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ABSTRACT: The work aims to study factors affecting blocking of air film cooling hole during preparation of thermal barrier
coating by plasma-spray physical vapor deposition. With agglomerated and sintered ZrO,-7wt%Y,03(7YSZ) powder as raw
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material, thermal barrier coatings were prepared by plasma spray-physical vapor deposition (PS-PVD) on superalloy plate sub-

strate with precast air film cooling holes. Effects of parameters including hole angle and pore size of the air film cooling hole on

hole blockage were studied. When pore size of the air film cooling hole was controlled within 0.85 mm, shrinkage factor of the

pore size was 19.01%, 14.50%, 14.86%, respectively at the angle of 30°, 60°and 90°. Shrinkage factor of the pore size decreased

and maintained stable after a while as the angle increased. Both coatings outside and inside the hole were of columnar structure.

When the angle of air film cooling hole was 30°, shrinkage factor of the pore size was 36.40%, 31.70% and 24.45%, respective-

ly provided with pore size of 1.0 mm, 1.3 mm and 1.5 mm. The shrinkage factor decreased while distribution depth of the coat-

ing in hole increased as the pore size increased. The angle of air film cooling hole will influence deposition efficiency of thermal

barrier coatings, and thus affecting shrinkage factor of pore size. Pore size of the air film cooling hole has no effect on deposi-

tion efficiency of thermal barrier coatings, but it will affect shrinkage factor of pore size.

KEY WORDS: plasma spray-physical vapor deposition; thermal barrier coating; air film cooling hole; shrinkage factor of pore

size; columnar coating; hole blockage
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Tab.1 Parameters of film cooling holes

Number of hole Diameter/mm Angle/(°)
1* 0.85 30
2" 0.85 60
3* 0.85 90
4" 1.0 30
5* 1.3 30
6" 1.5 30

1.2 REH&E

K 280 5 NI EAP#R, 1E 0.2 MPa =) T
X FE AR HE AT WS DR Ak o SR FH TG IR R KR S TR
(LT-HVOF, GTV-K2 )i%#%, LA NiCrAlY #A( 4~45 pm,
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coating, BC) o KM% FWilR-YH AT &
(PS-PVD, Sulzer-Metco ) , VAFIREELE) 7YSZ ByK
(5~22 pm, M6700) JFJikt, FERNZE)Z b il 25 P i
JZ (Top coating, TC) . WIS O3CP, Wite 44
M 12.5 mms,

PS-PVD HARB iRt 8k  JEFE S e fE e B |

FE i 2 15 5 ) AR B, R RTRNLS AR H
B SR TR HLAS HEN SRS 150 Pa, 2RJ5 Ml SRR
E 4000 Pa, HEATWTHE S K KOS FHAF B AT
IR E 850 C, MM HLEE AFEFIREEBIE S 950
mm, Wi BRI TIINR, WA R o B A
PEATIE R A ANE, Biik 7YSZ ik, PS-PVD
T2ABHNE 2 i,

&2 PS-PVD Biifk 7YSZRERESH
Tab.2 Coatings parameters of 7YSZ thermal barrier prepared by PS-PVD

. Stand-off dis- Feed Pre-heating Chamber
Material - Current/A Ar(nlpm) - He(nlpm)  Os(nlpm) tance/mm rate/(g-min ") temperature/'C pressure/Pa
7YSZ 2600 35 60 2 950 10x2 850~950 150

1.3 BRERIE

SR MU I 2t -5 00 R T A SO e vk 2 SR A5
KA E R ZRE A0, W3 3 iR, SRADE 5
4% ( LEICA DMIS000M, German) [ F2 %
AR BOART . WA BC 25 DL TC 2R
SEFLEYFL I EAR, L A [ O i B A, A
LR %, LR R AL (1) A

c_d=d,

x100% (1)
Krf: C LRI d Il & AEERIZESR
FEALA AL D 1A do MR IR LA .
FIH 3 &5 -8 7 B8 ( FE-SEM, Nava-
Nano-430, FEI) K:ill#il# TBCs J& S BA HIFLAY L
bURIZ

®3 RAEREEESH

Tab.3 Thickness distribution of thermal barrier coating

Number of Thickness of Thickness Thickness Thickness

sample specimen/mm of BC/mm of TC/mm of TBC/mm
1# 1.70 0.17 0.16 0.33
2" 1.63 0.20 0.22 0.42
3" 1.93 0.15 0.25 0.40
4" 1.73 0.16 0.25 0.41
5 1.68 0.17 0.25 0.42
6" 1.64 0.19 0.24 0.43
2 HERESWH
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Fig.1 Micro-topography of film cooling holes after spraying
7YSZ coating by PS-PVD
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Tab.4 Percentage of contraction of diameter with 1%, 2*
and 3 film cooling hole

Diameter/um Thickness/um  Contraction

Num- . 5 7 .
ber Pri- after after BC TC Diame- Percen-

mary HVOF PS-PVD ter /um tage/%
1¥ 855 808 692 46 116 162 19.01

2" 863 780 738 83 42 125 14.50
3* 875 810 745 65 65 130 14.86

25

20

15

Percentage of reduction/%

10 1 1 1
0 30 60 90 120

Angle/(°)
IR E R SR

Fig.2 Trend chart of diameter contraction
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H1 PS-PVD il & 15 2 A A BE IR J= O FEAR S
eV B AR R IR AR BN B —, Wik 1 R .
TEBAL B A FIFLIN AL &, TR L A 2600 Y 2k
A2, WIZMDIBUIAE AR TV AL . A A7 e
KT UUBTE AR, DAL AL PN B 23 5 B LY T
R, HATEBIRALLN, S TBE LU,
VR 2R RE O . AURAL B M RO, FLINTR)ZZZHERY
FFE R, WP 1 B o B T LN AT R Z Y
IR N—2, B LU PO 2 S5 A8 RS- T o2 B [ RE
FEARZEH o [ 3 2 2" B EIAL N IR RIB 3, AT
e RSN W A TRV w2y o i (S BT N i R
TR T B 2 AR A

22 FEMSERAFLEEFT RN

4 NFE 30° AFEFLZERSFLZ 5T PS-PVD
il g I L 2 S I OWTE S . & 4a. 4b. 4c 435N
4% 5P ML E I . 47, 57, VAL AYFLAR N
BN 36.4%. 31.7%. 25.45%, 1% 5 Fin. H
HITE 2387 B0, 300 AL B fFLAR e Ak, sy
GER ST A A . S M RTRFLARAY 30 A

B3 2SR AL IR 2 TR A
Fig.3 Cross section topography of TBCs inside 2 film cool-
ing hole

1 mm
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P4 RIFESLARRY 30V 2L PS-PVD i 8 B g 2
Je OB 3R
Fig.4 Micro-structures of film cooling holes with 30° which
diameter are different after spraying TBCs by PS-PVD
®5 4.5, SELNANAEKEE
Tab.5 Percentage of contraction of diameter with 4%, 5
and 6" film cooling hole

Diameter/um Thickness/um  Contraction

Num- - -
ber Pri- after  after Diame- Percen-

mary HVOF PS-PVD ter /um  tage/%
4" 1015 870 645 144 225 369 36.40

5% 1334 1151 911 182 240 422 31.70
6" 1502 1351 1119 150 231 381 25.45

BC TC
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Fig.5 Trend chart of diameter contraction
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FL O B A AR LT A AR AL, AT LIIA R IR 2 AR
S ALY . B S ATsn, 47 5PN 6" UIEALAL
FHAY TC 2SR REHY, WL =& WIR)Z2 DI
WOEAAE , BIFLAR /NN PS-PVD 14 216 S LA
PIVTRCR A R, FOE S LRI e R

Wl 4 Fros, TR SEFL N 43 A B TR B B 14
hnmiAs v, K 4a BTy 4" FLIEFLIR 3/4 LB AR ZE
MO, TS5t 6" FLINRYIR R A B AR AL [H)
HEWREE IR 1a 0] LR, UL 2 AEFLIR S 172 12
BRI A RS0 PS-PVD )2 7R
LN sr A, ELREFLARBO3E K, U2 TEFL N A 43 A X
Btk K 6 R 6" EALAFL N IR Z R ITTE 3
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Fig.6 Cross section topography of TBCs inside 6” film cool-
ing hole
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1£ PS-PVD il s ARk 2 Bt B2 P, 7E R RE R AY
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Fig.7 Schematic diagram of coating deposition around film
cooling hole
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