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Preparation and Thermal Shock Performance of Solution Precursor
Plasma Spraying La,Ce,O, Thermal Barrier
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Abstract: To solve the problem of low temperature in current aero-turbine engines, La, Ce, 0, (LCO)
thermal barrier coating was prepared by using solution precursor plasma spray (SPPS) with new thermal
barrier coating materials, and the influence of spraying distance, atomized air pressure and precursor
concentration in SPPS technology on the microstructure and performance of LCO thermal barrier coating
was analyzed. Results show that when the spraying distance reaches 35mm, the pressure of atomized gas
is 100 kPa, and the precursor concentration is 0. 4 mol/L, the melting state of the coating is better, with
compact structure,, uniform pore distribution and obvious vertical crack structure. The thermal cycle life
of LCO coating prepared by SPPS method reaches 60 times. The improvement is due to the segmentation
cracks in the coatings that improve the strain tolerance and effectively relieve the internal stress.
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WS B T W UR (solution precursor plasma
spray , SPPS ) J& — Bl il & 2 K I3 2 B PR IR BOR.
5% 5 Wi (atmospheric plasma spray , APS) #H L,
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1.1 SReH#

ARSI A 7S /K WS R 4l ( Ce (NO, ) 4 -6H,0) FI7N
JKASMRH (La(NOy ) 5 -6H,0) fE A BT, £ 8 1 /K AF
J¥EF] FIFH Ce (NO, ), -6H,0 Hl La(NO, ), -6H,0
TEZK B K A 38 i hn 0K AR R ok fige ) 2 i
F, 4 Ce(OH), 5 La( OH) , fokE. 7E25 5 115514
R T CeO, IR MIZE AR IL 5 T La, O, (10
MZESE, I TE RS T KA T CeO, R &2
BT La, 0,0y 1. FIr LUAE 1 W C ol By B e 2
PR TR LU 3. AR R A A S T R
CeO, FER RIS CeO, IIER AT 16% | I
LAV R I hn(La): n(Ce) =1.00: 1. 16
LU B 1A 7 B
1.2 ®RE#H&

ARSI HP LA LA Inconel 718 HRA 4 (L

WA A EBARAR), B4 2HMEN
NiCoCrAlY &4 M A (1 ] 8223 4 J& o Rk BR 2
H) . WERSCE R+ MC60 255 TR 5 &
AT AR R 0. MR TRk e K Ih R
45 kW, Ar F1 H, 435 R =S AT, N, 1R b 7 s
VR Y S5 A S MR SR T AT BEE] 500 °C.
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%2 R 75 [# Bruker Advanced D-8 X 5
ZEATHHN ( X-ray diffraction, XRD ) AT AHAI. ¥
JERIIE SR € FEL 23 A QUANTA -450 A4
AL S B A T I BT, AR Y pH SR
fif PHS -25 RUFR B 3+ dE 47 Ik o . 263 R Ik
BH 40 - 20 BE T A7 A 0 A % IR 2 Tl
FRifE (HB7269—96 ) A7 14 2 HGEMERE IR
il & 4 1 08 2 3R (25, 4 mm) A B ) B
FrpldFHE 221100 °CJ5 AR 5 min ; Bl R 08 I 59
TUREEUH I HGE A S 20 °C £5 CHKHPES, &
F O ISR R IR E O, 2 R R —
PR BRI 72, B R IR 2 2 7%
TATAR IR B HE AN TR 2 AR Y 5% BRI R 2R AL

2 ZERMVTR

2.1 LC BREIRMEHH &

R FH AR U0 UE 2 ) A VR AT IR AR, A R 4
(Ce(NO;),+6H,0) FIAHEHM (La(NO, ), -6H,0) 7E
WG, Ce’* La’* il NO; , Ce’* FllLa’* [ 7K
s W R MR, K ER Ce (OH), 5
La( OH) , ik 43 5L T3 W, X5 pH A9 75 1] DL
i Ce’ Al La’* WK i, in i 7= £ B8 £ Ce(OH) , 5
La(OH), kL. TER FRIF W & UIIRE T,
Ce(OH), 5 La( OH), ki itk 2 8 A7 F] F )5 22 19 55
BFmIR. TR 20K R BEE 2K,
TR pH ZESEIN, Ce® * A1 La®* A /K A AL BE 48 K
i Ce(OH) 5 La( OH) , OB AEAS T3 fin. pH 3
TS5 M S YR K R R 4 2R ) R B i R A T A%
KK BEE W pH 13K, Ce® AT La® * 7K il 7 A 1Y
H* 520K M0 OH ™ & A4 b F Bz, #F 1 8 2
Ce’ " I La® " 7K fiff , SHORLZS H 20038, S0k =[]
AW R A RGAE, S EIOR R AT A2 K 24 pH i &
W2 KA DLUE , UOUE 1Y 7 AR X I ik Rh
AERFIZ R, PRI WA pH A B o i, R R T 2
3 ~5 ARBIRFHA M TR E M, R 1 o, R
AT TR A iV ROV B s, X Y pH BRAIG, HL
W pH 78 3 IR SR IL AT 2. pH 7£ 3 ~5
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Table 1 Comparison of solution precursor performance

at different pH values
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Fig.1 Change of solution pH with

solution concentration
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FHEIILE 10 mPa/s LLUT I RAT B T W0k h i vl
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Fig.2 Change in solution viscosity

with concentration
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Table 2 Solid concentration results of different

concentrations of precursors

W/ (mol-L7") 0.1 0.4 0.7 1.0

& & &/ % 8.23 26.49 38.52 44.92

2.2 LCHBEREBRIZHMR

SPPS #&ANT i it B 9 K43 = A Bk 2E A
AL, RS R EEN T 2S8R
WEVR AR B AL ST T L R RO B AR IR T A
TR I R BRI VR T A, Mt Uk B ) A
SEM RUT0M 2 B o B R E B SUER S DL
VA BT RRAE AT SR A5 R, R A TR T
R LRI P U 2% 1 v] AR AS B e 2
SEE R IR TR 2, T A s R T IR TR 2 1
NARZR PR, A R AR 2 i R A TR e
WA BRI 45 kW.
2.2.1 MR B R A 2 4 A T

YA IR BN 40 ~ 45 mm B B i 45 19 180 2 A7
TER 2 B 5 AL 3500 X S 2 P Bk 12 R
BFEATE BB B, I 3 (a) FTR ; 2 FFARmE
UREE B 2 30 ~ 35 mm B, Hil & R IRZBEEA T
BRAE T, U2 B BRI FLBR A A 5] HLR )2 o
A MBS IR Z NN, B R Eq
i 3(b) iR, ARSZE A 30 mm B MR I B O
B R B, P Mo B B 16 5 30 ~ 35 mm.
2.2.2  FASRIEIXIRIZ S A5

FALSE TG Z W FLIRA DL LB R ST AR5
S 4 BN e SR BEES R 30 ~ 35 mm
BFAN R 25 A0 0 R il 45 1Y LCO #A R i 2 K i P
$1. ARSI ST M 120 kPa B, Bl 45 B934 2 40 141 4
(a) i IR IB AR 2 B, A FL IR [ o A A
BRIGFLIR. RS SE FT 2 100 kPa, 504 T1L
Bt J&] Bl ) R R LA 45 B s /b | 12 o e A A
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(b) 30~35 mm

K3 SPPS AN[H]mE Ak B Bl 4 19 LCO TBCs #IHIE i
Fig.3  Cross section morphology of SPPS LCO TBCs

under different spraying distances
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AR RS B F KA Th 4 01— R 5 Wy Ak~
Ak B T A Rl 2 1 VR A ORI FR B L IC I
—J5 0, T RGO, s Re % i , 38 o A2 RIS
I AR B IR Z s o — T I BOR B R F: 3L
R EAER A AR O ) FLBR R S, DT 52 i)
WERE. FILZE ST T3 100 kPa.
2.2.3 TRV XU 2 A5 F Y5

GnEl 5 BRI FE A 30 ~ 35 mm Al
AL A 1 100 kPa B[] 4 B A7 3K 44 il & 1
LCO MR ZHmES. K5 (a) U 0.7 mol/
L 1) LCO ¥R AT SR 45 19 LCO IR )2 IR 2 17
TE RN — LR, L R] B2 0 2 4 e 454
{0 3 P 2480 A, A8 2 S i LR R Ak
BEHRIWBE G APS IR)Z 0 EAREEH. S
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Fig.4 Cross section morphology of SPPS LCO TBCs

under different atomizing gas pressures

WL B 0.4 mol/L I, 4 J2 B % Bk — A 4
T, SR Y 4] HLUSURL Bl P B Ay, FLBR 34 50 B4/,
T HEEE I, N S (b) Fins. ERHE N
0.3 mol/L il & B IR ZWE 5 (c) iR, IREL S
FERFE LT IR 2 0 0 XA R 2 LB B IR )2
FXTEEHE. TS (d) RSO EE 0. 1 mol/L T il &
R 2, U 2 R, 2T = IR IR, UKL Al 1L R
H5) HRZ .
2.3 BREMEEHRIT
2.3.1 TREMNYIH T

El6 A 5 (b)Hil & LCO #BETR)Z /) XRD
AT LA ) LCO U2 A w4 454, i S e R i
L5 B 5 ) RT3 b ok & B La, O, 1Y W, 156 B
La, O, fRUFHuE 75 5] CeO, 1 [R] BR 1 , T8 13 A7 45 4
IAH. 2% 3 WIE 5 (b) 45 1) LCO AR IR 2 1) RE 1S
IR R PR A R R E R T 10,
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(e¢) 0.3 mol/LL

(d) 0.1 mol/L
BI5  ORIFHRBEHTSR A % LCO TBCs
TR 2B R ROES
Fig.5 Cross section morphology of SPPS LCO TBCs

under different precursor concentrations
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TR IZ BT HGRIERE S 1R 2 0 IR F A Wk
SRR, REPAGEERE LR IREE T IR ZE MR
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BAX. RS RKIIFEN 45 kW, BRI
35 mm, ZALSE ST 100 kPa, IE N 0.4 mol/LL,
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Fig. 6 XRD spectra of LCO thermal barrier coating prepared

by precursor(n(La):n(Ce) =1.00:1.16)

R3 LCO AERETELLH
Table 3 Element ratio of LCO thermal barrier coating

JLR w/% x/%

0 15.08 60. 77
La 42. 46 19.70
Ce 42.45 19.53

il 45 7 EREZ) 180 wm Y LCO #AREIRJZE. SPPS 12l
FHHRIZIIEIRF a8 T W E T, R Tk
2 60 ¥k, MifE4E APS il &1 LCO W2 TG 75
fir— e 20 IZEA ST R 2 IVIE IR FF A A 4R T
2 TIRZ PR 1) 6 B A A5, T B8R T
TUREM R AE AR, AR R Z N Y A7 TR
YORZER Y SPPS W 2 TE A IR N I E TR, 4ok
AR BB A W sh Bl B, i AR RE RS A RO T
J1, RGP 2 J2 A0 e M | 1 — 0 4R T U 2 A B 3R
FF.

Bl 7 AiEE 60 IRIVEA G B IIE S, 12 b ok
H LA KA ALY (thermal growth oxide, TGO) |
IR 2B 7% IE A & TGO Frsl iy, ke Z Fr L
T NNGIETE , — 7 T o T3 S R00 1 1N
Berh, 75— 7 AT REJR T4 Ab LCO B0, W
FEOr R T LCO 5 2625 2 $ ik AS DG L 7= A 1Y)
N F7. R ) DX ) P v 2 I VA TE X S i 2
T AR—FE R PO X SR A U SR AT A 35 2 1 7 1 38
4, [ IR HL 22 BT TR 22, 3 AT RS2l RR e 44
I RE R, LCO Uk )2 2 1 T B 2 i T N R R A
FiR R LCO MR M A ARG, S80RE K&
BRI, Y besb ik B — e B, th T ok i sgm
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AR T AR R RS, S EUR R I E R
JBiv s 5350 TRIZ AR AR o B 2 = AR AL,
I RAR ISR TR 2 IR IR B b,
CeO, K HE s W R i T RE 22 2K LA 4, IRl o
JE L.

(b) R AR
Bl 7 88 60 IR IVIEER 5

Fig.7 Cross section of the sample after 60

cycles of thermal cycling
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