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Abstract—Optimal synthetic condition of barium sulfate were investigated from the viewpoint
of yield and bulkiness according to a randomized complete block design proposed by G.E.P. Box

and K.B. Wilson.

Barium chloride and magnesium sulfate were utilized as reactants in order to prepare barium

sulfate in this study.

It was found that optimum temperature range of reactant solutions was 60~100C and the

optimum concentration range of the reactant solutions was 10~17.3% and 10~20% respectively,
on the viewpoint of yield and bulkiness. The optimum mole ratio of BaCl, to MgSO, was in the
range of 1.50~2.0 and the optimum mole ratio of BaCl, to MgSO, was in the range of 1.50~2.0
and the optimum reacting time range was 15~20 minutes. The optimum drying temperature range
was 110~130C from the viewpoint of yield, but it was 90~110C on the basis of bulkiness.

Apparent viscosity of barium sulfate suspensions dispersed in various concentrations of Na. CMC
was measured by using Brookfield synchrolectric viscometer model LVT, the relative equation,
log ny,=A+B.¢ was examined and the equation was found to agree fairly weil. 1 w/v% Na. CMC
aqueous solution and 0.1 volume fraction of BaSO, powder were optimum in the preparation of
BaSO, suspension showing highest viscosity at infinite shearing.

Keywords [ ] Synthetic conditions of BaSO,, Box-Wilson experimenal design, Brookfield synchrolect-
ric viscometer, rheology of BaSO, suspension, 1.0~3.5 w/v % Na.CMC.
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Table 1—Each level of synthetic condition Table I1—Experimental design by orthogonal array ta-
Division Level ble
Factors 1 2 Symbol Factors

Temp. of reactant soln.(T) 60 | 100 t Exp“ t ¢ r v d

Concn. of reactant soln.(%) 10 30 c I 1 1 2 1 2

Mole ratio[ BaCl,1/[MgSO,] 1 2 r I 2 1 1 1 1

Reacting time(min.) 10 20 v I 1 2 1. 1 2

Drying temp.(C) 80 | 140 d v 2 2 2 1 1
\4 1 1 2 2 1
VI 2 1 1 2 2

shEe) Qe Ao A - Y2 ohe FUzel viI L
VIII 2 2 2 2 2

ARG F43) ARt A Cl-g ko] : v ———

N 5 ) ) A t: Temp. of reactant soln.(C) v: Reacting time(min.)
e W AR sl FRlAAs I dg el c: Conen. of reactant soln.(%) d:Drying temp.(C)
e 7Hx] Az3te] opdPelA et EAHRL® 1 Mole ratio[BaCl,}/[MgSO]

2 RAE ol 5oz sgon 4 ABS o
AAY A7 A e AFsgch £ No. 43~45X|go|c}. & Fx9 NaCMC 4
EAHbE #Efo| HIT— B oo ARE3 BaSO, 9} AxE 10g 20g, 30g, 35g% 9] Na-CMCej 2

Table III—Experimental results by various experimental design

Factors t . . v d Yield(g) Bulkiness(m)
Exp. No. Each Average Each Average

1 23.86 48.5

I 2 1 1 2 1 2 23.07 23.50 494 488
3 23.58 48.6
4 23.34 49.2

II 5 2 1 1 1 1 23.26 23.35 494 49.2
6 2346 49.1
7 22.92 299

I 8 1 2 1 1 2 23.21 23.10 282 29.0
9 23.18 28.9
10 22.89 49.6

v 11 2 2 2 1 1 22.81 22.90 49.7 49.7
12 23.01 49.7
13 23.64 494

A 14 1 1 2 2 1 23.69 23.77 49.5 494
15 23.98 49.2
16 2340 49.0

VI 17 2 1 1 2 2 2297 23.15 49.5 49.3
18 23.09 494
19 23.34 418

VI 20 1 2 1 2 1 2321 23.20 422 42.0
21 23.07 41.9
22 23.75 49.0

Vil 23 2 2 2 2 2 23.77 2371 49.1 49.1
24 23.61 49.2

t: Temp. of reactant soln.(C) v: Reacting time(min.) c: Concn. of reactant soln.(%) d: Drying temp.(C)
r: Mole ratio[ BaCl,]/[MgSO,]
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Table IV—Units of step @ from the viewpoint of yield
Factor t c r v d
Zero point 80 20 15 15 110
Class 20 10 0.5 5 30
Coefficient(b") —-0.06 —0.11 0.14 0.12 0.03
Class X b’ —-12 -11 0.07 0.6 0.9
Unit by t=1 -1 —-0.92=-09 0.06 0.5 08=1
Table V—Units of step ® from the viewpoint of bulkiness
Factor t c r v d
Zero point 80 20 1.5 15 110
Class 20 10 0.5 5 30
Coefficient(b") 351 —3.36 344 1.64 —-1.76
Class X b’ 70.2 —336 1.72 8.2 —52.8
Unit by t=1 1 —048=-05 0.02 0.12=0.1 —0.75=—
t: Temp. of reactant soln.(C) v: Reacting time(min.) c: Concn. of reactant soln.(%) d:Drying temp.(C)
r: Mole ratio[ BaCl.1/[ MgSO,]
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Table VI—Progressing pathway of step @ from the viewpoint of yield

Step t [ r v d Average yield(g)
0 80 20.0 1.50 15 110 22.95
| 79 19.1 1.56 155 111
II 78 18.2 1.62 16 112
III 77 17.3 1.68 16.5 113 23.82
v 76 164 1.74 17 114
\Y 75 155 1.80 175 115
Vi1 74 14.6 . 186 18 116 24.10
\41§ 73 13.7 1.92 185 117
VIII 72 12.8 1.98 19 118
IX 71 11.9 20 195 119 24.14
X 70 11.0 20 20 120
XI 69 10.1 2.0 20 121 )
XII 68 10 20 20 122 24.05
XIII 67 10 20 20 123
X 66 10 2.0 20 124
XV 65 10 2.0 20 125 24.00
XVl 64 10 20 20 : 126
XVII 63 10 2.0 20 127
XVIII 62 10 2.0 20 128 2415
XIX 61 10 20 20 129
XX 60 10 2.0 20 130 24.18

®Y:45.81+3.51( t;:O )—3.36( c—20 )

10
+3.44( r;;.S )+ 1.64( V_515 )
——1.76( d;(l)m) ©)
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Table VII—Progressing pathway of step ® from the viewpoint of bulkiness

Step t c r v d Average bulkiness(m/)
0 80 20.0 1.50 15.0 110 499
I 81 19.5 1.52 15.1 109
IT 82 19 1.54 15.2 108
11 83 185 1.56 15.3 107 499
v 84 18 1.58 154 106
\Y 85 175 1.60 155 105
VI 86 17 1.62 15.6 104 499
vl 87 16.5 1.64 15.7 103
VIII 88 16 1.66 15.8 102
X 89 155 168 159 101 49.8
X 90 15 1.70 16.0 100
XI 91 14.5 1.72 16.1 99
X 92 14 174 16.2 98 49.8
X1t 93 135 1.76 16.3 97
XIv 94 13 1.78 16.4 96
XV 95 12.5 1.80 16.5 95 494
XVI 96 12 1.82 16.6 94
XVII 97 115 1.84 16.7 93
XVIII 98 11 1.86 16.8 92 49.6
XIX 99 10.5 1.88 16.9 91
XX 100 10 1.90 17.0 90 499

t: Temp. of reactant soln.(C) v: Reacting time(min.) c: Concn. of reactant soln.(%) d: Drying temp.(C)

r: Mole ratiof BaCl,]/{MgSO,]
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