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BRRD OF 5 8%) Y,0; FE ZrO, (HFR 8YSZ)
761973 K T 5046 Ti Z BN, YSZ(Y-Si-Zr) i8R
H Rt R8sk, I H YSZ Skak Ti 2 8 i
W 2, B A 1400~165° 2 [\ 1P, [E] A,
YSZ/MCrAlY ¥ 2 FR (M Jy Niv Co 3 Ni+Co)
FEA T 1200 °Crapfit ik myid R i Ee R BB A
IAE FIRARZ N, B A el i RO N
SR, YSZ/MCrALY ¥R )JZ4R RACARBUG il AL 5 ol i) f7F
FEAR WARIE .

B IR R AEE B R i % YSZ/NICrAlY
BifrR 2R 2R, W A RN YSZ ¥ 2 B RO 41 21
GERY L 1R VERERI S K YSZ IR i A e I,
Ja T8 YSZ/NICrAlY ¥R 215 i Al-Si 4 1) J& ol
1T, NFERZE R ALLST A & 1 B
71 FH B A BB AR B
1 % &

ARSI R R A B R AE RS 8 15 mmx15
mmx5 mm [ 310S (0Cr25Ni20) B AR 5% AN 4K 5
A& il YSZ/NICrAlY ¥Rz o fEWTIRZ AT, PR
A LTE P S UE 30 min, T S 0k T BEAT 5 A Ab
B, SIS EPE NICrAlY HH A &mimim K (PR}
W5t <65 JeB BT A ok 45 )2 A B, 3 8% 11 Y05 B iE ZrO,
MR (8YSZ, T8 TR TR 15 b T2 b % T
fEZ . P& 2 FUKS 45 2 %k A Oerlikon Metco 1]
UniCoatPro™ K/ 55 8 FWHR RA AT H %, Wik
50 FAMB-XLo 75 LR F7 AR BTR 2 80— B0 i
T, WIS 30, 35, 40, 45 L/min 4 Fh 30 x5
WIZ A GE KR D) 2= Pk Re g, w240
® 1R,

X4 AN [] F2 AU ) 1K) Y SZ R J2 HEAT TOM 4H.
2L, WAL L K T SR A B, LIk HE VR 2 R R

£ 1 ZETBR YSZ/NICrAlY BEMIZSH
Table 1 Process parameters of plasma spraying YSZ/NiCrAlY

coatings
Parameter YSZ NiCrAlY
Power/kW 40 33
Current/A 600 460
Voltage/V 67 72
Feeding rate/g-min' 30 32
Spraying distance/mm 80 120
Ar flow/L-min™’ 30, 35, 40, 45 40
H, flow/L-min™" 12 8

Gun speed/mm-s™ 500 800

U AR O T FST YSZ VR JE I sl s e 1
XA FH o A A 2% (R S AT e RS Pk S 5
££1000 C RN omxt YSZ )2 34T 25, 50, 75, 100 h =5
HRegt, WIS HR E MO g by . T DL R AL R,
B BV SR AE il B R S5 AR A . SR )im s A Btk
SMESHHS YSZ WIZRFE, PRUER 2 88 ¥R FE
F R EE B EN 700 CH AL-Si B AR
50 h, #1578 YSZ/NiCrAlY ¥R J2 U fill Al-Si J65 il 6 -

A K F LA BERG (X (EDS) ) Phenom XL &
A B R AR AR T T BEOW B 3 L K G
RO iAT T RAE: HAM A 441 Rigaku
Ultima IV X $ 28 AT 5 (Cu #E, Ka, HF 2k, 1=0.154 178
nm, FIMAEEH 10°~90°, FFIEEEH 10°/min, LK
0.02°.) XPIRIZHEATYIAH 73 1; Renishaw W idL £k
PLEOGIH G FHOGH KN 532 nm, /NGB
RSFR Tem™, AR HAE 100~1000 ecm™ J5 4D HE
PR PG R Image T B Ab
BRA 5 R 2 AT LB AR AT VI AR, R 10 SR AN [R]EB A7
FITRCR A HR 30085 T S I 7 FL B 36 5 BT 3441
KO Fl 7 7 ARG HL (WDW-5E) X[VR = 1)
S5 R ST IR, PHOEE N S mm/min. AR SEEGAR
i GB/T8642-2002 (#MBEVRHTHL L5 9 L M E ) K
IS5 iE T P s, R4 E-7 IR Horr, Hifi
B R EAR ) 25 mm (AR RE R, BV J2 B RN
I W AT P e - RPN T i
YSZ/NICrAlY i)z . FiR)z=0 50 hiks ik B-7 Bk
g5, 22120 CriE AL 3 h 5 SR EE K 24 h IRy A
B o BERIRJZINA 3 BG4 KA MH-5LD 4%
B85 X8 v 2 PR PSR A T W, At D <6 A
ARk, IMEEAT N 300 g, FRFINE 15 s, KEEL 12
AT SR ECT 2448 DL 3 G A SR 1 45

2 HR5R

2.1 WMLBLRLEN

B RN AR N YSZ kiR 2 RS
WIS RS 1a v] DL AL H <0 &4 30 L/min
I YSZ ¥ )2 3R DAL 2 T A7 6 K &= 1 AL B AT Y
RIMLL,  HATR RS TURL, AR 2R IR A R
Ao PRI G0 B2 TR I T e A ]V 50
Wi, FEh N JIERTR, FUiIL S AR R GO 1)
G o R R AR B 1d Rk
45 L/min FR133 2 3% 100 AR A7 70 K58 PR 308 4 oA J48 wl iR,
K2 . M T, EAWEAN 35 M 40
L/min [f] YSZ ¥ /7 2% 1018 73 Js il oRURE B0 b, By R
MR T, W2 T E R, WK 1b



551

T BT NA YSZ/NICTALY W2 M fibesrl Al-Si JE ik BT 9% +293 »

AT Leo X EE 4 Fh 32 0H 4% 1R )2, R 40 L/min
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BE SRR S R DU Bk LB GRE . MR TR EE
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FARE RN PE TR R IE NS B 4E 00 1

Partially molten particles

Partially molten-particles
Y Pores

AU, KB /N 1 3200 0] H 2 S ¥ 1)l
AW . RSN, RIS S T aEn S
(2 B A, R AR T BE AN, B RIG T A3 A
BB . BRI RN, RN GREIZ 8
TR, IR TR, R AR A B AR A A
B B ZAFAE KR AR O, R, =AW 35
5 45 L/min $1% 10 YSZ WRER N TR E, #£F
LA 40 L/min #4519 YSZ 42 3% 1 i AR

Partially molten particles

Partially mo]t;y,mrtic]es

Cracks——"

1 AFE BRI YSZ ¥ 2 R I B3
Fig.1 Surface morphologies of YSZ coatings prepared at different main gases flow rates: (a) 30 L/min, (b) 35 L/min, (c) 40 L/min, and

(d) 45 L/min
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FIE7s o DR 2 I AT B 300 48 2R J2 AR AR /K 3
g, MHBL AR . YSZ %25 NiCrAlY k4 )2
GERE, EHZEZENRE G . 2 BRI R
WORJE DU Rl AL-ST B TR B SH, R IRE T
ML, UMM REN Al-Si IS R i
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2a F 2b 4300k FAWERA 30 F1 35 L/min R il 4% (1)
YSZ )2, 2 PR EB &K 2 1 M iR EOR <AL,
HR 2 AL 5k ks, DRHIX 2 B S 5064610 YSZ
WIEAE S H TN AL-Si U8 il S8 o 1 4E T2 <
9 40 L/min I §1 4% (1) YSZ W2 8%, Wbt b,

R DA Ay i B S K FLR U T e il AL-Si R L
U MAT R, W 2¢,
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Fig.2 Cross-sectional morphologies of YSZ coatings prepared at different main gases flow rates: (a) 30 L/min, (b) 35 L/min,

(c) 40 L/min, and (d) 45 L/min
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d KL ] (1) B B S0, T T T 30 R A% U kb S e FL
T B R S HEAR TSR /N, 3k 1 4 BT )25 1) 850
J¥. FS N 30, 35 L/min B9 YSZ ¥RJZ Wi B30 L E

3a Ml 3b, 2 FRZHIBIR 2L, SHRZ MG, X
el 2 A AR E SIS RS, FAWREN 40 J 45
L/min ¥ )2 (WL 3¢ X E 3d) B EA T W 88T,
J2 (B LA PR W) B o AR, AHER T AR 45 L/min
T B YSZ W)z, FAUWE 40 L/min #1451 YSZ ¥
JZERTIR A ORE B At )N

I, 25558 TR YSZ BZ Mo 4141
iR R A R, FEARW RN 40 L/min H#% 1 YSZ
WE R A BUE, nTLEATT AL-Si 1512 il 5256 1)
W )Z

3 AN GRS YSZ ¥ Wi TS
Fig.3 Fracture morphologies of YSZ coatings prepared at different main gases flow rates: (a) 30 L/min, (b) 35 L/min, (c) 40 L/min, and

(d) 45 L/min
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Fig.4 XRD patterns of YSZ coatings prepared under different

main gas flow rates

RIEMKPY SHTRIZ SR, TLUR I 4 Fp T
SR E S G AT, T R SO
WIZE AW LR R . HIENIREE AL-ST #
VI U e B R A T, YRR N R TR O R
HA SIS S R G, B, &4
WORTES . BIAH G BT J12p e Re o A a R, R
UL E A 40 L/min T YSZWR)ZE A5 )2 ik e 8
PERTT AL-Si 6 e B TR R )2



551 F F%. SETWHR YSZ/NICIALY &2 KUl Al-Si J& ik BERF9Y +295 «

Intensity/a.u.

100 200 300 400 500 600 700 800
Raman Shift/cm™
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Fig.5 Raman spectra of YSZ coatings prepared under different

main gas flow rates
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Fig.6 Hardness and adhesive strength of YSZ coatings prepared

under different main gas flow rates
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FEVE R AL-Si 30 1 IR S« £E 100 h (1) 3 i 21 51 5
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TF) 1) A 1 &5 R e ek, o R A W s AR e
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e, ORI B m AR E I, W YSZ WRIE )
i} Al-Si K5 th B8 T 5kt . & 8 Rl 9 4 il &
U EE 40 L/min il 85 03 T RS YSZ W)=
BAE 700 °C il AL-SiJFHT 50 h 5 R 2 B TE S
KN 76 2% EDS i 43 A B

W AR TS AT LU I, 5 )% S0 2 A0 iRk 2
BIRZILTFEAREL. T Al-Si 645 YSZ
WIEFTEEH B, WRZER SR AL-Si W% fil 1
WL T 2 MR, —FPE AL-ST S EE R S SR
JZ5Ea B (LA 8a), X &AL TR 2 5 2 il
AL-Si MR 5y — P2 AL-SiIEHEE I S 5 ik
JENRR G, AR (LE 9a), XA
R ELE A S E I FIER T SR AL-ST 5 2 e fir
(1 4 B4 T e SR T 2 AR T (¥ EDS g 1% 45 3 vy
PATS %1, ALLSi JC 2 8 0 A T R X 380 5 YSZ
WEH ERE (LA 8b A1 8d), XEM T YSZ M
WRIE AR AL-ST B AN IS Y. i R
AR, EASEPEMNT, Al SitHEET I
i THat, HWEABER YSZ 2N (& 9b
A9d)e Y. Zr JUEAEP A T AR I (LA
8c fll 8e. & 9c Al 9e), AILIFHIZT T 50 h AOH% il
AL-Si JEBE, WIZMAR LR, Al-Si IS A B
FEEYSZ WRIZN, fERIES AL-ST A4 1 S %
BRI JZAFAE, Wl ie U, AL-Si 45308k P4 78
YSZ WEMFRE . FRLRRY, HE TR YSZ

R2 1000 CTARREIAER HE YSZARILBERRERE
Table 2 Porosity and hardness of YSZ coatings sintered at 1000 'C for different time

Time/h 0 25 50 75 100
Porosity/% 5.15+£0.76 5.08+0.83 3.97+0.59 2.66+0.71 2.27+0.74
Hardness, HV3/MPa 8349+771 9426+881 8789+1103 8364+785 71524772
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Fig.7 Cross-sectional morphologies of YSZ coatings sintered at 1000 'C for different time: (a) 0 h, (b) 25 h, (¢) 50 h, (d) 75 h, and
(e) 100 h
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Fig.8 Cross-sectional morphology (a) of YSZ coatings at the top of sample in molten Al-Si at 700 ‘C for 50 h and corresponding EDS
mapping of Al (b), Y (¢), Si (d), and Zr (e) elements
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Fig.9 Cross-sectional morphology (a) of YSZ coating at the bottom of sample in molten Al-Si at 700 ‘C for 50 h and corresponding EDS

mapping of Al (b), Y (¢), Si (d), Zr (e) elements
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Plasma-Sprayed YSZ/NiCrAlY Protective Coating and Its Resistance Property to
Molten Al-Si Corrosion

Wang Xin"?, Xue Zhaolu'?, Ni Zhenhang®, Liu Xia'**, Zhang Shihong""*
(1. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials, Ministry of Education,
Anhui University of Technology, Ma’anshan 243002, China)
(2. Research Center of Modern Surface and Interface Engineering, Anhui University of Technology, Ma’anshan 243002, China)
(3. Anhui Ma Steel Surface Engineering Technology Co., Ltd, Ma’anshan 243000, China)

Abstract: Hot dip Al-Si alloy coating is an efficient corrosion resistant technique. However, there are serious Al-Si corrosion problems in
some parts of the production line, such as sunk rolls, which are in direct contact with the Al-Si alloy melt. In this research, YSZ/NiCrAlY
protective coating system was prepared by air plasma spraying (APS). The influence of main gas flow rate on the microstructure,
mechanical properties, high-temperature stability and Al-Si alloy corrosion resistance of YSZ (Y-Si-Zr) coating were also investigated.
The results show that the spreading uniformity, coating density and mechanical properties of the droplet firstly increase and then decrease
with the increase of main gas flow rate. The coating exhibits the best surface smoothness, maximum density and optimal mechanical
properties when the main gas flow rate is 40 L/min. The interface structure of YSZ coating is stable. The porosity decreases, and the
density significantly increases after heat treatment at 1000 °C for 100 h. In addition, no diffusion or reaction zone is found at the interface
between YSZ coating and Al-Si alloy melt when the coated sample is immersed in the Al-Si alloy melt for 50 h. Al-Si melt does not
penetrate into the coating, but is blocked on the YSZ coating surface, indicating that APSed YSZ/NiCrAlY coating can effectively resist
Al-Si melt corrosion, which can be used as one of the most potential protective coatings for parts contacting with high temperature Al-Si
melt.
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