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T2 W X6 EU S 3 2 L8 R 20 B A9 A 1 I #4470
SR XU IO 45 A8 1 AT FRAE L X By KA AR R AT
R o BT HEAT AR IE.

1 R AFERIRAE

1.1 EfEFHZE
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SHRIEATOGIE 2 Wi, B S8 61 & S 5 B AT LA 20 b
FR By ARZE K . MR S AR [ O35 5 B 4y A O 45
BB T R T RS R R T LA A
ORI B 3 R T Y SZ H A e G 3 b i i # 7R
(22 5. 6 B A ARl 28 ST SR M AN S 1 R 2R AR
YRR S B ) 43 e 2 O 1 I B B BRI Ry R 2R R 1)
BRI MR R THE TSRS
CERINZE T2 J7 150 Pa). XFAS[RI26 0 2 80 F 18

J2 B TURUIRZS R0 RO 45 4 #E 47 R AR 45 5 635 2 W
TR AR 28 AT RO IR B DORAT AT IR R
1.2 EBFHREEITE
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N R . WESE R L A B O U E R E AL
BT R LTE & fF. %8 7k h e i 1%,
stark JE& 58 S0 5 P 3= T M AL BT LA AT DLIE 3 stark @
o TR AR B % N 4T LTE
il 3 B2 R 7.2 X 10" ~8. 6 X 10"
em CUL PR L 696. 7 nm (S AL ROR 2D
) Ar AR R TEE, AT

log N.=1.452 log AA+14.017. @D

Hfr N, ZHF%EE. B0 cm ' AL BIEZL
o5 (FWHM) , BAfyi nm.
1.3 XWAHZE

BT A By 0594 S2 5 2 7F 3+ Oerlikon-Metco By
Multicoat™ PS-PVD & % | 52 i, M & Z M BN
Oerlikon-Metco JF & B 7YSZ Hl & ¥ &K ( Metco
6700 By A RLAR N 1~30 pm). A48 7 45 A o i L I0E
TR LX) <5 B Rl 45 2 00 A7 et b b B CRELDRS B2 425 1) 78
2 pm 224D . R T RE R ZIUA AR )l S
SRR A (81 41 b X R 455 )2 R AT TR AL L T AR AR KA
) (TGO 7. K Z A2 900 CJR AT 7YSZ
B % vk SR DAL BLARWER 2409 T 3% 1.

x1 PS-PVDHIEREERMNIZSH
Table 1 Parameters of ceramic coatings prepared by PS-PVD
B
WiE S Ar/He B FA4k  H  HIFE  JER 6 Ry AR 5 A% 1 T 2% bt 5 A Ar
/(L *min ') /A /kW /Pa  /(g+min ") /mm /IR /(L * min™ ')
FEA 35/60 2600 120 150 5 1000 900 2X10
HTEB 35/60 2600 120 150 10 1000 600 2X10
HEC 35/60 2600 120 150 20 1000 400 2X10
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SCUG A & B 6 IS A THR550 (CHORIBA, 58
ED G E$E 1200 gr/mm (630 nm) . JE 6 B ik H
LP320, i Y B A5 1024 X 1024 CCD [5 %1, 3% F
Nove-Nano-430(FEI, 2 [®) 3% & & # 1 . {55 X
TR 2 O 25 4 3 47 R AE.
2 RS
2.1 OESisHf
JE T & EiE A ] LB E] 300 ~1000 nm
£ 2Z 0] 1) 55 B R R 66 B/ 1 Sk A TR AR I 4% 14
TAREGERIRES T B3 K, 34T T oo R i e br
H. 1) MEE FRERAEER L - 1(b) ~ (4

MR ACB AN C BYEIE L AL 1 Ca) AT LI M
HWE . Ar 5 He iB&MAE7E. WK 1)~ 1(dD
AL 2 fE 350~550 nm I K 3 ] 9 R I0 381K i Zr A
Y S Ui YSZ MR & TR K ik k
Sh iR AT DA B R 28 R L8 Y SZ Ok R 28 R X B IR] L
B s T DL B S 7 H B 2 0% R A 3 I Ze R Y
T 2 K S 5 B N BT 3 0 L, U 20 g/ min 36k R T
YSZ My R 7&K i K. AT UL 1 H 587. 56 nm
AbF) He 38 22 %% 90, B & 26 83 3R B9 35 A0, He 3% 26
R W R AT SR BTG T A TR S He
i CELFE 7+ 5508 ) B 7E T R i Ar 35481
FORZ R X UL Y SZ R A i A O T R R
PE. H 58 AR EA LR,
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2400001 £ 40000-
£ 30000 Ar £ 30000
= i =
= 200004 l A = 200004
4 T
10000 Ar 10000
1 Hle L I I m ‘ | Ll
0 T T T T T T T T —T T T T 0
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000

Wavelength/nm

Wavelength/nm

30000 80000
200001 (e) —10 g//rxnrin powder 200001 (d) —20 g/}inrin powder
~ 600001 ~ 600001
% 50000- % 500001
t: 40000 E 40000
é 30000- é 30000
= 20000- = 200001 "
10000+ 10000+ Ar
] 0
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
Wavelength/nm Wavelength/nm
B 1 EETanotigR
() 4B F A& Ar/He g 35/60(L/min) ; (b) 2K H 5 g/min; (o)X # %R 10 g/min; ()X H#E R 20 g/min

Fig.1 OES spectrum of the plasma jet

(a)Plasma gases Ar/He=35/60 (L/min); (b) powder feeding rate 5 g/min; (c) powder feeding rate 10 g/min;

(d) powder feeding rate 20 g/min

K 2 o 1000 mm M B R 537 44 18] O 3 & G i
FE B oA il B8 5 OES RGOS B 5 5 i b &
(7 43 A A5 3 Abel %% 3k T4 31 25 5 1
S A IR M L AR ) e S R B A3 A I R AR AT
WEEE S v T A 45 8 AR Y 28 R RR M. 0 Ar

JEF 1Ok e BT He LT A S L BIME R,
It A He X i B 728 b ) R AR B 0 . 1B 2 Ca) ol
Abel % 5 %8 75 Ar/He & 35/60 (L/min)
% o B A 1 U A A . AR 2 Ca) WRER B He % 2k
SR LA R TR S AR TR TN S 5 3 R
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A T DY ] 32 ¥ /0 o 358 B SR I v T A e EL
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Fig.2 Radial distribution of spectral emission intensity (stand-off distance 1000 mm)

(a) plasma gases Ar/He=235/60 (L./min); (b) injected into YSZ powder (powder feeding rate 20 g/min)

2.2 EETHIRSE

S5 G CTE X S R R R AT RS T LAA A R
THI R T B SR B, & 3 JRIR T AN ) 2% #
RTRIBL MM S T3 A fL 7% B E. N 3 7]
U B 1015 $iE g, KT LTE Hiia
FEHL T EAE L T LA R 1000 mm &b 45 Bt
TR LTE &0 0By 3300 5 g/min I (4 i 7 %5
e R A E 2 R 7. M 20 g/min
I £ F, - 285 B SR IR 3X R R TR OR 28 R 4 WO S R
e BER S SR T SE TS N
- AR,

B PR 2 e BB T A R . A
¥ NIST %l A48 3 JL2H B R 1 Ar 3% 28 2 %0 (420
nm Z£ 45,550 nm ZE 45 A1 800 nm A I X B , 454
DT I HE ) S R R (B T AR R R R A &
PERLA B SRR L. B 4 JBR TIiHE 855 1 5
Fk 2343.14,2642. 33 1 2532. 51 K. A& 4 W[ 1L,
MR AR 5 g/ min IR B A S i T (R A
IR X 2 R BT 4 Ca) v i 14 BB 222 X I 1Y H00(B 3¢
A, U B SR O T A TR A R T e b B A R
18 FEL %% 5 (B, T 138 A /D S R R S S I Y A
TSR R R R AR T 2R R s, #
ESR LR NN D ST AN S i N N R 2 o)

FEAR M TR 18 22 5K 3 30 Hh IR B (R AR, 35 R
HORHN A 10 g/min J&5 4 i 68 5 N B SRR R R
F R AR LB TR R R A B

5 W AN R 26 0y 3 R T 1 S B F IR A, 5
8 X3k B 9 v TR X A R AR XL AR 5 R
AN TS R oK 26 S S BT A s L b
R (5 g/min) & A G 5 i e T DR B SR AR
77 S5 98 A1 P81 5 0 K 5 I 5 306 93 3 238 1) 3 A, 9 0 R
AR /M IR X R A k.

S5GOGTE  E5 AF B O IR T R A R X
YSZ ¥y AR ZERAT I IEATHI A MR, YSZ By A A G
BTG B R A R o IR XORUIG R X
AT LK RS a0 B A a6 2 T X TR A
KRR TG AR ) iR B 4 A UL B G b He %2
RELE PO AT A RO R, He 354 & B 38 5 K
WRE VR /0N 30 O S R AT, B oK LA 5 g/ min fY 25 A9 3R
R AN B AR L 4336 A B i oL I RETE
o T DX I B A DLORE R R R OB (G F s
TR BEEHRSE E BB, ol kR I FE,
JIT LA SR S5 0 90 B AL, AE T DA 4 R v 0 L
B Y260 &I 2 10 g/min I, A [ 483 F A fE
W BT ARy A 6 2 S 3 0, BT DA O v IR X R A
RS M R B & Bk 2 TR OR S
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Fig.3 The fitting of Ar spectral line and calculation of electron number density at different powder feeding rates
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Fig.4 The temperature of plasma jet at different powder feeding rates
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(a)5 g/min; (b)10 g/min; (¢)20 g/min

Fig.5 Photographs of plasma jets at different powder

feeding rates
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) E0HF SEREAIG 5T 3 RE X RE S D B Ry R R
R T LI I 1 3L P R B R ).
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&1 6 S = B A [m] 5% by 33T 19 3R 2 RO E 3
Kl ML 6 C) R 6 (d) 435128 5 g/ min (135 B 38 3%
TFURE R K R EIE SR AT LA IR R 2 R R
FRATIR & ABR A 22 PR 9O AR R A A SR AR AT
RAB B K, BEB VR 2 DT % 3. 4 pm/min.
S56 B R B ARAT S R O B IR AT 2R AR R R
A AR A ) SRR TR SRR DT TR IR )2
R AU TTRR IR ) T B2 R T B S B R R0 1 5
U EE I B S ARG 5 = = 2 I A PR 7 O €2 ¢ 5 N
R T AR 58 4 B SOME OB AR i, DOBR R AR
HAR L RO VLSS a3 3T BT LA AR SR BE R
HILFAGFELES L. NE 6 (b)) FIE 6(e)H 10 g/min
3% A R 8 TR O )2 A 5 3R T R A R AT LLER
I AR AR B DL AR BRI 0 & 10, 8 pm/min, AR
FER i RT3 AT 3 A8 /ME 43 SE R 2. MR e 25 1
SRP UL B AR PR T R O B SR T ASORH T AR Ah IR A A e T
A A 2 R il URL SRR A U AR O X BT LT
FRHCRAR Ry B 52 400 55 14 R 1) 2 [ 7 R A A5
BEAR A B0 3. B L 72 AL 6 (o) T 6 () g 3K 453
A 20 g/min B R )Z A #R I 3R P 508 AT DL otk
AF AR IR b A DO AR R 8 3K 17, 4 pm/ming AR A 43

B 6 YSZEZEMMIESHE
(DM (D PERFE 5 g/min T K& K220 B 5 (b) Fl Ce) B 2 10 g/min T &% 10 K 7 1@ B 5 (o) A (D 3% 4 3
20 g/min T #1 K % m E

Fig.6 The microstructure of YSZ coatings

(a) and (d) Cross section and surface micrographs with a powder feeding rate of 5 g / min; (b) and (e) Cross

section and surface micrographs with a powder feeding rate of 10 g / min; (c¢) and (f) Cross section and surface

micrographs with a powder feeding rate of 20 g / min
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Spectral diagnosis of PS-PVD plasma jet characteristics and
evaporation behavior of YSZ powder

ZHANG Yan'? ,DENG Changguang® , MAO Jie* \DENG Zigian® , LUO Zhiwei'
1. School o f Materials Science and Engineering , Central South University , Changsha 410083 ,China; 2. Guangdong
Institute of New Materials, National Engineering Laboratory for Modern Materials Surface Engineering

Technology . The Key Lab of Guangdong for Modern Surface Engineering Technology, Guangzhou 510650 ,China

Abstract: The PS-PVD process was used to spray YSZ ceramic coatings at different powder feed rates with
using optical emission spectroscopy (OES) to diagnose the plasma jet characteristics including analysis of
spectral emission intensity distribution and calculation of plasma jet average temperature and electron
density. Combined with the jet photographs and the coating microstructure to study the heating and
evaporation behavior of YSZ powder in plasma jet at different powder feed rates. The results show that a
small amount of powder is almost completely heated and evaporated after passing in, a large amount of that
is in a highly excited state or even ionized. The jet temperature is low but the electron density is
maintained. The vapor deposition rate is very low in the gas phase and the coating is mostly composed of a
single columnar crystal, which are wide and directly composed of nano-columnar crystals. Increasing the
powder feed rate, the high temperature region of the jet is widened with more powder evaporating.
However, the energy of the jet is no longer sufficient to evaporate all the powder, and some unmelted
particles will appear in the jet. The mixed deposition with vapor phase, clusters and even molten particles
makes the deposition efficiency increase rapidly. The surface diffusion is difficult to make the size of the
single columnar crystal narrow. Under the influence of solid particles and shadowing, columnar crystals
generate a large number of branches.
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