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Interaction Between ZrB>-SiC Powder and Plasma Jet Field
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Abstract: In order to explore the reasons of loose structure and poor density of ZrB>-SiC coating prepared by APS, the ZrBa-
SiC powder flying away from the jet field were collected by deionized water, and the microstructure and phase change
of the powders before and after the plasma spheroidization were compared. The single particle deposition experiment was
designed to investigate the melting state of the powders and the morphologies of the deformed particles, and the microstructure
of the corresponding ZrB»-SiC coating were detected combining with previous powder results. The results show that the
ZrB»-SiC powder in the plasma jet field reacts with the entrapped oxygen due to the “vortex effect”, and the powder exhibits
slight oxidation. The ZrB2-SiC powder exhibits three morphological features: smooth surface, porous surface, and
agglomerated surface after plasma spheroidization. The reasons are related to the unevenness temperature field of the plasma
jet field and the flight paths of the powder. The deformed particles exhibit corresponding three topographical features: melted
sufficient particles, agglomerated stacked particles, and semi-molten and semi-loose particles. The eutectic tends to form dense
regions in the coating, while the agglomerated ZrB2 and SiC particles are the main reasons for the formation of loose regions in
the coating.

Keywords: ZrB:-SiC; plasma spraying; single splat; microstructure; densification

WFSE: 2019-06-24; fEEIEHHA: 2019-12-08

BEEE: DAt (1974-), B @0, #dZ, Wit FRAE: KETHA; E-mail: hstrong929@bit.cdu.cn
BEEWHE: ERARPFARSE (51772027)

Fund: Supported by National Natural Science Foundation of China (51772027)

SIAEI: VIS, M, thit, 45, ZeBo-SiC iRk 5458 TS A I/ AI[]. vh 2 T4, 2019, 32(6): 20-28.
SUN S J,LIU Y B, MA Z, et al. Interaction between ZrB>-SiC powder and plasma jet field[J]. China Surface Engineering, 2019, 32(6): 20-
28.


http://doi.org/10.11933/j.issn.1007-9289.20190624003
http://doi.org/10.11933/j.issn.1007-9289.20190624003

Ho MRS, 45 ZrBo-SiC MRS T AN AR 21

illls

0 35

C/CEEMEIMTEAMERE. SmE, &
WG R R R, AR B R SR E S
FF R TS AL O A R A A R A R
—, @B ZNH T E R R
T, e RAT AR SRS, R T
400 C MAEMSIFAEE T, C/C Ho k4EE G
BT AR LA KRB R, TRERIZY T C/C AR
e,

1E C/C il & —ZuiH 22 M m i E 5
IR E R S o Ry R A T
—o Hr, ZrBo FEy—Fh MR ) xEE 4 )8 14
Y, BAMXBMNEE. miEm, SRS mR
U0 AL 2E RSB PR SRR AL, I C/C RITPLAL
Peihig Z AR 2z O, HR4iY ZrBa #1R
FEIREE R T 1100 °C B, H A=Y B20s %)
S, B TFZAL 2r0; J2 I 3 KA BH A5k
S M DDA B O B B AR R E R . T EL
ZrB2 5 C/C MBI Ik REGHZER K, W
PRI AR T FBORZ TR SGRTE, 1R )2
KA WK, 18 ZrBo R IAFR /3% 20~
30% 1Y SiC AT LA R HE & ZeBa FEIR Z bt A dk
PERELA X IRABEIRE, SiC 5 C/C Z [ HA Rif
PR 2 AR A, K REGRXT AR, AT L
F RN ZeBa F1 C/C ARHARZIK 2 BAS UL i 1)
B, A=) Sios LY B0s I BAA —
FERGBE RN RS A, — 5 T A] LA 2% B20s H9F%
KR, A ] LR Z LI, AR AR
RVRZNERY B I, FeREEN TZFBAE CC
T & PERENL R 1) ZrBo-SiC B8 RZC N H
IR S Z —.

HAErHl & ZrB2-SiC B A REN T L F 24
$5 AL WRRIBEAE, RN RN S, SR
WivRSF . Wang S50 SR FHEMEAEA S LR T
ZrB2-SiC HAHIZ . 258 200 s R LB,
B ) 2 B8 Tl SR o B R TR 40 51 R 4.647 mm/s
F11.216 mg/s. BRI AR R IR RILAE C/C 3%
Ml T ZrB2-SiC EAWZE. 4 1200 C AR
1k 60 min 5, KREFH 2.4%; 1500 C B KE
IR E 15%, w/NFIRRZRTH C/C AEHT
REHR (~35%). Ren 51 R A B ik F1
B203, ZrO2, Si Al C MK C/C Eifihl & T

ZrB>-SiC 2. & 17713 K S Ek 550 h 5, 1%
23100 A N M B O E R N = SR s A
g, KREHEN 022%., SHETZMHE, F58TF
Rt R TERA SR, SR0R, TEE M.
Xof FEAATE AR R ZERARSE R . 45 B LR ] &
MVRIZAD LS LR e, R MR,
P, A5 B TR T 20— = i P e U J2 11
HHA R T-BEZ —1, Zhang %0 SR HIHE 35 3K
SEAFBFWIURTE C/C RMHI4S T ZrB2-SiC IR )=
2P N 2400 kW/m? BRI B 60 s I, FE
fil AR 8 Tk SR A T e Tl R 4331 Ry 0.4%107° g/s Al
0.6 pm/s. (HEIRZAEHGE TN 4200 kW/m? H %
60 s 5 KRR, Reza U9 SR FHRHINB# il < A9 45
BETBA T M T ZrBa-SiC B2 . BA L%
1% 60 s JGHE it 1 2 e Tl 5 BT o 458 o 2R 43 3l Ay
1.67x107° g/s #1 0.04 x10™° mm/s.

SRIMT, T ZrBa MBS B i a5 A5 DA SR s
AE 125, SIC AEHE 2700 °C 23 IR 4M 4% 2 25 A
R, FECRFE TR T ZB,-
SiC 12 N FRAFAE B B I B A 22 L X8, PRI S
HOR R B KRR 4 B T I s
AR A, JFEEAT R DURGR IR BT At #T
23k A B SR SR R R I 2SS R SRR DL R
BAIURITBUE SRR SE ZrBa-SiC B RN TR siAs £
FLIXIRIE B S5 A
1 X I8

VRIS A 1 um B ZeBo(db 50 & 0FE A4 R
FHEFR R R FELAE A 1 pm (# SiCHLE 4
BRI B R VRIS R, # IR ZiBs -
SiC AR 7« 3 FCLL, FFEUEM A, KBTIk
K457 PVA IR AE IM-15L BUEPEER BEHL (K 7B
KRB ARFARA PR\ PRk 2 ho JOBHE
TN 40%, REEEF] PVA BR8N 0.4%. XK
FHIE 55 1500 T 2R BRSSO A5 BUAE B3 W vk
BOE AR, ARG iR S 5nsR 1 s,

R 2 B KK IEARST ZeBa-SiC Bk £t
BT INAE UL SERE . @ T HLR T
{455 B IR AS 1 5 BLEXT 53 7oK, M
KRB 5 APS 45 ZrB2-SiC 142 B4 IE 25 41
[F]. ZrBa-SiC By Z8ad 45 85 S Vi o il X 35
ELEFRP 2B, nTU—ERER B
INPORZ I HREERIESL . ZrB2-SiC IR )= il %



22 b B xR T LT IR

2019 4F

T ESHC RS T8 3 1 F 2850 A5 19 fe A
TESH, k2 Pim. B R P E R
ZrBa-SiC ByoR7E 100 °C HEFEHHLRE 24 h 155 )8
AR, R TR B iR R ZeBa-SiC KA
ULEBRAT R, FEA0SEHY & @ JE AR SR E EA T T HA 0
RLOUBUR S R it — LR T IR I AL R L s[RIt
K SG100 WA LA & PRAXAIR-TAFA /w477
1) 5500 RS AE B F TR RGL 45 ZrB2-SiC Ik
2, T2ZH0nR 2 .

VEHUE [ Bruker-AXS 42 P21 XRD 3
oL S5 B T HRARIR 9 ZrB2-SiC MR AT

R1 LB SiICHEETRIZSH
Table 1 Parameters of spray drying for ZrB,-SiC powder
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Table 2 Parameters for preparing ZrB»-SiC coating by APS

Parameters Values
Spraying current / A 900
Folw rate of primary gas Ar/(L-min") 2548
Folw rate of carrier gas Ar/ (L-min") 283
Folw rate of second gas He / (L-min™") 1416
Rotary rate / (r'min") 57
Spraying distance / mm 70

Parameters Values
PVA content, w/ % 0.4
Inlet temperature / 'C 330
Outlet temperature / C 120
Feed pump rate / (r'min") 40
Atomizer rotary rate / Hz 30
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Fig.1 Surface morphologies of agglomerated ZrB»-SiC powder
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Fig.2 ZrB»-SiC powder size distribution before and after plasma
spheroidization
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Fig.3 Cross-section and element distribution of agglomerated ZrB»-SiC powder
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Fig.5 XRD patterns of ZrB2-SiC through the plasma jet
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Fig.6 Morphologies of ZrB>-SiC powder through the plasma jet
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Fig.7 EDS results of ZrB2-SiC powder through the plasma jet
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Fig.9 Morphologies of single ZrB»-SiC splats on polished substrate surface
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Fig.10 Cross section of ZrB2-SiC coating fabricated by APS
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