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Synthesis of octacalcium phosphate (OCP) by
hydrolysis of brushite was studied using a
3 block central composite design including 4 fac-
tors and 6 responses. Analysis of the responses
allowed the definition of one set of experimental
conditions in which OCP was obtained with the
highest overall desirability (87.6 %).

everal routes of synthesis were proposed to prepa

octacalcium phosphate (OCP) having the formule

CaH,(PQ,)s.5H,0, and a triclinic structure [1,2,3].
Usually, it was obtained by slow hydrolysis of brushite
CaHPQ.2H,0 (DCPD) carried out at 40 °C in buffered
aqueous medium (sodium acetate 0.5 M). The solution w:
changed when the pH decreased and reached 6.1. This s
thesis method was not as easy as it may seem because
hydrolysis reaction depends on several parameters (pH, tirr
temperature, solid/solution ratio, stirring speed, specific sul
face area of brushite, etc). The mixture obtained was cor
posed of DCPD and OCP, or of OCP and deficient apatitt
Indeed it is well known that OCP becomes transformed ¢
pH values higher than 5, leading to a deficient hydroxyape
tite of formula [Cgy(PO,)e(HPO,),(OH),.,, 0 < x < 2] with
a Ca/P atomic ratio lower than 1.67 [2,3].

In order to avoid these difficulties, we performed a sys
tematic study of DCPD hydrolysis transformation into OCF
by considering the effect of 4 experimental parameters: pt
maturation time, reaction temperature and ratio of brushit
weight introduced in a constant volume of deionised wate
(400 mL). The stirring speed was 300 rpm. Brushite wa
prepared by double decomposition of ammonium phospha
and calcium nitrate. Its specific surface area was 3:¢4.m
The pH was maintained constant by addition of ammoni
dispensed by a microburette monitored with a pH-ste

* Tables | to X are available in electronic form at: www.edpsciences.org.
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(Fig. 1). Depending on the pH (more or less acid), the fol-
lowing reactions can take place:

8 CaHPQ2H,0 + 2 NHOH — CaH,(PO,)..5H,0 +

2 (NH,)H,PO, + 13 HO 1)
8 CaHPQ,2H,0 + 4 NHOH - CaH,(PO,)..5H,0 +
2 (NH,),HPO, + 15 HO )

At fixed times, samples were withdrawn by filtration, and
dried at 60 °C in an oven. They were then examined by chem-
ical analysis (determination of Ca/P atomic ratio), by X-ray
diffraction, by FTIR and by Scanning Electron Microscopy.
MEheir specific surface area was established by B.E.T.
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Figure 1. Experimental reactor.
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This study was carried out using an orthogonally blockeusing SAS-JMP [6] and NEMROD [7] softwares, we found
central composite design [4], which was also rotatable. Ithe values reported in table V.
this design, the factors are the experimental parameters cc . i
sidered above: pH, time, temperature, and liquid-to-solii = S©; there are 15 coefficients to estimate. However, the

ratio. The values used in this design and the leXets the classical equation (1) may be reduced to its canonical

4 factors are indicated in table 1. form (2) in which only 6 coefficients have to be estimated:
In order to limit the number of runs, each experiment wa - 2

done in random in the 3 following blocks [4]: the first block Y=Ys +__Z A Z (2)

with a fractional factorial design*2 (with I = - X, X,XsX,) =1

with 2 center points, the second block according to a factc : : L
rial design 21 (with | = + X X,X;X,) with 2 center points, whereZ is a linear combination ok,

the third block according to axial design with the distanct |n equation (2)§s is the optimum of} (maximum, min-
to centera equal to 2, and with 2 center points. The value§mum, minimax) and\ is the eigenvalue of the determinant
of the factors used in this design are reported in table Il. of symmetric matrixB = {b;}, which comprises the inter-
action terms If; = b;) and the quadratic termd;J. The

Responsey, included responseg, V., Y; andy; defined results k) are given in table V.

below, and responses andy, computed from the previous

ones ¥, = yi/X, andys = ys/x,) are: Moreover, the multilinear responses lead to the following
correlation matrix and are reported in table VI. We verify at
the same time, that the responses are not independent, b
— vy,: specific surface area (SS, in square meters per granstrongly correlated in most cases. From the correlation
) o matrix, it is possible to calculate the eigenvalues

— ¥s: volume of ammonia (6 M) added to maintain the pH(_Lambdaa), in decreasing order and the eigenvectogg (
constant (Y in mL), in the same order (Tab. VII). The eigen structure table is
useful for identifying the shape and orientation of the hyper-
ellipsoids and results. The first eigenvalue is ~ 3.5 times the
second value (4.4088/1.2437), and ~ 20 times the third value
— Y5 weight of solid after reaction (RM in gram), (4.4088/0.2165). Moreover the proportion of lambda for

) ] ] ) o _axes 1 and 2 is 94 % (Tab. VII). That means that the axe:
— Ye: % ratio of solid weight after reaction to initial brushite 1 ang 2 are by far the two most important.

weight = % of y/x,, (without units).

— y,: Ca/P atomic ratio (Ca/P, no units),

— Y, (ratio volume of ammonia (6 M) to initial brushite
weight)*100= (% y4/x,, in mL per gram),

, ) From this table it is possible to analyse the three princi-
The six responseg are not all independent of each other.pa1 components [g], Axg = Uy vLambdaa , wherea is

From this fact it is necessary to calculate fhenatrix (of . ) Ao

dimension 30,6) =¥, — Y.} of%ndividual means deviat(ions the eigenvalue, anﬂthej_‘h eigenvector (Tab. V”I).' Axes 1

[5] with column-centered. But as all the responses are n@Nd 2 are the two principal components (Fig. 2). The
responsey, are close to the correlation circle. That means

in the same unit system, it is necessary to ieatatrix (of that 1 and 2 v th | : t th
dimensions 30,6) which is the normalized matrix. The sym at axes 1 an are nearly the only ones to represen
effect on all the responsegs. Moreover, the Ca/P ratio is

metric normalized matibN'N (of dimension 6,6), without almost on axis 1 (0.980), and the % of solid mass is corre-

units, is reported table Il lated negatively to axis 1 (— 0.968), and therefore to Ca/P.
The eigenvalued\, of N'N in decreasing order, are: Finally, the volume of NEDH, and the recovered mass are

60 ° and 106 ° from axis 1: that means that these two fac-

Ny = 128867\, = 37.07,A; = 7.28,\, = 3.08,A\s = 1.96;  tors are practically independent of the Ca/P ratio, and almos

Ne = 1.77 independent of each other. We will discuss this important

and the eigenvectoms shown in table IV. point in a following paper.

It is possible from this component analysis (Fig. 2), to
last two/\g and /. It is clear that the possibility to estimate write the estlr_nated responsgsandys, The;e responses are
of particular interest because they explain the composition

the responses in our model come from a great pagt tie £ 1h d d th d h h b
eigenvector associated fo. Eigenvalues and eigenvectors ©F the product and the recovered mass, where the numbel

analysis help in uncovering the linear relationships WhiC|:cn parer?_thheses a;)re.tr.le standard errors of the coefficients
exist among the observatiogs rom which we obtain:

The first eigenvalué\, is about 70 times greater than the

In experimental design, the equation of estimate@OMic ratio: Ca/P:
response$ can be written: 91(5%) = 1.342 (0.008) + 0.069 (0.004, + 0.010 (0.004)X,
+ 0.044 (0.004)X, — 0.020 (0.004),

) 4 4 4 “ — 0.014 (0.005),X, — 0.032 (0.005%,X,
y=bo+ 2 b+ 2 2 by X X + 2 by X 1) +0.022 (0.005)X,X, — 0.026 (0.004)X,2
i=1 i=1j>i i=1 — 0.028 (0.004)X?
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Axis2 RM (gram):
A 950 = 4,50 (0.07) — 0.39 (0.03%, — 0.22 (0.03)X,
+ 1.59 (0.03)X, + 0.17 (0.04)X,X; — 0.23 (0.04)
XX, — 0.14 (0.04)X,X, + 0.18 (0.03)X;2
NH40H vol + 0.13 (0.03)X2

The analysis of these responses shows that a set of exper-
imental conditions exist (without taking the blocks into
account) which easily leads to a product composed of only

NHA40H vol % triclinic OCP. The set (in ordinary units) for symmetrical lin-
solid we Axis1  €ar desirabilityd, (%) as a function o, is [9] :
d, = 0 fory, < 1.313 and > 1.353}, = 100 fory, = 1.333
(two-sided)
specific surfabe area d, = 0 fory, < 32 and > 42d, = 100 fory, = 37,
(two-sided)

d; = 0 fory,; < 0 andd; = 100 fory, > 0.70,
(left one-sided)

d, = 0 fory, < 25 and > 55d, = 100 fory, = 40,
(two-sided)
ds; = 0 forys < 1.73 andd; = 100 forys > 7.8,
(left one-sided)
Figure 2. Principal components of the 6 responses according to ds = 0 fory, < 68 and > 71ds = 100 fory, = 69.5.
Axis 1 and Axis 2. (two-sided)

The set corresponds to synthesis for which the overall
desirability is 87.6 %. In tables IX and X we report the coor-
dinates of maximum of overall desirability. Extrapolation to

X2=0.586 X4=1.576

ul

T 1 1 1
31 34 37 40 43 Figure 3. Level contours for y, = Ca/P, with
U3 U, = 18 hours and U, = 24.4 g.L %,
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