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Hydrothermal Synthesis of Hydroxyapatite with Cyclodextrin as Template

ZHU Dan-chen, XIAO Xiu-feng, LIU Rong-fang, FU Han-ping, XU Jia, WANG Mei-fang
(Fujian Key Laboratory for Polymer Materials, College of Chemistry and Material Science, Fujian Normal University, Fuzhou 350007, China)
( Received 26 June 2009, accepted 24 August 2009)

Abstract: Well-dispersed rod-like nanosized hydroxyapatite (HA) was synthesized by hydrothermal
method using Ca(NO, ), and Na,PO, as raw materials and B-cyclodextrin (8-CD) as template. The effect
of the concentration of B8-CD, pH value and calcination temperature on the morphology of HA were
investigated. X-ray powder diffraction (XRD), Fourier transform infrared absorption spectroscope ( FT-
IR), transmission electron microscope (TEM) and conductivity measurements were used to characterize
the samples. The results showed that at the present of 0.4% -2.0% B-CD, the length of the rod-like
particles gradually increased and the dispersion become better with the increase of 8-CD concentration.
The aspect ratio of the rod-like particles decreased with the increase of pH. The aggregation of HA
powder prepared at present of B-CD was significantly less than that prepared without addition of B8-CD
during calcination. Then the possible mechanism was discussed.
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B ERDR ) o ZEHRIT T , HA AR FAEATERAMFE . 4k HA RAmmfem o A
YRED %, BTFEFNTENT LIRS, TVEERNREREREEEYS FHRETETN, £Y
AT BB S TG R TS KBS M E AN o KECREERMAR
AT LT U HA 2IURRRTES, 0 AR JrR™ R eRU . b FER HA 5B+
HA MBS+ 8E, A RER Y™ o Bk, &R HA 90k BBV BB RN AR
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& RAKHEER HA Wy sk skl sk Okt %, KRR SR EEA RSN,
ARV W IR BLAT I, FE R R SRS o , RS2 b s KR, W7 (A iR BE b 73] 200 ~ 400 C, R FEE W KT
HEREABNYERFIELS R, BT KBEREHYWRA REERTE, REFRRS RERSR, B
BAE BRI R — R EE %, KRR E TRV LLIRE HA KESR5 IR ARG, -
Bk A AR HA FREER K" BURRE REE A" K82 HA ap ' REARSE" W
B XX BETE R K IR T , R ARG KB AR , 7R 6 & RS R R R A HA G0k

P ( Cyclodextrin, % CD) & EEATE M 7E th FHUTF = £ INHIE M B M R B MIER T AR
—RIFPRIERMEN BIR. SFRIERA R MBI, BSNSRAK R R ESH , LT T Bk fF A AR S
SRENSTFREER, FEINERSEHERI TERE-FEEL FREGY. BREAETE TG
RS HAL SRR R AR T SRR PR NS TRB B T I Z A, Yang S R A
WO AR , R bk S LA AT S SCR RIS . fE & AT LA— R BERY B-3RMHE (A
#R B-CD) MR, R AL W (LA B B FIRRAME R KRN 2.0 ~3.0 um B HA B o AL
—REWE I B-CD MR K REMF T A BREEB KA , 3FiTi8 B-CD i & . pH B R IR He IR B X ™= Y
BRI o

2.1 EWRERFRLE

B-EFMIXE (434748 ;Na, PO, + 12H,0(434748) ;Ca(NO, ), + 4H,0( 434k ; 9k HNO, (53474E) , Tk Z
RE(tral) . U ERRMBPEEZ(ERA) LE2ERR o m R,

78-1 BIRE ST InBABE 28 (& In T 40 {X 38 FR/A 7)) ; Sartorious BS 1245 3, F R (L3 Sartorious {{ 2%
RGAM/AA]) ; DHG-9036A Fieh B R SR T ( LI ELRIZE A BRAH) ;KQ-100DB BIBHZ B A
 BEUER (R A NS A BRA 7)) s PHS3C #5% pH i ( LB BERENAS) ) ;SHZ-IID BEH KHER
( F¥# W EAAL{LA8T) ; DDS-307A R SR ( LGFERANES) ) ;CHOY AN By ( LB AT ) o
2.2 HRHMEHE

43S E24 0.5 mol/L Ca(NO,), #1 0.3 mol/L Na,PO, &, B 25 mL 0.5 mol/L Ca(NO, ), BIRAS
BIMA0g.0.2g.0.4g.1.0 g B-CD,$i#£0.5 h, {3 Ca®* 1 8-CD Fe /M. FEERL} 4 25 mL Na,PO,
Wi A B-CD 1 Ca(NO,), IRAYEW, B 0.5 h, W52 /5 FI# HNO, (1:10) F1# NaOH % #JHT7 pH =7, 4k
LEBEREO.5 h S, Fh— R B AT K PR L, K LI RV WS A I3 TR UL 2 4% (100 mL) ARG R R
2th 78 150 CTF/KBUZRL S ho BRBHGHE, 25 AZEKRTK Z MR 3 ~4 K, REET 50 CTHt
BT 24 b, BESTISATIES ; B — AR AR SRR N , B LR IR e AT AR R R
2.3 HRHRIE

% FH Philips X’ Pert MPD X SR ATEH OB AR SAT LM , WX 438 (A =0. 15406 nm) ,
HEA0 KV, B F 40 mA, F#EE 3 © - min ™', 0.02 °; R Nicolet Avatar 360 {837 M A B 4T SM (Y
(FT-IR) XMy R BAL S RA T T, S BEE 4 em ™', FFH#KE 64 ; 7€ JEOL 1010 B4 TR BB (TEM) £
B =LA ; R P Mettler TGA/SDTA 851 AT (Xt HE S HEATIAMIT, FHEE F K 10 °C/min, ZER;
R Fl DDS-307A &y 3 RAUHFTHE BB FRUE
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3.1 ERNEGHRINAS

B 1 LRI BE Y B-CD i il 25 BRE S K AT AIK 45 19 XRD FE3% . & La #1E 1b 4512 4k
M 2% B-CD H-& B Rk ATHY XRD [, 7E 26 =25.96 °l 32. 16 °Ab#8 B8 HA #9454 i% (JCPDS 09-
432) B8R HAbZR AR, VLB BT & BUAORE S R HA, {HE 08 B 310, 600 HA 58 REMK, BB/, 150 Tk
W‘(E le-f) , T STUEEA B 1%38 HARR4E, 8] HA &R IRE, B KK,
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Fig.1 XRD patterns of the as-prepared samples with Fig.2 FT-IR spectra of the as-prepared samples with
the existence of 8-CD at different concentration the existence of 8-CD at different concentration
before hydrothermal (a)0% ;(b)2% ; before hydrothermal: (a)0% ;(b)2% ;
after hydrothermal;; (¢)0% ;(d)0.4% ;(e)1% ;(£)2% after hydrothermal (¢)0% ;(d)0.4% ;(e)1% ;(f)2%

3.2 B-CD REXHRIEFRHFMW

Han TSN 3 B7R. B 3a f13b RUUKME 2% B-CD & A SUK MRS, BRI 2 B RA
R, H2%p-CD F & RAERKREREAITHE, KPERRHOHHLIER, REFM B-CD &F, HA K
R AR (B 3c)o HM0.4%p-CD J5, MM I kK, FRA TN E, BB KERREFMB-CD
B R KB BN (E 3d) o % 8-CD WREEANE] 1% B, BT & A0 HA KEB5 R KHeR , e Ze— st 4R,

BBy, K ERAIM(E 3e) . 4 B-CD REH—LRET 2% B, #un%&ﬁﬁﬁﬂﬁﬁﬁﬁ ‘

# (1 3f) , YL B-CD WREERT HA MBS A A — BRI
3.3 pH {EMKM

pH BN AT AR BB el 40 4 AP 3f BT7R, pH {EX HA BTE A R KM, pH =6 BE & BUAUHE S H
R AR (1 4a) , X4 pH {38 KB 7 08 B, B85 B TE 0 A5 A B IR (B 3F) A4 HRAR (T 4b) , T 24
pH =9 B & BLATHE S N ROIR (B 4c) . BIBER pH EAUHE K, RN KZEHABEA .

S ™ 20t HH R, R EBK G SRR ¢ B EEE KEITTR Ca-P,0,, Tize o b EHEK
HEIUFEER OH-Cag, B TFRARENAE KRB TRIM-55- KR, 7 pH =6 WBBMERET, BERKG &
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Fig.3 TEM images of as-prepared samples with the existence of p-CD at different concentration
before hydrothermal : (@) 0% ; (b)2% ; after hydrothemal ; (¢)0% ;(d)0.4% ;(e) 1% ; (f)2%
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Fig.4 TEM images of as-prepared samples prepared under various pH & the present of 2% p-CD
(a)pH =6;(b)pH =8;(c)pH =9
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m&E 1 ATLLE H, 5 Ca(NO,), AT T F A 0 e

b, Ca (NO,),-8-CD M SEA A BT, F Ton egla
(B B-CD WM K, K% Ca** 55 B-CD R
2 A A, ECTRIE T Co* MR EE, . TEEL
MR T s G2, Yang %)l 050 (04T R
{EH B-CD 5 Ca®* [IFFAEMIEL AR, ELAE PR A 2E T e

BEK C6 LM, XFHEEAEM, TEER B-CD W s b ¢
HA Sk A KiE R REZ —,

C-6 FRYEREF Ca¥* HEAERJG, Ca® @t d E6 p-IEEEWES HA MERHEREE
VR HRE PO43_ 71 OH™ , ATiTE B EBIK A 1 5 Fig.6 The su.'ucture ofﬁ—f]D and schenfatic diagram for
# (401 6b) , B-CD Eﬂ(i’e?ﬁﬂlﬂﬁﬁﬁ?lﬁ]#ﬁﬁi’ﬁ)ﬁ the possible mechamism for formation of HA
ATZEYA b BRI ED  BRBIKAINE KRR K (B 6c) , Hilk, B#E B-CD WERE , HA BURIE
K(E3d~f), B—FE,B-CD EiBEM HA PR RE K Ca’* MEIEFRHIZE HA RE, B T B-CD M=
VB 2 FELRE , 148 HA S0 B IR 5 | D KK P, AT k3% HA JKORLF RIS SR (1B 3d ~£) o T ELIRBHE
HA T i B-CD PHES T BUBLIE S A TM R (Ut — 35 B0 7K 5 10 B3R BE 8 i B 4R, 3 BUBDRL I SR 9 7
) ,Bilt,B-CD AT LA RIS Fet B b HA BRI KK, WL R R
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LA Ca(NO, ), #1 Na,PO, N RI#, AFE RSN 0.4% ~2.0% i) B-CD SRR, KMEG B T BRZE

BHIRG . BFFRW . Ba%E B-CD WA RE , BEBRA MK, SR ITGE . W oH EXPREBIKA
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