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Lubrication of Biomimetic Tree-Like Bifurcation Networks

on Artificial Joint Materials

REN Rongjie, DONG Guangneng
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Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To ensure and lengthen the service life of artificial joint (titanium alloy/ultra high
molecular weight polyethylene), the liquid spreading flow properties and tribological properties of
biomimetic tree-like networks texture are investigated. Three kinds of surface textures with
different branch numbers and branch angles (cross-shaped network, T-shaped network, Y-
shaped network) are designed. Each kind of tree-like networks texture is prepared in texture
ratios of 10% ., 15%, 20 %respectively. The liquid spreading fluidity and tribological properties of
biomimetic tree-like networks are evaluated by the experiments. All the three kinds of textured
surfaces are able to reduce the instantaneous contact angle and realize the liquid spreading
completely within a certain period and are endowed with good antifriction properties. The Y-
shaped network texture has the best liquid spreading flow property, whose instantaneous contact
angle of 2 uL liquid in 10% texture ratio is 23.37°, and the liquid can fully spread in 0.95
seconds. The friction coefficient of T-shaped network texture gets only 0.077 in 15% texture
ratio, which lowers by 38% compared with the original surface. This approach is beneficial to

self-lubricating friction reduction design of artificial joint.
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Table 1 Sample element content

JLE Al V  Fe O N H C Ti
=V
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Table 2 Composition of Hank’s solution of simulated body

fluid in the test

B /(mmol « LY

BF
PN /N B AR

Na® 142.0 142. 0

K 5.0 5.0
Mg*" 1.5 1.5
Ca®™ 2.5 2.5

Cl 103.0 103.0
HCO; 27.0 10. 0
HPO? 1.0 1.0
SOz~ 0.5 0.5
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Fig. 1 Surface texture fabrication by laser process
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Fig. 2 Tree-like network bifurcation unit
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Fig. 3 Three kinds of biomimetic tree-like networks textures
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Fig. 4 Pin-disc friction pair
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Fig. 5 Optical microscope image and groove topography of

texture
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Fig. 6 Three-dimensional scanning diagram
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Fig. 7 CA with or without etching in TC4 and liquid

spreading in the treelike network texture
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Fig. 8 Instantaneous contact and fully spread out period

of three textures
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Fig. 9 Instantaneous contact and fully spread out period

in different texture ratios
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Fig. 10 Angle between sliding direction and texture direction
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Fig. 11 Friction coefficient of three textures with different

rates and non-textured
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Fig. 12 Friction coefficient of three textures

0

DR I 7 R A L, 3 B IR I 4% 4L H K #
/NG T RU 246 Z1H | 7 R 2% A LY R IR )
AR,

2.3.2 BVMENFEEFZKAGYw K 1308 3HH
Fa 00 S e SR R 10 %6 . 15 %6 .20 %6 (il JBE 482 22 B A
fb. HHIE 13 0 LA 5 B 2 ZUR F1 T Y
26 UKL 1Y) JEE 452 R BN B 2R SR G i SN R R L Y
LU AR S I NTTE: i N ¢ AR R
15 V01 o T 76 [ 4% ZEUFA) Ji 300 1 S 1 0 8 4 o B 4




72 [

P

i

R

Eird i 56 %

0.151

E2+¢R
[ it
EDYR
otolpy
= NN
& Z\
i Z\
0.05F)
%
_
0 NN [/ R ;
10% 15% 20%
EAL RS

P13 3 RhSUR AT B EE 3 R AL

Fig. 13 Friction coefficient in different texture ratios
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