CHAPTER 11

LITERATURE REVIEW

2.1 Overview of Membrane Technology ¢ J | 3
s
N3

In chemical technology, membranes have gaizw:np ace %;‘a.re used in a

broad range of applications. The key prop®gie? lik

o

control the permeation rate of chem Gie %&nembrane have been
E (]
u
exploited. For example, membranég iS\used Thwgogiroll rug delivery where the

N
aimed is to moderate the percatl rate 0’ dr l‘ob Yeservoir to the body. While

in separation process, the{in 1 ranéQs to allow one component of a

e
mixture to permeate @nbr
]
components. Furth rg, it 1§ nQt
thin interface t% deraév):p
KA S
Completely, in composmo@ld structure, this interface may be molecularly

\

homo r it may chemically or physically heterogeneous. Figure 1 shows a

Yy

y a indering permeation of unwanted

|
1€d

Ci;?mbrane’ if it does not have a discrete,
=
ergi®ation of chemical species in contact with.

diafggm @Fdifferent type of membrane.



FIGURE 1: Schematic Diagram of the Principal Types of Membranes
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Amongst the membrane separation processes, yierofiltritio u’tr&‘%
nanofiltration and reverse osmosis commonly useoYpoce 'I{g striog,vfhe mode
of separation in ultrafiltration and microﬁlt%x&re b?i‘;ic th& me where the
separation is molecular sieving throt%ncre@ ﬁKeQ)ores. However,
microfiltration membranes filter mac %Cl&@% solu$ns.it is difference in

“« Q-
reverse osmosis membranes wherem el Nre a\.é%o small range between 5
to 10A. In reverse osmosis,%z sulfogate cioé}fenked polystyrene are used to

's &
develop the membrane K can@ or seédtion of salts and micro-solutes in

. N
solution. \ i l (‘)(J
e
L N
Althougfng i not g'ta at @ﬁltration in the four developed membrane

mention a% anofiltration haﬁeen widely used for removal hardness and
desaly fabricate nanofiltration membrane, it is generally used interfacial
po rigation that employed for composite membrane separation. Nanofiltration has
several advantages that give it used in large scale industrial applications due to low
operating pressures, high fluxes and high retentions of multivalent salts, low

investment and operation costs. Because of these advantages, nanofiltration membrane
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has been developed for different applications such as water softening, color removal,

chemical oxygen demand (COD) and biological oxygen demand (BOD) (Baker,

2004). Yv
2.2 Membrane Separation Process A

To control permeation rate of different species is the most md'property

membranes. There two models that used to describe the 1 1S 'of permeation.
First is solution-diffusion model. In this model, dow rough t centratlon
gradient, the permeants dissolve in the membrane ma@ and diffi d' I@o the

differences in the solubilities of the materials in t nbr a e d@ences in

Yv

the rate, the permeants are separated wht aﬁri diffi through the

-
membrane. The solution-diffusion model&us ? Os \'@ch is to explain

&
transport of gases through polymeric fi N
) of—’

Second model is calEd - ﬂo mo F \15 model, permeants are

transported by pressure- d% nve & \\; ug h tiny pores. Thus, in this
model, the separation oc&)ec

the membrane throuo ch her

f p ants is filtered from some pores in
rlkattj?nove However, these two models have
been used 1 m 19¢c y, whi e-fl model was early popular in 1940s because
this model ted to normal p@}cal experience (Baker, 2004). In membrane

separatl%ess there are four type of pressure-driven membrane as shown in

¢ 2 Where each membrane plays a role at specific application
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FIGURE 2: Membrane Separation Process
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2.2.1 Ultrafiltration (UF) N\

6 -

‘&
\

To separate water and microsolu aTom lecgand colloids usually used a
finely porous ultraﬁltratlon% ne Qerage pore diameter for UF

nbranes is prepared by Bechhold

membranes are 10- IOOQ sta UF
\ N .
which is from collo to?‘ itr hold coined the term ‘ultrafilter’ and
the first to Q m}v} L@J points. Collodion ultrafiltration and
microfiltration Ee ranes were cona;ﬁ‘;lally available for laboratory use by the mid-
1920s. N%Xstnal applications of UF membrane until 1960s although it has been

‘95/

used oratory studies. Development of the anisotropic cellulose acetate
membrane by Loeb-Sourirajan in 1963 has been a crucial breakthrough in membrane

industry. The aim is to produce high-flux reverse osmosis membranes. UF membranes

have been used widely in membrane applications. For example (Baker, 2004):



o The first commercially successful industrial UF system equipped with tubular
membrane modules are installed in1969 to recover electrocoat paint from
automobile paint

o The first cheese whey UF system is installed in 1970 %\

o In 1973, first hollow fiber membrane is sold by Romicon and?&- wound

modules, adapted to UF applications became a commercial jitemQy 1979-1980.

Made by Loeb-Sourirajan process, UF membrz%;sually anisotropic
F

structures. On a much more open microporous subs!ate, ave ly ~li?:;ous

surface layer or skin. Where the finely porous layer p role 1? the para.%%n, while

the microporous substrate give mechanical sfreng$. 1zed€g' molecular
weight cut-off, the membranes discrimin\%/een

different sizes. Although ultrafiltration a%icrowm
a%! %

applications, however, the pore \

aki theri Hre erent. Microfiltration
membranes has larger pore sizes t?vltra?trat? wh@it has pore size in range of

d romolecules of

phanes have the same

0.1-10pum, whereas ultrafiltration i,co ige

10-1000A (Baker, 2004)4K\ Q
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2.2.2 Nanofiltration (NF)

For nanofiltration (NF) membrane, it has properties of combining size and electrical

effects. Nanofiltration membrane has pore diameter typically 1nm and @ed

charges developed by dissociation of groups as sulphonated or cS@l acids.

Nanofiltration membranes can retain multivalents complex ions avgnsmit small
uncharged solutes and low charged ions due to the properties. N with the small
energy consumption of the process and the high flux 1§e f\JF membranes

extremely useful in fractionation and selective remqval SO, uMﬁ mplex
| &
process steam (Otero et. al., 2006). A
X

N -
Nanofiltration served several adva ch as peréﬁns pressure, high
flux, high retention of multivalent anio@s anwa q‘\%olecular above 300,
S

]
relatively low investment and low @n sts. eUaugg‘}f these advantages, NF
N

has been used worldwide. Back to s wher m:%}aranes is from low-pressure
N
ar eflc

reverse 0smosis membranes cé,high pressure RO membranes

pew{
N, |
resulted high costs in @on ‘Q se(gf\ngg half of 1980s, NF had become
|
’
established. Since E%alle’ @tgsseg? of RO membranes, it has been used
| esp&ivb)

w

widely in applic sh r treatment and pre-treatment. Where, NF

>
membranes, .{ at all kind of Wafer including, ground, surface and wastewater

(Hilal e @4).

Besides, NF membranes have two interesting features which are intermediate
molecular weight cut-off (MWCO) between RO and UF membranes that have range

from 200-2000 Daltons and the other is the salt rejection caused by the charge effect
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due to their materials. NF membranes are effective for the production of high-quality
drinking water that can be used for the removal of inorganic pollutants and organic
pollutants based on the two interesting features. The of NF processes know ledged on
separation performance on salts for the removal of salts in water is alwa@ﬂant.
The major effects that can explain the separation mechanism of th& embranes
process are the electrostatic and the steric-hindrance effects betw he membrane

and external solutions (Wang et. al., 2005). YY

2.2.3 Microfiltration (MF) I O}Y'
J’ 2
F \’Y'

Filtration processes that use porous membagneg? t

_ particles are referred to microfiltration ( wigh diamet

it falls between ultrafiltration membr %d CQM\fo‘a ﬂ@ers. In 1920 and 1930s,
? ]
]

&

L]
W%Jha&%s modern origin in the
l“' s\

) Wem s. Membranfilter GmbH is

founded and started to pro% @ "

1926. & é"
(—)

Microfféégh (MF)

culture mi anism in drinking Water where this remains a significant application.
]

microfiltration same as ultrafilt

development of collodion gnitr&ellulo

tion membranes commercially in

%

As a ethod to monitor water supply for contamination, the test for MF is
develop®™® in Germany during World War II. A number of noncellulosic materials
have been used as membrane materials foe MF membranes including poly (vinylidene
fluoride), polyamides, polyolefins and poly (tetraflouroethylene) have been developed

over the last 40 years by Millipore and others. In other hand, the cellulose
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acetate/cellulose nitrate blend membrane remains a widely used microfilter. The use
of MF membranes is confined to laboratory or to very small-scale industrial
application until the mid-1960s. MF became more important in biological and

pharmaceutical manufacturing in 1960s and 1970s as did MF of air and\ag in the

production of microelectronics in the 1980s. s )

Nosable cartridges

In MF industry, the production of low-cost, single-u

for pharmaceutical and electronics processes now re
applications for which penetration of even one pagcle N
membrane can be critical, MF membranes are o use}. hys, h%bsence of
\ )
is Tmportajit. Besides, MF

e@“t and bubble point

membrane defects or oversized pores as memlbgane Cte

membranes also have been characterize ngdlatex

test to determine the pore size of MF 1 %anesb\ii32
? ]
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2.2.4 Reverse Osmosis (RO)

Process for desalinating water using membranes that are permeable to water but
essentially impermeable to salt is how reverse osmosis (RO) works. Wate\wning
dissolved salts contacts the feed side of the membrane is pressurizeg@ depleted
of salts is withdrawn as a low-pressure permeate. Early as the 185 effer, Traube
and others has studied osmotic phenomena with ceramic me% s. The process is
patented as a method of desalting water, and the term r 051110515 in 1931. In
1959, modern interest dates from work of Reid a ren on gho tH‘aKYBllulose
acetate films could perform this type of separatlon & d?/ op ent\’ vﬁ the Loeb-
Sourirajan anisotropic cellulose acetate m nes‘ me Qg.breakthrough
discovery made by reverse osmosis a praM ocess. th@‘eve]opment water

A,
desalination by RO membranes beca; ot l %1@ process, and within a

']
few years small demonstration pl\ re in T}@h the 1960s to the mid-

1970s, anisotropic cellulose et% mer e e the industry standard until
, -’ J‘
com

researcher developed met on pri) osfte membranes through interfacial

polymerization. From tho : osit. §émbranes would have extremely high

)

salt rejections, cor (er;l:?! ata@uxes. To make RO membranes, a number
e

’
I{braf?;' preparation technique have been used. For

of membrane 3%15 an

example, ¢ 51c membranes (ce\ulose acetate), noncellulosic polymer membranes,

inter Q mposite membranes and other membrane materials (polysulfone
S

microp support membrane is contacted first with an aqueous solution of furfuryl

alcohol) (Baker, 2004).
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2.3 Membrane Preparation (Phase Inversion)

2.3.1 Immersion Precipitation

"9
Polymeric membranes are widely used in industry in modern world. \ltration,
ultrafiltration, reverse osmosis and gas separation are examgles Of industrial
applications. In tailoring membrane to perform appropriately fo&ﬁc applications,
controlling the morphology of the membrane is of great ifgagrtjpce fince it is the size

and distribution of pores that largely determines their ion SWg‘ stretching,
Y-

\
track-etching and phase inversion are several way@are ppr p&)&cﬂric films.
4

i
Depending on the properties of the materialsw \OSQ congi%ﬁs, the final
morphology of the membranes obtained \@ea J O<<
\ _\
&, &
Phase inversion process is !%t delypused wever, there are several
RN

ways that membrane formation e ,n su@as thermally induced phase

|

separation (TIPS), air-casting poJymer #nd ggecipitation from the vapour phase
\ P

and immersion precipit&\‘n
among all those techg}. i

is first cast as a@

Because thé&nt in the poly@. solution is exchanged for the non-solvent,

precipita%ill occur due to the chemical potential imbalance. After the phase

-9 K2

s

@tion is the most efficient technique

=}
[N
—
=
[¢]
=
=
3
=
(@]
-
1%}
«Q
o
=3
=
@]
o]
o}
o
P
7
=20
<
[¢]
=
—
on
o
—*
=

sepAgionfittains a certain degree, the polymer-rich phase is then solidified in order to

form the porous membrane.
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Thus, in immersion precipitation technique, the process is includes both liquid-
liquid demixing and solidification (Wang et. al., 2008). Composition of casting
solution, the harshness of precipitation bath, the precipitation temperature and the
thermal treatment temperature of casting solution is parameters that aff@mer

precipitation and ultimately the morphology of the formed membﬁne)ln many

application fields such as wastewater treatment or bio-medical techw the surface

properties of separation membrane are critical importance (thni 1., 2008).

FIGURE 6: Phase Inversion Technique by Immersion rechtat n\dﬂ v
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2.3.2 Dry Phase& ’V')’ Yé.)

Most literat?Xout dry phase inversion process of membrane are concerning on gas

sepa@embrane In membrane technology, the development of asymmetric

membranes by Loeb-Sourirajan became an important breakthrough where the
membranes are liable for existence of many high-flux commercial membrane

separation processes. Nowadays, to have an adapting membrane to replace



22

conventional separation processes, the membrane industry is faced with challenge of
inventing new membrane materials as well as membrane manufacturing techniques.
Via “phase inversion” processes, many polymeric membranes are fabricated.

One of the several processes in phase inversion is dry-caﬁ Dcomplete
evaporation processes which the thermodynamic state of polymvution in the

M the evaporation

mg phase polymer

system can be altered to promote phase inversion. In dry-cast

of non-solvent and/or solvent from an initially homoge

solution has been characterized. The evaporation tak af Yeloudy
two-phase solution. Then, solidification will occur e the‘,p lyrger r@ polymer-
rich phase precipitates to form a solid matrix wgich vqﬁ pol \r-’lean phase.
D 5
There is no model are availa l pr S Td é:}st process because it
involves coupled heat and mass %)rt & al., 2005). Dry phase
separation process will giv s, polymer \ separation membranes in

preparation of dry phase te mq ‘rsQ ecauge J:Vdry phase inversion are different

with wet or dry/wet pr@ t e immersion coagulation step. It is

relatively simple te m th s thre is no exchange of non-salvent in the
formation of m w thro @2 ph$ rocess (Altinkaya and Ozbas, 2004).
AN &
e

N
Nj



FIGURE 7: Ternary Phase Diagram of Physical Events Occurring During Dry Phase

Inversion
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2.3.3 Wet Phase z l
\4‘ Y-

\
Because of low cost and simple, wet phase is freq employed rilng-{x?embrane

b
formation. There is interplay between the polymerzd 1 N ta V\o’n-solvent in

—

the top phase and the bottom phase ge me Y,
. o S .
asymmetric membrane will generat et.al., 2009). &cording to Stropnik and
\ X
n fo

Keiser (2002), they have experim?l'wor 0 r@ion of polymeric membrane
(

by wet phase separation. After 1 ers% tffiﬂyagulation bath, a thin cast layer

of the polymer solutio@n &'1@ intO&%protomembrane which in general
i 1 O
@

the phase inversion technique. Due to the@\nﬁe 1

siob(Q(change between

aracteristics of the

g

2]

t#opAik,aml Keiser, 2002). By the demixing of a
\

stable, homogenwgmef ipn i non-solvent precipitation baths shows how

V . . . .
wet phase se@n process can aracterized. Consists of either binary mixture

of pOl)’:‘l% solvent or a combination of polymers, solvents and non-solvents is

=

how sting solution generally prepared in the wet phase process. Thus, to
concentrate the outermost region of the nascent membrane rather to coagulation bath,

a brief evaporation time is always used.
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During the wet phase separation step, the selective skin, the transition layer
supporting the skin and the open-celled substrate are formed primarily due to the
results of the detailed mass transfer happening at the interface between the whole
membrane and the quench bath. However, membrane produces from @ase
process have either too many defects that allow their used in applica@out any
further treatment or rather thick selective skin. In wet phase separatwyrocess, there

are four elementary processed occurred. V

Based on the variety of polymeric membranes goss-S€ctign n
processed is postulated which are; (i) the direct sol%ation‘,( )t
N
siti%\vznd, (iv) the

1smé’sonably arranged

nucleation and growth of the polymer rich cs:)'he mec
@of the solidification

into groups of modes of mass transpo %'nto m
é 6 &

. : . 4 S
during wet phase processes. ThuS\ me r meﬁspace combination, the

growth of the polymer lean phase, (iii) thes\pil} dia{,‘

i
o . o
arrangement is taking place mﬁe&wﬁbran forghati tropnik et. al., 2000).

4 4
N N(ex
FIGURE 8: Ternary Ph{&cur '
¢

et(§ése Process.
& v
S
S

binodal

.-~ spinodal

Solvent Nonsolvent
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2.3.4 Dry/Wet Phase

Phase inversion process is the mostly common technique in making asymmetric
membrane. The asymmetric membrane has been invented by Loeb-So@ on
1960s where it is give a new future in membrane technology anm ry. This
asymmetric membrane usually used in application such R’ltraﬁltration,

microfiltration and nanofiltration. Additional complexity 15% ces in dry/wet

phase process due to the presence of a non-uniform concentrt ol'lle in the film at
the beginning of the quenching in the wet phase inversi pro es (Al \ X006).
IS

0 4
" \ \T
Period for loss of a volatile solvent % Ceftl Solu contammg a

_ carefully selected amount of a less volatil cxa)lvent c on Q’s required in the

A,
dry/wet phase process. Destabilizati %the%\ls @glon of the nascent
é 6 =

membrane is because from the ve 1 %ﬂ e solvent. The almost
instantaneous onset of milky ythe\Quterm ;j @e result from the interfacial
dry phase separation. For t%oei sce embrane is immersed in a non-
solvent coagulant, wher@ 1k eml{%ﬁe structure is formed and extractions

. of the remaining sol d npn n \ e place (Pesek and Koros, 1993).
v-); $
&

Basi m dry/wet phase pr }h)cess the dope solution is exposed to the non-
solvent % (mostly water) for a time interval prior to immersion in the
coagulﬁbath By varying the casting solution and the formation conditions, the
properties of the membrane will have a great impact with the factor of evaporation
time and relative humidity (Gao et. al., 2009). Besides, solvent with strong dissolving

power and high volatility is needed to be choosing. A thin skin layer of solid polymer
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is formed directly at the top of the cast film during the first step of desolvation by
solvent evaporation due to the loss of solvent. The non-solvent diffuse into the

polymer solution through the thin solid layer in the solvent-non-solvent exchange

X
O

FIGURE 9: Step Involved in the Preparation of Integral-ski Asymmetric

process whiles the solvent diffuse out (Khulbe et. al., 2002).

Membranes According to the Dry/wet Phase Separation Process V

Convectiv z
Dope —>| Casting |—> ,
Formulation
: Solvent ”OJ Pree)‘gtanding
Drving |<«— & o '
C Exchange aporation

Phase inversion process usuglly i

this technique is commeggia

a solvent outflow, Qaa inv,
solution is brou wphasg‘ Iﬂti0|$

&

inversion progss will lead to speaﬁc membrane structure (Ma et. al., 2011). In

prepabﬁinmetric porous membranes, phase inversion is the most important

process

Examples of asymmetric membrane fabricated by phase inversion processes are

microfiltration (MF), ultrafiltration (UF), reverse osmosis (RO) and support for
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composite membrane. This process plays an important role in membrane’s structure
formation either thermodynamically and kinetically process. During the process,
homogenous polymer solution will have two or more components with two-phase

systems, where the solid polymer-rich phase and the liquid polymer& phase

(Aroon et. al., 2010). s )

In phase process, there are four principals method why

—

- 17(

3

Cls ~

s o

¢ 2
=

ao]

s 2
@]

& =

precipitation; (ii) vapour-induced phase separation;

separation and (iv) dry-casting (Altinkaya and OzRas, f |
polyethersulfone (PES)/NMP/H>O membrane, it ill gisusyl o

N
precipitation since this technique is commonly wgged ma\q\embr ]

2.4.1 PES Based Membrane C) >\’T \&
% :° ye g
Although it usually used for ultra?!ion !:y ces@aolyethersulfone (PES) also
1

'S
used in making asymmetric mhme i E@on (NF) membrane. Besides it is
commercially available, é\a SO 's ant such as thermally stable polymer

\ ¢ 1 & _ ,
that used in high-perhmcelap ] an‘orég%ood thermal resistance and chemical
\
inertness. For im sepafoﬁjrocgg\es including biological, pharmaceutical and

>
sterilization fj van, PES has been‘b‘&\formed as the membrane material.
@ver, there rare an issue with PES where it has high hydrophobicity,

which severely restricts its long-term applicability and in many cases needs the use of
a wetting agent prior to filtration. Important goal for PES in membrane industry is

achieving the desired surface properties without modification (Rahimpour et. al.,
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2010). Furthermore, PES-based membrane will have outstanding oxidative, thermal
and hydrolytic stability as well as good mechanical property. Since it is prepared by

phase inversion method, it always shows asymmetric structure. Composition

Lo o

(concentration, solvent, additive) and temperature of PES solution, the norﬂ ent or
the mixture of non-solvents and the coagulation bath or the environm@ affected
the membrane final structure. Related to hydrophobicity, membran?'&ling in PES-
based membrane can easily occur. Adsorption of nonpolar % hydrophobic or

onlmt problems in

membrane technology. o \Y'
é\ (NG
’ i

Y )
Thus, it will result in the higher energ@ ncL‘

r m%&ane lifetime
and unpredictable separation performance.iw;dical fi€
and medical devices, PES membrane Iso

su@(% artificial organs
]
t

C—J
o
Since PES is not fitted to the advan\ par%fjd S Qe'ls intelligent separation,
N

PES membrane is stable in terina is ln i Iy rane and acts as only as a
o . , &
barrier in separation proces&sﬁha et' . ) K

&)
w1 #
DB

2.4.2 Polymeric Adq
<< ) d )l 4 E
b o

In membrane tion process, m‘occ? of polymeric membranes have been prepared

bacteria is the sourced for membrane fouling to occur ar

@ blood purification.

by phas i%n process. A homogenous polymer solution is cast as a thin film or a
hollo shape and immersed into a non-solvent coagulant bath. Between casting
solution and non-solvent, the diffusional exchange of solvent and non-solvent can

make the casting solution phase-separate to form a membrane with a symmetric or
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asymmetric structure. There are researchers that have been discussing on the

membrane-forming mechanism during the phase inversion process.

One of the important techniques used in membrane preparation Wiciis the
addition of organic or inorganic components as a third component. Me y%llulose,
glycerine, poly (vinyl pyrrolidone) (PVP), PEG, water, LiCl and ZYQ-are types of
organic and inorganic additives that have been reported can %a pore-forming

agent in enhancing permeation properties. This behaviour lai'ed in terms of

lh sa eff'eéga}

N
activity and surface tension. However, they are got tifgrm \hic a@netic factors

ased on

their water-soluble character. The addition of inorggnic Walts on\ndme?brane
éof

formation has been reported and it is explainable in

that always used in phase inversion theory (& d Lee, O<<

By common phase inversiC\

ess~igdughd' gﬁmmersion precipitation
technique is not versatile in p%ng the poodgnier e structure and properties.
Usually, modification is nee@ '.t prgé‘ties of the membrane formation.
Thus, addition of propag adWitiv ' ca&«fg solution or the gelation media,

¢
introducing additio:Qst' S avﬁ u lf;@emical reaction with phase separation
process might gi %rightﬁv@gan operties. Table 1 show several researchers
S !S'p

L}"

study on va e of additive }?ey used in their study. Surfactants, polymer,

solution ng the preparation of polymer solution. The importance of these additives
is to suppress and/or enhance the formation of macrovoids, enhance pore formation
and improve pore interconnectivity and/or hydrophilicity (Rahimpour and Madaeni,

2010).
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2.4.3 PES/NMP/H:20 Blend Nanofiltration

As those present in the ultrafiltration membranes, nanofiltration membranes have

properties that combine size and electrical effects with solution diffusion %Z'sms,
621

as those typically ruling transport in non-porous reverse osmosﬁ% branes.

Developed by dissociation of groups as sulphonated or carboxyl acme pores are

typically near 1 nm in diameter and have fixed charges. Nan?yon membranes

retain multivalent complex ions and transmit small uncha@te@w charged

ions based on those characteristics. Moreover, nan@on is EXtr ?1),‘&3}1]1 in

fractionation and selective removal of solutes frog_complexdbrOceghs s@ms along

N

with small energy consumption of the proc fh‘xes ttair@‘.s. Applied by

&
pressure difference and by diffusion, trans@charged ute@ppen due to the
A,

concentration gradient that appears acro eJner tea’ét. al., 2006).
[|] “
N

PES usually used as in restzateria,s fo me@ne formation because PES
' &
shows outstanding oxidawermla
mechanical property. Beshgs, PES @

3 hyd JL"ic stability as well as good
i d. T
&bn.
composition (cm ion, sol

Fho@symmetric structure and is prepared

&)
R ¢
us, Jh ﬁﬁﬂ‘nembrane structure is influenced by the
ent‘,f a@'wes) and temperature of PES solution, the
S

non-solvent \mixture of non-solvents and the coagulation bath and environment

(Zhanf@ 13).

In preparing dope solution of PES based membrane, 1-methyl-2-pyrrolidone
(NMP) is used as solvent to dissolve PES polymer where NMP is commonly used

solvents in making dope of polymer solution. To determine the cloud point or the
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equilibrium thermodynamic data on ternary system (polymer/solvent/non-solvent),
water is used as non-solvents through turbidity titration method. Indicating that a
casting solution has become thermodynamically unstable, cloud point represents an
approximate transition boundary beyond which demixing (phase separ takes
place. Thus, a polymer solution is titrated with water until the cloud paialjs Observed.
Then, the amounts of non-solvent used in determine the cloud p¥nt is used for
calculation of real formation of dope solution (Ismail and Has 06). Addition of

additives and surfactants in the polymer solutions is to i1 e llforl nce of the

membranes. Other than that, addition of additives impro W@E and
A
n (e s

morphology of the membranes so that it can be used.i epdtatio ro&&'s.
d?' NS XN

9

N

2.5 Applications of Nanofiltration Membmj
$

= E
2.5.1 Wastewater Treatment
Y} Y &
In wastewater treatment, ;}@rest .
and nanofiltration in parfigula¥ has
pcl:)\ ;
water production d@, he ast?
n

combination of: ( wing de d'f fo@iter with high quality; (ii) growing pressure
; o
to reuse was Nr; (111) better reliability and integrity of the membranes; (iv) lower
a

prices o nes due to enhanced use and (v) more stringent standard for example
in drinkin@®vater industry.

In terms of volumes, drinking water production still the largest application of

A

S,

nanofiltration, currently faces new challenges. Hindered by unstabilities in operation,



the potential for nanofiltration in wastewater treatment and water reuse is no worthy
due to membrane fouling. In the majority of these, membrane fouling is studied as a
potential problem and extension research projects in which nanofiltration is used for
water reclamation have been carried out. Causes by organic fouli@ng,
biofouling and particulate fouling, industrial plants of drinking water.% y might
be successful. However, their successful is depends on a thorough 1Re~rstanding the

\

possible interactions between the feed solution and the mem (Bruggen et al,,

2008). é l
. o

{ |5
FIGURE 10: Example of the Used Nanofiltggtio™ Mengbran in\’Wastewater
D
&
O\’esl Ejector

Treatment

Stream

Pressure reducing valve
Brine heater Feed water pump

Mint separator

Al

P

)
Product pump

e,

Brine pump

In many respects, pharmaceutical industry is extremely complex. The factors like
what to work and how intensively to invest in research and development has given

influenced to the large public-sector investments in basic biomedical R&D because of
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pharmaceutical has become the important industry in human health (Marron, 2006).
However, any industry that related to production will have wastewater from the
productions of the final product where pharmaceutical industry also included.
¥
Thus, to treat the wastewater so that it will not harm th vifonment,
membrane technology has taken place to solve the problems.?ﬁer potential
beneficiaries of nanofiltration are in the chemical proogasig® industry and
pharmaceutical industry. By implementing membran@o J there a huge
savings could be obtained and it will give environmggtal ben jskgf)e)@duced
energy consumption that make nanofiltration partjculaMy attrgctive BruZgen et. al.,
N
NS ®)
o NI |
For the production of actlve%%wae%l gredtents (API) or their

“ &
intermediates, the synthesis of pha& tica cts &ﬂen involves the use of
N
reactive reagents. Thus, devel meR of m qu@ been studied to purified of
me

s ’
éﬂé}o final products of the industry.

API’s in wastewater since %s eenuDsc!
Several studies are pu@ I%gatéy the mechanism of rejection of

2008). NV \

’ 2 (.)

nanofiltration as the rmdceut al?a coz&.emed. In many cases with demineralised
ly

’
gerfﬁhed on a laboratory scale. The performance

water, these inve &ns are o
54
\

of a full-sca Noﬁltration treatment has been studied by a few of researchers in

opollutants such as endocrine disrupting compounds and



2.5.3 Dyes

To meet the legislative requirement for the discharge, textile industries traditionally

w\mter

use a huge amount of water which is normally discharged after the
treatment system to decrease the pollution load. To address these cwgs, such
treatment systems have been enhanced due to increasing in regulatmressure and

demand in cost reduction of water and chemicals. From a nun different textile

process streams, this operation allows for the recover V, lllabl chemical

g

components and water. Nanofiltration (NF) frequent@mes the ¢ sin‘n;@t'ment
sttms. 2
N, \T
¥

process due to inefficient of conventional treatment ii

—=

Moreover, nanofiltration offers_signi advanta suc@is lower osmotic

A,

pressure difference, higher permeate fl c@her%o o@au]tivalents salts and
? [} 4 4_—;
lovaeﬁ(ﬁnd low operation and
S

iony splf sgyection, permeate flux and

molecular weight compounds, rela

R

maintenance costs. In terms @f d% rete
. s &
chemical oxygen demand &Q)) re't ma&}researchers have evaluated the
a

performance of NF melﬁQ1 S. j © ing conditions of wastewater and

¢
’
membrane propenie@»ec ne fac.ése that have been systematically studied

VAR
for NF membranﬁ

Yv
&

QE treatment of textile wastewater, the results have proven that NF
membran

re suitable separation process to be employed and generally showed an
acceptable rejection. It is necessary to use a suitable pre-treatment in order to prevent
fouling and severe module damage to maintain the efficiency of NF membranes at a

reasonable operating cost. For every kilogram source in textile refining processes, it
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will produces substantial amounts of water, mineral salts and reactive dyes. Thus,

from its daily operation, they generate a large amount of wastewater which contains

Yv

On the other sides, containing unfixed dyes along with saltsughd 2\xiliary

complex contaminants (Lau and Ismail, 2009).

chemicals such as emulsifying agents, the dyeing process wastew&’s a highly
colored stream. Consumes of large quantities of water, textile v\g{s a chemically
intensive process. Difficulties in the effluent treatment a@ it@egradable
property by aerobic digestion. The alternatives ways efflueng treagment cgﬂyes
15
wastewater is through membrane filtration processes. Bfweducgng' wafer cdqsumption
\ N

and minimizing effluent discharge, membrane sew n pROCEY can ;é&er reusable

water from the permeate stream. The fouli fllF and m@)ranes has been

<,

widely investigated throughout the rec@. T \glf %a_tjﬁv@n on the membrane

]
L]

has been developed in order to preven& ulwomﬁﬁmm and Lee, 2006).

X~ S
S
4 F &y
FIGURE 11: Example of { Tregs;nent on Dyes at Large Scale

1
Operations & {Q

S 537h
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2.6 Surfactant

Surfactant is simplified form “surface active agent” that reduces surface and

interfacial tension of liquids. Their structure composed of hydrophobic gr NZtheir
E'n. ,

tails and hydrophilic groups as their head. Thus, there are soluble in i solvent
and water. By adsorbing at the liquid gas interface, surfactants re&e.the surface
tension of water. Leading to minimization of the area of the sur?\éfrface tension is

defined as the free surface enthalpy/unit are and is the fi cting Il the surface of

the liquid. On the other hands, by adsorbing at the liqui:liquid igter w'll@duce

the interfacial tension between oil and water (Ferna dﬁ., 2005). b,

N "l é;%'

Critical micelle concentration (CN(Q where onc@%ﬁion at which
A,

surfactants begins to form micelles. C 1 ocu%\vgterﬁ'd will make the tails

6 )
L]
of surfactant to form a core that calﬂ psula il let while the head will
N
form outer shell that maintains EOuzble coftac itl@er. Thus, surfactants can be
ing, is') : em@ing, foaming and anti-foaming

rfacé'ﬁbrication, glossing, fabric softener

)

ons and products including detergents,

o

%
b

function well as cleaning, w

agents, modifying flow, c\dﬁmin

and reducing static i@ pragtic
’
a

fabric softenersm ns, paint§, ‘h%ﬁés, inks, etc (Jonsson and Jonsson, (1991).

S S
FIGUR :Erfactant in the Solution

'y
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2.6.1 Anionic Surfactant

In United States and Europe, the used of anionic surfactants are 60% and 50%
respectively. Require the addition of substances to complex calcium and m@n
jons, anionic surfactant are most high-foaming but sensitive to ha er. In
particulate soil removal, they are more effective than other surfactant 1ally from

natural fabrics. As a rule, they are easily spray-dried and thuN favoured for

detergent powders (Schmitt, 1998). z l
\d.
&
In the polymerization of fluorinated mon01 rrla@actmty
content highly fluorinated nature of micelles fom d i ous gﬁi’a anionic

surfactant are useful as a emulsifier to glv\bmque : Iéhe separation of
pénanoﬁltratlon were

\

usually used (Yeom et al., 1999). Ot an temq “a oﬂlc is surfactant also used

common term which is “soap” that F tassmm salt of fatty acid.
i a I
ds

Thus, they are commonly usg hetangagact t for about 50% of the world

production (Salager, 2002 &

S 3%
S

A @T

N
Nj

ionic compounds from aqueous mlxturerverse 0

(‘7

3
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2.6.2 Cationic Surfactant

Cationic surfactants are used in fabric softeners, corrosion inhibitors and antimicrobial

agents. At neutral pH, they do not provide effective cleaning and it is r@ in

general purpose detergents (Schmitt, 1998). Most often of the halogen Xpe):ationic

surfactants are dissociated in water into an amphiphilic cationde an anion.
Compounds such as fatty amine salts and quaternary ammomu s a very large
proportion of this class which corresponds to nitrogen with Y::\leral long chain
of the alkyl type coming from natural fatty acid. Gener lly, st rfao?nts 1S
more expensive than anionics due to the high pressil ydroge ti re@bn to be

carried out during synthesizes. With the exce tlon 4 gﬁ)\atem é&.ntrogenated

compounds, or when a cationic complex sy@ action gl@%ey are not good

detergents nor foaming agents and they t e 1 in/thg Yormulations which

S
contain anionic surfactants. (Salager, Q’

qu
&/V/
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2.6.3 Non-ionic Surfactant

Non-ionic accounts for roughly 40% of worldwide surfactant use. Which makes the
requirements for “builders” in laundry detergent less demanding, nori\oWare
generally more tolerant than anionic of water hardness. Thus, for remc@ily soil
from synthetic fabrics, they tend to be more effective than other surwd. Non-ionic

surfactant has characteristics of low-foaming products, have d cold water

solubility and have low critical micelle concentration that m

concentration. Non-ionic surfactant also is more comgon ™ industr, ppliﬁa,tions
é\ | &

m Fffective at low

g

than anionic (Schmitt, 1998).

Almost 45% from the overall indust rogluction ionéurfactant comes.

Due to their hydrophilic group is of a &)iissociaﬂs\wp (&y do not ionize in
C—J

aqueous solution such as alcohol, p & este%sﬁo? K@E. By the presence of a
id

polyethylene glycol chain, a rmmor,ion @onic surfactant are made

many commercial produgf, -

.
excellent candidates s%r c,m
Fe

—_

good detergents, ] age{t ifiers. However, some of them have good

1
S’ -
foaming propaguceend others exhibit™ very low toxicity level. Nowadays, non-ionic
surfacta: cen used widely in domestic and industrial products such as powdered

or liqul ulations (Salager, 2002).
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2.7 Nanofiltration Surfactant Membrane

Literally means by active at a surface, surfactant is an abbreviation for surface active

agent. Show a tendency to adsorb at liquid/solid, liquid/liquid and air/liq%zrfaces,

surface active agents are compounds having a hydrophobic and a h ic group.
Classified according its hydrophilic group in anionic, cationmon-ionic and

amphoteric surfactants, they are mainly used in aqueous so]uti?y

Surfactants are strongly adsorbed at an infgrfacc o th\df&ngéolloid
Z e
aggregates in solution at very low concentration andWgwerigg theinterfigeial tension
- N

due to their chemical structure. Used as detergggcy,ve eanig&wmulsification,

Q

foam control and lubricity in industria ms, Sur, anthve found many

industrial applications. Several studie &)‘i",ﬁ"‘h\ﬁ‘x

> APy
surfactants can be found in the lit&gtOwe sinC br@lseparation techniques are
\
often used. To improve perngate Yux an vrycp @g, some of the research are
, ’
UF

&
concerned with surfactant%treatl

>

upon flux and rejectio@l ca?' rac@fs between surfactant and membrane

5 ¢ o
have been investigaly,

RN

B&)ecause of the important role of the hydrophobic/hydrophilic surface
S

and ultrafiltration of

B .

mbrane. Because of their effect

interac “most of the main research is carried out using organic membranes
(Fernand®z et. al., 2005). Nanofiltration membrane has several advantages include
flux enhancement, heat recovery, high temperature cleaning and pasteurization; it has
become an interested separation process in wastewater treatment and pre-treatment.

Can be used in the treatment of various hot fluid streams, nanofiltration membrane
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tend to be at high temperature become the advantages without strict temperature
control. Which further saves operating cost, the enhanced flux due to high temperature

may allow certain reduction of operating pressure of the systems (Wu et. al., 2009).

Thus, addition of surfactant on nanofiltration membrane polyn&o;ution will

give significance different in the performance and morpholo icmcture of the
membrane. The differences on morphological structure wi to the different
performances of the membrane. It has been investigat tad 'tlon surfactant
will enhanced the permeation flux of nanofiltratig membgane x)d‘ e high
performance on the separation process of the ngnofMrationf gle rar&Y-\'l\/Ioreover,
different types of surfactants will give diffésgnt nog‘ho\ical@zture on the

. (‘) &
membrane. For example, if Span-80 surfN s added the@lymer solution, it

. \1 -
wills supress the macrovoids of t br is s@ll lead to the high
O v 2

']

performance of the membrane itself¥ her ex e 1S ween-80 1s added on the

small amount, it will increaseCe :%natim' of'1 aﬁ@s and finger-like in the sub-
layer of the membranes (Awarg N % Thus, it will give significance
different in performanca@ me si(n—gél‘{ has lot of finger-like structure that
’
'
will help in separati@es&l \(J
& ‘v >
A N
&
N N

2.8 Dyes E
Abso&f the visible light, dyes are unsaturated organic substances. They should

have an affinity to substrate such as textiles, paper, etc. In the late 19" century, the

introduction of synthetic dyes from petroleum sources has ended the market for

natural dyes from plant origin, which has been used since 3500 B.C. For commercial
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purpose, more than 100,000 different dye structures have been synthesized and it is
estimated that more than 3600 individual dyes are being produced. According to their

chemical structures, organic dyes can be classified such as azo compounds (60%-

70%), anthraquinones (15%), triarylmethanes (3%), phthalocyanines (2&; with

the values within parenthesis indicating % of total volume. *
According to applications, dyes can be classified as aci o), disperse dyes
(18%), direct dyes (16%), and reactive dyes (13%). One ¢ dyQ?Je used for

different applications (Tehrani-Bagha and Holmberg, 213) Bedides nany.@'es are

difficult to be decolorized and decomposed biological[Wgue togheir mpl?x structure

and synthetic origin. Giving the great impacts t&rﬁilr ent, Y.Wlll released

to the mainstream. Thus, many researche f'md an feo@: and economical

A,

environment and to

/

“”?

way of dye-containing wastewater tre; f or. tt—.
meet the stringent government law ( etM2 A‘Q

X all S
4 'y
TABLE 5: Advantage ofphys ‘@ mlcd}(ethods of dye removal from

industrigl eftl
\ 1
Physical/chemi d alcaées Disadvantages
method N
Fentous reagen Cifve derolorisation of Sludge generation
. : both soffe and insoluble
dyes ™~

no alteration of volume

Photgghemijgal NaOCl No sludge production, Formation of by-products,
initiate and accelerate azo- release of aromatic amine
bond cleavage

Ozonation ?\ Apllied in gaseous state: Short half-life (20 mins)

Cucurbituril Good sorption capacity for High cost

various dyes
Electrochemical Breakdown compounds High cost of electricity
destruction are non-hazardous

Activated carbon Good removal of variety Very expensive
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of dyes

Peat Good adsorbent due to Specific surface area for
cellular structure adsorption are lower than

activated carbon

Wood chips Good sorption capacity for Requires long retention
acid dyes times ‘('

Silica gel Effective for Basic dye Concentrated ludge
removal productlo

Ion exchange Regeneration: no Not effe fo all dyes
adsorbent loss tﬁ'

Irradiation Effective oxidation at lab Requ ot of dissolved
scale

Electrokinetic Economically feasible h udg'e production

coagulation N
N

{\ | &
2.8.1 Anionic Dye F 4 \’Y'

The water soluble dyes carry a charged mjwhich 1 be \aitionic or cationic.

Containing sulfonate and carboxylate %ctael}} %'j\r &f anionic dyes. A dye

[}
%je p];\&%'nge since sulfonic acid is

very acidic. On the other han g yllc cid Eoﬁt@ are weak and relatively high
in pH is needed for a carb ate c@ be anionic and water soluble. In

with a sulfonate groups remains amo

certain polymeric fi 0 an A a@c dyes are suitable for colouration
e
(Tehrani- Baghaa erg, POIB)) &8 .
w5
\f
Fron ost varied classes of dyes, anionic dyes includes many compounds
which eXWgbi® characteristics differences in structure but possess common feature,

water-solubilizing and ionic substituent. From the chemical standpoint, anionic dyes
also include direct dyes and it is includes a large proportion of the reactive dyes.
Using different adsorbents, many researchers have studied the adsorption of anionic

dyes using ammonium-functionalized MCM-41. However, adsorption of anionic dyes
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such as mango seed, soy meal, bagasse and bamboo has been an alternative due to the

low-cost and available adsorbents (Salleh et. al., 2011).

FIGURE 13: Example of Anionic Dyes Structure

2.8.2 Cationic Dye

n
%‘T S
substituted aromatic group, these dyes i dififere her@ structures. Thus, this
- A v
group of dyes is considered as to‘ CO ra\r ndycan @e harmful effects such as
ati

allergic dermatitis, skin 1mtat1%; ons %J_an&e?wmch are generally contains
N @

hydrochloride and zinc ch@&om;‘lexe thespegyes are also called basic dyes and

N 7

depends on a positive % rtfrm ‘s!ti dyes is water soluble which carry a
@

positive charge in @cﬁec’l% el@lored cations in solution.

Y-

N
A\ S
Catio@nctions is found in various types of dyes, mainly in cationic azo

d thane dyes , also in anthraquinone, di- and tri-arylcarbenium,
phthalocyanine dyes, various polycarboxylic and solvent dyes. Crystal violet is used
as model in dye adsorption for cationic dyes (Salleh et. al., 2011). Due to several

characteristics such as moderate substantivity, relative economical, high tinctorial

strength, wide shade range and shows good brightness, cationic dyes is exclusively
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used for coloration of acrylic fibers. However, cationic also have their own limitations
which are high acid contents, colored backwaters, poor shade stability and preferential
dyeing that can cause harm towards body when has direct contacts with it olorjet

Chemicals PVT. LTD., 2014).

2.8.3 Non-ionic Dye | \C}’ ? O‘<
NN

“ Q-
Contains no charges is how non-ioM™ ges d 4 Ité‘évidely used in synthetic

hydrophobic fibers from aqu@s gpersio‘m (K1l e.§ 2005). In non-ionic dyes

includes disperse, vat and:@ur dyi ’
with polar substituents, Nes colo

adsorption by the dy. no io?c yﬁé basically applied in aqgeous solution at
high lemperature:%!_"- 130°C¥Y.

.

S S
Qais high temperature, the thermal supplied causes the polymer’s
structure become looser and less crystalline and open the gaps for the dye entrance.
Vat and sulphur dyes, are two other water-insoluble dyes. The common blue dye is
indigo. They are often used for dark colors, such as black and brown and they are

always in complex mixtures (Tehrani-Bagha and Holmberg, 2013).
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2.8.4 lonic Dyes

Jonic dyes tend to aggregate in diluted solutions and this will lead to the formation of

dimer and higher order aggregates. The ionic dyes behaviour may chan e&m the
aggregation in general. Increasing the dye concentration or ion@gth may
increase the aggregation and may decrease with increasing temperat§g€. The additions
of organic solvents also lead to decline of aggregation dyes so may rise and
decline with additions of sulphonate groups to the dye ur .lThis may cause
A
[

uitgbl thodqquantitative
\ N

higher hydrophobic interaction in solution. In order t@ analyse fhe #pn c'de)&&j color

absorption using UV-Vis spectrophotometer is the

analysis (Antonov et. al., 1999). \’z ,,‘
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