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Abstract According to the phenomenon of segregation and conglomeration of carbides in annealed steel 3Crl7Mo
(/% ; 0.25C, 16.5Cr, 0. 60Mn, 0. 60Si, 1. 0Mo, 0.020P, 0. 005S) , the orthogonal experiments and discrete data anal-
ysis on effect of pre-cooling heating temperature (870 ~960 C, oil-cooling to 450 C ), pre-cooling times (1 ~4) and
holding time (1 ~4 h) on structure of steel have been carried out to study the effect of repeated pre-cooling heat treatment
on spheroidizing structure of steel 3Cr17Mo. It is obtained that 900 ~910 °C double pre-cooling heat treatment is available
to decrease the time of heat treatment and get structure with uniform and fine carbides. The test resulis show that as com-
pared with normal annealing process- 860 C for 4 h, furnace cooling to 500 °C , air cooling, the spheroidizing carbides in
steel with double 900 ~910 °C for 30 min, oil-cooling to 450 °C + annealing at 730 °C 2 h and furnace cooling to 400 °C air
cooling is more uniform and fine, its comprehensive mechanical properties improve obviously.
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Table 1  Results of orthogonal experiment of pre-cooling
heat treatment of steel 3Cr17Mo

Tye MARE BreRs REME RAWTY gL

(A)/C (B) (C)/h H#2/um B
1 870 1 1 2.20 154
2 870 2 2 1.67 143
3 870 3 3 1.58 117
4 870 4 4 1.43 105
5 900 1 2 1.78 118
6 900 2 1 1.7 86
7 900 3 4 1.45 66
8 900 4 3 1.66 103
9 930 1 3 2.02 64
10 930 2 4 1.31 43
1 930 3 1 1.42 82
12 930 4 2 1.25 89
13 960 1 4 1.81 67
14 960 2 3 1.42 130
15 960 3 2 1.22 142
16 960 4 1 1.32 121
K, 1.72 1.953 1.663
Ky, 1.65 1.527 1.48
Ky 1.50 1.417 1.67
K 1.443  1.415 1.50
R, 0.277  0.538 0.19
Ky 129.75 100.75  110.75
Kp  93.25 100.50  123.00
Ky  69.50 101.75  103.50
Ky 115.00 104.50  70.25

R, 60.25 4.00 52.75
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Table 2 Effect of heating temperature of double pre-cool-

ing heat treatment on diameter of spheroidized carbide in

steel 3Cr17Mo

SR B/ C R ERZ/ um
870 .42
900 1.25
930 1.32
960 1.22
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Fig.1 Morphology of structure of steel 3Cr17Mo by double pre-cooling heat treatment at 870 °C (a), 900 °C (b), 930 °C (c) and
960 C (d) for2 h
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Fig.2 Morphology of structure of steel 3Cr17Mo by annealing at 880 C after hot-rolling (a) , normal annealing- at 860 C for 4 h,
furnace cooling to 500 °C , air cooling (b) and new process- double pre-cooling heat treatment at 900 ~910 °C for 30 min, oil cooling
to 450 °C +730 %C for 2 h, furnace cooling to 400 °C, air cooling (c)
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Fig.3 Deviation rate (a) and discrete extent (b) of inhomoge-
neity of hardness of stee! 3Crl7Mo by annealing at 880 °C after
hot-rolling (1), normal annealing- at 860 °C for 4 h, furnace
cooling to 500 °C, air cooling (2) and new process- double pre-
cooling heat treatment at 900 ~910 °C for 30 min, oil cooling to
450 °C +730 °C 2 h, furnace cooling to 400 °C , air cooling (3)
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Fig.4 Tensile curves of steel 3Crl17Mo before annealing (a)
and by double pre-cooling heat treatment + 730 °C 2 h annealing
(b)
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