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Abstract: The effects of Quenching-Tempering-Austempering (QTA) duplex phase heat treatment process (Q 1030 °C,
30 min; T 520 °C, 2 h; A 250 °C, 3 h) at different prequenching temperatures on the microstructure , mechanical proper-
ties and the friction and wear properties of cold working die steel DC53 were investigated and the results were compared
with those of the conventional Quenching-Tempering (QT) heat treatment process (Q 1 030 ‘C, 30 min; T 520 °C, 2 h).
The results show that the microstructure obtained by QT process is mainly tempered martensite and the microstructure
mainly composing Lower Bainite/Martensite (LB/M) duplex phase can be resulted from the QTA process. The strength re-
duction due to the LB and the retained austenite (A;) can be partly offset by the grain refinement strengthening from the re-
finement of original austenite grain by duplex phases, and the impact toughness of DC53 can be greatly improved by this
complex microstructure. Compared with the mechanical properties of the QT process, the hardness of the QTA at pre-
quenching temperature 100 ‘C is only 1.4 HRC lower but the impact absorption energy is 2. 44 times higher. Therefore,
superior combination of strength and toughness can be obtained by the QTA process.
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Table 2 Designation model of samples

HALHT Y XA 44
QT QT
QTA , TV EE : 50 °C Q50TA
QTA, TR : 100 °C Q100TA
QTA , TR : 150 °C Q150TA

850 %,

B fl/k

2 DCS3FIHIE BT 22 : (a)QT T2, (b)QTA T2
Fig. 2 Heat treatment process curve of DC53 steel : (a) QT process , (b) QTA process



5 4 3]

SR  LB/M S ARIRAL B T X0 AR B DCS3 AU ) 2 P RE 2R - 155 -

JEE 8 P 0 RE SR F 4 AR, X b A T T B
JEALBE, I FIORS 1 kT I F T, B S {8 MFT-
4000 %I Z2 Ty g b1 R} 25 10 14 R S 6 (G AT AR A T
PRSI S0, R S A AR AN 3 s o AL )
SR AL RS A DCS3 4K, BRI RIR FH B2 0 4 mm
MY RACRERE BTk , SEU6 S 80N < FEHEII 2 2 Ha, 2 far
10 N, BE45 I A] 30 min, YR BATE K 5 mm.,

mgk

FACRETIR

B3 R b R A

Fig. 3 Schematic diagram of friction and wear process
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Fig. 4 Metallurgical microstructure images of (a) cross and

(b) longitudinal section of spheroidizing annealed DC53 steel
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Fig. 5 SEM images after different heat treatment processes: (a)QT, (b)Q50TA, (¢)Q100TA, (d)Q150TA
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Fig. 6 Schematic diagrams of the phase transformation mechanisms of QTA
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Fig. 9 Macro—(a,e,i,m)and micro—(SEM: b —d,f - h,j —1,n — p) fracture morphology at room temperature impacted specimens

by different heat treatment processes
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