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A B S T R A C T

An original and green flotation method for separation of small amount of boron from aqueous solution has been
developed using sodium dodecyl benzene sulfonate as the surfactant which is no-poisonous and economical for
removing boron from aqueous solution. The removal of boron from brine and other aqueous solution is of high
importance because boron is harmful when recycling of high quality magnesia products from brine, and boron in
waste water is also poisonous to environment. In this study, boron removal efficiencies of different combinations
of surfactants and hydroxyl compounds were investigated by the orthogonal testing methodology, the hydroxyl
compounds included D-mannitol, xylitol, D-fructose and D-sorbitol, the surfactants included sodium dodecyl
benzene sulfonate, 2-(dodecyldimethylammonio) acetate, docusate sodium, emulsifying T-60, emulsifying agent
s-80 and dexadecyltrimethylammonium bromide. Then the flotation conditions were optimized including pH,
relative D-mannitol dosage, relative sodium dodecyl benzene sulfonate (SDBS) dosage, bubbling speed, stirring
speed and stirring time. At last, the optimized flotation conditions were applied in the Da Qaidam brine, and the
boron removal efficiency was 88.69%. This method is original to remove boron from aqueous solution by way of
ion-exchange flotation and promising to be used in waste water and other fields.

1. Introduction

Boron is readily found in aqueous solution as boric acid and salts of
borate [1]. The separation of boron in water is crucial, on one hand, boron
and its compounds are widely used in industry, they are important mate-
rials in the fields of medicine, material science, chemical industry, nuclear
industry and agriculture [2–4]; boron is also an essential micronutrient for
humans, animals and some plants [5–7]. On the other hand, in waste water,
excess boron is harmful [8–11]. When recycling of high quality magnesia
products from Saline Lake resources, boron is easy to be absorbed by
magnesium hydroxide, and generate the deposits which decrease the effi-
ciency of recycling of high quality magnesia products from brine, so the
work on removal of boron in the field of Salt Lake is highly significant.

There are many ways to remove boron from water, like adsorbents
[12–16], solvent extraction [17,18], membrane separation techniques
[19–24] and other methods [25–29]. However, the majority of existing
techniques thus far have proved impractical [30]. One of the widely in-
vestigated methods was using adsorbents which grafting with hydroxyl
groups. Using adsorbents avoids using the organic solvents, still, adsorption

along metal hydroxides especially the inorganic adsorbent is usually with
poor stability and proved unsatisfactory [31]. One of the other extensively
researched approaches to remove boron is solvent extraction. Although with
its high separation efficiency, this approach is proved more suited in highly
concentrated aqueous solutions [32,33]. Another widely studied approach
to remove boron is membrane separation, while showing merits of simpli-
city and rapidity [34–37], industrial applications have remained limited on
account of membrane stability and lifetime [35].

Ion-exchange flotation techniques, in view of their simplicity, non-
pollution and rapidity, offer greater advantages and convenience over
conventional separation techniques. Ion-exchange flotation is a sorting
method of recovering precipitates or complex agents that formed by the
aimed ions with equivalent or excess surfactants by foam flotation. The
essence of ion-exchange flotation is making soluble complexes or in-
soluble precipitates formed by surfactants or complexes to attach to the
bubbles and to rise from solution. Since the late 1950s, ion-exchange
flotation technology has been put forward by Professor Sebba [38],
with the advantages, it has been played an important role in the fields
of mining engineering [39], hydrometallurgy [40], wastewater
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treatment [41]. One of the essential parts is choosing the probable
surfactants and aimed-ion complex agents.

In this study, ion-exchange flotation technique was firstly applied to
the removal of small amount of boron from aqueous solution, the re-
lated research had not been reported until present. In this paper, six
surfactants including sodium dodecyl benzene sulfonate(SDBS), 2-(do-
decyldimethylammonio) acetate, docusate sodium, emulsifying T-60,
emulsifying agent s-80 and dexadecyltrimethylammonium bromide
were compared for removing of boron from aqueous solution, four
different hydroxyl compounds including xylitol, fructose, sorbitol and
D-mannitol were compared for the choice of boron complex, and effect
of parameters was investigated in order to achieve better experimental
results. At last, the efficiency of boron removal from Da Qaidam brine
was investigated using SDBS and D-mannitol as the collector.

2. Experimental

2.1. Material and equipments

Sodium dodecyl benzene sulfonate(SDBS)(≥88%), xylitol(AR,
≥99.0%), fructose(AR, Specific rotation [α]20 D−80°–−90°) and sor-
bitol(AR, Specific rotation [α]20 D1.3 ± 0.3°) produced by Sinopharm
Chemical Reagent Co. Ltd. D-mannitol(AR) and Sodium tetraborate(AR,
≥99.5%) produced by Tianjin Damao Chemical Research Institute. 2-
(Dodecyldimethylammonio) acetate (30% in water) and Docusate so-
dium(96%) produced by Shanghai Macklin Blochemical Co.Ltd.
Emulsifying T-60 and Emulsifying agent s-80 (CP) are produced by
Laiyang Chemical Industry Park. Hexadecyltrimethylammonium bromide
(99%) produced by Tianjing Guangfu Fine Chemical Research Institute.

pH was measured using the SevenExcellence™ pH/conductivity meter
(Shanghai Mettler Toledo Instruments Co. Ltd. China). The flotation
procedure was completed by XFDIV laboratory single-trough flotation
machine (made by Prospecting Machinery Factory of Jilin Province).

2.2. Experimental methods

The 0.03 mol/L boron concentration was chosen as the treated solu-
tion because of three reasons: firstly, the solubility of D-mannitol is
18.18 g/100 mL at 25 °C, in order to broaden the research range of D-
mannitol dosage, the relative D-mannitol to boron dosage of 25:1 is not
appropriate when the boron concentration is above 0.04 mol/L; secondly,
the boron concentration of Da Qaidam brine is 0.08 mol/L, however, the
original brine solution is too thick to flotation, so Da Qaidam brine was
diluted with the same amount of water before flotation; thirdly, con-
sidering the solubility of D-mannitol is smaller in Qinghai Province because
of the plateau climate, 0.03 mol/L boron concentration is more suitable for
optimal of parameters. The flotation experiments were carried out by a
single-trough flotation machine (600 mL). Firstly, the pH value of boron-
containing solution was adjusted to 10. Secondly, certain amounts of
boron complex compound and surfactants were added to boron-containing
solution in sequence at continuous stirring for 2 min (close the valve for no
bubbling). Thirdly, the valve was opened for bubbling at 1500 r/min, then
the foam was scraped. At last, the boron concentration in bottom liquid
and the volume of bottom liquid were investigated.

2.3. Analysis methods

To analyze the concentration of boron, the acid-base titration
equipment was utilized in the experiments. Sodium hydroxide cali-
brated by potassium hydrogen phthalate was used to titrate boron,
phenolphthalein and methyl red were indicators together. Firstly, the
tested solution was adjusted to orange with sodium hydroxide and
hydrochloric acid solution, secondly 3 g D-mannitol was added into the
solution and the solution color changes to pink, then a drop of phe-
nolphthalein was added to the solution. At last, it was titrated by the
calibrated sodium hydroxide until the solution color changes to orange

again [42], the volume of sodium hydroxide solution used was noted,
and boron concentration was determined as follows:

=C C V
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where C1 is the boron concentration, mol/L; V1 is the volume of boron
solution, L; C2 is the concentration of sodium hydroxide calibrated by
potassium hydrogen phthalate, mol/L; V2 is the volume of sodium hy-
droxide solution by titration, L.

The boron removal rate was calculated as the amount of boron re-
moved from the aqueous solution:

=
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where C0 is the initial boron concentration in the aqueous solution,
mol/L; Ce is bottom boron concentration in the aqueous solution, mol/
L; V0 is the initial volume of boron aqueous solution, L; Ve is the bottom
volume of boron aqueous solution, L.

2.4. The selection of surfactants and hydroxyl compounds

Different combinations of surfactants and hydroxyl compounds
were investigated by the orthogonal testing methodology so as to obtain
the relatively better combination of surfactants and hydroxyl com-
pounds. The same flotation conditions of all the orthogonal tests were
as follows: pH (10), the mixing speed (1700 r/min), mixing time
(2 min), bubbling speed (1500 r/min).

2.5. Optimization of parameters

In order to optimize the operating parameters to produce higher
yield of boron, response surface method was applied to design of the
experiment. This experiment was based on the single-factor experiment,
according to the Box-Behnken design model of response surface analysis
software. A 3-level and 4-factor central composite design (CCD) was
employed to optimize the four independent variables which were pH
(A), bubbling speed(B), mixing speed(C) and mixing time(D), and boron
removal efficiency was the response value. Table 1 shows the codes,
ranges and levels of different independent variables of pH, bubbling
speed, mixing speed and mixing time in the RSM design.

2.6. Flotation experiments in different concentrations of boron solution

In order to investigate the suitable boron concentrations of this
flotation method, and combined the solubility of D-mannitol, the boron
concentrations (0.01 mol/L, 0.02 mol/L, 0.03 mol/L, 0.04 mol/L) were
tested. The experiments were carried out under the condition of optimal
flotation parameters.

2.7. Flotation experiments in Da Qaidam brine with SDBS and D-mannitol

The concentrations of positive ions in Da Qaidam brine were tested
by Atomic Absorption Spectrometer (TAS-990Super F), the concentra-
tions of Cl− and SO42− in Da Qaidam brine were tested by Ion
Chromatography System (ICS-1100AR), the concentration of boron in
Da Qaidam brine was tested by acid-base titration described in Section

Table 1
Parameters and their levels used for response surface design.

Levels A: pH B: bubbling speed
(r/min)

C: mixing speed
(r/min)

D: mixing time
(min)

−1 9 1400 1600 1
0 10 1500 1700 2
1 11 1600 1800 3

C. Bai et al. Desalination xxx (xxxx) xxx–xxx

2



Download English Version:

https://daneshyari.com/en/article/7008022

Download Persian Version:

https://daneshyari.com/article/7008022

Daneshyari.com

https://daneshyari.com/en/article/7008022
https://daneshyari.com/article/7008022
https://daneshyari.com

