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Synthesis of Carbonated Hydroxyapatite in Simulated Body Fluid SBF
by Precipitation Method

CAl Yin, LI Ping, ZHU Peizhi
(Yangzhou University, Yangzhou 225000, Jiangsu, China)

Abstract: Carbonated hydroxyapatite (CHA) with different carbonate contents was synthesized by a simple precipitation method in
Ca(NO;),-(NH4),HPO,-NH4HCOj; simulated body fluid (SBF) reaction system. The composition, particle size and carbonate contents
were analyzed by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM),
thermo-gravimetry and differential thermal analysis (TG-DTA) and X-ray photoelectron spectroscopy (XPS), respectively. The
CHAs synthesized at pH value of 10 and 95°C show the following characteristics, i.e., (1) the substitution of carbonate in CHA
lattice is mainly B type, and (2) the crystallinity of CHAs decreases and the average particle size with the length of ~35nm
reduces to 10 ~ 20 nm when the carbonate content increases.

Keywords: hydroxyapatite; carbonated hydroxyapatite; precipitation method; simulated body fluid

2 FE W K AT (HA) 2 B 2R h LR 43 1 22
HRRER Sy, BT R A A A A A Skt
M T ATA R HA AL Cos™, 5 aRE
MLk, HA 7EPERE B BRI EAAER KN Z 5
N T SR A, 5 AR g, A
P2 RV, N T B AR R T2 R 0 R s Ik A
(CHA)EA B G580 ok R b T 3R
HAE e g

COy™ S H KA (HA) P B IR RZ BT, K

WA E 1 2015-06-29. BITHY): 2015-07-31.
FEETH : VLIRS RAA w7 81(137060029)
PEH: O OW1992—), &, fiLwrA.
WA Rli&0971—), B, #Hiz.

LN 4%~8%, XIEN it RE R A
Wi o P A AT T COS™ F7AE =28 i, BL HA P
OH JERL A FUEUAR, B PO TERL B BUHUAR, 5l
[N 4C OH 1 PO TEJK AB LR AHURE!, 4%
B CHA &Ll B B E RS TR, 5
7% CO™ (¥ HA AL T AR, AT HA B4
YA -

WIFLRW], &% COs™ i) CHA, RN, Wik
BEEr, RIMBEAR, Al LA B0 1A iE MR ) 2

Received date: 2015-06-29. Revised date: 2015-07-31.
First author: CAI Yin (1992-), female, Master candidate
Email: caiyin525@163.com

Correspondent author: ZHU Peizhi (1971-), male, Professor
E-mail: pzzhu@yzu.edu.cn



o5 44 55 1 R A AR T VA T S BRI AR PRI 0 KA - 51 -

PERE, HEREE T ANRTEA LU O, A
WAL AR — R, S AU K AT AR A L],
ERMF NEALUE P ARV A 2. iR
SRS T S SR DA SRRV (SBF )R % HA
SEIOREI . N TR A R T A AR
TR, PiAf sk ERl & L Oas TR
ORI A IR R I, AL T B B
FiBR HA SR T NARE B KA . — i, il %5 CHA
EA . A EERREE . AKGE. WAl
WEPTE . TRBIEPRIL, R LRI A )
HA 4 Na 2671, 860 T RREWIRE KA, I
HEA @S, SIBRIae . Hiro B«
BRI P B Sl K R LM A (A S Sk, (HL
TCAERENAARIE P 5 A= A i B AR 45 2% 72 ol AR A 1)
9T T A%

ARSI R A 2R DUBE I % CHA, T2,
REFE 8 . AHELARZE I DL HyO g NA i, AT A
& B BAUAA IR (SBF) BE B A AR R N IR
KH 95 CE&AEE K CHA, WRJEmIm— e b
AFTHE R CHA 4 EtEae, SRR cos™
BAREERIR CHA, [ & LML APERE, I
KH XRD. IR, TEM %43 H7 F- Bkt = it A7 RAE,
WL T RIE COs> 452 At CHA 45 4L i
T KR A2 R 5

1 Sk
1.1 EBER

T JEEL, Ca(NOs), 4H,0(299.0%, Jii& 445,
T [ ) «  (NH),HPO,(>99.0%) . NH4HCO;
(21.0%~22.0%) « NH;-H,0(25.0%~28.0%) . NaCl
(299.5%) « NaHCO3(>99.5%) . KCI(>99.5%) -
K,HPO4-3H,0 (299.0%). CaCl, (>96.0%). Na,SOy
(>99.0%), 0 B AR FRAN AT . FHh,
MgCL(>99.0%) H b 5 B4R A R A W], =
F4 H B 3 58 ((HOCH,)sCNH,, THAM) (>99.0%)
Ity [ 18 ¥ VETEC Ventiltechnik GmbH.
12 #Hl&gE
1.2.1  BHUAAR(SBF) 1l % WIk¥ 4.0175¢
NaCl. 0.1775gNaHCOs. 0.1125gKCI. 0.1155¢
K,HPO,-3H,0. 0.1475 g MgCl,. 0.146 g CaCl,.
0.036 g Na,SO, LA & 3.059 ¢ THAM, A% 37C,
500 mL (1) 25851 K, o] AR . BO e R
H4g 1 mol/L HCI 8 5E %L1 pH {E A 7.4,
122 CHAMIHRE K 11.807 5 g Ca(NOs),-4H,0

F13.961 7 g (NHy),HPO, 73 73l %+ 50 mL B4R
b, A E BER EE m(Ca)/ [m(P)+m(C)1 K 1.67, AN
JiE ) NHHCOs(hk B AR 5 5k 7 = i == L o ) o4
2:100, 6:100, 8:100)%f T (NH4),HPO,4, Jn A %I
Ca(NO3),"4H,0 Wi, HZ ARSI Y pH (2
10 247, RONVIRIE 95°C, ROV 4he VSR
o =M 240, 2B FKVEE S pH =7, ShhiE
IAE 60 CHME. TG0 BE Ry fE, Akal i aliK
Yedk, 120 C T, BRI CO” &I CHA ¥
Ko FORFRAR T LEANE, BT 1090 2 il e 44k
CHAI(Jit & [t 2:100). CHA2(Jii & Lt 6:100) Fll
CHA3(Jii & Lt 8:100).

FEBTE S, W 95 CIF, iR IF R B 1
FIVE W/ T

10Ca”" + xHPO,*” +(9-1.5x)HCO, +20H ——

Ca;, (PO,), (c03)97145X (OH), +(9-0.5x)H"

13 Ik

K H D8 Super Speed 1 2 iy X 5 26 A7 AT
WA SR Cary 610/670 B B2 ANk
4T FT-IR 73 H7: R Tecnai 12 3% 5 FBE WL ELRE 5 1
TES: IR Tecnai G2 F30 Y37 % 51 3% 5 v g HEAT
% X HL F AT 4 (selected area electron diffraction,
SAED); X1 ESCALAB 250Xi 7 X Jt; Hi 1 RETAX
S HTRE S AL 22 4G R Pyris 12 TGA AT 7y
W ACGHEAT 2 T 434
2 HXRfuitib
2.1 XPS o#F

XPS J2 BRI AU — AN T B 1 A TR,
1 /& CHAl. CHA2 I CHA3 [f] XPS iff. &
1A 0L, BES P AEAE Cas Py Oy C LU N,
TEH &S FE T, Ca P Ca(NO3), 4H0, K&
KT pH, P VYT 2E B NHaNOs, 7 5 3
Ve b R T LR . R PR TP AR =
290 78%, B 1IN N TRV A& T
AP A T E AT 43 CHA1.CHA2 #1 CHA3
i, COS™ IISEBR BB NN 1.57%. 4.44%
H15.18%.

B 2 IR AR B 1R 5 A% i 5 S PR B 2k s AR R
Lo, tE 2 TCUE Y, B B 1B 2% 3,
SLhrB A EAR R ET N, S8 OH 5l PO, AL
. R A ARGOBUEHI 4 CHA 4/ 5,
HE5 HRE TN KL



.« 52 . CREMR 2R 2441

J Chin Ceram Soc, 2016, 44(1): 50-55

2016 4F

=
]
3 &
i S
o R
| s |
s ©n
| — __,‘(}HA% et | - .2 2 (& %(S{‘
S 2 O ST EPAY
CHA2 e NN
CHAL
1 000 800 600 400 200 0
Binding energy/eV
1 CHA Ffib ) XPS i
Fig. 1 XPS spectra of CHA samples
8t u Nominal
u Measured

Carbonate content/%
ESN @)

3]

1

CHA2 CHA3

B2 ASFEIRE S BRI AR 2 ox LE 1B
Fig. 2 Comparison chart of nominal and measured carbonate
contents in CHA samples

CHALI

22 FTIR 914k

FTIR 1% EE M COs™ 7 HA S rh b B 1)
307X 8 3 kRN CHALL.CHA2 Fl1 CHA3 [f) FTIR
FEPE], B34, 1090~1 044 et AbFIMIIE R PO,
XS FRARAE AR ) v3(POS): 960 cm ™ BT IR
%, J& T PO, I FRAR A PR S 01 (PO, ); 111 570 cm !
5 600 ecm ™ AR, BT POS I AR S)
V(PO ); 476 e JHE Ay POL [ v2(POL YR B I
633 cm' AR OH L EIHREhIE v (OH );
3560 cm ' ARSI OH {45 4R 51106 v (OH ).
75 1417, 1455 1 875 cm™' b IR I, )@
F COs> ¥EEN%, H. 1400~1 500 cm ' A Hi LI (1)
SNEL, RHT COS AN ERS T . T
BB EREL 1 13 COs® 7E 1 400~1 500 cm ™' 4B
i, CHA [ IR #rh HH LS 2404, W] COs™ 445
et NF HA 1 s g it

HA H CO> fEAEERAR, COZ B OH Jy A
RIS, BeAC PO B IR, 728 3 FPRE A CHAL
7E 633 cm ' ALMK) OH 42501 &, BE 9B
COs™ RATFRAR SR Bl AERER CHA2 A

CHA3 H17E 875, 1417 Fl 1455cm ™' 445 B CO>
RFRAN G YR s, R ZFDELS % CHA I
B COsZ AR, IFH COsZ P MR 71
(AB BLEAEACN, COs™ REhEAE 875 cm ' 4b; B
RURARIN, COS> PRENIEAE 1417 e F1 1455 cm ' 4b).
3, 875 em ! 4b COS™ (RHRBHIE, S 870 cm!
(1) A VAR IR 880 cm ! 1) B B B¢
B, Hrh 870 #1880 cm ! R IR Y L W] LLE
Y COs™ 1) B REACAT A B4R LIP3 5 Gauss
REHUA T CHA I B LS A B2 L, sk 1y
o th# 1 WLIEH, B COZBARLmb A,
H 5K B BB, 7E SBF ¥l & % CHA, #
DM — 468 740 Na™s K'. Mg™ 8% Ca® i B 14
Be, fHF AR, HARE NS T
Na'. K'. Mg™". CI &R IcE, &t ki CHA
AR T AR

GHAT |
CHA2 “ PRy
CHAI l “
H,0
4000 3 SIOO 2 (;00 1500 1000 500
Wavenumber/cm™

3 CHA FEAL R FTIR St
Fig. 3 FTIR spectra of CHA samples

F1 FRERIRIEZ2ULR Egro/Eggo tLIE
Table 1 Carbonate content and Eg7o/Eggg

Sample CO327 content / % in mass Es70/Esso
CHAL1 1.57 1.1155
CHA2 4.44 1.3350
CHA3 5.18 1.4835

Ego and Eggo represent the absorption at 870 and 880 cm™, respectively
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