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Microstructure Evolution of ZrQO, Particle During Manufacture of ZrQ,,
Thermal Barrier Coating by Laser Melt Injection

Lin Shougang ™, Guo Xixi, Chen Hao, Zhang Hang, Lai Jing, Liu Dejian”
School of Materials Science and Engineering, Huazhong University of Science and Technology,
Wuhan, Hubei 430074, China

Abstract The ZrO,,/Ti-6Al-4V metal matrix composites layer, which is a novel and promising thermal barrier
coating, is produced in this study by the laser melt injection (LMI) process. The microstructure evolution of the
ZrQ, particle during the LMI process is studied via X-ray diffraction, electron backscattered diffraction, and
scanning electron microscopy. The results show that through solid-state diffusion, the size of sub-particle in the
agglomerated ZrQ; particle increases, and the morphology transforms from spherical to polyhedral. Few monoclinic
ZrO, (m-Zr0O,) is found in the ZrO, particle after the LMI. Moreover, 35% of the metastable tetragonal ZrO, (t'-
ZrO,) transforms into cubic ZrO, (¢-ZrQ, ). The internal stress decreases, resulting in 90% of orthorhombic (o-
7r0,) transforming into c-ZrQ, . The single sub-particle comprises both t'-ZrO, and ¢-ZrO, . The residual o-ZrO, is
distributed in the sub-particle boundary. The microstructure evolution of ZrQ, results in a decrease in the strength
of the bonds among the sub-particles, which promotes the ZrO, particle disintegration and improves the thermal
resistance of the coating.

Key words laser technology; metal matrix composites; laser melt injection; agglomerated ZrQ, particle;
microstructure evolution
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Table 1 Chemical composition of ZrO, particles

Composition CaO ZnO MgO HfO, Y,0; ZrO,

Mole

<0.01 <0.01 0.01 1.05 5.73 93.22

fraction /%
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Fig. 1 Morphologies of origin ZrO, particles under different resolution. (a) Low resolution; (b) high resolution

22 ZTWFHE
OGRS RE AR IPG YLS-4000 KIS 4F

BOtHE KUKA Hlas AL 55 6l #y sk S m T/E A
F, WotEEEE R EEME 2 i, ZrO, Pk

0802004-2



H

i b

FH A5 Tt 4 8 A T AT 1) S O O 1 AR
HERTEE I MM MY 30°, ZrO, POk Pk A
Sk B SR A A KBB4 O R CRAO Al
G3ES f bER Y IR T SURL I B R At
R B LA R AR, S5 R R ) AR
S B bR A AR R AR R T O OB AR
230 3 mm, AL BEOLEE SR T2 258
OB HE P =600~1200 W, fIHli# F v =0.4~
1.2 memin ', EHEEK m=1.5~3.6 gemin ',

shielding gas oulet

nozzle
powder outlet

\

N
RN
‘? 00, c% 6\ laser
120 %00 5 O beam .
% © .90 00y scanning
A 8%° o N direction
1O :? 2 Q% g

Bl 2 SO R e
Fig. 2 Diagram of laser melt injection
WOt URE 28 K AE 2R U B DL 1 190 il
Yeia s Kroll il F &t 6~9 s, KM Zeiss Genimi
300 741 Hii it 5 00 52 3R RE I O TE B . SR L XRD-
70008 B X B AT A TR i A . R
EBSD 4 R B3 HOGIE HEFT G ZrO, UKL % 2 23
A%, EBSD RAHE il 85 07 35 T R S H R okt
e R s ZrO, BURL I 0088 ' , 4R J5 3 [ BIL AR 4
S BB R — i HEAT B O ot
@4 1 h, EBSD %4 %% &4~ NordlysMax2 .,
&34 5 HKL Channel 5,

3 R0

3.1 RERENEUIR

Bl 3 T 7R b SR I OGIE T T2 45 1 B R 2
RSB IR S . R 3o AT AL R 2 Y ZrO, B
B LA Y 200 A TR 2 b 1 A R 2 R
K7, 33 8 R A T R R S AR R R AR L A 3
(DR . W2 T 4 Ai & K 4 ok R 1y /N
i, AN 3o FiR. ZrO, Tk B kS B 2 4 5 i
RLE AN b i) B ) AT DG L BB ZeO, JURLHE A
S5 Tt 1 B ) 45 0 ANAE 28 TR AR R RS (R N
Az AR 254, Ze O, ORI 41 203 AF 8 kR
FEZBY B s T 3B ZrO, URE HE AR it 4 i Tl 32 KL B
SEAS B BN A /IN UKL L Zr O, 0B B0 B AT O

[14]

RAAEZH B, WSSO AR R ZrO, Ok
f14 2H 2 78 FLARE L 7R S EBSD A i SR 4 DX sk ik
FERIZER T LA,

3 AEREMEREEHR. (QBBIEN;
(b)Y L35 (o T

Fig. 3 Cross-section morphologies of thermal-resistant coating.
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Fig. 4 Diffraction band contrast figures of ZrO, particle before and after laser melt injection.

(a) Before laser melt injection; (b) after laser melt injection
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