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Abstract— Calcium hydrogen phosphate was synthesized by reacting calcium chloride and sodium hy-
drogen phosphate solution in this study. It is well known that the particle size and yield of calcium hy-
drogen phosphate produced is greatly affected by the synthetic conditions such as the reactant con-
centration, reaction temperature, reacting time, mole ratio and drying temperature, ete. The purpose of
this study is to investigate the optimum synthesis condition from the viewpoint of yield and sed-
imentation volume of the prepared calcium hydrogen phosphate powder according to a randomized
complete block design proposed by G.E.P. Box and KB. Wilson. It was found that the optimal syn-
thetic conditions of calcium hydrogen phosphate were as follows : It was found that optimum tem-
perature range of reactant solutions was 28~38"C and 32~42°C respectively, on the viewpoint of yield
and sedimentation volume. The optimum concentration range of reactant solutions was 5.5~10.0%
and 6.9~7.4% respectively, on the viewpoint of yield and sedimentation volume. The optimum mole ra-
tio of CaCl; to NaHPO, was in the range of 1.2~2.0 and the optimum reacting time range was 8.5~11.0
minutes. The optimum drying temperature range was 39~41°C from the viewpoint of yield, but it was
39~43°C on the basis of sedimentation volume. Crystallographic analysis to X-ray diffraction patterns
of commercially available calcium hydrogen phosphate and calcium hydrogen phosphate samples pre-
pared in this study suggested that all samples tested belonged to monoclinic crystal system charac-
teristic of CaHPO, - 2H:0 crystals.
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Table I— Each level of synthetic conditions

Level
Factors Symbol
1 2
Temp. of reactant, Soln.("C) 25 45 t
Concn. of reactant Soln. (%)~ 410 ¢
Mole ratio [CaCly)/(NaHPOJ 1 2 T
Reacting time (min.) 5 15 v
Drying temp.(°C) 30 50 d

Table HI— Experimental design by orthogonal array

table
Exp. Factors
No. t c r v d
I 1 1 2 1 2
II 2 1 1 1 1
1 1 2 1 1 2
v 2 2 2 1 1
v 1 1 2 2 1
VI 2 1 1 2 2
Vi1 1 2 1 2 1
Vi 2 2 2 2 2
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Table HI— Experimental results by various experimental designs

. Sedimentation
Exp. No. Factors yield(g) Volume(ml)
t ¢ r d Each Average Each Average
1 23.14 4.8
I 2 1 1 2 2 23.30 23.30 4.3 4.20
3 23.46 3.5
4 21.55 5.2
I 5 2 1 1 1 2138 9145 4.6 4.87
6 21.42 48
7 23.93 6.0
1 8 1 2 1 2 23.05 23.40 5.2 5.73
9 23.22 6.0
10 24.02 4.8
v 11 2 2 2 1 24.30 24.12 5.0 4.90
12 24.05 49
13 23.42 5.1
A\ 14 1 1 2 1 23.65 23.52 5.1 5.17
15 23.50 5.3
16 21.50 54
VI 17 2 1 1 2 2185 92167 5.5 5.47
18 21.67 5.5
19 22.05 5.0
VII 20 1 2 1 1 22.80 22.73 5.2 5.40
21 23.35 6.0
22 , 22.90 3.0
VII 23 2 2 2 2 24.16 23.81 2.8 3.43
24 24.36 45
t: Temp. of reactant Soln.(°C) v: Reacting time (min.)
¢’ Concen. of reactant Soln. (%) d: Drying Temp. (°C)
r: Mole ratio (CaCly)/(Na;HPO,
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Table V— Units of step ®

Factors : Factors
Parameter t c T v a Parameter t N R v a
Zero point 35 7 15 10 40 Zero point 35 7 1.5 10 40
Class 10 3 0.5 5 10 Class 10 3 05 5 10
Coefficient (b') —0.24 052 069 -0.07 0.05 Coefficient(b’) -0.23 -0.05 -048 003 -02
Classxb’ -2.4 156 0.345 -0.35 0.5 ClassxXb’ -23 015 024 -015 -20
Unit by t=1 -1 0.65 0144 -0.146 0.208 Unit by t=1 -1 -0.065 -0.104 -0.065 -0.869
—05 —01 —02 —02 —-0.05 =01 —-01 —05
Table VI— Second experimentai results @1
Yield(g)
o o r([CaClz] / : o
Exp. No. £(°C) c(%) (Na;HPO)) v{min.) da¢c) Each Average
25 24.67
0 26 35 7 15 10.0 40 24 41 24.60
27 24.72
28 24.90
I 29 32 8.5 1.8 94 40.6 24.78 24.85
30 2487
31 25.19
v 32 30 95 2.0 9.0 41.0 25.20 25.21
33 25.24
34 '24.40
VII 35 28 10.0 2.0 8.6 414 2444 24 41
36 24.39
37 22.21
X 38 25 10.0 2.0 8.0 42.0 22.20 22.23
39 22.28
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Table VI— Second exbeﬁmental results @—2
d(°C)
0 o r({CaClL))/ . .
Exp. No. t(°C) c(%) (Na;HPO,) v{min) Yield(g) Each Average
40 23.95
r 41 38 55 1.2 10.6 394 24.09 23.99
42 23.93
43 21.63
A 4 40 45 1.0 11.0 39.0 21.70 21.66
45 21.65
46 21.00
vIir 47 43 4.0 1.0 11.6 384 21.44 21.23
48 21.25
Table VHI— Second experimental results ®—1
Sedimentation Volume(mI)
o o, r([CaCh]/ . o,
Exp. No. t(°C) c(%) (Na,HPO,) v{min.) da°c) Tach Average
49 6.65
0 50 35 7.00 1.5 10.0 40.0 6.48 6.61
51 6.70
52 6.01
I 53 32 6.85 1.2 9.7 38.5 5.77 5.90
54 5.92
55 4.47
% 56 30 6.75 1.0 9.5 37.5 4.64 4.62
57 4.75
58 421
VI 59 28 6.65 1.0 9.3 36.5 421 4.24
60 430
61 4.07
X 62. 25 6.50 1.0 9.0 35.0 4.06 4.10
63 . 4.17
Table VII— Second experimental results @—2
r((CaCly)/ Sedimentation Volume(mI)
Exp. No. t(°C) c(%) (Na,HPO,))  v(min.} d(’Cc)
Each Average
64 8.17
Ir 65 38 7.15 1.8 10.3 415 8.20 8.23
66 8.32
67 10.15
v 68 40 7.25 2.0 10.5 425 10.00 10.02
69 9.91
70 6.08
VIIT 71 42 7.35 2.0 10.7 435 6.05 6.10
72 6.17
73 5.04
X 74 45 7.50 2.0 11.0 450 5.45 5.23
75 5.20
T 5ol QojA] 3°Celdt A=Y Aol2A e 1 FA 2z 204 A3 AlF 2 A B XA 3EdS
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