEKES
TO M;C; DA, FAPKFELRG Lm0
ZONDB., COREREDIS MyCe DHH M;Cs £ 0 bk
RN LTRETHHEEZONS,

Table 3 1&, $MMRILPIZE T N5 Fe, Cr, Mo D43
HHRER»OROLMB L, ZhhoEtEICI>THRD
12Cl, E5I2Ih50R{W*Y 500°C, 300 kgf/cm? @
BimEEKERICREE L BROBEREBIERERLZLO
TH5bH. BREBDERIEIFDOREN X ¥ 122 T
MTLILILOTRIBZDTHED L, BEERIEK
(%) 2t PoOCE (EE%) TRLES, ®1it
WEKRFEOIECHEERRTINT A= — L EZ BT ENT
D, XONTA—Y— kit OEBTEICED S
HEXHLTTOy PLAZB DD Fig. 10 Th 5.
My3Cs 12, T DOKRKERBELRM TR O Fe 8120
BB L TR, —F, MCs ik RIbE D Fe
BEVEINT 2 I CRBRBOBEROBL MWK E 2D
Twa, 261, KERBHRD M,Cs DRE®HH L
72& 2%, a-Fe RUCr LRIE SN, Thb0iER
o, M;Cs BRALMIE, Fe DEHENEIMT 2 14
WARERIB LR b, REROERAMOT AEE
EHEXRL TV LRI EERTE S,

a) Sol.Al 0.01%, N 10 ppm, B 10 ppm
b) Sol.Al <0.001%, N 100 ppm, B 100 ppm

Photo. 1. Bubble cavities in simulated HAZ of
2 Y4 Cr-1Mo steel exposed to hydrogen at 600°C for
200 h under 300 kgf/mm?.

4. £ &=

2% Cr-1Mo $l % #AH 5088 & L C Al Ti, B RN
B2 ThEThnZELse, ZOMKERAEMICRITTEE
EWAELHEE, Al-B KU Ti-B ORNASTHAZE R
HEmEsE, ERAVONRTELBE2ESHE LAV
LD LTAEREMITEN TSI EAHBHL. 20
fi1ic b Sol. Al &4°0.01% LT DB % &t Cr-Mo $AF
B HAZ Mot AkFEB AN, KERBOTTRLES
CEBHBHLA. LT, ThonHBIIOWT, EERE
REXICLCEET S,

BEOHL I BN "AERERIUE*EO VL &
HEENA. AI-BALEE L Ti-B B IZWTFRICBWT
b, AlHZVIE Ti OFAEF T TR VE EIZEK
FRAEEOHIESEBLTREOAL L W) Z 0D,
Al 55Vt Ti B2 h ZREHEBES LT alEeHid
A E R 6 N5, Photo. 1-4d, Sol. Al & 0.01%
UToB%2&R LEMOKEREROFAERF % SEM (1
THELZbDTHL. BRUNEL H# 10 ppm DM
TRIHA— 2754 PRRICDOA XY P FianZons
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Photo. 2. Carbon extraction replica of methane
bubbles and precipitates in simulated HAZ of 24
Cr-1Mo steel (sol.Al 0.01%, N 10 ppm, B 10 ppm)
exposed to hydrogen at 600°C for 200 h under 300
kgf/mm?.

DIZxf L (Photo. 1a)), BAUNR & % 100 ppm &
LA T KEBEM S AMMOKERBRITHT, h
HOWhBEZIAICAY VRIEPR S5 (Photo.
1b)). Photo. 2 i, Photo. la) T/R L 7282 IR L
-l 7)) OBEFHEMEEEE CTHH. BEEFIRICK
ENBHMEOL T ADERIAY Y TH@DOHTH 5.
ZIAMIZE S N AIRRONT WL, SRESERIIFREDO %
DY v FREFHRE S5 - &, 20O dEDPSFESE
En72 BN ThahH. A5 YAaWIC % ) OFERT BN
ARON, 22, BN ONEEFZVWH TR ZRZTER
DB Z N LHS, BNHFRA Y X RIaDHIc DT
WC, KEBARPREEL CHWATEE E2oNS. F
72 Fig. 4 ISR&ERTwBH X )iz, iAFEEEEOLE
CENSOBEDOHH, ENEICHRTENL LD Ti
BLBEE WS 2 kik, NEXFSEWw/H BN O %
CTINCEANDORBERBIZZENZ TS L D Ti BET
HorimdbFEZBENE. BN 2 Y Y EIOMI k5T
BIZAY YRBOBERBEE&T 2 WHI ) bnL, ¥
7o S DRE R A < 72 D R B EIROR# ORISR
EDRREL B O KFEREEZ TSI G 2o/ %
A% (7

iz, Al-B, MU Ti-B o @masit K EE LM %\
FE2BBICOWTEZ S, KEBEIMTIZEBAL
7o AR EDHIRRALY, EIRR EICHTH LT3R
ERBLTAY Y EERTAIEICL2TES S, RIL

Improvement of Hydrogen
Attack Resistance

(Stabilization of Carbides) (more stable)

A
Increase in M,3C¢ precipitation

Ifree B

AIN, TiN N
Increase in free B Mmtion of Al, Ti]
Inhibition of BN
|Add1’t1’on of Bl

precipitation
Fig. 11. Mechanism of improving hydrogen attack
resistance by Al, Ti and B addition.

YWeAKRFORHEN T TRKEREBRSH L RETH. K
FEERIME L7 AI-B LB R O Ti-B LB 2 # h Zh e L
7z Cr-Mo SO T3 HAZ # AT % Bk id, M,Cs
& MysCe D 2 FEFHA D 545, FFRICHTH LT 51k
W) MpsCo THBH. —F, BEE T %\ Cr-Mo MO
B HAZ CHELTWBDIE, M;Cy B3 THABI LD
TEER S N7z, Ricuarpson 52V 353k 7= xAb o £ B
HZANLWF-2 65 ET 5 L, FesC, Mo,C, Cr;Cs,
CrasCe PMHICAKF W THAREMNKEL 2%, 40
DRI TH B 2 % Cr-1Mo $FIH HAZ #12B TR
REE % BRI, M;Cy & MysCe T 225, CryCs,
CrysCe * SEHET NIE, MysCe D F725 M;Cs & 0 B K
R LTEETHALEELLNS.

T 2B I HAZ Micl~NTitKkEEEHICER
THEY, BMIZBWTIE MysCs #%, B HAZ Mic B
WTHE MGy 2N EFNEHELEDDLILENLD,
MysCe DF A M;Cs KD b AKFICH L TRETH S &
EioNb. 617, REBRTEITHEIAWOBRETE
KERFEIZLDEILZERIREL T, Al-B LHEMH,
Ti-B ALBESH IZ v Tid MysCo B RALY @ 5 25 M,Cs
BRI L 0 b HIRSEKREFHATEETCHAH I L *
HEFRLTWS.

JThbh, Al-B AL, Ti-B LB o B HAZ
iz, BEE T 2VWEHOEE HAZ Hi2lb~<T, MxCe
DB L V720, KSR R A5 MasCs
ThrhHil, WKEREHIIBRATWE., ZLT,
Al-B JLEESH, Ti-B ALEEEE O FB HAZ 12 MasCe O
FrEDSZ Vo, BEAMBED 72028 T 5B,
Al BBV Ti TNABEEERSBIEICEDTBN &
LTHEEFICERLT, ZOREEBA MpsCe DT H
RETHEDLLTH 5D,

Fig. 11 ¥, EEEOKFEREMLFOBE £ HEMIC
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Cr-Mo SFHALERMOKFREICRITTAL Ti, B RUNO 1785

TLDDHDTHA.

5. %

HAZ ##4 L 7 14 Cr-%Mo #, 2% Cr-1Mo 0
I HAZ % X— 212 A, Ti, B RU'NE% 2 hFh
LS MO KEREWEEFML, 7, SAtAMH
DR * XBEYTEYHWTHEL, 205ES
JEAXRZLORIEE*HAELERIDTOL B TH
5.

(1)B%# 10ppm & A T 54 Tid, Sol. Al B¢
001% LT TRB%&A L7 WHIZHE LKER &K
TR E V. Sol. Al EDHMICES Tt KFERE M
AHEL, Sol. Al 80.02% UETWEB*#&H L %2WiHA
LD LW AEREEICENS.

(2)Ti & Al E[HE, B%# 10 ppm BT 5 MOt
KERBEMZMESEAENDH Y, FoSICELTIE
Al-BLE & Ti-B LB ixF%ETH 5. Al-B LG L
Ti-B LM O KEREMERETH 5.

(3)BE&EHLZVHTIE (<2ppm), TAZEENY
id Sol. Al EICEE S Nk . ‘

(4)B2EAE L VHTIE, HRYIE M,C, B
RALBTH Y, BE# 10 ppm &FH T 5 id MysCe B
RAC DKL B LT T 5 L9 Ch b, ZOBE,
RS H RALW I MpsCe THH. 72, BOFEHED
BN % & MpsCe BURAL ONT IR E DRI 5.

(5)M;Cs BIRALYIZ L ~T, Al-B ALEREH AT
% MpsCo BURAEMIZBIBRBEKREP COLRECHLET
BT ENHERS NS

(6) Al-B LB, Ti-B MHEMHIB%4& 3%V
KHRTRAKERERCERL D, HABXSESE
KFEIHT L TEES MpsCo DT R RAET 2 2 210 K
HEEZOND,

(T)BE2EALH»D Al 2 5F Lz WA AEEAR
HiI2HE B DI, BN SKEREDORETHSH X ¥ U RiA
DEN e BlbbEZONS.

b DK ROREK % 3 & N RSB FeiTiT
RFBRERE L, FERIFTRITERIE L, e

il

FIRFFERT o B I 7E B AR R R KAl o BB L
¥. ZLTC, RREZBETT B h > CHELBE %
15> 7 IR SRR SEBERT 72 300 R R AR th i+ 3k Ot i R
FEAT AR SRR I UAE — 1L IR AL L B g 5.
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