%53 % 11 7/ S N Vol.53  No. 11
2025 4F 11 A 55 90—100 171 Journal of Materials Engineering Nov. 2025 pp. 90— 100

SIFAAR: KRG ORGSRk UEAR 45 A TR) PR IR X T Co B 2.2 GPa R o 3R i AL 2K 3 2= HERE A S [T bHR T L 2025, 53
(11):90-100.
WANG Feiteng, MI Peng,ZHANG Honglin, et al. Effect of different quenching temperatures on microstructure and mechani-
cal properties of Co-conserving 2.2 GPa grade ultra-high strength steel[J].Journal of Materials Engineering, 2025,53(11) :
90-100.

AREENEENT CoBl22GPaiiB e
om B X 2H 28 & 1= 1 BE B 22 i

Effect of different quenching temperatures on
microstructure and mechanical properties of
Co-conserving 2.2 GPa grade

ultra-high strength steel

EREE Ok M SRR &S R R AN

(1 ZRJER: AR RS TR AR, DEFH 11081952 A A7 e 3 s
WEFEHT TR AT RREE SR FE Pl L FH 11001653 =S,
B IWgES K L TUT 4R B 62100054 FHELLRAE

BB TR B, b 2% 28 066004)

WANG Feiteng'?,MI Peng®,ZHANG Honglin*,

LI Xinyang',XU Bin?, SUN Mingyue”

(1 School of Materials Science and Engineering , Northeastern
University, Shenyang 110819, China; 2 Shenyang National
Laboratory for Materials Science, Institute of Metals Research,
Chinese Academy of Sciences, Shenyang 110016, China;

3 China Aerodynamics Research and Development Center,
Mianyang 621000, Sichuan, China ;4 School of Mechanical
Engineering, Yanshan University , Qinhuangdao

066004, Hebei, China)

FEE RN A A e A R L S A A R L S IR T N A LR R RE VR A A U SRT  A
(SEM) (i# S HL 558 (TEM) SRt i 3 3R AL SEAS [R] VR JCIRLEE XT 5 Co 8 2.2 GPa 2% ey i 2 AN IO 4 21 % 7“7 Mg
HISEIRAILE] . S5 AR VR GRS 950 CHT, SRR N AETE R 2 R MC i (b4 IR 20 A Sk, U0 B AR, Hopo
k2072 MPa, it I8 5 k1 1873 MPa. BV R FH i, TI-45 fb A2 E 3L 4 ok 40 4k, ML C i Ak i B 1 sl 2D, X b
O3V SR AR SR A A AT A RE R R[] T 5 24 A IR A 1030 CH, S0 ELAT B S A SR B B PR G, AT 5 N
2251 MPa, Ji IR 58 2 24 1901 MPa, {4 2 9%, V IS 1 vh i D)y 9 T i#F — 25 32 = VR DR, JRL E AR fd b R 4 R
TR AR T R, 1120 C R A R 4.5%0 0 KGR BEFE 1030~1090 ‘CZ fH] B, ML C Ak i i 5 ki K oK
TEAESE A R 2R o VRS T 2 R T P 4 1 0 e i, Lt ey %) 7™ o KL A 1K 309 00 28 9000 e 1 A R0 D A i 450 e A e
SRGRIA] < = R AN s VR TR 5 Ak 5 SR ECAAR ROk 5 R 0

doi: 10.11868/].issn.1001-4381.2024.000079  CSTR: 32421.14.j.issn.1001-4381.2024.000079

HESES: TG156.31;TB31  XEKFRIRES: A XEHS: 1001-4381(2025)11-0090-11

Abstract: The desirable combination of ultra-high strength and good toughness enables the secondary
hardening ultra-high strength steel widely used in aerospace and energy equipment. The influence
mechanism of quenching temperatures on the microstructure and mechanical properties of Co-conserving
2.2 GPa ultra-high strength steel is investigated by using scanning electron microscope (SEM) ,
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transmission electron microscope (TEM) , tensile and impact testing machine. The results show that when
the quenching temperature is 950 ‘C, there are many undissolved M;C carbides and unrefined grains in the
matrix, resulting in lower strength (tensile strength: 2072 MPa, yield strength: 1873 MPa). As the
quenching temperature increases, recrystallization promotes the refinement of the matrix grains, and the
number of M,C carbides gradually decreases; such partial dissolution favors the precipitation of hardening
phases, resulting in a recovery of strength; when the quenching temperature is 1030 “C, the experimental
steel has excellent combination of strength-plasticity-toughness: the tensile strength is 2251 MPa, the
yield strength is 1901 MPa, the elongation is 9%, and the V-notch impact absorbed energy is 9 J. By
further increasing the quenching temperature, the rapid growth of austenite grains leads to severe plasticity
attenuation, with elongation of only 4.5% at 1120 ‘C. Between 1030-1090 °C , there is a competitive
relationship between the dissolution of M;C carbides and grain growth. Although higher temperature
quenching promotes dissolution, the severe coarsening of grains offsets the former’ s beneficial effect on
toughness to enable a stable performance of strength and toughness.
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Table 1  Chemical compositions of experimental steel

(mass fraction/ %)

Ni Co Mo w C \% Al Cr Fe

10.1  6.92 227 125 034 019 048 1.11 Bal
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Fig.1 Thermal expansion curve of experimental steel
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Fig.2 Equilibrium phase diagram of experimental steel(a) and elemental composition of M,C type carbides(b)
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Fig.4 SEM image(a), TEM image(b),energy spectra results(c) ,and electron diffraction pattern(d)

of carbides in as-tempered samples after quenching at 1030 °C
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samples after quenching at different temperatures
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Fig.6  Austenite grain morphologies in quenched state after quenching at different temperatures
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Fig.8 Phase distribution of as-tempered samples after quenching at different temperatures
(2)950 °C; (b)1030 ‘C;(c)1060 C;(d)1090 °C; (e)1120 °C
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Fig.10 Tensile fracture morphologies of experimental steel after quenching at different temperatures
(a)950 °C; (b)1030 “C;(¢)1060 C;(d)1090 “C;(e)1120 °C
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Fig.11 Impact fracture morphologies of experimental steel after quenching at different temperatures
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