30

Cr-MoAl 4¥47) % 0% F4%H 28 A

AF5 =714

Considerations in Welding for the Cr-Mo Type Steel Pressure Vessels

Gwangsoo Kim and Gisik Rho

.2

HE &7 2 nstollA FAIZE AlgE ojof
A gEAldlE QHALLE oo BR A2 D AFg-o]
wE Zpdg $8v)e9 dEU) S35t RE
487 1 BN Az G 0T 84 g
R A4H1 gloH, ASHE AREE FE 1
<, ugel A e WEAgE 7Rew g, &
& ABZF 7 s 2493 It 2 &
AMe AZAR Bl 4% 4Fvw3E, HeE
e B A2IF §F 5 AREAT oA &
H 34 Aol ge AR} 1 FFE o]
Atk FAARFAME A, 1A%, A
27 35 2 28FA 5ol AHeH1 ey o5 A
Fe AHSE o2, 824 9 374 e Al g R
o7} thaA "}t 28 18 g 87] A H o] Aleg
v Ud7e e 9@ 2xy AL st e
=g

olg]d T AaFMT A Ahd Foko] 71
Bol 45 241%E Crit Mo FALOR 3] 3
golE 7)1A & T3 Cr-MoAlQ Aga7o)st &
F A 7] & AEE FAANI|I] Yo Bxo
2 H7F 949 Ni, V, W Nb, Ti 5% 2% %33

itk EF Cr-MoAld AL F=r) $48
gk oolet v, Wigag, latskd 9 iAol
Fate] 714 o) AlgE T Yk ¥ 12 ¢4
2 AHEEE Cr-MoAl Gkl Al £3589 1 3}
e Uehth. oA Ee ukel o] Cr-MoA

-2 &g 0.5~1.0%9 Mog #H7hshe
BEg PAANT DA AEE o]F, Mok 54
= WX Blal 128 & FU1A7)7] fEke] CrE

do fE KU

i

o
(o)

1

oN

til ro rlo

o

WHE A 5.9 ALg ol

2. SCp,
L \\%\ Moz

L 1.25]
500 [T Z1Cr0. 51 \
3Cr-0.5M

400 “— WNM
300 - \%
v \

200

/
]

L= (T

3972

100 -

L
Fig. 1 887 A2e] A48 NgRs 4% 3 %
EREEE

A7bstA H9x, Cre &FE 0.5, 1.0, 1.25,
2.25, 3.0, 5.0, 9.0%% €808 Z781A HIK
o}, o] ZAlE 53] gEgid) 9F Bt ol g} n)4)
24 9 AR Ard =g 3A Ey3r] W&
o 2T v & 2487 A3ty ojdy k&
A - Gl AlgslA o). FFL2H ] nE
7}o) EAE AviRd e g},

® Mo : Mo Cri} t80] #golE P dazA
FHE oA 22HUolE J9& F3A Hu

o g 93lq wEelE VAE A3}, EF
Mo th& Fadid vletd 4% Hrlsldz =3
T g A F771ed ole Mool 187} &
ofet 5o vrhel Agste geEE PAsue

i

oY

Journal of KWS, Vol. 18, No. 1, February, 2000



Cr-MoAl 887 7+ £459 2484 ue A% 31
Table 1 Cr-MoA €7t A e F79 34824
g8t 24 (wt.%)
%% ASTM2 ,

C Si Mn P S Mo Cr Ni \Y
1/2C1-1/2Mo A?ffgf‘;‘* <0.12 | 0.15/0.30 | 0.55/0.30 | <0.035| <0.040 {0.45/0.60| 050/0.80 | - -
1Cr-1/2Mo %slsz 2122 <0.17 | 0.15/0.30| 0.40/0.65 | <0.035| <0.040 |0.45/0.60| 0.80/1.15 | - -
1/4Cr-1/2Mo %918; 2121 <0.17 | 0.15/0.80| 0.40/0.65 | <0.035| <0.040 [0.45/0.65| 1.00/150 | - :

%28;7 22;“ <0.15 | <05 030/0.60|<0.035| <0.035 [090/1.10] 200250 | - -
21/,Cr-1Mo '542
Al
< < << - _
g s 4| S015 | <050 030/0.60 | <0.085] <0.085 | 0.90/1.10| 2007250
30r-1Mo Agfa%‘?zl <0.15 | <0.50 |0.30/0.60 | <0.085| <0.035 [0.90/1.10| 2.75/3.35 | - -
50r-1/2Mo %BISZ 252 <0.15 | <0.50 |0.30/0.60| <0.040| <0.030 | 0.45/0.45| 4.00/6.00 f(/ |-
70r-1/2Mo | AI82F7 | <0.15 | 050/1.00]0.30/0.60 | <0.030! <0.080 | 0.44/0.65| 6.0/8.0 | - §
90r-1Mo | A182F9 | <0.15 |0.50/1.00|0.30/0.60 | <0.030] <0.030 |0.90/1.10| 8071000 | - -
A508 C1.1| <03 |0.15/0.4000.40/1.05| <0.025 [ <0.025| <0.10' | <095 | <040 | <0.05
Clial <030 |015035( 070135 » » ] p p ”
Ni-Cr-Mo-V c1.2| <021 |015/0.40]050/1.00 v | 0.55/0.70| 0.25/0.45 | 0.50/1.00 |
C1.2a " ” ” ” ’” " " " "
cLal<omsns| v (020150 v loasoeo| <095 |od0n00] »
A AXZEE Fol7] WEo|tt, ¢ A4 W7 ¥y et Agtero] Folx|7] Wi Frrt Foj=g 9ol
Aol HdEelE, HoluelE EH—‘-é— A7 7 H71% 3o}
ol 44 733 ET"J% =} =B YA ] Hg A @ V. V& Cr# nX7A R #gte| B gAY aelr
slA o] AR FA 29 de FE @3EY E3lE 34 B4 9 olg Croll B3l A3E 3
270 2lg erglE-Alo]e] Pt ol 5’1747] ) F-o] A BAE 3lth, 1% ol8le] 48 371 sl = 93

A5k, Mo

gkl $4& AAANE B oy,

AldlElo E 59 Mo°l Mo,CEY &3lEE X &3t

AREFoen dsAgo] AR R

o2 4eA 3l

o}, =3 Mo2 Cr, Mn, Ni 5 &8% Aga7%0]

550~650CllA Mgt
Aste FHHAYE 9A

2 A et
® Cr: Cre

i B =S

=Y
3% P,
=

A7E

S ol efst] &
HE e Aegx

(4) }\i/q _:3_;4::‘. 7L

£8 folxw &y Hr} BHE e

ﬁ{UO

_;[ c

i-.l

5138 WA s

& EHCo® 81 9ot Cre 350C
PR EE R )
o @818 Y4 S40] 2] wEoln Adetol e
440 k. 72 Fd z‘ﬂm
AN ALg Sl AdeolEst FAsHE o

EERIER

o] Ae] 2ol A
°o|AL Cr

Yo Qo2 Beso] Hase 4o 7| 134

REHEGEE 5184 198, 20004 2A

733t o] golXAR Vol HrtE A& dv st
600CHZAM wht MAF daEo] HEHA A=
o A2t HASA golA7] W&l 1¥F BTl
U@ Aede df 49 S8 dan &%
ol V& AR Y& At she a7t 3lE —F—“JOM
g AAREE FsAA. 28y $HFEF Vol
A7be W ddd 34 G Aol AshE o
A7e ALTE AFZ7} AR 7] W] F9] stefo}
g},

® Ni: Ni2 ZEg exuo]E FHALEAN
7ho] F7tebE RSt e [ LAH V| EL
A Eoth. =3 Ni2 g@3-ES 454 &7 &
ol Wlujg] st Agoe & FFE viAA Fon, o
golEgt HAato|ERY QP& FEAI7] W
A=A E BT ozt A o] 27HE

A
&
T

31



32 IR
Azoll Arkeha Qo) Zuwn W FA S RE TRz THH 9] o

3 ¢4 87) Az AHEHE Cr-MoAl Z4e 43
TAS APeA HER oA dgE FFAHE o
o vl Eo] & FH o FHate TR e HES)
dosirh, webA] thekdlt L9} old) AgEE &7
AR Z BHFZ U FEAG olgfr} aFE) A wt
adg o8 AlgrEd diste 2E n@dse AL @
2 Alfe] marh B AHdMe I3 dREoR ¢
87 A 7+ ‘\%O] g8ue 471AF 2.25Cr-
1.0Mo 8HAE A3 S 57 48 -47]d ojnf g
FFE v ER )t £ okFey AT Av)
&Lz} gkt

2. Cr-MoA| 2f2E7|2] 8% bt

4 819 £HNE SMAW, SAW, GMAW,
GTAW € ESW & dl¥#9] &8 434 A&
21 At e $4e A daaE gl o
2l 7Fx] g9 art MuHol ] wEe] 4% B
e 8438, £4A8, XY T &4
ghAl @i Wi $8% 9 Fry A4 Fol &
o] met o g J & v X Ysle] A
Be o] F83th, Cr-MoAl 2 Algste] &4
o3t} FEolX ¢HEre 350Co1Ae LE A
ARGE A 7] Wi &% A= Pdo] n]¢ F8
sith, 2% 2%& 2% Cr-MoAl ZAY 2P =g
UERIIEE. 2.25Cr-1.0Mo S7HE AL&-38te] &4
" Cr-MoAl 7e 8849 Ay 32 Wo
ol E 24 & vEhd

—

(c)
400 500 600 700
/ 1.25%(r-0.5%Mo
N
N 2 25%Cr-1%)
150 - N 2.25%Cr-1%Mo s
9
N
0.5%Mo
E 1%Cr-0.5%Mo .
£ g
Z -
Z 100 > 10 &
wr En
oo
50 k= 5
| L1t
700 800 900
& (K
Fig. 2 Cr-Mo A9 2L 2
32

M4

ol B38Hd o A-Fole =AAd7g HolyolE,
28 m2EAl|E 8|3 o}g4] HglolE 2H o
Z Yepdth &334 B gholyel 49 g oA 3
%6]10}: & ot} 2.25Cr-1.0Mo%e €932
ef 47202 FAE0 A ? 2t A H (coarse
grained) ¥4, Al A3 Y (refined grain)d<, &
i ¥e (partial transformed)9 ¥ 183 YA9Y
o2 FEH(subcritical region). &3t A Y
YL Ac3LE oo Jldd REoE AHY A
ol FE Yehve d9oltt. o|x 9 njA 2z
ool El} ElBFH nl2EAlEZE zta ¢
7] Wizl 2g4de & AstE Yekd}, vA4 2%
HYG L Ac32E F7MA) 71EEd R R Y
Aot Ft vAE e aHUo|ER WE ST 1 v]A)
Z2A& AR wolyelEgl A lath-like F-AMES
Adeth v FE Hyggdoile AclT Ac3eLE
Fd9S AREAM wAHE Mo.C(M:X)E ¥-3) 81
31 s gto] B 7R 2% eake AS 23t
ok 222 dAYGoME AcleldztA] 287} o2
A Ha FEAHeg ¥E2E 2087} o|Folxt). &
HEoA ZAE vz A Jde %7}0{]9}
2Ae] R, $H8FF, FY2 59 B agn
dd 94 $AAHYE 23t dAE 33 T 9=
g}, ol et Be viAz e Y4 gL
YT Add, €Y AL 8713 QY
T, AAIZE Abgol] g Ggekrel £3589
4 B} AYHAE 9 FAS Ve, ¢4
9] A&l glot 2.25Cr-1.0Mo &7 A& AFg-3 &7
Fo fsteds B2 A7 AP, ol F A
A Kluech®} Canonico®” $& @4 g wa gz
AL A e ghFgo] Sr1gd] ulg) Aw)se
4ol AT, d9ES Fste §FdLE o
B odE EH V, Nb, Ti §% €434 ad44d
= A7 A2 vENT Battest Murphy”
© Nb# Tig Edsle $HES AL&sle] agAad
o 2 S AL AoE YEEH I ol fE Tig
Nbe| €317} MuXA &89 by 3tol| 7]ofste] njA &
MoX AEE0] MyCodt 28 23 g3l ez x)g

W oegEE Zudd A4S WAE F7) gRos
A3t vt 439 2ol B3 2.25Cr-1.0Mo
A% AP AFE A E Aoz ek}

1] ]
SAW SMAW ESW &2 &4%
g1 349 & 44

Aol mEd dYE
SHAE L
‘%ME B8 a12oAe] s} 9

FEAY
ol v 3%

Journal of KWS, Vol, 18, No. 1, February, 2000



Cr-MoAl %887] % 8359l B4 18 ALy

33

& MAE AeE U Wk 38 MEmAE 844
Me $HYEe] B Aol AVUXA we sy
E37F vdepve AoE 24 H4Y. 19 3L
2.25Cr-1.0Mo7% 87}A1& A48 $8 5N &4
TAH FEAREE 998 W ¥iEHE aygus
g HAErh

()
600 650 700 750
200 N0

Q

o
:fE‘ 160 A’L i3
\E o] AG'S o & ~115
& J ] A%
B N\ A JAN
s FaN
N 120 Q
v} & g% 2] &
B % 0 o é
Bl 2 8 gl 410 =

o Ll [
(R oA 2
)
=
o
'%: R = 2]
5 O Tigo] 9| &o}la 84 45
&  Orzgucasy
8 AEex ola44
D Zharg ol 84
0 | ! |
900 950 1100

$3%F dAHRE (K) (18ks #A])
Fig. 3 2.25Cr-1.0Mo % £&3&9 £4% ¥A8 %
el & ag7=

EG TR 80 AYHE dJIEE £4F
&o] 7143 Ao 223 9L v AR5 2 25Cr-
1.0Mo7e] ZAS-ole o489 fFoe JIFg dxv

fE2xd AL NAY QAo & 9T nARE
e AoE Yeyt. vid EdA4E] &EE 84
Foll AAg QS Hofdlr] e A 2x WY
7} ' Aog A Y. ASMES) 2dE 9 ¢
F47] code”| M 2.25Cr-1.0Mo%ol tated 677
T(1250°F) A= FEAE7F /M A Aoz
UERTH, FEXE &x B d A8 974
7} QdEE LIl 566%T (1050°F) 0]k A2
= 7IARA A & J&E XA AT 566~621
T(1050~1150°F)Alolol e 23] AR Asy
A AAAE EE JeElE Aoz Yeltth o
Bz 2.25Cr-1.0Mo 4714 & Al&3le] g5z
SHFY YA g AR E] AL He
W ORE st Asld ol# e} 2t}

ole} Z& oAzolE MEHY AY AHE uigo
23tz Jlenz A28 JyErle g4 ¥t ot &
HE3Fol d8=xe 4% S8 F7) vl $ dhokalr] o

RS HEET H18% H 19, 20004 21

ZdEd 2R 9 AR Y0 S ske
;é‘)] %74](’]]}"1 o]-X]

o dAste AR He o) gesitn 4749
o A F7HA Y HEE 2.25Cr-1.0Mo%e] YA A
of e 33 2AF §HFFE FF g Ay
et 45 AR gon o] o)dr 12494
o] +4% 2.250r-1.0Mo& 43 £45 EY
ol et ¥ @& A7t D ool & Ao},

&2 2.25Cr-1.0Mo%ZE BA9} £ &A1 & AL

gt e ST st mEfsfor & ofgdt
2 gl ko] AW Rz} g},

3. 2.25Cr-1.0Mot 22X H0AM 128 of28}
A A

3.1 3&IF M (creep embrittiement)
4 &71d AHEEE Cr-MoAl AdE7AeME 2

Lol A FAZE ALGA] AF SOt YR 2
T ARHIANA 2% 29 HYx A IS

4ol % sl 92 Y wg—s— E9-pEg
A A 28 AR A WY A7 H40)
S g, 29349 LY8 °1o EP e

AR A HA N niAsHA BAE il & 459
#do] e Aoz vegth, A galEd o)
2L EE 2
X3t ZAGHAE vt 2y @
¥ oA B RN BAHE ABE o
2ol E A YA E wal vk 7F dAgstA 53 v}
7h @AYs7] Aol ARPAN FF (cavities) o]}
oA #ES FAs Az AHE A 74N
th. 2.25Cr-1.0Mo%e] ZYAPL AP 3 &
3180 w83} kA 193] #AA7L Uk oed
HAV =geteld Ao A-Lde waEe zust
I FRHAR AAHAY EHYPE o oM E
galzo) ESHgela vAsA EAEo] & gy
g@3lE 32 WElE, Chevrong %719 2.25Cr-
1.0Mo7Ze AFA 3t HE et 2
°o|%2 Emmer, Clauser 28312 Low!? £&
Chevrond] Ao thate] HESAT:. F2 0|5
Az e YN S3EAF st
of Agstded o U4E aoksty o9} o] A
HE 4 o
1) ZYZEHAYL 2A] 714 9] ZEol d&eA & %A
g EHE AR AAAES 110ksi o] AL
de APAA ] A Aoz YElyt}
2) ZEAPY L AHY A7, nAzF, 1281 oA
Hvtold = oj&dt}t. Uit AP v 43

|30
=

33



34

AEF x4

4 7

‘41 &

Klueh and Canonico®

LHE} Y B

$7M% mae] Bago] $U¢ AT $E7 AIFHY ZAd wsked 3

Pense and Stout”

Y £357 2R wgte] FET} EH.

Inagaki and et. al”

st}

L£HRE wAd] vl 123w} Yol 3, AR

& 2l W3t $4

Eyda and et. al® HFEY 2

27Es} ZAjol vlate] Satt

1\1‘3“1*1

Emmanuel and Eeyada®

£37 s¥ola 84 THOE TEAW SRFAINE
Tolq 2A% $H7

A1)

Re= Ze7t A9 fARY.

AR gl Hlstod FHAo o NI B g Yol
A 258 e ASdE APHAe ¥E dside
o] gt

3) @ ZHA L SE-TAPA A Zad 9
st AgEtt A4S 58 ddEE Azt dte
A3 gk A AYHQA AGAEE YA Ha
A|zbol 71l ek Se A4 F7HE 4o
A gt} 38 AP A g UHAEE 228 o F
W QA= 100 ksiRth % Ao wlsfgol
HE EQF B3lE FA ) 9sld AP FHA |
Y wzbabA Rt AR 120ksi 0130 HE AF
e Z X FHA9 Age] & AoZ Ueytt.

3.2 2B |1 (stress-relief cracking)

YA A FLEYE A Y (reheat cracking) =
= 394 d 749 (postweld heat treatment
cracking)olZtnx EFoiA= LR AY FHI
4t A AR PA ) REste U T o3t
A e vjAE ealge] H&3 ddEa g8 A
Joy HAEUE NEE ¥ 9% A9} o
ARl Aoz YEt, $EAA dEe F2 &
HEol Ao 3T SHAA I Folut
TE pedA AAREE S TS € o] 9A
Age AdA A 7AHE @22 2.25Cr-
1.0Mo#Ae 44% FAdAY AlgFo F71x] 34
o] WAE ¢ 9t} e SHN HMH Y et
HAste g §H 5 dAo|H, 5‘:—‘:}—2— 3}1/}1‘:—
zgdxg JHoly 8 &HF AFSHe
HEA #AsHE Aot §HA ‘%‘.“3 =2
R °] gt7] flsted EAe 2 W ‘i}’%é}%‘:
ks a7] Hste] dad agdde] ¥
=] %"E"ﬂ‘:}.“ 9wt fHF ] dGFF °“’\1 ‘%}"3
3 W AgHAolgy & 4 Yok £ FAA
TR A s g AT e 3R A

34

olv £RAF T st dFE Ted, ARl
2RE FAE AF S U dNYE AYste F
o) 44 ¢ Ee A, 7|F 59 2¥L FeHoE
g 2% 9de] gn}, =G §3 0] Fo7t 272
Folle W Ze] okl Uﬂ%"ﬂ 82Y v 2%

stof Q9 WA A7k % Bk $HAA FY &
391 DHEE B ol %}gq Feshe 3
489 JPL nYfe] WEAY $4E o83}

ﬁ%ﬂr ded G 2k & 4G = (%Cr) +
3(%Mo) + 8.1(%V) - 29 47 Fad4ad MY
el Aoz 4GSR = (%Cu)l + (%Cr] +
(%Mo) +10(%V]) +7(%Nb) +5(%Ti)-29 2|
- 248 4 sded 4G9 4GSRe] 0BTt E H S
A ¢8AA #d et ¢ FUkehe 222 Y
Bhdt}. o] ¥ A% 2% Cr, Mo o9 V& %&3}
2 el oA FE SEHAA FH LUl
HE 1A g3 o] F2 V,C7t H7) Wit} o
2} Cr-MoAl <A V& TFsA ¥e AFde
F2 75 L9 BeEda HAd vddte A
o2 258 F 3t

o mlru w

=2 ruio

3.3 4 FM(hydrogen embrittlement)

T FAaEH7) AR 2.25Cr-1.0Mo7&
%%‘ﬂt‘tﬂ gJo] 4o ke He Ake 2, £
29 46} dBen W U3

2
>~
2 o
>
[~

9
o
ro
Hr 2%
rlo

s

L
03:
lo
HU
_>:.
oX
ruio r}o
oy
2
-
B
X
rh
2
(ol Ob ok
= . fr o
rlo
t o Ax wo

Journal of KWS, Vol. 18, No. 1, February, 2000



Cr-MoA 44871 4 §4d 49 437 a8 A

35

2T AL Ay Fxd £330} @i A
§ 2L 232°C (450°F) o] Aol A A 8laL AA)
Wil e eoEge] SAsA =A% Cr, Mo} 22
Ze @38 FIULE Avlele AGEHY 4 S
E 220 T F4 1AL AT 4 gt
2A Af3e A% g4¥87)o 2.25Cr-1.0Mo%
< A 43he A dE £432] (hydrogen attack) S
&7l Ytede 454 (850°F) ©)8te] &Eo)A] A}
&8t A& A8t Yok T 2 o) &4
AMEEH EW Y EA o g e JFES slney o
T EHY &4V YR A4 ukgar] Haie] w0
A e ZHY gehitsS FukstA Y3 Az 2%
© AasiEA dAL 238 F18A B 89
2L L8 TR ol 148C(300°F)°) 5}t
2ol A ALgE W ERFTE, FRFH A W AT

= SH%e FANTE 729 Axd 34 P
o, Foi3 ZxodM #d UdEE 893 FoaFd
Q23R ut $£i0] WAl ZYdlE & o] Y A
oz gelA vt H.SE O 73 B 93 74
< 39 24 uke-E fEsA Ha B Fagd 2
fol At o)’ Ko o3 dAste 2235 A
& sulfide cracking ©l#a &EA low Fwr}
2 A4S 889 dudy) EERY WHEHER 17
i Y FH FAA & EyI
® 23 % (hydrogen permeation)

A2 ARy 4 BAVA AHEHE A8dA F
d &L ool 447} Ao HE ¥7] wFo|t}
23 FE e FW kg 9sly] Huie ik
st 2PHET, F EHAMY $4 FEE JlAa%

A7 BE 4 Sz 2sle] AR A
2R 27 EH=AY 70 M 4 AFEELS
2.25Cr-1.0Mo7d3} €@ A7} Alold|A o] F49
Ak el iyt A a7, ol 49
S = Siebert Bl ot AojHed, 4=
T4 E4Y AFZ wEaA Hu oo
Arrhenius 2]& 8§38l 2= i3 I 123}
A d 71 ditgog 848 4 i g
T4 2 Geller'$} Sune] netd 4% o] &34 =
i 988 2tk ¢ = 11.2 (P)* exp(-3280/T)
oA Ce ppm @AY FAFE, P F4294F
(psi), 28l TE Kelvin 2%& Yet}.
Ambruster=" ©] 21& 4zt MYl C = 12.8
(P)* exp(-3344/T)E%E YeEHEd o|d wpad
343~427C(650~800°F) 2= A T4 #
3] 1000~2000 psi?! A% 2.25Cr-1.0Mo7oll A

REEHEG $£18% H19%, 20004 24

o] #4249 £ = 2~6 ppmsl ¥ ARHAS Z
g Aol o= 20~40 ppme 2 Ve
Angeles, Stuebler ¢} Geigere' 2.25Cr-1.0Mo7%
el Fie] FAALE 2Hste AE HEJLH
&T 2. D = 6.2 x 104 exp(-1200/T) 7]
A D 440 3L TE kelvin £%0]t),

3.4 HHE M (temper embrittiement)

A e AL oln eHAEEH LA
@olA T -8 el Fgo) glo] Ao 3
glof g Abgfoltt, ABHA L FEHFEE 371~593
T(700~1100°F) Al M"® Alg3lAY L& o] o
99 2N Y& e Ao YeEte H3)
ot Bd Aqatee] APL Eoto de 43
EE Y den ey 2 B3] g}

1) ®H#HAEL Ni, Cr, Mo 5 ¥t A7
X dehvdz gd7 SeMe deEhdR geth 9
-3 Ao] 5E AeA 7R gy Fido] AR
AE wat G, HAo] FvsidEE 94 A4
e EHE #EYE 3] YT
2) FHFHA o] TAste 25 HYE 371~5937C
(700~1100°F)7} Hl3. 2dFE HIjd e &
w2A T 71 7FEE HEE oA E Fke
e 482°C(900°F) ¢l 8+e] =7} €}
3) HAL M9 Aol AA FH3E AsdA =
(5937C)1100F o|Aate] &xoa] e Azt 7hd3bu
YRR 35T 4 gl ,
4) d9HP L EE949 P, Sb, Sn 2831 As9
TOR F2 9L X1, 7] Mnd Sig Hy
AL o 37 Ao w daiA gt
duHge] vge ofd B FHEAE LA
ok 949l P, Sb, Sn, As 5] 33} &% g9
A ARGA B A se Ao LA 9l
. F 83 EeELLT) o9 HEE dod|ex
= 844 gRu o]3 Ba 9450 AR EA -
EASte 4% AHEE BE] S8 Do oA
Hthe AR A E wel 3771 dojys R} 3
A 28HE AoR A IAY. <)Y AR HAY
AFANA ahe FAAY st 9 o] &
TE AN = AFE 28 2.25Cr-1.0Mo%
o thate] Hl e AL thgd @t
1) 2.25Cr-1.0Mo 79 £4 ¥ BA% 2454
EF g9 9getn, 53] $H IS E Hy
HAel o sttt &3 Fel ] Mnoluy Si 59 &

TH&7E HaHE FHAN AR volrn

35



36

AH 5w

2) }fjga].opg T E‘:]xﬂ
8bksi ©]8te] ARE Zte FAE €Y A4 93z}
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= 24 A$e 9934 UiEst S
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= ASEIAT U

2.25Cr-1.0Mo7doll loiAe) HAdL o|n] AW
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oE&sted It o R HAGE A2 9 Uy
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$HFEY AL L dEE F e FHE ALsAE
o o533 2
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G2 embrittlement factorgl ek, THeF o] Zk&
Mn# Sig &3 #A & o] 439 w5 E3pgo)d),
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Ao Wzest o Zvy, T3 Watanabe™$F 1
9 FRER #UAL AT s ed J-factorgatrt
J & ot e o] FoAXEH J=(Sit+Mn)x
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FEE Yelfla olgte]l 300 AF del =7
step coolingdll 9J& A% °F 100°F A= 185 J7}
15090 A% < 30°F9] #eo] €& W E vehdth
dutd o2 "W HAPE Hrhskrl 3 e RE 5
& ¥ (isothermal heat treatment)$ @A 3
Wzt 48] (step cooling heat treatment)e] F7}
A A7 g S2EA s 482TC(900°F)
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gAY E 3% 1 HIHe e mgA HAAT
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step cooling Xz v &L At & 108 3
T gAY AlHE A83tnE §E HA UAEE
238 & v FREI Foo] drt. 27 step
cooling @A & GEolA Ni-Cr-MoEIRIZ} el =
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H ARl dFE=t
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o] @xEE I3t M3 AMEEHT Y. 23 4
MzE Pej9 step cooling A2 WHH & JeETE

1100°F
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&=
&
=
=
—

F.C
975°F

' Cooling Rate Approximately 10°F/Hr
¢ Cooling Rate Approximately 10°F/Hr

Fig. 4 Step cooling €4 3 BAx
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37FAl T ol A 7134@ T e, $HFoRE 7
AZFH AN Bedart 5 P, Sn, As, Sbel &
2E WEe U °] %1‘4. olF % P9 Sn 7
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o2 QyZEr,

rlr
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