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Effect of Austenitizing Temperature on Microstructure and
Properties of 2 200 MPa Grade Ultra—High Strength Steel

Zhou Lei, Wang Fei, Zhang Hao
(Technical Center of Baowu Special Metallurgy Co., Ltd., Shanghai 200940, China)

Abstract: The microstructure and mechanical properties of a new 2 200 MPa grade ultra-high strength steel after differ-
ent austenitizing temperature treatments were investigated through mechanical tests, optical microscopy (OM) , scan-
ning electron microscopy (SEM) , and other methods. The results showed that the strength and toughness and plasticity
first increased and then decreased with the increase of austenitizing temperature. At 940° C austenitizing temperature ,
the optimal strength-toughness balance was achieved, with a tensile strength of 2222.5 MPa, a yield strength of
1725.5 MPa, an elongation after fracture of 11%, a reduction of area of 42. 5%, and an impact energy of 51. 05 J. At
lower austenitizing temperatures , the impact fracture morphology was primarily characterized by hole-aggregating tough-
ness dimples with fine grain size. Fine secondary phases (with a diameter of only 0. 75 wm) were observed on the frac-
ture surface. Based on phase diagram calculations and EDS (energy spectrum analysis ) , the secondary phase was identi-
fied as M,,C. With increasing austenitizing temperature , the morphology of the impact fracture surface transitioned to a
combination of dimples and quasi-cleavage, accompanied by the disappearance of secondary phases and gradual coarsen-
ing of grains.

Key Words : Austenitizing Temperature; 2 200 MPa Grade Ultra-high Strength Steel; Mechanical Properties; Micro-
structure

H A, 5 95% LA _E 1) R HLES 74 2040 2 %
TR e e R ) e R R AN P T 0 B — R R
F| 1 620 MPa 5 5 5, 35 2 FH T 25 T % 40 7%
2 LB EER TR KT VR T S 4 B 45
DR ERRE S X AT B AL E B A I
TIGAR D f HE A T L, B v R R AN B
SREEFILGNIE 2oCEZE ., BT, EERHANEZ R
2 000 MPa £ 300M 44 , 300M 4K % Z8F il 107 FH b a2
ANt an, E DL B 7 48 R 4 8 25K, 2 200 MPa

EEWHE : EEE SR No.2022YFB3705200
EEREN: A 2 (1996—), 2 it , TR ;
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0

E-mail: 790015@baosteel.com;

G L 1 v A TR A

7E 300M H:fily b A7 WA Ak it 4w Cr ]
M 0.80% $2 /=1 £ 3.00% #2477, BT LA 4 Ak &R 410 il
o ik e 78 7 ) R B LA, DT it e 4 Y 5 B R A
& 5 ¥ w[Ni ] 1.80% #2151 5.00% A 47, o] LA i
L 20 Ak 3N BB R [ R AR LR AT L
v R R ) B R T AN 5 5 8 5 8 w0 [ Mo ] DA
0.40% $2 155 5] 1.00% 2247, Mo [ &S i mT LAGE 289 1
TR A B v A 1) B R R 5 B , ELN 5 AN )

s B H: 2025-11-07



%31 JA S BRI IR T 2200 MPa 25 157 58 B2 4K 20 2R RE 14 52 - 89 -

SAPERT E 300M M BEAE AN 3% 24 A wl Co ], BR
T Co mJ D4R v 89 1Y 5 B2 FIAE JEE , Co 3 ] LA 22
M, C JBURT 0 R Al et 2, DA T 448 o 0 1 i 38 RN
PES S FEAK Si A Mn 75 5, A Bl 1 2 5 89 10 28 M A
B,

7 300M 40 FE Atk I & (18— 18 2 200 MPa 2%
R A TS B, A T A RIS B GO Y
RSk A (o N E DR Y A E = S 7 2 )
i PERE , BT 2200 MPa L b 4 T Br 0
1700 MPa LA I 9 i Al B2, DA Je RGP R ) 38 ¢, U
RIS v T 30 ).

AT AR T B AN AN e A B 16 400 1) 43 A1 B
RUSE, 38 e P 5 i) B E R ok R ST, A5 B A L
QAR Ak T B n] 4N 4R A R AF s B BL & . £ 6
ZETIRIESE 22 B2 000 MPa 5 B 2 501 () & W Uk B4k
T 7 R 8 A 1) e A B R AR A TR B R 1060 °C, T AR
SRAEIRE G e B 950 “CE T UL AR 2 000 MPa 5ift
J& 4531 40CrMnSi2Mo £% ) 8 16 B FC AR AT, 2 4
T EEBE S & B 2 000 MPa 9 JiE 2% 51 (Y 40CrMnSiB
1 B AR B AR TELE A 920 “Co SR ASZE O F 5
&% 2 200 MPa 2% ] Y Fe-10Co-10Ni-2.5Mo-1Cr i
TE O AR 1025 °C Y K IR RS 3145 e i 38 L 4L
FIE A 2 244 MPa.

XT3 — AR LA 1 2 200 MPa 2% Hh 4 43 8 5
5ER 55 114 B EC AR AL TR A F 9 2 22 /b TR 3
B9 B EC AR AL TR BE X6 2 200 MPa 2% 68 1 5 BE 9 1)
LU 7R RE R FZ I, DAY A 7= mp il R AN Y
AP T 2RI AR
1 R FE

G R 6 ¢ B s B+ B A H AR
B, oAb 2= oy (& 4> B0) 1% R 041~
0.43C, 4.90~5.10Ni, 2.90~3.10Cr, 0.90~1.10Mo ,
2.90~3.10Co, <0.001S, <0.005P, Fe 2 £ . $610 mm
FEE AT S IR ST, AT 4 500 AL B AR
$»300 mm B o

F1 2Pk e RR AN 42 AR 4 SRR A B B T
W1, 2R B AR d=5 mm,1=5d, X5
FrUEN GBIT 228.1—2021, IR 15 78 45 4 J7 I 7
BEILIR AL ETM305E ; b i5URE S 5 Hb U A e 11 oy
RFE 5 bR N GB/T 229—2020, I3 i% 4 %1 5
i MPX-450 AIE 4 v L0 AL 5 [ Zeiss Sigma
HD %137 & 545415 v 7 308 B X e o W7 1 004 008
AL i 1] Leica DM 6000M 4 AH b 1455 #1745
FHAL LA EE N L B ST

2 HIEER

2.1 HEEMITERBRHAR
fifi F Thermo-Cale A4 X6 56 9 25 1 7 41 AR
THE, i 1 A 2 fies , SIS AR 1 T L
I A A Ac3 N 867 °C, EIAHLE M 1 427 °C,M,,C,
Br LB R 867 C, MLC, BT i B R 877 °C, MLC, Bt
HRLEE R 551 °C,MC AT HRLEE S 237 “C. IR 97
650 “CF #EA7 /=1 I 1] S A 2 an ] 3 i, 32 %2
Il kB AR ZH 2, 2 vh A5 SR 2 3R A4 RN 248 kIR Bk
LG W S AL
2.2 ARARENBREIHFEEERNZIY
& 4 (a) (b) 35~ 860~1 100 °C 4k B Ji5 i 56 49

—

Y L

e Mass fraction of ALN__B4
= Mass fraction of BCC_A2
o

0 200 400 600 800 1000 1200 1400 1600
REC

1 2200 MPa 2 2 5k e A I3
Fig. 1 Calculation of phase diagram of 2 200 MPa Ultra High
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Table 1 Experimental Items and Heat Treatment Process of 2 200 MPa Grade Ultra—High Strength Steel
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Fig. 4 The influence of austenitizing temperature on strength (a) and toughness and ductility (b) of 2 200 MPa Ultra High Strength

Steel
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Fig. 6 Secondary phase in the fracture at an austenitizing tem-
perature of 940 C
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Fig. 7 EDS analysis results of secondary phase in fracture sur-

face at austenitizing temperature of 940 C
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Fig. 8 The variation of austenite grain morphology with austenitizing temperature : (a) 860 °C, (b)900 °C, (¢)940 °C, (d)980 °C,

(e)1 020 °C, (£)1060 °C, (g)1 100 C
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