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Experimental Characterization of Damage and Spallation of SiO, Coatings

During Thermal Cycling Process

WANG Yang, ZHU Jia-qi, DAI Bing, GAO Ge, YANG Lei
(Center for Composite Materials and Structures, Harbin Institute of Technology. Harbin 150080)

Abstract: To know the factors for the damage and spallation of SiO, coatings, a method was put forward to slow the
damage and spallation of the coatings, and to extend the life of the coatings. Scanning electron microscope (SEM), X-
ray diffraction (XRD), atomic force microscope (AFM), Raman spectroscopy and some other characterization methods
were used. SiO, coatings were prepared by sol—gel method. At 250-450 C, after 0, 10, 30 and 50 thermal cycles, re-
spectively, changes in surface and cross section morphologies, structures and chemical bonds of damaged SiO, coatings
during the thermal cycling process are characterized and described. The results show that as the number of cycles increa-
ses, cracks generate and propagate on the surface of and in the coatings, with the roughness (Ra) going up to 727. 3 nm.
There are also damage and spallation caused by particles striking or bubble—like caves in some regions. Meanwhile, the
interface gradually cracks, delaminates and passivates. Some phenomena on the surface of and in the coatings, such as
partial sintering, grain refinement, stress release and micro-strains increasing, are also observed. These are all the cau-
ses for the damage and spallation of the coatings.
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Fig. 1 Surface morphologies of the crack propagation on SiO. coatings at different number of cycles
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Fig. 2 Morphology of bubble-like spallation of SiO, coating

i B IX — BRI U 2 SO AR % 0 A A
AN 3 P e R R by T RORL (8] 4 HE
BT — AL X LA N ER B A T — 28
A TE AR B0 5 i b AL P 9 T 5 g L LR 2R
8 B BB R LA S Dok /) 2 TG AR 23 e e AR T
L B R 1 S =S U2 AR N R R AR

T // // 11111 ///

lCaves integrate

Layer of air Bubbles

T PLIEVEEOr

TITIITTTIIIIN ~ipegeate !/ THTTITITIED

lStress release
Spallation
NI IN /

T~

&3 MR B AR S R B
Fig. 3 Schematic diagrams of the bubble-like spallating

of SiO, coating



5 3 3]

F .55 SI0, ¥ JE B IR AR P 007 5 v 001 R AT 45

JIRETROS R S EOR R BB o R L TR VR R
A PR B OL R A BB T AR R R
A JZ Z (B I 45 5 1B R IR 2 R 5 K
A AR A

IR A A BURL f8E 7 14 453 43 % 8k IX S8 B
B 4 Ca) Bir s s ;X A ol B o T 3R I A7 A Ak
P AR PP A W] S A A A L HLAE TR R S5 A
] He SR I A 2% 5 7 A I PR B . 3 i 2R kA 5K
B B . AR T UG B 0 AR s R
WL TFIG 7 AR 0L 22107 30 YA 50 AR FR i 1k

(a) Initial stage (10 cycles)
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Fig. 4 Surface morphologies of the track formation and propagation caused by particles striking on SiO, coatings
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Fig. 6 Cross—sectional morphologies of Si0O, coatings after different thermal cycles
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Fig. 7 Curves of distribution of Fe near the interface after different cycles in SiO, coatings with the distance differs
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Fig. 8 Change curves of the grain size and microscopic

strain in SiO, coatings with the thermal cycles increase
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