o5 46 5 4 1) RN Vol. 46. No. 4
< 150 * 202547 A SPECIAL STEEL July 2025

BB 4 18R E K& H A X Ni-Cr-Mo-Co it #t
EE AR5 RN
Qﬂ{]lj, %X}ZZ,}, #%H}%%ZJ’ ikﬂﬂ%]‘z‘S, é‘}éélz'}, g/;_‘]]zé 2,3, /]'E}_Z‘,Jiﬁ-]

(1 FeIL R 2= DR B & B AR SRl 2F R E TR E 22 06600452 KEH A& TR ABRA A,
KHE 30045733 HEEE—ERIFUR A28 F], F55705 2K 161042)

W OE WS TS RDNR R A Ah 3H [EE A BS R H R T AON B S A SUS R R L, SR A
1 100~1 160 “CH & i BBl P, Bl 5 13175 A BRI P8 1) T v Bl fb 4y Rl 38 4k v, DT A5 R R L 10 T 45 4 11
SR A — R (SRR 5 B A B 780 1 [ -t T R i I 8 b Ak L ot vl L R i 82 19 M, C R B Ak
YO TR & 42 10 Ty 2R RE . S5 A LSV, PTREHE 1 140 CNIZA & M BIE AL BIIELRE o & 4 7 b H1 S 42
PGV E0 7 38, 1IN T M C AR BT H A ) AN Ak ) RSE, SF T b s oy AR 0 I oo A A TR 5 5 B B TE
78 5 AL 3 SR P 2 8 2, )2 A 8 A st A b S A B BRI 457 T 1 R i i/ INIORAR P e A4 . [ Ak
HUS WA L R T A S B R R 3 2 th R 0y A1, B3R 5 A 05 B, [RIB, S AR il Ak i i i s 555
A6 T AR B XA A 0 SR Ak T A AN R R

RIS 4 FRALE; B RS ik rEhE

DOI:10. 20057/j. 1003-8620. 2025-00068  HE4 K-S :TG156. 1

Effect of Solution Heat Treatment Temperature and
Cooling Mode on Microstructure and Mechanical
Property of Ni-Cr—Mo—Co Alloy

Bai Yaguan'??*, Nie Yihong™’, Yang Xiaoyu™’, Wang Dapeng'*~,
Bai Xinghong®’, Peng Yamin®’, Fu Wangtang'
(1 State Key Laboratory of Metastable Material Science and Technology, Yanshan University;, Qinhuangdao 066004,
China;2 Tianjin Heavy Industries Research & Development Co., Ltd., Tianjin 300457, China;
3 China First Heavy Industries, Qigihar 161042, China)

Abstract: The influence laws of solution treatments at diverse temperatures and the cooling modalities subsequent to solu-
tion treatments on the microstructure and properties of the alloy were investigated. The outcomes reveal that within the tem-
perature range of 1 100 °C - 1 160 ‘C, with the elevation of the solution treatment temperature, carbides dissolve back into
the matrix, which makes the grain grow and has a certain adverse effect on the strength and plasticity of the alloy. More
thorough dissolution of carbides can further facilitate the precipitation of more continuous M,,C, - type carbides along the
grain boundaries during the ensuing aging treatment, consequently reducing the mechanical properties of the alloy. Taking
into account the microstructure characteristics, 1 140 °C can be chosen as the solution treatment temperature for this alloy.
A relatively sluggish cooling approach subsequent to the alloy’s solution treatment augments the precipitation propensity of
M,C type carbides and the size of these carbides. Additionally, it can prompt the precipitation of the y’ phase, thereby en-
hancing the strength of the alloy. In the event that the alloy undergoes air - cooling subsequent to solution treatment, a sub-
stantial quantity of fine granular carbides will precipitate at the sites of the original carbides and their adjacent regions dur-
ing the aging treatment. Abundant y’ phases precipitate both during the slow - cooling process following solution treatment
and during the aging treatment, remarkably elevating the strength of the alloy. Simultaneously, the precipitation of a large
number of carbides at the grain boundaries attenuates the strength of the grain boundaries, imposing an adverse influence
on the plasticity and impact energy of the alloy.
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Fig. 1 Microstructure and morphology of the forged state of C700R-1 alloy: (a) metallographic structure, (b) microstructure
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Fig. 2 Effect of solution heat treatment temperature on grain

size of C700R~1 alloy
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Fig. 3  Microstructure of C700R-1 alloy after solution heat treatment at different temperatures (air cooling after solution heat treat-

ment) : (a)1 100 °C, (b) 1120 °C, (¢) 1130 °C, (d) 1 140 °C, (e) 1150 °C
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Fig. 4 EDS results of precipitates in C700R-1 alloy : (a) sign 1, M,,C¢; (b) sign 2, MC
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Fig. 5 Microstructure of C700R-1 alloy after solution heat treatment at different temperatures (after solution treatment, cooling at

4 °C/min to 700 °C, and then air cooling) : (a)1100°C, (b)) 1120°C, (¢) 1130°C, (d) 1140 °C, (e) 1150 °C

KK BT Mo G2 i1 RF ATk, B wiodE B
AR, HILER T 7 d AT A FEf N B S A B2
AIBRALIBT o JE I I R B T R & SRS
T SO A 1) MC R B A RT3 1) L 58 4
A, Mo G 2 45t & AE — e R B B9 6, 78 5 2211
SRV L R R R £ A L B AT Mo I 2R I S e 11 M
T EBEENT IR R, XA IGE 3
4/ NFIURE PR B Ak P 1 SRR 3 3 X ] 3 R EL S %
FU B9 B0, B T 40 /N JURE R Bk Ak 9 B AS TR A, 2%
7 b B S AT L 0 MC BRI . X T
M C FRUBR AL D AT HE TR DX [R) 488 ML, C B8 , 2R 1 v )
TR R 25 MC B AR AL A R XA R
il A 11 A BRI Y Mo J6 28 & 4 X 25 5 i M C 7Y
fefb I RAEK K.
2.3 ERBERSAARIT HFHEREK
=AU

B A RN [ A B B R [RVS IR TR Y
PP PEREANE 6 i o B 6 () FTAT, TCig S [ i
b PR A2 25 Ve AT R AR PR RE ARSI | 38 S A T
RAAD B T P AT R I kA I Ak R FH 9% b 3
Je FRUEAT S A B, A 4 W TR R B R R R 5 3 AT
FEA it 25 [ Tk 7 v T S R B A I Ak
PR [FIAE SR B2 ¥ b ST, 1 M0 B 20 A A 3 2 i 2
PE A RE B BT R o B A AR B 280 N [V
VR A ) 5 B X L eT A, SRV AN BT DL —

T JEE F) B2 v < O DAL 50 B M 5 B2 o IR ol
T IV AL PR RE T i, A e AR A AR T —E Y
KR, 4 AR A ROCR A58, I, & G B3 BE 2 A —
TEFERERY N [ o T [ AL BRSPS A R L AR
A R E AR AR T v MR AN S AT H
& A ERTH ELGE BRI . ERE S AY
gy @S Bunta U ol NPV T PN e NI ELES
N R I S | S T O T S o (B NI
REARS T A BRRE S ALt Ty AT
AR R, B AL B S g g R b, S b
AT R Yy A, HRSE 2R T 750 “CAb B
HT L Ay A TR S5 2R Y IS Ak BT 2 Ay
o DRI, JFCaR B8 B P DRV O A i B8 v — 2
F AT 6 (b)) TR, S A0 Ak BT Bt 5 (51 7% I
FERITH &, BBk —E R RS . IR
FT T 11 9 T B AR I, ot R AL [T A S8 4, T
IR AL AP AE S R IR R 2 S s o 2
W86 25 P T o I o BB A TR 22 B e A T
MR HE T IBPE R $E T o B0 T 20 0 i Ak B Y
R, 2B S 0 A LA IR I ARl S . X B
BRACD) B2 7 i R RSP e &R o [ Ak B
JES T, AR NSRS D SR L)
MR 2 R 2% o [ A B B 2% v i AR
AT LI H B 2 RO BR B M C BB Ae ), S st
T S AAE A SR TR B T A B 2B



4 IR 25 (B A B B R v 105 2 Ni—Cr—Mo—Co i 32 4 41 81 5 M BE Y S 11 - 155 -
1200 —— b
(“);,,Qii;i;:"'; R o — G S 60 | ®) 1;
1000 /\ i —
800 | _— —

600 | k‘”;j?.:
400 | /\‘,,,

200 F YS—{% FE Ak 3 —o— TS E W b3
—A—YS-BERE R+ o TS-ERE 2= R+RAL
——YS-[EE BRI —— TS-FEE %+ %

55 B /MPa

1100 1120 1140 1160
[ Aub 213 BE/C.

20
—— A-{RERALE

—o— Z-XE¥ AL
—A—A-BR RS o Z-ER R SRR
v A-BERE BRI 2B R B

1100 1120 1140 1160

[ 5 Ak 3 ¥R B/ °C

L6 i Ah B R RE FIVS A1 KX CT00R-1 & &Ptk GER 2« (a) 3R EE, (b) ¥k

Fig. 6 Effect of solution heat treatment temperature and cooling rate on tensile properties of of C700R-1 alloy : (a) strength, (b)

plasticity
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