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Preparation and Tribological Properties of ZrO, Micro-texture
Surface Fabricated by Electrohydrodynamic Atomization

ZHANG Zhihui DENG Jianxin WANG Ran LI Xuemu GE Dongliang WU Jiaxing
(Institute of Mechanical Engineering, Shandong University, Jinan 250061, China)

Abstract: The increasing demand of micro-friction parts in the precision machining is gradually valued, and it can be satisfied by
electrohydrodynamic atomization. A zirconium dioxide (ZrO,) film with a bionic micro-texture pattern is prepared on the surface of
316L stainless steel by electrohydrodynamic atomization with a mask. The ZrO, solution is prepared by sol-gel method. Then the
hydrophilicity and tribological property of ZrO, micro-texture surface are evaluated. The results are compared with the smooth substrate
and the ZrO, films which has the same number of layers under the same test conditions. It is identified that the method using the
electrohydrodynamic jet deposition to prepare the ZrO, micro-texture surface with the mask is simple and feasible. And the prepared
ZrO, micro-texture surface shows its weak hydrophilicity. Compared with the smooth substrate, the micro-texture surface has
remarkable friction-increasing effects. The friction coefficient increases by ~70%, and the wear rate decreases by ~50% under small
loading. Thus, the ZrO, micro-texture surface made by electrohydrodynamic atomization with mask is a new way to be used as a
friction-increasing surface of the micro-friction parts.
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Table 1 Characteristics of the ZrO, solution

Solution Density p,,/(g-mL™")

Viscosity 7/ (mPa-s)

Conductivity K /(uS+em™) Surface tension o/ (mN-m™")

7r0, 0. 836 1. 447

0.812 14. 952
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(b) Rhombus-texture mask
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Fig. 1 Schematic diagram of mask
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Fig.2  Electrohydrodynamic atomization platform

1.5 FEEERRE

FIFH Z Dy ag B4 I HL (UMT -2 AY) 17
PEEEBUAL , BN Z IR B 0. 01 N, R ER
—M ko B AR AR R R E N ER R
9.525 mm FRAMAEEEALT 0. 1 pm A 45 X, [ &
Fede Horpr ) b R 1 B AR — o KRN g, L
6 mm IFHEIEE 3 mm/s W HEEEE 125
1200 s, 43 H7%F HAS [R] 30BE 1B 45 J %) 88 IR I 45 AR
TEEAME , IR LL 600 °C B4 T 1Y 6 T 3 A 2
(IT) WRZ IR T (JTC) ML R 1E (JTZ) H

WEFERT R, LT AN [R) 0 28 0 = 25 o) JBE 452 S 4
P RE IR I Xt 5 R A S 451 3%, ol e A5 2 Sk {3

AT ) EE R
BEHRIT R AR
14
w =
Fl
V=%1TR3 - %frr(ﬂ{2 +r) VR - R,

w NEBER,F AT, 1O SR, v O A
B R NBEBRAEAR  r DR B E BB AR



55 6 3] KRR A AR DU 20, 2O Ak 2 T S FLBE S B4 Ak 137

Micro-syringe
LED "

CCD camera

(a) Equipment

Fitting circle

(b) Contact angle

3 R A A s S

Fig. 3 Schematic diagram of measuring surface wetting
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Fig.4 SEM of ZrO, appearance at different sintering temperatures
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(a) EDS of rhombus-texture surface
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Fig. 5 Appearance and parameters of rhombus-texture surface
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Fig. 6 Spectrum of ZrO, rhombus-texture surface after sintering at 600 °C

2.3 RMNNAERTRBREHMLL

T HESR SR AL R S AR A A, R
% [ e e SR R Wi Zr0, H AT A R I 2,
Bl 2 5 P e L R, DA TR A =X
R EER 200, 2R, N T HESS G
(BRI J7, B ANSYS A BR IT 05 2L 114 B 25 34
N F AT, B 2 i A 0 SR 1R B 5 )2 T R o
ML 5 BT AR I S E R 2 R, R T
FEALAL (15 pmx 15 pmx2 pum) , 76 H #5738
TE NS, AR VR 0 2R 1 1 R 5 T B 1 N ) 4R

AL AT T 2 A R, B B RORG B #
MESCBRAE BBl 600 CRE4s R H1 =% 25 C,
BN A 7a FT 7 1 B R AE AR A N g A8 Ak it 2k
L, 50 it A G 22 T R 5 ) R b R i 1 O, L
T R R A AN 7 AR W/ (08U o R
BB g, 2558 Th~Te AT UL, 2 + 8 B
SRk 55y BEE 110 2 H2 b R A BN T S E € 1 ) B
N, HRE DR IE ZURS () AR E R BORE B SE IR 2
JZ 700, W, Bl 58 UG B S AR, R 8 2
il 25 2L A R 18

2 316L REEWF Zro, MR MIES

Table 2 Physical parameters of 316L stainless steel and ZrO, materials

Materials Poisson DenSity,l Elastic Modulus Coefficient of thermal Coefficient of thermal Specific heat capacity
ratiog  p,/ (g mL™) E/GPa expansion o/ ( 107°-K™) conductivity A/ (W-m™ - K™") o/ (J-g - Kh)
316L 0.3 7.98 206 16 15.21 0.5
7x0, 0.3 5.7 220 10.8 2.09 0.4
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Fig. 7 Equivalent residual thermal stress and distribution at different texture height
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Fig. 8 Contact angle of different samples
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