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Wi 45 2 oy KR & B Oerlikon Metco 4 77 1
AMDRY365-2 NiCoCrAlY, Fiffj 38~75 um. P2
$3 A K H Oerlikon Metco £ [ METCO 204B-NS 8YSZ
I e IR i PR AR AT PR 7] 257 1) LagZ, Oy, KifR
Grh 45~ 75um, 12~47 pme. BERIEASLEH] 3108 i H4
) (0Cr25Ni20), Z&V)%EIh 10 mmx10 mmx10 mm JUf
NEJTHe, PRIZDURIATIZ I GB11373-89  (HUniiR 4 )&
AP 2 T P00 AL B )Y R AT R 1 AL B A TR AL .
NiCoCrAlY #5452 H1 8YSZ. LZO/8YSZ X e /24>
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Table 1 Parameters of air plasma spraying

Parameters YSZ LZO

Arc current/A 650 650
Arc voltage/V 60 60
Primary plasma gas (Ar) flow/L-min™ 60 50
Secondary plasma gas (H,) flow/L-min™' 5.5 7
Spray distance/mm 80 80

F2 BEBASH
Table 2 Parameters of D-gun spraying

Parameters NiCoCrAlY
Air flow/L-min”' 20
C;H; flow/L-min™ 60
Oxygen flow/L-min”' 55
Spray distance/mm 180

Bl 1 TGO JE & 7R E

Fig.1 Reference picture of TGO thickness measurement method
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* 3 NI E 8YSZ. W& LZO/YSZ Wik
WHERZER, 2 FR 2 B)REHZ1 0 400 pm. K 2
h B 8YSZ. W% LZO/SYSZ & 24K AR A
B SEM JES . Kl 2a " ERLEBTIR 45 1) NiCoCrAlY
K4 2 S I MR 4L g e (] 26 oKD,
LB LD, B A S R IR K 4 AL, Cr 5
s (B 2b 1 AL B W) FCH R AL, 3
A H B 3K I BT MR R I R R A I v
ik K R R AT I P (ATIA 1200~1500 m/s) 9,
MK 2 KA A& R s 8YSZ. XU &
LZO/8YSZ )2 WA {E W I FLIR . B 552 1
% 30 T B ) S 7R EOIR AL 20 Clnn P 2d ORI . X A2
RS B W R v o 28 B B R AR
JEARTS, PR KA A—LER, SERE A
RO T RAEAR R ZWHR A I AERE, 51
M T NiCoCrAlY K4k 2. WP #E 8YSZ JZ. MM &
LZO/8YSZ JZWiiRaslije . MRS % K ALIRAE, Wk 4
BT o BRI T 20 45 1) NiCoCrAlY Hh 45 )2 FLEUR
e (29 3.5%), KRG KN (49 10.23); 1 K5
IR T2 & B R R LR AT (L2 8YSZ
25 11.8%. X2 LZO/8YSZ 4 12.2%), HM&EZNY
TR SmEALER . Rk, AT PO A A PR E A
FLB AN RS0 A 15 (1 5 dos /N T I B B AR P R A A
R i,
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%3 BME 8YSZ. MNME LZO/BYSZ TBCs A EEE
Table 3 Thickness of the single 8YSZ and double LZO/8YSZ
coating of TBCs

Single layer Double layer

Samples 8YSZ LZO/8YSZ
NiCoCrAlY/um 140+20 140£20
8YSZ/um 260£10 130+20
LZO/um - 130420
Total thickness/pum 400 400

NiCoCrAlY

22 TBCs ER&EMNITA
221 AMAEEEMARGE A
Kl 3 b 5B RS 8YSZ B EE LZO/8YSZ ¥k ) XRD
K. P 3a A% SYSZ MZWHRRTM A . WHRAE
i f AR 100 b 5 AH s 2 2 AEAHAZ DY TS ZeO,
(t'-ZrO,) M/DEANL T Zr0, (¢-ZrOy) FHAH . Wikt
T2 5 58 5250 5 IR AR A3 T8 R A4k B R 2 DY 7

2 TBCs WHRAEH

Fig.2 As-deposited cross-sectional microstructures of TBCs: (a) single 8YSZ, (b) local amplification of bond-coat, (c) double

LZ0O/8YSZ, and (d) local amplification of top-coat

F 4 TBCs PRRNRSHIEE . REHERERILKRE
Table 4 Hardness, surface roughness and porosity

values of TBCs

Coatings Hardness/ R./ Porosity/
& GPa pm %
NiCoCrAlY bond-coat 3.62 10.23 3.5
8YSZ single top-coat 7.20 6.77 11.8

LZO/8YSZ double top-coat  7.85/7.20 9.26 12.2

ZERII Zr0, 78 1100 °C B AT = e £, 1 3b fr
WU B LZO/8Y SZ ¥R AW IR i by K WEvR A &K 1 5%
LA 100 h 5 A RS 32 2 AR (e 4 F1 s F AR 41
J s WA R B AL R R e BB 4 A 1) 78 A A 45 R 1Y)
s, faTiA N B 8YSZ. W FHE LZO/8YSZ
TBCs 1100 ‘C/100 h &AL )G 0K B W& )2
AR RN 7, B TGO A K 32 M 4 J2 AR AR 5% i
nJ 2

222 BAHHHAIEE wh &

Il 4 4y PP 8YSZ XM & LZO/8Y SZ ¥ J2+ TBCs
FAL 100 h J5 AT SEM M . £3t 100 h 25 40
Joi o FLRUEE K B RS S N R B ALBRE O, SR S A 43
TR, AR B PE I N R G0. INE 4a a) LLBY
BRI ESMEIK G TGO, Kidh)Z W4k
A B AL SN SA AL S . Bl 4b h TGO i ANig
Sz, RG4h 2 NG A/ BJG AR  AR  BE EAL
o 3K TR S A I TR PRI I, B R N AL
FUBRIR el AR % 8YSZ RIZ LR E RN 7.0%,
XM & LZO/8YSZ i )= LZO JZ LB ER R % 6.2%)
MA S, Iz LzO B, 13 0 M %
LZO/8YSZ ¥R )A 1A Z R 4 )= AHA H B % 8YSZ V)=
R R 2 R B AR R . R XU &
LZO/8YSZ WRJZ R TR 452 /M % )2 (8YSZ) Ftif
TGO 14545, Righ 2N MR AL, ofEy 8-k
] Kiekendall FLE M 5 20>,
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Fig.3 Surface XRD patterns of single 8YSZ (a) and double
LZO/8YSZ (b) TBCs before and after isothermal oxidation

54 1100 °C 310S Wik . HFE 8YSZ,
WP EE LZO/BYSZ IR AR R AR AL I H i 4. 1A
ATLUE S A 3 AN B, RIS B 2218
AL BRI AR B A B . R 8YSZ. XUBH &
LZO/8YSZ TBCs [F) PR S AL BLI b AE 5~15 h 2 [H],
HXUPg 5 LZO/BYSZ M AHX; S AL 3 A /N T L Bl 88
8YSZ. M TAFEH A H 2 TGO A ) W S ik,
BT LU 5 AH R A AL 38 R 2 1] K BURE A BL S Al

(C.Wanger) £k M4, 100 h J5 3108 HbHAHIxS
AL A IA 3.51 mg/em?®, FFE 8YSZ IR E KR M
A A 3.13 mg/em®, MU E LZO/SYSZ 21k
FRANEAL I N 2.82 mg/em? . X & LZO/YSZ ¥4
JE A R AT SEAR A AR G S A 30 T A, B Rk B 2
HE G R BB A, A LZO MR
OB TE AL R ) R EME 2 T7 A, (H2 LZO H & 2%
ANIEIEARL, BT ARE RS 45 2 AT i iE k>, TGO
AR IR 5 % 0 T A R ) Ak R A X 4 A 1 1 ¢
PR B R TN
223 A4t TGO A KR JZE 6%

Kl 6a~6d 1 6e~6h 43l Ky P % 8YSZ. XU P %
LZO/8YSZ )2 R4 Ak 5. 25, 50, 100 h J5 TGO
#Ii SEM B F . & 6a~6d 1 6e~6h 1 TGO J5 & ¥ bl
S SE A N T PR B8 ot 386, AN [ I ) 08 1 R P e

Bl 4 g% 8YSZ MR % LZO/SYSZTBCs Ak 100 h J&#:
i SEM & J
Fig.4 SEM images of cross-section of single 8YSZ (a) and
double LZO/8YSZ (b) TBCs after oxidation for 100 h

| —=—310S
—e—Single 8YSZ

—a—Double LZO/SYSZ /
R
L]
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Oxidation Time/h

. 2
Mass Gain/mg-cm
o e e <
W (e (9,1 S (9]

—_
(=)

Bl5 3108 Wik ALpt . 5 HE % 8YSZ FIXUME % LZO/8YSZ TBCs
1100 CAS [l S Ak I [T X 43 T b 2

Fig.5 Relative mass gain curves of 310S substrate, single 8YSZ
and double LZO/8YSZ TBCs at 1100 C

LZO/8YSZ R Z& ™ TGO JF /T P % 8YSZ K & .
5.25h TGO &% F %K AlLOs; 50 h I FLf % 8YSZ.
XM EE LZO/RYSZ IRIAEZR MG 45 |2 5t TGO 4 H Ik
TR RS B, Y CrO5. NiO Al
(Ni, CO)(Cr, A),0, 2 fh AL A2 %) 100 h 5 i f
% 8YSZ Mgl )2 TGO KL T B 14 24 (
6d K& 7a EDS JC# 4D, W ALO; Fl I 2 iE S



11

AP LZO X PR R 4 SR A A A AT A 5T

*3531

R IR A B, AP % LZO/8YSZ K4 2 A&
DLEH R TGO 4y )Z8L% (P 6h K& & 7b EDS JLE M
D TR R T, AR TS EAEKE TGO
AJFONREEE )2 (NICoCrAlY) T 2 [A] S < AN B 2
=y, HETHS N ALO; AR A ALY (Cry0s.

NiO fl (Ni, CO)(Cr, Al),04 R A &Y. TGO
AR R SRS [N TR I OGE AL [ O,
SN AE G AL Os, HESEEU I ALO; I vT LART 1B )2k
GER R E AL Y AL TTEWRE N TER ALO, T
WG SRR B, TRUR [N AR TR S A (Cr05.

NiO FI(Ni, CO)(Cr, A1),0, KA1, XKEGHEMY
WAEKT ALOs 2 b, BEZAEN, NAAIEMR
PrRAE R, H LA AR A e AR PR AR K
BEAC Tt s 4 71, 580 TBCs W k%, SOk
[30, 311 W, M4 H— (ALOy) HIESHE (N F TGO
SR SR B T & 2L 1K TGO A #E K TBCs 75 iy (1)
K. FrLL, & LZO/8YSZ TBCs 1+ LZO [fFH
AR, ML ZE 8YSZ TBCs RILH TGO JEJE /N,
LR R A A D R R

T T W o
IR T R T " TR
A RN A T T S R

T AR . ™ o § e R e R L B B

W Tes S deh VT SRR S TS T s ™ Rl S i

K6 P& 8YSZ FIXUM ¥ LZO/BYSZ AL A I 7 TGO #k1fl SEM i j1
Fig.6 SEM images of TGO after 5 h (a, e), 25 h (b, f), 50 h (¢, g) and 100 h (d, h) oxidation: (a~d) 8YSZ and (e~h) LZO/8YSZ

— — -
[ § 7 7 .
L r——— i

7 PP 8YSZ FIXM ¥ LZO/8YSZTBCs A4k 100 h 5 TGO #1fi EDS i % 414
Fig.7 EDS element mapping of different zones of single 8YSZ (a) and double LZO/8YSZ (b) TBCs after 100 h oxidation
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8 N HLPH % 8YSZ. XFH % LZO/8YSZ TBCs
ANTE S (A Bt TGO JEFEA i ¥l . RS %K 1 J7 4
BT . &l 8a PAFE L 8YSZ AR T, TGO JBJ¥ 13
3T 5 h #E 1.75~2.25 um, 25 h ££ 2.5~3 pm, 50
h {E 3.5~4 um, 100 h 7E 5~5.5 wm 0Bl A o A
) 55 BE o3 A AR S, R 22 5 K. & 8b XUFE &
LZO/8YSZ K&, TGO JEE FE N/ Ai+: 5 h £
0.75~1.75 um, 25 h #£ 1.25~3.0 um, 50 h £ 2.5~3.75
um, 100 h 7E 3.75~5.25 um 35 H A o A A I Ja) A 5
JE oy A A 23 L, R 2 RN TGO R 40 A [
A 5 I H B AEAG I TR] R 38 0, TGO J5 B2 3% ¥ 38 fin
U EE 2

K19 b BB B 8Y SZ XU P & LZO/8YSZ ¥k J= TBCs
5.25. 50, 100 h A5 TGO JF & H &
LAt 2 1B 250 TGO JEJE 00 2 T 30(1)PHH5

(1)
_ 2.(Cross sectional area of TGO)
N, X ;(Cross sectional length of TGO)
MRS 22 I M A 30 (20 5
_ 1/2
S =K+ (2)

X, deg N TGO RS, ¢ NEALI I, K, A TGO E
KR HH, A4 pm/h, ¢ i E RS BT

i S8k 100h "\ a
E 4 /
§18-A50h
g S5t
E 0 L L L L 2 L L L L L L
2 gF e 25n ~
A
ﬁ 19‘_-l Sh
Q
2 :
0 1 1 mm 1 1 1
1 2 3 4 5 6
= I8F~Toon ] b
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L L w1
16+ & 50h 4
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TGO Thickness Frequency/um’
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-/\\
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TGO Thickness/um

(=)

8 B e 8YSZ MM M % LZO/8YSZTBCs # TGO J& ¥
v
Fig.8 TGO thickness distribution chart of single 8YSZ (a) and
double LZO/8YSZTBCs (b)
% 8YSZ TBCs ' TGO A KJ# % K, 4 6.26 % 10 pm*/h,

i WP % LZO/8YSZ TBCs ' TGO AKiH% K, N
5.79x 10 um*/h. X % LZO/8YSZ TBCs K, /N T ¥ g
% 8YSZ TBCs, HUG hdeAfbas -1z, W 7EXN
Vg% LZO/RYSZ AR TGO KRN, WZ4h
FIPUEEA T A . SCHR[33]1K W6 MCrAlY RLL &5
JEMEVE N AT, I TGO 2 A KT &4y
SRR A, HOH IO LA BT AT RE LI 1R X
B TGO HIEK B 14T M o
224 B4 EAR T 697 0R

10 o 45 2 Ja 0 BOR RT3 B-NiAL AHE
AU FERE B R A LI B R BLR A
NiCoCrAlY K452 2 il p-NiAl. p-Ni 1 y"-Ni;Al 41
U I 102 hRoR, WK B-NIALL KN
7-Ni Ml y"-Ni;AD. fEsi i #, Hi Al ik
PHEATREN AL TR, BHBEAZR v/ )
B, B g AT BRI S, RILNE 10b
BALEE R . B 10b PR ET 5 h L 8YSZ. MK
B LZO/RYSZ R R ANLE |2 W B AN AR 3 I A AT T,
H 5 h LU AT R 8 A8 % B 22 5, 100 h 53k B K.
KAREIARLINNHT 5 h FARTARE K, SR KKk
AN H . WU LZO/8YSZ R IZR R p AL AR
FACT R R 8YSZ W= & . BN g HAEN ALO;
AL JGE I R, HOREE B e PR b
T3 A MG ARG ENRIE ST i . BRI 46
I B, Rhgh 2 A e K g oA BAEIL S, h
ALO; B R IE T 2 2 MY ks, B AR TR AR
P, FEARYIN ALO;: AN, BEAG AL R
sahn, PR FEAL) B OAH A SE AR, T 4R SETE Rk
ALO; il 77 ZE2K H B B A AL 1) g ARSI, 3N T 4
Fids E M RE R, ALO; B R R ARG L5, Khidh

m [LZORYSZ
[ e 8YSZ

Fitted curve of LZO/8YSZ
| — Fitted curve of 8YSZ

4+ K=6.26x10" um’/h

TGO Thickness/um

K=579x10" pm’h

0 ZIS 5I0 7I5 l(I)O
Oxidation Time/h
K19 1100 CH.Fg 8YSZ FIXU M ¥ LZO/8YSZ TBCs ' TGO
GRSTIPIE 2
Fig.9 TGO growth kinetics of single 8YSZ and double
LZO/8YSZ TBCs after isothermal oxidation at 1100 C



W11

AP LZO X PR R 4 SR A A A AT A 5T

*3533 -

(‘\/Internal oxides

—=— 8YSZ b
30 F —e— LZO/8YSZ

251
20F
15+
10+

Depletion Distance/nm

0 L 1 L 1 L 1 L 1 L 1
0 20 40 60 80 100

Oxidation Time/h

10 K452 TEZUR B AT AE BE 1 R S04 I ) 9% 2%
Fig.10 SEM image of bond-coat (a); the relationship between S
phase depletion distance of bond-coat and the oxidation

time (b)

JEANER T 58 SR L RIIESE ALOs B, N2 K4 )2 W
L AL B A BT ALY U A
Ifif H e 3 R T Niv Cow Cr JG 34 1S S B il 2 iR
RN, pHDBLET BRI Boa, HERGEE T
BTSN, BEE AN AL,

3 & g

1) 1100 CZiH4% AL 100 h J5, FFE 8YSZ iR
JZ. W& LZO/8YSZ ¥R AR ¥ A K AAHAL, B
Wi 2 TBCs 1 TGO AE K52 3ok A i %8 )= AHAZ ™ A2 1 WY,
JIE WAL

2) AL 1100 CHFERAA 100 h 5 HFH % 8YSZ
TBCs H AL 45 )2, KM% LZO/8YSZ TBCs Ak 45 J2
PR AR A 77 AR 0 4 IR S8 A ) B AL 25 B IR
B % TBCs AR X424k 18 5 3.13 1 2.82 mg/em’.
- LZO KBRS RS, AT43 XU B %8 LZO/8YSZ TBCs
rHORG 48 2 AR BE /N, MR IR A AH X AR A 3G AR

3) AHEE 1100 CH %4k 100 h 5 H.FH % 8YSZ
TBCs 1 ff] TGO, X Fi#% LZO/8YSZ TBCs 1 TGO #
WHESEMS CFEN ALO;, 2N Cr05. NiO
FI(Ni,CO)(Cr,Al),04 R i AT A H)) o B L XU P & TBCs

H TGO A K H 4 4 6.26x1072 1 5.79x107 um?/h,
TGO J& FEAH 73 B4 5~5.5 um H13.75~5.25 um 3 Bl Y
4) T LZO MEHUAANE L M, Wb T A 1
[ IE, AP LZO/8YSZ TBCs &I TGO /f K ik
FAG. JEEN . REASREEMLY D, HgETD B
FHAZ TR ARG (RS AT, B A PRAR T RG 452 I %
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Inhibition Behavior of LZO on the Oxidation of Bond-coat in
Thermal Barrier Coatings

Li Wensheng, Yang Lexin, An Guosheng, Cheng Bo, Feng Li, Zhang Yi
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: In order to clarify the inhibitory effect of LZO (La,Zr,07) on the oxidation of bond-coat in thermal barrier coatings (TBCs),
NiCoCrAlY bond-coat was deposited on 310S substrate by detonation gun spraying, and single ceramic 8YSZ coating and LZO/8YSZ
double ceramic coating were deposited by air plasma spraying. The microstructure and phase structure of TBCs before and after high
temperature oxidation were analyzed by SEM, EDS and XRD. The results show that the relative oxidation mass gain of the double ceramic
LZO/8YSZ and the single ceramic 8YSZ structure are 2.82 and 3.13 mg/cm?, respectively. Their TGO (thermally grown oxide) growth rate
constant K, is 5.79x107 and 6.26x107 pm?/h, respectively. And the corresponding thickness distribution range is 3.75~5.25 um and 5~5.5
um, respectively after isothermal oxidation (100 h) at 1100 °C. Compared with the single ceramic 8YSZ TBCs, TGO exhibits obvious
characteristics which are less oxidation mass gain, lower growth rate, and slower f phase transition in bond-coat of the LZO/8YSZ double
ceramic TBCs.

Key words: D-gun; LZO/8YSZ double ceramic coating; 1100 °C isothermal oxidation; TGO
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