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BG/BG - FHA composite coatings prepared by electrophoretic deposition method

ZHOU Hongming” , ZENG Lin, YI Danqging, LI Jian, JIA Xiaohui, GUO Yanjun
(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract; BG/BG - FHA composite coatings on the surface of Ti6Al4V alloy, which consist of a biological glass
(BG) for the middle layer, BG and F doped hydroxyapatite (FHA) composite powder for the surface layer were
prepared by electrophoretic deposition method. The phase composition, microstructure and adhesion of BG/BG -
FHA composite coatings were analyzed by XRD, SEM, EDS and electronic universal material testing machine. The
ameliorated heat- treatment process was obtained, and the in vitro biological activity was investigated by the soaking
experiment in the simulated body fluid (SBF). The results show that a new phase Ti; (PO, ), is generated in the
interface between BG and Ti6Al4V base alloy after the BG/BG - FHA composite coatings were heat - treated
appropriately, and the binding mode of the interface is chemically metallurgical bonding, which is higher than
20 MPa. Optimized heat treatment processing parameters are as follows: heat treatment temperature 750 C,
holding time 12 min and furnace cooling. The bone - like calcium deficiency apatite, which grows like petal with
several hundred nanometers in length, forms on the surface of BG/BG - FHA coating after soaking, showing
excellent biological activity.

Keywords: BG/BG - FHA; composite coatings; electrophoretic deposition; mechanical properties; biological activity

BRI KA (HA, Cay, (PO OHD,) & A & 952 ~97 % W) HA, Hh &9l 0. 0420~
B AN EMEAL EBT Y. FEAERKN 0. 07 % (RSB0 . b — =& A 1)
MO AL AR B E TRP R, B4 THBULFENEREK. FEFHEAAMNT
k— RV BB SRR AT TR BRBRAERETEY . B F BT R4 B HA
BRI, T ARNEZEE R HA H, WFEE ) OH™ B 7 J5 i 1 50 B~ 0 B Ik A (FHA,
BRERAR . R B TR B, A Car (PO, (OH), o Fy s 0<2<1), [ E7ER I

WEmmBHE: 2010-11-29; KEMEB A 2011-04-02; M4 HARATE: 2011-07-20 14:24:00

) 4% B R b3k : www. cnki. net/kems/detail/11. 1801, TB. 20110720. 1424. 034. html

DOI: CNKI:11-1801/TB. 20110720. 1424. 034

EE&THE: Mra ERSEEMSTE (2008WK2005) 3 H EH A 5 #F 2 3 45 (200801350 5 #0731 - o5 B 0 3 42 (200805331062) 5 /G 4
BHE %) (2010FJ406 1)

WIS FAZEW. MtE, . NEAYRERRZEM BT E-mail: ipezhm@yahoo. com. cn



JZEW, % WIKPURE % BG/BG - FHA ZA1R)2

+ 195 -

PR W NS NS A DA N: 15 S I o 5 Wk
A 58 A

AP E RS HS (BG) B RAF A o is e, [
WA H HA T & 0 F5m o h EE A e e ]
DA 3 3o R e Ak 2 B 3 B A R L P A Y A
Ik BB A IS R B, AR TR 2 S SR 4
F o T HAE — 8 BT B 58 I S — R AR A7 0 Rk 2
R, EKTWRE SRR AR,

LAV LR, fEETE Ti6AUV & &5k -
Wit LL BG )z, BG 5 FHA /A b #£)=
4 PG TR 2 (BG/BG - FHA )2, BERELT
FHA fEN DG MM R R #, X456 T BG K
SR TR I A s TR R PR B B A 1 L Uk TR -
BETR A A T T U 25 A SR R I AR IS TR 2

K F LK TR 2 ) 46 BG/BG - FHA 2 93 ¥
U ZTE E P AMAR A LA FFRGE . kT T 25
o, WpTRUE R L R B R SR X 2 A R A AR
REGFZME . SCHRL9 — 10]%F 3 Jy 1 64T T R G
TR IZ M ARAE T 25 iR 2 R RE M S g - 4 B,
ST HAh H U 2 M RE R R B ST B R M R A R
Gl . PG, ASCR S EAFE R 2 A PR . fR
TRk ) A0 4 0 3 8 X VR R SOOI 3 L T 2 b RE N R
PIMERE R SE IR . Ry U T2 A o 5 0 17 FH B8 A A R 4
1 £ I§

1.1 FHA $ERB# &

K T BE LT & FHA B K. FHA Oh
Cai (PO, [COH), s Fos s % F M R K K
Ca(NO,), » 4H,0., (NH,),HPO,. NH,F. &K,
Al (NH,),HPO, 5§ NH,F iR & % W % &
Ca(NO;), « 4H, OF . %2 1 5] Bef Ji B0 8 1R G
W pH ERFEZE 10~ 11 Z (8], 15 2] KR T 3E .
U Iy W)
10Ca(NO;), » 4H,O+6(NH,), HPO, +4NH, OH+
ANH, F—> Cay, (PO, [(OH), s Fo5 1, + 20NH,NO;,
+3HF + 43H,0

FEE TR B E pHAAE . KRG
208 TR AR T Beke 515 3 FHA #iK.

1.2 BG HMkmHl &
SR R 35 ) 45 A2 W) B RS (BGO » WL 2 25 S0k
[13-14], BG HagFs o B i 1 pos.
TEFECRHE S i 226 (BURE 22 B0 B9 P, O DUAME P
A A A B A THIEL B O 5 °C/min, L
J& 1400 °C, £ 2 h, K, OFE. 177 2RE, o
44 pm bR fEGRFF 2] BG R
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Table 1 Composition of BG

Components Si0; CaO Na,O B,O; CaF, TiO, P,0Os

Mass fraction/ % 48 16 10 10 5 5 6

1.3 EfmaE

Ti6Al4V 44 A (10 mm X 10 mm X 2 mm) ff]
4007 ~10007 (14 AR ARFT S J5 i T & T F0 P T )
TRG Wb A TE R 15 min BRl, #8475 4R 3R m
WAL P - FCH AR 80k 209 HNO, #14% HF 1)
RAEW Wi EE W PR 1~3 min, #1710
AR SRS TEZR K P A I 15 min, K2 id
AR ER AL PR S 3K A #E 80 “C Y 3 mol/L ) NaOH
VPR 5 h MKURTE 28 1R K L PR TR OB R R
15 min, #E, SRAETEI .

1.4 BG/BG-FHA 2ER % &

R JH Uk UL ARG B AL B 5 3k & BG/
BG - FHAR 2. 4y % B il 4 BG J¢ i & kb BG ¢
FHA 2 : 1% 10g/L 19 50 mL Jo/K 2 BETR A 7 »
R 16 min, ANEENA S R AL . Z8 5 FlAt 3 Y
KA A R R, AT H K DTRL, DR HL R 50 V,
DURREE) R 15 s+15 s, P Ik PO TR )2 B T kH
e AT AR H, TR BE S 20 °C/min, BFSRIRZ
(A4 BT BE X TR SR 5 5 T B
1.5 EERRE

B (SBE) [ B 75 WL 2% 2, a0 1 i B B
[E]4 14 K. R4 G SEM Hil EDS W %53 #r
W)V R TR R PR SR AR AL
1.6 #WMFAE

F*H Dmax - 2500VB XRD 23 g2 R I ¥Y)
HHEEH , M &R Cu K, fE 5T, TAEf & 10 kV,

R2 SBFRMAGMRHEFRE

Table 2 Ion concentration of SBF and blood plasma 107% mol « L'
Tons Na™ K* Mg?* Cl HCO; ~ HPO,?~ SO, 2~
SBF 142.0 5.0 1.5 147. 8 4.2 1.0 0.5
Blood plasma 142.0 5.0 1.5 103.0 27.0 1.0 0.5
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TIE R E 22455
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R AP, FTLUE S, BEE DRI I ] A 1S, iR 2 8
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AR, 15 °C/min R EATHE T, RZHE
KRG T, iK% 21,1 MPa, X J& By 2 1
RHFHEAR)ZH AN 13 m, RA S B IAL, b
VS H B R REAS . R R BRI IRZ A G
JIHEE .

AU R T ARSI AR . 52 1R
JE AL B B . FAKEFRR E 750 °C L, AR IR B E)
12 min, ¥ ##F 15 °C /min,
2.4 BG/BG-FHA REYHELEH D

UK UL 9 BG/BG - FHA 1R 2 LU ) BG #
KZG5d 750 C AL FL S 1) XRD Z3Hran &8 1 s,
ALUE M, BG MRS HAEM S, A FHA A 8.
FE & Siv Na, Ca, Ti, Fo B O B HL S
YAl . ek, AT LAk B B A R AT S, 1
BG Z it A5 . A BLAS T 2 2% B A G ) A K
e, 1M BG/BG - FHA IR Z #5302
BRZH Ti. &4 40 & FHA M. 98 Z W E,
BEH R T —AB R E Ti, (PO, MATE W,
o3 R RE S5 R AL BG By A IR A i AH 1 AR
B, FHA FE 750 °CF AR5 R FFAR 38 19 Ao M, 10
Bl Tis (PO, FHZBEEE M P oo R ARk iy Ti
JCE N A B . BEIE, AT DL A R 2 R R
TR, BN TR &85 6. RIZE 53K
T RUR A 45 A R R IR B ARG A 1 0 o
H. CHMR R, B S58%A &8 AT’
Hr, BRI SEAL DR B EAER . BT DL B AR
S5 RN FE U A BB M 4 b, b i
KRG A Ak F 45 G R B BRAEH .

®3 HAEEEY BG/BG-FHA R EASRENZME
Table 3 Effect of heat-treatment temperature on the binding force of BG/BG — FHA coatings

Heat- treated temperature/C 600 650

700 750 800 850

Binding force/MPa 5.240.2 8.3+0.4

10.2+0.5 15.240.6 14.1£0.6

x4 FREFEX BG/BG-FHA R EHEGEER
Table 4 Effect of holding time on the binding force of BG/BG - FHA coatings

Holding time/min 1 4

12 16 20

Binding force/MPa 10.1+0.4 13.6+0.5

15.2£0.6

17.7+0.6 16.1+0.5 12.7£0.4
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RS REIFEEI BG/BG-FHA REHFREN M
Table S Effect of cooling velocity on the binding force of
BG/BG - FHA coatings

Cooling velocity/

15 25 200
(C » min™ 1)
Binding force/MPa 21.1+0.7 17.7+£0.6 12.8+0.6
Dﬁ VFHA  ATi (PO,
Y Ti .Ca(Sl] <Tln<)0
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. * NaSio, @ Nelzsle5
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Fig. 3 SEM analysis of the surface of BG/BG -~ FHA coatings after soaking in SBF liquor
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