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Micro-scale abrasive wear behavior of
medical material TLM alloy in Hank’s simulated body fluids
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Abstract: The micro-scale abrasive wear behavior of surgical implant material TLM alloy in Hank’s simulated body
fluids (SBF) were studied by using the TE66 machine. The results of orthogonal experiments show
that the impact importance extent, slurry concentration, load, sliding speed, abrasive and sliding distance impact the
micro-scale abrasive wear behavior of medical material TLM alloy from high to low. Due to the abrasive amount of in
unit volume increasing, the wear volume of TLM titanium alloy increases with increasing slurry concentration at different
loads. And because of the oxide film or passivation coating was induced during the micro-abrasion and corrosion process,
the friction coefficient increases, and then decreases with increasing slurry concentration. Under the same concentration,
the greater the load is, the bigger the coefficient of friction is.
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SIS SIS ] TLM 2K St ik ke
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Table 1 Chemical composition of TLM Titanium alloy (mass
fraction, %)
Nb Mo Sn Zr C H (0] N Ti
25.1 290 2.02 3.08 0.01 0.003 0.14 0.03 Bal
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Table 2 Five-factor and four-level orthogonal experiment conditions of micro-scale abrasive wear of TLM alloy in Hank’s

simulated body fluids
Test No. Abrasive (A) Revolution number (B) Speed (C)/(rmin")  Load (D)/N  Concentration (E)/(g-cm )
1 SiC, F1000 750 50 0.25 0.05
2 SiC, F1200 1125 75 0.5 0.10
3 SiC, F2000 1500 100 1.0 0.20
4 Al 05, F1200 1875 150 2.0 0.25
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Table 3 Orthogonal experiment results of TLM alloy under different factors and levels

Test No. Factor Wear volume/mm?® Wear rate/(mm3 -N')
A B C D E
1 1 1 1 1 1 1.28%107° 8.56X 1072
2 1 2 2 2 2 1.26x107° 2.81X1072
3 1 3 3 3 3 5.23%X10°° 438%1072
4 1 4 4 4 4 3.41%x107° 1.14X1072
5 2 1 2 3 4 7.57X107° 1.27%X10"
6 2 2 1 4 3 1.03x10°° 5.72X 1072
7 2 3 4 1 2 3.81X107* 1.27X1072
8 2 4 3 2 1 7.43%X10°* 9.93%X107
9 3 1 3 4 2 6.08X107* 5.08x107°
10 3 2 4 3 1 2.38%107* 2.65X107
11 3 3 1 2 4 5.82%x10°° 9.73X1072
12 3 4 2 1 3 4.22%107° 1.13%X10™"
13 4 1 4 2 3 6.01x10°* 2.01%X1072
14 4 2 3 1 4 5.67X107° 2.53X 107!
15 4 3 2 4 1 2.64%X107° 1.10X1072
16 4 4 1 3 2 8.08%x107* 5.40x107°
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Table 4 Range analysis about wear volume of TLM alloy under different factors and levels

Fact Wear volume/mm?>

actor

Kl_/ K2j K3j K4j Ml_/ sz M3j M4j R_/

A LLI2X1072 1.90X1072 1.09X102 9.72X107° 2.80X107° 4.75X107 2.72X107° 243%x107° 9.28%X107
B 1.O1X1072 1.75X1072 1.41X1072 9.18X107° 2.51X107° 437x107 3.52X107° 2.30%X107° 8.29%x107
C 1.82X 1072 1.57X1072 1.38X1072 4.63X107° 4.55X107 3.92X107 3.46X107° 1.16X107° 1.36X1072
D 1.16X1072 842X107° 1.38X1072 1.70X1072 2.89X107° 2.11X107° 3.46X107° 4.24X107° 8.53X 107
E 490X107° 3.06X107 2.04X1072 225X1072% 1.23X107° 7.64X107* 5.09X107° 562X107° 1.94%X107

TS5 TIM GEAFEKNE. KT FESCREIRZE ST

Table S Range analysis about wear rate of TLM alloy under different factors and levels

Fact Wear rate/(mm’N ")

actor

Klj sz K3j K4j Mlj M2j M3j M4j Rf

A 1.69X 1070 2.07X1070 2.18X 107" 290X 107" 4.22X102 517X102 545X107% 7.24X1072% 1.21x10"
B 238X1070 3.41X1070 1.65X107" 1.40X1070 5.94X1072 852X1072 4.12X107% 3.49X107% 2.01x10™"
C 246X1070 3.12X1070 6.42X1072 4.69X107% 6.14X1072 7.80X102 1.61X1072% 1.17X107% 2.65%X10"
D 4.64X1070 1.55X1070 179X 107" 847X107% 1.16X107" 3.89X 102 4.47X107% 2.12X107% 3.80X10"
E 1.09X 107" 5.13X1072 234X107" 4.89X1070 2.73X1072 1.28X102 585X1072% 1.22X107" 4.37x10™"
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Relationship between factors and indexes of
micro-scale wear behavior of TLM alloy: (a) Wear volume; (b)

Wear rate
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Fig. 2 SEM images of wear surface of TLM alloy: (a) Maximal wear volume: SiC F1200, SD-89.73 m, S-50 r/min, L-2.0N,SC- 0.2
g/cm3; (b) minimal wear volume: SiC F2000; SD-89.73 m, S-150 r/min, L-1.0N, SC-0.05 g/cm3; (c) Maximal wear rate: Al,0; F1200,
SD-59.84 m, S-150 r/min, L-0.5 N, SC-0.2 g/cm?; (d) Partial enlarged drawing of Fig. (c¢) (SD: Sliding distance, S: Speed, L: Load,

SC: Slurry concentration)
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Fig. 3 Change of wear volume of TLM alloy with slurry
concentration (Speed: 75 r/min; Sliding distance: 89.75 m): (a)
1.LON; (b)2.0N
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