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Abstract The carbide phase in grain and at grain boundary, microstructure and mechanical properties of heat resistant
steel 5C121 Mn9ONidNb2WN of status forged, status solution-treated at 1 200 C for 120 min water cooled, +at 1030 °C for
20 ~ 240 min water cooled, and status solution-treated again at 1220 °C for 20 ~ 240 min water cooled have been studied
by scanning electron microscope (SEM), transmission electron microscope (TEM), electron diffraction analysis (EDA)
and energy dispersive X-ray diffraction analysis (EDAX) etc techniques. Results show that with solid-solution-treated at
1030 °C, not only the granular M,, ( CN) precipitates in grain and at grain boundary of steel 5Cr21Mn9Ni4Nb2WN, but
also as a addition of carbon resource the M( CN) degenerates into M,; (CN),, the ambient impact energy of steel markedly
decreases but the change of yield strength of steel is minor; with again solid-solution-treated at 1 220 °C the reverse precipi-
tation reaction from M, (CN), to M(CN) occurs once more, and the higher ambient energy impact of steel shows again.
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Table 1 Parameters of solid-solution-treatment process for
test heat resistant steel 5Cr21Mn9Ni4Nb2WN

s AT A

0* B

1* 1220 °C,120 min, K%

2% +1 030 °C,20 ~240 min, K%
3¢ +1220 °C,20 ~240 min, K%

¥ : B A RHE % 20,40,60,120,180,240 min,

FBFEREEE, 2D BEELE (R L),

Fil Philips SEMS505 $=4# i T W08 BE A T vh
IR PP T B T LR F) A Philips CM12 & 5
HL T T R B LB T 1 AR BB S B e A i R 2
AR IR ARAE , I AT 8 X o T i S A R A
RETE 50 A7 B 2R BB 3 23 #r (EDAX-energy dispersive

x-ray analysis) .
2 XRER
2.1 Wy CHRTRURRAE 708 A i L B ER (LA



- 62 - B

B35 &

RN O FE 2 IR RWRAE, R
FEF BB R BIRABRATE { 111} B,
7 R A B KBS FFFHE R TLIEM .

FERARR O MR KRR A E L, —2 AR
TR AR (B la) BT
SHERESH AT KB HA I M(CN) , ¥/ IR T8N
SR M g My (CN) g, X — K JE S M(CN) 71 % J
M, (CN) ¢ #y EDAX il £ 45 5 43 3 24 ( Nby g4z Cro g7
Fey 021 ) (CN) F1( Cry, 53 Feg 33 Mng, 15 Wo 016 ) 23 (CN) 50

£:1 220 °C,120 min, KA EFARAE 1* 5 5F H
FEFEFERER(F)M, R/DH 6 ~10 um (F
1b) , A B ERATER RIE R AM(CN) 5 A
2* AR 1 S B R , 41 030 T B%E, XA
FHE EREHRM(CN) H2 I BE D, 7R R X 8T
H RS FI o AR R E A — R 22 3 ) BURC A B A
(B 1c ), St R e SRARM(CN) 1A b FER IR A
WrBALEBUR AR (B 1e o), B T RTAFFERER B X
SLRGURLFN T Fr A 2 9 My, (CN) ¢, EDAX 25 R 32,
H R My (CN) g A ((Cry sg9 Feg 9 Mng g5 Nby g7
Wo.oo1 )23 (CN) g, K35 (K BURL A ( Crp sss Feg o
Nby, gg4 Mitg, 95 Wo, 00 ) 23 ( CN) ¢ , B 251 78 I ] FO 386 1
BLARM,, (CN) BB £, RTHE A 138 3* 5
#E 2" IS8 A1 030 C,240 min, K% 5, 431 220
C R, X0, & R EBARM, (CN) A i
i AR A E LW T KBIER (A ) ARM(CN)
(B 1d) , 2 EXEM(CN) 3RA 4 ~ 6 wm, iR L
HHE T HM(CN) Z/h, FER TR A R B3R R 7
M(CN) Z [A] B M, (CN) ¢ F0RL, B [E] 8 f [R] g 38
i, X 26 52 B o ULt — 2P IR R, RBUX SR
M(CN) ke K R FF MR BB K B, K

M(CN) , # 5 FIR R 35 B BB M, (CN) 46
2.2 SHBMAHRRE

BRI S AR IR A B AR
WA VSR LA B REES IR
M(CN) ; WNBRA 7 L FM(CN) $e5t, i
A DB HIHTH RDR M, (CN)  ( 2a) o BUHE 2°
MRERAURERE L ERFEE—ERERER
M, (CN) ¢; S ARER KB BLRM,, (CN) o #7 H,
Rt 5 3 5 —FE, BUIRM( CN) Ha./E A #h TR 5% TR A B
B4 BUBLARM,; (CN) 6 (& 2b) , RS KERM(CN) |
M(CN) He38H i FEERM,; (CN) g i EDAX Jil 245
RRBM(CN) , K P35 31 i OB 56 R BB
M,; (CN)¢. BEE B ¥ B Ia] B9 35 i, B2 R My, (CN) 6
MEEME, RTHK, B8 3" & TR R E 52
SE M F KA 1°, My (CN) BB &K LB 1#,
M(CN) iy 7 XA 146 (B 2¢) .
2.4 FRREERELZ R

RAETEL 220 C BB BR W BFHZER 1%
#ERE(1220 C 120 min, K#:4A =78 J, 0y, =590
MPa) ; %421 030 C E &AL BHE R rhdTh 2R
THE(FE2) (B3 MR B AR (1220 €T 120
min, 7K¥% +1 030 C 20 min, K% 0y, =620 MPa) ;
FFE2AERR B 31 220 °C FiEAL 5, R L BoR
B ERBIMEMIEE ( + 1220 C 20 min, K% :
0o, =600 MPa) , J ity 3y B (26 75 e [ B 38 I T A
Friemi(£2) .

3 SHmEnitie

SCH 5Cr21Mn9NidNb2WN 48 221220 C 120
min, 7K 40 FRSS , FEAEL 030 C BB ANMER KREN

B YRR X TR #4N SCr21 MnON4NB2WN 7 O ZE B FALAT tHBRAL YT BENE - (2) 75, JOlk M(CN) | ORI My (ON) g ;
(b)1220 C 120 min, K3, KFIE MCN) 3 ;(e) +1030 C 40 min, K¥% , BUR W F My (CN) 6 AR\ M{CN) SIBLIIM,, (CN) o 55
£ (d) FERER] 220 C 40 min, K%, HdR M(CN) ,TEM

Fig.1 Influence of solid-solution temperature on extraction replica fracture carbides precipitated at grain boundary of heat resistant

steel SC21MnONi4NB2WN. (a) M(CN) bulk, granular and flaky M,; (CN)¢, forged status; (b) large and thick M( CN) block, at 1220 € for

120 min, water cooling; (c) granular and flaky My, (CN) ¢ and granular My, (CN) 4 degenerated from M(CN) block, + at 1030 °C for 40 min, water

cooling (c) ; M(CN) block, again at 1220 °C for 40 min, water cooling (d), TEM
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Fig.2 Morphology of structure of test heat resistant steel SC:21 MnONi4Nb2WN: (a) Mas-

sive M(CN) and granular M,; (CN)g, at 1220 °C for 120 min, water cooling; (b) M(CN) block,

chain-type and graular My, (CN) ¢ degenerated from M(CN) and precipitated at intra-granular or twin-
ning plane, + at 1030 °C for 180 min, water cooling (b) M(CN) block and granular precipitated

My (CN)g, again at 1 220 °C for 180 min, water cooling, optical
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Table 2 Influence of solid-solution temperature and time
on ambient Charpy impact energy of heat resistant steel
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