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FABRICATION OF HYDROXYAPATITE/ALUMINUM OXIDE COMPOSITE COATINGS BY THE
COMBINATION OF ELECTROPHORETIC DEPOSITION AND REACTION BONDING PROCESS

WANG Zhoucheng, NI Yongjin, HUANG Jincong
(Department of Chemical and Biochemical Engineering, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The major problem in fabricating hydroxyapatite (HA) coating on metal substrate by electrophoretic deposition is the low
bonding strength between the coating and substrate. In order to improve the bonding strength, hydroxyapatite/aluminum oxide
(HA/A1,05) composite coating was fabricated on titanium substrate using the combination of electrophoretic deposition and reaction
bonding process. The HA single coating was prepared in the same conditions for comparison. Scanning electronic microscope was
employed to characterize the surface and cross-sectional morphologies of the as-prepared coatings. The chemical compositions of the
composite coating were analyzed through energy dispersive X-ray spectroscopy. X-ray diffraction was used to study the phase com-
position and thermal stability of the as-prepared coatings. The bonding strength between the coating and substrate was tested by a
shear strength testing experiment. The results show that the Al in HA/AI green coating prepared by the EPD was oxidized to Al,O;,
and HA/A1L,O; composite coating was obtained using the reaction bonding process by heat treatment at 850 ‘C. The reaction bonding
process promotes the coating’s sintering densification and improves the substrate’s oxidation resistance during the heat treatment. In
comparison with the HA single coating, the HA/Al,O; composite coating exhibits much higher bonding strength.
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24 k. BAREE 2 AR I H % HA Uk
Bk, e SErmtikik, B -t
DA HL ¥k I electrophoretic deposition, EPD)ik!!
5. EPD WIS HT RO IR 2 #6505, 1 HA ZE
VbR R R B PRI T R B, BRI
FRGALA, W] 36 S A B8 il iR B 1% 2 15 IS HA
AR . OB R AR gl R, TR E
VIR E YA BRI VR . ILAh, EPD
P v TR L, UURRCR R, WRJZ SRR )
Tl 7 Bk, UrdEk, SRA EPD 4 HA
WIRS R T ENSMEE T 20T,

SR, SRH] EPD ¥ (K HA U2 45 6 i
AW, BN BRI A i S B A . ) iR
BIE2E: —J7if, HA WRZEe4 i i apiicds
HA 5 AR SR IK R B (ari=8.7%107° K5 ana=
13.6x10° K AL, S8t ETGRES
FEARFHIIAL BBV AR N7, A0 )2 2 T ik s
JyJii, O T HA VMR, TRIE e
MEEARER R, — BN HIE 1000 CLLT, T
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EPEfig. Ul

Wang UM H TR EPD RN £ A
(reaction bonding process) il % M & 2 AR 2 KB i
. 1 EPD fEFH R0 4L G AL By ILUTR B RE 44
KM, ZnlRAbBE, Al ¥y kAR R A S AL SN A B
ALOs, FFRIME/ALO BETRA. 4iREW]: WM
G55 RO N AT RS BT B B 2 AR 45 S )
I AR AE, (bR 2 b as BUsm A, SemiRz
MR 2 REIAEH] o

S RO EPD il £ HA AR BRI 456 ik
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1.1

B T AR 1% )% 20 mmx 10 mm=0.8 mm F¥)
FEdl, ST B R RIMBAD0R. 15, TN
Ve (20 g/L Na,HPO4 12H,0; 20 g/L Na,COs; 10
g/L Na,SiO39H,0; 2 mL/L OP-10), 7£ 80~90 °C it
RERRM, ACFRA) Y 10 mine BUHEES S, I EH%K
IR 2 R AR TRk B Rl S R s k7. SRS, A
il TR ANRATRUER T (100 mL/L Z IR 300
mL/L i), &ih 20 s, HUHFE S G 7 RIBA 230

K, M ERRNRK. &5, HZEBK
veF, BT 120 CHUETHLT, #5H EPD S5 .
1.2 EPD

FTE/K SWE(53 By 2l VR R 43 1o m), PR
I pH HE 4~5. ¥ HACTRIAE N 60 nm) ke Al
¥ CFIRAR R 0.10 pm)7E 120 CHEFEH T4 2 ho
RIE, IINZEIRLE pH (AR BeE R, 2 Rc
Wi 1 Fros A DR B B B . B EIRE 75 4
B 1h, FREFR 1d f59itEuiRl.

1 EPD
Table 1 Composition of suspensions for electrophoretic
deposition (EPD)
Composition/(gL™)
Suspension
HA Al
1 20 0
2 17.5 2.5
3 15 5
4 10 10

HA—Hydroxyapatite.

FHPE AT AN A AF 9 FH#2(40 mmx30 mmx1
mm), ERIEAR R IR T PP AT AN AN bl
B BH AR (]2 %2 10 mm, JORHLE R 30V, JUARIN
W24 20 s, PORAZE RS, AP IR 5N
TR ORAE, FRAALHE.,

1.3

A AT R B . e, AR
LU # 5 °C/min FHEL% 660 CHfARIE 2 he S5,
W P =99.999%, i FO 1R A A4
G LABT A sl A A R SRR o B A, 4k
S LUAH A (1330 THE 45 850~900 C, {2 ho I
i, LA 1 C/min B %L, HUHFES .

1.4

FAEIE LEO1530 Y K S 414 Fi i (field emis-
sion scanning electron microscope, FESEM)W 42 )2
(1 11 S AR I PR 35 ] LEO1530 Bty 1) Oxford
NHEBEREE X BRI (energy dispersive X-ray
spectroscopy, EDS)ZrHT¥R )2 B A . H far 22
Philips /A 7] Panalytical X'pert X Sk ATHHY% (X-ray
diffraction, XRD)r#1i )2 FIVIFH A R -

ki ASTM F1044-87 FrutllikvR 2 5 341
ghgymn ., P 75 WDS-5 AL 1 5 eI HL(R K 4T
s B ML) ) B AT, R R R E N 1.0
mm/min, {§ F = 58 &5 45 77 (FM 1000 Adhesive
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o= F/A 1)
Hre FORRIZRE R KR 4 RREA%% )
o BRI 3 APATRES, B8 45 RO P I 1E.
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Fig.1 Schematic diagram of the bonding strength test
F—Force.
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2.1 EPD

2 NALE HA T AUB R R [FFE N 10 g/L R
i, 1 EPD T 243211 HA/Al R HRZ MR
M. B 2 0. VRSB A 3R R T
MIUCRACR, HAJAL 54V 2 A URL 1R) G 1 42 (4]
o, MERLLEEEs . 7 EPD A2, 40k HA ik

. '...._u -: d :'"d.n.--‘ ¢S \ ” l—l] l]m
K2 HA/AI E5WREMAEBE T MR T ES SEM U
Fig.2 Scanning electron microscope (SEM) photograph of

surface morphology of HA/AI composite coating before
heat treatment

FNEAICK Al B AL PURR BIRL G I, B RC T 482K/
WK A 8584

SKH EDS 73871 T HA/AL 512 A2 4,
X TCR AT LR R FERE TS Mgl
LB A), AR EDS W 3 fron. il 3 )
PLAEH: EDS %P HHIELT Al, Ca, P, O JLEMIFF
TR0, B0 A 2 i HA A AL B2 20 4 k. ka4
EDS X R it H 4 : HA/Al 57
JATIGER Al PPE IR 5L R 23% .
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3 HA/AL ZEURIZ AU EET Y EDS %
Fig.3 Energy dispersive X-ray spectroscopy (EDS) of HA/AI
composite coating before heat treatment
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Fig.4 Effect of Al powder concentration in suspension on the
Al mass fractions in HA/AI composite coating
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A B ST IR E R A B A AR S A
AL () OGP R . O T4 iR 2 5 SRR 25
A oE S, T T LA R I I B, I v i
S GHOLIE SR S A MR T AT HA (0.1 4l
HA — A 1250~1450 CRA5M#, W H HA hAE
FE B AR Y AR, ] Al o) iR R A E] 950 ~
1150 CHAHC. P Pk, 4 T 5ok PR >
HA 5 f A EAA S IR PERE 54k, FAKL BRI A
N 1000 C.

Kl 5 AR ARIE AT AR A BRI R
1) XRD . A FRE S 850 “CHF, HA FIRHIE
XRD WEARBEE T, HhruEsy) & K FLBeAT B
B AP XRD W, KUILNE A&HRET HA
ARG ARFETE U s AT AL, XA T ORIFIR 2
FHRH A A S5 (0K R P LA B i S, )
b FEIE B E 900 CHY, XRD % HiEE T B
T2 B8 2 — 4% (tricalcium phosphate, TCP)H 451k
XRD &, U HA &G0 R ik, 24
W2 AR R DL 850 °C O HL

R Rutile
T TiO, 5
0 ¥ALD,
6 000F R D TCP
[ A Al
~ 5000 . R S Ti
A . DIT (R oR 900 °C
£ 4000} R
=
8 -
E 3000 o R R
£ 2000 R]/_\R ok B0
E I S S
1000} A b s
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Fig.5 X-ray diffraction (XRD) patterns of composite coatings
TCP—Tricalcium phosphate.

HEWEL 850 CHULHL S, 5 # b FLFTAH L,
HEWZNFARRA KAEZ, Ui HA. 55k,
S8 Al K FEJE Ti A4S AE XRD I8 %, BUMARZ
RE A TiOy(rutile-TiO,, 1-TiO,). TiOg4g PAK
y-ALO; f] XRD U, WL myifm b Bt ft vy, ik
Ji& Ti RIp A, Bk T AR g R . T
& JBARAE il A R A U - TiO, AH 45 4 BE A
B, B, XRD i B T AR AR Y. XRD I,
FIN, WETPRAE Al 5k A AL R N AR B

ALO;, i HA/AL #:45 HA/ALO; R G R )Z -
2.3

7t HA, Al MR &SRR 10 g/L a7
A HA B ASEN 20 g/L (RF W+, ¥ EPD [
HA/ALE SR 55— HARZ4 850 CHULTEE,
70153 HA/ALOs H AR5 — HA WA, R
HESwE 6 fron. MK 6a n&H: HA/ALO; &
HURER R A R4, TR T e T
KIGdkL, 580 . IWE 6b il FH: Hi— HA IR
JERTORLIA] R R 45 R P B A, JRER B A RN R
PIfLI . BT A S5 — HA WEMALL, HA/AL
HEWREE PG R B = M SCE RS . X
JE T RAE P R, HAJAL 8% 2T Al K
WA A A RN, 3K S R P Bl AT 5K AR R K
I T iR E A RSB R T AR, AT
HESURL R) R A BB A, BT R 2 B A

(b) HA monolithic coating

6 850 CHULELSHITRZRMEHL SEM
Fig.6 SEM photographs of surface morphologies of coatings
after heat treatment at 850 ‘C

7 H% 850 CTHULFLE HA/ALOs H &2
S HA WIS B 7a W
HA/ALOs 5 AR EBUS MR, 5B A7 e —
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Coating ' X

(b) HA monolithic coating

Bl 7 850 CHALHLE IR ZBUEITE S SEM T
Fig.7 SEM photographs of cross-sectional morphologies of
coatings after heat treatment at 850 ‘C

JEEUE AR, Rl I i ) AR I
A G AE—iE. HIE 7o T 5 HA/ALOs B4
WIZHILE, o HA W25 KRR R] i S5 B2
WA K. DL, HA/ALO; HEIREAMURAT B
HIpe s B AWREE, 1Mo FLOH TR R e 1 il A A L
H—E AHEER . XAER T, — A
Firp, BEWRIETR AL RSN, HFE T H24,
MITTD T BRI R AR S Tri, BE
WER AR BUE R, AT R BRAT TS
Ir) O R TR PR A, 3R T PRI 7 i JEC R R T 1) 4L
e
2.4

76 FIREAE FHI%H HA/ALO; E A2
— HA WRZHI45 G B as Rk 2 Pros. ik
SRR (RS RE T, BT S R A
SR W S5 HA WREMLL, HA/ALO; B &
IR G 2 B4R, 19.92 MPa $&5
%1 30.83 MPa.

WRIZAESZ Ik R, ) B2 ) S b A i

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved.

W GEAR A SR I T 2 MR R REA G
2 850
Table 2 Results of the bonding strength test of coatings
after heat treatmented at 850

Coating Bonding strength /MPa Standard deviation
HA 19.92 +4.19
HA/ALOs 30.83 +435

(K177 2AVEREANR JZ L AR S 45 & T Ko TR
JRE G ORE PR, RN A S A TERE
B, R REAETRZ H A AW K 5B 1Y ) A i
BSR4 T HA/ALOs REWRIZ, — TR v
G507, AL A AR A REAT BRI AR
BZAK, IR T iR B R P AR R i, AT
AT ERORE 8] FOAR T A, St T = R
NEGERIRE G om L P e TR A S
JiTHl, APV R A ALOs AHIIBIN, FIKT &
EREPIZIKR S, SN T IR)R SRR K
AEINZESE, W5 TR IR SRR A LR,
oSS EoRAs, AT B T BRARIR = S 2RI S i ] 1
BRARIN D), P TR IR SRR A A & ), AR
ER A TSR TS R

TR HA IR, TSR R A
MR BEIECR, BRI BB IR AN 5
I HAE R S A AT PR ™, SRS, T
U, WRSERARA SRR, RILHEIL
INES= LA

3

KH EPD FlJ W2 & J5 i AE AR R T 46 T
HA/ALO; E &R )5 AIC/K SRR N A5, 18
gk HA 5 WKk ALK TR A B IF WP 347 EPD,
HA RS ALK BRSO B35S T, 159 280k
HERREUR 1) HA/AL 515 A1 850 CREAT UL BE,
Sl N g, HA/Al EERIZK N HA/ALO;
HEWE.

L — HA B2, R RN EEE 56 %
(11 HA/ALO; A4 23 I H B i 1 e 45 B0 AL 2
B, AR TR R PSR ), RS
gk G2 T W4t M, M 19.92 MPa 353
30.83 MPa.
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