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Table 1 Chemical composition of
experimental alloys (%) and

transformation temperature( C)

C W Mo Co Ni Fe tA‘*1 tA"3

1 0.090 11.69 6.87 21.75 - Balance 745 840
2 0.011 11.59 6.64 5.12 9.00 Balance 750 800
3 0.015 17.47 6.95 9.84 8.85 Balance 725 830
4 0.013 15.16 6.88 5.35 5.35  Balance 790 900
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B1 4" 543 KkA8(1240 C)
Fig. 1 (Quenching structure of No. 4
alloy at 1240 C

B2 4" 543 K44(1260 C)
Fig. 2 Quenching structure of No. 4
alloy at 1260 C
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Table 2 Heat treatment procedure of alloys and results

Quenching Ageing
Allov No. ay/ (Joem™ %) 0,/ GPa
t/ C HRC t/ C Time/ h HRC
1 1230 47.7 580 2 68.9 16 2.310
2 1240 36.0 550 6 62.5 48 3.170
3 1330 40.0 550 3 66. 8 28 3.580
4 1240 35.5 570 4 60. 0 27 2. 960
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Fig. 3 Fractograph of No. 1 alloy Fig. 4 Fractograph of No. 2 alloy
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Table 3 Contents of alloy elements
3 iTJ-'io/t\. in original alloys of as quenching

and as annealing for No. 3 alloy

4# %{ﬁfikﬁfﬁfﬂ!ﬁ%%ﬁ-‘éﬂéﬂ( 1, 2) , State Fe W Mo Co Ni  Amounts
T s e . 43 T Quenching 3.86 6.28 1.52  0.52 0.31 12.49
BRI, B RS . et Annealing  9.64 15.73 4.48  0.58 0.60 31.03
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Fig. 5 XRD spectrum of as annealing extraction compounds for No. 3 alloy
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INFLUENCE OF W, Co, Ni ON STRENGTH
AND TOUGHNESS OF AGEING ALLOYS

Li Zhonghou, Liu Xiaoping and Xu Zhong
Research Institute of Surf ace Engineering,
Taiyuan Unwersity of Technology, Taiyuan 030024, P. R. China

ABSTRACT The influence of W, Co and Ni on strength and toughness of ageing alloys was studied. The results indi-
cated that the Fe W-Co alloy with higher cobalt possesses stronger ability of age hardening but lower toughness. After
cobalt is partly substituted by nickel, the toughness of alloy is greatly raised. The hardness almost doesn’ t increase and
toughness decreases greatly, when the total content of (W+ Mo) is over 18% in Fe W-Co alloy with 23% Co, but when
the cobalt equivalent reached 23% and the total quantity of W and Mo reaches about 24% in Fe W-Co- Ni alloy, the opti-
mum combination of strength and toughness is obtained. X-ray diffraction (XRD) result for extraction compounds showed
that FesW; type is the main intermetallic compound in ageing alloy, and there are also compounds of Fe;Wg type and
Fe, W type. The chemical analysis of extraction compounds showed that the majority of W and Mo exists in compounds,
while the majority of Co and Ni exists in solid solution. The age hardening is mainly caused by deposition of intermetallic
compounds of W and Mo. Co and Ni have an effect on age hardening mainly through affecting quantity, shape and distri-

bution of precipitation phases.
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