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ABSTRACT: In order to obtain aluminum bronze coating with excellent coating quality on cast aluminum surface by High
Velocity Oxygen Fuel spraying technology, the effects of kerosene flux, oxygen flux, powder feeding rate and spraying distance
on coating thickness, porosity, microhardness and bonding strength are studied based on orthogonal experiment. The phase
composition of the spray powder and coatings is analyzed by XRD. The cross-section morphology of the coating is observed by
SEM, and the coating thickness is measured. The porosity is measured by ImageJ. The microhardness and bonding strength of
the coating are measured by micro hardness tester and electronic universal testing machine. Range analysis method is used to
analyze the results of orthogonal experiment to determine the optimal process parameters. It is obtained by range analysis that
the optimal process parameters are kerosene flux 22 L/h, the oxygen flux 900 L/min, the powder feeding rate 80 g/min, and the
spraying distance 200 mm. The coating thickness is 405.43 um, the porosity is 0.10%, the bonding strength is 61.63 MPa, and
the microhardness is 330.3 HV; when the optimal process is adopted. The results show that the phase composition of the spray
powder and coating is the same, both of which are a phase and ' phase. According to the range analysis table, different process
parameters have different effects on the porosity, thickness, microhardness and bonding strength of the coating. The powder
feeding rate has the greatest influence on the coating thickness and porosity, the spraying distance has the greatest influence on
the micro hardness of the coating, and the kerosene flux has the greatest influence on the bonding strength.

KEY WORDS: aluminum bronze coating; aluminum alloy; HVOF; process optimization; range ananlysis; orthogonal
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Fig.1 SEM of albronze powder morphology
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Tab.1 Orthogonal experimental design

A—Kerosene B—Oxygen

C—Powder feeding

D—Spraying

Number flux/(L'hfl) ﬂux/(L~min’1) rate/(g~min’l) distance/mm Parameter
1# 18 850 50 200 Al1BICIDI1
2# 18 900 80 300 A1B2C2D2
3# 18 950 100 400 A1B3C3D3
4# 20 850 80 400 A2B1C2D3
S# 20 900 100 200 A2B2C3Dl1
6# 20 950 50 300 A2B3CI1D2
TH# 22 850 100 300 A3B1C3D2
8# 22 900 50 400 A3B2CI1D3
o# 22 950 80 200 A3B3C2Dl1
1.3 REMEERET f i
K X FEATHHMY ( Bruker 2 7] D8-Advance,
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BR A Cu Ka $E, S KR 0.02 (O)/s, HFHTLE 20 g
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Fig.2 The XRD spectra of powder and orthogonal experi-
mental coatings
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Tab.2 EDS results of powder and orthogonal experimental
coatings

%
Samples Cu Al Co Ni
Powder 74.48 20.17 1.91 3.45
1# 74.08 20.62 1.96 3.33
2# 74.09 20.46 2.10 3.35
3# 74.6 20.19 1.89 3.32
4# 74.37 20.17 2.14 3.31
5# 74.02 20.56 1.98 3.43
6# 74.28 20.5 1.97 3.26
T# 74.3 20.48 1.95 3.27
8# 74.14 20.53 2.01 3.32
o# 74.23 20.39 1.90 3.48
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Fig.3 Cross-sectional morphologies of the HVOF-sprayed coatings
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Fig.4 Porosity and thickness of coatings with different pro-
cess parameters
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different process parameters
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Tab.3 Orthogonal test results

Number  Porosity  Thickness Microhar-  Bonding
of sample 1% Jum dness strength
(HVy3) /MPa
1 0.56 450.88 277.28 58.67
2 0.22 563.15 270.53 41.50
3 1.12 602.73 227.57 47.00
4 0.50 334.03 267.04 53.00
5 0.34 816.96 298.97 59.33
6 0.44 351.65 282.65 44.33
7 0.58 625.96 279.90 74.67
8 0.40 307.69 255.14 45.67
9 0.26 491.58 291.22 71.67
x4 FLBEERESNT
Tab.4 Range analysis table for porosity
Porosity/%
A B C D
K1 0.63 0.55 0.47 0.39
K2 0.43 0.32 0.33 0.41
K3 0.41 0.61 0.68 0.67
Range 0.22 0.29 0.35 0.29
Order of the facors C>B>D>A
The optimal solution A3B2C2D1
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Fig.6 Relationship between spraying process parameters and
the porosity of coatings
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Tab.5 Range analysis table for thickness

Thickness/um
A B C D

K1 538.92 470.29 370.07 586.47
K2 500.88 562.60 462.92 513.59
K3 475.08 481.99 681.88 414.82
Range 63.84 9231 311.81 171.65
Order of the facors C>D>B>A
The optimal solution A1B2C3D1
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Fig.7 Relationship between spraying process parameters and
the thickness of coatings
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Tab.6 Range analysis table for microhardness

Microhardness(HV 3)
A B C D

K1 258.46 274.74 271.69 289.16
K2 282.89 274.88 276.26 277.69
K3 27542 267.15 268.81 249.92
Range 24.42 7.73 7.44 39.24
Order of the facors D>A>B>C

The optimal solution A2B2C2D1
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Fig.8 Relationship between spraying process parameters and
the microhardness of coatings
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Tab.7 Range analysis table for bonding strength

Bonding strength/MPa

A B C D
K1 49.06 62.11 49.56 63.22
K2 5222 4883 5539 53.50
K3 64.00 5433 60.33 48.56
Range 1494 13.28 10.78 14.67
Order of the facors A>D>B>C
The optimal solution A3BIC3D1
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Fig.9 Relationship between spraying process parameters and
the bonding strength of coatings

4 FHIBEUR T2 S 800 Uk 2 1 BE AT R 2R (14 52 1)
FEREAR[E], ARIEFE AR B Bl T2 S BB ATRH,
H LT B LA T 454 T AS B R RIFE bR 52,
A BERAF AL T2 o B R X IR B LB R AR 2R
FERSE R, AKESE I EL €2 Ml C3. MR 3
M 4 nfgn, 5 C2 Mk, C3 MEZILERRE T
51.5%, WRIZEEWINT 32.1%., RZFLERZ %8
HRFZM A, T LARE A ORI C2 T, WEURIE 2
XUk 2 AR Bt K, KOS D1 AT, M
T XTR B4 AR W i K, KPS EOR A3
I, AR EARENIRZS RIS R ERN K,
EEXTFLER R | TR R AR B, BOKSF N2 B2 B4
EIxtes AR s, BUKFIRNE Bl Har, 5% K, A
S EBUK R E B2 el 28 BRTiR, ISk
A3B2C2D1, BN 22 L/h, AWM E RN
900 L/min, 2£H5H %N 80 g/min, WHAMEE & 200 mm.,

Bonding strength/MPa

R AR AR TS ] S5, SRS T2l
FRRBEMRZE, BIRREAA 10 ), W15 5R)Z L0
N 0.10%, 55N 61.63 MPa, BihfE K
330.33HV,3, JEREEHN 405.43 um. 1% T2 F 4 00%
2, FLBR R f e R O S B, AR T IE A SE R )
SFREE A, ULINRZ R ER S AR RO
S, AR T IES LR R 7#F0 o#ialeE s HIRZE
JERAL, (HRREEE FESUIRERA X, WRE

e LN
3 #Hit

1) A R 35 3 IO W U 70 R B 4 AR 3 T ol 7%
TSR, F8m o M PN, ol Cu iy
AR, BAHIE CusAl ARERY [EIR, Sty A
o, REAEMAE,

2) TEBUREARRIWRTER T, AF T ZSH00
TRIZFLIRE | R | A5 AT R A R Y R e R
AN o FEARWFFE BRI T2 S50h , SRR k)2
JEE 88 R FLL B 3R 5 ) R B A R, B R B X U 2 I
T J3E 55 W) 2 BE R, S O e %o 445 5 o R R ) R
R

3) IEZCTLERLERRI, SR A ARTIR L
RAEF A A SR T4 40 7 B0 2 W S Emi ik T2
S8, B E N 22 L/h, A0 E N 900 L/min,
KB AN 80 g/min, WHRFEEN 200 mm,

&% 3k

[1] B4, A, PIEAR, %5 S8 TmOREE N2
il TZBEFELI]. 1B AT, 2015(4): 4-8.

ZHANG Hai-wei, SHI Bing-hang, LUO Xu-dong, et al.
The technology for aluminium bronze coatings prepared
by plasma spray[J]. Metallurgical collections, 2015(4): 4-8.

[2] LI Yuan-yuan, NGAI T L, XIA Wei. Mechanical, friction
and wear behaviors of a novel high-strength wear-resis-
ting aluminum bronze[J]. Wear, 1996, 197(1-2): 130- 136.

[3] RAJU D, GOVINDAN A R, SUBRAMANIAN J, et al.
Surface alloying of aluminium bronze with chromium:
Processing, testing, and characterization[J]. Materials
today: Proceedings, 2020, 27: 2191-2199.

[4] VAN DER HEIDE E, STAM E D, GIRAUD H, et al. Wear
of aluminium bronze in sliding contact with lubricated
stainless steel sheet material[J]. Wear, 2006, 261(1): 68-73.

[5] BOROMEI I, CESCHINI L, MARTINI C, et al. Alum-
inium bronze-steel sliding contact in packaging appli-
cations: Failure analysis and lab-scale tribological tests[J].
Engineering failure analysis, 2020, 112: 104528.

[6] LI Hui, LI Rui-qin, YANG Feng, et al. Friction and wear
characteristics of aluminum bronze (QAl10-4-4) bearing
materials under high-temperature dry sliding condi-



+ 108 -

EN TR NN

2021 4 8 A

(11]

[12]

[13]

[14]

[16]

tions[J]. Journal of the Brazilian Society of Mechanical
Sciences and Engineering, 2020, 42(7): 1-8.

JElo. B AR WC-CoCr W28 A sh s
AFSED]. R EEI KRS, 2014

ZHOU Jing. Composite fretting wear performance of
HVOF sprayed WC-CoCr coatings[D]. Xuzhou: China
University of Mining and Technology, 2014.

Jalt, EREW], A, . IR SR RS TR
BT A R R R RE (D], SR T TRR, 2017,
30(3): 66-73.

ZHOU Chao-ji, WANG Xiao-ming, ZHU Sheng, et al.
Corrosion resistance of aluminum-rich bronze coating
deposited by low thermal supersonic spraying technique
maintaining original characteristics of particle[J]. China
surface engineering, 2017, 30(3): 66-73.

WA, T, BEER, & PBTREAE HRZ R &
5 el BE AR AT O (0], R E R I TR, 2012, 25(5):
105-109.

YANG lJie, AN Yu-long, HOU Guo-liang, et al. Fretting
behaviors of aluminum bronze coatings prepared by APS
and HVOF spraying technology[J]. China surface eng-
ineering, 2012, 25(5): 105-109.

LI Wen-sheng, ZHAI Hai-min, WANG Shun-cai, et al.
Dry sliding wear mechanisms of Ce in aluminum bronze
coatings[J]. Journal of materials science, 2020, 55(7):
3045-3055.

skl B, Fr A, ORI, A TC27 BRA &S UG
5% WC-17Co MBI 2 T 2ZAFFE )], BHLAUH 5 N H],
2020(17): 120-121.

ZHANG Ye-qin, QI Li-chun, HUANG Li-jun, et al. Study
on WC-17Co wear resistant coating of HVOF on TC27
titanium alloy[J]. Technology innovation and application,
2020(17): 120-121.

KHAN M N, SHAMIM T. Effect of operating parameters
on a dual-stage high velocity oxygen fuel thermal spray
system[J]. Journal of thermal spray technology, 2014,
23(6): 910-918.

CARRASQUERO E J, LESAGE J, PUCHI-CABRERA E
S, et al. Fretting wear of HVOF Ni-Cr based alloy depo-
sited on SAE 1045 steel[J]. Surface and coatings techno-
logy, 2008, 202(18): 4544-4551.

SAEIDI S, VOISEY K T, MCCARTNEY D G. Mechan-
ical properties and microstructure of VPS and HVOF
CoNiCrAlY coatings[J]. Journal of thermal spray tech-
nology, 2011, 20(6): 1231-1243.

TR, AR Fe SRR GIRE PR REAF 5T
[D]. 2=JH: 22 BT R, 2019.

DING Juan-qiang. Preparation of Fe-based amorphous
coating by HVOF and study on its properties[D]. Lan-
zhou: Lanzhou University of Technology, 2019.

FENG Li, GUAN Chang, CHANG Ji-rong, et al. Prepa-
ration and performance of a cold gas dynamic sprayed
high- aluminum bronze coating[J]. International journal
of minerals, metallurgy, and materials, 2018, 25(11):
1354-1361.

[17]

[18]

[20]

[21]

[22]

[23]

[24]

JARRH, A nn, A, AF ER BRI A A Y
PERE[T]. $INT. T2, 2010, 39(7): 41-44.

ZHOU Zhi-ming, GU Cheng-yu, MOU Fei, et al. Resea-
rch development of high-tensile aluminium-bronze alloys
[J]. Hot working technology, 2010, 39(7): 41-44.

TR, G, FARR, S BOGEE IR &k
AR ST R RE R 7). REHEA, 2019, 48(4):
68-74.

JI Xiu-lin, GU Peng, WANG Zhen-song, et al. Effect of
laser remelting on slurry erosion and corrosion properties
of arc-sprayed Fe-based amorphous-containing coatings
[J]. Surface technology, 2019, 48(4): 68-74.

ERZE, KA, PRiFH, % Ha RS ik
il # sk PHI3-8Mo BUMAIURFERAE[]. APEHA
AR FRAEAR, 2020, 41(1): 94-101.

WANG Chang-jun, ZHANG Meng-xing, CHEN Qing-
ming, et al. Characterization of high strength PH13-8Mo
steel powders prepared by vacuum induction melting gas
atomization method[J]. Transactions of materials and heat
treatment, 2020, 41(1): 94-101.

RN, XUH 5K R, A R AW BRR R
W2 B O ZUNERE]. BV T2, 2016, 45(24):
1-6.

CAI Hong-jie, LIU Min, ZHANG lJi-fu, et al. Microstru-
cture and properties of Fe-based amorphous coating
prepared by high velocity spraying[J]. Hot working tech-
nology, 2016, 45(24): 1-6.

SRS, sk, EKLL, 4% BT IRk
) APS MR ALO; IRIZTERERIBTTE[T]. FABHREIA,
2019, 11(3): 44-50.

YAN Zu-peng, ZHANG Shi-hong, WEN Yong-hong,
et al. Study on properties of APS sprayed Al,O; coatings
based on orthogonal design method[J]. Thermal spray
technology, 2019, 11(3): 44-50.

Paldk, D30, whakmE, 45, T2 SHOG K AER
Fe KR SIS ZMEREMISEL IR [T]. PUBHIREEAR, 2019, 11(1):
71-76.

YANG Xi, MA Wen, HAN Ji-peng, et al. Influence of
spray parameters on the properties of HVOF sprayed
Fe-based amorphous coating[J]. Thermal spray techno-
logy, 2019, 11(1): 71-76.

JEScH, HR, EIBE, & ORERFHTRIR TS
HOuk AISi-20%AVNi TR JZ45 A5 BE R 2], P K
TFE, 2012, 25(1): 71-75.

FAN Wen-chao, TAN Jun, WANG Hai-jun, et al. Influ-
ence of supersonic plasma spraying process on bonding
strength of AlSi-20%AI1/Ni coating[J]. China surface engi-
neering, 2012, 25(1): 71-75.

B, ok, FIEH, SE TS0 R AR
NiCr-Cr;C, R JZPERE M 2 [J]. #AWEIRH AR, 2018,
10(4): 68-74.

YAN Chao, TANG Qiang, YA Hao-ming, et al. Effect of
process parameters on properties of HVOF sprayed NiCr-
Cr3C, coating[J]. Thermal spray technology, 2018, 10(4):
68-74.



