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# OE: UZKBRES (CuHPO42H0 ERMES (CaCOs) HEE, RABMEREE
B oo BERRS (o-TCP) MR, HASEABNREEFRKMZEE, URBINF L (CaFs)
IR 4 W a-TCP RLEM R ZENER. @ERE2W.: MKNFBENAEHRESRRERH
HRBENEVETRABRBERKAAR, SHERE BXHBEERKGHIHEBNEER
1 o-TCP EEBFHEBRBEN. LR CaHPO,4-2H,0 5 CaCOs MR A M H A 1.0 5
1.5wt% CaF2, 4+ BI7E 1350~ 1450°C 1 1250~ 1480°C 845, M E RV HEZHE, WHKEBHL
a-TCP #%. CaF; WA 8-TCP |6 o-TCP #AEHNHER L, AHTHEBERM o-TCP
REEZZER, oTCP WBEHSL CaF: MR MEH X.

X @ i#: o BRE BHRE, SIS, e

G EHHES: TQI7T4 XERIFIAG: A

1 5|18

- BEBRES (a-Cas(PO4)2:a-TCP) B/KIE (CPC) sy AEB M HRE B A, BN o-TCP
FAREGNFEFEZRAELCRAEERFLEDHBUENBRTFHAEEENRERKE
(HA); MEEFARSTUEREY, RRTAEYBENNEENEEMEE. o TCP FKIE
fEELEE, BEEKERHMREHNRERESSEKROEARERAER, WK/
WG, AR R R, R, RIS Y ARy, o TCP MMM E, amAMNFE
AKEMEATBEARKER B BERARNEERENETEREHEE M o-TCP # K
Gy, EEB T KBEEL E 45 (CaHPO,-2H,0) 5B 4S (CaCO;) B AL (Ca0) 5 Bk
B4 (Ca,P,0;7) EZMHIRE, BHIRAMMME 1300~ 1450°C, RIE S X EERE, TH B
o-TCP ¥&. St LEMENEERyRENLEZENMARLEFRIEANRT, BREF
& B4 B-TCP, B o-TCP f 1470°C Y EFaE HER o/-TCP 48 B~ (BB B M R B
&/ o-TCP it, RRAHEELZY, BN o TCP MEFEESHITS 4-TCP M, A
TR B KB E B BREY . EEFRAMRT AR EHERAE. 2
AR R LR St BAR KN4, o-TCP MR AR, B Bt m, K3 o-TCP B4
BB 8, A& o-TCP ZH /KRB, o-TCP KULHE, BHEHENE AR

WX 2003-06-19, W B X . 2003-09-09

E&WH. XyiEAES (003805011)
M B & (1965-), &, L, BI#E. E-mail:caishu@public.tpt.tj.cn




4 3 ¥ A F. SBARMT K CaFe X &R o- BEREHKIEMW 853

BEMEE. WY EFKEEREN TCP HE&HF F- BT, BEALGHAEKEMREHE
MM, TRRERBEPUERE B8, B4 REE o TCP Bk H & RE RIFA
YIS PE AT P BE o-TCP EB /KB Ay BTIR &1 '

# LA CalHPO4-2H,0 5 CaCO3 ARK, REMASHAMREE T KMZE, BR
AL CaF, #¥R Xt & A o-TCP ¥ R AR i RAHF AR BIE A -

2 xR

2.1 JFRHE

 Ca/P BE/R LK 1.5 BRI E Ak CaHPO4-2H, 0 F1 CaCOs, 457 A A B 5 3 h 0.5%,
1.0% 1 1.5% 4 CaFz, ¥iB & M ERA RGBT RE, AR N KNZEE. LZBR
SR W IR A RHEAE A, BRI B Rk &L R B, TIRF RN CaF, WREE
A%, I Bos BARBHL CaFy B30 0.5%. B K RE 8h 5, ¥R T4 (80°C), i
100 B, REEARBEETERE FERPEREAMPRANZER.
2.2 ik

Ji NETZSCH STA449C B 44X (DSC -TG) X TR BHA MR BEHA AT a4, 5L
I F B K 16g. 7E BDX-3000 2 A 3 X ST &A7 MY LA Cu 48 Ko KA Bm it R B AR,
F 161 b 1R 2 BE 125 10°C/miin.

3 ERF0Te

3.1 SENRAIE K o-TCP HIR W

2 Sh RERE, EAKNMNFEHZENRTBEENESREHEARLME 1R UZBERS
BN FEORESHRBENHARSREMMAE, HENTH IR S5, %UERE S FLE
B MUKINFRHRSHRBEHEEAARSRENTEAE, HISERSHRGABER
KEEEME, LA E HPOS ™, CO~, H,0 778, SUEMBIRSRAAF O, KA EEs
%, FUSMHBENBERKOMNERBEEZHLPRA/ND. BLKKZE RS8N TR
BE T4k, 7E 1350°C 8 4%, 1RIB 4h, RAENPHERETY, EZKPELEER, FAR
BREPERBHERR. H2R2AR RERBLHHERMN XRD EHE, 2ZEEEMH, B
PEHRBHELEH B-TCP AR, MARKESF o TCP M E 2 & B{LY 30%, H
& % B-TCP; o-TCP Yy W 3BT AR F 5B XXk B il U9, X 5 R EB R AR X £
KA FRIBBRHIESE, B BREGHE, BEEFH 6-TCP #H, MHEASRM AT o-TCP 1
B ik 78%.

L Z B R A B4 TR B IR & R BRBE S 7 B CaHPO4-2H,0 # CaCO; A, EBEABH R
HT ZFIR . WIR-& ¥ DSC -TG g & A 3 w4, 7 192°C 41 R # gl CallPO,-2H,0
WK Sk, E 430°C 2 A — R4, X 2CaHPO,=CayP207+H,0 BRIV, 7E 290~ 430°C
4 3.43% Ry FEH K. 700°C R Kkl CaCOs 43 ## 1 v-CagP207 5 Ca0 A i 5-Ca3(PO4)2
BB R I, M TG BIZE 447, 7F 800~ 1137°C B A 3.19% MR E#I Sk, #i8 CaCOs 4>
R NEE 1137°C A4, #HRE5RN CaO+CaP0,=0-Ca3(P04): R #17, H N 6-
Ca3(PO4); HIAER A SEIRFREME. dLBMA, 7£ 700~ 1137°C Z A f CaCO3 7+ f# 5
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BHYKEN 9.69%, BARIIIME 11.2% 4, TEAREHSW P RBIL N 16.64%, 5K
072 ZCaHPO4-2H2O+Ca003=ﬂ-Ca3(PO4)2+2H20+002 %’H’ﬁﬁ 16.7% —3K, WA CaCO; £
700°C ZRTEFF 458, W TG BiZR447, 7 700°C Z WA 1.2% MR EBME. 7 1153.6~
1200.9°C [H] 4R # V4  B-TCP [ o-TCP Ry RARSE{L. H—H TR, 1283°C MR &N
@-TCP [i] ay-TCP #¥4t 1. 1464°C 245 B R # ik, B au-TCP $75% o-TCP K.

¢ a~(Calcium phosphate

® {3~ Cuicium phosphate
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4 Hydroxyapatite !
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B 2 BREEK Ao 1 Bo £ 1350°C BE/F 2
R AR HER KK XRD B

Fig. 2 XRD patterns of ground mixture cal-
cined at 1350°C for 4h and then quenching or
furance cooling for sample Ay and Bg

A 1 BE¥ Ao #1 Bo RERTEM KA XRD
et
Fig. 1 XRD patterns of ground mixture dis-
persed in distilled water and ethanol respec-
tively
(a) Furance cooling for sample Ap; (b) Furance
(a) Original mixture; (b) After grinding 8h in .
cooling for sample By; (c) Quenching for sample

ethanol; (c) After grinding 8h in distilled water .
Ao; (d) Quenching for sample Bg

BAKANFHREBREERET RPN, FYNERTE, 845 HPO; HmE
EBKA, ENMRIBPHEENRENSES LR BEBRRF. B4 BFI 1.5%CaF,, KA
N REY IR S KA DSC-TG 4. 1 150~ 190°C 2 [ F —{R A 66 iy R i, 3%k 2% W] 398 IRt
KEGB Y, XA TG theR LB RA 3.08% MR E MK, £ 300°C EHAF — B #ig, H TG
HABRABRKYFERE. EZEBEEMEN COI MBI BRE B, (H5 5% 561N
HRESIBIXERR BTERERXTFROBEATERT —HBRRE. 58R N FEH#
17, HE 682~ 771°C, X B AR Rk, HEH 6.09% BRBME; RWHAXMERNE
EBKOSBA -TCP RREMETENBEER KO H#IT FHALFABERM KGR,
RN A CaO fF2E. {HM 950°C B FekiHy XRD #HE LR ARKRME CaO WHFE. M
TG T4, £ BPCEAXFHBRERKOGELTHAM 8-TCP. #E—FHB, FARHRE
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B} B-Cag(POy4)2 [MI75J7 a-TCP & o-TCP; [ o -TCP Hy¥5AE, ¥ARE 5K 3 #8FH.
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Fig. 3 DSC-TG curves of ground mixture for Fig. 4 DSC-TG curves of ground mixture for
sample Ap and A; s sample By and B 5

3.2 CaF R iif X IS8T
LR OK IR B Z BRI AR 4 50 n
ANEES N 1.5% B9 CaFy. 540 CaF,
AN iE R LB, H DSC-TG HHEEFHE
AHE. mE 3 F 4 PR, BN
Bk Z&, In CaF, J5, BEEIMTE CaCOs #Y
43 AR TR AT, B XS R i IR R v B AT
%, TG MZnyREMEWLIELT CaCO;
Fr G4 B 6 1B B R 2 600°C £ % . 7E CaCOs
S ES, HEBIRINE Ca?* 5 CO3-
AR, 2ok, FEH CO3m AERTR o
%ﬁ: COS_ _)COT'-OZ_’ 0% Ej Cat* i"éf 200 400 600 800 1000 1200 1400
A H R CaO FAM M. BN CaF; /Y, Temperature/>C
Gl NS R ) COS™ W, JF B 5 B&H Bofn Bus SIBMSH B
HZREMLER, HRTH Cog— R Fig. 5 Thermal analysis curves of sample Bo
A%, WI5H 5 8 L1 (CO§‘ —)COz+02') ivE and B1.s during furnace cooling

W E 3 f1 4 F & CaFy MR 1.5% CaF, #3K#) DSC B R7TH, RREKEHEREZM

BA4HE, RE CaF, iy DSC B4 7E 1170 F1 1280°C £ 454> 5% 4 B-TCP [ o-TCP & a-TCP
6] ay-TCP Wy %54k, AP B AR, & 1.5%CaF, ) DSC MR 7E bR R B S T B ik
BVE. EFHMA—EE CaF: 5, EABEEF 4-TCP 6] a-TCP X o-TCP ] ay-TCP #]
#ALTBHNEERS, B CaF, WREAEER L. Fib, NNNHREMEKE S 2, A&
CaF, i bekl, TERRIE M2 b 1100~ 1200°C &4 — B RA RN 14, & CaF, BIbr K&

Heat flow/uV
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BOBREIBETRAHAREHEM S ENRBTE. RS CaF, WBREHEFRLR
FRERNERREM o« TCP RARMKNMLER, EHPROD, BREZER.

¢ o- Calcium phosphate
+ Calcium phosphate
@) ® (- Calcium fluoride phosphate
L 4
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Fig. 6 XRD Patterns of ground mixture con-
taining different content of CaF2 calcined at
different temperatures

(a) 0.5wt% CaFg; (b) 0wt% CaF2; (c) 1.5wt%
CaF'2

¢ a—Calcium phosphate
+ Calcium fluoride phosphate

(b) B-Calcium phosphate
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*+ Calcium fluoride phosphate
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[ ]

* o 1350 C
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EKBER R IRIMA R R CaFy, B4k BI7E 950 . 1250 , 1350 , 1450 F 1480°C &
B, 1RE 4h, TS RIS B RV H, HATMRME 6 JiR. I10.5% CaFy # Bos K, 1250°C #&
PaJS, FEHIE o-TCP 1 B-TCP, 41RL. 4+ 5140 1.0% 1 1.5% CaF, #IE &4 By # Bys 764
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FREBREER FUERMEYN o TCP, O BEBREFE. MBEEE N 1350°C B, Bos
BB o-TCP MRt & BB IR, T By 1 Brs BB JL -2 o-TCP, U FH & 58
MG, #—H A HEBBEEEE 1450°C, Bos BEE 4 o-TCP MM & REAHHEEL,
B, # Bys BEE = £ A o-TCP. Y85 IEFE A& ZE 1480°C AH{UA Bys B =415 R
a-TCP, Tl Bo.s 1 B: R E =Y E LN -TCP. 7 RIEER A B A 1.0~1.5% ) CaF,
BEA M E B R HL B o-TCP [ 8-TCP By AHAE, By #l Bis B4 HIFE 1350~ 1450°C
i 1350~ 1480°C 4%, FIHIBE 4 o TCP XK.

BEERYE iy BRI B-TCP MK M o-TCP BB THMWERFA, MTHRLE. HE
HMAMURAEESHO T REZUTRIEARHAZERTR, LTHWTH & o TCP %R
HRBMTE XMHEWEEAMAETLGE AN, ERnkEED&ES, 23
AR, MEATHER A XEARENSERARERENLES, TEFEY
g REXNNDZRE, BEAREERN A8, BEARKNEE, E—SRETERAER
R, BB TR ER., REBAZ NG E B, REEERL. EFBEIEF CaF,
5 B-TCP #f A4 8y IR Bt U B 4b CaF, (95 B RIRE H 1330°C, R A R4 CaF,
AR EFEMN HLHEREFMA CaF,, BREEE &R REBAANER, 7K
A, (RHEARA. BE 6 WM, A CaF, H/KERERBEIRTEMBEABRBRETE.
HNTIEZBRBHERS o-TCP Wi ESRBRSHFEEA R, R 1.5% 1y CaF, A
% 800°C Bpe & WAy B-TCP , TEZFEPIRESIEMAKMT (1250~ 1450°C) &5, K
BRASMEZE, MiKERBR, 7 1350°C U THEFRT £ &M o-TCP fif & -TCP
2o, RN HEABRS. TREBEEABRRSHERERE o TCP W EEHER
Z2—. BREBKAGME, FRRESSARFESAMEE EMERPRES % E
1350°C, XRD W% RAEBRECHE 4R, Bk CaF, BINE XD, BBEEZE,
B B AR CaFy M40, o-TCP MR HEREMS. TRERERY, o TCP M E kM
CaF, WRINEAY S DN 3458, 7€ 1480°C M B A B HAE & 1.5%CaF, B FER K o-TCP
M, HEELH LR SH CHAEN -TCP.

4 i

L M AKBERESSHBE N, K08 HE BSRREBEHIELFITERE
BIKEHER, £ 753°C EHER B-TCP; FE BB HFE, RFEXH, WLIKE o-Cag(POy): H
EREEMHAK.

2. EZKBBRESESHRBRERETRIN—EE CaF,, TR KS Z B R 5K,
1B A BHE 1350~ 1480°C 1842, AEAY, LW BRRH, FErRlHBEH o-Caz(POy).:
*.

3. CaF, BRI IN3E CaCO; 43 #%; CaFs 5 (-Cas(PO4), WM EEE, RIKREH
BifE, MTTINE 8-Caz(PO4)2 ] a-Cas(POs)2 K a-Caz(POy): [6] an-Cag(PO4), MAHAE,
BHREHMREEZZR.
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Effects of Dispersed Medium and Mineralizer CaF, on the Synthesis of
a~Tricalcium Phosphate

CAI Shu!, WANG Yan-Wei', LI Jin-You!, GUAN Yong-Hui? , YAO Kang-De?

(1. Key Laboratory for Advance Ceramics and Machining Technology of Ministry of Education, Tianjin
University, Tianjin 300072, China; 2.colleage of Materials Science and Chemical Engineering, Zhejiang
University, Hangzhou 310027, China; 3. Research Institute of Polymeric Materials, Tianjin University,
Tianjin 300072, China)

Abstract: The starting powders selected for solid-state reaction to synthesize alpha-tricalcium
phosphate (a-TCP) were CaHPO4-2H;0 and CaCOj3. The effects of dispersed medium and min-
eralizer CaF5 on the synthesis of a-TCP and phase transformation were investigated. The results
show that a metastable high temperature phase (a-TCP) prepared by calcining the nonstoichiomet-
ric hydroxyapatite powder with poor crystallization obtained by grinding the mixture in distilled
water is more stable than those prepared by grinding the mixture in an ethanol system. A new and
easy route, based on the solid-state reaction and the addition of CaF4, was developed to synthesize
alpha-calcium phosphate (a-TCP). For samples containing 1.0wt% and 1.5 wt% CaF3, calcined
in the range of 1350°C to 1450°C and 1350°C to 1480°C, respectively, a pure phase a-TCP was
obtained. The transition energy of 3-TCP to a-TCP during cooling process is decreased by adding
some mineralizer CaF3. It will be helpful to keep the metastable high temperature phase (a-TCP)
at room temperature. The stability of a-TCP in the course of furnace cooling is also related to

the content of CaF,.

Key words a-tricalcium phosphate; solid-state reaction; calcium fluoride; furnace cooling



