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BELE RS AN GR LR CPC MM M B P A LA RE(D) . R it (8] W) 4 1t = R IR A TT 45
Y, SBR[ F A E 5 508 BE o B S A, BT CPC MR R EERAE, RREATIE
FRBHBEED. AN 80 R F I Brown fl Chow! V£ BI T CPCHR LI, 2H . H A& FRK
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1.1 CPC¥RpIHIE

B ffil BERL P45 TTCP 1 FE7K BEAL S5 DCPA, M HL S5 /R LR & #1497, ) % CPC ¥} 3K.
1.2 R EEERENHE '

CPC ¥3 K (SSA pepa = 6.90m?/g, SSA 11cp =0.73m?/g) M LME (R I & WA KR AL B 2 F

1996 £ 10 A 8 HXH]. MR ARMERELFUITH, 5559302013 M LA RHE R U R DB E, 45,94 QE
14003.
EIRKAA : XIBRE, 5,31 %, 04 MU OR— 9 00T, 4,28 %, B, PRI, R FRAD A2 15 A (b 22 4 T0 BF 7%,
L 200237.



nE R iR o i 1998 4

A9 ) L BRI 5 b L/ P=0.25 IR G5, R EEATREWELE (¢ 6mm X 12mm), F
37°C, 100 % & R P[5 4k, — & B A F MR T SR B . F R R BE IR AT ER B, #4780
FH, KA R A% 1B, 2R JF 4T XRD #1 SEM iR

1.3 W e

1.3.1 JEHAERFH KM Rheometrics RFS— I TR AL, A A LML, CPCHMEE 3%
(1L 53 %) OHAP g Ff, SSApcpa = 6.90m?/g, SSArrcp =0.73m%/g; B I AEFEER K.
L/P=0.44. ,

1.3.2 BEZEATE] A BREM IRV A9 /K VB 55 B X SR 45 a 1Al i B AR iR E
TF 37C, 100 %R BT, B IKAT &, ZiRE TIAKERETE 1mm B, B 5 5 E] 2 5 45 0
[8].

1.3.3 $LERE  F AG-2000A B 577 fEbH R SC R WL, ﬂﬁﬁfﬁ¢mmxumm
RN E#OEE R 1mm/min, BAFIEZELEE 5 MEITEZR.

1.3.4 RAFAREFELE H D/MAX-1B, Rigaku Co.#9 X STRATHHMX IR, & {4478
NaCl @& 1ERTR, B 20 =45. 4 fy g Ve S ELE, BU= R EEBE KA 20 =25. 9" HYUE 1R iR 0% .

1.3.5 W% #  RA Cambridge, S—250MK [ R 65 F B IR .

2.1 KEEREHHZE
A XRD B R TITIEVIR T CPC KA 3 1%, 45 R M 1 BiR. W, RE# KA
T RRRYIEAT, P OHAP SZ #5900 ; 7303 S RSl EAR IR, 4h )5 3 BE W 2648 .
SEGREREKR, KR EE 3 e AR EHNE, 45T 3 2 Em g

7o ) IR A A AR Gn=[-In(1-a]"? =Kyt (1)
JROH R 3% 1 ¥ A Gi=roll-(1-a)"*]=Kz (2)
KAFEEAREFEMRATEERN  Go=rfl1-(1-a)/* )1 =Kpt (3

HF Gy, G, Gop NRNZLE; Ky, K1, Kp WREEEE G o HEAE; ¢ AR
B ro MIFKKIBRLYI06¥42.

HE 1A ERBESHIRAU LREGHHE Ky, K Kp, BRRATER. KE m%%#ﬁKx
MR NGB Kp EEEHRE. B3 TREE T BRI KT, Ko(F
IDFHRN(2), GIPAHEA, KB a2 A 2 Brm. w10, R A7y 1 i A 1 i -
Y R 4 S BRI R T CPC KL RL B 1%

RELBHIBITHE Ky, K, Ky

" Kn, Ky, Kp calculated in terms of experimental data

Time/h Extent of reaction/ % KN K Kp
0.5 15.0 1.0914 0.1054r, 0.0056r3
1.0 30.0 0.7092 0.1120r 0.01257r3
2.0 50.0 0.4425 0.1031rg 0.02128+3
4.0 68.5 0.2623 . 0.0799r¢ 0.02553r3

L 12.0 91.0 0.1117 0.04599r¢ 0.02538r3

24.0 99.0 0.0693 0.0327r, 0.02565r3
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Fig.1 Extent of hydration reaction of Fig.2 Comparison of hydrating kinetic model
CPC as a function of time of CPC with experimental data
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2.2.1 CPCEESIRPIKIRMEIFYEM AL RBELS T BRI AT RSB ®EPIRT CPC
SAAEBEL LB P AR IR E 2 (R BE, 18] 3 A BhA RS 3. ey W7 I, B2 K bt AT,
WHETFERE G MtERBEE G R/, XFRUIFTH CPC 3K (R BURLE & 1E FA /1855 (dn
Van der Waals' 1) , BB N MM E R RN E L TEHHFAFRME, BRI LB
th. B KA BT, ORI/ 0338 S W RME R IR X P I W L T S AF MR,
REEEHEZAERZ, BmMER A, IR CFERIETRNNEEREPHNSES. XRGT
BT Y 0 EAR S R, T BEARAR, KA = R B A S BUBDRL AR R 8,
LNV g P Xi

FETARF R AR Y] CPC S A B YA IE T KA YR AR
& BUBLE| BE B A 4, LRI @ P i B A S R ER AR R e AL AR

BAEE. HRENBURDZHFRAOREME LN, RERKEZRSHHE, XRBZE

&

2.2.2  CPC BESNIN M — A RALAERY  HUIE CPC 845 o 72 A9 1 7 A Tt , L8R &% 0 1] e ke F
FEGBRIR B EE P AR D EERAE A YR SR 5 REE K B R
HE

sssbi i) - FROPE LA SNSR We)
BE:(1) B o NEARF, BERTH5, 288 r(am); Q)RR BRI BEES N 4

(em), PPAEALF R I EEHRR R RIBE R d' (em); (B) BELERT BT A MR S HE BB L2 52
NEE (AP RWEEN p(g/em®). B4 BELESTBRBAREE,N

W=n-Vep (5)
FHep VR A BEE I 5 [FOR BRI SN T M =R P F s B TR B 4 18
/0N, 7 A BEEE I JRURHBURDRLAZ () W /N 7T 2 B T

V=47rr2'_“d;d (6)
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Fig.3 Dynamic time sweep curves of CPC paste
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Fig.4 Schematic diagram of setting model of CPC

(7
/8); p MBI E B (g/cm’) s RE K

FRBRA I n SHERRR 3 KT R, TBA L RER SN2 R

_k
n_r3
ssa-ts

Hit, L mt |
_W_%;, _d
= IQ[M(L@ 0.12) ]

, (10)
. HCPCHIBESG (XU i FOBL [B] KO 45 AR R BB
B, B0 4 0 B, BEEE R 1] 2

tg:ks.%z (11)

(8)—(11)RH ky,ky, k3, by, ks BINEEL.
R(10), (11) KB B/ E 3 K=
VIBBE K ER =g & B
SUBLEIBE AT 45 48 CPC 3Kk By R 45 0t fa].
2.2.3 1% %45t CPC 8456t 18] Y B2 1
A5 B6,A7T45EBRBEBRESELE
(L/P),,,DCPA JF ¥t tb & T F1 A J [B 1k %
R0 A WA $42 T AR A B (1) 4 SO Ko B 4 e 1] 54

(8)
(9)
8o
ok
§
A‘i4()_
20_.
0 ! ! 1 J
0.2 03 04 05 0.6

(L/P)y,

A5 WE X CPC #K ik gLt R M B e
Fig.5 Influence of liquid* to powder ratio on setting
time of CPC
SSApcea=6.90m%/g; SSAtrcp=0. 73m¥g;
* Substance containing carboxy 1 group is added to liquid phase
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Fig. 7 Influence of chemical substance containing carboxy

group in liquid phase on seting time of CPC

SSATIP = 0. 73m?/g: (L./P)ye = 0. 25; Distilled water as liquid phase SSAocra = 6.90m¥g: SSAtrer = 0. T3m¥/g; (L/P)w = 0. 25;

2.3 mERE

Distilled water as liquid phase
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Fig.9 Compressive strength of CPC paste 2s a
function of extent of hydration reaction
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Fig.10 SEM photomicrographs of the CPC paste
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5, BORHAE BT 52" P §4 20 L7 4 0L TR o= 44 0, X0 30 BE A — 2 L, RO,
TKALSE B3 3R B 9 (8 R R % A 2R 6 3 I TT 2 95, SR T T I '

% EFFR, 27 CPC BB MR RET R F A B0 & &0, S H KA ME W
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HYDRATION REACTION, SETTING TIME AND COMPRESSIVE STRENGTH
OF CALCIUM PHOSPHATE CEMENT

Shen Wei  Liu Changsheng Gu Yanfang
(Technological Chemistry and Physics Institute, East China University of Science and Technology)

ABSTRACT Dynamics of hydration reaction, setting time and compressive strength of calcium phosphate cement
are studied. At the initial stage of hydration reaction, the dynamics is controlled by the surface solution of raw pow-
ders; after 4h, the dynamics is controlled by diffusion of water through the initial products. The physical nature of
setting process is put forward according to the rheological characteristic of the pastes, and a simple model about set-
ting time of CPC is proposed, which points out some ways to adjust the setting time. The relation of the compressive
strength, the dynamics of hydration reaction and the microstructure is discussed. The results show that controlling

the microstructure of the paste is crucial for increasing the compressive strength of CPC.

KEY WORDS calcium phosphate cement, hydration reaction, setting time, compressive strength
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