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The effects of the addition of four types of fusing agents on the apparent
activation energy of the KAISi;Og-CaSO,-CaCO; system

SHI Lin, ZENG Xiao-ping, CHAI Ni and YANG Guo-you
(School of Environmental Science and Engineering, South China University of Technology, Guangzhou 510006, China)

Abstract: K-feldspar (KAISi;Og) is a major potassic aluminosilicate mineral in nature, and its total reserves are
up to 4.641 billion tons in China. Up till now, however, there still exist many difficulties in using this resource
directly as potash fertilizer in agriculture due to its high insolubility. In order to decrease the calcination temper-
ature and shorten the calcination time for transforming K-feldspar into soluble potash salt and hence reducing the
production costs, this paper has discussed the influences of the addition of four types of fusing agents on the
KAISi;O0g-CaSO,-CaCOs system and selected the most favorable fusing agents. The transformation ratios from
K-feldspar mineral to soluble K,O in the KAISi;Og-CaSO,-CaCO; system under different calcination conditions
were detected systematically. A simulation calculation on such a basis demonstrated that the solid diffusion dy-
namical process in this reaction was in accordance with the Ginstling dynamic equation, with its apparent activa-
tion energy Ea being 128.92 k]/mol. Four types of fusing agents, namely Na,SO,, Na,SO;, NaCl and NaF,
were added into this reaction system respectively by 3%, 3%, 3% and 1% of the total mass of reactant, and
the value of the apparent activation energy Ea was decreased from 128.92 to 87.15, 98.71, 117.38 and
126.14 kJ/mol in turn. It is thus shown that Na,SO, may be the most favorable fusing agent, which can reduce
apparent activation energy Ea, decrease reaction temperature effectively and speed up solid diffusion velocity in

the KAISi;Og-CaSO,-CaCOj5 system.
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Table 1 Major oxide composition of K-feldspar
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Flow chart of the experiment
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Table 2 Calculation results of the KAISi;Ox-CaS0,-CaCO; system according to Ginstling' s equation
T K t min G
Fx G Kk InK InK
N 0.2727 0.009 460 0.001 892 -6.270 15
10 0.369 8 0.018 413 0.001 841 -6.297 27
1423 15 0.4432 0.027 724 0.001 848 —6.293 50 -6.290 2
20 0.5039 0.037 386 0.001 869 -6.28219
25 0.5452 0.045 135 0.001 805 —6.316 98
10 0.2927 0.011 022 0.001 102 —6.810 49
15 0.3822 0.019 821 0.001 321 —6.629 09
1373 20 0.4316 0.026 090 0.001 304 —6.64194 —6.6714
25 0.4793 0.033 237 0.001 329 -6.62297
30 0.5114 0.038 724 0.001 291 —6.652 50
12 0.3045 0.012 009 0.001 001 —6.907 02
24 0.3613 0.017 485 0.000 729 —7.224 46
1323 36 0.4113 0.023 381 0.000 649 —7.33933 —=7.2355
48 0.464 6 0.030912 0.000 644 —7.347 80
60 0.508 6 0.038 217 0.000 637 —7.358 81
15 0.2811 0.010 099 0.000 673 —7.303 38
30 0.3432 0.015 606 0.000 520 —7.56133
1273 45 0.3827 0.019 879 0.000 442 —7.72477 —7.642 1
60 0.4213 0.024 692 0.000 412 —7.79563
75 0.458 4 0.029 965 0.000 400 —7.82521
15 0.2080 0.005 314 0.000 354 —7.945 42
35 0.299 8 0.011 610 0.000 332 -8.01127
1223 55 0.3614 0.017 496 0.000 318 —8.053 12 -8.038 6
75 0.4113 0.023 381 0.000 312 -8.073 30
95 0.4489 0.028 551 0.000 301 —8.109 93
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Fig.2 The consistency of the Ginstling dynamical equation
with the KAISi;O5-CaS0O,-CaCO; system
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Fig.4 The influence of the addition of different fusing agents

on the transformation ratio of K-feldspar

NaF
NazSO4 NﬂzSOj, NaCl
3%
NaF
19% 87%
70 %
Na,SO; NapSO; NaCl — NaF
G 3% 3% 3% 1%
1423 1373 1323 1273 1223 K
G
Fx G =1-5G~ 1-G >* =Kyt
Ink 1T
RZ
Ea 3
Nast4 Nast3 NaCl
NaF
Ea = 128.92 k] mol 87.15
98.71 117.38  126.14 k] mol
NB.QSO4
3

KAISI?, Og - CaSO4 - CaCO3



94

29

3 KAISi;03-CaSO,-CaCO;

Ea

Table 3 Apparent activation energy Ea values for four types of fusing agents added into the KAISi;Og-CaSO,-CaCQO; system

TK 1T10*K"! InKx. 50, InKx 50, InK oy InK xp
1423 7.0274 -5.9317 —6.2086 -5.8360 —5.6536
1373 7.2833 —6.2560 —6.4547 —6.1244 —5.990 8
1323 7.5586 —6.5803 -6.7974 -6.5727 —6.4869
1273 7.8555 —6.8245 —7.2098 —7.0395 —6.9488
1223 8.176 7 -7.156 8 —7.5352 —7.406 8 —7.3557
Ky so,= —10487 T InKyes0,= ~ 11878 T InKyo=-14125 T InKnp=—-15179 T
+1.3997 +2.163 1 +4.1114 +5.0189
R? 0.994 4 0.996 6 0.9956 0.996 6
Ea k} mol ! 87.1470 98.706 2 117.378 8 126.1375
ment ‘The Forum on the Industrial Development of China
Ea 128.92 Potash Salt Potash Fertilizer Industry & the Fouth BB Ferilizers
Industry China in 2009 N . Special Issuc for Agricultural Means
kJ mol 4 . o -\
Chinese Cooperation Times 2 540 Bl in Chinese .
NaZSO4 NaZS()3 NaCl NaF Qiu Longhui  Wang Lisheng and Jin Zuomei. 1998. Studies on the thermal
Fa dissociative process of microcline J . Chemical Journal of Chinese Uni-
NEQ SO )y = versities 19 3 345~349 in Chinese with English abstract .

3% NapSO;=3% NaCl=3% NaF=1%
128.92 kJ mol

§7.15 98.71 117.38 126.14 kJ mol
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