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> Polyvinyl alcohol is a water-soluble polymer, easy to

improve their properties by to add other substances. Cobalt
ions for proline hydroxylation enzyme inhibitors, often as
hypoxia mimetic, a short time can effectively increase the
performance of hypoxia inducible factor protein amount,
expressed in the literature to increase tissue
angiogenesis. In this study, polyvinyl alcohol as the main
material and cobalt substituted hydroxyapatite (Co-HA)
blended membrane was prepared to discuss hydroxyapatite in
ratio of cobalt to replace affect membrane properties. This
study firstly prepared by electrochemical deposition of
cobalt substituted hydroxyl hydroxyapatite, titanium metal
as a cathode, electrolyte soaked in 55 ° C (4.2 mM calcium
nitrate, 2.5 mM ammonium dihydrogen phosphate), a fixed
voltage 20 minutes. After preparation of membranes is
completely dissolved polyvinyl alcohol at 80 ° C in
deionized water, adding quantification of cobalt
substituted hydroxyl hydroxyapatite powder mix, cool, pour
into Teflon mold, and then into 45 ° C oven for 48 hours.
Polyvinyl alcohol after drying / cobalt substituted
hydroxyl hydroxyapatite (PVA-CoHA) membranes respectively
reflective Fourier transform infrared spectroscopy (ATR-
FTIR) performed its crystalline structure and surface
chemical composition analysis, and field emission scanning
electron microscope (FESEM) surface morphology was
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observed. Fixed area of the specimen using antibacterial
membrane of E. coli testing. It was found that the
polyvinyl alcohol film material originally colorless, after
addition of Co-HA presents lavender, membrane surface is
very smooth, the FT-IR analysis can be seen that membrane
surface without penetrating peaks phosphate, apatite may be
wider distribution resulting in no significant penetration
peak performance. In addition, evaluation of antibacterial
membranes, membrane of E. coli attached PVA-CoHA number is
far lower than PVA and PVA-HA membrane, but no significant
differences between the PVA-CoHA membrane, due to the
substitution of cobalt ions similar proportions cause, this
study will explore the use of PVA subsequent addition of
different cobalt substituted hydroxyl apatite release
behavior of cobalt ions and their impact on cells can be
used in the future hope of orthopedic and dental
applications.

Electrochemical deposition, Cobalt substituted
hydroxyapatite, Chemical composition, Crystal structure,
Antibacterial
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RUMEE A — KRR AW B Hi@i@iimE bt 8 RIS H AL o 468 T H W 2B
RACKGIP B A > B ASEEEY > SN TARRZHRAFT TR FEE MM
R R i A R o EARAART » AR OHEE A £ o sb iR ek
Bk G (Co-HA) £RE > HAmalaiR oo BRARBERBMLE - ARG L EBTE
L2 IRARREABER G » SR BAE AR £ 55CTREYERE (4.2mM A B
455 2.5mM FhBE — 64k ) B RERE 20 04 o HERSE > HRUHFELAIOC T AL T
K TR N E OSBRI R G KRG 580 BINEAERET
ARIBAE ASCHA TR E 48 /N oF o IR UM BE iR AR /&6 X e A R & (PVA-CoHA) B
B AT ROGHE 33 gk s sh o3t (ATR-FTIR ) 4T H 4 B &4 Xk @ILL Ry » 47
BRT 5w EFBMs (FESEM) & @A dn o Bl € BIReY Ak S0k A HL A B AT K
AR AR B R OHEREM B RREE A Co-HA ZHELEE > ERmIFF L
B BBFT-IR p#TAE L BEABEHBRSBRE TEAR  SikoTHEISHRE -
B LA IEE 0 ABGAT A B ¥ 49 PVA-CoHA #3% 3% /&7 PVA #v PVA-HA B -
18 PVA-CoHA BE 2 F R FBa% £ & > NG BET B FIAaT - AT RAF IR TER
PVA 1% & A\ TR Bl &6 BR B AR B EHAT B8 F R A H a8 - I E KRR
AR EHFaFFe R -

BleEsa @ BALSuH ~ SRR E ~ B - SREHE S LE -



Abstract

Polyvinyl alcohol is a water-soluble polymer, easy to improve their properties by to add other
substances. Cobalt ions for proline hydroxylation enzyme inhibitors, often as hypoxia mimetic,
a short time can effectively increase the performance of hypoxia inducible factor protein
amount, expressed in the literature to increase tissue angiogenesis. In this study, polyvinyl
alcohol as the main material and cobalt substituted hydroxyapatite (Co-HA) blended
membrane was prepared to discuss hydroxyapatite in ratio of cobalt to replace affect
membrane properties. This study firstly prepared by electrochemical deposition of cobalt
substituted hydroxyl hydroxyapatite, titanium metal as a cathode, electrolyte soaked in 55 © C
(4.2 mM calcium nitrate, 2.5 mM ammonium dihydrogen phosphate), a fixed voltage 20
minutes. After preparation of membranes is completely dissolved polyvinyl alcohol at 80 © C
in deionized water, adding quantification of cobalt substituted hydroxyl hydroxyapatite
powder mix, cool, pour into Teflon mold, and then into 45 ° C oven for 48 hours. Polyvinyl
alcohol after drying / cobalt substituted hydroxyl hydroxyapatite (PVA-CoHA) membranes
respectively reflective Fourier transform infrared spectroscopy (ATR-FTIR) performed its
crystalline structure and surface chemical composition analysis, and field emission scanning
electron microscope (FESEM) surface morphology was observed. Fixed area of the specimen
using antibacterial membrane of E. coli testing. It was found that the polyvinyl alcohol film
material originally colorless, after addition of Co-HA presents lavender, membrane surface is
very smooth, the FT-IR analysis can be seen that membrane surface without penetrating peaks
phosphate, apatite may be wider distribution resulting in no significant penetration peak
performance. In addition, evaluation of antibacterial membranes, membrane of E. coli
attached PVA-CoHA number is far lower than PVA and PVA-HA membrane, but no
significant differences between the PVA-CoHA membrane, due to the substitution of cobalt
ions similar proportions cause, this study will explore the use of PVA subsequent addition of
different cobalt substituted hydroxyl apatite release behavior of cobalt ions and their impact
on cells can be used in the future hope of orthopedic and dental applications.

Keywords: Electrochemical deposition, Cobalt substituted hydroxyapatite, Chemical
composition, Crystal structure, Antibacterial.
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M Fk o B B R B e b ) R 2 5 208 kg% 2 7R 7% (Diabetic foot ulcers , DFUs)
Wy E A 0 BEEE R M Rm A R % H%%%ﬁ”ﬁﬁ@&%”%ou
TRGETERAINRE - EF - BERARALELNET - NGO RENER

F A R dm i A A BE RUBR RORR RUBR 64 RAL RE 0 AR AE A7 Hﬁl}? (pro-collagen)¥ s B & >
M A HEBETRAR AT R & N K @ik e R E X8R0k
% 40mmHg* Rbg G o2 A RER > Bk ANBRESHm BRLELSERE
RENBRAZRPREERF SR AR 8K A4 B /% 30mmHg » K%k
HuRe TR L > MAIFEKARSTEEZ 20mmHg AT » s & HAERKD
ﬁﬁﬁ@%ﬁ%i%i’ﬁ&@%%%g%’% i 4 AR S B B R T & 3k
REAGHAE - XRRIEHE £ BEH BB RCE ~ HEXIEBGBEIRREEEGO T
FHRAEFEMERRGHE s r e i H :Ta (Staphylococcus aureus) ¥ /% s 4
4% 7K i (beta-hemolytic streptococci) © % BB 67 - RE LB MR L6915
oo A F R 4A KB AZ H (Escherichia coli) > 4 7 42 # (Proteus species) & %, & 18 KT
% B (Klebsiella species) #1 ik 2.1 4a B 4v 547 # /& (Bacteroides species) > # # /&
(Clostridium species) > 42 ¥k # (Peptococcus species) & i 4# 3k H (Peptostreptococcus
species) * AU G AR B R G HERBE FIEROEER LI ERFELEM T HL
%ﬁé%é%ﬁﬁi@mmmmmmmuswmmMmmﬁﬁ%%%%ﬁﬁio
DFUs 895 0 T A B EA G MR E > R AR REEATHER  RET
BRAG R EEAEREERTERE > BMEERTROBKR > ReBEB &ﬁ%ﬁi
P2 F gt 0 BIEF A G

b > BIEEFEEB T R A G O AR B RRIKEH e B R $ e R
fr > & — 4-3~J‘779'3¢4E$>L« c B RFT KRBT MRS O RN RBBE T 0 A ECHR
LKU\;? &5 ik o lﬁ?ﬂ_z:é‘imﬁn’fﬁﬂﬁ(‘*é@;}& ) *Eiﬁiﬁ"%%‘ﬂﬁﬁﬁiﬁajf » H#

BaRERMN - BB ey o Jot & EH AT R4 ()5 R 0 AURE AR
DR A F IR IR R AR TR B (Z)E—%‘ A AE s E o R

FIARIEATBRRER T RIEGRIE - Q)VRELGEAR g5 RRERDE G P
o EREGERREMG o BARLEEH T A AR BB F LI BAILR K
#+ > 1995 #F Oclassen Pharmaceuticals Inc.7 458 88 Todosorb Gel A& Iodoflex Pad * %k
A J 2 A 48 #oky (cadexomer iodine) 7] 45 t B F X 345 1% FE B e BT VT S m R Y &
RS ETALERREAREMAY X BRRBEBRESE Y FEGo k|

SraelGg o mIREAE - A S —BEEFAIME N BREEH - 2 H B KA
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EATF AR AL B F R B - 1967 SF#2 Bz 4k (Silver sulfadiazine, SSD) i 46 3 A 4£
¥4 1 a6 © 1987 & Johnson & Johnson /2~ 8] 694 H F /& M R SR 4EAH P hu N T
SRk T R A Actisorb Plus 5T 5% — 18 ik o #% F SR8k T BT T £ 1069 B A 8ok - 1998
# m e K9 Nucryst 2~ 8 7 F A SilerystTM & K 2 H B ActicoatTM L i 4%
BH o ARABEREN T NERREE L4 E— B A K RBIBR AT K60 E B (Ag
105mg/100cm?) » 2000 % > Organogenesis (MA,U.S.A.)F7 4 & B9 Apligraf % B &7 £
FDA = — 8 & B 06 b Fk ik PR 5 A 09 38 5 REFAKE B 09 AT R JE B AR b
(human skin equivalent, HSE) e — B AT K J§ > BMUA R A B AR AR BET W
oA AR REARET P ANREZ > miok kit o ibmbinssRE > AR A
MEREEE > BERAAENAEROCR AR @BEALE  EAE @B
FRARE RAT@mERE s R LEM R ARG BFLERATREHT
WA A A R AR IR R A E S @ (air- liquid interface) * HE XK KRB P Ao B 0 &
BOREE HEBANBESBERR e Ed ESE ARG @ mBX o 2k AR
BRAZGORAMENRE  TU—RTREEAPELRYER - 2HERA
Ak RESHIA AN BRHHER TN AEReE  AREERA
REARBREGERELLEZHE HNBEABAERELEM T EHAK
FABRENEE AERSBEHNAGEREMRENRAE  BEhELEE 125
ARBEEMGOEZXKRSRBETEF[HEH > Rt TR ELZEE&T

RIBFE MG R EWIEa -

= ~F 3 BB

M Bk B REAG O 6906 T B 5 B fm T RS B4 0 ) B o B 48 8K 04 2 A 3R DR 4B 4G 0
L RBEHE RAREHBRRAALBR L AT AT R E A RS = A bk
REMELS  EVPBERI4BETITHALAS TR THFEE > REGuadAEEL
d A EMAE BT A B E AR R R NE 0 R R M e A R de B S IR
B BGOSR - M RALRE R B AR R AR QAR B 2 A8
g HR G BEAGLABEASN TR G O S AN BEARBERN -

AR RAGREACER G LR R E > BREABR T ARERAR A AKEH
RAH_Fit RERETEE  MELANBRESM IR T RIRE S HGEEIR S B#EE K
PR ER OB A RS KA > BTN A A BRI RIUE SRS -
AR IEIE R T EE(polyvinyl alcohol, PVA) 1EABMRKE > ABRNRUHEARAS IR
KEFW » THBREGIZ S EKR > b BHEAKEN AR BEAZHAMYE » @NER
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BEBREGOXRERI > BT MG B L RATHRE ALK R KRB H AKX
R oo AHF R 50 B IR AR IR m R B 0 e RN 0 R AR B RS B R B & AR
oA WX BORTN TR AT BAR  RTIpH &G ey Lt  BHTT
FEE ML o M EEET AN FE.

=~ BRI

EhEET A M AR B R LB TR B 0 FAE A B AR BB > JE R P T A 2 vk
FEAMRFREORAET P ETTE mwaBe®  NRepHtbtgiefye
293 [1] o Ying Daif AR AACENERAEAMERRAFTRBRETHAF TR T
(HIF-1q) * 3 B 7T 2% & % i 8 = v £ 4w £ B 4815, 5 8 2% & R [2-4]. Nenad Ignjatovic %
A LR e R4RRYERBR BB H i34 a0 S 0 A
W hosE AR5 EET 0 HEREEI2Y (FE) EFmRFHRHRR - [1]F FEEKRH
IR G T A ER ) B SUA B A R TR ALy 77 TR e AL TE HE[S] o £ B Al
SURKAE H3F % 4Bk T e 2L F B A A2 )BREVE 69 45 IE[6-8] 0 AF 7T 1E A 4E da e 0 BE[9]
iR B R E AN ARG RRE  EEMER AEEAE - 1893 4F,C. Von Na
"geli AT RAEH, & BT H N e AL UK SMAMAEZRAME - AREABREKR
BT B4R > K> 4R > 48 > 48 > 4R > B > bE > B> BemAce BT T AR AL
F L AARA AR S mt sl mA SR e RASISHE EMARYATC,TE %
el A MO AR AR BEYER BN ARG AN 40 B8ETRENTA =
1By dFayas it > BIL™T A AR A AR R G T o458 -F[10-12] - A BB R B 45
Fag s R b Ha) i FIRARBBRMAEDAEGB R EEANRAME[8] 1o i
o BRE - BRMEARRANE TR A EGME - KM B AT AR KR G T
UG L H KA 0 Pl TR RS R[13-21] 0 K#EER[L, 10, 11] AEB-5
Bkb s BRARIUBOEASR[T, 8, 22, 23| K BETE R A R[24] c E P B EILL LA
EAR o BARBKR L BE SRR BT AR 5 693 5] A e R A R A AR B
[15]F 4T BERERERHMELE-FREHEAYGEREL 2 BDE[13] -

R T )#B%(Polyvinyl alcohol, PVA) & KEE B ey 4k &) — 42 - B A 3DHZE 6 K%
BEHT[25], AR - SRKMEEEE RLELEH ETHEASRGAL > £RE T
TRERHE  EREOKETTIRA ERBEO RN - BiA—RFf&ERREGHWEAOH
v SEEMEF[26,27] B AAki b BN BILEE AR A AR R 8 K B RB MR R
AR GBMARUSE OB REZEERABLEOREETRL  BA RTFOLEA AR
M~ AR F R A AR B8 B AM T R LR AT - BB - B



ABB - BATH S S O KA BH AR F 62k k FHEPVAR &M e AR MEAE[29] » 3
B 48t R F) 495K $B R 42 2 A% R MR [25] ~ A 4nAE R ME[30-32] 814 H 2k R [32-34] -

W~ BT R

4.1 $&BAX 8 Kk & B (Co-HA) 89 # 45

VR B AR By 4K B PR 4R T LAk & 304 REE4M A (B %A 8X4X0.1cm °, Extra Pure, Taiwan) °

EAEE 4wk 1 Aiom © 42mM Ca (NO; ) , * 4H,0 (Shiada Chemical Works * Japan ) fv 25mM

Na,HPO,( SHOWA *Japan ) [35] #u 2] IL 857K ¥ (4% A HCL #» Tris & pH £ 3.52 )

A I A N 7.98mM R Bl 6 4k BT 0 45 BT R A L BR 4L ~ B ER 45 B ALss o BE 5.5V
(#A& AR ER > GR-50H10 » GICEK > Taiwan) #& 55°C F 20 4% > &4 £ 8 F R °

G 4 37 1 E F B 4% (FESEM) (JSM-6700F, Japan JEOL, Japan ) &7t & fu & #44 -

Fo B R A8 A 8T8 E 3% (ICP-OES-O-Optima 8300, PerkinElmer, USA ) °

4.2 UM BEE(PVA) o R T B /55 B 8L A A R G (PVA / Co-HA) & R A G L o H 5
AFF B9 PVA 4% B Sigma Aldrich( St.Louis* MO>USA )°PVA &%+ & % 70,000-110,000g
/mol » KA % 98.5% @A 1.4 W 85 5L PVA #v 0.015 5 HA Fv R ] &9 Co-HA A
10mL 887K + 342 85°C T # 4 30 n 48R 5344 89 PVAER » #% PVA/Co-HA &%
FFB T84 24 /NBF o % PVA/Co-HA 787 % 2 v £ & (PTFE ) A B ( E4% 90mm )
L3 FIR T SO AR R B A A AN SHE B &y 0 A dhiE AR 100) & PVA /
Co-HA &R ER AW HIE (O15mm) L -

4.3 o S REFu M R

4.3.1 358 4137 4 E F B4 (FESEM)

i#i% FESEM (JSM-6700F > JEOL * Japan) # & PVA #u PVA/Co-HA #3 R 6B e &k |
A& > 42 A A2 3.2kV T8 WD 3.2mm /TR RAR & -

432 X 544741 (XRD)

Wil X S EITHIREF X He 674 (XRD) B » X+ £ 30kV 2 15mA F A4 CuK a
#2 4t (Miniflex II > Rigaku * Japan) > &£ 10° -70° &9 20 $LE M X 0.02° F KEHF X &
HATHE ©

4331 #Egsrsd (FTIR)
At s A AE 650cm -1 & 4000cm -1 9 L5 E ey ks E A 2cm -1 8 FTIR 2 %4
( FTIR-8000 > Shimadzu * JAPAN ) &4 - /& Fi ATR #4784 FTIR » X X2t o
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4.3.4 PVA #v PVA / Co-Ha & k4 & B 09 B2 M 4T 4

T A% PVA A5 0 L AR B AR AT 09 RERRAT & © Bk » RIS PVA BLR R AL 4 BR B0 4% 48y
B K(PBS) ¥ » 378 & 4 7 B B F] BEEC S 6 BE AR AT A o PBS ea6- 4 HE A KCL ' KH, PO,
Nacl > Na, HPO 4 ° /BRI T AE A e R Bt E - BARE (%) = (WyW-Wa) / W]
X100% > HF Wy RARSAELBEKRETHEET W AKRSEWRKETHEE -

43.5# & 54 (TGA)
i@ 3824 F 5 #7(2-HT, Mettler-Toledo, %7 4) > 4 10-600°C #497% & $£ B M 2A 10°C/ min &/
iR BIPE Co-HA Fuz% 9 PVA X Reh 5 &

A4BEETHFEMH (SQUID) &#L
i@ 1% SQUID ( MPMS-5 > Quantum Design > USA ) 4£ 310K F ¥ #3% ( 50kOe <H <+ 50kOe )
#4T PVA #2 PVA / Co-HA %93k 38 A B ey miit R & -

4.5 PVA #u PVA / Co-HA %3 3K 42 & B 89 & ¥ 921t

ot FEESFENALSE (K'5.0°Na"142.0°Ca* 2.5 Mg*" 1.5°CI"'3.0° HCO ;™2 -
HPO , >0 #2 SO 4, 70.5mM; pH 7.42 ) &4 & & % % # B4t 82 % (SBF) ° # R <% 10mm X
20mm &) PVA #v PVA / Co-Ha & %k 24 ZA £ 10mL SBF =& ¥ » #H EHLRFE
37C = 140 7 R B AR A AT i@ @4 R 3%E % E (FDU-1200, EYELA,
Japan) R¥L 24 /B o

4.6 PVA = PVA / Co-Ha 7 K A8 &A1 B 6 2 4148 5 1

WAL & MTT R RHE A 4a 5 o AP 1929 mi i 4 fm A by ) B TR B3 3L Y
i % 48 37C T4 5%CO, 3 A4 b 435 i A H 10%85 4 5% (FBS ) # Dulbecco's
PR #) Bagle 3 & & (DMEM) ¥ - f£éafadEf 2 a7 > KBB4 KEESE (P15mm) A
UV 248 H 1/ R Z B RA MR R BA G ERN 24 7B RIR T Rl % E A 5x10
B 4 B/ mL oY fe BTG F R AEAE > AR 37°C 0 5%6CO , T34 24,48 B T2 B 0 [k
M EAL RBEESA ImMIMTT KB EAPRFT 2 I -rEEAL &
FL ¥ v 0.2ml DMSO ° ## 2 B B84k S 4) 0.15ml B R B4 2] 96 FLAR F » 4 570nm
MBRAETREALER (OD.)-

4.7 PVA #2 PVA / Co-HA &k # A B0 HL @ 2 R
CERHHAGIR AL EZRREMA > @88 % TR EE R R PVA #v PVA/ Co-HA
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MRAEEE > ANE E@AME 1 A 3243 (BHI ’ Becton » Dickinson and Company °
USA) # KBAR B A 37CTF3A& 24 /0 o 4 H KRG A& BHI HEZE 10-11 1% - 42
B Iml 48 @& > Vi Bl BEAK (O5.5mm) IR KA > EANBCE F I EEF 2 /NEF o
B AL 0 K B H e BHI R A B B4 87 5 10 24814 > IR 100ul » B4 74K BHI &
mE o 37CHA 170 - k& S HEA%E > BREATAERKE SR -

A~ BRE R

5.1 353418 F M

Co-HA Zv/wie PVA BEM F > 34 89 & B /£ PVA 3D &9 48K & 4 (Figure 2,B-E) > K + 4 4o

WY BT E RV BBR G INE > &N PVA BB R M K TENKY » L4838

distilled water at 37 C for 1 day 23 A X MEH TE > FEABE G L RE TR EAREN

PVA %R 3R AR A M 48 38 i S i R B 9N B9 3L X & & © energy dispersive X-ray

(EDS) % #7 (Figure 3.B-E)#£:2 B 4ty PVA R & it & H b4 H 89T % > 4£ PVA-HA 18 78]
2| ey Ca/P A 1.51 ™ PVA-HAC ~ PVA-HAN and PVA-HAS F} 7 41 5 45 ¥ 55 U & & 31,

& 7L & W 7742 (Figure 3.B-E) » Ca+Co/P Rl 4% A 1.40 ~ 1.62 and 1.18 ¥ & #4589 S ALK

BiR G o

52X k&estnHr

XRD 4 # PVA and PVA/Co-HA nanocomposite membranes & @ &7 2 #7 ° & 7 s Ao
Co-HA 22 RAE 288 1% > M & @i Z A ¥ E & R cobalt 8944 (Figure 4.) » IR T2
TR ELI B —BERETHR Co-HA #% PVA & Z Bk & X8 Az - AmbAeRBAS
2 PVA 89452 260 =19.41°(101) ~ 22.74°(200) ~ 40.87 " (110) ~ 43.06" (111) &% Fd]
EARRABYEERE -

5.3 B3 b oh ek

PVA and PVA/Co-HA nanocomposites membranes & ATR-FTIR % #7 (Figure 5.) * PVA &)
B 6,35 3275 cm ™ (stretching of OH)  » 2941 ~ 2906 JZ £ cm ™' ( symmetric stretching
of CH,) 1569 cm™ (O-H and C-H bending) ° 1416 cm™ (bending of OH and wagging of
CH,) > 1658 ~1330~cm” (C=0) - 1142 cm™ (CH wagging) ° 1086 cm™ (stretching
of CO and bending of OH from amorphous sequence of PVA ) * 920 cm’ ( CO
symmetricstretching) * 837 cm” (CH, rocking) [25, 34, 36-39] °

5.4 B A
PVA BiAT 69 B B B 2 B ey B 5 0 G BRI R EARAER T A L HEHE 515
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BOR o A T BE AR ORI A RS B AR 0RO R 09 B4 M0 > F 48 AR R 22 R (PBS, pH=7.42) 1%
A BRI R 0 % R & PVA and PVA/Co-HA nanocomposites membranes £ % H ik R 4789
A% M (Figure 6) > H7% 70 PBS — 448 Bp i 2] 150% 49 B BR 3 > X A 416938 ok B 24
NEFIEE] 260% 3 ARIFFATIKE 0 BBHA oM MR L RAE N ER  RAL PVA
BEA 9 ifAm 1%89 HA and Co-HA #H74B B E i S AR B E

5.5 BMEE oA

PVA 78 100°C #UK 75 IR KA 3£ 3] 32 8% 69 4K A& (Figure 8)[36] ° Auzk & 247~362°CPVA H:ik
8% > 2 HA and Co-HA #MEBA &4 FHHAHEA a0 sE et » £18% PVA &)
RA IS A 8 24 > PVA-HAC Am#h £ 400°C 2% & 20.75%A B8 5 746 PVA B 5%tk &
13.32% (Table 2.) > & 3uFr PVA-HAC & # 600°C &) Ash content 3.08% % & &7 4t PVA F£
400C Y RARE » AR TEM N A G &) Co-HA 94 EM B3 T PVA B2 Y -

5.6 mEME M

JURT YRR e 4G 4 Bk T oY BAb it B A et 69 4F L6, 8, 40] 0 T A TR ARIR Y
BE > AMEGNRE TR ARG S ES EMAHE & B £-10000~10000 Gauss
e mh 3y 0 B P B AR L Y 2R mhbk 69 & R (Figure 8.A) A& 4§ %% 35 %6 B 4£-2000~2000
Gauss 47 % 3L PVA-HAS ~ PVA-HAC w4 B A R #6930 % & 4 (Figure 8.B) > £ B 4%
AT B RS ey mE PR 8 4 R 0 B KB IMRA 5 5 HES] A HAS > HAN =HAC ° &3#* PVA-HAN
% P Co-HA 894 2V 748 Rl 5535 89 PVA-HAC FR AR 7% A 2 3B RE3G 3 % > Figure 8.4%F
foE At F Co-HA B4 € A 2~3%IA £ PVA/Co-HA nanocomposites membranes 24
VIR 7 %5 0y R B, o

5.7 fmHe PR

f# A 1929 fibroblasts cultured XA MTT %8 # PVA and PVA/Co-HA nanocomposites
membranes &) & #7348 B DA BCR) T A Myt k8 B8 9834 > Results are shown in Figure 9.
PVA-HAC and PVA-HAN & 4238 24 ~ 48 and 72 /> B 8 AR K7 B 4 o) PVA BEAM 12 2 1 %
BF R 938 hotm B 7 E O LL PP A AL T > ta e 2 7E R #0:E 70% A LI B A
Freg A AN R BARENGE > 7 IME 7218 PVA-HA and PVA-HAS 4 2
B EHAEERALZNPVARB B TE R @B LR -

5.8 HLH A
PVA and PVA/Co-HA nanocomposites membranes 8J#p#| E. coli 3 R B85 > Fi B 4 Co-HA
B AR AR A RAF e B 4E A (Figure 10) > #3efm E ey E A B4 = 3)3E A The
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single factor analysis of variance (ANOVA) method was used to assess the statistical
significance of the results ##£1L1% % Figure 11, EW AL AT ) Bk P45 H 458k F ¥ %
HBAER AR AR RNBRETRARANARINESBEET > EE&ETFTHAREAAR
TR FHpH kR 2w (Figure 10 C-E) BASBETFABM AL ER S 0L
PVA &% f B0y 2 B RAKATIER {22 # # 4 PVA and PVA-HA HEX T A&
HELEFBENGERFAET A RITEM HILEZR > M PVA-HAC-PVA-HAN and
PVA-HAS 2k R R TR B2 46 8 T 69 BUX R 4048 L A 7> 25~28%( Table 1.) A BA &40 2 il
%A AR EE,

5.9 % B HvRiL

& | ey 91t 4E R A Figure 12 > #% PVA and PVA/Co-HA nanocomposites membranes # A
37°C e SBF & Fi%i8 1 and 7 day * 4L PVA R @A R B BEERAF 8 AL R B
8y E 4 > B4 PVA-HA and PVA-CoHa #f A H R QAR R B0 AL » LELAEZE
7 Re) SBF BH Rk mA RENKEERFL£ > &8 EDS o4 %k @ Ca/P Lt 5 5l
#;PVA-HA(1.29) ~ PVA-HAC(1.39) ~ PVA-HAN(1.31) ~ PVA-HAS(1.39)3) % #4584 &,
SRR E > RIEBERGR G & BOHRRE AR > PVA-HA & 69 e s R K B %
8 REA KB R B © R¥, PVA-HAC ~ PVA-HAN ~ PVA-HAS 3 A & R K4 12457 R &
BANREMIEFE—h > RETARASHETARILHYBEZFTERYA R,

HA and Co-HA in PVA/Co-HA nanocomposites membranes F & 54 & £ 4h 242849 1-3%
3t B £ PBS /AR 4205 fa A RS AR 69 451 © A Av Co-HA 4£-2000~2000 Gauss FE#+
b RA BB AR 0 P PVA-HAS A% - e R A B4ty HA o e
T2 NIRRT E A E 0 RIB A Co-HA #htk s P LA B H 70% A L&y 575
F o B IMETURA BRI T 4 A Am Co-HAC 89 BE A 91 H 4t 48 %) A8 bL 48 A BA Bad 4] A 5 AR
A RAESN o AL E R » R H e HA or Co-HA %R A B &L A KB R B L F 7 B
Mehk@E o L PVA BM &R @ESR G &S MESFRGERICH AT - RFFEERR
PVA-CoHA $#> L &k 4o s S o B 37 4 0435 & 0 B) B A 36 o B a M 80 R S 300 6] 4 1 84
B ERAESBRBEOFE L ENBARG oI ER -
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Figure 1. Surface morphology of (A) hydroxyapatite and cobalt substituted hydroxyapatite
with (B) Co-HAC, (C) Co-HAN and (D) Co-HAS by FESEM.
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Table 1. Element analysis of hydroxyapatite and cobalt substituted hydroxyapatite
by ICP-AA

Ca P Co Xco Co Ions
Specimen Ca+Co/P
(mole)  (mole) (mole) (mole%) source
HA 7.650 5.194 - 1.472 - -
Co-HAC 5.500 4.452 4.000 2.133 28.7 CoCL,
Co-HAN 5.650 4.290 3.470 2.125 259 CoNO;

Co-HAS 5650 4258  3.426 2.131 25.7 CoSO,
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Figure 2. Surface morphology of (A)PVA (B)PVA-HA (C)PVA-HAC (D)PVA-HAN
(E)PVA-HAS nanocomposite membranes in distilled water at 37 °C for 1 day.
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Figure 3. EDS of (A)PVA (B)PVA-HA (C)PVA-HAC (D)PVA-HAN (E)PVA-HAS

nanocomposite membranes in distilled water at 37 ‘C for 1 day.
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Figure 4. XRD patterns of (A)PVA (B)PVA-HA (C)PVA-HAC (D)PVA-HAN (E)PVA-HAS

nanocomposite membranes.
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Figure 5. ATR-FTIR spectra of (A)PVA (B)PVA-HA (C)PVA-HAC (D)PVA-HAN

(E)PVA-HAS nanocomposite membranes.
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Figure 6. Swelling behaviors of PVA and PVA/ Co-HA nanocomposite membranes in PBS
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Figure 7. TGA analysis of PVA and PVA/Co-HA nanocomposite membranes.
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Table 2. thermal degradation PVA and PVA/Co-HA nanocomposite membranes by TGA

100 200 300 400 500 600 Ach
Sample O, O, O, O, O, O,
C%) C®%) CT®) C®) C®%) C(%)  content(%)
PVA 96.51  92.12 5644 1332 432 3.91 0
PVA-HA 9696 9282 5533  15.15 6.08 5.61 1.7
PVA-HAC 97.84 9296 5379  20.75 7.72 6.99 3.08
PVA-HAN 9750 9327 5371 1799 7.6l 6.67 2.76
PVA-HAS  97.54 9384 5426  18.34 8.13 6.66 2.75

Ash content(%) = PVA-HA and PVA-CoHA deduction PVA in 600 “C (%)
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Figure 9. Biocompatibility of the PVA and PVA/Co-HA nanocomposite membranes (P<0.05).
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Figure 10.Antibacterial effect of (A)PVA; (B)PVA-HA; (C)PVA-HAC; (D)PVA-HAN;
(E)PVA-HAS nanocomposite membranes.
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Figure 11. Bacteria adhesion on PVA and PVA/Co-HA nanocomposite membranes (P<0.05).
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Figure 12. Surface morphology of (A.F)PVA; (B.G)PVA-HA; (C.H)PVA-HAC;
(D.I)PVA-HAN; (E.J)PVA-HAS after immersion in simulated body fluid (SBF)
for 1 (A-E) and 7 (F-J) days.
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Objective: Cobalt has been reported to mimic hypoxia, up-regulating hypoxia inducible factor-1o in many different cell types [1].
This study focuses on the influence of the electrolyte composition in synthesis of cobalt-substituted hydroxyapatite (Co-HA) by
electrochemical deposition, including chemical composition, morphology, and dissoluble rate of Co>". Method: The electrolyte
was prepared by dissolving 42mM calcium nitrate and 25mM ammonium dihydrogen phosphate in distilled water. A quantity of
cobalt ion that would allow for 10.6 % (mole %) substitution was added to the electrolyte. The pH of electrolyte was buffered at
3.52. The titanium and stainless steel plate were used as a cathode and anode, respectively. The electrochemical deposition of
hydroxyapatite (HA) was carried out at constant potential, 5.5V, at 55°C for 20 min. The deposition on cathode was cleaned with
de-ionized water for several times and dried. The morphology and chemical composition of deposition were analyzed by FESEM
and ICP-MS. HA and Co-HA powder was soaked in phosphate buffer solution (PBS) at 37°C for 168h, and the concentration of
Ca®", Co*" and PO, in the PBS was determined by ICP-MS. Results and Discussion: In our study, synthesized apatite by XRD
and FTIR confirmed is hydroxyapatite [2]. ICP-MS results showed that the synthesis of hydroxyapatite has the presence of cobalt
and substitution percentage is 25.7 to 28.9% (Table 1). HA had an irregular needle-like shape. When calcium atom of HA was
replaced to cobalt atom. The needle-like crystal was conversed to globular cluster. When substitution rate of cobalt ion was
decrease then cluster size was decrease. Degradation is consistent with the above experimental results. Conclusion: In our
study, Co-HA was success synthesized by electrochemical methods and have high substitution rates. This subsequent study will
examine the behavior of cobalt substituted hydroxyapatite release cobalt ions and its effect on cells, the future hope to use in
orthopedic and dental applications.
[1] Ignjatovi¢, N.,et al., Nanoparticles of cobalt-substituted hydroxyapatite in regeneration of mandibular osteoporotic
bones. J Mater Sci Mater Med. 24, 343-354 (2013).
[2] Stanié, V., et al., Synthesis, structural characterization and antibacterial activity of Ag -doped fluorapatite
nanomaterials prepared by neutralization method. Appl Surf Sci., 337, 72-80 (2015).
Table 1.Element assay of HA and Co-HA by ICP-MS

Sample Electrolyte Ca/P (CatCo)P Xco (mole %) dissoluble rate of Co*" at 168h (%)
HA - 1.473 1.473 - 0

Co-HAC CoCl, 1.235 2.133 28.7 0.54

Co-HAN CoNO;3 1.317 2.125 259 1.35

Co-HAS CoSO0q, 1.327 2.131 25.7 0.69
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