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Abstract

In this study, Na;SO, and KCl reagents were used to synthesize K,SO; as a basic study for recycling byproducts generated
during the manufacture of steel and cement. The mole ratio of Na,SO,4 to KCl, the saturation of the solution, and the stirring
temperature were controlled to derive the optimal manufacturing conditions. The microstructure and crystallinity of the
materials prepared were evaluated using scanning electron microscopy and X-ray diffraction analysis. Pure K,SO, was obtained
when the mole ratio of Na,SO4 to KCl was 1:6-18, the saturation of the solution was less than 160%, and the stirring
temperature was 20°C, 50°C. The optimal manufacturing conditions to maximize the crystallinity and yield of K,SO4 while
minimizing the energy consumption were 1:6 mole ratio of Na,SO, to KCl, 140% saturation of the solution, and 20°C stirring

temperature.
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Table 1. The fabrication method of solution added Na,SO, and KC1

(a) Control of mole ratios

37

No. | Sample name Na,SO4 KClI Mole ratio Water Stirring time Stirring temp.
(g) (g) (Na,SO4:KCl) (g) (h) (°C)
1 MR1 29.05 30.50 1:2
2 MR2 21.22 44.55 1:4
3 MR3 16.71 52.62 1:6
4 MR4 13.78 57.87 1:8
5 MRS5 11.73 61.55 1:10
6 MR6 10.20 64.28 1:12 200 05 20
7 MR7 9.03 66.38 1:14
3 MR8 8.10 68.04 1:16
9 MR9 7.34 69.40 1:18
10 MR10 6.72 70.52 1:20
(b) Control of saturation degree
No. | Sample name Na,SO4 KClI Saturation Water Stirring time Stirring temp.
(g (g Degree (%) (& (h O
1 SA50 6.96 21.93 50
2 SA70 9.75 30.70 70
3 SA80 11.14 35.08 80
4 SA90 12.53 39.47 90
5 SA100 13.92 43.85 100
6 SA110 15.32 48.24 110 200 0.5 20
7 SA120 16.71 52.62 120
3 SA140 19.49 61.39 140
9 SA160 22.28 70.17 160
10 SA180 25.06 78.94 180
11 SA200 27.85 87.71 200
(c) Control of stirring temperature
No. | Sample name Na,SO4 KClI Mole ratio Water Stirring time Stirring temp.
(€3] (& (Na,SO4:KCl) (€3] Q) Y]
1 ST20 20
2 ST50 19.49 61.39 1:6 200 0.5 50
3 ST80 30
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Fig. 3. XRD patterns of obtained samples as mole ratios.
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Table 2. Solubility of the compounds'?

Solubility in 100ml water (Unit : g)
Compound
0°C 20°C 32°C 100°C
Na,SO;4 45 19.2 49.8 42.3
37.4
KCl 28 34.4 (X30°C) 56
36.2
K>SO, 7.2 11.1 (X30°C) 24.1
36.2
NaCl 35.7 359 (%30°C) 39.4
60
50 e
o
B {>£
g ) /I/ wszU4
€
o
S 30
E ,
=
Qo
2
8 //
10
0 1 1 1 1
0 20 40 60 80 100

Temperature (C)

Fig. 7. Solubility curves of Na,SO4 and KCL.
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Fig. 8. XRD patterns of obtained sample as saturation degrees.
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