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Preparation of Plasma Sprayed Al2O3/TiO2 Composite Powder by Sol-Gel Method
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Abstract: Owing to poor liquidity and low density of traditional thermal spraying powder, the performance of the as-sprayed
coating is poor and unreliable. Using aluminum isopropoxide and tetrabutyl titanate as raw materials, and ethanol/water as
solvent, AT-13 precursor thermal spraying powder was prepared by sol-gel method and spray drying. TG-DSC, XRD,
FESEM, and Holzer flowmeter were used to study the reaction mechanism, the phase composition and microstructure of the
powder. Vickers hardness of the coatings were also analyzed and compared by FESEM-EDS. The results show that the
spherical precursor powder is composed by Ti(OH)4 and AIOOH with a diameter of about 40 um after spray drying. Compared
with the commercial AT-13 powder, the flowability of the precursor powder is better for 43 s/50 g. The coating parpared by
precursor powder appears smooth surface, uniform element distribution and stable mechanical performance. Its average
microhardness reaches 873.8 HV.3 and the wear weight loss is 1/3 less than that of the agglomerated powder coating.
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Table | Main parameters of APS process

Parameters Bond coating  Top coating

Primary gas flow / (L-min™") Argon, 40 Argon, 45

Secondary gas flow / (L-min™") Hydrogen, 1 Hydrogen, 2

Current / A 420 500
Voltage / V 55 60
Spray distance / mm 100 90
Raster speed / (mm-s™) 500 500
Feed rate (g'min™") 25 35
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Fig.5 Cross section morphologies and EDS analysis of PC and AC coating
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Table2 Average grain size of AT-13 coating (nm)
Coating a-ALO3 v-ALO3 Rutile TiO2
PC 22.4+1.1 21.6+0.6 23.9+5.6
AC 30.2+2.6 32.243.6 34.5+4.9




%3 BRI, %, LETHIR ALOYTIO) B4 MK Sol-Gel Bl % 149

VERE R ARYERE () ELUIEAN . AR AR N BB Y
BB A AR RE , P SRH Weibull 43 M 2 H
HER RT3 AT

1
1n[1n(m)]:ﬁln(H)—ln(n) ™)

Horr, g A 20 5 NI RS RO R B B8
HREARGRRT 50 i, ST R T AZR N -

Fi=(i-05)/n ®)

iS22 In(H)~In[-In(1-F)] BRI, IFRETHE
MU TS, nRPA HLMREA ., H
Hr, LG R RERIERE LTI IRS 5B,
SRR INAT T B0 S WU J2 B o A I
SEPEREM UG B, SRR R R AT SR R
bRy n ARESE, FoR 63.2% BBIE i 7%
HZF, 4 REHE X 4l EAEIEZT In().

PIRD AT-13 U1 )2 5300 B Y Weibull 4345 4
K7 B, AT R PC IRZRPRE T ACIRZ. Tk
J2£ S R A (B) BRAIG, BERAVR 2L F
¥i5). MRREERERE , TLR)Z s BRI ZES0MEL
SO e B AR S R AR TR 2
ferfaEtk; 5 AC UM, PC 41735 Wi AE
AT BRI, A3 873.8 HV, Al HIHE( 4%
RO HE A 2050 0 sCIEA TA % -

H=Ho+% )

Hidr, Ho A1 K YR H L, 10 PC ¥R)Z 1 SokL
REF/NF ACIRZE, BORIZME WA . [F

1=16.846 x~112.977 N
1 L p=16.846
7=817.669
o L R=094151
¥=780.691 HV
= [ AC
E -Tr A——PC
g
= 2+ 1=18.788 x~127.426
p=18.788
-3 11-882.102
o " R=0.947 13
¥=873.778 HV
-5
6.5 6.6 6.7 6.8 6.9 7.0

In (H)

7 IR Weibull 4345 ik
Fig.7 Weibull distribution of microhardness of AT-13 coating

B, WRZHECE, T2 2 3 iR
FERIS], oo T UR 2 B R e

& 8 W T R RZTEEERI M A 10 N By
JE R BN PE IR Z B e R4 . nT &,
Rt PRI B BN, 10° IRIEA G Wi R 2
A P 488 K T T U+ B S 2200 5 A A TR 3 4% A
T, 10° RAPEIFJE 19 PC BRI LT 3.13 mg,
X AC 1) 2/3, X743 PC BAA BN F 1Y
ml‘il‘@‘réo
55
50 |
45 |
40 |
35t
30 |
25 |

20
15

- PC
— AC

Wear weight loss / (10 *g)

1 1l 1 1l 1l
10 102 10° 10* 10° 10° 107
Number of cycles

8 NEIEFRRECT TR )2 B B O

Fig.8 Wear weight loss of the coatings under different cycles

TR A 2 T e T 2 S % DA DA
W R IIE S 220 26 R . RS BRI
RGOk M BRIE B, Hodo AR B AE A
[RIREE A 23 B (P 3(c)), B/ BR AR Jo o fel 5
TESE B TR P TCIE A RS R, i ks
e AL A TR TR R B R 2, IR
JEN BRI, BERE AR T ) i U A s,
UM i RTIRAA ARERIAECE (& 3(a)),
FFIRZEWEE, BERESEREE, 2N
RN, FEORENHERYERER T2 &1

9 SAFIRRZ MR SEM JESH, MBS 1
TESURT LA Y, BERR TR 2 A 32 B2 5L 35
BV I R AL Y A O R AE Y B R S 45, Hh
AC W Z LA ™8 AR 9% . XF H w IE ]
AC W JZ PAEE R AL BRI LB, B
JRRAREE A, SEREA, B E
AN SIEE T, BEZ KA HORE RS, AT 7 B bk
PR R R EEBR 8 PC Y S IR S0 4N
k. MG, BB RSN, BRI
it B 1 i



150 b B xR T LT IR

2018 4

(a) PC coating

5 um
(b) AC coating

&9 10° IEINE IR )2 R IR BB
Fig.9 Micrographs of worn surfaces on the coatings after 10°

cycles
3 & it

(1) K Sol-Gel il % 1 AT-13 HiBR{AHmE
WA, HA WS, BRIREE ., R D
AL, BB R TR TR,

(2) HH HAL GERORE L SR A i SR AAHs A il 2%
RZH ST EE . B B 5] REDL
TCRE, W E R T R (T3 e e
ik 873.8 HVo.3) Flii B PERE (B4 AL M AR
BRI =52 ).

(3) Sol-Gel ¥ A I T M ZH 4 E S H
T, P R A SR . BT R R
ANEERE AL, R A B N R S AR LR R
Al & i

B3

[1] AHNJ, HWANG B, SONG E P, et al. Correlation of micro-
structure and wear resistance of Al203-TiOz coatings plasma
sprayed with nanopowders[J]. Metallurgical and Materials
Transactions A, 2006, 37(6): 1851-61.

[2] ST REVE, FIEGE, 55 S-S RGURB R e

[3]

[4]

[51]

(6]

(71

[8]

(91

[10]

[11]

(12]

B SREER R TR AR (7], KRB, 2010, 7(2): 67-71.
YIDL, YEY P,ZHOU H D, et al. Evolution of the morpho-
logy, microstructures, and phase transformation of the
Al203-TiO: oxides[J]. Nanoscience and Nanotechnology,
2010, 7(2): 67-71 (in Chinese).

VI, 7R3, Thite, 55, SRR ERIRIRZ 9t 5 S s il
PUEALTERE)]. # A < Jm AR5 TR, 2017, 46(7): 1961-
1965.

XU Z F, RONG J, YU X H, et al. Preparation of Al-based
coatings of titanium ingot and its high temperature oxidation
resistance[J]. Rare Metal Materials and Engineering, 2017,
46(7): 1961-1965 (in Chinese).

JORDAN E H, GELL M, SOHN Y H, et al. Fabrication and
evaluation of plasma sprayed nanostructured alumina-titania
coatings with superior properties[J]. Materials Science & En-
gineering A, 2001, 301(1): 80-89.

LIMA R S, MARPLE B R. Superior performance of high-ve-
locity oxyfuel-sprayed nanostructured TiO2 in comparison to
air plasma-sprayed conventional Al203-13TiO2[J]. Journal of
Thermal Spray Technology, 2005, 14(3): 397-404.

SHAW L L, GOBERMAN D, REN R, et al. The depend-
ency of microstructure and properties of nanostructured coat-
ings on plasma spray conditions[J]. Surface & Coatings
Technology, 2000, 130(1): 1-8.

YOLDAS B E. Alumina gels that form porous transparent
AlO3[J]. Journal of Materials Science, 1975, 10(11): 1856~
1860.

MISHRA D, ANAND S, PANDA R K, et al. Effect of an-
ions during hydrothermal preparation of boehmites[J]. Ma-
terials Letters, 2002, 53(3): 133-7.

HREE, S, FME, SFOIR GO e Ak
BE[I]. N T.AiAR2E4R, 2011, 40(4): 892-897.

ZHANG L, CUI C, WANG X, et al. Preparation of one-di-
mensional boehmite nanorods by mixed-solvothermal
route[J]. Journal of Synthetic Crystals, 2011, 40(4): 892-897
(in Chinese).

TRUEBA M, TRASATTI S P. y-alumina as a support for
catalysts: A review of fundamental aspects[J]. European
Journal of Inorganic Chemistry, 2005(17): 3393-3403.
ZIVKOVICZ, STRBAC N, SEST K J. Influence of fluor-
ides on polymorphous transformation of a-Al203
formation[J]. Thermochimica Acta, 1995, 266: 293-300.
ELARNE, YT, IR, 45, S i 5 i RAE SRR
HERBFFEIT. ML, 2014(5): 665-668.

XIA CH, SHEN Z Q, ZHANG Z X, et al. Study on the syn-
thesis, characterization and growth process of boehmite[J].
Contemporary Chemical Industry, 2014(5): 665-668 (in
Chinese).



LERE:!]

BRI, %, LETHIR ALOYTIO) B4 MK Sol-Gel Bl % 151

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

AND R W H, PINNAVAIA T J. Nanoparticle assembly of
mesoporous AIOOH (Boehmite)[J]. Chemistry of Materials,
2003, 15(1): 78-82.

B, SRS, A, F. SRR A M BE T S 4 Y
KA. AWM (FHINT), 2016, 32(3): 493-500.
MIAO Z, SHI J G, HAO J W, et al. Relationship between
peptization and structure of pseudo-boehmite[J]. Acta Pet-
rolei Sinica(Petroleum Processing Section), 2016, 32(3):
493-500 (in Chinese).

Mg, BT, AESTRT, G5 WI%E T1R YPSZ 9K &5 H A
WA BRI 2 S RAE[T]. IR KL 2005, 36(11): 1769-
1771.

LIN F, JIANG X L, REN X J, et al. Spray-drying of nano-
structured YPSZ particles for thermal spraying[J]. Journal of
Functional Materials, 2005, 36(11): 1769-1771 (in Chinese).
T, B, HIAF, 5. 25 ORI 3 A oe kR (1],
PHEHTHR, 2004, 18(S1): 200-203.

REN P, GUAN J G, GAN Z P, et al. Preparation and re-
search progress of hollow microshperes[J]. Materials Re-
view, 2004, 18(S1): 200-203 (in Chinese).

A, G, BB, 55 PUBTRB R HHOR ], 41
BHFAR, 2010, 24(S2): 196-200.

GUO S Q, FENG Y B, GE C C, et al. Preparation techno-
logy of powders used for thermal spraying[J]. Materials Re-
view, 2010, 24(S2): 196-200 (in Chinese).

JRAGE, T, XK, . RRE R AR B T HRGIR
ALO3-13%TiO2 32 M B AU S TERED]. BiRif & Tk,
2011, 21(1): 25-28.

GONG Z Q, WU ZJ, LIU Y F, et al. Microstructure and
properties of high velocity plasma sprayed nano-structured
Al03-13wt%TiO: coating[J]. Powder Metallurgy Industry,
2011, 21(1): 25-28 (in Chinese).

WELSE, ZEiHe, TR S5 TR ALO3-13%TiO: IR/Z4
LUR I PERR TS [T]. iR, 2017(7): 1602-1604.
YANG H L, LI X M, ZHANG J. Research on microstruc-
ture and erosion performance of plasma sprayed Al2O3-
13%Ti0Oz coatings[J]. Foundry Technology, 2017(7): 1602-
1604 (in Chinese).

B, VKT, VLT, 45 S B T RURGUKR AR KR
MR PRI [T]. MORHRAL 224, 2007, 28(4): 125-

[21]

[22]

(23]

[24]

[25]

[26]

129.

GONG W B, SUN D Q, SUN X B, et al. Study on melting
characteristics of plasma-sprayed nanometer agglomerated
powders[J]. Transactions of Materials and Heat Treatment,
2007, 28(4): 125-129 (in Chinese).

Rl L. HORFW TR[M]. JLat: (e Toll ik, 2004:
21-23.

XU B S. Nano surface engineering[M]. Beijing: Chemical
Industry Press, 2004: 21-23 (in Chinese).

CHEN Y D, YANG Y, CHU Z H, et al. Microstructure and
properties of Al03-ZrO2 composite coatings prepared by air
plasma spraying[J]. Applied Surface Science, 2018, 431(15):
93-100.

XOCHA, T2, KA, . 9PKE B IRZ Zr02/0.05w(ALOs)
F12EPERERY Weibull 437 FFPE[T]. thE R W LA, 2005,
18(4): 13-17.

ZHAO W M, WANG J, ZHAI C S, et al. The Weibull distri-
bution of microhardness and microstructure of
Z1r02/0.5w(Al203) plasma sprayed coatings[J]. China Sur-
face Engineering, 2005, 18(4): 13-17 (in Chinese).

s, WAL, FOIR, . SR TR ALO/TiO2 KL
PRI TR G BB M RRT]. BEHEA 274, 2011,
31(4): 362-368.

YIDL, YEY P, YIN B, et al. Preparation, structures and tri-
bological properties of plasma sprayed Al203/TiO2 nanacom-
posite coatings[J]. Tribology, 2011, 31(4): 362-368 (in
Chinese).

Sy PEsE, ST, XD, 4F. R TR Al203-30%TiO2 i
KWK E G WIR WS S EERR]. AR AR,
2012(5): 24-29.

YIDL,YEY P, LIU G, et al. Structure and wear properties
of plasma sprayed A1203-30%TiO2 micro/nano-composite
coatings[J]. Journal of Materials Engineering, 2012(5): 24-29
(in Chinese).

AW, JA sEad, K, L RS E TR ALOs-
3%TiO2 BRJZMIPEREL]. P EIR T T AR, 2005, 18(4): 13-17.

DENG C M, ZHOU K S, LIU M, et al. Properties of air
plasma sprayed Al203-3%TiOz coatings[J]. China Surface
Engineering, 2005, 18(4): 13-17 (in Chinese).

(iR £30T)



