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Complexation flotation of boron from the salt lake brine using a novel flotation
agent prepared by N-methyl-D-glucamine and 1,2-epoxyoctadecane
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ABSTRACT

A novel boron flotation agent (N-2-hydroxyoctadecyl-N-Methylglucamine, NHO-NMDG) was fab-
ricated using 1,2-epoxyoctadecane and N-methyl-D-glucamine. The obtained collector possesses
both collecting and foaming properties and it was characterized by nuclear magnetic resonance,
mass spectrometry, Fourier-transform infrared spectroscopy and X-ray photoelectron spectroscopy
methods. The flotation performance for boron removal from the salt lake brine has been studied.
The flotation experiments indicated a highly effective removal of boron from the salt lake brine.
The boron removal rate in the Da Qaidam brine could reach 67.08% by NHO-NMDG. The mecha-
nism analysis shows that the meglumine group in the bifunctional flotation agent can be complexed
with boron, and the long-chain alkyl group can attach to the surface of the bubble and enter
into the bubble layer, so as to separate boron from the aqueous solution.

Keywords: Boron; Flotation agent; Salt lake brine; Flotation mechanisms

1. Introduction

Boron compounds have a variety of applications in
both chemical and biological interest in the present-day,
such as heat-resistant glass, fiberglass, ceramics, washing
products, special alloys, fertilizers, fire retardants, wood
treatment agents, insecticides, and microbiocides [1-3].

Boron resources can be divided into solid minerals
(such as szaibelyite, colemanite and ludwigite) [4,5] and
liquid minerals (such as geothermal water, seawater and
salt lake brine) [6-8]. Selective extraction of boron from
solid minerals usually requires a pre-concentration step
in some form of scrubbing to disintegrate undesirable
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clay minerals followed by classification and then crystal-
lization [8,9]. Currently, both the reserves and grades of
boron-magnesium ores are declining rapidly, leading to a
serious shortage of boron ore resources [10]. By compar-
ison, processes of separation of boron from liquid miner-
als are simple. As the main liquid resource of boron, salt
lake brines account for more than 30% of the total boron
reserves in China [11]. Therefore, the effective and envi-
ronmentally friendly boron extraction from salt lake
brines has become an important research topic.

There are many technologies for the extraction of
boron, such as adsorption processes, precipitation and
membrane processes electrocoagulation, and froth flotation
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[8,9,12,13]. Among these methods, froth flotation, as the
most important mineral beneficiation technique, has
attracted extensive attention in recent years, from both eco-
nomic and technical points of view due to its low energy
and small space requirements, simple and rapid operation,
and cost-effective, etc [14-16]. Froth flotation has been
widely applied for boron extraction from solid minerals
[17-19] but rarely used from the liquid resources, especially
from salt lake brine, due to the complex composition of
brine and lack of proper flotation reagents [8,20]. Therefore,
the research of novel flotation reagents with a high removal
rate, good selectivity and unaffected by coexisted ions
in salt lake brine is of great significance for the separa-
tion of boron from salt lake brine. Complexation flotation
reagent can combine with target substances through com-
plexation action, and separate from aqueous solutions by
the flotation process. Hence, it has good prospects for the
application of boron removal from the salt lake brine [21,22].

As reported in the previous research, materials containing
vicinal polyalcohol groups can separate boron from aque-
ous solution through a complex reaction [6,23]. N-Methyl-
D-glucamine (NMDG) having vicinal polyalcohol groups in
its structure [24-26], is a good chelating agent on polymer
supports for boron uptake. Commercially available boron
selective chelating ion-exchange resins are generally pre-
pared from macroporous poly(styrene-co-divinylbenzene)
by functionalization with NMDG [27]. The NMDG groups
bind boron through a covalent attachment and an internal
coordination complex formation. Column performances of
various NMDG type resins (Purolite 5108, Diaion CRBO1,
Diaion CRB02) and boron removal from aqueous solutions
were published before [28,29]. The novel boron selective
resins with high capacity, high selectivity, and high sorption
rate received great interest in removing boron from geother-
mal waters, seawaters, and reverse osmosis permeates [3].
However, when they are used for the removal of boron from
salt lake brine, the high salinity and high viscosity cause per-
formance degradation in the brine. Therefore, the design and
fabrication of a novel complex flotation agent which main-
tained the selectivity for boron and unaffected by the high
salinity and high viscosity of brine has bright prospects for
boron removal from the salt lake brine.

Based on this information, it was envisaged that the graft-
ing of 1,2-epoxyoctadecane with N-methyl-D-glucamine, a
functional group having suitable structures that can effec-
tively chelate boric acid, could yield a boron-specific flota-
tion agent of high efficiency. In this work, a novel flotation
agent for boron of N-methyl-D-glucamine functionalized
1,2-epoxyoctadecane was fabricated, and the flotation per-
formance of boron from the salt lake brine was investigated.
Also, the flotation mechanisms were discussed in detail.

2. Materials and methods
2.1. Experimental materials

1,2-Epoxyoctadecane (97%) and N-methyl-D-glucamine
(99%) were purchased from Shanghai Aladdin Biochemical
Technology Co., Ltd., (China). Methanol, ethyl acetate,
boric acid and potassium carbonate were purchased from
Sinopharm Chemical Recollector Co., Ltd., (China). NaCl,

MgCl, NaNO,, LiCl, KCI, CaCl, Na,SO, NaOH and HCI
were all provided by Sichuan Xilong Science Co., Ltd.,
(China). All chemicals were of analytical grade and used
without further purification.

2.2. Synthesis of N-2-hydroxyoctadecyl-N-Methylglucamine

10 g N-methyl-D-glucamine and 3 g K,CO, were first
dissolved in 200 mL DI water. After introducing 16.50 g
1,2-epoxyoctadecane, the mixture was maintained at
80°C and stirred with a magnetic stirrer for 48 h. After
the reaction, the obtained solid substance was treated
through washing and vacuum filtering with distilled water
and dried in an oven at 40°C. The synthesis route of N-2-
hydroxyoctadecyl-N-Methylglucamine (NHO-NMDG) is
given in Fig. 1 [30].

2.3. Characterization

The nuclear magnetic resonance (NMR) spectrum was
acquired using a Bruker-FTICR spectrometer (400 MHz for
1H) (Bruker Co., Germany). Mass spectra of the precursor
NHO-NMDG was obtained on a TSQ Quantum Ultra mass
spectrometry (MS) (Thermo Scientific Co., USA). The mor-
phology of NHO-NMDG was characterized by a scanning
electron microscope (SEM, SU8010, Hitachi Limited, Japan)
under an accelerating voltage of 10-20 kV. Fourier-transform
infrared (FT-IR) spectra were recorded on a MEXUS Fourier
transform infrared spectrophotometer (Thermo Scientific
Co., USA) with the usual KBr pellet technique, using a
resolution of 4 cm™ and 16 scans in the range of 400 and
4,000 cm™. The element compositions were measured by
a combined VG ESCALAB MARK II X-ray photoelectron
spectrometer (XPS) with non-monochromatized MgKo
radiation (1,253.6 eV).

2.4. Boron flotation studies

All the flotation tests were performed using a Lab-
used XFD II Single Flotation Cell with a 1.5 L cell volume.
A required amount of flotation agent, NHO-NMDG, was
added into boric acid solution with initial boron concentra-
tion of 0.01 mol/L. The mixture was stirred for 24 h at a speed
of 150 rpm at room temperature and then transferred into the
flotation cell. The flotation test was carried out at 1,500 rpm
until the bubble was completely scratched out.

To optimize the boron removal process, the effect of
operating variables namely contact time, the concentra-
tion of NHO-NMDG, initial pH, and coexisted ions (NaCl
and MgCl,)) are studied.

The contact time test was performed by contacting
13.91 g of NHO-NMDG using a 1.5 L boron-containing
solution. The concentration of boron with different flotation
times had been measured and the equilibrium time was
determined. The influence of NHO-NMDG concentration
on the removal rate was studied in the range of 0.01-
0.20 mol/L. The effect of pH and coexisted ions were stud-
ied by varying solution pH in the range of 2.0-12.0 and the
concentration of NaCl and MgCl, ranged from1.0-5.0 mol/L
and 0.5-2.5 mol/L, respectively. The effect of different
kind of ions was conducted by flotation of boron from the
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Fig. 1. Synthesis route of N-2-hydroxyoctadecyl-N-Methylglucamine (NHO-NMDG).
solution of seven different salts with the salt concentration (a) 134
of 1.0 mol/L. - 131
Analysis of boron in solution was performed spectropho- 379 3,58 :

tometrically using the azomethine-H method (A__ : 415 nm)
(Beijing Purkinje General Instrument Co., Ltd., China,
TU-1810). The boron removal rate was calculated using

Eq. (1):
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where C, is the initial concentration of boron (mol/L);
C y is the final concentration of boron after flotation (mol/L).

2.5. Regeneration experiments (b)

Regeneration experiments were proceeded by mix-
ing the floated product with 50 mL of HCl (0.5 mol/L).
The suspension was stirred at 25°C for 5 h with a speed
of 150 rpm. Afterwards, the mixture was centrifuged at
10,000 rpm for 10 min, and the supernatant was gathered for
boron concentration analysis based on the aforementioned
method. Meanwhile, the desorbed NHO-NMDG was regen-
erated with 50 mL NaOH solution (0.5 mol/L) for 5 min.
After that, the regenerated NHO-NMDG was washed with
deionized water twice and dried at 40°C for 24 h. Finally,
the regenerated NHO-NMDG was reused for the boron 331.50
adsorption—flotation—-desorption experiment for another
5 cycles to evaluate its regeneration performance.

3. Results and discussion
3.1. Characterization

Fig. 2a depicts the 'H NMR (Methanol-d4, 400 MHz)
spectrum of NHO-NMDG and the signals at 6 0.90-0.94 were
attributed to CH, (6H); at 6 1.31 to CH, (38H); at 0 2.34-3.79
to NMDG (11H, NMDG and 2-OH of carbon chain).

The mass spectrum (MS) of NHO-NMDG is shown in
Fig. 2b. It can be seen that a noticeable peak at m/z 464.39
could be assigned to the obtained product NHO-NMDG,
which is approximate to the theoretical spectrum of NHO-
NMDG (m/z 463.70).

In order to get some idea about the surface morphology
of NHO-NMDG, an SEM image was obtained. According
to Fig. 2¢c, it seems that the surface of NHO-NMDG is
coarse and has many macropores, which are beneficial
for the complexation with boron in the flotation process.

FT-IR and XPS spectroscopy were used to analyze the
composition of NHO-NMDG before and after flotation
as presented in Fig. 3a and b. As shown in Fig. 3a, several Fig. 2. The 'H NMR (a), MS (b) and SEM (c) of NHO-NMDG.
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peaks are appeared in FT-IR spectra of NHO-NMDG before
and after flotation. The strong and broad peaks around
3,440 and 3,386 cm™ were attributed to the stretching vibra-
tion of abundant hydroxyl groups of NMDG groups. The
peaks at 2,917 and 2,850 cm™ are the C-H stretching vibra-
tion of the methylene, respectively. The peaks at 1,641 and
1,460 cm™ are associated with hydrogen bonds and C-N
stretching vibration. And the signals at 1,085 cm™ could
be attributed to C-O groups. Compared to the FI-IR spec-
trum of NHO-NMDG before flotation, the presence of new
peaks at 950 cm™ after flotation could be attributed to the
tetrahedral B-O, indicating the complexation between boron
and NHO-NMDG after flotation [30-33].

Fig. 3b is the XPS spectra for NHO-NMDG before and
after flotation, showing the major elemental components.
Clearly, the element signal of C, O and N can be observed
in the XPS survey spectrum. The peak located at 192 eV
in the spectrum of NHO-NMDG after flotation is corre-

sponding to B 1s, reveals that NHO-NMDG was complexed
with boron.
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3.2. Boron flotation performance
3.2.1. Effect of contact time

The effect of contact time on the removal rate of boron
from aqueous solution was studied by flotation with NHO-
NMDG, while the boron concentration (0.01 mol/L), solu-
tion pH (~6), temperature (25°C) and amount of NHO-
NMDG (0.02 mol/L) remained constant. The results are
given in Fig. 4a. It can be seen from Fig. 4a, the equilibrium
time of NHO-NMDG complexation with boron in solu-
tion is about 7 h. The increase of boron removal rate in the
first 7 h is due to the excess of active specific surface area
in the flotation agent. After that, the flotation process has
reached equilibrium due to saturation of the active surface
areas suitable to the flotation.

3.2.2. Effect of NHO-NMDG concentrations

The influence of increasing initial NHO-NMDG con-
centrations on boron removal rate and adsorption per

B s Cls

NHO-NMDG

1000 800 600 400 200

Wavenumber (cm™) Binding Energy (eV)
Fig. 3. FT-IR (a) and XPS spectra (b) of NHO-NMDG before and after flotation.
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Fig. 4. Effect of contact time (a), concentration of NHO-NMDG (b), and solution pH (c) on the removal rate of boron.
(Boron concentration 0.01 mol/L, temperature 25°C, stirring time 24 h).
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unit mas (g,) by flotation is given in Fig. 4b. The removal
rate of boron is divided into three stages in the range of
0 to 0.2 mol/L of NHO-NMDG. As the NHO-NMDG con-
centrations increases from 0 to 0.03 mol/L, boron removal
rate is significantly increased and then changed slightly
in the range of 0.03 to 0.05 mol/L. However, the removal
rate of boron decreased sharply from 80% to 25% when
the concentration of NHO-NMDG increased from 0.05 to
0.2 mol/L. While, the g, decreased gradually with the NHO-
NMDG concentration ranging from 0.005 to 0.2 mol/L.
Combining the boron removal rate and g, when the NHO-
NMDG concentration is 0.02 mol/L (the molar ratio of
boron and NHO-NMDG, n, 1. =1:2), both boron
removal rate (~71.5%) and g, (0.77 mmol/g) were compara-
tively high. Therefore, 0.02 mol/L is a proper concentration
of NHO-NMDG for the flotation of boron in this research.

3.2.3. Effect of pH

The medium pH value affects the surface charge of
the flotation agent, the degree of ionization and speciation
of boron during the reaction. Thus, the flotation of boron
on NHO-NMDG was examined at the initial pH range
from 2.0 to 12.0 and the results are presented in Fig. 4c.
As shown in Fig. 4c, the boron removal rate increased with
the increasing initial pH of boron solution in the pH
range of 2.0 to 4.0, and decreased with the increasing ini-
tial pH of boron solution from the pH value 8.0 to 12.0.
The main reason for this observation is that solution pH
can affect the interaction, including electrostatic inter-
action and complexation, between flotation agent and
boron by influencing the surface charge of flotation agent
and ion form of boron in the solution [34].

3.2.4. Effect of coexisted ions

To explore the interference of competitive ions, boron
flotation was also carried out with different kinds of ions
in the flotation experiments. The effect of competitive ions
on the boron adsorption is illustrated in Fig. 5. As shown

) &

N
S
Boron removal rate (%)
S~
[

40-

20+

Boron removal rate (%

O T T T T
0 1 2 3 4 5

Cacy (mol/L)

241

in Fig. 5a and b, the removal rate of boron decreased
slightly with the increase of Na* concentration ranging
from 0 to 5.0 mmol/L. Still, the addition of Mg?* has an
adverse effect on removal rate of boron, probably because
it shields the electrostatic interactions. Fig. 6 demonstrates
the influence of seven salts on the removal rate of boron.
The results show that when the concentration is 1.0 mol/L,
the existence of these salts has a minimal impact on the
removal rate of boron.

3.2.5. Regeneration

A perfect flotation agent should not only possess a
higher removal rate, but also exhibit perfect recycling
performance. Therefore, the desorption and regeneration
experiments of NHO-NMDG were conducted out to eval-
uate the commercial application. Fig. 7 shows regenera-
tion performance with 0.5 mol/L HCI. As vividly shown in
Fig. 7, the removal rate of boron decreased gradually and
remained 81.08% after 5 cycles compared with the first
flotation.

3.2.6. Application of NHO-NMDG to the salt lake brine

Because NHO-NMDG has good flotation ability for
boron in aqueous solution, the flotation performance of
NHO-NMDG from salt lake brine (from Da Qaidam salt
lake brine) was investigated to verify the efficiency of
boron removal more accurately. 16.5 g NHO-NMDG was
dispersed in 500 mL salt lake brine (pH~6) and then stirred
for 24 h. Then the suspension was transferred to a flota-
tion column. After flotation for 20 min, the residual was
collected and sampled for the determination of boron con-
centration. The concentration of main ions in the sample of
Da Qaidam salt lake brine before and after flotation was
determined and is listed in Table 1. As shown in Table 1,
the boron concentration was reduced to 84.55 mg/L from
256.80 mg/L after flotation with NHO-NMDG, the removal
rate of boron is 67.08%, while, the concentration of other
main ions in the salt lake brine changes little before and
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Fig. 5. Effect of coexisted ions on the removal rate of boron: (a) concentration of NaCl and (b) concentration of MgCl,.
(Solution pH 6.0, concentration of NHO-NMDG 0.02 mol/L, temperature 25°C, stirring time 24 h).
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after flotation. This result suggests that NHO-NMDG has
excellent selectivity and good application prospects for
boron removal from the salt lake brine.

3.3. Flotation mechanism

When a total concentration is less than 25 mmol/L,
the boron exists as H,BO, and B(OH); instead of polyan-
ionic species. Being a weak acid, the distribution of boric
acid (H,BO,) and borate ion (B(OH),) essentially depends
on the pH of the medium. The form of borate ion domi-
nates at higher pH, while the non-ionized boric acid dom-
inates at lower pH [25]. The concentration of boron in this
work is 0.01 mol/L. Hence, the main forms of boron are
H,BO, and B(OH); at different solution pH [1].

The flotation agent, NHO-NMDG, obtained in this
work containing ligands having hydroxyl groups in
N-methyl-D-glucamine (NMDG) groups, can capture
boron through a covalent attachment and form a coor-
dination complex. And the complexation types between
boron in different forms of the aqueous solution at differ-
ent solution pH and the flotation agent, NHO-NMDG, are

80

NN

N\
N

NN

o
(=)
1
Nhnng

Boron removal rate (%)
[\®] i
< (e}
1 1

Blank NaCl MgCl, NaNO; LiCl KCI
Salt solutions

CaCl, Na,SO,

Fig. 6. Effect of seven different salts on boron removal rate.

(Concentration of salts 1.0 mol/L, solution pH 6.0, concentra-
tion of NHO-NMDG 0.02 mol/L, temperature 25°C, stirring

time 24 h).

Table 1

shown in Fig. 8 [35]. It can be observed that, the reactions
between boron and NHO-NMDG are not similar at differ-
ent solution pH. On the other hand, solution pH affects
not only the forms of boron but also the surface charges
of flotation agent. Fig. 9 illustrates the obtained curves for
NHO-NMDG with a corresponding pH,,. value of 8.86.
For pH values lower than pH,_,., NHO-NMDG is positively
charged while negatively charged for pH values higher
than pH,, . [36].

From what has been discussed above, the removal
mechanism of boron can be summarized as follows. As
shown in Fig. 8, at low pH condition, pH < 4.0, the main
form H,BO, is presented in the aqueous solution, and the
electrostatic action between H,BO, and NHO-NMDG is
weak. The reactions of boron and NHO-NMDG follow
the reactions @-®. One proton released after boric acid
complexation with vicinal polyalcohol groups as the reac-
tion ®. More protons (low pH value) will move equilib-
rium to the left, which explains the low adsorption ability.
At pH values ranging from 4.0 to 8.86, H,BO, is converted
into B(OH); and NHO-NMDG is positively charged. Under
this condition, all the reactions M-® could occur, and the
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Fig. 7. Regeneration performance of NHO-NMDG.
(Concentration of HCI 0.5 mol/L).

Concentration of main ions in the salt lake brine (Da Qaidam) before and after flotation

Tons Concentration Removal rate
Before flotation (mg/L) After flotation (mg/L)

Na* 15,841.13 15,805.16

K* 2,825.59 2,826.75

Mg? 10,246.05 10,191.79

Ca* 56.35 49.17

Li* 81.21 80.52

SOz 10,146.57 10,143.8

Cl- 48,852.84 48,863.53

B 256.80 84.55 67.08%
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Fig. 9. Plot of ApH against initial pH to obtain the PZC of the
flotation agent (NHO-NMDG).

electrostatic attraction between B(OH); and NHO-NMDG
can improve the boron removal rate. When the pH > 8.86,
boron is basically converted to B(OH),, indicating that the
electrostatic repulsion between the NHO-NMDG and nega-
tively charged B(OH); reduces the boron removal rate [21].

4. Conclusion

A novel flotation agent of boron was developed in this
study. N-2-hydroxyoctadecyl-N-Methylglucamine, NHO-
NMDG, was synthesized by grafting NMDG onto
1,2-epoxyoctadecane. The obtained flotation agent pos-
sesses both collecting and foaming abilities and displays
good boron flotation properties. The boron removal rate is
about 67% when used in Da Qaidam brine and unaffected
by the coexisted ions in the salt lake brine. The analyses of
flotation mechanism reveal that the flotation of boron is
caused by a combination of complexation and electrostatic
force between boron and NHO-NMDG. Finally, the flotation
agent, NHO-NMDG, demonstrates great potential for use
in applications in the deboronation of aqueous solutions.

Acknowledgments

This work was financially supported by the foundation
of Qinghai Provincial Science and Technology Project, China
(2019-ZJ-903, 2018-HZ-807), Natural Science Foundation
of China (U20A20150), The Thousand Talents Plan in
Qinghai province.

References

[1] N. Hilal, GJ. Kim, C. Somerfield, Boron removal from saline
water: a comprehensive review, Desalination, 271 (2011) 23-35.

[2] TM. Ting, MM. Nasef, D. Aravindan, M.A. Ahmad,
M. Mokhtar, N.A. Kamarudin, A.F.A. Rahman, Comparative
modelling analysis of boron dynamic adsorption on fibrous
adsorbent prepared using radiation grafting versus granular
resin, J. Environ. Chem. Eng., 9 (2021) 105203, doi: 10.1016/;.
jece.2020.104993.

3]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

C. Bai et al. / Desalination and Water Treatment 246 (2022) 237-245

B.Y. Wang, X.H. Guo, P. Bai, Removal technology of boron
dissolved in aqueous solutions — a review, Colloids Surf., A,
444 (2014) 338-344.

A. Ucar, M. Yargan, Selective separation of boron values from
the tailing of a colemanite processing plant, Sep. Purif. Technol.,
68 (2009) 1-8, doi: 10.1016/j.seppur.2009.03.048.

H. Ucbeyiay, A. Ozkan, Two-stage shear flocculation for
enrichment of fine boron ore containing colemanite, Sep. Purif.
Technol., 132 (2014) 302-308.

P. Santander, B.L. Rivas, B.F. Urbano, I. Yilmaz 1pek, G. Ozkula,
M. Arda, M. Yiiksel, M. Bryjak, T. Kozlecki, N. Kabay, Removal
of boron from geothermal water by a novel boron selective
resin, Desalination, 310 (2013) 102-108.

E. Giiler, C. Kaya, N. Kabay, M. Arda, Boron removal from
seawater: state-of-the-art review, Desalination, 356 (2015) 85-93.
E. Cafer Cilek, H. Uresin, Beneficiation of borax by reverse
flotation in boron saturated brine, J. Colloid Interface Sci.,
290 (2005) 426—430.

M.S. Celik, M. Hancer, ].D. Miller, Flotation chemistry of boron
minerals, J. Colloid Interface Sci., 256 (2002) 121-131.

J. An, X. Xue, Life cycle environmental impact assessment of
borax and boric acid production in China, J. Cleaner Prod.,
66 (2014) 121-127.

Q. Wu, M. Liu, X. Wang, A novel chitosan based adsorbent
for boron separation, Sep. Purif. Technol., 211 (2019) 162-169.

J. Wolska, M. Bryjak, Methods for boron removal from aqueous
solutions — a review, Desalination, 310 (2013) 18-24.

N. Najid, S. Kouzbour, A. Ruiz-Garcia, S. Fellaou, B. Gourich,
Y. Stiriba, Comparison analysis of different technologies for
the removal of boron from seawater: a review, ]. Environ.
Chem. Eng., 9 (2021) 105133, doi: 10.1016/j.jece.2021.105133.

Y. Zhang, H. Jiang, H. Wang, C. Wang, Separation of hazardous
polyvinyl chloride from waste plastics by flotation assisted with
surface modification of ammonium persulfate: Process and
mechanism, J. Hazard. Mater., 389 (2020) 121918, doi: 10.1016/j.
jhazmat.2019.121918.

S. Nazari, S.Z. Shafaei, M. Gharabaghi, R. Ahmadi, B, Shahbazi,
F. Maoming, Effects of nanobubble and hydrodynamic
parameters on coarse quartz flotation, Int. J. Min. Sci. Technol.,
29 (2019) 289-295.

S. Nasirimoghaddam, A. Mohebbi, M. Karimi, M.R. Yarahmadji,
Assessment of pH-responsive nanoparticles performance
on laboratory column flotation cell applying a real ore feed,
Int. J. Min. Sci. Technol., 30 (2020) 197-205.

M.Y. Prajitno, S. Tangparitkul, H. Zhang, D. Harbottle,
T.NN. Hunter, The effect of cationic surfactants on improving
natural clinoptilolite for the flotation of cesium, J. Hazard.
Mater., 402 (2021) 123567, doi: 10.1016/j.jhazmat.2020.123567.
X.L. Yang, X.N. Bu, G.Y. Xie, S.C. Chelgani, A comparative
study on the influence of mono, di, and trivalent cations on
the chalcopyrite and pyrite flotation, J. Mater. Sci. Technol.,
11 (2021) 1112-1122.

B.X. Song, X.R. Dong, X.Y. Qiu, Z. Hu, Y. Wang, Electronic
structure and flotation behavior of Ag-bearing galena, ]. Alloys
Compd., 868 (2021) 159105, doi: 10.1016/j.jallcom.2021.159105.
C. Bai, M. Guo, Z. Liu, Z.J. Wu, Q. Li, A novel method for
removal of boron from aqueous solution using sodium dodecyl
benzene sulfonate and d-mannitol as the collector, Desalination,
431 (2018) 47-55.

M.J. Tian, Y.H. Hu, W. Sun, R.Q. Liu, Study on the mechanism
and application of a novel collector-complexes in cassiterite
flotation, Colloids Surf., A, 522 (2017) 635-641.

PY. Bi, HR. Dong, HB. Yu, L, Chang, A new technique
for separation and purification of l-phenylalanine from
fermentation liquid: flotation complexation extraction,
Sep. Purif. Technol., 63 (2008) 487—491.

H. Zerze, B. Karagoz, H.O. Ozbelge, N. Bicak, N. Aydogan,
L. Yilmaz, Imino-bis-propane diol functional polymer for
efficient boron removal from aqueous solutions via continuous
PEUF process, Desalination, 310 (2013) 158-168, doi: 10.1016/;.
desal.2012.07.013

J. Kluczka, T. Korolewicz, M. Zototajkin, ]. Adamek,
Boron removal from water and wastewater using new



[25]

[26]

[27]

[28]

[29]

(30]

C. Bai et al. / Desalination and Water Treatment 246 (2022) 237-245

polystyrene-based resin grafted with glycidol, Water Resour.
Ind., 11 (2015) 46-57.

S. Tural, M.S. Ece, B. Tural, Synthesis of novel magnetic nano-
sorbent functionalized with N-methyl-D-glucamine by click
chemistry and removal of boron with magnetic separation
method, Ecotoxicol. Environ. Saf., 162 (2018) 245-252.

S. Liu, M. Xu, T. Yu, D. Han, J. Peng, J. Li, M. Zhai, Radiation
synthesis and performance of novel cellulose-based microsphere
adsorbents for efficient removal of boron(Ill), Carbohydr.
Polym., 174 (2017) 273-281.

E.B. Simsek, U. Beker, B.F. Senkal, Predicting the dynamics and
performance of selective polymeric resins in a fixed bed system
for boron removal, Desalination, 349 (2014) 39-50.

J. Lyu, Z. Zeng, N. Zhang, H. Liu, P. Bai, X. Guo, Pyrocatechol-
modified resins for boron recovery from water: synthesis,
adsorption and isotopic separation studies, React. Funct.
Polym., 112 (2017) 1-8.

L. Xu, Y.Q. Liu, HP. Hu, Z.P. Wu, Q.Y. Chen, Synthesis,
characterization and application of a novel silica based
adsorbent for boron removal, Desalination, 294 (2012) 1-7.
X.Zhang, ].W. Wang, S.F. Chen, Z.B. Bao, H.B. Xing, Z.G. Zhang,
B.G. Su, Q.W. Yang, Y.W. Yang, Q.L. Ren, A spherical N-methyl-
D-glucamine-based hybrid adsorbent for highly efficient
adsorption of boric acid from water, Sep. Purif. Technol.,
172 (2017) 43-50.

(31]

(32]

[33]

[34]

(35]

[36]

245

A. Pasc-Banu, M. Blanzat, M. Belloni, E. Perez, C. Mingotaud,
I. Rico-Lattes, T. Labrot, R. Oda, Spontaneous vesicles of
single-chain sugar-based fluorocarbon surfactants, J. Fluorine
Chem., 126 (2005) 33-38.

T. Mecca, M. Ussia, D. Caretti, F. Cunsolo, S. Dattilo, S. Scurti,
V. Privitera, S.C. Carroccio, N-methyl-D-glucamine based
cryogels as reusable sponges to enhance heavy metals removal
from water, Chem. Eng. J., 399 (2020) 125753, doi: 10.1016/j.
ej.2020.125753.

Q.H. Zhang, W. Ren, A.V. Dushkin, WK. Su, Preparation,
characterization, in vitro and in vivo studies of olmesartan
medoxomil in a ternary solid dispersion with N-methyl-D-
glucamine and hydroxypropyl-B-cyclodextrin, J. Drug Delivery
Sci. Technol., 56 (2020) 101546, doi: 10.1016/j.jddst.2020.101546.
X. Li, R. Liu, S. Wu, J. Liu, S. Cai, D. Chen, Efficient removal
of boron acid by N-methyl-D-glucamine functionalized silica—
polyallylamine composites and its adsorption mechanism,
J. Colloid Interface Sci., 361 (2011) 232-237.

Q. Luo, L. He, X. Wang, H. Huang, X. Wang, S. Sang, X. Huang,
Cyclodextrin derivatives used for the separation of boron
and the removal of organic pollutants, Sci. Total. Environ.,
749 (2020) 141487, doi: 10.1016/j.scitotenv.2020.141487.

N.S. Jyothi, K. Ravichandran, Optimum pH for effective dye
degradation: Mo, Mn, Co and Cu doped ZnO photocatalysts
in thin film form, Ceram. Int., 46 (2020) 23289-23292.



	_Hlk73951786
	_Hlk73951830
	_Hlk73951888
	_Hlk85532226
	_Hlk72143407
	_Hlk85532243
	_Hlk55986163
	_Hlk72412428
	_Hlk85532255
	_Hlk72422909
	_Hlk85532269
	_Hlk72479607
	_Hlk74669611
	_Hlk85532283
	_Hlk85532297
	_Hlk85532305
	_Hlk82695746
	_Hlk72483719
	_Hlk72762648

