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The Effect of Microstructure on the Toughness and High-temperature
Strength of 0.2C-3Ni-3Mo Precipitation Hardening Hot Work Alloy

Tool Steel

Synopsis:

Toshio OKUNO

The effects of microstructure on toughness and high temperature strength of the 0.2C-3Ni-3Mo steel

were investigated.

(1) The granular upper bainite structure, which was obtained by quenching at the rate of the half tem-
perature time of 60 min, provides the following differences in properties compared with the martensite

structure.
(a) After tempering at 400°C;

(i) The plane strain fracture toughness was lower but the difference was small. (ii) The fatigue crack

propagation rate was smaller.

(iii) The uniform elongation in tensile testing was higher.

(b) After tempering at precipitation hardening temperature of 550~600°C, the plane strain fracture
toughness and Charpy impact value were lower but the differences were small.

(c) The high — temperature strengths at the temperature higher than 600~650°C were higher.

(2) Followings are microstructural factors relating to the above three behaviors ((a)~/(c)), respectively.

(a); (i) Larger effective grain size.
along grain boundaries and in grains.

(b);

(i) Formation of excessively stable retained austenite located both
(iii) Suppressed precipitation of M;C.
(i) Not a large increase of tendency of carbide precipitation along the grain boundaries of prior

austenite. (ii) Existing of retained austenite to some extent.

(©);

Suppressed agglomeration of M,C carbides to higher temperature.

(3) This steel is superior in room temperature toughness and inferior in high temperature strength to

the 0.2C-3Cr-W-Mo-V-Co steel.
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A3 0.2C-3Ni-3Mo #§99 iz oWTC, A +1 b
e L Wb ERERE OBR R AR L,
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Table 1. Chemical composition (wt2). (1) #EEb:RER ; ASTM E399 compact tension
c 5 i N o BT (w=51.0mm) #fvie. (2)53RM% 5 Hifl,
0.21 0.32 0. 71 3.15 3.24 %¥n%.& %qzﬁ%ﬁﬁ 6.35mm @%ﬁﬁ%ﬂqb‘, w%ﬁi ToD

2. EHbLUvERBAE

2.1 = ¥

#FkHx 0.2C-3Ni-3Mo $0C, LK% Table 1 1z
AT EMWE S ¥ 300mmx 300 mm ¢, MNERE
S CHEBL, BERIME 6 L L BRIRKE L, 850°C
THETRE LB L7, &3 B K OBz B Dy & B
& DOHRREINLE T, B AT IR L e,
2.2 RBRAZE

2:2.1 37 effftoEs

1000°Cx30min # — 25 91 b {LIEAHEE 2 2L
SRIFEDNAS F 4 N EREER Y 2 7 e {0 S
B Lic. OF T, LAY (LIFES) 60min 0
X% L3~ 1 MERE GITFTES<1 51 1) &
IOMB XD ~rT vy g R CLF~r5 vy g
M) OFRK R4 OWRE (R 700°C) TG E L
SaoRMHOVH, BEXBLHME L 7Y 2 EHE, X
SO, BFREITC X v B L. Fh, BEABEL S
LIEBTAEREL - 257714 P E2XEHEr X o WEL
7o. FERBICET 2RO 12mmx 12mmx6
mm ThH5.

2:2:2 HBHIEE O RE

(1) BEARHIERE & SEHRBS B (T
BIHEE) Kic OXB2HEIE L. (2) #%4 60min o
B XD LA 74 P B IS LB =5 vy
1 FDBEE DX, (a) 700°C To & Lok
HEIRWHE, ¥ —@BE, (b) 700°C ¥ TOHR
BRIBEC ST 5 5IEME, v v —HRE (c) &
77y R, (d) ER2 ) — FHEERE (700
°C, 15 kg/mm?) %37,

2:2-3 FBE ERBK OIR, ~Hik

AR IEHERE 25.4mm = ko, ¥ 7., T
MR PDOBRE L TRAMERETS & T o fiige
(BH—HO) HHE L. & OEE O SEEET 30.0mm
TH5. (3)WOYREEY 75 » 7 ERERE ; Py
WA EREORBR A (w=30.0mm) %M\, [
T2 7y 7% ANT-DL, 550kg>20 kg, 5 cycle/s
DRV ELGEMEZ Y%, #0ELEHc:s 75
v 7OBILZPEL. (4) BlE 27V — 7 R ;
SEATHEE 10.0mm, fZ&APEEE 50.0mm & L, /iR 1.5
h, H# 1.0h HBAR L.

3. R B B B

31 BARIEEEANA T4 MARESEE)

A= AT FA4 MIREED HIEA OEHHEE CEH LR
HOXEFEMBG Y Photo. 1 1, =B L7 ) » TR
% Photo. 2 /Rd. MG T AR~ALT v A b+
DEOTEHASA F1 M ThHHH, ¥4 10min Ti<
T POBEINIEVGIAEE RN, =T 4y
77254 VB 5 ARETSA 51 b (B-I Bl9) %
) 30% AR L, K% 20min I EESA 54 F BT
0% iz b EEbre, SAEEHAT S, F& 30
min CREREEE K oo TIEDR L Bk F3f~<1 5
A PO Iy KN, MRCHROBEA A5 54
Pl L S ORI TOZERBAER Y O A B A% 18 o3
L. wNT VYA FD T AN 0.25 pm XL, B
A >4 PRI 10min : 0.5 pm, % 30min :
0.9pum, ¢4 60min: 1.0pm 4%, BEY 4 —R5
FA FEXIME : 1.5%, 4% 30min : 14.0%, k% 60
16.0% Thsb. & —AF 1 FiEbER JIS
No. 6.5 Th %.

32 BLELICBITIZRILDOMEE IV BRESE

F#5 60min DBENT X B B~ A 4 b I X O

min :

Austenitized at 1000°C X 30min a : Oil quenched b: H.T.T. lemin c¢: HT.T. 20min d: H.T.T. 30min e:H.T.T. 60min

(H.T.T. : Half temp. time)

Photo. 1. Optical micrographs of specimens transformed during continuous cooling at

various rates from austenitizing temperature.
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Austenitized

at 000 X30min
a: 0il quenched
b:H.T.T.20min
¢:H.T.T.60min

H.T.T.:Half temp.
time

Photo. 2. FElectron replicated micrographs of specimens transformed during continuous
cooling at various rates from austenitizing temperature.

Austenitized’
at 1000°C X 30min
a:As quenched
b: @400°C ¢:D500°C
d: ([®550°C e:@600°C
f:M650°C 9: D700°C

X2h

(@ : Tempering)

Photo. 3. Electron micrographs of extraction replicated carbides of tempered

specimen after oil quenching

Austenitized
at 1000°C X 30min
a:As quenched
b: D400°C c: @500°C
d: ([550°C e:(Q600°C
f:@650°C 9: ©700°C

X2h

(@: Tempering )

Photo. 4. Electron micrographs of extraction replicated carbides of tempered
specimen after continuous cooling at the rate of half temp. time of 60min.

CXBb=enT vag b R OWT, 400°C £ 700°C
DL ORET2h JEdh L L oM v 7
BHEC X pEMEBIEROMER Photo. 3, 4 1T, T, K
D XEE TOBEF BRI X 2BEREDH R &
Table 2 wiR3. =45 vy A +FEEL L LOBR, 500
°C AT CIHA — A7 51 bR, 7 ABATEECHE

ho MgC 23523, 500°C Tz 2HET MG
DERE & DI EAENHEEL, 550°C THEHF~D
w7 MyC OFTH A ETs. 600°C TIXIAA — A7 74
MRS X OB T B 7 AR EEAC MO ot
Hmz b, &tke UTHIMEGO BRI
REFeh T B, 650°C TiXR{LA D BELY L ic
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Table 2. Results of carbide identifications with X-ray and electron diffraction methods.
As ' Tempering temp. (°C)x2h
quenched 400 500 550 600 650 700
X-ray (CoKa) MC (28) M4C (30)  M,C (31) M,C (38) MsC (69) %28 ((lggg h"z‘gg %‘B
Oil quenched ded (Crow(;'led) (Crowded)
C 0 d
Flectron - _ (Crowded) e s (Needle) (Needle)
MsC (Needle) (Needle) 2 :
M,C M,C
X-ray (CoKa) M;sC (27) MC (28) M¢C (28) MsC (29) MsC (35) M:g ((131;)) 1\1\1’1128 ((133
H. T.T. 60 min
. _ _ (Cloud-like)  (Cloud-like) (Needle) (Needle)
Electron — M,C M,C M, € M,C

Numbers in parentheses show heights of diffraction figures on chart (scale)

(MsC: d=2.25A, M,C:d=2.60A) (H:.T.T.: Half temp. time)
HEZ, IAA = AT F A4 VRR, =AF v b5 AER
ERPRLRD MC AR L, gHko MC oRE
EDTEEDWADN R DRD. —F, FF~<1 51 15
b & LDOHH,500°CLUF Tt MC o & A F 4k
Y, 550, 600°C CTH#MT MyC DFF AT T4, 600
°C o M,C OD/TRERIZ LT v 14 FOBES LD
BRIV 650°C Tl gk M,C DR ENRR BiLs
B, AT VAL POBE LD MC OHBEILSE
V.

—J3, 600, 650°C COAF*—AFF1 } BB ~D
MC DBEEFTHBE 12 =17 v 1 FOFE X D20
KEWD, 3Cr-W-Mo-V-Co DA X H 3 I\,
33 BMLLEUEEEBEA—XFF1b

F¥5 60min DBHNC X B EF<1 4 35 L OTHES
XD=nv7 v 3B DoWT 400°C & 600°C »
MO« DIERET2h Bid & LB EDBEF — 25 -
1 rEOFEE Fig. 1 ©Rid. BYEA —2A5 51 MT
S00~550°C TAYLINET BN, LESAFA r
LI STREAd — AT 1 M, —8 600°C T FAE L
Tu5,

3-4 BEACKHERE &L MHENME Kic
Y5 % X UK 30min, 60min O EHIHE COBH

20 Austenitized at 1000°C X 30min.

H.T.T. gomin

”

« X
5
c o
o
38
£g0

o
Es
3£
>8 g

4 Ol quenched \\

0t~ e
As quenched 400 500 600

Tempering temperature (°C)X 2 h
(H.T.T.:Half temp. time)
Fig. 1. Effect of tempering temperature on
volume fraction of retained austenite.
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=]
o

—qc——Austenitized at 1000°C X 30min
R 1
43.4 Tempered at 400°CX2h
l 38.5
\\33‘, 2

47.2 Tempered at 575°C X2 h

— a

w
o
[<3

n
=]
=

=
=]

Fracture toughness, Kic (kg /' ~A)

[=)

Ot 30 60
quenched Half temp. time {min)

Fig. 2. Effect of cooling rate from austenitizing
temperature on plane strain fracture toughness,
KIC.

DD B, 400°C kL8 575°C 1= 2h BEd & L-SEhc
DWW Ko B LR % Fig. 2 @i, 400°C
Peb LTk Kic RIS XD ~A5 v ( F DB
D0 LHR, 3M2kg/mm 1y mm OEERRL, %
# 30min TRFPATHTHTHD, ¥4 60min T4,
265 kg/mm?.1/mm TEL L ARED. HFHE LIRS
D 575°C BgH X LT, WL : 189 kg/mm?- 1/ mm, ¥
&3 60min : 156 kg/mm?-y/'mm T 3Cr-W-Mo-V-Co
MOZHh XY bE. 3Cr-W-Mo-V-Co $§0 Kic {E
1k, 400°C BEd & LT, W : 212kg/mme-y/mm, ¥
#5 60min : 187 kg/mm?-1/mm, 575°C Bed &L Cit,
W+ 110 kg/mm2- 1/ mm, ¥ 60min : 100 kg/mm?.
Vmm Thb.
35 BLELREESIEMR, & vl C—ERE

F5 60min DBHNC X 5 EF<A F 4 3 L OIS
LB =r7 vya b BEBhcouT, 200°C + 700°C
DEOE4 OIRETH 2h L & LB ADTERE,
Yy VY —EBEOK(LE Fig. 3 Rt BERXZ
ERH#ED 400°C BE 3, & LT, 3Cr-W-Mo-V-Co WMo 1
(=7 v b2 148kg/mm2, B X 4 A b :
135 kg/mm?) X b 4%\, FIRM K1k 500°C LUF i
LA 71 D BEDOFHIMEL, 525~575°C T
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Austenitized at 1000°C X 30min

180 o ~ Continuously cooled at H.T.T.60min
160 g_’<r__x_~0il quenched
—~ 7%
E © uTs \ ._..-—-'—/ P \\3
5 ——t g = 4‘\}-\
< 120 = il Bt AN |
ES 0.2%P.S — N
] 2%ES | e, Ry
c s CH - P Rty R 4
D 100 pee==F N > < ‘q‘\
N 2 B e BT
80 : T SRSy
< "o UT.S.:Ultimate tensile strength oy
S\j 15 60 .29 P.S.:0.29 proof stress
8 G.L.:30.0mm P.L.: Proportional limit
£% ] ce— \
=5 . I~
c2o 5
o Y
qow !
& G.L.:25.4mm .
g I 9’?&‘\'
8 PR S e
g 0
o O
g o
5 70
C o~ r/!
% E\i 60 | / \_
285 / g
@ T g P,
(s | N—o” \"
40 25
g 20 Torf
EE 5 U_notch
g:’; 10 — 1 |
5% 5 <~
gb——
As 200 400 500 550 600 650 700
quenched Tempering temperature ("C)X 2 h

(Dramcler of test piece: 6.35mm )
Strain rate : 2.0mm/min{ cross head)

Fig. 3. Effect of tempering temperature on tensile
mechanical properties and Charpy impact value.

TV OB L% LY, 575°C CHHEBOSE
ELEEEERL, 600°C Bl BT EH <1 >4 DB
HOFREV. BEBOHAE & AR 600°C T,
0.2% W7k 575°C TR AT L OMER B~
A >4 +DBEEOHIME. B—UL 625°C LIFT
FRAL 71 DBEFOFRREVD, L 500°C
ENFcroEskE . £Moik 500°C LIFC EF~
£ FA4 P DBEDOHNKE . ¥y e —EEEIT 200
°C b 525°C Wl TR L, ~a7 v A + O
£, X Bz 600°C il CEiT 50, E#E~<1 +1
t OBEIL 550~600°C T T2 kEL, =TV
B A FOBE XD HEMEERT. ZFoOfEE 3Cr-W-Mo-
V-Co $fn#4 (600°C TE# <A 51 b :2.0kgm/
cm?) X DidELe.
3.6 RBREAELSIEMR, > v L E—HEEE

F¥y 60min DBEHNC X 5 B~ 1 + 4 bR I OhE
ZXb<r7 via b B ounT, 400°Cx2h B
ELE 20°C & 700°C ofEiofE4 oBEEimEL, 10
min {FEETEEE B Ty« L ¥ —HREY JIEL
T R% Fig. 4 wind. 5IREB I 300°C Cuwwofs
AR LT=D B, 600°C % TR L, —hiiz 5RE

Austenitized at [000°C X 30min .
o ~ Continuously cooled at H:T.T‘ 60min

60 x ~Qil quenched and each témpered
180 |* — at 400°CX 2 h
S
T e urs. N
Eoo = e = -
) 0.2%PS. e e\,
X 100 S~ e
£ Lo Bt o B ann ety
W 80 B .
g 60 U.T.S.: Ultimate tensile strength
@ : R
0.29P.S.:0.29 proof stress \ \\\
0 BN
30 \
20
S G.L.:25.4mm o
s ~o._ \ /l
g ’EZ—
(=]
s
37 0
60 ﬂ\ \
T o5 P hl e,
s \ \
é & 0 X g
255 \ N _/|
i LY
20 35
30 /
-
- E 25
35
gt 20L | R L
En w—
35 s U r'iolch ,1 /‘:/
=
g3 A ~1_
>
s_{:_——xr-——" ”\.,L\./, e
sl—
ol
726 100 200 300 400 500 600 700

Testing temperature (°C) X |0min

(Diameler of test pece:6.35mm
strain rate:2_0mm/min{cross head))

Fig. 4. Effect of testing temperature on tensile
mechanical properties and Charpy impact value.

COETOEEIKE V. 600°C LUFTiX = A7 v
14+ OBED A, FIREIARL, 600~650°C
i EEATER <1 1 F OBEOTHAE. 3Cr-
W-Mo-V-Co S04 X b & 515EM X% 700°C £ ToD
AR T2 TEL. 3Cr-W-Mo-V-Co #fj> 650°C
COBIER XX, AT YA b 83kg/mm?, LB~
454 b :85kg/mm? TH5H. HOL 600~650°C T
* % WA UEMa RT3, 650°C LUFCEE~A 1
FOBEDFHAKE . ¥y A —EE{EIZ 200~250°
CChik%EmRL, FOMEZERSA A+ OFEFOHH
B S, 450~600°C T3 %28 650°C LT T
A A F OBEDHAE. 600°C TOMY,
(3 3Cr-W-Mo-V-Co o zh (0%, =7 v
4 b :14.2%, EEA4 54+ 2 13.39, EEBHE, <
5 v b i 15.2kgm/cm?, EESA A bt 16.0kgm
Jem?) X h/INEW,
3.7 YORETEHI T v VERRFN

M 60min DEHIC X B EIESA >4 bk X hE
Crn=rs w4 b R oWT, 400°Cx2h Bi
L 228 miRLikic L, 550kg>20kg, 5
cycle/s DD ELEIEMEY 52 cBEOHRYE LM
¥er5, 7EIXOEEY Fig. 5 ©wrnd. b1
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’ l ] ! l Fragt ] * Iz ] d ]
Austenitized at |000°C X 30min | ur Austenitized at
11 ———1000°C X 30min N
25 293
\i s 10 — Rupture
9
24 241
550kg > 20kg ! ' —- 8 Oil quenched=—
5‘cycle/séc I T [g { ,
23 X I- 200 E S
[=4
Oil quenched » 2 6
(HRC 43.5) i > gﬂ HTT
B 1} g a ° 60min—
E /" / 5 i
S Cooled at 3 Tempered at
g 2 HT.T 60minT 139 £ g
g T 3—a00° -
5 (ans&z)\c/ > 400°CX 2h [
5 / ] ) i
£ 5 / § /
£ 2 nr g *
g / / . | /
i / / T
9 -/——4 Lo 3 O ! 2 3 s 5
4 o/ s Time(h)
[
oo 3
18} / pa o 8 Fig. 6. Results of creep testing at 700°C,
/ / 15 kg /mm?.

{ “od
h //’/..//
16 %/ 69

0 10 20 30 40 50 60 70%10%

Tempered at AUOIC X2h

Number of cycle

Fig. 5. Results of fatigue crack propagation
test.

1 rOHEOREY 75 » 7V EBEEN=ALTF v 1 + D
BHEOLh X /IS, %7z 3Cr-W-Mo-V-Co i1
BEOVEF 25y 7 EBREREIT/DNZ .

3.8 BRI Y-

F¥s 60min OBEHNC L B EZ<1 71 F B LS
RXB=A7 vy 1 b 3BhzounT, 400°Cx2h B4
LU, 700°C, 15kg/mm? D&MT7 Y — 7 HMi%E
R LR Y Fig. 6 w3, L1 51 + O
BAOFD BRI A E V. BRI 3Cr-W-Mo-
V-Co oZzh (=A5 w94 b :5.4h, i ~15
4 b :9.8h) X /X,

4. # =

41 JBHELEHIFS I/ 08&DTIL

ARMOB L, Fd £ URED 600°C 7 5 650°C . k-
ATDHZ LR &b 5 Eho MC DR & HMEE
DWW DFREL 3Cr-W-Mo-V-Co $iDEE X b X\
2, B >4 rbim LR 5 IHA — AT 1 MR
~D MG DESEN A ORI D R 3Cr-W-Mo-
V-Co $DHE LD H/NE Wz E2AH RS, Kic
BI 5 L5 MyC Bt X 258E0BEi,
3Cr-W-Mo-V-Co $ic &1+ % X 5 7¢ MC, M,C #H4¥7
HIZ XL BE L v b MC oREI LR T
Z &% R. Simcoe!?2 5, R. W. K. HONEYCOMBE® §

WXOVHEHINTEY, AEROBRIZhARLT
W5,

i, BEd X LRI ohT MC RREL, +h
BARCRD MC BT 58505 5 = & HIERHX
NTBRW, KEOPEFIHA—ATF1 + R~ D
MG DELEITHBERID S WOz OBE—R EE
2bhn. i, ESA 71 OB EOFN=AT v
A4 P OHE LD S M,C ORR & HBE DR & 4:
Cie vk, MG o site & LT, k<1 >4
FNERDODHHBEN LT VL FSADFRID L
BEBRICEL, Z0%d EHS1 54 + DHEDOH A
=~ AT FA P RR~OBEEFHOEAIZRRK VA3,
£ LT MC oifll, BENERZL L, ZhicE
BLT MC O R EGMBEEOBP N ~AT v A b
DEGIVERD D EBbRS. E~<1 31 R
b7e 5 BRI — AT F 1 P2 E L WERET, 600°C BEd
ELTHL—BRET IO, Ni §EEN B2 2R
HEBbhs.

42 JLEURELSIEMHE, ¥ v LE—HRE

(1) ¥4 60min DAL 2 FfF~<1 51 1, il
BRIDB=NT v A4 + O BELLEED 400°C B
ELIRRECoM S, 5[4 Xk 3Cr-W-Mo-V-Co o
BHE IV EW. ZHIZ BRSNS 1 OB ITEEA N
DA FA FREBHENMEWZ FiT, =AF VAL b D
BHIFELE LR LR SBERETARE VW LIS
2, WTFRAARMN Cr #EF LW EX—HEE
bR B9, (2) 650°C TOBEEDIEFA K X\DiX
M,C DR IREED BB BTG LT\ 5. 600~
650°C ¢ M,C DY HEEIL L1 71 DB ESDOT
B0, WWHIR, k<1 vy1 roBE8 LD
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Ev0ix, CoERK X HERRILOFSR~AT vy
1 FOBEI NI L, —HBEHA AT 7 +OD
BRFCID EE2bh5b. (3) HHELRED 550~
600°C TEH~A 1 + O HBEOHEBEN =T v
4 FDOBPEDOER LD HEVGIKE I AT, HE
BORAE(EDS 3Cr-W-Mo-V-Co DL X » E\\oD
ik, Bt o1 Mok b5 A -AT 4 PRR
~D MC DEEHHER OHEIMmORE S 3Cr-W-Mo-
V-Co iDBE L /MW &, BEA—ATF1 +OD
B b2 o va VEH, RIBEELBRD.
4-3 R E Kic O35

(1) fEHED 400°C Bad &L D BE, BEALH EHE
DETIC LD Kic fEXBATE0E W VA REDD
W, EBEEASA 1 MRz &b T 5 BRI 0K
T X BB ERO R Y, A, FHN~0RYP+ -2 7
>4 bDOEEOER, MAOKEET, ik, &
WAEORIEI I OT T & Bhbha®. (2) il
FE{EIREED 575°C BEd & LT, LE#~1 41 O
G0 Kic =17 v94 bOBE IV EGAKRE
%1375 <, 3Cr-W-Mo-V-Co $0¥4 X b B0l
4.2 CERHEOFENHCE L UR L ABOHBER K
InsEZOND. B, KO KcfED v 173Cr-
W-Mo-V-Co Sl h X hEWREREAE L T, (1),
()R L-EROAAR#O Ni B35, Aok
BRy7c itk ERIRO B KEL DO L E L bR S.
44 HROSIEBMEHIVL v+ VN E—HEBERE

(1) ERSIERE T 600~650°C *iic, EEfc
g A POBEDOTTNTAT VAL POBELD
By, S MC o4 R E O AR 3 5 b
N RIS A POFBHEOFBRREVDEEZ B,
F Il BE A A FDOFBEDFH 700°C TH Y —F
BRI R X VO L RO A X % L EX bhb.
-5 600~650°C Z I ERAI T EH 1 71 r OHE
DI BEMEIMEV- DX, COREREK X 5 EE®RILO
EEMN=T LT VAL POBEI VNI, FRBEA—
ATFFL P ENRSWZ L EOFEBRT LD EBbh5.
(2) fhyr, 0t 600~650°C CTKRIBEFL, %o
Lt 3Cr-W-Mo-V-Co Sl -& X b B3, BEET
7 e BEOKE, IHX—A7 54 PR REL
fcirzm 25y 7KK, #E L TEMICESTWA
EMHH LA ZhIRAMOBEIRA — AT 71 PR
TO M,C DTy, BEFE— I Tbhbh, 21t baid
7, —HBAAX—AF 54 rRAE~D MC DELEITH
EEEINE L, ZhicB# L ORI R > M OF
# 7 denuded zone AMER M & hWHiERERD,

ZORIED zone [T HIR TOEHOEF L ¥ %R AL
X075 75 0D LHEIND®, 7)) -7
Wi COREM MO NIVWERLFAREEEbRS.
(3) 200~250°C COERED FAMENEH < 11
FOBEDOHIENT X, FHARORMFHC X HER
REREBDRINKE N EE2RTH, Zhid~wirT v
WA FDOBEERL, BEF AT 1 FENEL, Tt
NaMEL, 12 MC ot bis <, EHEARKRE VT &
CrXbEELBRE., %z, 500~600°C TO_EFH~A
F1 +OBEOEREDOWAIBREFA — AT F( D5
7 Ll MG O s X OIRA — A F 1 MRLR~
D MC D ELZ LI kB EELLND, 0D
BETL~AT V¥ A OBE IV EREO vANE
WOR—BERAF - AT 1 VOBEFEL LB EEZ DR
5.
AT ABREE 500~650°C T, fEHD L1
AMEND, 2D ERERASOFIRIMEERO L IRE
Ih b —oBEBEEEETARD, FAKRELEEL
CRBE LR bt EEZ bhb.
45 YIORIEHI 5 vV ERFMN

< T VA P OBHEERL, FA 60min OEH)
CIXABLEBOBREF —AT F 14 v &gk Eif~1
74 FOBEOEFG 75y 7 EREENWPIIVERLEL
T, THBMEW=D 27 5 7HOBE X 5630
NIERBEOBERGEP KT &, H—HOBKE
CERARIND X ORIMTEENKRELS 75 » 7580
TOMLERARE LT\ &2, ENELBRS.
3Cr-W-Mo-V-Co S0 E LD & EH 7 T » 7 HERE
EAVNE DX, AMOBEDHHBWAMENT E2E
WeEZ2 BB,

5. & 8

0.2C-3Ni-3Mo #r LI T A wowC, 4
T AH~A 4 MEBoREE, hollik, SRME
R LETEEYy <7 v VEBOBE LB LD
Szt L, % 7% 0.2C-3Cr-W-Mo-V-Co #f & o Bt}
Hafrisy, TidRefx.

(1) AR LAER 30~60min FiE 0% FERE T
DEARIZ XY, 15% RIBEOBREX—AT 74+ & &
3 Teot ik EER 1 - b (B-1 B MHERERT.

D EIA 1 F DBEA,

(2) #=#Ep 400°C BEd XY LREET, ~ A7 vvda
FOBEEXLLT, (a) FPHEHEHPHEEMAIE Kic X
Eupik X4, v v -EHREZR%ETH
5. (b) H¥% 75y 7 EBREEINZ V. () BT
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% 70 4 (1984) B 7 =

AR I DIEN:, & — Ok E L,

LR, EMAERT S 2 e HERTE, R
171 Mee kb d (1) BOEANERORK, (i)
AR, BN~DLBEOREA — AT 74 DA, (i)
MC offitix AUz &, REHIhS. ()X
S EIPERWAN R & (i), (i) B XOTH DK E KT
X HEME, ENEBENRE O KESHEL L, kW
H, ENEEHLRTEELDRS.

(3) #FrmEftotETs 550~600°C 53 & L, “Fif
FEAPIHEEME Kie, ¥+ 1 —HEEX~ LT V1
FOBE LD HEGAKE Ao U,

ik (1) B4 1 MhicE b5 MC Dl
F— A7 F A+ BR~ OB HER ORI DRI SN
Tz k, (i) BYF—AF7 74+ 0 —HBE, X
5EEbh5.

(4) 600~650°C D) L CoEBREL <7 v Aa
FOBE I D BE.

iz MC DR & TEBEOBW AN~ 1T VoA
FOBEX VLIV ERE CTHFH IR D EEZ DR
5.

%7,

(5) A&z 0.2C-3Cr-W-Mo-V-Co #f i 3t | L
T, E#Eo 400°C Bed & LRRE, T CREOS S
ELEMIIEL, —HRE®BER 700°C ITo £RE
TEWC &, EHHERL

Bk, Ko@m -k +»HRT5EE K ¢ 7 » HERN
Fit, EERA A MER E RIS E CEERBRE A
— AT F A4 rDERE 500°C Lz b BE ToOFHR
L os—nitticd v, FALAEE OB I EH,
BlypsoEfc Xy, BMBERSRE L LCBER,
Wichic b T ORCHERRLED - L2 BR TR LB
BTG CHLMZ LY. chickbd, %o 0.2C-3Cr-
W-Mo-V-Co #cBd1 % EER & 0Fw, SHBOMAR
~DEBERRED LN TE .

Fhhie, KRXORRXHTINIHIZLERE K 8
AR, EREE M RBLRIHRE, BE

B RiEAKRERE L, ERCB S ol SR
I I3 D BERE AL LB ER LT,
X Bk
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