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Building on the excellent results of extraction on a solid phase (polymer) this work combine adsorption
nitrophenols (a, m, p-nitrophenols) on polymeric nanoparticles (NP-PSf) and composite (NP-PS-PANI) with
colloidal ultrafiltration. Colloidal ultrafiltration solutions of nitrophenols is done in an ultrafiltration plant,
CELF System, with a capacity of 500 mL at 25°C, variable working pressure (1-10 atmospheres), turbulent
flow regime (2-4 m/s) and usable filter polysulfone-membrane composites 10% in dimethylformamide
coagulated with methanol polyaniline (PANI-PSf) 15 cm?. Operational parameters of the process:
concentration nitrophenols, nanoparticle concentration, pH of the feed solution were studied, trying to
correlate the results of the colloidal ultrafiltration with the nature of the nanoparticles. Permeate flow is
optimal at a pressure of 5 atm and nitrophenols retention depends on their nature. Good results have been
obtained at pH = 3.1 for polysulfone nanoparticles (NP) and excellent retention at pH 1.3 or pH>7, for
composite nanoparticles (NP-PSf-PANI). Rejection o-nitrophenols is superior to the others two nitrophenols
in all experiments.

Keywords: nanoparticles, colloidal ultrafiltration, nitrophenols, separation, membrane processes

Nitrophenols separation or removal from dilute aqueous
solutions was the main target for environmental protection
due to toxicity and possible accumulations, but also for
the concentration and revaluate of these compounds of
high technological interest for: drugs, dyes, blasting
explosives, pesticides, phenolic resins [1-4].

high solubility in water (table 1) [10-14].
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Solubility in water
No. Compound 20 c (g / 100 mL)
1 Phenol 8.3
2 o- Chlorophenol 23
3 p- Clorophenol Soluble
4 2- Chlorophenol 2
5 3- Chlorophenol 26
G 4- Chlorophenol 2.7
7 2.4-Dichlorophencl 0.43
3 2.6-Dichlorophenol 019 Table 1
0 2.3 A-Trichlorophenal Ta soluble SOLUBILITY IN WATER OF SOME INTERESTS
PHENOLIC COMPOUNDS
10 2.4,6-Trichlorophenol 0.035
11 Pentachlorophencl 0.001
12 m-Nitrophenol 1.35
13 o- Nitrophenaol 0.24
14 p-Nitrophenol 1.80
15 2.,4-Dinitrophenol 1.70
16 m-Cresol 235
17 o-Crescl 237
18 p-Creszol 24

Nitrophenols containing aqueous effluent sources close
to the limit of solubility are numerous: chemical and
pharmaceutical, dyes and drugs, explosives, textile and
leather industries [5-9].

This various toxic phenolic compounds, including
Nitrophenols in watery effluent is caused by their relatively

427



Nitrophenols separation and removal of watery effluent
is primarily an environmental issue, but also can be an
important technological application, technical and
economic [15, 16].

If in terms of environmental impact is the removal of
nitrophenols in agueous solutions tend to be achieved by
the complete destruction: oxidative and photo-oxidative
[17, 18], in terms of chemical technology recuperative
prefer: concentration, separation, purification and recovery
nitrophenols mixed or components: extraction, ion
exchange, membrane and emulsion liquid [19-22].

Both extraction and liquid membranes use solvents,
which can be found later in the treated aqueous solution,
thus changing a pollutant (nitrophenols) with another
(solvent extraction) [22, 23].

Removal and separation of regenerative nitrophenols
was at the same time, and a permanent objective of
membranologys, who developed many techniques,
methods and processes: electro-dialysis and dialysis,
nanofiltration and reverse osmosis, distillation and
membrane pervaporation [24-28].

Membrane separation processes nitrophenols
limitations are related to technical and economic aspects:
expensive membrane materials, high working pressure,
heat consumption, productivity (flux and selectivity) low.

Building on the excellent results of extraction on a solid
phase (polymer) [29-33], this work, combine nitrophenols
adsorption nanoparticle with colloidal polymer
ultrafiltration. The study aims at increasing performance
nitrophenols ultrafiltration with colloidal nanoparticles, on
composite polysulfone membrane-polyaniline (PANI-NP-
PSf)

Experimental part
Materials and methods
Materials and membranes

Aniline, dimethylformamide (DMF), methanol,
hydrochloric acid, calcium hydroxide, ammonium
persulfate, and nitrophenols (table 2) were originated from
Sigma-Aldrich [34]. The pure water used for preparing

synthetic solutions of copper sulphate and nitrophenols
(107-10* Mmol/ L) was obtained through Millipore system.

Membranes and nanopatrticles preparation

The membranes of polysulfone-polyaniline (PSf-PANI)
were made from 10-14% solution Udel polysulfone (PSf),
dissolved in dimethylformamide (DMF) containing 3%
aniline (A). This composite membranes used in
ultrafiltration were prepared by phase inversion method,
immersion precipitation techniques from polysulfone
solution (Udel) 10-14% in dimethylformamide (DMF) by
coagulation with 1: 1 methanol-water, and after oxidized
in the coagulation bath with acidic solution of ammonium
persulfate [35-38].

The composite nanoparticles of polysulfone-polyaniline
(NP-PSf-PANI) were made from 5% solution Udel
polysulfone (PSf), dissolved in dimethylformamide (DMF)
containing 3% aniline (A) [39,40].

1000 mL of PSF-DMf-A were dispersed by means of a
capillary with an orifice of 0.500 mm in a conical flask
(flask) of 2000 mL in which there are consecutively 1000
mL solution of methanol:water (1:1) and methanol.

The obtained nanoparticles were transferred to 1000
mL solution of 10% hydrochloric acid and 5% ammonium
persulphate, for 3 h, and washed with pure water.

Ultrafiltration processes

Ultrafiltration colloidal solutions of nitrophenols (fig.1)
is done in a plant ultrafiltration CELF System, with a capacity
of 500 mL, variable working pressure (1-10 atmospheres),
turbulent flow regime and usable filter 15 cm?.

Permeate flow volume equation (1) is determined to
establish the productivity of system:

J= (L/m™xh) o)

St
where:
V= permeate volume (L)
S = the effective area of the membrane (m?)
t = the amount of time needed to collect the permeate

(h)

Chemical o-CsH:NO; m-CgH:NO3 .
formula P-CeH:NOs
oM o . o _OH
Chemical TR _ T e O
structure R e Y ~
NGy ar HO' NG QN
Molar mass 139.11 g-mol! 139.11 g-mol™ 139.11 g-mol™ Table 2
SOME
Appearance Colorless or yellow pillars Colorless or yellow pillars | Colorless or yellow pillars | PHYSICO-
CHEMICAL
Melting point 42-45°C 06-98 °C 110-115 °C CHARACTERISTICS
OF USED
Boiling point 214-216 °C 194 °C 279 °C N'TRO[ZQ]ENOLS
S“I‘Tﬂ"ef in 2.125°C) 10.0 (15 °C)
13.5 (25°C) 11.6 (20 °C)
(eL) 10.8 (100°C) 16.0(25 °C)
Acidity in water
7.23 8.36 7.15
(pKs)
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Dimensional and functional characteristics of the
system used in the experiments are as follows [41, 42]:

-membrane diameter: 50 mm;

-effective membrane area; 15cm?;

-volume supply tank: 750 mL;

- speed liquid (leakage tangential): 2- 4m/s;

- maximum working pressure: 40 atm;

-working pressure: 1-10 atm;

- maximum working temperature: 30°C;

- flow pump - 1.5-2.5 L/min;

-material - stainless steel.

To achieve the ultrafiltration of colloidal solution using
500 mL of nitrophenols concentration 0.1-10 g / L
(depending on the solubility of the particular nitrophenols)
and 1-50 g polysulfone type polymer nanoparticles (NP-
PSf), and polyaniline, polysulfone (PSF NP -Up) and
duration of the process is 25 to 200 min (fig. 2).

After ultrafiltration the retention of the species of interest
(R) was determined using the solutions’ absorbance and
concentration [41-44]:

R =(c,c)lc, @)
where:

c ‘the final concentration of the solute (nitrophenols),

,— the initial concentration of solute (nitrophenols)
R=(AAgme) A, ®)
where:

A,- initial sample solutions absorbance

A «ampie” CUITENt SAMPle absorbance
Analytical methods

The solutions pH was adjusted by hydrochloric acid a
calcium hydroxide 0.1 Mol/L solution.

The determination of phenol is accomplished through
the spectrophotometric method Spectrometer CAMSPEC
[45-47].

Morphological analyses of membrane and hanoparticles
samples were performed by scanning electron microscopy
(SEM) [48-50].

Results and discussions

Ultra-filtration of aqueous solutions has been extensively
studied as in the case of composite membranes on the
basis of polyaniline, the pH of the feed solution can influence
the permeate flow [38]. The experimental results obtained
at the passage of flows of aqueous solutions of different
pH concentration of composite membranes 10%, 12% and
14% PSf-PANI prepared in the experimental conditions set
out are shown in table 3 and confirm the historical data
[37, 38].

HO-=-CO- OO |

H

a

Scheme 1

Thus, the permeate flow increases with increasing
operating pressure and shows a peak at pH between 5
and 9, which indicates a clear influence of protonated
polyaniline in the composite membranes according to the
reaction of scheme 1.

For tests of colloidal ultrafiltration with polymeric
nanoparticles of nitrophenols solutions a 10% PSf
membrane-PANI has been selected. The main process and
morphological characteristics are indicated in figures 3 and
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Table 3
WATER FLOWS AT DIFFERENT pH AND PRESSURE OF TESTED IN COMPOSITE MEMBRANES

Transmembrane Water flux (J)
Membrane pressure (P) (L/m*xh)
(atm) pH=1 pH=3 pH=5 pH=7 pH=% pH=11
2 69.1 54 093 1285 1411 103
10%PSf+PANI 4 1576 173.9 167.3 2871 304.3 163.7
3 21512 234.6 187.3 444 8 3931 3400
& 2339 2871 450.6 5488 4900 4233
2 198 238 243 408 378 345
1704 PS{PANI 4 431 468 489 202 T6.4 71.8
3 336 7 659 110.3 1201 1114
& 724 7835 264 137.9 141.0 1311
2 123 144 151 172 14.0. 121
14%%PSfH+PANI 4 278 239 323 351 313 284
3 362 374 40.3 472 417 413
& 463 408 376 303 337 319
J(Lm’h)
450 [ ]
° [ ]
400 .
350 b
300 ®
250 °
200 *
L ]
150

Pam)

Fig. 3. Nitrophenols flow of solution and nanoparticles depending
on the pressure membrane 10%PSf/DMF/methanol

This membrane has the classic behaviour of an
asymmetric micro porous membrane (fig. 3): permeate
flow increases with pressure up to 7 atmospheres and
when it compacts it leads to a quasi-cap specific flow
ultrafiltration. Therefore, recommended optimum working
pressure for the membrane not to be deformed is 5
atmospheres.

PSf-PANI composite membrane has an asymmetric
structure highlighted by the Scanning electron microscopy
(fig. 4) with an active layer of SiO nearly 10 um and total
thickness of 100-110 pm.

As demonstrated by KESTING [48] a membrane can
trap particles almost 10 times smaller than the pore
diameter. In this way, the achievement of colloidal
ultrafiltration of 20-40 nm colloidal nanoparticles can be

Fig. 4. The morphology of the 10% PSf / DMF / methanol

membrane: a-composite membrane section, b- composite
membrane with polymeric nanoparticles on surface, c-polymeric
nanoparticles aggregates)
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performed efficiently, as they will be retained by the
membrane for the micro- or ultra-filtration chosen (fig. 4 b
and c). Basically, the entire amount of nanoparticles used
in order to retain through adsorption of nitrophenols will be
found in the retentive (fig. 2), but it also accumulates and
aggregates, in part, also on the active surface of the
membrane (fig. 4c). Turbulent flow regime (on the
membrane surface flow velocity 2-4 m / s) will lead to
maintaining the flow of permeate at least 80% from
baseline [49, 50].

Experimental tests were initially carried out with
solution 1g/L 1-9 g polymeric nanoparticles nitrophenols
and 500 mL of feed solution keeping the working pressure
to 5 atm, supply tangential flow mode of 3 m/s and working
temperature of 25°C (by cooling recirculation). The results
show that nitrophenol retention in the colloidal ultrafiltration
increases with increasing the amount of polymeric
nanoparticles in the feed solution (fig. 5). Nitrophenol
retention in nanoparticle composites ultrafiltration (NP-PSf-
PANI) is higher than the retention of the nanopatrticles in
polysulfone (NP-PSf) (fig. 5), suggesting, throughout the
study, a stronger interaction of nitrophenols with composite
nanoparticles than with the polysulfone. Adsorption on

100

g0 4 | NP-PSf

oo | LA Ne-PstoaN Fig.5.

ol Nitrophz_anols

retention

R(%) 80 1 depending on

501 the amount of

404 polymeric

304 nanoparticles to

20 B [ | 100 mL solution

104 = ® of system

. ]

10 3.0 50 70 90 10
Nanopacticles (g)

polysulfone nanoparticles is likely the hydrophobic-
hydrophobic type and in the case of composite
nanoparticles it is amplified by electrostatic interactions
and hydrogen bonds that can provide polyaniline with
nitrophenols groups.

Furthermore it was chosen an amount of 5 g to 500 mL
nitrophenol solution, which would correspond to a
concentration of 10g / L nanoparticles or 1% by weight of
polymer mass in aqueous solution.

Varying, the amount of power nitrophenols in feed
solution show that the retention decreases rapidly with
increasing relative concentration of nitrophenols (fig. 6)
for both types of nanoparticles. Basically, over the
concentration of 0.50 g/L nitrophenols in food grain,
retention drops below 50% for ultrafiltration composite
nanoparticles and nanoparticles of less than 10% with
polysulfone, making the process economically inefficient.

100

90 B NP-PSf Fig. 6.
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Of course concentrations chosen are close to saturation
concentrations, which represents a major stress for specific
membrane separation and recovery processes of chemical
species in dilute solutions [35-37].

In the following tests of colloidal ultrafiltration (figs. 7-
9) it was studied the influence of nitrophenols, nature, the
operating time and pH) on retention.

Time is a decisive operational parameter when the
membrane process is intended to be an alternative to a
classic separation process (extraction, adsorption, ion
exchange). In this case we observed whether reducing
operating time can reach under 4 h, which would mean 2-
4 production cycles per day depending on length of total
working time: 8, 16 or 24 h. Taking into consideration that
in a membrane processes outside the operating stage it
also appears the necessity of nanoparticle regeneration
and membrane laundering, which takes 2-3 h each, we
have watched the evolution of nitrophenol retention in a
range of 25-200 min (fig. 7).

As seen in figure 7, for nitrophenol retention by
ultrafiltration of composite nanoparticles (NP-PSf-PANI),
an operating time of about two hours ensures the
achievement of efficiency and performance of a production
cycle on the currency.

By choosing the most favorable working conditions:
initial concentration of nitrophenols 1g / L, concentration
of nanoparticles: 15g /L, flow rate of feed solution 3m /s,
operating time: 3 hours, temperature: 25°C, we obtained
nitrophenol retention depending on the pH of the
ultrafiltration colloidal supply. As seen in Figures 8 and 9
nitrophenol retention by ultrafiltration on polysulfone
nanoparticle (NP-PSf) and composite (NP-PSf-PANI)
depends on both the nature of nitrophenols and the working
pH. Raising the pH disfavors the adsorption and retention
of all nitrophenols on polysulfone nanoparticles. Also, orto-
nitrophenol retention is easier to obtain and behaves
different than meta and para-nitrophenols in the case of
nanoparticles over the entire range of pH (fig. 8).

L 0-nPh .
4+ mnPh Fig. 8.
W B p-nPh Nitrophenol
R(%) retention on
* polymeric
L nanoparticles
. ., (NP-PSf)
20 1 depending on the
" pH supply
10 L = ]
1 >
0 ’

pH
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pH nanoparticles
No. Compound Molecular Mol wt imax pKa
formula (g/mol) (nm)
1 Phenol CsHsO 2411 269 095
2 o-nitrophencl Ces HsNO3 139.11 - 717 Table 4
SOME PHYSICO-
3 m-nitrophenol Cs HsNOs 139.11 - g.36 CHEMICAL PROPERTIES
OF THE PHENOLIC

4 p-nitrophencl Cs HsNO; 139.11 317 7135 COMPOUNDS [34]
5 p-chlorophenal CsHsCI10 128.6 279 041
6 p-cresol C7H:O 108.13 276 1026
7 p-tert-butylphenol CuHuO 150 283 7

In the case of composite nanoparticles (NP-PSf-PANI)
orto phenol’s retention is also different, but much lower
than for the other two nitrophenols (fig. 9). It is interesting
that this time, retention increases on the working range of
PpH, being more pronounced in meta nitrophenols.

Nitrophenols separation from aqueous solutions has
been extensively studied because these substances
represent chemical species representative for both toxicity
of this class of organic compounds and for UV-Vis
spectrophotometric analysis to be easy and validated [51-
53].

On the other hand Nitrophenols through their acid-base
behavior, allowed in the colloidal ultrafiltration, besides the
study of physical operational parameters: amount of phenol
solution, the amount of polymeric nanopatrticles, time and
flow regime and varying chemical parameters: nitrophenol
concentration (imposed by the different solubility of
nitrophenols-table 1 and 2) and pH work (determined by
different acidity constants (table 4).

Scheme 2 shows how the distribution of nitrophenols
between aqueous and polymeric nanoparticles.

The distribution of nitro phenolic derivatives in the
membrane system is a complex process [46-48]. Besides
partition-diffusion balances and chemical competitive
balances can occur.

Thus, in the feed solution (feed solution) nitro phenolic
compounds may be involved in the proton transfer
equilibrium of the form (4), characterized by a distribution
constant, D (5):

(ONArOH),, === (O:NArOH)- @

_[ov-4r o],

Doswo “fon-ar—om].  ©

Nitrophenols (O,N-Ar-OH) are recognized acidic organic
compounds [35, zi7]. Thus, while the Nitrophenols are
brought into contact with two parts: water (w) and a
nanoparticle polymeric composite (NP-PSf-PANI) water-
insoluble (P), they will be distributed between the two
phases in accordance with the balance (6), characterized
by the acid dissociation constant Ka (7).

(OMNArOH),, +HOH 2= (O:NAr0”), +H,0" (6)
[o:N-ar0 | [Hio]
. [D;NAr-OH] U]

General equilibrium that involves nitrophenols (8) is
incorporated in the distribution coefficient (d), which is
dependent on pH, and which becomes an operational
parameter (9).

(O:NATOH)z + (HO ), =— (O:NArQ )e+ (HOH)» ®)
D v
dD,\.\‘.-DH = 7[ . :(;::j#.' (g)

Therefore, experiments of nitrophenol removal of (figs.
7and 9) were intended to establish the optimal conditions
of the process of separation composite membranes (PSf-
PANI), taking into account the influence of nanoparticle
polymer (NP-PSf-PANI) and the coupling process of proton
transfer reactions with a separation capable of achieving
induced. Through the study we can identify a constant of
global acidity of the process dependent on the constant
distribution of nitrophenols between nanoparticle (NP-PSf-
PANI) and aqueous solution (10).

K,
K Waer-Pobmer = 1:;; (10)
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where: w represents the aqueous phase, and P represents
polymer composite nanoparticle (NP-PSf-PANI).

If we exclude the participation of nitrophenols in
chemical reactions in the two phases of balance, for
nanoparticles in polysulfone (NP-PSf), it is characterized
by constant division R. Phenolic derivative molecular form
hydrophobic ally penetrates or it is adsorbed onto the
nanoparticle (NP-PSf) and at the nanoparticle interface
(NP-PSf) water whose balance is the constant distribution,
R (11) and partition coefficient, r (12) are:

[o:v- 4r - OH],

R&;\'.qraf = [0.“\,'_ Ar —OH],, (11)
_ Roxiom
ONArOH 14107 .., (12)

And in this case can be expressed in a constant acidity
global system nitrophenols nanoparticle agueous solution
of polysulfone (13):

Ka,l'ﬁ
1+R

As such, the observations indicate that the pH of the
agueous phase is an optional parameter that may influence

13
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Scheme 3. Interaction between nitrophenols and studied polymers
(PSfand PANI)

the distribution of nitrophenols as demonstrated by the
experimental data illustrated in figures 6 and 8.

In scheme 3 hydrophobic interactions are suggested to
nanoparticles in polysulfone (NP-PSf) and complex
interactions: hydrophobic, ion-ion and hydrogen bond to
composite nanoparticles (NP-PSf-PANI).

For harnessing and applying the study at a larger scale,
further research is needed on the influence of physico-
chemical parameters: temperature, flow regime variable
ionic strength and morphology of nanoparticles.

Conclusions

This study combines nitrophenol adsorption (a, m, p-
nitrophenols) on polymeric nanoparticles (NP-PSf) and
composite (NP-PSf-PANI) with the colloidal ultrafiltration
10% polysulfone-membrane composite polyaniline /
methanol. Operational parameters of the process: the

REV.CHIM.(Bucharest)¢ 68¢ No. 3 ¢ 2017

concentration of nitrophenols, the concentration of the
nanoparticles, the pH of the feed solution (feed solution)
have been studied and tried and the results correlate with
the nature of the ultrafiltration of colloidal nanopatrticles.
The flow of permeate is positioned at a pressure of 5 atm,
and the retention depends on the nature of the nitrophenols.
Good results have been obtained at pH = 3.1 for polysulfone
nanoparticles (NP) and excellent retention at pH =1.3 or
pH> 7, for composite nanoparticles (NP-PSf-PANI).
Rejection o-nitrophenols is superior to the others two
nitrophenols in all experiments.

Acknowledgements: The authors have a gratefully acknowledge of
Hybrid installation for water treatment using low pressure reverse
osmosis and denitrification of the wastewater with bio-fuel cells, PN-
II-PT-PCCA-2013-4-0742 Research Project .

References

1.FRANKENFELD, J.W,, LI, N.N., John Wiley & Sons, Inc., New York,
1987

2.MITTAL, K.L., SHOH, D.0., Surfactants in solution, Vol. 11, Springer
Science+Business Media New York, 1991

3.VAN DER BRUGGEN, B., DAEMS, B., WILMS, D., VANDECASTEELE,
C., Separation and Purification Technology, 22-23, 2001, p. 519
4.TAN, B.H., TENG, T.T., OMAR, A.K.M., Wat. Res., 34, no.2, 2000, p.
597

5.POPESCU, G., ALBU, B., NUTA, D., RATA, D., ALDEA, E., DINESCU
G., OLTEANU, M., Ultrafiltration of dyes in the presence of surfactants,
Analele Universitatii din Bucuresti — Chimie, Anul XII (serie noua),
vol. I-Il, p. 49-54;

6.HAMEED, B.H., RAHMAN, A.A., J. Hazard. Mater., 160, 2008, p.576
7.TERESA, A., REIS, M., ONDINA DE FREITAS, M.F, ISMAEL, M.R.C.,
CARVALHO, J.M.R., J. Membr. Sci., 305, 2007, p.313

8.LEE, S.Y,, KIM, B.N., HAN, J.H., CHANG, S.T,, CHOI, YW, KIM, Y. H.,
MIN, J., J. Hazard. Mat., 182, 2010, p.936

9.BALASUBRAMANIAN, A., VENKATESAN, S., Pol. J.Chem.Tech., 14,
2012, p.46

10.ARDELEAN, R., DAVIDESCU, C.M., POPA , A., Adsorption of p-Nitro
phenol from Water on Polymeric Adsorbents, Chem. Bull. Politehnica
Univ. Timisoara, 55, 2010, p.132

11.SINGH, D.K., SRIVASTAVA, B., Removal of phenol pollutants from
aqueous solutions using various adsorbents, Journal of Scientific &
Industrial Research, 61, 2002, p. 208

12.JIANG, Zhen-mao, LI, Ai-min, CAl, Jian-guo, WANG, Chun, ZHANG,
Quan-xin, Adsorption of phenolic compounds from aqueous solutions
by aminated Hyper crosslinked polymers, Journal of Environmental
Sciences , 19, 2007, p. 135

13.WAGNER, K., SCHULZ, S., Adsorption of Phenol, Chlorophenols,
and Dihydroxybenzenes onto Unfunctionalized Polymeric Resins at
Temperatures, J. Chem. Eng. Data, 46, 2001, p. 322

14.URTIAGA, A., GUTIERREZ, R., ORTIZ, I, Desalination, 245, 2009,
p.444

15.LEE, A., ELAM, J.W.,, DARLING, S.B., Environmental Science Water
Research & Technology, 2, 2016, p. 17

16.PETZOLD, G., SCHWARZ, S., Separation and Purification Technology,
31, 2003, p. 318

17.0RBECI, C., UNTEA, 1., DANCILA, M., STEFAN, D.S., Environ. Eng.
Manag. J., 9, no.1, 2010, p. 1

18.0RBECI, C., UNTEA, I., NECHIFOR, G., SEGNEANU, A.E., CRACIUN,
M.E., Separation and Purification Technology, 122, 2014, p. 290
19.DIACONU 1., GIRDEA R., CRISTEA C., NECHIFOR G., RUSE E., Totu
E. E., Rom Biotech Lett, 15, no. 6, 2010, p. 5703

20.DIACONU 1., ABOUL-ENEIN H.Y., AL-OMAR M.A., NECHIFOR G.,
RUSE E., BUNACIU A..A, TOTU. E.E, Arab. J. Chem., 4, no. 1, 2011, p.
9

21.DIACONU I., NECHIFOR G., NECHIFOR A.C., RUSE E., TOTU, E.E.,
UPB.Sci.Bull. Serries B, 71, no.4, 2009, p. 61

22.DIACONU, 1., NECHIFOR, G., NECHIFOR, A.C., TOTU, E.E, RUSE,
E., Rev. Chim.(Bucharest), 60, no. 12, 2009,p. 1243

http://www.revistadechimie.ro 433



23.NECHIFOR, G., ALBU, B.G., RATA, D., POPESCU, G., Rev. Chim.
(Bucharest), 47, no. 3, 1996, p. 260

24.SERBAN, B., RUSE, E., MINCA, M., PASARE, J., NECHIFOR, G.,
Rev.Chim. (Bucharest), 51, no. 4, 2000, p. 249

25.NECHIFOR, A.C., RUSE, E., NECHIFOR, G., SERBAN, B., Rev. Chim.
(Bucharest), 53, no. 1, 2002, p. 20

26.NECHIFOR, G., VOICU, S.I., NECHIFOR, A.C., GAREA, S.,
Desalination, 241, no. 1-3, 2009, p. 342

27.MUNIR, A., Dead End Membrane Filtration, ENE 806, Laboratory
Feasibility Studies in Environmental Engineering, Springer , 2006
28.AHMAD, A.L., PUASA, S.W,, ZULKALI, M.M.D., Desalination, 191,
2006, p. 153

29.FARAJZADEH, M.A., FALLAHI, M.R., Study of Phenolic Compounds
Removal from Aqueous Solution by Polymeric Sorbent, Journal of the
Chinese Chemical Society, 52, no. 2, 2013, p 295

30.COROBEA, C., DONESCU, D., RADITOIU, V,, VOICU, S.I., NECHIFOR,
G., Rev. Chim. (Bucharest), 57, no. 9, 2006, p. 981

31.VOICU, S.I., STANCIU, N.D., NECHIFOR, A.C., VAIREANU, D.I.,
NECHIFOR, G., Romanian Journal of Information Science and
Technology, 12, no.3, 2009, p. 410

32.KOPECKY V., MIKULASEK P, Environment Protection Engineering,
31, 2005, p. 187

33.ARCHER, A.C., MENDES, A.M., BOAVENTURA, R.A.R., Environ. Sci.
Technol., 33, 1999, p. 2758

34.¥** http://www.sigmaaldrich.com/catalog/product

35.POPESCU, G., NECHIFOR, G., ALBU, B., LUCA, N., Rev. Roum.
Chim., 34, no. 2, 1989, p. 577

36.RIKABI, A.AKK., BALABAN (CHELU), M., HARABOR, I., ALBU,
PC., SEGARCEANU, M., NECHIFOR, G., Rev. Chim. (Bucharest), 67,
no. 9, 2016, p. 1658

37.CUCIUREANU, A., BATRINESCU, G., BADEA, N.N., RADU, D.A.,
NECHIFOR, G., Mat. Plast., 47, no. 4, 2010, p. 416

38.RIKABI, A.A.K.K., CUCIUREANU, A., CHELU, M., MIRON, AR.,
ORBECI, C., POPA, A.G., CRACIUN, M.E., Rev. Chim. (Bucharest), 66,
no. 8, 2015, p. 1093

434 http://www.revistadechimie.ro

39.VOICU, S.I., ALDEA, F, NECHIFOR, A.C., Rev. Chim. (Bucharest),
61, no. 9, 2010, p. 817

40.VOICU, S.I., ALDEA, F.,, RADUT, M., NECHIFOR, G U.PB. Sci. Bull.,
Series B, Vol. 70, no. 3, 2008, p. 39

41.BATRINESCU, G., CONSTANTIN, M.A., CUCIUREANU, A., NECHIFOR,
G., Polymer Engineering and Science, 54, no. 7, 2014, p. 1640, DOI:
10.1002/ pen.23707

42.RIKABI, A.A.K.K., NECHIFOR, A.C., MOHAMMED, T. J., OPREA, O.,
MIRON, A.R., SEGARCEANU, M., VAIREANU, D.I., Rev. Chim.
(Bucharest), 67, no. 9, 2016, p. 1489

43.NECHIFOR, G., LUCA, N., POPESCU, G., NECHIFOR, M., Rev. Roum.
Chim., 34, no. 11-12, 1989, p. 2047

44 TANCZOS S.K., CHICAN, I, MIRON A. R., RADU, D. A., RADUCU, A,,
NECHIFOR, A. C., Rev. Chim. (Bucharest), 65, no. 6, 2014, p.636
45.TANCZOS, S.K., MIRON, AR., DINU, A., RADUCU, A., CRISTEA, A,,
NECHIFOR A.C., Rev. Chim. (Bucharest), 65, no. 7, 2014, p. 744
46.DIACONU, I., ZAHARIA, 1., RUSE, E., NECHIFOR, G., Dig. J.
Nanomater. Bios., 7, no. 3, 2012, p. 1303

47.ZAHARIA, I., DIACONU, I., RUSE, E., NECHIFOR, G., Rev. Chim.
(Bucharest), 66, no. 2, 2015, p. 169

48.KESTING, R.E., Synthetic polymeric membranes: a structural
perspective, Wiley-Interscience, New York, 1985

49.POPA G.A., POPA (ENACHE), D.F, SLAVE(CLEJ), D.D., DIN, LS.,
MIREA, C.M., CIOCANEA, A., Rev. Chim. (Bucharest), 68, no. 1, 2017,
p.6

50.GHEORGHIEVICI, G.L., TRISCA RUSU, C., VOICILA, E., NAFLIU,
I.M., CIMBRU, A.M., TANCZOS, S.K., Rev. Chim. (Bucharest), 68, no.
1,2017,p. 11

51.MAJEWSKA-NOWAK, K., KOWALSKA, I., KABSCH-KORBUTOWICZ,
M., Desalination, 198, 2006, p. 157

52.BUSCA, G., BERARDINELLI, S., RESINI, C., ARRIGHI, L., J. Hazard.
Mat. 160, 2008, p.265

53.SUN, O., YANG, L., Water Research, 7, 2003, p. 315

Manuscript received: 14.10.2016

REV.CHIM.(Bucharest)¢ 68¢ No. 3 ¢ 2017



