W47 % 543
2018 4 4 A

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.4
April 2018

AICHUERT YSZ AR iR R4 S [ RERI RN

Ak, EER 2, FHEES, Y

SE 1 A 3
o, LA

(1. P @HBIERE:, BEPE P 710055)
Q. Tk EOEEUT b, BV Pi4 710016)
(3. ALK, LT K 110819)

B OE: R TR AR ER (EB-PVD) 7E Ni J 5 Je A2 1 1 4% 002 S5 M I BB 25, Rk Nd:YAG
WOLK AT R M S AL B, SRS B E A %)= S5 MR RBRIR 2k . SRS, XSOt SERT G 2 AR RN AT T
1100 Cri A, JFRM SEM Al XRD Z3 87 T WOG SR i JZ OB SRAT AL 3454, LR B4 A ML e AN )8 itk
REMISEIR . SRR W] WOtM A BS, W R TR P SR B ) IR 2 A, AP FARR A SUL RN T &
FEMREZ, SREMNMEZME T A EI0R M FAERY BT, 385 T 3R)2 P vk R & ok e .

KA WBRIR)Z: WOGSUE: BUALIERE: W DR RE

FEESES: TG174.44 XHERFRIRED: A

XEHS: 1002-185X(2018)04-1238-05

PR )2 H R (thermal barrier coatings, TBCs) #
WA I R v PR BE AT 2 R Sl WL i T s e T A ) =Kk
AL 2, KA DSk — R i 4 v 2 U
FURTE RUM . H AT, WS R S AL B i v 2R T8 A
B VR 2 2 K T R B UOAR (EB-PVD) ATEE
BT WHR(APS) 4, TRIZE — M NiCrAlY Hh4h
JER YSZ B E AP, B K s E A AS K
P, AP IL S 1700 CLL S, 4 45 (i B
R )E DA TR 2 N IR 75 K . ik, BIES AT
2 R RIS NER AN YSZ P& 247 b B8, fif
FE T BUR 45k, W smbm ek Re, A E IR
M A E, H RS S8R AR,
BE— D4 v P AR e il IR AR R

BT, B0 10T YSZ B % 2 i 2 i o vk 3= 22
Gy 2 AT, — 7 AR YSZ BB R AR G n— )2
F 2 e Y2, W0 Zhang 2 NP SR R U
SEOTVEAE YSZ W 2R — 2R L) 5 um 148
AL B 8 i A% Ak A H R TR B EUA 1) ALO; J2
M B AT T e R M I A, B v J2 0 vt 1tk
fes 59— 7 2 K PO A 38 55 F- Be vt YSZ R 144
AT b b 0D A O E R . BokR T
Ry OGRS HIGINHAEAEL, Bob s

REBRTTVET R, T2, A T AR
(il 26 S 2 o

Bk, A BIEFE 1 2 SR R B AR R

= HEA: 2017-04-15

(EB-PVD) i AR A5 Ni J 5L f A 4 NS Rl 25 HUORG 42 2
) NiCrAlY, Fg#&ZEN YSZ 1RG5k i i )2,
ARG RO R AR R Z AT T 2R ERsevE, i
2 I 2RI A A R R S AR . R
Ja, it SEM. XRD 775504 T HOGESERT YSZ
N R OOk (R B AL TS i BU NP - KER A LS T
WOGSE X E PR RE S s i F A T Tk
D57 WO A R S Sl e ) S

1T % I

KA SRS B A Rene NS AR FE 9 J mild & 4
(Cr 7%, Co 8%, Mo 2%, W 5%, Ta 7%, Re 3%, Hf
0.15%, Al 6.2%, Ni 61.65%, Jis/r50, AR R
@15 mmx2 mm. EB-PVD 8 #4KL 53504 8-YSZ (4
£ 99.9%) F1 60.5Ni-28Cr-11A1-0.5Y (£l 99.9%).

WA IR SR AR R AT I8 T I A
BBREPGEYE, RJE K EB-PVD % 7847 JE # 0 v
44 (Rene NS)ZK [ 73 5l UTRRJE BE 27 40 pm (1) NiCrAlY
K EMEEZ Y 160 um ] YSZ F&E, HI4%
N5/NiCrAlY/YSZ A RAFIR . $lsd B TR
S E L0 800 °C, “PIJUIBHRE N 1.3 A HJAR
H K ND:YAG 306 AR R 2 8k AT O ok ab 22,
P05 G G50 BB 2

B 5 K TG 3B b R 06 Sk S R R I R AT
1100 °‘C/50 h F1 1100 C/200 h fHiESELALEE, LLK

TEBEN: XU, 55, 1987 42F, LA, W@ yiRisrRss, B pi4 710055, HiiG: 029-86231077, E-mail: llt 2013@126.com



HaW

XUBRHEEE . WOGERT YSZ FABRa 2 45 K 55 7k e I 52

* 1239 -

1100 “CEH A B4 A8 T 5040 o b A 4 1 5
¥ 2% bR E HB5258-2000 (4N K il & 4 i bt s A vk
e SR T7vEY, 2 FHERFELRIE 10 h 5 A HCH
R R R CRE RS 0.1 me) PRIBOAAE H
&, MR A I ] 5 s g i 2k . SR = Wil
A R MR IO SR S R A i e, L AR A
FEN TAE R, Pt 22 g xt b s A, M AT H 2K A (SCE)D
HZ L, WA 3.5% (&%) NaCl
V0 MR T AL H 1 em?s AR AL h 22 00 7E IM6e
RS TAE S BT, B HMEE-2~2 V (vs
SCE), #H#fi# % 0.01 V/s.

K H ISM-6700F 7! 37 K 5 41 4 B 7 18 T B
(FESEM) WL 23 FL IRl S R 1H ) i i i« R A
ADVANCE X 275X (XRD) WF5T T8 2 Al
G584

2 FR5i11E

2.1 BRI ERBMME LR SR

N T % ELAIF 5T 30 SO o i T A 4 R R S
TS0 U T S RS SR R AT b, S5 R
1 iR, H, la FE 1b 737 & Bot v Al
(T XA T oW ESRE, I 1a v LUE H, SR EB-
PVD % #9821 NiCrAlY Kigh 2 YSZ X2
SR, b NiCrAlY K4l 25 Sk 4 1 3 80
T, JEREEZ N 40 um, 1] YSZ &R R BN 40
IRIR S g5 0, AEAER 2 A B s HLE 2R 150

%

», b‘}&'ﬂiﬁ‘ o
S NiCrAlY

Substrate

COMPO 50KV X200  100um WD 9.1mm

um, Z55 K 1b aTLURIL, YSZ R R BT R
29 2 pm (P RURLHERR T B, UKL 55 JORE (1] 25 45 3504
HRMEAFAE— ERARRD BB R e Al
1d 43 ) 2 28 e SO S i R 2 T B AR T P OWE T
P, 5 SRR FEXT AT LRI, 28 kot ol Ak 2
JERIZ R FE R =54l R LB 1), 3tk
Ab, RS JEE A 40 pm A5 AT (P B BUE ) NiCrALlY
Kk 2. BN 110 pm AR S E5 M YSZ Bl %
2, AR RSB B E L R 40 um (I ER)ZE . &
FEI) YSZ W)z 5 R ARG E M 1Y) YSZ J2 2 el i i R
. g6 %%, (AT —a2 A mREL. I Hif
Bl o1d mTRUR I, 280 OGStk 5 R T YSZ IR JE 45
CATSENERNETE et R NS ES R T (A

K 2 S WO ST R IR FE AR 23 4 (XRD) 4521,
XFEC R I, WG SUE I AR R R T YSZ U )2 K ) AH 25
M, SPETTIE YSZ WR A B B DY J7 A A AL R
(t-ZrOo) A J8i ¥« XSt T-75 EB-PVD il 45 A0 ek
AbFRIEFE R Y SZ U2 HR O 20 i A HIUE S - TR,
WE YA G I AR R AR, (R — 2B Xt b, AT LR
H S T AU B AT ST U 1) SR BE A A — 3 22 5, IX AT g
& AR TH YSZ 332 B0 45 by e 22 5 e g U
2.2 BRMEPRABREMET W

Ry 330 5% HE OGSk b BE TS BRI B s iR AR
A PEBE, TR B0 ek /TS 2 41 FEEEAT T 1100 "C/50 h
1100 'C/200 h PfEIR A AL B, JFKH SEM 204t
T 2 HRARERRZ S A i AR, g5 R 3 s

1 OGS 5 R ROW B 3145 7

Fig.1 Microstructures of the samples before (a, b) and after (c, d) the laser-modification: (a, c) cross-section and (b, d) surface



Wity @A RS TR

47 3%

* 1240 -
6000
N 4710, (tetragonal) @
4000
2000
+
+
+
| U J T

&
>
= . b
£ 8000}
E

6000

4000 M

} +
+
2000F ——~A A—h :
1 1 1 1 i 1

20 30 40 50 60 70 80 90
20/(°)
2 WORHIERT R XRD E i
Fig.2 XRD patterns of laser-modified sample (a) and the
EB-PVD sample (b)
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Fig.3

Cross-section morphologies of EB-PVD (a, ¢) and laser-modified (b, d) samples: (a, b) 1100 ‘C/50 h and (c, d) 1100 C/200 h
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samples in 3.5% NaCl solution
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Influence of Laser Treatment on the Microstructure
and Properties of YSZ Thermal Barrier Coatings

Liu Lintao', Li Zhengxian'?, Zong Yangyang’, Hu Zhen', Li Jiangtao’
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

(3. Northeastern University, Shenyang 110819, China)

Abstract: The double structure thermal barrier coatings on Ni-based single crystal substrate were prepared by electron beam physical
vapor deposition (EB-PVD) technique. Then, a Nd:YAG laser was used to modify the surface of the as-deposited samples to obtain a
thermal barrier coatings with a composite structure. The oxidation resistance and corrosion resistance of EB-PVD deposited as well as
laser-modified coatings were investigated by isothermal oxidation treatment at 1100 °C. The microstructure and phase composition of the
coatings were characterized by scanning electron microscopy (SEM) and X-ray diffractometry (XRD). The results show that the surface of
the coating forms a dense layer after the laser modifying, which produces a composite ceramic coating together with the original columnar
crystals YSZ layer, deposited by EB-PVD. Consequently, the composite ceramic coating slows down the diffusion behavior of harmful
element into the substrate, thus improving the oxidation resistance and corrosion resistance of the samples.
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