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A I o3t He R AR BRI B (0. B YIAR T A SEM. TEM 82K BLHI 13 CaCOy/HA E &M E8L ZAR, ik
TS IR ITORDIR o S Ien i i #1145 | i o0 3 (3R L 4 7 HA & 829 20%. 40%. 60%H1) =F CaCO5/HA
T EME(20%HA 40%HA. 60%HA), JEid ICP A THE 1S H HA FISERR& N 17.52% 34.30%. 43.24%. [
HA & &30, CaCOy/HA 5 A M4 KL L THARAN Hke e v B Z 18T o AR AR SR B0 5 SR, =R HA & &
5 &M EHE PBS BERMATRH 14 d MIBEMEZ 8 15.2%, 12.0%F1 10.8%, FFAR2EHE HA LU0 3 @i pEAR. X
sogk R KHGEE K CaCOHA HAEMEBI MBS, BEc R AR LR M HA B, #Eim i
CaCOy/HA S & MOBHFI B A 22, S B0 HCFE 1 RS I V8 7E 1 A
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Preparing Biomedical CaCQO;/HA Composite with Oyster Shell
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Abstract: To reduce the cost of HA and improve degradation performance of HA, oyster shells were used as raw
materials to prepare CaCO;/ hydroxyapatite (HA) composite materials by a hydrothermal method. Phase analysis
and SEM/TEM observation revealed that as-prepared CaCO;/HA composites had a morphology of HA nanoparticles
growing on the lamellar CaCO;. Three kinds of CaCOs;/HA composites (20%HA. 40%HA. 60%HA) with HA
content of 20%, 40% and 60% were prepared by controlling the proportion of calcium and phosphorus. The actual
content of HA in three obtained different composites, determined by ICP, were 17.52%, 34.30% and 43.24%, re-
spectively. With the increase of HA content, the specific surface area and thermal stability of CaCO;/HA composite
are improved. Samples were immersed in PBS simulated body fluid for 14 d to evaluate their in vitro degradation
ability. The results showed that degradation rates of three kinds of composites with different HA contents (20%HA,
40%HA and 60%HA) were 15.2%, 12.0% and 10.8%, respectively. The degradation rate decreased with the increase
of HA proportion in the composite. All data indicates that the hydrothermal synthesis of CaCO;/HA composite can
control the conversion degree of HA and then adjust the degradation rate of CaCO;/HA composite by designing the
ratio of calcium and phosphorus elements, which have potential application in orthopedics.
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FR B KA (HA) 2 E5 1 KA1 Cas(PO4)3(OH) [
HARW A=), B R AR TR
ReFIE 1L 31, HAltfEAY R ESIAE &) Z M
FIUSY, DU B B A N JEORE, A48 % HA 17
SRR A R PRI, TR A PR R A
J7 A BRI 2 18 . S — 77, HA B AEAEIR
P B FR S . RS , (E R AR R o T M RL R
K, ANBE ST A AR Rt T AR K S R . A
It HA 15 BAE Z ML LA B 25 P8k R A R 1 8 FH 52
)7 PRI,

W DRI 5202 H 8 AR v s L R 324, LA
W e N, K ITEHLEL A B A (Aragonite) 51 7 fif
Fi(Calcite) BUBR R £5(CaCO3) N F, & &I5 95%LA L,
7 Na. Mg, Si. St EZ MR ICER, FLUG7EMI%E
=4 Ca™ . COs™ H9 0 NARMI IR 8 LS 1 B4,
AU TC B 40 i 5 v R s B i, B B A
IR BN, CaCO, A By B BLAT B AT AR 035 AT
oS I B PERE o A BEA SO % 1) 2 FLAN KRR IR
B O MER B RIFAYE R TERE . {2 CaCO; ¥14A
SRR AR Z ik PR, 78 A W) IR 2E A ) B A
BRUOT, SR, LA 72 0 JEA AR SR 7K B i 4% 1
gk HAM %% 1 2 7L HA B e, 1
o H DU SEAE NS R £ HA RRERA . KI5
PME SHET RN A, FR, RRESHAEAR
TR E S R g 7 i A Ry, FE
AR PN PR o A ek Sz /4 HA . IR, i se 5
HA &4, A 0] Aeiil & H g B mT i A=Y Ae 232 1%
UF. BERAN TGS s = a0k, (HH A v R LA
K

AT FE U 07 5% O SRk, i ek 42 i) AN [R] i B )
FEJR S REVR, R A R CaCOs/HA E A MR FAL
PEIR . B IE R IR

1 #R57A%

1.1 XWEREE

A Sz A6 DAL R B R K 9 B OK P R
(Crassostrea gigas)7c AU (NH4),HPO4( 7 #r4l,
BT 6 SR 4Rk T 5 ) N B R | 46 CaCO5/HA
AR TR JG B SRR (v all, b ifg T B
LT AR PR A 7)) e At g5 se R m, A K
TSR (A2, g iiBrdr T AR R A &) AD
B, A NH;-HyO(2> Hrél, Rt ks 4
AT FET ) A1 K AR SIS T pHL
1.2 HEFER AL IE

T 5 R ER BIR Wt s S R, I R R 4

Wi SE R FATIE W, RoTae L5 5% LAY,
2 5 T 28 KIE At G 7 R TH B IR, 19 B v
R ERE R . 80 CT 10 h 5, BN 3k,
600 CHBke 8 h, FHRIEZ 10 C/min, {F4LYG7EH
AN RS 50 R, A3 BB A4 1) CaCOs 853 »
TEW AV E) 2 2R S5 B, TR R K B AR
HH R A B A5

1.3 CaCOyHA E&H#I8IHl&

N T R A EE B HA 5 CaCO3 R T2
PRI 5T % eSS MR PR RE, B FU T =2
1THE: CaCOs 5 HA LR 8 : 2 IR G (20%HA),
CaCOs; 5 HA L1514 6 : 4 IR A WI(40%HA), CaCOs5
5 HA #8416 IRAPI(60%HA).

20%HA [P £ K R A BE 4 R R (CaCOs)
FI(NH4),HPO, LA 50 : 6 [ EE /K bE 23 531 7+ 80 mL 2%
Bk, SRJE A NH;-H,O W9 IR GV pH A2
SEALE 10 247, PEEE 30 min, KRR RN,
NIRRT AN E 150 C RIS R 3T K #UR
I 10 ho 40%HA % WFES L HIF K (CaCO5) M
(NH4),HPO, HIEE/R LR 25 @ 6. 60%HA I 45
K (CaCO;3)5(NH4),HPO, [IEE/RELA 50 1 18, 7K#K
RN SR G, @ B[ E aaiiEy, HHEE
TARFTAK CIE R ZE VIR, BIGTE 70 CTH
24 h 155] CaCOs/HA E&FEfh .

KH X-ray Diffraction(XRD) %3 T4t &7 5¢ 4% e
FEY S K ATFEY I AR . X H Brunauer-Emmett-
Teller (BET)A 2 23 7l & F= 4 1 EL SR THIAR, FF i il
A 100 Cla, BEARTAT 24 h, FIHAALST
A MASCEATRL I . BT R AB(SEM). &
ST BB (TEM)M S AT X S 2k RE %A (EDS) 7>
PR TES AT R & & . FARE DI AU(TGA) 7
Fr(ffdm 30 mg, FHEEZR 10 C/min) £ 5 G
E M. FIH Inductively coupled plasma (ICP)illl i AF
MR, LIRS E.

1.4 CaCOy/HA E&S# R HIIRIME AR R I

W =AM I =y, B 5 mg, FFAR IR
BEIE T J5 I 5 T A ot R, 2% 3R AT Ak A AU A
TR o ¥ & AR T E T 15 mL 508,
AT OLET M 10 mL [FBERR 2522 v 2k 3 257K
(PBS), MAEREIR Wi E, WAEEEEE 36.8 CoT 7.
14, 21 d it B e B0 s S tn S
PBS 7, BRARFEMET 60 CrHEMT M
WTERIEE, SREIRFFREH . PBS 8572 IRIFE IR
R

FIH ICP ML PBS B A e & &
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Table 1 Heavy metal content of the calcined products of
oyster shells

Element  Calcined product /(mg-kg™")  Limit/(mg-kg™)
Pb <10 30
Cd <1.5 5
Hg <1 5
As <1 3
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KA R WE 1 Fron. Bl L) i XRD K3,
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M SEM 25 S8R LA H, HhWh 72 Bobe K e 2 5 1
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500 nm 77 A5 1) R G5 A HE R . 5 [ AF G STk T
SO AT B R A M TR BRIV R IR 1
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=, 5B S R MR R A R
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(g LU, TEM B SR 45 51 5 SEM IR A —3,
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B 2 NESFYIN XRD Bk, =354 %% 5
HA BN 20%. 40%5 60%HI7=40. MR
R LA, =F WA R T HA (JCPDS
03-0747) 5 77 i 1 8L CaCO;(JCPDS 47-1743) M &
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(a) XRD pattern, (b) EDS analysis, (¢) SEM micrograph and (d) TEM image and SAED

pattern of the powders prepared by heating and washing the oyster shell
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Fig. 2 XRD patterns of of the synthesized samples

FIFH ICP RAEFE S h Ca TE S P T RIS &,
B HI A = FhAE A E S mg, AR T 100 mL HNOs
il g TR RO, Z JERIA ICP MIE R T Ca
LY P LERMIKRE, 4RWE 2 Fron. ARIEZ AT
] XRD 455, "I\ N HA 5 CaCO; =& FE i 3
YRR 5Y o TR I T8 T B A BR AT 2 P ) % 1) = PR
m T HA MR AGREBE, 4 0 R (17.52+0.57)% «
(34.30+£1.02)%. (43.24+0.33)%.

x2 t#mP Ca. PETEIER HARLIEE
Table 2 Ca and P concentrations and HA
transition degree of samples

20%HA 40%HA 60%HA
ch"g:/e(‘r‘flrga_ti‘i?) (19.91£0.72)  (20.00£1.08) (20.020.52)
E;’I}i‘/’f;gagﬁ‘)l (1.6240.17)  (3.19£0.22)  (4.02+0.19)
lfag;:i‘:igf&‘* (17.550.57)  (343+1.02)  (43.2+0.33)

MUA B AT LU Y, 20 i BRSOk 51 7
20%55 40%IHF, HF ah ) R AR 5 L T A 45 A L
P, Ul WIRE A IR A R R s T R
RHEL B BE R 2] 60%I, Ffdh B E R 22, 1K
FREZ BRI CaCO; B dh R IAEEH /& F1 2R

e B SR b2 R AR S BN, B BUR B
PRI DS, R R NS A e A . Bk FRE
FE 5 BB B 5 2 1 E 40% AR B, B4k e B R
L=

Kl 3 AA L CaCOs/HA A7) SEM & Fr .
3(a) N 20%HA FE I SEM I8 A, o] DL 2 51 R
i RPN EIRIHERR G50, 5 CaCO; I B A5 14
+ ML, AR XRD 5 ICP il gh 58, Al bl
UEFIRE S OR B T B RS IR SR AR 45 4, T 7R LSl
/DR HA YUK BRLLE 7 24K CaCOs R TH AR K,
BT HA MHEAFEERAR, % HA 9URBURL & &
B, AR,

3(b)N 40%HA Ff i) SEM B A, R ROE
P FERER IR AR I HERR & 7 A R BURAR (1
HA, BE%E HA ¥ AGEEFE B &1, HA BORL ) % 4R AR B
AR, T 60%HAE 3(c)FE, FEd
FEREEHIRE) HA BEIna4E. MR L st 4
S, S B =R N TE CaCO; S5 R T A
HA ki, MiFEE HA #ACFEEE IR T, HA B
LI BB R R, S5 RS SRR T

Kl 4 NFTASEESEY TEM 5 &% TEM B A . M
4@)P T LAE H 20%HA HITES A EAR G F
HOBRG KR HA AR, FE RS 0100~
150 nm)x400 nm, 455 RLF. WE 4c)F T LLE
tH 40%HA HITES N 2R 50 B R E I 9K A
B HA AR, FIRPERGE, GPKRFIRK/ME 10~20 nm
20, S5 ERE, BT HA gk BUR I %,
HRTEM & 7= I G518 2 dn 4518 - B 4(e) 7] LLE
H 60%HA ] TEM JESUN B Z R 45 K& AE K
HA, HIESR A T NGRBURLIR 1] 2% 31K 1 3% A2,

UG E, FRN S A (20~50 nm)x5 nm. XL

45 5 XRD Fll SEM 4 B 45 SAH— 2.

5 NFTASRES Y BET Hb 2% ARt 45 5,
20%HA. 40%HA Fl 60%HA [ tL 3R Mm% 5
(18.8+1.8). (30.2+2.4)F1(36.2+2.6) m*/g. HIT

3 K SEM TESR I
Fig.3 SEM micrographs of the hydrothermally synthesized samples
(a) 20%HA; (b) 40%HA; (c) 60%HA
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Kl 4 JK#7=¥i TEM F1l HRTEM v

Fig. 4 TEM and HRTEM images of the hydrothermally syn-
thesized samples

(a, b) 20%HA; (c, d) 40%HA; (e, £) 60%HA

1]

40%HA 60%HA
Sample

5 K#G=H BET MRS R
Fig. 5 Specific surface area of the prepared samples
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KRS

WMESTERWME 6 Fia~. KT 200 CH
400 °C 2R B8 32 B2 p TR i AR R B K RN &5 R K 1
FE R FEART 200 °C yi Bl (R e = R e i 1) 25
RBA R, Ul = B K = A A
7 400 °C LA bR FE 51 N HA 2 R AE B RR SR 1)
I)if. 650 °C LA o B R (1 W R AR Ak T RE A2 R
T CaCO; H173fift: CaCO;—CaO+CO,, T LLF H,
HA B AR BAR IO AE S fEIX AU B R BH T 5
PR o3 il SR FE DL R K IR B . HA {E 660~800 C
ISP A B 732 2Cas(PO4)3(OH)—3Ca3(POy),+
CaO+H,0"™, FrAg W RE (1 ke s PR i, Bk LY
NF 12%.
2.3 CaCO;/HA E&EM IR

3BT PR SIS JE B O BT AR 1) PBS i
W TTRN S E. R0 HA 75N 1) B g5
HN 14 d BEAR 2.4%~3.6%"21, Tl v 515 2 1
SRR 5L TE PBS BRI H 1 B AR R LR 3. AT
LR I3 CaCOs/HA B &M BHE RV RE A
TR MEGE, 20%HA . 40%HA FIl 60%HA =FiR
[ HA & B E GHBE PBS BERUAWR H 14 d 1
AR 0 N 15.2%- 12.0%F1 10.8%, [ fift 33 % i
HA 7ERPRE R BT 5 00 LA 38 im 17 B A1

Bl 7 B S s [RTWAORE i) SEM R . 4
Kl 7(a) BT 7, 20%HA Ff i 75 PBS BLAUAE HIR 7 d
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Fig. 6 TG curves of the prepared samples
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Table 3 Ca®' concentration and degradation rate of samples

20%HA 40%HA 60%HA CaCoO;
Degradation Conce:;r ation Degradation Concentration of Degradation Concentration of Degradation Concentration of Degradation
time/d Ca/(mg L) rate/% Ca®'/(mg'L™)  rate/% Ca¥/(mg'L")  rate/% Ca*'/(mg-L™) rate/%
7 (16.13+0.40) 8.1 (13.39+0.23) 6.7 (11.61+0.92) 5.8 (18.93+0.17) 9.8
14 (30.26+1.12) 15.2 (24.02+0.83) 12.0 (21.62+1.36) 10.8 (42.70+0.19) 22.1
21 (43.20+1.47) 21.7 (33.40+1.38) 16.2 (28.11£1.07) 14.3 (56.41+0.32) 29.2
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20% HA
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Fig. 7 SEM micrographs of the samples after degradation

ZJERE THER K ERMEREW, FEREE D
W HA Pk, FRATLLVER A ERTA —EER
il J5 1 CaCOs BE T BR R, Fr 2R EE R K/ A 200~
400 nm. 20%HA F£f{E PBS HEfAR HHIRIE 14 d
ZJa, B BRI MRIRIA R, FERIAM CaCOs
WAL, G0N HA BRRE, HZEIR CaCO;s
(OMERR 2 AR ELIR W 7 d BORESVE BT R I%, RF b
WA —ERE RN, WE 7R 20%HA £
76 PBS MR iR 21 d 2 )5, TR MREE T CaCOs
IR EIRMERR L), (R EREEE AL 7. 14 d AR
TR, RF EAIE/NE] 100~200 nm, [F A2 F
A DA 2 823 CaCOs HE A, Wil 7(d)fias.

40%HA 5 60%HA [FIF & b8 & 75 PBS i 12
W TR IE K, F R CaCOs HUMERR %5 5 A B B 1
SR, RSF B — e RN, R ER
CaCO; K HA FORL I % B 5 R~ A B R
B W 7(DH AT LB B EIR CaCOs R THIF HA B
S0 EH TR R R BORLIR [F] 22 R FE AR, FEARAT NI

3 Zig

AW FUR AL 85 58 A5 IR, R KA B N 1 7
V2 0 38 o 2 1 B IR K BN LB ) 45 - 20%HA

40%HA F1 60%HA =Ff CaCOy/HA B & FEfh, Xire
VAT VDA RAE, I I8 Ak A B4 i S B0 PR 2R A L B
fRTEREMERTE, 45ieuT:

1) #14HIH 20%HA. 40%HA £ 60%HA =i
FEfN CaCOs 5 HA MGV, BA RIFM4 R
B, BROESN R ZIRG CaCOs 454 A gk ik
R HA &K, BEEHOREERE R, HA WEEA
ER T

2) 541 HA #LL, CaCOyHA E &M B E
RIMAFI AT E A T, bEEEAFE N
e, EA Y LR ARG, G E e
e,

3) HHEL TAE4 0 HA, CaCOy/HA E & bR 4
FiRIH K IE TR =, 20%HA . 40%HA F1 60%HA 7 PBS
BRMA T 14 d IR0 15.2% 12.0%F1
10.8%.
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