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ABSTRACT

Apart from the desalination activities, polyamide membranes spread their wings in different separation arena (viz.
removal of organic pollutants, pesticides). The separation abilities of the membranes are basically involved in their
compositions as well as nature of the solutes. The study brings to light that the removal of the two isomers of the
nitrophenols are based on their orientation (viz. dipolemoment). The prepared membrane compositions are also
very interesting to study to be dealt herewith. Molecular sizes and their dipole moments of the corresponding
nitrophenols are calculated by quantum chemical method. The rejection performance of the phenol compounds for
the same membranes are in the following order: 2-nitro phenol > 4-nitro phenol > phenol.
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1.0 INTRODUCTION

The reverse osmosis (RO) and nanofiltration (NF) membranes are the subject of attention in these
days especially in the removal of pesticides and low molecular weight pollutants [1-4]. In the thin
film composite RO membranes, the polyamide layer is formed by interfacial polymerization of
m-phenylene diamine (MPD) and trimesoyl chloride (TMC), whereas piperizine (PIP) and TMC
form the polyamide layer of NF membrane over the polysulfone membrane [5]. The active membrane
surface layer usually consists of negatively charged residual carboxyl group in the trimesoyl chloride
moiety. In our previous work, we examined the rejection properties of low pressure reverse 0smosis
membranes for the chloro-phenolic pesticides and it was observed that higher desalting membranes
reject more efficiently. [6].

Here, in this study, performance of the TFC membranes made of piperizine and m-phenylene
diamine and with their mixture with trimesoyl chloride (TMC) in the removal of nitrophenols has
been performed. Nitro phenols are chosen for this experimentation as it is one of the man-made
chemicals that can break down in water and soils. Nitro phenols are favored in the production of
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fungicides, dyes, paint coloring as well as drugs. Nitro phenols are considered cardiovascular or
blood toxicant, neuro toxicant as well as skin and sense organ toxicant. The membrane separation
abilities are dependent upon various factors, e.g. nature of the membrane, molecular size and nature
of the solutes (e.g. polarity). The details of the performances of different commercial membranes
regarding the separation of the pesticides are enlisted in the recent review [7]. The limitations of the
earlier reports regarding the remediation of pesticides polluted water are that the performances are
not explained in the perspectives of the membrane chemistry, as the compositions of the membranes
in most of the cases are concealed. In the present investigation, three types of membranes are prepared
by varying the compositions of the reactants of the interfacial polymerization on the same polysulfone
substrate. The objective of the study is to establish the relationship between the performances and
the permeation solutes as well as the chemistry of the membrane. The remediation performances of
two different nitrophenol isomers are also another objective of the investigation.

2.0 METHODS AND THEORY

2.1 Materials and Instruments

Polysulfone (Udel, Mw 35 000), dimethylformamide (Merck) and sodium lauryl sulfate were used to
prepare the asymmetric membrane. m-phenylene diamine (Lancaster) and trimesoyl chloride
(Lancaster) were used for interfacial polymerization. Phenol (Ranbaxy, India) and nitrophenols SRL
(India) were used in the membrane rejection measurements. Reverse osmosis treated water was
used in the experiment.

Membrane performance experiments were carried out in laboratory made pressure cell. The general
details of the set up were sketched elsewhere [3]. The membrane rejection experiments with sodium
chloride, magnesium sulfate and chosen phenol and nitrophenols were of the short run type, each
lasting for about 3 h. They were carried out at laboratory temperature and operating pressure of
1 Mpa.

The salt rejection measurement was done by their conductivity relationship, as concentrations
follow direct relationship. The concentrations of the solute organics were measured by HPLC
analysis.

2.2 Methods

The polymeric solution, (15% w/w in dimethyl formamide) casted on the non-woven polyester fabric
(1 m width), controlling the thickness, was dipped into the non-solvent bath (here water mixed with
sodium lauryl sulfate) using a prototype casting machine. Sodium lauryl sulfate concentration was
maintained at 10 gm/lit. Sodium lauryl sulfate was used in the gelling bath to control the uniformity
of pores and also to improve antifouling properties of the membrane. It was dipped instantaneously
into non-solvent bath after casting the membrane. The thickness is ~60 um throughout the cast
polysulfone membranes.

The asymmetric polysulfone membranes (20 cm x 15 cm) were coated with aqueous m-phenylene
diamine solution. After removing the excess amount of diamine solution, the membrane was then
immersed into TMC solution (in hexane) for the interfacial polymerization. The coated membranes
were cured at temperature 85-90°C. The reaction between diamine and trimesoyl chloride formed -
CONH- bond and resulted in cross-linked polyamide structure on polysulfone. The details of the
reactants used in interfacial polymerization are displayed in the Table 1.
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Table 1 Concentration of reactants used in interfacial composition

Membrane Diamine MPD : PIP (%) Trimesoyl chloride (%)
, . |

Memb-I 2:0 (()) :

Memb-11 1:1 0.1

Memb-I11 0:2 .

preparation of phenol solutions: Different phenol solutions were prepared in aqueous medium
(25 mg/l) and (50 mg/1).

alysed with high performance liquid chromatography
(HPLC) using the direct injection method under the fo!lg\\{ing conditions: Colm;;g‘:21\(]);1(:(15(;)3];]311[112
(Supelco) 250 mm x 4.6 mm x 5 ym, mobile phase acetonitrile /water (Ra11]<e};1l) ( o 1 Ochqu
0.125% acetic acid), flow =1.0 ml/min, UV/Vis detector (e = 2‘80 nm).. ?[C'S('p-a}c"t s Lthc
(1.5 gm/1) and MgSO, (1g/1) were monitored from t.hc-: .conductmt}-/ relatl‘ons lc]lpﬂ d‘b 1L 0 o
linear co-relation with the concentration. RC[)]'U(!LlClblllty was chgcked flOllTl 1I c1etn 1?:(1 ;Olmcs
membranes at least three times. The efficiency of the membranes in removing the stud

Analysis: The phenol concentrations were an

was determined as follows:

R

[ C‘Dlxl()() (1)
Cf

i jection i ‘centages nd Cy are -oncentration for permeate and the feed
where R is the rejection in percentages, C, and Cy are the concentra I

solution. . N - l
ol C wer rela rit e conductivity relationship and
For the strong electrolytes, Cp dnc! C; were correlated \wlhlth.c !
phenol compounds in water were monitored from the HPLC technique.
The flux was calculated from the relation:

(2)

Flux =——
A
2
in lit, £ i y is effecti -ane area (m°).
where [ indicates the volume of permeate in lit, t in hours and A is effective membllanc alCd](di )o]e
Theoretical methods to determine the structural parameters: The molecular vo um(é :)m( \i\i)l :
3 2 i 2 - ‘.L /| 15
moment of the phenol compounds were calculated using semi-empirical AM1 method [8-9].

a semi-empirical self-consistent field (SCF) method extensively used in theoretical studies of molecular
a o b

ected or par i : valence
structure, in which multi-center integrals, /;; and K;; are neglected or parameterized, and only v

shell electrons are considered. The Hamiltonian operator takes the form:

N, 1 N,_.1 N, Moo NN g
Hyal = 2[—-A,+V(z’)]+ X o= Zum (i) + 2 p it (3)
i=1 2 =l jeirt = i=1 j=i+1"if

where N, is the total number of valence electrons in the mo]cc%lle. V(i) is the pofo;']l}a!} f}n?liyji:{;i];i
ih electron in the field of nuclei and inner-shell electrons. Tl}ls SCF method‘ncg cuts) 1€ 1t 1. e
orthogonalization corrections and the attractive peqctratmn mtegral? of ‘the (,);nt-c]?-?vslu;;m
Hamiltonian matrix elements. Semi-empirical methods like AM1 are accurate enough to he

predictive powers, yet fast enough to allow large systems to be studied [1_0* 11]. —
ate the volume and the dipole moment of these molecules, first the stable contfor mers
1 level of theory. The possibility of intramolecular hydrogen bonding

To calcul
have been predicted at AM
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{ransport mechanisms are in literature [18] to explain the salt rejection. The wa.tcr ﬂux order Memb-
[11 > Memb-II > Memb- I suggests that with the decrease of 1,3 phenylene diamine, the flux data
increases and with piperizine (Memb-1II), the membrane is forming loose network.

3.1 Effect of Molecular Weight/Molecular Size of the Solutes

The rejection performances of the organic solutes are mostly based on size exclusion. Mo§t1y. the
molecular size of the molecules can be assessed by their molecular wenghtl. Fl?e nlolc?uk\r weight and.
molecular volumes of the solute molecules are enlisted in Table 3. The rejection pleriolrmance (,]Ellef of
the molecules are listed in Figures 2 and 3. The molecular weight and \.folume data justify the 1'0]cc't10nl
order Ryitrophencl > Rphenol- HOWever, the rejection dilference order of nitrophenols cannot be explainec
from the mol. weight/size point of view.

Figure 1 Structures of two nitro-phenol isomers

between the OH group and the nitro oxygen atom in 2-nitrophenol has been examined. The calculated
results indicate that the H-bonded conformation is stable compared to the non H-bonded

conformation. Therefore, the molecular volume and the dipole moment for H-bonded 2-nitrophenal Table 3 Physical parameters of the molecules
have been calculated. For effective conjugation, the nitro and the hydroxy groups are in the plane of : l ( ) E——
phenyl ring of both 2- and 4-nitrophenol (Figure 1). The AM1 calculated results suggest that the Phenol 2-nitro pheno e p .

molecular volume for 2- and 4-nitrophenol are similar (~146.0 A®), however, the dipole-moment is

Mol. Wt. 94 139 Lad
largely different for these two molecules. Mol. Volume (&%) 117.1 146.12 147.69
Dipole-moment (D) 1.233 4.33 5.264
3.0 RESULTS AND DISCUSSION
The preparation of asymmetric membrane is due to the diffusive exchange of water and N, N dimethyl
formamide which introduces liquid-liquid phase separation, i.c. the formation of polymer rich and a
polymer lean phase in the casting solution. The successive solidification of the phase separated
solution leads to a porous, asymmetric structure [12-16]. The water permeability (PWP) of 90
the polysulfone membranes (MWCO 2, 70 000) was checked and it was around 493.5 Im= h™' at 7 77 CE Rt
0.34 MPa. 80 (7] Memb-lI
The cross-linked polyamide layer on the polysulfone support was prepared by interfacial P J
polymerization technique. The monomers taken were 1, 3 phenylene diamine/piperizine (in water) 70 Li
and trimesoyl chloride (hexane) in different proportions. At the interface between the two solutions
(water and hexane), a coherent thin polyamide film is rapidly formed. It is to be noted that the 60
diffusivity of the phenylene diamine/piperizine from the aqueous to organic phase is the important | S
factor as reaction does not take place in the water phase, because a highly unfavorable partition co- | 50 .
efficient for acid chloride limits its availability in the aqueous phase [17]. | i‘s Eemes
As the Table 2 suggests that with the decrease of the 1, 3 phenylene diamine, the rejection of T 40
sodium chloride and magnesium sulfate decreases and the interesting feature is that Memb-III (from
piperizine) shows the preferential selectivity of magnesium sulfate over the sodium chloride. Different 30 I
20 H \
Table 2  Salt rejection performance data for the three membranes BE B Q
- = — = S5 I . — - 10 T
Membrane Water flux (Flux, Im™? h™') NaCl %R (Flux, Im™2 h™) MgSO, %R (Flux, Im™ h™) T S HHH N ‘ HEEEN
Memb-I 7.9 96.8(7.9) 97(5.9) 0 Phenol 2-nitro phenol 4-nitro phenol
Memb-I1 25.7 85.7(23.7) 82.7(25.7)
Memb-I11 e 41(31.6) 78(29.6) Figure 2 Rejection performance of phenol compounds (50 ppm) by membranes
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Figure 3 Rejection performance of phenol compounds (25 ppm) by membranes

3.2 Evaluation of Polarity of the Solute Molecules

The polarity is a physical property which relates other physical parameters of the organic molecules.
The orientations of the molecules can be described from the polarity (represented by the dipole
moment) of the molecule. Considering the dipole moment, the permeation of the organic molecules
through the charged membrane could be explained. As the specified membranes are having negative
charge due to the residual -COOH group in the trimesoyl chloride moiety of the cross-linked
polyamide, the -OH groups of the solute molecules are oriented head-on to the membrane pore walls
due to attractive interaction between the molecule polar centers and fixed charged groups on the
membrane surface. As a result, the molecules are directed towards the pore and enters more easily
into the membrane structure, i.e. the permeation of polar molecules will be favored through the
membrane. Here, the rejection of 4-nitro phenol is rather low compared to 2-nitro phenol for all the
membranes (~10% difference is there for 50 ppm solution) can be explained from the dipole moment
data from Figures 2 and 3. The flux data of the membranes for different concentrations are shown in
Table 4. Though the dipole moment values of nitrophenols are higher than the phenols, the rejection
follows based on size exclusion, as the difference in size of phenol and nitro phenols are significant.

Table 4 Flux data (Im™ h™') of the membranes for the phenol compounds (50 ppm and 25 ppm)

50 ppm 25 ppm
Phenol 2-nitro ‘4-nitro Phenol 2-nitro 4-nitro
phenol phenol phenol phenol
Memb-I 6.5 5.9 6.9 6.3 6.3 7.3
Memb-I1 237 22.7 14.8 24 227 16.8

Memb-I11 33.6 329 35.9 35.9 32.9 33.6

r
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3.3 Effect of Nature of the Membranes

As shown in Table 1, the membranes used for the experiment are of different nature. The salt rejection
performance of the membranes decreases as the 1, 3 phenylene diamine contt?nt of the membranes.
However, the salt rejection performance of the piperizine based membranes is the lov\.fest one. The
water flux data suggests that piperizine based membranes are having loose network \V:ltll -1‘espect to
1, 3 phenylene diamine and their mixed one. As the salt rejection decreases, the rejection of the
phenol compounds also decreases.

3.4 Effect of Concentration of the Phenol Solutes

The membrane performance regarding the phenol solutes depends upon the concentratim? of the
phenol compounds. Figures 2 and 3 indicate a positive correlation between concentration qnd
rejection. The rejection ability of the membranes is diminishing with the decrease in concentration
of the nitrophenols.

4.0 CONCLUSIONS

(i) The 1, 3 phenylene diamine based membranes are showing the highest salt rejection compared
to the piperizine and their mixture (1:1). The phenol rejections of the membranes are allso
following the same order as the salt rejection. The piperizine basec} membrane is being
relatively of loose network, the performance order in terms of rejection is Memb-I > Memb-11
> Memb-III. o

(i) Separation of un-dissociated organic compounds is controlled by the sieving effect qf the
membranes. The molecular weight and volume are the usual parameters to assess the size of
the molecules. The study shows that there is a direct relationship between rejection and
molecular weight/volume. _ '

(iii) The difference in rejection of the isomers (R 5.1it0 phenol > R 4-nitro phen?l) is due to lthe polarity
difference of the specified compounds. As the dipole moment of 2-nitro phenol is less than
4-nitro phenol, the 4-nitro phenol molecules pass through the negativelyf charged membrzlme
relatively easier. The rejection performance shows the direct relationship with the concentration
of the phenol compounds.
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