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Abstract— Elemental sulfur and alkali metal sulfur compounds, especially Na;S;03; and K,S, enhanced to a
greater extent the rate of carbo-chlorination and conversions of Si, Al and Fe portions in pink-C grade of kaolinic
clay(about 1.9% Fe;03). In carbo-chlorination of kaolinic clay at 950 K for 20 minutes, the addition of elemental sulfur
and Na,S,0; increased to the similar ratio the conversions of Si, Al and Fe portions in clay by 20+ 1.2%, 60 £2.0% and
79+1.5%, respectively, more than those in carbo-chlorination of clay in the absence of additives. The addition of K25
increased the chlorination of Si, Al and Fe portions by 27+1.5%, 68+1.8% and 80+0.6%, respectively.

Elemental sulfur and sulfur compounds produced a higher conversion of Al portion than that of Si portion as the
reaction temperature increases. However, the rate of chlorination of Al portion, in the early stage, increased to be
much faster than that of Si portion, whereas the Si portion was chlorinated at a higher rate in the later stage of reaction.
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Table 1. Fractional conversions obtained from the
carbo-chlorination of clays calcined for
various period of times

calcination fractional conversions
time, min Si Al Fe comments
30 0.62 0.75 0.60 7
60 0.68 0.73 0.62 simple
90 0.78 0.75 0.69 | mixing in
120 0.79 0.76 0.70 shaker
150 0.78 0.76 0.70 J
30 0.68 0.72 0.61 7 treated
60 0.76 0.80 0.81 with 5%
90 0.91 0.93 0.96 starch
120 0.94 0.95 1.00 solution
150 0.93 0.93 1.00
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initially mixed with different ratio of
sulfur to clay in starch solution

sulfur fractional conversions
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0 0.74 0.59 0.55
5 0.90 0.92 0.97
10 0.94 0.95 1.00
15 0.91 0.92 0.98
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Table 3. Fractional conversions of Si, Al and Fe in clay at different temperatures (chlorination time: 20

mins)
sulfur reaction mixing ratio (wt), fractional conversions
compounds temp., clay/compnd/carbon
°K Si Al Fe
clay only 1000 100/ 0/40 0.78 0.66 0.60
950 0.77 0.59 0.55
900 0.65 0.48 0.45
850 0.41 0.15 0.20
elemental sulfur (w/o binder) 1150 100/10/40 0.80 0.83 0.79
1050 0.81 0.82 0.77
950 0.79 0.76 0.70
850 0.43 0.25 0.25
elemental sulfur (w/ binder) 1025 100/10/40 0.83 0.85 1.00
975 0.94 0.95 1.00
925 0.92 0.95 0.97
875 0.90 0.92 0.97
825 0.84 0.83 0.82
K»S04 1000 100/54/40 0.87 0.94 0.96
950 0.90 0.95 0.95
900 0.85 0.78 0.80
850 0.73 0.53 0.37
K2S205 1000 100/35/40 0.87 0.93 0.90
950 0.88 0.91 0.91
900 0.89 0.84 0.83
850 0.82 0.72 0.65
Na;ySO3 1000 100/40/40 0.87 0.96 0.96
950 0.88 0.96 0.96
900 0.80 0.74 0.80
850 0.68 045 0.50
NayS,03 1000 100/25/40 0.81 0.94 0.96
950 0.93 0.97 0.97
900 0.92 0.95 0.93
850 0.86 0.87 0.80
AgsSOy 1000 100/90/40 0.76 0.53 0.61
950 0.78 0.80 0.72
900 0.77 0.53 047
850 0.71 - -
BaSO,4 1000 100/70/40 0.72 0.71 0.68
950 0.68 0.68 0.63
900 0.65 0.64 0.59
850 0.58 0.56 0.49
CuSOy 1000 100/50/40 0.53 0.43 0.51
950 0.75 0.69 0.67
900 0.71 0.62 0.60
850 0.62 0.42 0.36
ZnS 1150 100/30/40 0.83 0.85 0.92
1050 0.82 0.80 0.83
950 0.79 0.73 0.68
850 0.63 0.60 0.48
K.S 1150 100/35/40 0.81 0.91 0.94
1050 0.93 0.97 0.97
950 0.98 0.99 0.99
850 0.85 0.84 0.71
NayS 1150 100/25/40 0.85 0.91 0.95
1050 0.89 0.96 0.96
950 0.90 0.95 0.96
850 0.75 0.85 0.83

staras H27TA H2= 19897 4%
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Fig. 1. Fractional conversions of Al(a), Si(b), and
Fe(c) in clay as a function of temperature
in the presence of elemental sulfur (binder
added) and various oxo anions of sulfur
compounds at a constant reaction time of
20 min.

symbols: S(@), clay only (), NayS,03(e),
K25205(.). Nast4(<>). KZSO4(B), Nast3(O),
BaS0(a), Ag,SO(#), CuSO,(a).
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Fig. 2. Fractional conversions of Al(a), Si(b) and

Fe(c) in clay as a function of temperature
in the presence of elemental sulfur (S*:
binder added, S: no binder added) and
various sulfides at a constant reaction
time of 20 min.

symbols: S(O), S*(e), Na,S(0), K;S(0),
ZnS(a), clay only(--).
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Fig. 3. Al-Si conversion ratios at different
temperatures in the presence of elemental
sulfur(binder added) and various sulfur
compounds at a constant reaction time of

20 min,

symbols: NayS,05(e), KyS(0), K;S04(D),
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Iy(O).
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Table 4. Fractional conversions of Si, Al and Fe
in clay at different reaction times (chlori-
nation temp.: 950 °K)

sulfur reaction fractional conversions
compounds time, min Si Al Fe
elemental 5 0.50 0.28 0.34
sulfur 10 0.53 0.37 0.36
(w/0o binder) 15 0.65 0.52 0.50
20 0.79 0.74 0.68

elemental 5 0.55 0.45 0.52
sulfur 10 0.80 0.79 0.68
(w/ binder) 15 0.92 0.92 0.80
20 0.94 0.95 1.00

K;S0, 5 0.23 0.18 0.27
10 0.45 0.62 0.74

15 0.71 0.78 0.88

20 0.90 0.935 0.95

K3S,05 5 0.49 0.53 0.61
10 0.61 0.75 0.77

15 0.76 0.86 0.86

20 0.88 091 0.91

NaySO3 5 0.36 0.53 0.68
10 0.55 0.79 0.88

15 0.86 0.94 0.92

20 0.88 0.96 0.96

NaS,03 5 0.36 0.59 0.76
10 0.51 0.82 0.88

15 0.76 0.92 0.94

20 0.93 0.97 0.97

K58 5 0.41 0.65 0.74
10 0.76 0.82 0.86

15 0.82 0.89 0.89

20 0.98 0.99 0.99

NayS 5 0.48 0.66 0.75
10 0.68 0.87 0.87

15 0.81 0.93 0.89

20 0.87 0.95 0.95




Pink-C+

Conversion of Al
Conversion of Si

/

- 5 10 15 20
0.8

W
02| ./ 1

[ ) I . .
0 5 10 15 20
Reaction time, min
Fig. 4. Fractional conversions of Al(a), Si(b) and
Fe(c) in clay as a function of reaction time
in the presence of elemental sulfur and
K,S, K;80,, K,8,0; at a constant tempera-
ture of 950K.
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Fig. 5. Al-Si conversion ratios .t different reac-
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sulfur(binder added) and various sulfur
compounds at a constant temperature of
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