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The activity product of tetracalcium phosphate (TTCP, Ca4(PO4)20), was determined at 37 ~ 
and the hydrolysis of TTCP was investigated in 0.01-0.1 mol 1-1 H3PO4 and KH2PO4 solutions 
by means of calcium and phosphorus analyses, X-ray diffraction and infrared analysis. The 
activity product, defined as Ksp=(Ca2+) 4 (PO]-) 2 (OH-) 2, was 37.36 as pKsp, which was 
smaller than that previously reported (42.4). TTCP easily hydrolysed to form calcium- 
deficient apatite (Ca-def OHAp, Cas-x(HPO4)x(PO4)3-x(OH)l-x), or dicalcium phosphate 
dihydrate (DCPD, CaHPO42H20), depending on the initial phosphate concentration. With 
0.1 mol I - I  H3PO4, TTCP hydrolysed to form DCPD within several minutes. In 0.025 mol 1-1 
H3PO4 and 0.1 moll -1 KH2PO4, TTCP hydrolysed to form Ca-def OHAp through DCPD. In the 
latter solution, a small amount of octacalcium phosphate (OCP, Cas(H2PO4)2(PO4)45H20), was 
detected as an intermediate product. In 0.025 mol 1-1 KH2PO4, TTCP hydrolysed directly to 
form Ca-def OHAp. In 0.01 moll -1 HaPO4, hydrolysis of TTCP was not completed, although 
Ca-def OHAp was only a product. Thus the final product and the degree of hydrolysis 
depended on the pH and the overall Ca/P ratio in the reaction system. The rate of Ca-def 
OHAp formation seemed to be controlled by the dissolution rate of TTCP rather than the 
crystallization rate of the OHAp. 

1. Introduction 
Calcium phosphate cement, invented by Brown and 
Chow [11 is a promising material for a hard tissue 
alternative. The cement powder is usually an equi- 
molar mixture of tetracalcium phosphate (TTCP, 
Ca4(PO4)20), and dicalcium phosphate (DCPA, 
CaHPO4). When the powder is mixed with water or 
a diluted phosphoric acid solution, it hardens to form 
hydroxyapatite (OHAp, Cas(PO4)3OH), without any 
by-product. The hardening reaction will occur around 
pH 8, close to the singular point where the solubilities 
of TTCP and DCPA are exactly the same. It was 
reported that the singular point was at approximately 
pH 7.8 and 25~ [11. We found that the reaction 
proceeded fastest at approximately pH 8, between 
a pH of 6 and 10, in a 0.15 moll -1 KC1 solution at 
37 ~ [2]. There are several studies on apatite forma- 
tion from a mixture of TTCP and DCPA [3-61. In 
those studies, the reaction seemed to depend largely 
on the dissolution and/or hydrolysis behaviour of 
both TTCP and DCPA. There are only a few reports 
on solubility [7, 81 or the solubility product of TTCP 
[9, 10] and hydrolysis of TTCP itself [11-131. Monma 
et al. [111 reported that 20% TTCP was hydro- 
lysed in 0.5moll -1 NH4C1 at pH 6 and 40~ 

within 3 h, to form octacalcium phosphate (OCP, 
Cas(H2PO4)2(PO4)45H20). On the other hand, Radin 
and Ducheyne [12] reported that TTCP was hydro- 
lysed to form poorly crystallized carbonated apatite in 
a simulated physiological solution buffered to pH 7.4 
at 37 ~ within 2 days. Xie and Monroe [13] investi- 
gated the hydrolysis of TTCP at various constant pH 
values and in H3PO4 at various concentrations. 
TTCP was completely hydrolysed to non-stoichio- 
metric hydroxyapatite in the pH range 4.5 and 6.0. At 
pH 3.5, TTCP was converted to DCPA. At higher pH, 
above 7, as the pH increased, hydrolysis of TTCP was 
delayed, though the hydrolysis product was OHAp. 
However, the reaction process was not fully under- 
stood. In the present study, we determined the solubil- 
ity product of TTCP and also investigated the hy- 
drolysis of TTCP in phosphoric acid and potassium 
hydrogen phosphate solutions. 

2. Experimental procedure 
2.1. Materials and methods 
TTCP was synthesized from a solid-state reaction 
between CaHPO4 and CaCOa at 1500~ for 6 h. Its 
purity was confirmed by X-ray diffraction; its average 
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T A B L E  I Equ i l i b r i um cons tan t s  used for the t h e r m o d y n a m i c  ca lcu la t ion  

Reac t ion  Equ i l i b r ium cons tan t  Log  K 

H 3 P O 4  --~ H g P O 4  + H + 
H 2 P O g  --* HPO42- + H + 

H P O ~ -  --* P O ~ -  + H + 
Ca  2+ + H 2 P O 4  ~ C a H z P O 2  
Ca  2 + + H P O  2 - ~ C a H P O 4  
Ca 2 + + P O  3 -  ~ C a P O 2  

Ca  2+ + O H -  o C a O H  + 

Ca  2 + + 2 O H -  ~ Ca(OH)2 

H 2 0  - +  H + + O H  

K,  = (H2PO2)  (H+)/(H3PO4) 

K2 = (HPO4 ~-)  ( H + ) / ( H 2 P O 4 )  
K3 = (PO 3-)  (H+)/(HPO42-) 

K C H 2 P  = ( C a H 2 P O ~ ) / ( C a  2+) (H2PO2)  
K C H P  = (CaHPO4) / (Ca  2 +) ( H P O  2 -)  

K C P  = ( C a P O 2 ) / ( C a  = +) ( P O # - )  
K C O H  = ( C a O H + ) / ( C a  2+) ( O H - )  
K C O H 2  = (Ca(OH)g)/(Ca 2 +) ( O H - ) 2  

KW = (H +) (OH-) 

-- 2.219 

-- 7.203 
-- 11.984 

1.504 
2.646 

6.337 

1.288 
2.671 

-- 13.661 

particle size was around 10 gm. For determination of 
the solubility product of TTCP, 1 g TTCP powder 
was suspended in 100 ml distilled water at 37 ~ and 
magnetically stirred at around 300 r.p.m. Nitrogen gas 
was flowed through the solution to eliminate CO= in 
the atmosphere. The solution pH was continuously 
measured with a glass electrode. At appropriate time 
intervals, 2 ml solution were extracted and analysed 
for calcium and phosphate after filtration. 

Atomic absorption analysis was used for determina- 
tion of the calcium concentration in the filtrate, and 
spectrophotometric analysis was used for phosphate 
with the molybdenum blue method at 830 nm. For the 
hydrolysis experiment, the TTCP powder was sus- 
pended in H 3 P O  4 o r  KH=PO4 solution with concen- 
trations of 0.01-0.1 moll -1 at a powder-to-solution 
ratio of 2 g/100 ml. The solution was kept at 37 ~ 
with stirring under a nitrogen gas flow. A certain 
amount of the suspension solution was extracted at 
appropriate time intervals. The solution was filterd 
with a membrane filter, and the filtrate was analysed 
for calcium and phosphate using the same method 
described above. The solid phase was washed with 
distilled water several times and with ethanol, then 
dried in an oven at 37 ~ X-ray diffraction and in- 
frared absorption analyses were performed on the 
dried solid. 

2.2 Calcu la t ion  of  Kso of TTCP 
In the case of dissolution of TTCP in the 
CaO-H3PO4-H20 system, the equilibrium reaction 
should be considered as shown in Table I. Thermo- 
dynamic equilibrium constants for the reaction at 
37 ~ are also shown in Table I. These values were 
obtained from those reported by Vereecke and 
Lemaitre [141. In Table I, the first three equations 
show the dissociation of phosphoric acid, and the next 
five equations represent the formation of soluble com- 
plex species; the final equation shows dissociation of 
water. For the material balance, the following two 
equations should be satisfied. 

rca = l e a  2+] q- [CaH2PO2] + [CaHPO~] 

+ [CaPO4-] + [CaOH +] + [Ca(OH)2] (1) 

Tp = [H3PO4] + [HzPO2] + [HPO 2-] 

+ [PO# ] + [CaH=PO2] + [CaHPO4] 

+ [CaPOn- ] (2) 
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where Tca and Tp are the total concentrations of 
calcium and phosphorus, respectively, in the solution 
and square brackets indicate the concentration of the 
species. Equation 3 is also obtained from the electrical 
neutrality requirement. 

2[Ca 2+] + [CaH2PO~] + [CaOU +] + [H +] 

= [ H 2 P O 2 ]  + 2[UPO 2-] + 3[PO~-] 

+ [CaPO2] + [ O H - ]  (3) 

The solubility product of TTCP is defined as follows 
[ 9 ] :  

Ksp = (Ca2+) 4 (PO~-) 2 (OH-)  2 (4) 

where parentheses represent the molar activity of each 
species, which corresponds to the equilibrium con- 
stant of the following reaction; 

C a r  q- H 2 0  = 4Ca 2 + + 2PO#- + 2OH-  (5) 

The activity or concentration of each species in the 
solution saturated with TTCP was calculated with the 
BASIC program based on a FORTRAN program 
reported by Bard and King [15]. When the ionic 
strength of the solution was high, it was necessary to 
use the activity coefficient for determination of  the 
concentration. The ionic strength, bt, of a solution and 
the activity coefficient of an ionic species, % are deter- 
mined by the following equations [14] 

g = (1/2)ZCiZ 2 (6) 

-- log 7i = A(T)Z291/2/[1 + B(T)ai~t a/2] (7) 

where C~ is the concentration of ionic species i, Z~ the 
valence A(T)  and B(T)  are constants depending on 
temperature, T, and ai is the effective diameter of the 
hydrated ion, i. 

3. Results 
Table II shows the concentration of calcium and phos- 
phorus in distilled water equilibrated with TTCP at 
37 ~ for up to 8 h. The pH of the solution calculated 
from the concentration was in good agreement with 
the values observed, within 0.2 pH unit. Prolonged 
immersion (e.g. 3 days) of TTCP in water resulted in 
the formation of a trace amount of OHAp, and the pH 
calculated was lower by 1 pH unit than that observed. 
Therefore, the solubility product of TTCP defined by 
Equation 4 was calculated from the analytical calcium 



T A B L E I I Solubility of TTCP in distilled water and its solubility 
product at 37 ~ 

Time (h) Ca (raM) P (mg) pH obs. pH calc. pKsp 

0.08 0.1544 2.795 x 10 -z 9.818 10.017 37.22 
0.25 0.1493 2.193 x 10 .2 10.007 10.028 37.41 
0.5 0.1936 1.855 • 10 -a 10.094 10.172 36.91 
1 0.221 1.159x10 2 10.311 10.258 36.97 
1.5 0.2225 8.918 • 10 .3 10.391 10.269 37.16 
2 0.2484 6.676 x 10 .3 10.467 10.324 37.18 
3 0.2728 4.026 x 10 .3 10.541 10.372 37.42 
4 0.2965 2.584 x 10 3 10.635 10.411 37.65 
5 0.3231 2.395 • 10 .3 10.655 10.448 37.56 
6 0.3339 3.914 x 10 -3 10.61 10.459 37.09 
7 0.3283 1.123 x 10 .3 10.612 10.458 38.18 
8 0.3519 2.089x 10 3 10.637 10.485 37.53 

av. 37.36 4- 0.35 

and phosphate concentration up to 8 h, as shown in 
Table II, and was found to be 37.36 _+ 0.35 as pKsp 
( = - logKsp). This value seemed to be much higher 
than the reported value of 42.4 [10]; that is, the solu- 
bility of TTC P  was higher. 

Fig. 1 shows the changes in pH, calcium and phos- 
phorus concentrations with time in 0.1, 0.025, and 
0.01moll  -1 H3PO4 solutions. With 0 .1moll  -1 
H3PO4, the initial pH of the solution was 1.9, and the 
pH rapidly increased to 3.5 just after the addition of 
TTCP. Then the pH gradually increased to 5.5 after 
1 day. The concentration of calcium was as high as 
23 moll  -1 10min after the start of the reaction. 
Then it decreased linearly within 6 h and was kept 
constant up to 1 day. Rapid decrease in the concentra- 
tion of phosphorus was also observed within 10 min, 
and the amount of the decrease reached 53 moll-2,  
almost half of the initial phosphorus concentration. 
The concentration of phosphorus was still continuing 
to decrease up to 6 h; this corresponded to the change 
in calcium concentration. With the 0.025 moll  -1 
H3PO4 solution, the initial pH was 2.3 and it rapidly 
increased up to 5.5, immediately after the addition of 
TTCP. Then the pH gradually increased and was kept 
around 6.5 within the first 60 rain. The final pH after 
1 day was about 10. The concentration of phosphorus 
rapidly decreased within 5 rain to 6 mmol 1 - 1, that is, 
about one-quarter of the initial phosphorus concen- 
tration. The phosphorus concentration was kept 
around 2 mol l -1  from 20-50 min, then it decreased 
again. The change in calcium concentration with time 
showed the same tendency as that in the phosphorus 
concentration. Those changes seemed to correspond 
to the change in pH. With the 0.01 moll  -1 H3PO4 
solution, the pH of the solution rapidly increased just 
after the start of the reaction (2.4 to 5.9) and then 
gradually increased to about 11 within several hours. 
The concentration of phosphorus also decreased in 
the fist several minutes and then continued to decrease 
gradually. 

Fig. 2 shows changes in p'H, calcium and phos- 
phorus concentrations with time in 0.1 and 
0.025 mol 1 - 1 KH2PO4 solutions. With the 
0.1 moll  -1 KH2PO4, the initial pH of the solution 
was 4.55, and it rapidly increased to about 6. Although 
the pH of the solution gradually increased with time, it 
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Figure I Change in pH, calcium and phosphorus concentrations 
with time in (a) 0.1 M, (b) 0.025 M and (c) 0.01 M H3PO4 solutions. 

was almost around 7. This was due to the buffering 
action of the phosphate solution. The phosphorus 
concentration decreased within the first several min- 
utes, as in the phosphoric acid solutions. However, the 
phosphorus concentration was kept around 
60 moll-2,  even after 1 day. On the other hand, the 
calcium concentration was as low as 0 .2moll  -~ 
throughout the reaction. In the 0.025 mol l -1  
KH2PO4 solution, the initial pH was 4.67, and it 
increased to 6 immediately after the start of the reac- 
tion. The pH gradually increased and reached 12 after 
1 day. After a rapid decrease in phosphorus concentra- 
tion within the first several minutes, the concentration 
continued to decrease during the reaction. However, 
the decreasing rate of the phosphorus concentration 
was not so high as in the 0.025 mol 1-1 H3POr This 
difference occurred because a certain amount of hy- 
drogen phosphate ion must exist to compensate the 
charge of K § ions in the 0.025 mol 1 - 1 KHaPO4. The 
calcium concentration was kept low, as in the 
0.1 moll  -~ KH2PO4 solution. 
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Figure 2 Change in pH, calcium and phosphorus concentrations 
with time in (a) 0.1 M and (b) 0.025 M KHzPO4 solutions. 

Fig. 3 shows X-ray diffraction patterns for the solid 
after hydrolysis for 1 day in the H3PO4 and KH2PO4 
solutions. With 0.1 mol l -1  H3PO4 (Fig. 3a), the main 
hydrolysis product was D C P D  and a small amount  of 
DCPA was also formed. DCPA is formed by dehydra- 
tion of D C P D  in water at 60-90 ~ [16] or precipi- 
tated at a temperature as high as 100 ~ in the solution 
containing calcium and phosphate ions [17]. It is not 
clear at present how DCPA was formed in 0.1 m o l l -  ~ 
H3PO4. The diffraction peaks were very broad 
(Fig. 3b-e) showing that the hydrolysis product, 
OHAp, had poor  crystallinity. Fig. 4 shows the change 
in fractions of solid phases during the hydrolysis ob- 
tained from the result of X-ray diffraction analysis. In 
0.1 mol 1- ~ H3PO4, most of TTCP  had already disap- 
peared and D C P D  was formed within 5 min. The final 
product was DCPD, although a small amount  of 
DCPA was also formed, as already described. In 
0.025moll  -~ H3PO4 (Fig. 4a), D C P D  was formed 
during the initial stage of the hydrolysis. However, it 
disappeared within 1 h, and TTCP  was completely 
hydrolysed to OHAp in 24 h. In 0.01 mol l  -~ H3PO4 
(Fig. 4b), hydrolysis of TTCP  was not completed after 
24 h. Although it is not shown in the figure, the extent 
of TTCP hydrolysis was unchanged even after 7 days. 
In 0 .1moll  -1 KHzPO~ (Fig. 4c), D C P D  was also 
formed at the beginning of the reaction;as in 0.1 or 
0.025 m o l l -  ~ H3PO4, it quickly disappeared, within 
a few hours. X-ray diffraction analysis also revealed 
that a small amount  of OCP was formed during hy- 
drolysis in 0.1 tool 1-1 KHzPO4 at an early period of 
the reaction. However, OCP disappeared as the hy- 
drolysis proceeded and the solution pH increased. 
DC P D was not formed in 0.025 moll  -~ KHaPO4 
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Figure 3 X-ray diffraction patterns for the solid after hydrolysis for 
1 day in the H3POa and KH2PO4 solutions. (a) 0.1 M H3PO4, (b) 
0.025 M H3PO~, (c) 0.001 M H3PO4, (d) 0.1 M KH2PO4, (e) 0.025 M 

KH2PO4. ([23) DCPD, (m) DCPA, (C)) OUAp, (0) TTCP. 

(Fig. 4d), and TTCP  was directly transformed into 
apatite, although the conversion rate was smaller. It 
took almost 3 days to complete the hydrolysis. 

4 .  D i s c u s s i o n  

The reaction process of TTCP  depended on the con- 
centration of the phosphate solution. As the powder- 
to-solution ratio used was 2 g/100 ml, the overall 
molar ratio of calcium to phosphorus in the reaction 
system was 1.83, 1.63 and 1.04 in 0.01, 0.025 and 
0.1 moll  -~ phosphate solutions, respectively. With 
the exception of 0.1 mol 1-1 H3PO4, the final product 
of hydrolysis was OHAp, which has a stoichiometric 
Ca/P ratio of 1.67. As described later, the OHAp is 
calcium-deficient apatite, which has a non- 
stoichiometric Ca/P ratio between 1.51 and 1.66. In 
0.01 tool 1-1 H3PO4, which has an overall Ca/P ratio 
of 1.83, phosphorus was not sufficient to form OHAp, 
and this explains only that conversion of TTCP into 
OHAp was not completed even after 7 days. On the 
other hand, in 0.01 moll  -1 H3PO4, D CP D  was the 
only hydrolysis product, forming instantaneously 
within several minutes after the start of the reaction. 
In that reaction system, the Ca/P ratio was 1.04, and 
this ratio was close to that for DCPD. Moreover, pH 
was around 4 at an early stage of the hydrolysis when 
D CP D  was formed. In this pH range, D CP D  is ther- 
modynamically as stable as OHAp, and this explains 
the formation of D C P D  as the final product. In 
0.025 mol l -1  H3PO4, which has a ratio close to that 
of OHAp, TTCP was hydrolysed to form OHAp with- 
in 1 day, although D C P D  was also formed 5 min after 
the start of reaction. With the KH2PO4 solution, 
OHAp was also formed in the 0.025 mol 1-1 solution 
without formation of DCPD. However, in the 
0.1 mol 1-1 KH2PO4, solution which has a low Ca/P 
ratio corresponding to DCPD, TTCP was converted 
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Figure 4 Change in fraction of each phase during hydrolysis in (a) 0.025 M H3PO4, (b) 0.01 M H3PO4, (c) 0.1 M KH2t~O4 and (d)0.025 M 
KH2PO4 solutiuons. (0) TTCP, ([~) OHAp, (~) DCPD. 

to OHAp via DCPD. Fulmer et al. [18] reported that 
calcium-deficient OHAp was formed via DCPD in the 
reaction between monocalcium phosphate monohy- 
drate (MCPM), TTCP and Ca(OH)/ with various 
mixing ratios. In their study, DCPD was formed in the 
first 15 rain, even though the solution pH was already 
approximately 7, where DCPD was not a stable phase. 
They concluded that the formation of DCPD was 
favoured kinetically. This conclusion was also reflec- 
ted in the present study. Thus, the initial rapid de- 
crease in phosphorus concentration was mainly 
caused by formation of DCPD, as shown in Figs. la, b 
and 2a. Fulmer and Brown [6] investigated the reac- 
tion between TTCP and DCPA in 0.01 and 
0.1moll -1 NaH2PO4 and NazHPO4 solution. 
DCPD was formed in the NaHzPO4 solution and 
OHAp was formed via DCPD in NazHPO4. As 
DCPA is an acidic phosphate, the pH of the solution 
did not become high enough for OHAp to form and 
DCPD formation was favoured. However, in the 
NazHPO4 solution, OHAp was formed through 
DCPD. As already described, a small amount of OCP 
was also formed in 0.1 moll -~ KH2PO4 at the early 
stage of the reaction. Tung et al. [-19] reported that 
OCP was formed between pH 6.2 and 7.4 by the 
hydrolysis of DCPD. The hydrolysis in 0.1 moll-X 
KH2PO4 proceeded at a pH of approximately 7. 
Moreover, as shown in Fig. 3c, the DCPD which 
formed at the beginning of the reaction, disappeared, 
while the fraction of TTCP reacted was not changed 
even after 2~4 h reaction time. This fact suggested that 
OCP would form by the hydrolysis of DCPD. 

Fig. 5 shows the degrees of supersaturation (SS) and 
undersaturation (US) for the solution with respect to 
OHAp and TTCP, respectively, during the hydrolysis 
in 0.025moll -1 H3PO4, 0.025 and 0.1moll -1 
KH2PO4. SS and U S were defined as follows: 
SS = [(Ca z +)5(po3-)3(OH-)]/Ksp(OHAp), US = 
[(Ca 2 +)4(po43-)z(OH-)Z]/Ksp(TTCP ). The activity of 
each species was calculated as described in the Section 
2. The SS determining the rate of crystal growth of 
OHAp was lower in 0.1 moll -1 KH2PO4 than in 
0.025 moll-1 H3PO4 or KHzPO4, although the hy- 
drolysis rate was greatest in 0.1 moll -1 KHzPO4. 
However, US controlling the dissolution rate of TTCP 
was lowest during the hydrolysis in the 0.1 moll-  1 
KHzPO4 solution. This fact suggests that the dissolu- 
tion of TTCP controlled its conversion into OHAp. In 
fact, the hydrolysis in 0.1 tool 1- ~ KHzPO4 proceeded 
at pH levels between 6 and 7.5, at which TTCP still 
had a relatively high solubility. With the hydrolysis in 
the 0.025 tool 1- ~ H3PO 4 and KH2PO4 solutions, the 
pH was kept as low as 7 for lh ,  but it tended to 
increase up to 10 and 11.5. Such a high pH level was 
unfavourable for the dissolution of TTCP and delayed 
apatite formation. Another possible explanation for 
the most rapid conversion of TTCP in 0.1 moll-a 
KHzPO4 was the difference in the hydrolysis path; 
that is, apatite formation proceeded via DCPD and 
OCP as intermediates. In fact, TTCP from another 
source hydrolysed eventually to form a certain 
amount of OCP. That TTCP was synthesized at a dif- 
ferent temperature and had a different particle size. 
That caused the differences in the dissolution rate of 
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Figure 5 ([~) Supersaturation degree (SS) and (�9 undersaturation 
degree (US) during hydrolysis in (a) 0.025 M H3PO4, (b) 0.025 M 
KHzPO, and (c) 0.1 M KH2PO4 solutions with respect to ([~) 
OHAp and (�9 TTCP. 

TTCP and in the hydrolysis process. This is now 
under investigation. 

It is said that calcium-deficient hydroxyapatite (Ca- 
def OHAp) easily forms in a solution containing cal- 
cium and phosphorus ions or is synthesized by the 
hydrolysis of DCPD or DCPA. Various chemical for- 
mulae were proposed for the Ca-def OHAp in which 
the lattice site of the PO] - ion was partly occupied by 
the HPO 2- ion and the deficient charge was compen- 
sated by the defect in the Ca 2 § ion or both Ca 2 § and 
O H -  ions. An example of the formula is described as 
Cas-x(HPO4)x(PO4)3-x(OH)a-x(0 < x < 1) [-20]. In 
any formula of Ca-def OHAp, the Ca/P ratio is usu- 
ally between 1.5 and 1.67 and it is lower than 1.67 for 
the stoichiometric ratio in OHAp. The infrared spec- 
trum of the hydrolysis product showed a small peak 
around 870 cm- 1, indicating the existence of HPO4 z 
in the apatite structure [21]. Table III shows the Ca/P 
ratio of the final hydrolysis product of TTCP in 0.025 
and 0.1 moll -1 KHzPO4 and 0.025 moll -1 H3PO4. 

TABLE III  Ca/P ratio of the hydrolysis product 

Hydrolysis product Ca/P 

0.025 M H3PO4 1 day 1.61 
0.025 M KH2PO4 3 day 1.63 
0.025 M KH2PO4 7 day 1.66 
0.1 M KH2PO 4 1 day 1.36 
0.1 M KH2PO4 4 day 1.41 
0.1 M KH2PO4 7 day 1.51 

With the 0.025 mol l-1 KH2POr or H3PO4 solution, 
the ratio was between 1.61 and 1.66, close to the 
stoichiometric ratio. With the 0.1 moll-1 KHzPOr 
solution, the ratio was much lower than the 
stoichiometric ratio within 4 days; however, it in- 
creased to 1.51 with time. Eanes and Meyer [22] 
investigated the maturation of the calcium phosphate 
crystals formed by conversion of spontaneously pre- 
cipitated amorphous calcium phosphate (ACP) at pH 
7.4. ACP was converted to OHAp through an OCP- 
like structure, and the Ca/P ratio of OHAp increased 
with time. The increase in the Ca/P ratio of the hy- 
drolysis product of TTCP with time also showed the 
improvement in crystallinity of the Ca-def OHAp. In 
the 0.1 moll -1 KH2PO4 solution, a small amount of 
OCP formed during the hydrolysis. This fact sugges- 
ted that the hydrolysis in the solution might proceed 
through the formation of OCP as in the hydrolysis of 
ACP. 
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