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KI5 F8HER e a7 R
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HA DUB AR B8 3077 78 T HL AP O a8 i vl 9k 0

FRFRob R 0H . 1% 07 15 W FEAEAE HA JBURL 75 3R )2
S O 2450 G ) B AR /el T SR L A
B - IR B U A A 2 HAZCS B & ik
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ARG NNE L (SR T 8 N e N (2 W SN T
AT 5E RO Rl 2 T AR B LA i
T2 3 Ao A o A 2 B, R BT R A T A 2 A
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WJZ 5 245 B £ 2 CaHPO, -2H,0 (DCPD),
i 25 B 25 TR IR 0 AT A B A iR S BOK RS
Hy . AT /N SR H R TR O ik 4
TR\ /e R R G IRE B A BALEW i
B2 \ES RF 20 ~30 pm 1,0, 1 ~ 1 wm %8, 3R JZ
FEAZER AR . Dk b e A 2 OB R 815/ 7 SR W A2 5 Uk
JEHIWEFE AN A i . A SCR ATk b e Ak 27 DUAR
5 A B 4 A T ) A R R Te R B G IR
JZ, BELBE RIS HA RO B E &
AAl, BRAF LRGP RE L B4 A2 W 12 T A4 R

1 LIEER4y

L1 A5

Ca(NO,),-4H,0(s3#r4l) .(NH,),HPO, (4>
#r 4l ) ; Alamar Blue ( Biosource, USA ) ; TritomX-
100 ( Sigma-Aldrich, USA ); 4-NPP ( Sigma-
Aldrich, USA) ;5254 ( Chitosan, & JH %% , Wil 4
FEEYE A BRA T, 40T 50 x 10, B 2 B
1% ) 5 2Bk ( 5239 9 i 4 B2 I BRA BR 2 7], 2 )%
> 99.9% ).

i+ B8 (SEM, QUANTA 200, FEI,
NL) ; X 5 £ By K fi7 951X (XRD, PW3040/60,
FEI, NL) ; FTIR ( Nicolet 5700, USA) ; #%# 43 #r 4%
(TG, Vetzsch STA 449C, Germany ) ; fiff #5 1% (-
Quant, Bio-Tek Instru-ments, USA) ;X 5} 2% H
T fE 3% ( XPS, XSAM800, KRATOS, UK);
CHI660c 7 H Al 2% T AF .
1.2 sSEmdiE
1201 Bk im i B4k 22

e BE T ZCBRAE S AR, HERSF ) 10 mm x
10 mm x 1 mm. Jy T #2758 825 1R Z 5 kAL 1 25
B 0 BRI A AL B OCHE T2, Uy T kR
T A AL B RS2, 25 IR R R S Tk . I, X 4T
Ve 4 R A R AT B b L 2 b | 3 A A TAR BEL 5
PN R 25 31 P T R 3 W, IR 10 min. SR AR
Bk (Vv (H,80,): vV (HCI): vV (H,0) = 1:1:
1) 60°C FAFE 3 ~5 h. g% J5 763K LK (5 mol/L
NaOH ¥ ) H 60°C T~ K RE 1 he DL 1 1 ab 34 4 —
IR 25 AR R 258 T KR . R Ak
RGO BR R 3 4 i 1 3 A A A AR, 48 2%
JB K R B T 2 KB R B B LA T B, HER
1E AT HLUTAR.
1.2.2 fUIBIA IR

U2 I g5 AE 37°CE R K i TR kAT, HA/CS

S TR 2 B0 R R R TR T YR AR BRI — i Y
FC R ME R AN F 8 oy 8 2% W) TR W
BT B 1% B4 e RO (R D
Ca(NO,),-4H,0 f (NH, ),HPO, M il 45 W Lt A
167, Hoh 8585 TR 5. 0 mmol/L ) 45 W %%
T R 7 RBE T BOMA BV B P, 72 M R e
& 0.33 /L, RIZLBEHE , 1T Z0K AT pH {E 6,
i BV DUk 4 Jm A g AR L, 40 48 A Ay X
HLBR , TR H R B A 0 2 LU R, 78 = i R B
USRS I R R AT 1 QUL T AR S e
B 25 1F <Gl HLI 1] S 7200 s, B9 100 s, Bk i HL A7
= 1.3 V. UURSE UR S22 2 B K i ke
HART A A DR B UL 1.
Counter electrode
Working electrode
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Fig. 1 Schematic drawing of the experiment setup of the

electrochemical deposition

1.3 E68REMNHEENK

SR PR ot 20 TR RS BRE 19 7 32k 00 3 ot 0 7T 36
WA KIBAF R, 40 R 2 DS54 a y HA/CS
HAAUWE ;b XA HA IR 2. B LmAA 3
APATHE. B BREERD T LB (5 Fe b, T 37CF
Wide 12 h, g B E 2 3 Wk, LAAS 3 % 4l 1Y 1 7%
HURA B % 4 R TR IR 85 3R BEAE 37°C 1200 r/min
P FE R TR R 3% 12 he JH 85 IR 5 22 v (PBS) 4 2
HECHI AL 1.8 x 10° cell/mL 1 B W, ¥ /1 PBS
B ke 107 £, e W B2 1.8 x 10° cell/mL. 5 4
DUAE 00 AR B SR L b 203 b, 15 5% LS8 m
ATCH K, VAR 1R B 28 . IS0 L iR T4 il 3R
1 ,37CH 3 12 h, B HE K £ 500 wL PBS & ik
HLREAT IS0 WL TR A AR, B SR 12 h BV VR
%7 (colony-forming units, CFUs). ¥ & i) Bt B 1E H
AL DL3E 2 BR80T ROk RO U R I
L (1) PR . #EmiAR 2)F B0 e .

o Xof B ZH TR 7 - 2 T VR KR
PLREE = —
X HR 2H TR 7% %X

x 100%

()
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1.4 SE6RENEWHEEMEMIR

TEUR 2 3R 00 35 77 K B 55 B BCE 40 L (MC
3T3-E1) RFERIRZEWAHEE. 558 2 45
of:a S HA/CS 5 Z;b o HA R E. B4
SEEGE 6 A TATAE. B R E T 24 AL SRR,
PR MC3T3-E1 4 Jifg 422 Fh F U RE 2% 10, 422 Fh 2%
H 1 x10°/mL, GFLIA «-MEM (£ 15% ) FBS)
1.0 mL,CO, 53246 37°C Br 3%, #& DL JLII .

(1)1.3.7 KJ5,3 41l F 2 %I PBS 320k 3
W ,2. 5% WY W [ SR s B B O
WK, B 2R 20T 0B I Bt o508 )5 e i
FE B4 5 FH SEM WLEE 40 My i I 510

(2) 76 40 M ¥5 3% 3.7 KW A B[] 2 F 47
Alamar Blue 5 Il % % 21 fifd 7% 4 % 38 58 15 0. & %%
FERIAGFRHE PBS ¥ — K, ZFRBALImA 0.5
mL JCWy 2T ) B 35 5L (& 10% Alamar Blue) , CO,
WA 37TCHEE 3 h, N FLIEHEL 200 L 1557
LA 96 LR, BEARAXAE 570 ~ 600 nm i 4k
D' AT

(3) 76 40 Mo 85 3% 7 K5 JE 47 6 Pk B IR
(ALP) Kl 2% 22 40 Jfd 4 fk BE J7. (2) 45 Alamar
Blue ¥l 52 J5 , 5+ 2247 A5 Alamar Blue %85 52 W,
P PBS wp¥k 3 R, FAERIA T IMA 1% 1)
TritomX-100 1 mL il I8 A4 L I B89 40 B, K Ho ik A
= 20°C UKAR ¥ YR 10 min, B 48 AR5 T
T SE A 200 wL % 4-NPP %5 ¥ 1 96 #i g #r
{LHE 405 ~510 nm 357 4 A0 ' W WA fA

2 HR5i®

2.1 Rk SI1Em AR

T FHAR T 5 1 46 7 15 7T 3545 R ) B0 35 1
Y S E A1 i H B ] S 7200 s, Bk 5E 100 s, pH
{4 6,37°C 18 I A4 4% 1 F i 4 10 52 40 2 B
UL 2 AR - 1.3 V & & NE SRR R
QK PR Z5H (2 (a) ), 1 LA B Ti IS 72 1
R B — 1.3V &R E & R A%
J2 A R 4 K IR 45 R AR Ak BROIR (1 2
(b)). XRD [&3% A7 401, 16 v £ F 0% J2 P Bl R 20 1
4372 DCPD ([ 3(a)), % & )2 DCPD (47 4
e Ay 29.3° Jib, ot B A T R (112) , 55 b of 1
(ICPDS #72-0713) MW 4 ; ik o ey 37 F 342 2 B 1R
SRR HA(FE 3(b)) , E AW I2 D HA [fi 5t
Wy 31.7° Ab |7 T (211) ) A1 25.8° Ab
X R & TSR (002) |, 5 bR A §i% (JCPDS #74-

0566 ) FH1W 7 .

Fig. 2 the

by

HA/CS

SEM  micrographs of

composite  coatings  prepared different

electrochemical deposition methods (a) constant

voltage and (b) pulsed voltage

* *Ti
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Fig. 3 XRD spectra of the HA/CS composite coatings

prepared by different electrochemical deposition methods

(a) constant voltage and (b) pulsed voltage

AN R R S RIER S FHEE B WRBE TR
Froed IR G AAT T B A 4l Al (H i Ak 2= DT R AT
REMHBERR SR A1 CS & A= ik, AT 7€ ) 1 L XPS
SRR — Lo . 1B 3 Sk ik b A S A E E AR
A AR FTIR 5 & 4l 52 RME 4 1 13 8
(4 (a)):alisc RMENR D& b CH, CH, H i
C—H A 45 4% 3l i 75 2932 .2896 em "2 4, 4%
fiF K A —NH, Wi 76 1599 em ™' 4b. k2%
JEPTRH & B HA/CS E A% EP KR N
(1 4(b) .(c)):1087 1035 cm ' J& PO, ) fii 45
PR 3h 7 4 119,963 .603 \567 cm ' kb PO, 25 4R
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By AR Y 5 7% B E B AE A —NH, th BL7E 1571
em " 4b. Al 5E BB X LT, AR R T B
AR AF S A — NH, W 06 1) 67 8 % 2 T i 8. 3%
AfgRE T N 5HE TR R E LT, 75 B
i) FTIR 1518 2, W L 141 (1730 em ™) A7 H B,
FFE BB 2 B F2 v . FTIR i BoR
ok b L B 46 10 52 4 0 2 T B R R 0 £
LW i A
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Fig. 4 FTIR spectra of the HA/CS composite coatings

prepared by different electrochemical deposition methods: (a)

pure chitosan, (b) pulsed voltage and (¢) constant voltage

PR T R IE AL R T RS RZ T CS
FREA(0.9% ) (1 5(a)) s bk b A 7 & A T &
BWEP CS HFREZL(5.9%) (K 5(b)). K&
PRI S ok e el LA A6 TR 24 5 0BT LI I, B B T
PO NE XK CS B 5 R K I DA (A5 9 vh 75 1)
K FE RS B He v, 4 1 T R AL I PRI TR R
4 B - DUAR, oA ST T 2 4 A HEA T OAR, I 45 1)
AR 2 CS & BB . B3R 2 B mT K v H AL
FCAE LU I & A TR 2 3 20 A R L LGS
R, T AR A K o e 67 AR — 2 BT
2.2 BkHEAXNESRENRIT

LN TQUIL=R o TR PO R S o NI QUL =K VA

102
100
98|
96 |
941 b) 5.9%
92}
90
88|
861

1 Il 1 1 L
0 100 200 300 400 500 600
Temperature (°C)

a) 0.9%
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Fig. 5 TG analysis reveals the CS contents in the HA/CS
composite coatings prepared under different deposition

conditions (a) constant voltage and (b) pulsed voltage

A B TR R W TS S S AN TR /6
SRS [R) Jok b e A R S A TR R TE B Tk
B - 1.3 VB3R 2 290K BS54, o0 i 5 5] (R
6(a)); kb —2.0 VGRS MORERCIR, B
SRR (] 6(b)) s kbl A —3.0 V B 244K
PR G5 K, 3 A AN 5] (1 6 (¢) ). XRD 43 47 A %1
FEARPK oLy — 1.3 V i (B 7 (a)) 15 2 1Y 5 iz
EROE HA LW 2 25 SR A, SRR AT P e B 5, R
WIZVIBRER Z Pk A2 s -2 vV B (& 7
(b)) 13 2 (B R Eh & HA (HS5 M8 22 5 4 ik op
HL ARSI K 3.0 VEF(E 7(c)), JLFAR A
B WERRE5 2 . Zhang % L)} Ban %V BESE K
B, 5 Tl 1 DT R A B A ™= A 1) O™, 76 LA ( FlL
W) BN DL T, B A B A % T H Ak 2 RN 1
HEAT, OH ™ N Wi = A=, 1 Al B W R 30 37 9 o i A
JEE R R, AH N 8 8 B DT B S
b a0 SR A A H R, RN IR AT Ml L B s B, BRIV A
AN AR R OH ™ DT 477 1 21 B A B 3 1 [X
B, AT 3 3085 Wl B 1 R H) B A 3R ek R A=
OB, DB 2ok A o 720 iy 5ok Fi Wl 3% 1T 19 5 A
W AR Ry T P YRR A% . R R R A i U 2 L

Fig. 6 SEM micrographs of the HA/CS composite coatings prepared under different pulsed voltages: (a) 0 ~ =1.3 V, (b) 0~ -2.0V

and (¢) 0~ -3.0V
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BSE R0 T 505 7 WA 5 v g i i) B L, S0
(14 A R L AR R 2 BEL L 95 W O = A ORI
SR R SRS A . LA B2 A R TR AR bk e
LT il g B U J2 4 5 A R L BT AE SR O ~
- L3 VAT 25 S 4L

20 25 30 35 40 45 50 55
20(%)

Fig. 7 XRD spectra of the HA/CS composite coatings

prepared under different pulsed voltages: (a) 0 ~ - 1.3

V, (b)0~=2.0Vand (¢) 0~ -3.0V

2.3 Eﬁﬁ’iﬁ*ﬂ'*i%#ﬁi&ﬁﬁﬁA‘%EE’lﬂ'ﬂﬂ
B e R EE X E A iR R R CS

R ONEA R *FH%E(TG)ﬁfﬂT/%F'*m%‘M%
. T RMEWIE N 0. 17 o/L N E S ikJEH CS
M 4.0% (8 (a)), 7c M B o 0.33
g LIEGWET CS T RMMRZ N S.9%
(FE8(b)), 7 RBEME N 0.67 o/L B Z 5 U)Z
HhCS B R N 2.3% (K 8(c)). iz R &
AU 9 2 e SRR O R B A 2 i 5 /1 D PR e

I FEL A V1) 8 B 5 I B /N S 52 CS K 4y L
s 0 VR 5T M B 5 U 2 TR e AR, T
R B CS W WCH AT R W F A, SR T
CS PR DRl L T o) P A 9, 52 4 0F 55 SR 1
— I L P, DAl D XU AR E’JE"“D

SEM WK E G IR)ZH CS & = xHE i
M K. &1 9 JE Rk of ik — 1.3 ViR i h o
BB BE AR S5 Rl 1 B AR )E SEM B &
BT CS ik iRE R ALY RZE (K9
(c)) JEINE] (4. 0% ) ik )2 3180 1 2L 8062 (F 9
(a)) , BEINE] 5. 9% Wik J2 32 2 0K IR 2544
2E0HE R (E9(b)) . &R N B SR M, 5 1
PR, CS R ArF 8 B0 2 09 1 T, 0 5 il SR 1R
L0 3 H B — k. DL LAy B AT g, 58 ROk B
0.33 g/L Bl & 1 ik 2 ¥ 51 (CS & & &, i DL ik
PERLRI T CSWREEN 0.33 o/ LAE R T — L5
IIE2 @

101
100 .
99
98
97
96
95
94
93
92
91
90

¢)2.3%

a) 4.0%

b) 5.9%

Residual weight (%)

300 400 500

Temperature (°C)

100 200 600

Fig. 8 TG analysis reveals the CS content in the composite

HA/CS coatings prepared with different CS concentration in
the electrolyte; (a) 0.17 g/L, (b) 0.33 g/L and (c¢)
0.67 g/L

Fig. 9 SEM micrographs of the HA/CS composite coatings prepared with different CS concentration in the electrolyte; (a) 0.17 g/L,

(b) 0.33 g/L and (c¢) 0.67 g/L

2.4 EASEMEMAEN K
RS, A HA/CS B A% BBk
(S0 SRy < kL — 1.3 V SRR B BE 0. 33

g/ L. FRATT R FH T 5 T 286 B2 X iz e Ak 4% 140 T il
%0 HA/CS B8R IZHTHEM R, £ 1 2%
(OXEREBEERETRE TSR 25 R LW
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HA/CS & & Uk JZ X KM A1 B A B4 9 5T I A0CR
LA 95. 8% ,HA/CS EHRIZHA PR, 2
Ky CS HAHUAYE. CS BT I Z CS F
B TE 1 RS W L % Wl TR AR o oL A 2R
IS E Y, RIS M AT T ) 40 T A0 B BN £l A
AWK, 2k 2 H IR, fe 2 3 BURE A 40 D JBE 4 5
VBRI, DNA S5 BB I ihisE T ™

Table 1 CFUs of antibacterial tests and the bactericidal ratio of the

coatings (n =3)

Specimen E. coli Bactericidal ratio
HA/CS 22.7 2.5 95.8%
HA 358.0«11.5 —

2.5 EARENEWMHETETN

oM SR A R R A U R BA B EY)
FHAE. P10 8 709 O Bt s 1 AR 4 i MC3T3-
El {3 F HA/CS 53 )2 HA IRJERM 1.3.7
KIGH AR, MR 1| X5, HA/CS &
URJZ A ol 22 10 20 AR KA BT B 2, R RE
2RO I L 8 Bl R A B L S T (AT 10 (al ) ). HA
VR JZ R i 2 100 40 Mt A B, 98 4 Bl R AR A
2RI (& 10(b1) ). KW MET IR 1 K2 &0k

JZ R CS BN 52 Wi 41 i 1 5 BRE R Al R 40 i
Widt 3 Ka, HA/CS B & Ui J2 2 4 ffg 2k K
Uf , Z2 40020 B e TR AE MR T, BB AR L 1 R
BB 2 (8 10(a2) ). HA ¥ 2 3% 1 40 A R B4
1T R R 2 (K 10(b2) ). g5 5% 7
KIF HA/CS EEIRZR AR B b 1.3 R
W 400 16 T, 240 B 5 4 0 R R B T A A 5 AL )
Z I R B aF (10 (a3) ). HA ¥ J2 3% T 40 i %k &
o, B S 1, {F 240 R IR AR (1 10(b3) ), 5X
JEHR T HA W2 3R A E A ) B A B 2 R AL,
AT F 40 A ) 6 B e B A B 3R 7 K ik HA/CS
2 VR 2 TR R 40 1 8 B L

1T S [ B ) 450 Alamar Blue #6100 £ 18 #
2 28 R A R 3 RIS R R, M Rl R 2
3 THT 4 A 785 BRE B AE Y, T W Mk 25 R T R
HA/CS 5250 J2 41 M0 19 {6 68 7 % & T HA IR 2
T A0 YIS B AR T XS5 R R HA/CS B4
W2 R T 4 B EE B A B 12 2 R Al T 3
BB B R T ( ALP) 1% k| SRAE S04~ 4 i 75 0 )2 3R
I H /L RE 1.7 K5, HA/CS B /IR )Z M HA IR

2 3 T 240 M 19 731 R T G S 2 22

Fig. 10 SEM micrographs of osteoblasts on HA/CS after 1 day (
(bl), 3 days (b2) and 7 days (b3)

2.6 ESSREREYIEE
2.6.1 ko GURLH £ B A R E VLA

g & Bk b TR 5 TR AR ZE
CS 11y & i o AE i A 225, O PR 40 B R . HAY/
CS 5 A TR)Z & th HA 1 i b 2% = Ry T BN 52 5
5 1 F K TR L [ 4 R . — 5 T, H K

al), 3 days (a2) and 7 days (a3); on pure HA surfaces after 1day

FL AR A R S AR S v AR OHL T
2H,0 + 2¢” = H,T + 20H"
OH ™ MW R AR 2 1 S W ik
OH™ + H,PO, — HPO.  + H,0
OH™ + HPO; — PO, + H,0
fHE 745 Z1 -1 S 0 1) A B8 3, 7 B4 Jm A R T
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Fig. 11  Alamar Blue tests for cell proliferation

1.4

A:HA/CS
1.2+ B: HA

1.0F

T

0.8
0.6
0.4}

ALP activity/x 10 '%(U/cell)

0.2}
0.0

Sample

Fig. 12 ALP results for cell differentiation after 7 days

A7 HA R 2.
10Ca** + 6PO,” + 20H = Ca,,(PO,),(OH),

I3 —J5 T, 7 RO AR R W i BT 2l IE H
fi , 76 L AR R 10 IR % 3l , 9 5 HA LT
EEGwE.

Chit-NH," + OH ™ — Chit-NH, + H,0

P 5 7 S, 45 CS R HA (14 170 B 3 g
g HAHDCEL, X CS TER R M & & A |2
SR AEGE R K b B DURR AR A B AP M 2 A DT
PR . 32 Tt K b A5 5 B R A A
b S R AT A -0 R R Y Dk i AR AR
R R I W I B AR TR BRI R 22 A,
ol AR AR AT B R b A R 38 B AL AT i TR
ROR . MNHLTK 09 75 T 2% J& , 7 M R 7> 7 1E i 1
FHF 1a] 148 ¥ 2l P A%, Bk o Fl 7 45 52 SR 43 1
HL PR BRI T S s R, R KRR T ST R
TEEGIRZET & &

PR HA/CS B8R )ZHGREY
K (7.4 £0.47)MPa, 2l HA 3 )2 (19 45 & 38 5 20
(1.1 £0.23)MPa. ZE5IRZMEGREV W& T
4l HA 3% )2 0045 6 0 5. 2085 0 14 )2 K 2 4 B

W BEE 5 A, 45 4 R BAE. HA 2 A CS R
PR TS A TR R CS K4y TR B MR
() 45 T, o405 ol AR B (19 i 4 5 — 2. R HL €S &
53T 5 B A TR R S0 16 5 ik 11 Bk 2 A PR I
LR B T HA W32 (9 45 & 085
2.6.2 HA 57HBEAA0LHr

ARG Hh—A s B kol (3 F HA 15
FERME A AL TR . IR 13 ST R P9 Nis i
. M XPS AT, (1) 55 CS i B L, 1
37 1 ik e o 37 79 b B 4 1 R 5 BB P R T AL
NH, 2 , 1A% 25 4 R b 3035 0. w7 LA 1
N 5 Ca K42k, Fm & B E 482 H Ca2p3 2
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HYDROXYAPATITE/CHITOSAN COMPOSITE COATINGS ON TITANIUM
SURFACES BY PULSED ELECTROCHEMICAL DEPOSITION

WANG Yingbo'?, LU Xiong', LI Dan', FENG Bo', QU Shuxin', WENG Jie'
(' Key Laboratory of Advanced Technologies of Materials( Ministry of Education) , School of Materials Science and Engineering ,
Southwest Jiaotong University, Chengdu 610031)
(? College of Chemisiry and Chemical Engineering , Xinjiang normal university, Wulumugi 830054 )

Abstract A pulsed electrochemical deposition( ED) method was employed to produce hydroxyapatite( HA )/
chitosan( CS) composite coatings on Ti substrates. HA dispersed uniformly in the CS network. There was nano-
scale hybridization between HA and CS due to in situ co-precipitation. ED was conducted in the cell that had
three electrodes:a Ti plate as the working electrode,a platinum plate as the counter electrode and a saturated
calomel electrode ( SCE ) as the reference electrode. Electrolytes were aqueous solution of 5 mmol/L
Ca(NO,),,3 mmol/L (NH,),HPO, and CS aqueous solutions with different concentrations (0. 17 g/L,0. 33
g/L,0.67 g/L). The coatings were prepared under constant voltage and pulsed voltage modes. The experiment
results indicated that the pulsed voltage mode can improve the CS content in the coatings and obtain uniform
coatings ,compared with the constant voltage mode. The pulsed voltage mode also promoted the interaction
between Ca and CS according to XPS analysis. Pulsed voltage affected the morphology of the coatings and
improved the efficiency of the deposition. The suitable pulsed voltage was — 1.3 V. The concentration of CS in
the electrolyte affected the CS content in the coatings and the efficiency of the deposition. The suitable
concentration was 33.1 g/L. The antibacterial test indicated that HA/CS coatings had good bactericidal
ability. Osteoblasts were cultured on the coatings to evaluate the biocompatibility of coatings and the results
indicated that the composite coatings favored the attachment and proliferation of the osteoblasts. The results of
present study provided valuable references for the further research in developing composite coatings for
biomedical applications.

Keywords Pulsed electrochemical deposition, Hydroxyapatite, Chitosan, Composite coatings,

Biocompatibility



