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ABSTRACT

We present extraction process and reaction mechanism of boric acid from one of calcium borate ores, colemanite by reaction with
sulfuric acid. Colemanite has been fully decomposed under pH 5 with sufficiency amount of sulfuric acid, more than the amount
stoichiometrically required. Calcium sulfate was separated out, leaving boron in the liquid phase after sulfuric acid addition. The
extraction process of boric acid was affected by dissolution temperature and time, amount of sulfuric acid and ammonium sulfate, pH
and a degree of concentration before recrystallization. The SiO, of the impurities which colemanite contains was insoluble so that it
was separated out with calcium sulfate from liquid phase. The species of CaO, Al,O;, Fe,O3;, MgO were remained in a liquid phase
after reaction with sulfuric acid. These impurities were separated out by addition of ammonia to the liquid phase, furthermore, boric
acid was produced by process of pH adjustments and acidification, concentration, and recrystallization.
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Table 1. Chemical Composition of Colemanite Ore
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Fig. 1. X-ray diffraction pattern of colemanite ore.
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Fig. 2. Image of polarization microscope of colemanite ore. (Co : Colemanite and CC : Calcite).
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Fig. 3. TG-DTA curve of colemanite ore.
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Fig. 4. Preparation procedure of boric acid from colemanite ore.
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Table 2. Experimental Conditions by Taguchi Method

Extraction factor

Sample Dissolving time Addition weight H,SO, Addition weight NH,SO, Dissolving temp.
(min.) (real/standard) (real/standard) §S)
1 30 0.8 0.5 25
2 30 1.1 1.0 60
3 30 13 1.5 95
4 60 0.8 1.0 95
5 60 1.1 1.5 25
6 60 1.3 0.5 60
7 120 0.8 1.5 60
8 120 1.1 0.5 95
9 120 1.3 1.0 25

Table 3. Summary of 1™ Cakes and Final Products by XRD Analysis

1" cakes Final products
Sample ; : . -
Major Minor Major Minor
1 CaSO, - 2H,0 Ca,BOy; - SH,0 H,B10, CaSO,
2 CaSO, CaSO, * 2H,0 H,B:0, CaSO,
3 CaSO, * 2H,0 - H,BO; CaSO, * 2H,0
4 CaSO, - 2H,0 Ca,BOy,  SH,0 H,B:0, CaSO,
5 CaSO, * 2H,0 - H,B,0, CaSO,
6 CaSO, * 2H,0 - H,B,0, CaSO,
7 CaSO, * 2H,0 - H,B10, CaSO,
8 CaSO, - 2H,0 - H,B,0, CaSO,
9 CaSO, - H,B:O, CaSO,
* H.BO, CaSO,= BAHATE T3 A5 13} 49) B9-= 1% cakeoll
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Fig. 5. X-ray diffraction pattern of final product prepared of
sample 3(extraction time and temp. : 30 min. and 95°C,
H,SO, : 1.3 times, NH4SO, : 1.5 times).
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Table 4. pH of Unit Process Individually

Extraction Sample
conditions 1 2 3 4 5 6 7 8 9
L1 5.1 1.5 0.6 5.5 1.0 0.6 54 22 0.6
L2 5.1 2.1 0.8 52 1.6 0.8 55 2.8 1.2
L3 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
14 6.8 6.9 6.8 6.7 6.1 6.6 6.5 6.7 6.5
Sample 8 # H,B;0 Sample 8 ® H,BO, Sample 7 & H3B,0,
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Fig. 6. X-ray diffraction patterns of final products at various extraction conditions : (a) 1.3 times of sulfuric acid stoichimetriccally
required, (b) extraction temperature 95°C, (c) 1.3 times of ammonium sulfate required, (d) extraction temperature 25°C, and (e)
0.5 times of ammonium sulfate required.
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Fig. 7. X-ray diffraction patterns at various addition amount of sulfuric acid and drying temperature.

(a), (b), (c): 1" cakes, {(d), (e), () : final products
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Fig. 8. SEM image of 1% cake(CaSQ, + 2H,0).
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Fig. 10. X-ray diffraction patterns at various extraction times. (a), (b), (c) : 1* cakes, (d), (e), () : final products.
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Fig. 13. X-ray diffraction patterns of final products at various
concentration ratios.
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Fig. 14. X-ray diffraction patterns of final products at various
drying condition.
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