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Abrasiveness Behavior of Counterpart Sliding Against Titanium
Carbide Based Metal Matrix Composite
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Abstract Wear of steel plate was measured during unlubricated sliding against TiC composites. These com-
posites consist of round TiC grains and steel matrix. TiC grain itself exhibits low surface roughness and round
shape, which does not bring its counterpart into severe damage from friction. In our work a classical experimental
design was applied to find out a dominant factor in counterpart wear. The analysis of the data showed that only the
applied load has a significant effect on the counterpart wear. Wear rate of counterpart increased non-linearly with
applied load. Amount of wear was discrepant from expectation of being in proportion to the load by analogy with
friction force. Our experimental result from treating matrix variously revealed bimodal wear behavior between the
composites and counterpart where a mode seems to result from the special lubricant characteristic of TiC grains,
and the other is caused by metal-to-metal contact. The two wear mechanisms were discussed.
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Table 1. Experimental design and result for the first ANOVA

Wear rate (mg/km)
w

9.81 19.62 29.43 39.24 49.05

load (N)

Fig. 1. Effect of applied load on wear rate against 35%TiC
composites at the sliding velocity of 2.0 m/s

Table 3. Treatment conditions of composite samples for
additional experiment

Tempering temp.(°C)  Electro-Polishing

Group 1 400 no
Group 2 400 yes
Group 3 300 no
Group 4 300 yes
Group 5 200 no
Group 6 200 yes
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TiC content (vol%)
35 40 45
Applied Load (N)/wear rate (mg/km)
2.0 9.81/2.52 29.43/2.64 49.05/3.16
S“di(rl‘f/sveecl)"dty 24 29.43/2.57 49.05/3.29 9.81/2.77
2.8 49.05/3.63 9.81/3.34 29.43/2.9
Table 2. The first ANOVA table
factor -8 df Vv F-ratio Foos
TiC content 0.056467 2 0.028233 2.122807 19
Sliding velocity 0.448467 2 0.224233 16.85965 19
Applied Load 0.694867 2 0.347433 26.12281 19
Error 0.0266 2 0.0133
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Table 4. Wear rate of composite samples from the additional experiment

Applied Load(N) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
2.68 2.7 229 2.63 2.65 242
2717 2.61 2.66 2.62 2.64 2.52
2.45 2.45 27 2.54 2.52 2.81
2.73 2.33 - 2.58 2.54 2.55 2.45
2.7 242 275 2.61 2.87 2.26
081 2.69 2.52 237 2.47 2.65 2.47
2.71 2.25 2.75 2.98 2.23 2.63
2.46 2.8 256 2.43 245 2.46
2.49 2.62 2.3 2.62 2.53 2.61
2.31 2.62 2,52 2.5 2.53 2.54
2.6 24 2.76 2.64 2.87 2.79
2.59 2.77 2,73 2.54 2.43 2.76
227 276 2.59 2.72 2.63 2.74
2.61 2.36 2.76 2.24 2.65 2.34
2.76 2.7 2.84 2.78 2.79 2.56
1962 2.7 2.46 2.62 245 2.55 2.59
2.74 2.68 2.88 2.57 245 2.52
2.52 2.58 236 2.51 2.45 2.55
2.78 2.54 2.86 2.49 2.7 2.74
2.69 2.62 2.7 2.49 2.58 2.48
2.69 242 291 2.83 2.61 2.59
2.69 2.71 2.85 2.87 2.74 2.56
2.82 243 2.56 2.49 2.85 242
2.65 2.67 2.81 2.51 2.81 2.76
2043 2.48 2.77 2.74 2.79 2.9 3.03
2.74 2.56 2.74 2.74 2,71 2,61
2.97 2.79 2.78 2.52 2.81 2.65
2.54 2.51 2717 2.65 2.53 2.56
2.57 2.76 2.35 2.66 2.44 2.53
2.52 2.49 2.76 25 2.53 2.6
3.58 3.17 3.24 3.19 332 3.39
3.66 34 3.46 3.38 3.11 3.1
3.58 3.19 3.74 3.61 3.06 2.81
3.45 3.43 3.41 32 3.13 3.11
39.24 3.37 3.28 3.24 3.27 3.46 3.1
3.63 3.12 342 3.27 2.98 3.07
3.73 3.23 3.48 3.41 32 3.06
3.31 3.39 3.45 345 32 3.01
3.7 3.51 3.48 3.59 3.07 3.02
34 3.47 3.44 3.23 3.21 3.02
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Table 4. Continued
Applied Load(N) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
4.19 391 4.02 3.69 3.36 3.42
4.16 3.96 3.86 3.83 3.64 3.51
438 3.77 3.81 3.6 3.65 3.67
4.09 4.03 4.06 3.92 3.76 3.54
4,07 3.82 4.02 3.65 3.6 36
49.05
4.08 3.86 3.97 39 3.88 34
3.93 3.7 3.92 3.54 3.78 3.22
3.95 4.09 3.94 3.57 3.78 3.63
3.9 3.71 431 3.65 3.77 3.63
3.96 3.67 3.95 3.88 3.8 3.53
40
—e— from presence of
35 final finishing
30 —e— from tempering
o 25 temp
T 20 interaction
[V
15 Fo.os, presence
10 of final finishing
5 N y —— Fo.0s, tempering
0 |, e SR S temp./ interaction
9.81 19.62 29.43 39.24 49.05

Load(N)

Fig. 2. Variation of F-ratio in distinction of counterpart wear with normal load for composites of 35 vol% TiC content at

the sliding velocity of 2.0 m/s.

counter

Fig. 3. Schematic diagram of cross-section after/before
transition.
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