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Abstract

In this study, using strontium sulfate (SrSO,) recovered from magnetite ore in Hongcheon, the Black Ash process was used
to produce strontium carbonate (SrCOs). In the carbothermic reaction step, SrSO, was reacted with carbon (C) at 1273 K under
Ar gas atmosphere using a gas-tight quartz reactor to produce strontium sulfide (SrS). Afterward, water leaching of the residues
produced from the carbothermic reaction at 353 K and carbonation of the leaching solution using sodium carbonate (Na,COs) at
298 K were conducted to produce SrCO;. The results of this study demonstrate the feasibility of the production of SrCOj; via the
Black Ash process using domestic magnetite ore containing strontium (Sr).
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Fig. 1. Process flowchart of (a) the Black Ash and (b) direct
conversion processes.
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this study.
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Fig. 4. Schematic diagram of experimental apparatus for
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Table 1. Experimental conditions of the carbothermic reaction of SrSO4

Exp Reaction Temp., Weight of C, Weight of SrSOs, Reaction time,
no.? T/K Wwc / g WsS04 / g tr/h
141030 1273 1.973 2971 3

a: Experimental conditions;
1) 1.001 g of C was mixed with SrSO, and 0.972 g of C was placed on the top of mixed sample.
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Table 2. Experimental conditions of water leaching of the residues obtained after the carbothermic reduction

Exp Reaction Temp., Volume of water, Weight of feedstock, Leaching time,
no.” T/K Vwater/ml eredstock/g tl/l'1
141030 353 0.996 0.5

a: Experimental conditions;

1) Feedstock is the product (mixture of SrS and C powder) obtained by the carbothermic reaction.

2) Stirring speed: 150 rpm.

Table 3. Experimental conditions of carbonation of the leachate obtained after the water leaching

Reaction L Volume of Weight of Volume of
Exp Reaction time,
ot Temp., ' /h water, Na,CO;, leachate,
T/K ' Vwater/ml WNa2C03 / g Vleachate/ml
141030 298 0.5 200 3.527 190

a: Experimental conditions;

1) Leachate obtained by water leaching of SrS after filtration was used.

2) Stirring speed: 150 rpm.
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Fig. 5. Photographs of (a) residues obtained after carbo-
thermic reaction of SrSOy, (b) leachate obtained after
water leaching, (c) filtered residues obtained after
water leaching, and (d) filtered residues obtained
after carbonation reaction using Na,COs.

2 Iz 4= Igie

Fig. 6(a), (b), 2 (¢)= Z}Z} background, carbothermic
HESo|| ARESE 114 SrSO, Y=, Y SrS0,49] carbothermic
4k % Slofxl ¥k AHES] XRD 24 ZArhE Le
t}. &3S} Table 4= carbothermic ¥FEo]| AFRSF 14T
SrS0O, Y=E9} carbothermic ¥ AAEC] JHEA Z



Black Asht¥-& 0]-83 SrSO,Z5-E] SrCO; A& 53

2 bt 2 A50] A28 98 9 7 eAo)A 4
49-7] B 24 A9 9 EDS B4 A

= SrS0O, : PDF #01-073-0529
o Srs : PDF #00-008-0489
vC : PDF #00-025-0284
* SrCo, : PDF #01-084-1178
—rt r r r r - 1 1 r 1 17
(a) Backgroud

Feedstock: purified SrSO,

= (c) © Residue after carbothermic reaction
s

v (o]

>: [e]

2 $1 9 of % o
=

— ) Y Residue after DI-water leaching

4 v v

(e) Residue after carbonation

Angle, 26 (deg.)
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Table 4. Analytical results of the feedstock and residues after each experiment

Concentration of element #, C; (mass%)* b
Sample Note
Sr Ca Cu
Feedstock 45.5 <0.005 0.028 SrSO4
Residue after carbothermic reaction 49.9 <0.005 0.031 SrS
Residue after cabonation 534 <0.005 0.028 SrCO;

a: Determined by inductively coupled plasma optical emission spectrometry (ICP-OES) analysis, Only Sr, Ca, and Cu were analyzed
by ICP-OES because Sr and Cu were solely analyzed by EDS excluding C, O, and S.
b: Main crystalline phase of each sample was analyzed by X-ray diffraction.
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Fig. 7. SEM images of surfaces of (a) high-purity SrSO,
feedstock, (b) residues obtained after carbothermic
reaction of SrSO4, and (c) residues obtained after
carbonation reaction of Sr(OH)..
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Sr - O - S chemical potential diagram at 1273 K (HSC 7.11)
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Fig. 8. Chemical potential diagram of Sr — O — S system at
1273 K.
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