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Effect of doping phase on laser ablation resistance of ZrB,

ceramic coatings
HE Minbo, REN Weiyan, YANG Yuchuan, WU Zhihua, HU Yuehong
(School of Artificial Intelligence, Henan University, Zhengzhou 475000, China)

Abstract: High temperature resistant ceramics, as high melting point materials, have excellent high-
temperature ablation resistance and may meet the needs of future laser protection. In order to understand the
laser protection performance of ZrB, ceramic coating, a high-power solid-state laser was used as the test light
source, and a laser ablation experimental platform as well as laser coupling characteristic measurement system
were established. The focus was on conducting laser ablation experiments and coating reflectivity tests on ZrB,
ceramic coating. The laser ablation resistance of ZrB, coatings under different laser parameter conditions, and
the influences of doped phases (SiC, MoSi,) were studied by experiment. The results show that compared to
the undoped ZrB, coating, the doped ZrB, coating shows a significant decrease in laser ablation resistance. The
conclusion analysis suggests that the doped phase can improve the oxidation resistance of ZrB, coating, but it
is not conducive to the high reflection and insulation effects of the oxidation product ZrO,, resulting in a
decrease in the threshold of laser damage resistance. The reflectivity test results of the coating before and after
laser damage also confirms that the high reflectivity of ZrO, is the key to enhancing the laser damage
resistance threshold of ZrB, coating. Meanwhile, a temperature calculation model for ZrB, ceramic coating
under continuous laser ablation was established by using finite element software, and the typical laser ablation
threshold parameters of ceramic coatings were simulated based on the criterion of substrate melting.
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irradiation
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Table 1 Coatings reflectance before and after laser damage

(@1 070 nm)
Coatings Reflectance
Before After

ZrB, 0.236 0.677(white area)
0.292(melting area)

ZrBy-SiC 0.098 0.545(white area)
0.243(melting area)

ZrB,-MoSi, 0.171 0.072(black area)
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Table 2 Thermal physical parameters of material

Material plkgm?)  C/(Jkg"K") KWm"K"
7B, 6090 760 83
Zr0, 4780 457 1.7
Titanium alloy 4500 703 11.8
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Table 3 Simulation results of laser damage threshold for

ceramic coatings

Sample Irradiation EXperimentz{lz Simulationi2
duration/s  result/(W-cm®)  result/(W-cm ?)
ZrB, 5 - ~1340
10 ~1222 ~1200
20 ~1162 ~1150
Z1B,-SiC 5 _ ~1300
10 ~1147 ~1100
20 ~939 ~900
ZrB,-MoSi, 5 _ ~1150
10 ~939 ~930
20 ~745 ~1700




MG 2023, 44(6)  BUHE, 4. B

Z

AMINS ZeB, W8S U 2 IO he il P e

B 5 ) .

1183

4 g

SCHRE T IO B R UG B R R 4 Bk
T AR R G, a2 S TOULTE S5 4 BT A
54, MR T ZiB, WRIZPLROCH it e, JF BT
% 2 M SiC 1 MoSi, X} ZrB, 4% J2 5 it 1 fig il 5%
e, LA KA i A0 40 %o 0 25 L S AR Pk A S e o S I
SiREM, ML T RBAR 2B, k2, B4)5 ZiB,
W2 B BTHOG R RE 1 W B R R, E BRI A
A4 ZB, WRZPUA AR R, (HRN R T A 2 A Ak
AT ZeOy 1 i B2 5 R B AR T, B BT ot
P BB AR . (B B8 A, OGRS & AL TE
JE e Yk B PR B BE R DA (], O 2R i) A
T E SRR EM G RECE VMG, &F,
o A AR R S T AT R CTA S T S
JEHR BT ZeB, TR )2 MR BT AR, 5 AR 8 T
AN TR0 BB P U J2 0 AT R 43 B =
B, IR0 e T R A R LA SR A B
R J B — 20 T R B U JE PO e i s (B A Y
PRUE T ORI

=
57

S E k-

(1] AR, sk, 228042, Jrbe i C/CHE & b RHIF 5T
JE LI, B R ek 2015, 30(2): 97-105.

FU Qiangang, ZHANG Jiaping, LI Hejun. Advances in
the ablation resistance of C/C composites[J]. New Car-
bon Materials, 2015, 30(2): 97-105.

FEAR L, Rk, 246, 45 AR SURC/CRE A M BT 5T ik
JELI]. Tk T2, 2022, 52(2): 1-12.

WANG Junshan, XU Lin, LI Wei, et al. Research pro-

[2]

gress on C/C composites for aerospace applications[J].
Aerospace Materials & Technology, 2022, 52(2): 1-12.
EARE, SEB wHHT, S WOGE R & LR BB SR
SRR [T]. HUR TR AR, 2023, 59(7): 92-109.

WANG Weizhi, MA Guozheng, HAN Heng, et al. Re-

[3]

search status and prospect of laser cladding ceramic coat-
ings[J]. Journal of Mechanical Engineering, 2023, 59(7):
92-109.

fo[LAR. ZiBy e H A & P Y s iR AL PERE (0], AL
FRIT.Z,2015,45(3): 1-6.

HE Jiangyi. High temperature oxidation resistance of

[4]

ZrB, and its composites [J]. Aerospace Materials & Tech-
nology, 2015, 45(3): 1-6.

XIFNSE, MEyh, 224EH, . C/CE G MBI R ZB 2k
P 25 U 2 el PE Rt R AR e R T A ). AT IR R

[5]

[6]

(7]

[8]

(9]

[10]

[11]

2021, 13(1): 22-32.

LIU Yumeng, HAO Jianjie, LI Jiayan, et al. Study on
modification and anti-oxidation performance of ZrB,
based ceramic coating on C/C composites[J]. Thermal
Spray Technology, 2021, 13(1): 22-32.

XIGERE, BRI, SLINHE. ZrB, 3l iR P i A At i
FEEIET]. B 2#4l, 2016, 37(2): 115-119.

LIU Xiaoyan, WEI Chuncheng, WU Binghui. Research
progress on antioxidant activity of ZrB, based ultra high
temperature ceramics[J]. Journal of Ceramics, 2016,
37(2): 115-119.

X5t BB, i, 45, C/CH A MR ZeB 2 Al T i
FE % U R BT R (U], MR RE 2 5 T 2022,
30(5): 69-81.

LIU Zijing, FAN Kunyang, HUANG Cong, et al. Re-
search progress of ZrB, based ultra-high-temperature
ceramic coatings on C/C composites[J]. Materials Sci-
ence and Technology, 2022, 30(5): 69-81.

T4, XL, BN, 5. 5B TRIR G #5 ZrB2-MoSi2 &
G2 Kb E AT RE (1], T LA R 4, 2015,
30(3): 282-286.

MAO Jinyuan, LIU Min, MAO lie, et al. Oxidation-resist-
ance of ZrB,-MoSi, composite coatings prepared by at-
mos-pheric plasma spraying[J]. Journal of Inorganic Ma-
terials, 2015, 30(3): 282-286.

M. 25 85 F iR ZeBo/SiCIR IE & M v il S Hukeinh
PERERAE [D]. Jb 3t JLt TR %, 2015.

LIU Yanbo. Microstructure control and ablation resist-
ance characterization of plasma sprayed ZrB,/SiC coat-
ing[D]. Beijing: Beijing Institute of Technology, 2015.
JEIEAE, RIS, AR, S, ZeB,-SiC oy L P EE U 2 1
Pibe i RENT ST [V]. JCHLATRL 24, 2013, 28(3): 256-
260.

ZHOU Haijun, ZHANG Xiangyu, GAO Le, et al. Abla-
tion properties of ZrB,-SiC ultra-high temperature ceram-
ic coatings[J]. Journal of Inorganic Materials, 2013,
28(3):256-260.

EAESC, X, BRI, 45 A58 TR 4 ZeB,-SiCIR
J2 B AT T B e e il e D). v SR AR,
2016,29(4): 103-110.

WANG Jiawen, LIU Min, DENG Chunming, et al. Abla-
tion-resistance of ZrB,-SiC coating under oxygen-pro-
pane torch flame prepared by atmospheric plasma spray-
ing[J]. China Surface Engineering, 2016, 29(4): 103-
110.


https://doi.org/10.19869/j.ncm.1007-8827.2015.02.001
https://doi.org/10.19869/j.ncm.1007-8827.2015.02.001
https://doi.org/10.19869/j.ncm.1007-8827.2015.02.001
https://doi.org/10.19869/j.ncm.1007-8827.2015.02.001
https://doi.org/10.3969/j.issn.1674-7127.2021.01.003
https://doi.org/10.3969/j.issn.1674-7127.2021.01.003
https://doi.org/10.3969/j.issn.1674-7127.2021.01.003
https://doi.org/10.11951/j.issn.1005-0299.20220015
https://doi.org/10.11951/j.issn.1005-0299.20220015
https://doi.org/10.11951/j.issn.1005-0299.20220015
https://doi.org/10.11951/j.issn.1005-0299.20220015
https://doi.org/10.15541/jim20140389
https://doi.org/10.15541/jim20140389
https://doi.org/10.15541/jim20140389
https://doi.org/10.15541/jim20140389
https://doi.org/10.3724/SP.J.1077.2013.12208
https://doi.org/10.3724/SP.J.1077.2013.12208

1184 - ||

k¥

a4 5 6 )

[12]

[13]

[14]

SO, TR, 5N B, A ARESE B T IR ZoB,-SiCHE.
FURIZHEMALILAT TS [J]. AR EAR, 2016, 8(3): 30-
35.

WEN Bo, MA Kangzhi, NI Liyong, et al. The research on
ablation mechanism of ZrB,-SiC coating prepared by low
pressure plasma spraying (LPPS)[J]. Thermal Spray
Technology, 2016, 8(3): 30-35.

JUYRTE. ZiB AR A EESR O LA E T ROBR I HLIRAT
¢ [D]. At AL TR, 2014,

YAN Zhenyu. Study on ablation mechanism of ZrB,
based composites under intense laser[D]. Beijing: Beijing
Institute of Technology, 2014.

7R, HRIE L, KT, 45, ZrB,-ZrCilh i iR P 2 o be
AT AT (V). Fifr 4@ A REHS T AR, 2015, 4403 T
1): 533-536.

XU Qiang, SHAO Zhengshan, ZHU Shizhen, et al. Laser
ablation behavior of ZrB,-ZrC ultra high temperature
ceramics[J]. Rare Metal Materials and Engineering,

2015, 44(S1): 533-536.

[15]

[16]

[17]

TR T, FLIR, FREPD, 55, W2 N 5 & Gl
Lo eI [T]. 2041 5 3Ok T2, 2017, 46(6):
0606002.

ZHANG Tianyu, KONG Bin, CHEN Minsun, et al. Anti-
laser performance test of aluminum alloy plates rein-
forced by ceramic coating[J]. Infrared and Laser Engin-
eering, 2017, 46(6): 0606002.

A, BT WO EE SR E WO BT AL
EMRBTSE 0], WOEEOR, 2023, 47(1): 52-58.

LI Leichang, WEI Xin. Study on the effect of laser clad-
ding composite coating and its WC on crack formation
mechanism[J]. Laser Technology, 2023, 47(1): 52-58.
AT, BT, iR, 5. BEDUROGIRZ X G 405 aE
K T X0 By 4P RIS (7). P JE Tl R 2441,
2021,39(6): 1281-1288.

ZHU lJiemin, ZHAO Yi, YANG Zhen, et al. The damage
effect of weld seam and groove area of titanium alloy with
ceramic laser resistant coating[J]. Journal of Northwest-

ern Polytechnical University, 2021, 39(6): 1281-1288.


https://doi.org/10.3788/IRLA201746.0606002
https://doi.org/10.3788/IRLA201746.0606002
https://doi.org/10.3788/IRLA201746.0606002
https://doi.org/10.3788/IRLA201746.0606002
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.01.008
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.01.008
https://doi.org/10.3969/j.issn.1000-2758.2021.06.014
https://doi.org/10.3969/j.issn.1000-2758.2021.06.014
https://doi.org/10.3969/j.issn.1000-2758.2021.06.014
https://doi.org/10.3969/j.issn.1000-2758.2021.06.014

	引言
	1 实验
	1.1 激光烧蚀实验
	1.2 激光耦合特性测量

	2 实验结果与讨论
	2.1 抗激光烧蚀性能与机理分析
	2.2 激光烧蚀损伤对反射率的影响

	3 温度计算模型与仿真
	4 结论
	参考文献

