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Optimal Synthesis Conditions of Barium Sulfate

Wha Woo Shin* and Kwang Sik Choi*

College of Pharmacy, Won Kwang Universtty, Iksan, 570-749, Korea
*Department of Special Toxicology, National Institute of Toxicological Research, Seoul, 122-704, Korea

Abstract — Optimal synthetic conditions of harium sulfate were investigated from the viewpoint of yield and bulkiness
according to a randomized complete block design proposed by Box and Wilson. Barium chloride and Sodium sulfate were
utilized as reactants in order to prepare barium sulfate in this study. The optimum Synthesis conditions of barium sulfate
obtained from this study are as follows; Reactant temperature; 60~75 °C (viewpoint of yield) and 60~71°C (viewpoint of
bulkiness). Concentration of two reactants; 12.7~14.4% (viewpoint of yield) and 5~10.5% (viewpoint of bulkiness). Mole
ratio of two reactants, [BaCl,}/[Na,SO4]; 1.62~1.96 (viewpoint of yield) and 2.0 (viewpoint of bulkiness). Reacting time;
13~15 minutes (viewpoint of yield) and 12~14 minutes (viewpoint of bulkiness). Drying temperature of product; 86~100 °C

(viewpoint of yield) and 60°C (viewpoint of bulkiness).
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Table 1- Each level of synthetic conditions

Table III — Experimental results by various experimental design.

Division level
Factos — g Symbol
Tenp. of reactant soln.(°C) 60 100 t
Cecnen. of reactant soln.(%) 5 25 c
Mule ratio[BaCl,}[NaySO,4] 1 2 r
Reacting time(min.) 5 15 v
Lryirg temp.(°C) 60 100 d

Tabie Il — Experimental design by orthogonal array table

Exp\ o Factors t c r v d
I 1 1 2 1 2

I 2 1 1 1 1

il 1 2 1 1 2

% 2 2 2 1 1

\% 1 1 2 2 1

VI 2 1 1 2 2

VII 1 2 1 2 1

VI 2 2 2 2 2

t : Tamp. of reactant soln.(°C) v : Reacting time (min.)
¢ : Conen. of reactant soln.(%) d : Drying temp.(°C)
r : Mbole ratio[BaCl,}/[Na,SO,]
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Factors Yield(g) Bulkiness (m/)
Exp. No
c r v d Average Average

1

I 2 1 1 2 1 2 23.61 16.5
3
4

)i 5 2 1 1 1 1 23.07 20.8
6
7

il 8 1 2 1 1 2 23.43 19.0
9
10

v nm 2 2 2 1 1 23.55 49.6
12
13

\Y% 4 1 1 2 2 1 23.61 49.3
15
16

A% 17 2 1 1 2 2 23.87 224
18
19

vlh 20 1 2 1 2 1 23.65 242
21
22

vir 23 2 2 2 2 2 23.45 12.4
24

t : Temp. of reactant soln.(°C) v : Reacting time(min.)
¢ : Conc. of reactant soln.(%) d : Drying temp.(°C)
r : Mole ratio[BaCl,}/[Na,SO,]
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Table IV —Conversion for simplification

Table IV - Units of step @ from the viewpoint of yield

Factor t c r v d

level 1 60 5 1 5 60
level 2 100 25 2 15 100

Zero point 80 15 15 10 80

Before Conversion

Conversion design

Class 20 10 05 5 20
Factor T C R \% D
After conversion level 1 -1 -1 -1 -1 -1

level 2 +1 41 +1 +1 +1

Factor t C r v d
Zero point 80 15 1.5 10 80
Class 20 10 0.5 5 20
Coefficient(b") -0.05 -0.01 0.03 0.12 0.06
Class X b' -1 -0.1 0.02 0.6 1.2
: _ 0.6 1.2
Unit by t=1 -1 01 002 05 —10

Table VII - Units of step from the viewpoint of bulkiness

Table V —Normal equation

ield ®Bulkiness.
I T C R v D i

. . . . . . y y

b b b b. b b = = .

0 1 2 3 4 5 I I
I 8 0 0 0 0 0 188.24 214.2
T 0 8 0 0 0 0 -0.36 -3.8
C 0 0 8 0 0 0 -0.08 -3.8
R 0 0 0 8 0 0 0.2 414
\' 0 0 0 0 8 0 0.92 2.4
D 0 0 0 0 0 8 0.48 -53.6
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ol AT AL Fol @Al thshe @l Bk,
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O T, C &t ¢c 507 9IES sk O di=vh

@ y= 23534)05(t 80)-001(‘3135)
r-1.5 v-10 d-80
+0.03( — )+0.12( - )+006( = ) )
® y= 2678—048(t 80)—048(C135)
r-15 v-10 d-80
+5.18( — )+o.3( . )-6.7( = )
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Factor t c r v d
Zero point 80 15 1.5 10 80
Class 20 10 0.5 5 20
Coefficient(b") -0.48 -0.48 5.18 0.3 -6.7
Class 7F ~ 9.6 -4.8 2,59 1.5 -134
. _ 027 -13.95
Unit by t=1 -1 05 0.2 02 10

t : Temp. of reactant soln.(°C) v : Reacting time(min.)
¢ : Concn. of reactant soln.(%) d : Drying temp.(°C)
1 : Mole ratio[BaCl,]/[Na,SO,]
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Table VIII — Progressing pathway of step @ from the viewpoint of

Table IX — Progressing pathway of step from the viewpoint of

yeild bulkiness
Step t c r v d  Average yield(g) Step ¢ c r v d bl lﬁzflzrsasgtzm)
) 8 150 150 100 80 23.66
I 79 14.9 1.52 105 81 0 80 15.0 1.50 10.0 80 23.3
1 78 14.8 1.54 11.0 82 I 79 14.5 1.70 10.2 70
i 77 147 156 115 83 23.61 I 78 140 19 104 60
s 76 14.6 1.58 12.0 84 I 77 13.5 2.00 10.6 60 24.3
Y 75 145 1.60 125 85 v 76 13.0 2.00 10.8 60
e 74 144 162 130 86 23.84 \ 7125 200 110 60
| 73 143 184 135 87 Vi 74 12.0 200 112 60 25.1
VIO 72 142 166 140 88 vl 73 115 200 114 60
N 71 141 168 145 89 23.92 vir 72 110 200 116 60
% 70 14.0 1.70 15.0 90 X 71 10.5 2.00 11.8 60 496
X 69 139 172 150 91 X 70 100 200 120 60
pa| 68 138 174 150 92 23.96 XI 69 95 200 122 60
110 67 13.7 1.76 15.0 93 XII 68 9.0 2.00 12.4 60 499
IV 66 136 178 150 o4 X 67 85 200 126 60
w7 65 135 180 150 95 24.15 XIVv. 66 80 200 128 60 50.1
T 64 134 18 150 9 XV 65 75 200 130 60
XVI 63 133 184 150 97 XVI 64 70 200 132 60
XVID 62 132 18 150 98 24.00 XVl 63 65 200 134 60 49.8
XX 61 131 188 150 99 XVl 62 60 200 136 60
¥{ 60 130 190 150 100 XIX 61 55 200 138 60
I 60 129 192 150 100 23.95 XX 60 50 200 140 60 493
X0 60 128 194 150 100 t : Temp. of reactant soln.(°C) v:Reacting time (min.)
XXII 60 12.7 1.96 15.0 100 ¢ : Concn. of reactant soln.(%) d : Drying temp.(°C)
XXIV 60 126 198 150 100 93.88 r : Mole ratio[BaCl,}/[Na;S0,]
X3V 60 125 200 150 100
XXVI 60 124 200 150 100 glom olo) 7A=Y},
XXJ/II 60 123 200 150 100 23.71
XXV 60 122 200 150 100
XXX 60 121 200 150 100 2 #
XX 60 120 200 150 100 23.69
1) BRI £b : MERBREE (LA, p527 (2001).
Hloolio] 2Tt 60~75°C 2) Shono, K., Meji, K. and Nakamura, H. : Fine barium sulfate
Sole] e MYz 12.7~14.4% containing no sulfide, Japanese Kokai Tokyo Koho, JP 60, 137,

&1 ([BaCl,V[Na,SO,1)2] = 1.62~1.96
£17k2) W9l 13~15 min.
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