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Abstract: The effects of tempering at 380 ‘C- 620 °C on the microstructure and mechanical properties of the double-
vacuum smelting secondary hardening steel were studied by optical microscope (OM) , scanning electron microscope
(SEM), JMat Pro software and tensile test. The test results showed that when tempering at 380 ‘C-620 “C, the matrix of
the test steel changes from tempered lath martensite to tempered sorbite with the tempering temperature increasing, while
the austenite increases. The tensile strength and yield strength reached their peak value at 440 °C, which may be related to
the increase of the strength of the test steel caused by the precipitation of Fe3C during tempering. The tensile strength and
yield strength gradually decreased when tempering at 440 °‘C- 620 °C. Elongation and section shrinkage gradually in-
creased. In addition, the fracture form of impact fracture changes from quasi-cleavage fracture to ductile fracture + quasi-
cleavage fracture. The comprehensive test results showed that the test steel has the best mechanical properties when tem-
pered at 496 “C, and can achieve better strength and toughness matching.
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Table 1 Chemical composition of test steel %
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Fig. 1 Temperature—phase composition diagram of test steel

2.2 ANTR] AT 2 gk JRE ot 4 6 A A (14 B i)
IRIAITE 380 ~ 620 °Clul J X [] H , HLA R St in

JE WA, GnI&l 3 s . 7 380 “CH, HiAfi i >4 36 HRC,

I S s JBE 45K 5 78 496 “CHF, B BE {1l 40 HRC, L

0 (b) —=— fRRE
—o— W e g

=N
(=}
T

W
(=]
T

W
(=]
T

MR, BERSEE%
8 &

(»/i/H/(.

0 1 1 1 1 1
350 400 450 500 550 600 650
1R BE/C

—_
[=}
T

K2 S ALE 380 ~ 620 “CIEIKCA IR 3 2= PERE - (a) BURLSR LRI IRGREE , (b) (P ST IH 4 %

Fig. 2 The mechanical properties of steel tempered at 380 ‘C—-620 ‘C : (a) tensile strength and yield strength, (b) elongation and

area reduction
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Fig. 3 Test the hardness of steel tempered at 380 C-620 C

2.3 AN IE] g et e A Sk AR 2 2 A R i)

O 4 BT 7R, AE 380 ~ 496 “C[n] i, 2 56 A9 1Y
B A 20 MR (Y I AR+ B GRS B ok
B (R SRR SUF Rk AL i AN Y ) 25 Pk
REA FTIAAR . 7E 18 Co-Ni YR AEAL A o, 4 (1] K Yk
JE 2482 “CHT, 23 B i 40K G M,C AL , VR HL 3 A1
Tl KA T AR SR 1 R R BRI AR IR T
FARA LIRS A A T A THBR T R
() 5% 45 B 1 FE 080 T LR B . I R E T
482 “CH , M,C il AW i 4 K, A0 AR 119 B8 AR,

BTG 2 YR T R % 560 CCH, [k AR A5
I AR 32 7 43 i, S ER AR B 5% 10 AL AR AR BRI N
620 “CHY, D AR 55 L 20, H B 21U A
] IR AR, 5 i AR 22 FRAIR 35X 5 22 AT 2%
PEREAEAI & .

T i R AE R B Z, AT T
SEM I 5 o 76 A [R] [l R R, 3 50 4K 9 4 4
HL B (SEM ) 8000 &5 # 41 P 5 fF s o [ ok iR B8 7
380 ~ 440 “CHT, AT LATE EULAG & ), g A L4
MR TG, o U, 32 R B, SRR v I s A
TR N RS A AN E S (e) TR . 2 1ml ok
B IR F 496 ~ 560 “CHT , /INSF B A 4 T U AN
R, 2000 A 5 o A B A 254 (] ok R
9620 CHY, [nl kAl 7% 55 [ AR il T, © 484
fife Ay Il kR IR AA

i FH IMat Pro 8444 X 8 Co-Ni — YK B Ak 4K 12
FC AR AR FEA T A B8 43 A7 an &1 6 T 7, 7 380 “C IRl 2k
I, B AR &4 6.15% ,496 “CIal K, BG4 &
2190 6.01%, Bkt A K. S, A [B] R BE i T
L BRI R 2 0 S IlKGR N 620 “CHT, BLER
RGN 12.12%. L] UL, #F 380 ~ 620 “C 1 [H]
KA RPN 0 R R R A R R, S R
P, 5RO A S AT 4 E
2.4 URTR)ED kR ot 6 A o o i 114 R i)

G A IR AE 4 @ AR, 4@ AR YRR
PO T3 2 AT W IR 1 e 1R, AORH B ol il e T R

(a) (b) (e)
50 pm 50 pm 50 pm
- ‘ 15N (e) 3

Fl4  BREHITE 380 ~ 620 “CIRL KR A G AHIE J: () 380 °C, (b) 440 °C, (c) 496 C, (d) 560 °C, (e) 620 C
Fig. 4 Metallographic picture of test steel tempered at 380 ‘C—-620 °C : (a) 380 °C, (b) 440 °C, (¢) 496 °C, (d) 560 °C, (e) 620 C



50 pm

50 pm

K5 ENAE 380 ~ 620 “CII KA SEMESL : (a) 380 °C, (b) 440 °C, (¢) 496 C, (d) 560 °C, (e) 620 °C
Fig. 5 The SEM morphology of steel tempered at 380 ‘C—620 °C : (a) 380 C, (h) 440 C, (c) 496 °C, (d) 560 °C, (e) 620 C
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Fig. 6 Austenite content in the test steel
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