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CHAPTER 11
LITERATURE REVIEW :% -

2.1  Overview and Principle of Membrane Technology T l
N
The development of membrane process for comm@r indystria a,np?@:ms
lagged far behind scientific research. Even towar% iddig %f_jl @ntury,
membrane phenomena were observed and stgie prin\aho e@gte barrier
1

properties and related phenomena rather tN’evelop rar@:?or technical or

O o
industrial applications. The membran; 10‘% a?ﬁg successful in 20

“
years, from 1960 until 1980. The onﬂ Loeb™SQurijffajan i&brane technology and
NS

other process were developet for\na ingg in, performance membrane.
Besides, interfacial and mulgilayer®Co tefasting #d coating also was used.
N o
Y e 1
f aging fnem €5 @ large-membrane-area such are spiral-

Methods o
N3
wound, hollow-figg fier, cdpi ’ind @e-and-frame modules were developed and

W

advances w, e in improving ﬁanbrane stability. The membranes used in the

rio ions were differing widely in their structure, function and the way they
S

va
are " However, all membranes have several features in common that make

them particularly attractive tools for the separation or filtration of molecular mixtures.

A membrane can be much more complex in both structure and function, also may be
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solid or liquid, homogenous or heterogeneous, isotropic or anisotropic in its structure

In general, membranes are very thin layers, which can Eg%\\ferem

(Strarthmann et al., 2006).

structures. They are divided into porous membranes and solutioW-diffusion
membranes. Porous membranes are well established in typical fj ratig processes for

example microfiltration, ultrafiltration and nanofiltration. The Wes to be separated

have diameters between 10 and 1000 nanometers (nm) il['%e el bagk from the
membrane due to the fact that the pores of the mem are smdller tﬁagftlcle
size. If the size of the components to be separated is tharyl m thl?G the case
for many gaseous, vaporous and also hquld cqmpofent moved from
process streams then, mainly so called 1ffus m s are used This
type of membrane does not ha ﬁ\%«}u )é which exist due to
restricted motion and packing den e polym dhal \chmelmg et al., 2010).

Besides, the unpon% gs 0 , 1} a thelr ability to control the rate

of permeation of dlkxspecles me ed, it has two models which are
e ) .

so]utlon—dlffusmne ang pere ylmq,&/ The solution-diffusion model, in which

permeate dlSS he mbhn @enal and then through the membrane down a
D" ‘

concentratl gMdient. The permcot is separated because of the differences in the
solubxg\the materials in the membrane and the differences in the rate at which the
Q iffuse through the membrane. The other model is the pore flow model, in
w permeates are transported by pressure-driven convection flow through tiny

pores. Separation occurs because one of the permeate is excluded (filtered) from some

of the pores in the membrane through which other permeates move.
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FIGURE 4: Membrane Based Separation Process

Feed it l ~ 'R
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éce Syde

Figure 4 shows the principle of a1 e ba d arat<1‘ process The
Le

al&gw different feed

_fl

feed mixture is transported along one sxd
components permeate through the met at‘i crely rate ~Tle stream leaving the
membrane unit on the same side fee letq&ﬂ the components which

permeate preferentially. Cor ezly the §treagl, w@s collected on the back side

P 4

of the membrane, is enri m t 1a11y g/neating component. The driving

force for the mass tr 0 thr i)olyéyc membrane is the different in the

¢
chemical potentjg§be eenl th eg' 1 the permeate side and depends on
Ergtntr

temperature, %e an! Moreover, the mass transport through
- S \z

51 on membranes can\be described with the solution-diffusion model.

solution-
Bas 118 model, the components permeate through a polymeric membrane in a
thre process which are the sorption of the component on the membrane surface

(feed side), the diffusion of the component through the free volume of the polymer

and desorption of the component on the permeate side of the membrane (Schmeling et

al., 2010).
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2.2 Membrane Classification

Membrane can be classified in numerous ways according to different points ofw
One of the classifications is by natures which are synthetic membranes azs%gical
membranes. This classification is the clearest distinction possible. Besides, in"practice

membranes can also be classified by their chemical structureq@r g¥rphological
structure. However, this classification is more illustrative ec%e' the membrane

structure determines the separation mechanism an ce thationS.

.
Classification of membranes based upon their physi ropertjes his f@en

proposed. Based on this category, membranes ca ided 4h ogs’wus and

o\

: ;o
heterogeneous, or symmetric and asymmetric 1x brafies (Q‘Iu ) 1994\
S,

In addition, the symmetric mer % can@‘p rés or nonporous with
] )
00

“q ‘
their thickness ranging from 10p uin the res& e to mass transfer is
N :
determined by the actual ﬁeWture and ; @‘membranes thickness. A
kn

decreasing in membrane thic wilk{ lfr@reased permeation rate or flux.

On the other hand, as \&c m m@
N e
a porous support %wn a t

NS
performance is ly défetrni ?j by@ dense skin layer. The resistance to mass

transfer 1s @ly low compared@f)e same thickness of a symmetric membrane

becaus%nse skin layer is usually very thin which is between 0.01pm and 1.0um

(@7). We can see more clearly in Figure 5 for some basic information in order

to understand on classification of membrane.

e s

(@]

on@f a skin layer fabricated on top of

O

ess o 50um to 150um. The membrane
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FIGURE 5: Classification by Membrane Structures

Membranes \Y'
— I l _{—,

Synthetic membranes Biologica ranes

Symmetric membranes

— Cylindrical )

membranes .
us with
op-layer

- Porous S

membranes O
Hemogeneous

]

membranes




18

2.2.1 Types of Feed Flow

The filtration styles need to be introduced before introducing the membrane @
The feed flow through the membrane plays a very important role as it c%s the
permeate flux which determines the performance and efficiency of thwss_ There
are two types of feed flow which are dead-end flow as shown in W %. Dead-end

filtration results in a build up of product on the membrane fag that may foul the

membrane. The other filtration is cross flow as show igur, i ves the
Ay

recirculation of the retentate across the surface of the branej This g’n@oss

flow feed acts to minimize membrane fouling, r : S m\fg ati@te "

membrane. As more

materials or panicle%
the flow resist@: }rge fé\he desired flow rate to be maintained. At

that point ration must be shusdwn, the solids removed, and the flow restarted

(Hum d Keller 11, 1997). Hence, the smaller particles concentration in

S ﬂk h the membrane, more and more

O

a layer on the membrane surface until

Gy

paggcat@owill decreasing while the cost of separation due to the higher operational

costs such as pumping cost will increasing (Baker, 2005).
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FIGURE 6: Schematic of Dead-End Flow through the Membrane, Showing the

Feed Particle build-up on n‘*ne
I surfaceY.
5 7
N/
"\ )

Build-Up of Large Particles on the Membrane Surface

N Y TANN -~ 4
(‘; (OXe VSO «-‘:—{;‘c\’%
QU RACEACS

2.2.1.2 Cross Flow \%
SN
The feed flow is parallel to the mem rfac®or panend r to permeate flow is

&
known as the cross or tangential@ig . Qross QW 1s avoids deposition of
large particles on the memb%urfacejwylligﬁg effects caused due to the
feed flow being parallel @emﬂ'ane\rface € non-permeating species tend to
be swept along the \%\4 0 thc\rex?n}zlte g‘géém (Humphrey and Keller 1, 1997).
Cross flow filtra '&ﬂlts }'u]es oMlin &d continuous in comparison to the dead-

< .
end flow lme all cross flow Altpation processes over time demonstrated the
N

Concentrae\olarization effect. Concentration polarization is where the particle

concer 1

Elimelech, 1995).

is greater at the membrane surface than in the bulk (Song and
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FIGURE 7: Schematic of Cross Flow or Tangential Flow through the Membrane,

Showing the Sweeping Action of the Feed Flow

¥
Y4

Feed J\ O @000 [\>Re Retentate

”—V/ODO O Cp oo

D |
I X~
\ /l '
Permeate \d.
o

ra {ltration as it

S;Q flow velocity,

The cross flow velocity plays a siKNart
ion. 1 ang'
[

hence the concentration polarization ecggase. 1S v(%i that concentration

polarization is reduced as much ag Em e ]Nersﬁong impact on permeate

flux, operating costs and al% vera‘l.l per n"la@ of the process (Chollangi,

2009). & i
NS S
e
2.2.2 Module T} erra eYandCharacteristics
4() - i 4
AN N

)
Before a ;&rane separation can\be performed industrially, therefore methods of
C

directly influences concentration polarizEtl

%

and efficiently packaging large areas of membrane are required. These

econdigl
pack are called membrane modules. There are four types of tangential flow

filtration modules used widely which are plate-and-frame membrane module, tubular,

spiral-wound and hollow fiber module.
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2.2.2.1 Plate-and-frame Membrane Modules

The plate-and-frame membrane module system was among the first introduce T
large scale and earliest configurations in the market. Plate-and-frame dev %: flat

sheet membranes and constitute another early form of practical membrgge device and
;e

are modelled after plate-and-frame filter presses. The major use and-frame

devices is to concentrate liquids containing high suspended iR or hllghly viscous
di

liquids in the food, beverage, and pharmaceutical indus ent of

| ]
waste waters. These configurations are, however, ]y usd¢d in e’e @&

membrane applications such as electrodialysis (Che 98 al E‘g},)

Y’
<g

The simplest stack design consists cN al sets of giernafing frames, which

\ '\
support the membrane on the permeat; E ndﬁ t e 'S'nbranes on the feed

side. The entire assembly 1s pressed\ en t d ateié&v held together with tie

rods. The frames, in additi pport tj br have flow channels that
1rec:t \a:‘a eaf.ﬁ%nifold. The feed frames are

ain a spacer material to separate

and
(J
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FIGURE 8: Plate-and-Frame Membrane Module
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N
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\ \
\

Permeate
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Y
S
2.2.2.2 Tubular Membrane Modulesg)
>
Tubular membranes (Figure 9 %em a e rigid version of hollow-
[

zi ver@efﬁcient amount of membrane surface

clogging and the mwmatera

However, the large% so rédully
O B

area per unit m@in t re @el. Both porous (for MF/UF) and semi-

permeal@l;RO) f:n rgfies @been manufactured in tubular configurations

oy, O
(Chery& ; Pimnie, 2005). N\

N
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FIGURE 9: Tubular UF/MF Module Available from Koch

N C'wryan 1998

High pressure feed streams enter the tube bo nd thef pe a'e &;s
thcWac

through the membrane and supporting structure mk. ketMflerght is Rﬁloved

through permeate ports. The feed, continually 4ggnceltra ﬂov@ ough the

tube, exits the tube sheet on the opposite %ere its

connection and is passed through ad % tub&&c‘i @e desired overall
>

recovery (Brandt et al., 1993). \

Y’

2.2.2.3 Spiral-wound Membrangg¥o ulgd

\

Vel d)ﬂfer pproach to creating high amounts of

"S'_'J'
‘o

Spiral wound modul

surface area p ol (H re \({997) This module is one of the most

compact a d ex enswe de51gns a avallable These membrane elements are

designe flat sheets. Two flat sheets are placed together with their active sides

facin from each other. Each flat sheet membrane has one active side through

whic e smaller molecules permeate through. A feed spacer, which is a thin and

mesh-like material, is placed between the two flat sheet membranes. The two flat sheet

membranes with the feed spacer separating them are rolled around a perforated tube



(Cheryan, 1998; Nielsen, 2000). In all spiral wound membrane modules, the

membrane surface per unit volume is very high and operating costs are low. Figur \
shows the schematic of a spiral wound membrane. s )

FIGURE 10: Spiral Wound Module Showing the Direction of the Feetglo ;nd the

Set-Up of the Spiral Wound Membrane T
Perforated collection tube :
_ Anti copingjdev
€€ . @ Y.

solution Concentra
Feed
solution

Feed flow across feed
channel spacer

Permeate flow

Covering and controlled
bypass spacer

2.2.2.4 Hollow-fiber Membran dutes

J,
/

ﬁfij{)f hollow-fiber membranes,

As the name suggests, %m

which are long and ety ow may@.constructed of any of the various

: ’
membrane materdie he €rs

|
)’bf‘(cfandled in one of several different

arrangement%k corgm Dn)}l gu@n used by manufacturers, the fibers are
bundle t@ Ny

ongitudinally, pot@qm a resin on both ends, and encased in a

pressE\el that is included as a part of hollow-fiber module. These modules are
..M\ mounted vertically, although horizontal mounting may also be utilized. A
Qcommercially available hollow-fiber module may consist of several hundred to

over 10,000 fibers (Pirnie, 2005). Figure 11 shows the cross section of a hollow-fibers



membrane. Bundles of the individual fibers are sealed into a hydraulically

symmetrical housing to make one module (Kuriyel, 2000).

FIGURE 11: Cross Sectional View of an Individual Hollow-Fiber, the% are

Clearly Visible on the Fiber Vi

FIGURE 12: Scher \of Sh Ar@gement and the Flow Directions of
¢ 2 (,)
the Hollow-Fibegpd L
.'.g./‘ <
Feed solution ?__ Hollow . Retentate
\ \é fibers
S |

Source: Yet et al., 2003
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2.3  Membrane Separation Process

The membrane separation process was categorized based on size exclusion mtg

Size exclusion membrane is a porous barrier, by which filtration can be ed to
separate suspended or dissolved materials in solution based on size blecular
weight. Each of them has different character such as mecha 'SIN separation,
physical morphology and chemical nature. There are four %y ;assir‘lcations of

separation process which are microfiltration (MF), ultrafiltra (UD, n tartion

- - e
(NF) and reverse osmosis (RO) (Nielsen, 2000). The t meghbr, es

R 4 NY'

with the general classification and their operating prw %red% ablY'
g 0

peQng principles,

TABLE 1: Technically relev se tlow ? P
and liatiOR A $
L. q ‘%
b o od A’
Separation Membrane i Applications
ep\aét on

Process Type Use :

NV
ant membranex% 4‘

Microfiltration Symmetric

rous 7'9\
Is)toructu m 0-514 bd

radiugQ).0 ' (J
pm ' ’ . (—) : ; . ;
Ultrafiltration %mc ofatb Flltratlion (size Sepa.rat101_1 and
eSBUTESNS exclusion) fractionation of
10 bé\ molecular
e, po ;
w Y g 4 b o mixtures

Pi'l raNON (size Water
e(glsion) purification,

Sterilization

afus 2-1 c}’

Nanofilt Ans]ymmetric Hydrostatic Filtrati.on (size Separation (?f
porous pressure exclusion) small organic
structure compounds and

selected salts
0 from solutions

Reverse Asymmetric Hydrostatic Splutipn- Sea and brackish

Osmosis skin-type pressure dlfoSlOl} water. .

10-100 bar mechanism desalination

Source: Membrane Technology, 2005
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2.3.1 Ultrafiltration

Ultrafiltration (UF) is one of the pressure driven processes that are 15@31

associated with the term of membrane filtration with pore size ranging from® to 50

nm. It is characterized by its ability to remove suspended or colloba%;icles via a

sieving mechanism based on the size of the membrane pores rwwto that of the
particulate matter. The term molecular weight cut-off (M@ed tcl dsseshie the
sizes of particles separate by an ultrafilter. This is becguse sotme gf UK mbrw
have the ability to retain larger organic macromole% well &s t

historically characterized by MWCO rather than b¥{a partu

MWCO levels for UF membranes range for@) to
of the solute, its association with wategand 1 ﬁ?o t;fiq its permeability
N\,
through an UF membrane (Cheryan, g tifia, 200 v Q%(?
AN K
Generally, UF mer ys typigally Jsel @tain macromolecules and
: .
colloids from a solutiK IOWCSI \ﬂ*h ing sglupes with molecular weights of a
few thousand Dalton&he inel '
‘ : @
the microporou@ e prqvides TA¢ 1ax€fj? strength. The membranes discriminate

N
® of@rences sizes and are usually characterized

y hﬂ&é;))een

=

; Dalle. The shape

surf; <"t'ayer performs the separation while

between dis d macromo

by their ugo]cotar weight of the glb@ar protein molecules that is 90% rejected by the

s shown in Figure 13 (Membrane Technology, 2005).



FIGURE 13: Example of Ultrafiltration Membrane Process

Monovalent Multivalent Suspended \
Water ions 10ns i !
ions 1008 yiises Bacteria solids

Source: embrSne ochn ), ~0(?'

| &
4 Y
2.3.2 Factors Affecting Retentivity of Ultraﬁltraqn M M Y\J

FPL

There are six factors that will affect the re ivit){ enl{QS, namely as
below: (Cheryan, 1998). : , % &

% @ c}

q ‘3—
I
N
N,
UF membranes have&y\oad @e or @CO distributions which covering
N
more than one ortNag ityde. Jhe lva@&ihd low molecular weight solutes will
1¢ tl

S &
S

Ultrafiltration
membrane

a) Size of the molecules

pass through t ranejwhi



b) Shape of molecules

The shape and conformation of macromolecules are also affected by 10mc

;_@,4

temperature, and interactions with other components. Differences in Shap

be a reason why the MWCO for proteins and others are different (Cherymg),

Y

¢) Membrane configuration

The different types of membrane are affected the reje o&fficie jst ﬂ{?of
ran o

permeate. Therefore, rejections coefficient and ﬂux

different in different module designs. For e 1HplE,

different with hollow fiber conﬁguratlons (Che , 1 98)

% “
d) Type of membrane matenals\ } j

Lj N
Different membrane mate'a\ls ' oﬂ: MWCO will appear to give

different solute rejectidh. hyle, ener ce]lulose (RC) membranes have

broader pore size dl%tlon com ef 0 yethersulfone (PES) membranes. RC

membranes Im%kr rejgcflo 1@’ ess deviation between observed and true

s effect of transm\ ane pressure on rejection. These phenomena

I'C_]GCI]OI]S

are proba lated to fouling effects, hydrophobicity, charge, and surface roughness

her 998).



e) Presence of other solutes

In general, low molecular weight solutes (such as sugars and salts) whose

size is smaller than the smallest pore on the membrane will be freely permeab eans

that they will have no rejection. The permeability of 1nd1v1dua1 nts in a
mixture depends on the relative sizes of these components a pores Their
presence in the feed solution will not usually affect the ea 11lty of large

molecules, such as protein, unless they interact with t! larg®molgcul dq;a\'

molecular changes (Cheryan, 1998). Y"
Y” Y\.’

f)  Absorption of solutes by the membra%

é‘
A

“.) NS
Solute-membrane interactions that resuE ephy cal rpt@of the solute by the

membrane, whether on the surfaceN decrm%/the yield of the solute.

The adsorption of solutes e on the fhatu @s and type of membrane.

A
This adsorption phenm on cin fi app rejection coefficient values,

-m

erme@m its full concentration until the

!
adsorption s1tes lete satu e&C& an, 1998).
N

.-,,),Yg\
s
S

since the solute w11 of pea

N
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NJ

Most membranes used in industries have an asymmetric structure. Therefor h

24 Membrane Preparation

the three decades of intensive membrane preparation research, thereygre various
methods for the preparation of asymmetric membranes that have n p COsed to

generate selective, permeable films, which are describes in the s that follow.

se gnyersiop. In
the techniques, an initially homogeneous polymer sglution¥ the MH{T
becomes unstable due to different external effects a% separafes #f0 p!)l “;
lean and polymer rich phases. The polymer-richw it 1%1& matrighe
membrane while the polymer-lean phase ricl-%went ;Ad sol\Q fills the

ores N O

2.4.1 Phase Inversion Techniqu\ o A‘$'
$

N
vrzj;d% techniques is called phase

inversion techniques.KNse inier etho@widely used to prepare a variety
of polymeric memi&frm
g

process, the h en€ous

one with :%@lymefc @rati@d one with a low polymer concentration.

The C\ ted phase solidiﬁe{'ﬁhonly after phase separation, and forms the

Asymmetric membranes are mostly fabricated by a process

C

@as separation. In the phase inversion

decomposes into two phases which are

m

S

This process is based on the phenomenon of liquid-liquid phase separation and

is also known as solution precipitation or polymer precipitation. Phase inversion is a
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process where a polymer solution is transformed in a controlled manner from a liquid

to a solid state. A homogeneous casting solution is cast into a thin film memb%i
orghed

spun as a hollow fiber and immersed in a non-solvent bath. The membrane§s

by demixing of the solution and the precipitation of the polymer (Baker,%

In this process, a homogeneous polymer solution is ca orwnable support

as a thin film and then immersed into a coagulation bat inmg &? non-

solvent. The polymer film solidifies to form a menflgzane withfa sygnr etfic\w
)

asymmetric structure through the exchange between solvent, infidejthe CQLTIIITI

NV

and the non-solvent outside the cast film in the codgulatio n thi w'ocess of

solidification, the film goes through com@e

liquid phase separation, solid-liquid phgse sep¥ati r t?

hich(f{lc ude liquid-

ew%g on polymer
N

roperties and coagulation conditions. N
" N V- ‘8?

N
There are two typc of QGmixin taki pl% uring the phase inversion
tanedfls nd{ ed‘.@xing. Membranes formed by
instantaneous demi>&gener ' w a@hly porous substructure (with

Ny o)
macrovoids) and % pgrofs, ‘(i “l‘)yer. Besides, membranes formed by a

delayed der v%echinbﬁ\ Q})rous (often closed-cell, macrovoid-free)
4

substructur@vitlf a dense, relativel% k skin layer (Chakrabarty et al., 2008).

[

[

process which are instan

—

QE addition, phase inversion can be described as a demixing process whereby
ritially homogeneous polymer solution is transformed in a controlled manner

from a liquid to a solid state. This transformation can be accomplished in several ways

(Lalia et al., 2013), namely:



a) Immersion precipitation. The polymer solution is immersed in a non-
solvent coagulation bath (typically water). Demixing and precipitatiT

occur due to the exchange of solvent (from polymer solution) ”
%&m b

solvent (from coagulation bath), that is the solvent and non-solven 2

miscible. i
1 Yd on the

ses lwhen the

ed, the\b¢nt ’?‘

b) Thermally induced phase separation. This method

phenomenon that the solvent quality usually
temperature is decreased. After demixing I
removed by extraction, evaporation or free
¢) Evaporation-induced phase separation. Th

solvent or in a mixture of a volatile%N/

to evaporate, leading to precipita¥ipn

technique is also known a@n
d) Vapor-induced phase SN n. The

atmosphere contaj 'nm}-sollent

solvent causes&de{ §
2.4.1.1 Immersion @tat n'?" (J(—)O
Fh

Among thes ques, the 11nmersi%2;recipitation is the most efficient one because
it is op Nn the room temperature and it does not have to deal with vapor phase.
i ration of asymmetric polymeric membranes by means of immersion
pragggiation of a casting solution started with the development of reverse osmosis

membranes by Loeb and Sourirajan in 1962. Since then different kinds of asymmetric

membranes have been prepared by means of immersion precipitation. In the other
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hand, the immersion precipitation process is also used to prepare the supporting layer

of composite membranes. By using this method, they achieved high-flux ce&& '
acetate membrane with a dense skin, having desalination properties (Li!i% A

2613

The basic process of immersion precipitation can be cavut with three

components. Solvent and polymer are used to prepare the ca$j olutilm and non-

solvent is used as the coagulation bath. The formation process Mthe ghem @an ?.

| O
split up into three parts which are as follows: |
4

a) Composition changes in the polymer Wn bbfo,g mers@ynzto a
coagulation bath, by evaporation. CV °‘ Qé

b) Composition changes in the mr w)n er iQersion into a

S

coagulation bath prior to p %emi% c@ssesy
a %
. “ Q- »
¢) Demixing processes 10y, take e Jhen % composition of the

~\

polymer solution beuv(hem':yw\ cz&y@stable.
(
, ’ s
NI

Binary diffusﬂ&%\g thl timg)in b@n casting and immersion of the

N
polymer solution @atn 1 gte 1}5’ bﬁg-'fnvestigated by a number of authors
1

(Anderson and%ﬂn, 9PB; Kankz et} 1986). The duration of the evaporation
. o
uefice e membrafe ru({lge' when volatile solvents are used. However,

step infl
when w atile solvents are u& or when no evaporation step is carried out,
: Tlc membranes can also be obtained. Hence, this means that the ternary

iffufion process which starts after immersion of the polymer solution into a non-

solvent bath mainly determines the asymmetric structure of the membrane. In

addition, the important feature of the membrane formation process is the type of
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demixing processes that can occur in the immersed polymer solution after diffusion

has led to a metastable composition. These demixing processes create the pores KR

sublayer and determine the structure of the top layer of the membrane (Reuvs X

1987).

|

Most of the commercial membranes available are prrepared by

immersion precipitation, sometimes with modified ste n, 1b99). The

modification methods include changing composition in the casW¥hg s luMa thQ_
N
coagulation bath and introducing additional steps s evaporatfon ann g
1 bath and introd dditional step p 1l c?
d b ¥
(Lai et al., 1996). The schematic representatiwv 1 e\hb& fom@n by
immersion precipitation in the lab scale and 1@N contiju cale ﬁ)resented

in Figure 14 and Figure 15, respectively.

S

FIGURE 14: Schematic Depi\ t Im rﬂon@hcipitation Process:

P=Polymer; S=Solvent; NS=No nt

I
S ASS
Substralte\ (J
olymegr solafion: P@vmer) + S (solvent)
%\ @ agu i

Sk
NAL
%\ [ T S e |
S




FIGURE 15: Schematic Depiction of the Industrial Immersion Precipitation Process

As

Polymer solution Phase-

Casting mversion
kit membrane

Post-

ﬁ treatment

Support layer
(non-woven)

-~ Coagulation

N

Phase inversion based immersion precipitatio e is divi ix‘o .@e

andwg'-/wet
phase inversion technique. Comparisons bet \med dw/wet hase @esses are
NS

appropriate and shown in Figure 16. \

FIGURE 16: Schematic Represe\ 0 Ph Inv 51'6n @E‘,sses: (A) Dry Phase
(C' ry/AV§t Pha version

Inversion, (B) Wet Phase Inverv _

categories: wet phase inversion technique, dry pha sioxt\c '

0 Casting Evaporation Quench
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2.4.1.2 Dry Phase Inversion

The dry-casting method is one of the major phase inversion techniques in&hia a

homogeneous polymer solution consisting of solvent and non-solvenlvt on a
support and then evaporation of the casting solution takes place W onvective
conditions (Alinkaya and Ozbas, 2004). In dry phase inversior hﬁv separation 1s
introduced by evaporation of volatile solvent and/or by ion’ of é!ter non-
.

solvent from the air moisture (Madaeni et al., 2004). Thefggmbrane f§rmatpn procesy -

in the dry-casting technique is relatively simple in the e that ﬁxe is flo ex@ge

. : : . b
of non-solvent. This dry phase inversion process is di¥ers fr \tﬁ'e.more G dQn'on wet
%a

or dry/wet procedure by the absence of the i@n c q\\la steK{
et al., 2005). \ 3 O

G NV
omd be de wheﬁﬁé solvent and the non-
_ N
solvent is absolutely remo bWvaporatfon agfshow igure 17. Generally, the
he Wi C

pores at the film surface w rec%

cchionea

Dry phase inversion proc

&(‘}pst and most rapidly are much

smaller than those i1 exeri Lr th botto@ie of the film, and this leads to

asymmetric mem%\ruc re. ‘y!ing.\g‘binnau and Koros, large macrovoids
are present i Qk strugfure "‘
m

%quench membranes), similar to those seen
in the 1: es made Yoy :dry/\\,ﬂt' phase inversion using force convective

evap n with smaller macrovms occurring directly underneath the top surface.

e convective evaporation step could make the membrane with smaller
acvoids (Pinnau and Koros, 1992). Recently, Zeman and Fraser found the

macrovoid formation by the dry cast process (Matsuyama et al., 1997).



FIGURE 17: Dry Phase Inversion Process Mechanism

Solvent lost Non-solvent Fusion & z
Redissolu‘on

Casting Convective Dry Phase

1 1 1 J
[ I o ]

2.4.1.3 Wet Phase Inversion

IS
The wet phase separation process wa full)) imp nte@ the 1960 by Loeb

and Sourirajan for the desalination%kil er (Lé@and Sourirajan, 1963).
eo

omog sbl@x consisting of cellulose

b g J‘(Q

-solv onto a glass plate, partial

Their technique include cas

acetate along with otly&&ents o
om the
¢

of t@embrame and immersion of the
"

evaporation of solvc@
nascent membrax@ coafulan wat\. This wet phase separation process is
characterized %emixm affst

NV
tation bath. The castm‘g)solution generally consists of either a binary

a omogeneous polymer solution in a non-

mix polymer and solvent or a combination of polymers, solvents and non-

A brief evaporation period is often used to concentrate the outermost region

of the nascent membrane prior to coagulation. Phase separation, however, takes place



by the diftusional exchange of solvents and non-solvents in the coagulation b%

(Pesek and Koros, 1993).

In addition, the basic procedure of wet phase inversion methodvns two
stages as shown in Figure 18. First, the polymer solution is casWa suitable

substrate to form a thin film. Then the thin polymer film is imggers&€in a coagulation

bath where the replacement of solvent by coagulant and ipltati%ﬂ'ﬂer

. ; ; ®
take place. By using the wet phase inversion method alofg, smooth fiemb Y
not be obtained because of the serious shrinkage of m anes dyrl gthe i
process. This could be prevented by introducing an eWgporati §eg iIRMmersion
According to Stropnik and KalEl.lDe b&e@lg@ng the formation of

o Q—
polymeric asymmetric porous mN s by Se S@ﬂtion ke o T st
N
layer of the polymer soluti iSW)rme’ into Iro@\brane after its immersion
into the coagulation bath whic;>1 ge% }&é}sts of onsulyent for polmer
(Stropnik et al., 2002&\ ' Q/%
&)
S
’

(—) g
FIGURE 18:%tic Represefitapion et Phase Inversion Process
’
sting

(Lai et al.. 1996; Lin et al., 2008).

£

M o

S

——

/

&~

Ca Evaporation

Source: Lai et al., 1996; Lin et al., 2008
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2.4.1.4 Dry/Wet Phase Inversion

A number of methods can be used to achieve phase inversion. This dry/wet {i
inversion technique is the most commonly used in membrane manufactu "bis

technique is also called the Loeb-Sourirajan technique, was used Qg Loeb and

Sourirajan in their development of the first cellulose acetate membagne seawater

desalination. q
According to earlier studies, dry/wet phase invggsion Eroc s is ’ of é)g'
most versatile methods to produce high performance metric}m mbganes Q[.\gas

T. . Y
separation (Ismail and Lai, 2004). Dry/wet phase 1IKE€rsio \&Q wag, 8gveloped

from the immersion precipitation methodl\r@
nd s

solution is prepared by mixing polyme ve w?l %en non-solvent).

The solution is then cast on a suitab@ or @piecg nascdﬁ;}ﬁlm by a blade to a

1 vapgr € t, th t film i n
precalculated tthkneSS. Aﬂer a a% J 1 SQ\&C s € cast i 18 the

immersed into a non-solve% calle lati@, where phase separation

: . .
and polymer precipitatiojffageurs (CF . 199@'@ essence of this method is to

th .1 ogeKgous polymer

[¢']

coa

btai s solit fro g'lon in a controlled manner. The
obtain a porou

pro of solidaacatigh 1s itiat l& z(?l?ase transition of the solution into a
cess

%’ NS

w nd af) ‘nich‘@se, which densifies to form a solid matrix

polymer-lea

e. The membrane@us structure can be tuned by controlling the

at a CC‘K
initi%@f phase transition (Mulder, 1991; Cheng et al., 1999).

S

Due to a sequence of two desolvation steps which are evaporation of the
u

solvent and solvent-non-solvent exchange in the coagulation bath, solidification of the



polymer film takes place. It is desirable to choose a solvent of strong dissolving power\T

with a high volatility. During the first step of desolvation by solvent evaporatio%

thin skin layer of solid polymer is formed instantly at the top of the cast ﬁln\'&o

the loss of solvent. In the solvent-non-solvent exchange process that follows, \te non-

solvent diffuses into the polymer solution film through the thin soli lwile the
solvent diffuses out. The change in the composition of the p e olut'lon film
during the solvent-non-solvent exchange process, often calle posi 'OW

dry/wet phase inversion process is being shown in Figure 1 ' Q}Y-

S
}o \y
FIGURE19: Steps Involved in the Preparationgof In al% infred A@e'tric

Membrane % k
Ny O

Dope . Dry Phase
l:: > Castin
Solution ; @ Separation
’ 4

. t e Free Standing
Drying <b <:
L Excifinge N Sepgaiption Evaporation

* 0

=

2.5 Membra.c%i.aﬁ he' PR jpinvcxgd
I

Generally4p inversion G& of¢ 0 most important processes for preparing

- : N
asymt{ lymer porous memBsgdes such as MF, UF, NF, RO and supports for
brane. It is not only a thermodynamic but also a kinetic process and

c% mem
@an important role in membranes' structure formation. The exchange process

between non-solvent in coagulation bath and solvent in polymer dope which is
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determined by their concentrations governs the ultimate membrane structure (Ma et

. ; %\T

Structure and properties of membranes prepared by phase inversi%thod

depend upon many factors. Additives are one of the major factors and pI¥¢ vital role

in the formation of membrane structure by enlarging or prevel\i%vmacrovoid
cti

improving pore int V'lty, and/or

formation, enhancing pore formation,

introducing hydrophilicity. Besides, there are several vara can|be "] e.d to
| N§
control membrane properties in the preparation of as mempra b’ P_é%

inversion. The main factors are the solvent evaporaw-mpe% erQpe;;ion
time, and the composition of the polymer solut@ﬁvesn.l imepez et 004).

229
/)),

2.5.1 Polymeric Materials for Ultra %n lx%
] Q.
g

’has that a@s selective barrier and

' S

Membrane is an interphase etaqn w0
ubst artments. The membrane is

regulating the transport 0'& 5 h@ O‘C(J
: : ity and selectivity process. The
added with polymer 1 to € Lce pert .
poiy N

word polymer com%' eck d"lp oﬁgféres” means having many parts. A

polymer consi %%;w sm b])e Jeste¥vplastic refer to as monomers which have
undergon I\il emical reaction to %&' Jarge molecules consisting of repeating
N

commonly polymer use in the UF membrane are

Sequence\onomer. Example of
DF), polysulfone (PSF), poly(acrylonitrile) (PAN), and

% dene fluoride) (PV

poly(ether sulfone) (PES)

—

(Baker, 2000).
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Polymeric UF membranes have become a kind of high performance separation

materials widely applied in the fields such as food manufacturing, effluent treatment

and pharmaceuticals synthesis (Liu et al., 2013). At the same time, blendingﬂzo

different polymers offers attractive opportunity for the development of novabrials

with valuable combination of properties. In recent years, several polyr ds have

been developed for successful application in UF separation. BemdM addition of

organic or inorganic additives as the third component to the i; yn]ers has been
ratio

one of the important procedures used in membrane rol the

morphology and performance of membranes (Arthanare%n, 2010). , _{.)
o'
3

2.5.2 PVDF based Membranes :V

PVDF is one of the most popular hy ic 1 1als. PVDF based

membranes are widely used in f?er ny advantages as a

separation membrane material ueYMelrh hi ;

ani' trength excellent thermal
and chemical stablllty These me ran w1 P‘ri‘)br in many applications such as

in various industries, w wa er and erse osmosis pretreatment due to
their well- controlled y ,;llle(frg her hydrophobic nature of its surface
limits its app11 or ‘ls anJ',. e.@'rophoblcny of PVDF based membranes

Y-

will results Aﬂbrane fouling by b@ﬂolecules and other organic matter. Therefore,

it often a\?severe decrease of the flux and as a result, a decrease in membrane

ef@ ui et al., 2012).

By comparing with other materials such as polysulfone (PS), polyethersulfone

(PES) and polyimide (PI), PVDF is relatively more hydrophobic, although the
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hydrophobicity may not be as high as polypropylene (PP) and polytetrafluoroethylene

(PTFE). The hydrophobicity of materials is often associated with their %z

tensions. The critical surface tensions of major polymeric membrane m %are
listed in Table 2 (Nohmi and Yamada, 1983). Since the fabrication o d PTFE
membranes via phase inversion process is limited due to the co xigy in solvent
selection, PVDF remains the best option of membrane mat iame applications

(Bottino et al., 2005).

Polymer

Polyacrylonitrile (PAN)
Polysulfone (PS)

Polyphenylene oxide (PRO)
Polyethylene (P %
Polypropylene (PP
Polyvinylidene fluog VDF)

Polyfluoroethylen€
Polytetrafluoroet PT

Fluorinated ‘EEIC propyl
EthylentetragQuoro y}e&
A

\ ¢ !

S },
N
", >
xn methods 8f in(pr VRE the hydrophilicity and antifouling property of
PV wm ranes generally irhude surface modification and blending. Surface
AT cation of PVDF membranes retaining the bulk membrane properties, can be

clagsified into coating, surface graft polymerization, and hydrophilic chemical

modification of bulk membrane materials (Barona et al., 2007). Surface modification,



especially grafting or adsorption of hydrophilic polymers, often leads to decrease flux
due to narrowing and blocking of surface pores (Kang et al., 2007). Yv
Generally, polymer crystallinity and the resultant membrane 1noNy are

among important factors in determining the mechanical strength propertNg, as well as

the impact resistance of the membranes. The degree of the crystﬂle PVDF can
s®rin

range between 35% and 70%, and can be determined by 1 glthe specific

volume of crystalline and amorphous phases. Crystallisation VD) M‘led by

| Ny
a number of variables including molecular weight lar wgig is‘ri‘l_iém)n,
polymerization method, thermal history and ciPYme ra ‘. ' imp&lt to

e pl formed in

understand the effects of fabrication condit% ;he

order to have a proper control on the prope\

2011). O) >\?
S UE
In addition, solubilitwvco on gani@olvents such as N,N-

dimethylacetamide (DMAC% l-lw =2 k'z,one (NMP) makes it a strong
candidate for memb&\oduc‘on )a the %xpensive method of immersion

precipitation (IP). Nes' ayle p’dﬁq‘s‘%a’ve generated a great deal of research
on the PVDF ne prpduchio aﬁfplication& Despite the above mentioned

’
desirable S i€s, the h roﬁot% ature of the PVDF makes it susceptible to
foulin:’w applied in ﬁltration} separation processes. Hence, considerable effort

1 evoted to improve the hydrophilicity and fouling resistant properties of the
VD' membranes, including the use of additives, for examples hydrophilic polymers
such as poly(ethylene glycol (PEG) and polyvinylpyrrolidone (PVP) (Moghareh et al.,

2013).
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2.5.3 Polymeric Additives

For the past several decades, synthetic polymeric membranes are used f
variety of liquid separations such as MF, UF, RO and NF. Alongside, tl %mn of
organic or inorganic additives as the third component to the blend olylgrs has been

one of the important procedures used in membrane prepara control the

morphology and performance of membranes (Arthanareeswar
of organic and inorganic additives, such as polymeric a diti alcphols

and salts was mainly reported as pore formmé enhghcl Lméalon
properties. However, additives do not always acw (Sadé:h and

Bhattacharjee, 2013). %V 0\

Generally, additives work as J'CI& e sio @;lu&ce solvent power in

. 20'1 0). The role

the solution. They are leached ON e cast to m&non -solvent bath during
solidification process. The dmac}n,g I 1f@ne final morphology and is
primarily dependent on h cul (l\{ f additive and its affinity with
the non-solvent. In a , wat e po s such as PVP and PEG have been
frequently used 1t1v s %n cas y solutlon to improve the membrane
performance ( t al , f@es of previous studies are listed in Table 3.

ACCOI‘dehIS table, wide MW es of several additives were used to modify the

nth;\membranes.
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2.5.4 PVDF/NMP Blend Ultrafiltration

Polyvinylidene fluoride (PVDF) has a superior thermal, chemical resist&.

oxidation resistance among polymeric membrane materials. Therefore, bove
advantages make it one of the most popular choices as a membrane ¥aterial and
widely used for pervaporation, membrane distillation, UF and otﬁmfle (Tavares et

al., 2002). However, PVDF UF membrane is easily contar c® by 'protein and

biomolecules because of its hydrophobic property. Usually, 1tifi lw‘ny of

hydrophobic membrane can be improved by creati@rophil S c‘ @h
chemical bonding and physical blending method. IY@ blg@ odigi.mple

and sometimes they are using two or more p@ Up PVDRgpolymer has

been used in dope solution to prepare blenSygenforanes wi vore@fgperformances

for applications of UF (Lang et al., 20 % A\?
? (]

The blend solutions ba \V polynfers c@be prepared by dissolving
the polymers in different %‘:& j pre, ?Ie Qdditive and also in different
solvents (Wu et al., ?L&N a re'sul,\ final ¢ brane structure is influenced by
the composition ( ntrati n,' S ,ladccii)@s), temperature of solution, the non-
solvent or the @f nog-sotye amk@y coagulation bath. In addition, among the
common ic pﬁ sfPW@as a higher processing ability compared to

NV ‘
polyteK ethylene (PTFE) a‘h&%olypropylene (PP) as the former can be easily

di

1 in common solvents including 1-methyl-2-pyrrolidone (NMP), dimethyl
@ide (DMAc), dimethylformamide (DMF), dimethylsulphoxide (DMSO) and

others. However, it has been found that the penetration of coagulant (water) into the



polymer dope solution is restricted during the phase inversion process due to the

hydrophobic nature of PVDF material (Wang et al., 2000). T

Blending is often used in the preparation of UF membranes to € the

properties of polymeric materials (Li et al., 2010). In order to develop a n% polymer

membrane with high flux, good mechanical strength and hy%ty, PVDF
{

polymer is usually used as interest materials for the membrane n. 1'1 preparing
dope solution of PVDF based membrane, NMP is commo use aMt‘s to
dissolve polymer under constant mechanical stirring at ate spged ot’itig&m

ée ] ersioqgf.lase
Y
ously to

a round bottom flask (Arthanareeswaran et al., 200 usi

5t
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2.6 Surfactant

The term surfactant is defined as contraction of “surface active agent” whicl'cm;

means active at a surface. Surfactants are from organic compoum%h are
amphiphilic, meaning they contain both hydrophobic groups (theiWs”) and
hydrophilic groups (their “heads”). The hydrophobic portion has liMnity for the

bulk medium, less soluble in water, and is a long chain of fa@gacNs, hidroxyl fatty

acids, hydroxyl fatty acids or a-alkyl-G-hydroxy fatty Wgids. dw, this
@

hydrophobic moiety is usually a C8 to C22 alkyl chain o ylaryl ghat y')ei(%ar

or branced (Ginkel, 1989). The other part is a ilic & 1 ate muble,

ratep‘:yc eptid&)sphate,
amino acid, alcohol or carboxylic acid (Pawat al., 200 6

NS

attracted to the bulk medium and it can be a cdahoh

The effectiveness of a sur s determi d“by&ability to lower the
surface tension, which is a mea e s!r ce friee er@y per unit area required to

bring a molecule from the % etot surﬂ‘(?.ld/sg the surfactant is present, so
a\e

cule %(rﬁe surface and also the surface

tension 1is reduced. A%e amplc) sux@?ant can lower the surface tension of

erf@ tension of water (tension between polar

)ds). It‘s gtd t@rface tension of water by adsorbing at the
>

air-wate ce and also reduced%ﬁ‘ne interfacial tension between oil and water by
adsoghi the liquid-liquid interface. In addition, the surface tension is correlated

with concentration of the surface-active compound until the critical micelle

concentration (CMC) is reached as shown in Figure 20 (Mulligan, 2005).
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FIGURE 20: Surface Tension. Interfacial Tension and Solubilization as a Function of

Surfactant Concentration

CMC

Physical property
/\
NI
]

Surfactant concentration

4 b
R Mu//i@'!, 2005
((
W C]\@therefore, less

A
?‘%}1 be defined as the

An effective surfactant can be referre whi{as

surfactant is necessary to decrease the iaa teas' -
sﬁ g "

to

(']

he ﬁe formation. On the
N

minimum concentration that is 1

other hand, CMC is also the a)w con,entra l g@ctant monomers in water.
fa; i

This is influenced by three IS \Jl\ ;fl(s@mperature and ionic strength.

When micelles form Qr !ir tai fon% core that can encapsulate an oil

N
droplet, while the%x/p arﬂ?s ‘orm,g'l( outer shell that maintains favorable
contact with \QOthef se, gvh ﬁ:tants assemble in oil, the aggregate is
referred to &

V)

erse micelle. In @rse micelle, the heads are in the core and the
tails w favorable contact wit\oil as shown in Figure 21 (Kline et al., 2001).

S
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FIGURE 21: Surfactant Molecules and Its Micelle

Hydrophilic Head Group Piliilke sait
Hydrophobic Tail ,

¥

, Free Surfactant Surfactant Micelﬁ
‘&c: Wﬂ., 2001
X

In additio Mem wi a (@)elastic network as referring to two-

-

s@‘.ﬂgth to maintain its coherence depends on

dimensional ay, J00
. S S .
the mtenn§e interactigns Betwagn the protein molecules. In contrast, surfactants
1

NV
rely o:\ h degree of surfa?‘;’mobility to counter deformation. Generally, the

= form weaker interfacial interactions between its molecules than proteins
@ﬂe and Wilde, 2005).
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2.6.1 Anionic Surfactant

Anionic Surfactants are dissociated in water in an amphiphilic anion and@
which is in general an alkaline metal (Na', K*) or a quaternary ammo 'houis,
2002). Anionic surfactants are usually based on sulfate, sulfonate o ur group.
The hydrophilic head is negatively charged. This is the most wid sgd because it 1s
good for cleaning applications from household tasks, dr lm shampoos and

other personal cleaning products. They are also used t Ity incﬂ%ses such
®

as dispersing agent in dyes for instance are soaps, or fa cid saltg and o?iu ﬂx;yl

'y

sulfate, also known as sodium lauryl ether sulfate (SLP%). Mog# of angbnic swactants
er

V
Nuire ﬁddition of
nt @ers). They are

1, especially from

are high foaming but sensitive to hard wateg and

substances to complex calcium and maKl ions (

more effective than other surfactantg’in_ particu \sov
N

natural fabrics. Anionic surfactan%nt B ab thO‘V% the world production

x@‘ticles.

(Rosen, 2004). Figure 22 showgthe Move
% T S
P 4 b 4 &
FIGURE 22: Movem fAnio'ic\;c es %S)
&

SN

Diffuse
Electric Layer



62

2.6.2 Cationic Surfactant

Cationic surfactants are dissociated in water into an amphiphilic cation and an agion
most often of the halogen type. A very large proportion of this class corre%\ 0
nitrogen compounds such as fatty amine salts and quaternary ammonium 1 0ne or
several long chain of the alkyl type, often coming from natural fatty acids. They are

characterized by a quaternary ammonium group which is positivsﬁﬁed. They are

adhere to modity solid surfaces and used as ingredients in fa ftengers, tuel and

lubricant additives and corrosion inhibitor. For example, cetyMtrin tMﬁ)nﬁ?m
'9 N
bromide (CTAB) and others alkyl trimethyl ammoni alts (Ginkel #1989 c?lesc
0 4 i)
surfactants are in general more expensive than anio?c sur M bec; uge of high
pressure hydrogenation reaction to be carrie@g tl
T N

For the applications, the cati%rfacﬁnts '€ us as fabric softeners,
corrosion inhibitors, and antimicr MenI. are 1@Jsed in general purpose

<

detergents because they do 1% ide e.t“ ctiy, .‘cqeﬁg at neutral pH. They are

<<,
adsorbed rapidly to textiKMat tl':ir yqbtion @entration drops very quickly to

2y
us%@})rocessing baths, although they see

low levels, making th suit blg d
'
some specialty use ectigh wiph nigs&’dyes. However, except for applications

s
where biologi %vity is itiéll,\’ﬂ' in pesticides and pharmaceuticals, only
C—)

nitrogen-b compounds are used %cationic surfactants (Thomas, 2001). Figure 23
showstghe'Wgvement of cationic particles.
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FIGURE 23: Movement of Cationic Particles

e &

2.6.3 Nonionic Surfactant
SR
’ X

Nonionic surfactants come as a close second with alWS“/ Nl\e ver l@ustrial
production. They do not ionize in aqueous solwau Qsle' ydrqp&%ic group is
of a non-dissociable type such as alcohol, lmthese\st ; aliQ(Louis, 2002).
The hydrophilic head of nonionic sur@ pﬂl%t;nz f&l%‘&charged. They are
lack ionic constituent and the majorN 1 nmﬂurﬂ\a&ﬁ{ts are polymerization
products of 1,2-epoxyethan Indeion, ’ §

foaming and good for

theyage
. . gt
dishwasher detergents, textije appH€ati N n confbyation with anionic surfactants

for cleaning application§. ins eth&e oxide and polyethylene glycol
|
¢ : %

L.y

W, nonionic surfaa@ are generally more tolerant than anionic

(Rosen, 2004).

_
=
jp

surfactants \ter hardness, which makes the requirements for "builders" in laundry
detgrger esides, for removal of oily soil from synthetic fabrics, they tend to be

more effective than other surfactants. Most nonionic surfactants have good cold water

solubility and have a low critical micelle concentration, making them effective at low
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concentration. Their compatibility with cationic fabric softeners makes them

preferable to anionic surfactants in certain formulations. They are more commonv

industrial applications than are anionic surfactants (Thomas, 2001). Figure Qcm

the examples of nonionic surfactants. A

FIGURE 24: Examples of Nonionic Surfactants (a) AlkypolyoxyqihEle , (b) Spans

and (c) Tweens

REE
9839

(a)

2.6.4 Amphoteric SurfactantY.
) v} &
Amphoteric surfactantsgNso kl")W\ZWitt%{iC surfactants. They have both
g N

positively and nega N rged 1 in(‘@ame molecule depending on the pH
é—; *Y¢
of the solutior es€ zwiterigni su@ants are used in dermatological and

QL
cosmeceuji&m'catimg v); c@ation with the other surfactants such as

N
dodecyl and dodecyl dit lamine oxide (Ginkel, 1989). More costly to

pro 1 ionic surfactants, amphoteric surfactants represent only about 3% of

@vt volume in Europe and less than 1% in the United States (Thomas, 2001).

Figure 25 shows the movement of amphoteric particles.
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FIGURE 25: Movement of Amphoteric Particles

é Kos . 2001

3
0
\,Y'

37
Y\"Y

Surfactant is secondary additive which addw n olut)gil gs one of the

2.7 Membrane based Surfactant

effective strategies to produce membri:s S W al pe_&lc propertles The
membrane structure would be mﬂ d¥by ghe addiffon o factants, which can

q
affect the interfacial properties, aM ards Mlce W¥sical characteristics and
morphology of the men%& Many Jrese lprﬁ icate that the addition of
oluts

€ss n‘@évmds in polymeric membrane.

Thus, addition of su&mt andNQthe d1 W1ll give significance different in

morphological st%\ thf e Fe (j‘ﬂa interactions between surfactant and
Y
membrane W, e tlg,?e :u e Oéhelr effect upon flux and rejection.
)

filtratlon Surfactant Membrane

surfactant in the castin

iltration-surfactant membranes allow almost complete passage of surfactant

monomers is therefore mainly influenced by the presence of micelles. Surfactants are



66

present in almost all aqueous solutions as additives for different purposes. Therefore,

because of the common occurrence of surfactants in the process it 1s 1important V’
know how they behave in membrane processes. However, concentration polari N
cez

during UF of surfactant solutions is therefore mainly influenced by the pﬁk f

micelles. In some surfactants, micelles are generated already at a very lo ctant

concentration in water. The concentration at which micelles start to foNcalled the

critical micelle concentration (CMC) and is an important characlgtiQpf a surfactant.

When the concentration is further increased, the surfactants ¢

different formations (Byhlin and Jonsson, 2002). é ' .S

\,

ractﬁi cO iderab@t.ention

Micellar enhanced ultrafiltration (MEUE

during the recent years. In MEUF, the surfaN dded to t lutiéﬁ) solubilize

a compounds which for some reason, i %rabl'@\%ﬁ“ @hd too small to
I . S
be retained by the membrane. The u e cqnpounyt 19 er@sed in the interior of

the micelles formed by the surfac e mjcelle lar ough to be retained by
. ( .

the membrane and in this \'\% undesigable, 3 @ular weight compound is

retained (Byhlin and J 0@02), ll‘he S rptio@gﬂsurfactant onto UF membranes

surfaces is an impoﬁn ssue ng p gn imQoftant role in the characterization of
membranes, thet al frgm sgjutjons ms and their cleaning processes. The

characterizat membrane y‘eterlw'natlon of interactions involved in a specific
&

system cen studied with the alwof surfactants solutions (Xiarchos and Doulia,

S

In additions, the role of interactions in UF processes, where surfactants are

—

present in order to extend membrane life, optimize processes, and enhance UF



effectiveness. Therefore, the main factors such as surfactant concentration, chemical

nature of surfactants and membranes, pH, ionic strength and additives that would

“

affect adsorption behavior of a solution-membrane system have been examined 4ggc

et al. were investigated the removal of arsenic from water via surfactant mi8ellesfand

bt

UF membrane by using stimulated water and strirred cell UF unit. It sh hat low

4

molecular weight inorganic arsenic species can be removed from Wgtgr using UF

£

membranes with high rejection if surfactants are added to Cgtaminated water

stream (Gecol et al., 2004). Figure 26 shows experimen ater t ewrocess

®
using cationic surfactant and UF membrane. é ’ _{-)\Y.
4
o7

meu‘t \ess u%&?ationic

Surfactant and Ultrafiltration Membrane \: ’ é
\ AN
S
Co
'] Q-

Contaminated :
drinking water and CE{‘MIC surfactant
surfactant (feed) e nonomer
\é l——gdicelle
s &

Bound anion \ s .3 ‘Q? Unbound anion

(arsenate ion& 0 83
Unraﬁnrat‘-}—a 0

mem

FIGURE 26: Schematic of Experimental Watgg Tr

—9

Unfiltered solution
4 (retentate)

’ -

Product}ater (permeate)

§ Sorce: Gecol et al., 2004



	Image00044.jpg
	Image00045.jpg
	Image00046.jpg
	Image00047.jpg
	Image00048.jpg
	Image00049.jpg
	Image00050.jpg
	Image00051.jpg
	Image00052.jpg
	Image00053.jpg
	Image00054.jpg
	Image00055.jpg
	Image00056.jpg
	Image00057.jpg
	Image00058.jpg
	Image00059.jpg
	Image00060.jpg
	Image00061.jpg
	Image00062.jpg
	Image00063.jpg
	Image00064.jpg
	Image00065.jpg
	Image00066.jpg
	Image00067.jpg
	Image00068.jpg
	Image00069.jpg
	Image00070.jpg
	Image00071.jpg
	Image00072.jpg
	Image00073.jpg
	Image00074.jpg
	Image00075.jpg
	Image00076.jpg
	Image00077.jpg
	Image00078.jpg
	Image00079.jpg
	Image00080.jpg
	Image00081.jpg
	Image00082.jpg
	Image00083.jpg
	Image00084.jpg
	Image00085.jpg
	Image00086.jpg
	Image00087.jpg
	Image00088.jpg
	Image00089.jpg
	Image00090.jpg
	Image00091.jpg
	Image00092.jpg
	Image00093.jpg
	Image00094.jpg
	Image00095.jpg
	Image00096.jpg
	Image00097.jpg
	Image00098.jpg

