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Effects of Nano and Micro Powder on High-temperature Oxidation Resistance of
ZrB,-SiC Coatings
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(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lan-
zhou 730050)

Abstract: High temperature oxidation-resistant ZrB,-SiC coating was prepared on the 310S heat-resistant stainless steel
substrate by supersonic plasma spraying using nano-agglomerated powder and conventional micronized commercial ZrB,-SiC
powder. XRD, SEM and EDS were used to analyze the structure of the coating. The bonding strength of coatings were
determinated by tensile method. High temperature oxidation resistance of coatings were tested by static high temperature
oxidation test. The spraying distance was optimized and the effect of nano and micro ZrB,-SiC powder on the coating
structure, morphology, mechanical and physical properties were investigated. The results show that surface pores and
microcracks of the coating prepared by the nano-agglomerated powder(n-ZS) are much less than that of the micronized
commercial powder(m-ZS), and the n-ZS coating is denser. The bonding strength of the n-ZS coating is about 44.6 MPa,
which increases by about 67% compared with the m-ZS coating. After high-temperature oxidation test at 1 100 °C for 50
hours, the mass gain of n-ZS coating is much lower than that of the m-ZS coating, which has low oxidation tendency and better
oxidation resistance at high temperatures.

Keywords: supersonic plasma spraying; powder particle size; spraying distance; bonding strength; oxidation resistance at high

temperature

s A 2016-11-30; f&EIAHA: 2017-03-09

L&A FEA: 2017-03-20 09:21; R4 RR#ELE: http:/kns.cnki.net/kems/detail/11.3905.TG.20170320.0921.002.html

BIESE: ZA19735), BV, B, Wl WRAE: MEMMELZIRSEEERZ; E-mail: 375347189@qq.com
£&WH: EREFEHS/ESH(2015DFR51090); EXK HARI=EEE(51674130); HINE H AR =548 (1508RIZA006)

Fund: Supported by International Science and Technology Cooperation Program of China (2015DFR51090), National Natural Science Foundation of
China (51674130) and Natural Science Foundation of Gansu Province (1508RJZA006)
SIsctg: 230, sk, 1571, 5. GIRFIHOK ZiB,-SICH AR IR 2 i iU AL HERE A S2ma )], th ISR TR, 2017, 30(2): 119-127.
LIW S, ZHANG Y, FENG L et al. Effects of nano and micro powder on high-temperature oxidation resistance of ZrB,-SiC coatings[J].
China Surface Engineering, 2017, 30(2): 119-127.


http://dx.doi.org/10.11933/j.issn.1007-9289.20161130001
http://dx.doi.org/10.11933/j.issn.1007-9289.20161130001

120 b B xR T LT IR

2017 4¢

0 3|

i 25 6] R Tl A ST 1) PR i v AR 28 0 R
AR ER I, XA & R PRS2
K, VI BT K& v R B B RE 4 A0 B 0 A
Rho WAL HAG A L R L T S R A
(R AL BE 11, 7E982~1 371 °C it [Hl P 4 Ak 8
RACAE SR () P B AE . Horb, ZeB, R HA
e R i A2 R e PR SICH A AL, =
SR R AIBTELYERE | T R R TR
TEPESERE A, AR MR 2 ) R E S E
FMEH, fEEmIRE AT, ZB, 5SiICE G
PATER Y AR SIO,,  REAE XS 1) HE A4
Yoo s —EREMEAEN, BA RIFHITA
TBPERE, AR %020%~30%SiC 2 i1k 45
R Al 0% £ L = iR pe A bR, ST DU
ZrB, P AT 1 R AR E R, HRiziR 2 1%
I FH T v A AT AL B LI T, e
A E IR ER Y, Wang Peng 5 I7E SiCHE TH]
FUHA % T 2eB,-SiCIR 2, B9 TIRIZR
YL T HGEPERE . Zhang YuLei5! ] FH 35
R B TR TESICIR B N C/CHE A RREE I
% T ZrB,-SiCiR )2, WI5E T AL X ZeB,-SiClR 2
(R OULZE AR AT R RE W R2 ] B8 380850 R
£0 20 FURNR B AEC/CE M R EIR Eifl & T

il

(a) Nano-agglomerated powder

(b) Micro powder

SiC/ZrB,-MoSi, % )2, 5T T IR)IZHEEH . i
ek RE AP LA . H AT E NS ZeB,-SiClR 2
FENHTEC/ICE G BLEUA S48 |, {HZrB,-
SICUR =TI ANTE R TR 480AR A5 7 5 Tk T 41
LI 2 TR AT T Y 48 e TR R K i
Er N e T WSO a7 N S § &
R P o o 2 S AR 7 3 10S TR FACR A4 4051l
il 25 9K A 2R ZeB,-SiCIR 2 5 % MUHOK ZiB,-SiClk
2, XRIZALEER . JrEERe s TR, JfXT
WRIZTEL 100 C& A THL T i m iR bRE i T
XF AT

1 MRE5RE%E

1.1 R

WV 3 A Ay L i FH 4R K A LA B2 R ZeB -
25%SiC( ORI R, By AR BLAZE J80~
90 nm, AfHE-FHER AR K40~90 pm I ERTE Bk
(FRIFRA KRR AR , Ln-ZSRF), WEI1(a), %
TR Ay 1 1655 FH 40K 4 B A BR 2 7] Z1e B, -
25%SICKIA, TEARAFN, RSF/34ifE40~90 pm
ZI8], AT EEER TR (AR, Pim-ZSR
), WEIN(b). REZEZR M T ST AR
FRAFINICrAIY MK, Kife A40~60 um, VLA 1(c)o
TR SRR RHE I3 10S NN .

(c) NiCrAlY powder

B GRS BORBARINICIAIY 3K I SEMIE S
Fig.1 Morphologies of nano-agglomerated powder, micro powder and NiCrAlY powder
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Fig.2 Schematic diagram of spray distance test
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Table 1 Parameters of plasma spray process

Parameters NiCrAlY ZrB,-SiC
Argon flow rate / (L-min™") 133 113
Hydrogen flow rate / (L-min™") 6 10
Voltage / V 140 148
Current / A 390 408
Feeding rate / (g'min™") 100 100
Thickness / mm 100—-150 200-300
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Fig.4 Results of m-ZS and n-ZS coating with different spray distance
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Table 2 Spraying distance of preferential coating
Sample Distance / mm
m-ZS-1 60

m-ZS-2 100

m-ZS-3 130

n-ZS-1 65

n-ZS-2 100

n-ZS-3 140
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Fig.6 Morphologies of powders after spraying with different spraying distance




124 b B xR T LT IR

(c) n-ZS-2, low magnification

(d) n-ZS-2, high magnification
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Fig.7 Morphologies of m-ZS-2 and n-ZS-2 coatings
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Fig.8 XRD patterns of m-ZS-2 and n-ZS-2 coatings
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Table 3 Bonding strength of m-ZS-2 and n-ZS-2 coatings

(MPa)
Coating No. 1 No. 2 No. 3 Average
n-ZS-2 49.7 389 452 44.6
m-ZS-2 335 25.5 21.1 26.7
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Fig.9 Mass gain curves of high temperature oxidation test
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Fig.11 XRD patterns of the layer after high temperature oxidation
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