o1 FH2W FmFA
2022 4F 2 A SURFACE TECHNOLOGY - 375 -

ZrO, MK EHi ¥ PEO REHMMLEAR
Fh4 38 4 Bk 1Y 32 I

FEHR”, FON°, KUY, FER®, B, 3, BER”

(.PDERNZRDZHARET, LR 100190; 2. PERSRAS MRIRNSZSHB TP,
LR 100049; 3. #E)NRDBEMRAT, WK 45 261061)

W E. BM 5 PEO R EWMAMEMLE, FEk AEEITAMBE—Saas4 (ZL109) AAK, £
FEER 3 AR P, R R BRI ZrO, R Bk, B & — &5 ZrO /Al 05 B4 PEO & &, Jfiliit iz
BAL, % F 25 (SEM ), gL (EDS) & X HEATHAL (XRD ) 947 ZrO, h A B stk B A K |
T Hh. TFEARFE AL ZaAE, A A Z XK EM (DSC). #AFHM (LFA) FixE&K
REREG ARG, SR £ PEO KB Y, Him ZO, Kk MEEHEREAMGEFELETR, 4
ZrO, Wy R B R LB Og/L BF, FFHIEM FHEMEL 30V, ZrO, sedrHl & E T a-AlLOs dh ik ey £ K,
B AR Hh, RETFH cZIO & AN 5. BRI, 4 ZrO WM ERE A 1.5g/L B, REMK
MR E R E D ILeG R A, R ERA LA IGF# (013 WIK-m)) 4k, % ZrO 89 i
TREHIGL B, RERATEITFGMEL, FARILRAEGM, AT KAFEKX (0.7 mmYs), #FF
B (042 WI(K-m)), #3 ZrO, ¢ 5| ATV B 5 T ik B ML M fe o B, & ZrO, 4B 48 %1 &
—Z 20, 546 PEOBREZIHMAMILEM, A THAGRZEQILAE ., #FART K F K,

EEE: FETROUMAA,; BPRE; ZrOy; AMmEikit; Hameb s SIL4H

FESES: TG1744 XHEFRIEE: A XEHS: 1001-3660(2022)02-0375-09

DOI: 10.16490/j.cnki.issn.1001-3660.2022.02.038

=

Effect of ZrO, Nanoparticles on the Microstructure and
Thermophysical Properties of PEO Coating

LI Guo-dong™?, QI Shao-bao®, ZHU Jian-wei*?, LI Zhi-jie}, MA Fei®, LI Guang™?, XIA Yuan™?

(1. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 2. College of Materials Science and
Opto-Electronic Technology, University of Chinese Academy of Sciences, Beijing 100049, Ching;
3. Weichai Power Co., Ltd., Weifang 261061, China)

YrimBHA: 2021-02-08; f&iTHHA: 2021-08-09

Received: 2021-02-08; Revised: 2021-08-09

E€WAB: BFEaAH5A4e (51871230, 51701229)

Fund: The National Natural Science Foundation of China (51871230, 51701229)

EEEN: TR (1988—), B, Hd, HAMTHE, L 2HAFT AL @ IE,

Biography: LI Guo-dong (1988—), Male, Doctor, Special research assistant, Research focus: surface engineering.

BHAEE: 3k (1972—), B, Hd, SRR, TS @AM,

Corresponding author: LI Guang (1972—), Male, Doctor, Associate researcher, Research focus: material surface science.

ERIEE: 2R (1963—), %, ¥+, BILR, 2T OAMHETHE,

Corresponding author : XIA Yuan (1963—), Male, Doctor, Researcher, Research focus: material surface science.

Sl FEM, FUH, RO, F.Zr0, KAt PEO % EMALLE M B A B M a6 -ald]. A@i K, 2022, 51(2): 375-383.
LI Guo-dong, QI Shao-bao, ZHU Jian-wei, et al. Effect of ZrO, Nanoparticles on the Microstructure and Thermophysical Properties of PEO
Coating[J]. Surface Technology, 2022, 51(2): 375-383.



- 376 - £ m #H R

ABSTRACT: In order to improve the thermophysical properties of the PEO coating, this paper took the mainstream piston
material—high-silicon aluminum alloy (ZL109) as the matrix and added different concentrations of ZrO, nanoparticles to the
silicate electrolyte to prepare a series of ZrO,/Al,03 composite PEO coating. The effects of ZrO, nanoparticles on the growth,
microscopic morphology, elemental composition and crystalline structure of the coatings were analyzed by eddy current
thickness measurement, scanning electron microscopy (SEM), energy spectrometry (EDS) and X-ray diffractometer (XRD), and
the thermophysical properties of each coating were investigated by differential scanning calorimeter (DSC) and laser thermal
conductivity (LFA). The research results show that during the PEO discharge process, the addition of ZrO, nanoparticles reduces
the breakdown voltage on both sides of the ceramic membrane. When the ZrO, concentration reaches 9 g/L, the breakdown
voltage drops by 30 V; ZrO, can inhibit the growth of a-Al,O3 crystals of the ceramic layer. At the same time, being affected by
the discharge energy, the crystallinity of c-ZrO, in the coating increases first and then decreases, when the ZrO, concentration is
1.5 g/L, the microscopic morphology of the coating shows the "honeycomb" structure with large holes nested in small holes, and
the coating has characteristics of significant low thermal conductivity (0.13 W/(K-m)); when the ZrO, concentration is 3g/L,
significant microcracks appear on the coating surface, open pores increase, thermal diffusion coefficient increased (0.7 mm?/s)
and thermal conductivity was the highest (0.42 W/(K-m)). The introduction of ZrO, can significantly change the microstructure
and thermophysical properties of the coating. When the content of ZrO, is controlled at a certain amount, the composite PEO
coating has a microstructure with multiple closed micropores, which helps to reduce the thermal capacity, thermal conductivity
and thermal diffusion coefficient of the coating.

KEY WORDS: plasma electrolytic oxidation; protective coating; ZrO,; thermo-physical properties; high silicon aluminum
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Fig.1 Influence of ZrO, nanoparticle concentration on anode voltage (a) and arc voltage (b)
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Fig.2 Comparison of the surface micromorphology of the coatings
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Fig.3 Micromorphology of large-size discharge holes in the coating
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Fig.4 Morphology of ZrO, particlesin the coating: &) inner attached; b) molten sintered; c) outer attached; d) EDS of granular materials
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Fig.7 Comparison of cross-section and void ratio of samples 1#—5#
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