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Abstract: A method for preparing iron-based friction material directly from the vanadium-bearing tit-
anomagnetite concentrates by means of imsitu carbothermic reaction and sintering was presented.
Effect of Ni content (1%-4% , mass fraction, the same below)on microstructure, mechanical proper-
ties and wear performance of iron-based [riction material was investigated. The results show that the
sintered sample consists of iron matrix, graphite lubricating phases and hard particles (mainly TiC).
The matrix is predominantly composed of laminated pearlite with higher strength and hardness than
those of ferrite. Compared with the sintered sample without Ni, the microstructure and properties of
iron-based friction material are improved in varying degrees with different Ni contents. Low Ni con-
tent (1%-2%) promotes sintering process, which exhibits the decreasing amount of pores and uniform
distribution of lubricating graphite phases and hard particles. Besides, the hardness and wear per-
formance are improved significantly with the increase of Ni content. However, when Ni content ex-
ceeds 2%, not only the amount of pores increases, but also graphite phases and hard particles segre-
gate in the microstructure, which result in decreasing hardness and poor wear performance of the ma-
terial. To sum up, the microstructure and properties are the best when the Ni content is 2%.
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Table 1  Chemical compositions of vanadium-bearing titanomagnetite concentrates (mass fraction/ %)

Fe; O3 FeO TiO: V, 05 Al O;

SiO; MgO CaO S P

42. 600 30.020 12. 650 0.560 4.085

3. 890 3.910 1. 570 0.677 0.038
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Table 2 Performance index of experimental powder

Kind of powders Particle Size/p.m Mass fraction/ %

Vanadium-bearing

titanomagnetite concentrate <54 N
Fe <44 =99.5
Graphite <10 =99.8
Ni <44 =99.5

£3 MEEMRMULZEABR(RENH/%)
Table 3 Chemical compositions of pre-reduction mineral

powder (mass fraction/ %)

MFe FeO TiC VC ALO; SiO; MgO CaO Others
74.50 1.07 10.69 0.53 5.90 4.71 1.25 1.23 0.13
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Fig. 1 XRD pattern of the sintered sample Ni-2
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Fig. 2 SEM micrographs showing microstructure before (a) and after (b) corrosion of the sintered samples Ni-2
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Table 4 EDS analysis results of areas A,B,D

(atom fraction/ %)

Area Fe C Ti A% Ni
A 66.50 31.33 0. 68 1.49
B 12.21 39.03 45.27 2.93 0. 56
D 24.63 72.40 2.70 0.13 0.14
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Fig. 3 SEM micrographs of the sintered samples with different Ni contents (a)Ni-0; (b) Ni-1; (¢)Ni-2; (d) Ni-3; (e) Ni-4
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Fig. 4 TiC distribution images of the sintered samples with different Ni contents (a)Ni-0;(b)Ni-1;(c)Ni-2;(d)Ni-3; (e) Ni-4
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Fig. 6 Relationship between friction coefficient and time of samples with different Ni contents (a)Ni-0; (b)Ni-2; (¢)Ni-3
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Table 5 Wear rate and [riction coefficient of samples with

different Ni contents

Sample number  Wear rate/(10 7cm® « J!)  Friction coefficient

Ni-0 1. 899 0.55

Ni-1 1.018 0.50

Ni-2 0.742 0.46

Ni-3 1.615 0.52

Ni-4 1.776 0.53
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