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Table 1 Composition of wastewater from desulfurizing plants

Element Concentration [mol/dm]]
B 0.012
Na 0.26
Mg 0.011
Ca 0.0080
Fe 0.0027
Cl (as CI") 0.096
S (as SO,%) 0.090
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(2)] Dsolvent tank (DFeed tank Pump
@Water jacket ®Mixer (& Settler

Figure | Experimental apparatus for continuous extraction
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Table 2 Extraction of boric acid with alcohols

Extractant Extent of extraction [%]
2-Ethylhexanol 23.5
2-Ethyl-1-butanol 20.7
2-Ethyl-1-pentanol 16.8

I-Hexanol 16.6

|-Decanol 14.5

1-Octanol 13.3

2-Octanol 10.0

Oleyl alcohol -0

Initial concentration of boric acid = 5 mol/m3
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Figure 2 Effect of repeating experiments on extent of extraction
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Table 3 Solvent effect on distribution ratio of EHD and BEPD

Solvent EHD BEPD
Isooctane 0.263 Formation of third phase
Hexane 0.203 Formation of third phase
Toluene 0.147 0.009

Oleyl alcohol 0.084 Emulsification
Dodecyl alcohol 0.063 Emulsification
2-Ethylhexanol 0.026 <0.001
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Figure 3 Effect of BEPD concentration on distribution ratio of boric acid
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Table 4 Extraction equilibrium constants

Solvent Kex
Toluene 22.9
Hexane 10.6
Kerosene 9.3
2-Ethylhexanol 6.7
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Figure 4 Effect of pH on extent of stripping of borate
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Figure 5 Repeating experiments on recovery of boric acid from wastewater
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Figure 6 Adsorption of borate on chelating resin
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Scheme | Permeation mechanism of boric acid through liquid membrane
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Figure 7 Effect of carrier concentration on extent of extraction with emulsion liquid membrane
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Figure 8 Effect of boric acid concentration on initial permeation rate
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Figure 9 Effect of carrier concentration on initial permeation rate
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Development of Recovery Process of Boron by Adsorption and
Solvent Extraction Techniques

Michiaki Matsumoto
Department of Chemical Engineering and Materials Science,
Faculty of Engineering, Doshisha University

Summary

Boron with a high concentration is involved in the wastewater from
a boron mine and from desulfurizing equipment in steam power stations
with coa]—. It is known that boron has the beneficial and toxic effects to
growing plants. Therefore, it must be reduced to a low level permitted.
Solvent extraction and liquid surfactant membrane techniques have
become attractive as a recovery process because =it can treat large
quantities of wastewater easily. In the present study, we have studied
the feasibility of the solvent extraction of boron and liquid surfactant
membrane method as a recovery process for boron from the
wastewater. First, the extraction system for boric acid was studied using
aliphatic diol extractants in the view of practical use. 2-Butyl-2-ethyl-
1,3-propanediol (BEPD) as an extractant and 2-ethylhexanol as a diluent
was selected as an\optimum extraction system from the view-points of
both extraction power and distribution of extractant into the aqueous
solution. Boron in the organic solution was completely stripped by a
sodium hydroxide solution. The extraction of boric acid ftrom the
wastewater by the solvent extraction and the liquid surfactant
membrane was carried out using the optimum extraction system. In the
liquid surfactant membrane process, almost complete extraction was

accomplished.
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