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Preparation of Silver-doped Hydroxyapatite Using Sol-gel Method
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Abstract In the present study, silver-doped antibacterial hydroxyapatites were successfully prepared by the
sol-gel method. For the starting solution, the molar ratio of Ca(NO,),*4H,0, P(OC,H,),, C,H,OH, and H,0 was
set to 0.075:0.045:20:0.135; AgNO; was added to a ratio of Ag to total cation concentration of 0.5-12 moi%. The
prepared sol was dried at 100°C for 48h and heat-treated at 1000°C for 2h to obtain particles in the 200-500 nm
size range. The product from the synthesis of silver-doped hydroxyapatite was investigated through X-ray dif-

fraction experiments and scanning electron microscopy. The product showed high antibacterial properties, with a
disinfection ratio of Staphylococcus aureus (ATCC 6538) and Escherichia coli (ATCC 25922) over 99.9% as cal-
culated from an antimicrobial effects evaluation by the shake flask method.
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Table 1. Compositions of starting solutions

Composition/molar ratio

Specimen  Ca(NO,),

Lan0 POCH): GHOH - Ag/Catag

0.075 0.045 20.00
0.075 0.045 20.00
0.175 0.045 20.00

8.0 mol% Ag
10 moi% Ag
12 mol% Ag

1 0.075 0.045 20.00 0.5 mol% Ag
2 0.075 0.045 20.00 1.0 mol% Ag
3 0.075 0.045 20.00 1.5 mol% Ag
4 0.075 0.045 2000 2.0 mol% Ag
5 0.075 0.045 20.00 4.0 mol% Ag
6 0.075 0.045 20.06 6.0 mol% Ag
7
3
9

ESAlo}vlelol E2] Az 429

= amkslgvl. Aol A7 o)Ak maksley MY
g Z8 AZspAT, AR Z2 100°CellA] 4822
CAZ F dojzl Eabol] dlsled 1000°C
A 2417t Aol HAAe] AgS H@R|F Flol=
FEajolulelo] EZ A 25 v)

2.2. Characterizations

T Bel wigk el 3 FEEME Hsle
FT-IR(Avata 360E.S.P) ¥4 AlAlsleden, w7
ESLTN S =S s v B s B i i s L B
(Hitachi, S-4700)& AH&-3}%13L, Ble] =5-A|o}uleto]
E 3 Ag 359 ZA  (erystal phase)d s}l
Asle] XA 3™ EA(XRD-6000, Shimatsuye A
A3k

2.3, EaE

37#3 Alg-2& SHAKE FLASK METHOD(KS
M 0416-2003))) 2J3F AFulS ojf3igl e, &
A F £ AR (Staphylococcus aureus ATCC 6538)%
A (Escherichia coli ATCC 25922) 2572} A}
d&S Sk WA AR d d2ARE F
vlekal, vle] 2ASIAT ZH7he) Alglgelel] AlA|
2o} dFZARE ol o vickAE 1 my AHET
o} olW} Ag o] &g HX|F Flo| =FA olu}ELe| B
FEE | wi%eR JAIS-8dof] LAl Al
2 sl Algale AHEs AR} dRAE
2 37L1°CelA] 120 rpm2E 24X|7F FlEksle] wj
oFsiedct ¥ AF 7] w5 © wiek 2441 F o
5 A5 et 00s A

DA oE B4 YIAZE 714 slelA O
ole0] mlate wjEel AKpRalrl 43 Yot
A A Hpdat o Gde] Aok W s}
Spel Wgom Qlaked UM AN

o @ gow AT, o 7Y o 4
A ) e g W A4 o o) e}
o 2%} 23l Ao A glsh e, el

Vol. 12. No. 6. 2005



430 Tl
A5 B B QPTG BSleIME
g FA48) Lol shot Eol A A4
W, 4007 F) ARl A2 el 7Y 9

AAde] AiAQ Ao ghEle), w3l J<4 G
2] 7, Eelrel BlekA ukAle Fgo)
29 ANSAEE 2 wslg, GFA=S] Aol
FEE e Pl U85} HE POCH,) M=
alkoxy7} ethyl “ZEo] 22 7}pRa) 2 53 ubgol
Z Fge nAA o, P /SRS 2 11E
7d43] ¥ partial chargels +0.13 AEZ A3
27] wgel] 71Es) é} doltA] eb=ch. meEhA
P(OC,H,),8 715EslE E&x1X]7)7]) 93l Z2F5
£ A7l &b, HZO/P(OCZHS)H 4] £ 339
Hxz7ol9eh e, v 3 o] A 2AE
ol ¢ Ca0 == b-TCP7} HEFHUT. Cad)
A8Z AMESE Ca(NOy), - 4HO 2 AgNO= ethanol
o 47 &= Ag,, Ca¥, NO'R EHI, P
alkoxide®] 7ol FERE o XSE =
Rk
Ca(NO;), - 4H,0, P(OC,H,),, C,H,OH ¥ H,09|
gz AAE & 1000CHAM Axg H,
1,000°CellA] 28 2 FA] o] =FA|olule}o] E
ol tf3t FTIR &5 29 ER B4 Aag o3
1°ﬂ Yepiich 138 19 F5 29EF ™l
HeER = 602em™ 2 571 em™e MY 7EE EF4
band= B|HA O-P-O bending mode(n,)o]3’, 473
em™' @ 436 cmellx12] 2FgF F band WA O-P-
O bending mode(n,)°lch. 1,04 ecm™ellXe] 7}l
W2 F5 bande= BIHA P-O stretching mode(n;)
2 vpERa, 960 em el A] oFgF F4> bands ©

!
~

7130

g1

Transmittance(% )

2506 2006 500

Wavenumber

4400 3544 3080 1588 1969

Fig. 1 FT-IR spectra of silver-doped hydroxyapatite pow-
ders. (a) HAp, (b) 2.0 mol% Ag-Hap and (c¢) 4.0 mol%
Ag-HAp

A P-O stretching mode(n,)] Zztol=}. 3,571 cm™
A48 F4 bande= -OH stretching vibration® 1}
epiich 2245 o] T2 Alojujelo| Eg} o] ©x)
H 30| E5A] ofsjelo] E9] FTIR A8F H]il‘é}o:]
£ 9 7P dAT Aele FF7F 1720em”
1480 cm™ of] vpehb= whAl7]el] o3k F4o)o “45}
At 2 Tkl SVl wEb €O el
AAE & 4 ok HAp 72N Age] X3
Cas} Age] A3} Xpo| 2 25| $lsle] whAl 25
9| 7V Al A

I3 2¢E Ag ¥ Cad E ¥[ES 0.5~2.0%=
WA 7IEA 12 o djdt XRD ¥ AxE
vehiglel, 28 335l gt si'le JCPDS card
#9-4329) 2 Ax]5}19]2m, o] Tricalcium Phosphate
(TCP), Ca0 =+ Si0, 5] EA31 9= v &
T3} slo| =FA|olulelo] ER AnhHr), T, Ag

intensity

MAg

2.0m 0t% Ag

“ i 1.5moi% Ayg

tOmoit Ag
.

NP

@.5maol% Ag

Pure hydroxyap atite

T
490

v
890 70

2theta

Fig. 2 XRD patterns of silver-doped hydroxyapatite powders (The amount of silver is 0.5~2.0 mol%).
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Fig. 3 EDS spectrum of 2.0 mol% silver-doped hydroxya-
patite.
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Fig. 4 SEM photographs of surface morphology. (a) HAp, (b) 2.0 mol% Ag-Hap and (c) 4.0 mol% Ag-HAp

Table 2. Antibacterial test results on S. aureus and E. coli

Reduction rate

Bacteria Case After 24h of bacteria(%)
Blank 1.3x10° 5.9>x10° -
S. aureus 0.5 mol% Ag 1.3X10° <10 99.9
(ATCC 6538) 1.0 mol% Ag 1.3%10° <10 999
2.0 mol% Ag 1.3X10° <10 99.9
Blank 15X 10° 6.6 10° -
E. coil 0.5 mol% Ag 1.5 1¢° <10 99.9
(ATCC 25922) 1.0 mol% Ag 1.5x10° <10 99.9
2.0 mol% Ag 1.5x10° <10 99.9
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