CHAPTER1
INTRODUCTION A

1.1 Membrane Process: Ultrafiltration z l

Membrane processes have been widely used in @s It gan cqa's{:f‘led into

different categories based on driving force u % fo M on. Jv as, driven

membrane filtration process has three typgs hc

difference and pressure. The concengration” dry m raAQOﬁltration is called
(NS
dialysis process while the elect %ytenﬂ i ren@ Itration is known as

_ &
electrodialysis. There are four e n eml@ filtration processes which

are microfiltration (MF), u% tion (JIF), e?loﬁ?ktlon (NF) and reverse osmosis

(RO) (Nielsen, 2000, Nyanll T industrial membrane separation

processes are all w Mll € “l (_)O

All Es%cesses were d1 ng principally in the average pore diameter of

the mer The range of appllcatlon of this pressure-driven membrane separation
llustrated in Figure 1. In this study, UF is more focused compared to the

other Processes. Due to the different pressure driven, the processes can be classified
on the basis of the size of the molecules or components passing through the membrane

filtration process (Mistry, 2002).



FIGURE 1: The Relative Size of Different Solutes Removed by Each Class of

Membrane
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UF uses a finely porous 1 rane g}t@ &Q,%F and microsolutes from

macromolecules and colloids. era% po iegné}* of the membrane is in the
I
10-1000A range. The first synthgtic UF rilegyvere prepared by Bechhold from

@

collodion (nitro cellul@ w@dbly § first to measure membrane bubble
. 1 O .
points, and he also%x t fe?yltraﬁ’ber’. Collodion UF and MF membranes
a

O

were commer% vail@ s b@ory use by the mid-1920s. However, no
Y'

industrial aAtions existed unti @60s although collodion membranes were widely

/

used i@ ory studies. In 1696, Abcor installed the first commercially successful

il@UF system equipped with tubular membrane modules to recover electrocoat

paint from automobile paint shop rinse water (Baker, 2004).



The first cheese whey UF system was installed shortly thereafter 1970. In
addition, 100 similar systems had been sold worldwide within a decade. These early
system used tubular or plate-and-frame modules, which were relatively e ve
therefore lower cost designs were gradually introduced. In 1973, Ro i%v\s first
sold hollow fiber (capillary) modules then, spiral-wound modules%ed to UF

applications by Abcor. Both were became commercial items byl 97%1980. The UF

industry has grown steadily over the last 20 years. T
.
Recently, ceramic-based UF has been develop sevefal co 931‘1* these
membranes have found a place in applicati t req{ ist%&' to high
temperatures or require regular cleaning wi&ﬂmo to ‘:1 membrane
G,Jj &
0

fouling. Some of the milestones in the ent of UF*men{bthnes are shows in

N

Figure 2 (Baker, 2004).
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1.2 Membrane Materials

One of the factors that contribute to the successful fabrication of a high-per ce
membrane is membrane materials itself. Membrane materials with th@px‘iate
chemical, mechanical and permeation properties must be selected beéa his choice
is very process-specific. Once the membrane material has bxelected, the
Y
technology required to fabricate this material either into a rowﬂhin or defect-free
membrane. After that, the membrane has been packageddigighan ffiKntfonomical,
high-surface-area module is similar for all membrane fagocesses. Menfpr ngggt-erials
can be divided into two types which are organic mer ne nogbani Yﬂembrane.

\ N
Typical materials used in formulating organic W nee\ar : g

e Polyethylene (PE) \% O<g

NN = 9
e Polytetraflouroethylene (PTF o) >’T &
S UE

e Polypropylene (PP) \

e Cellulose acetate (C i , |°
- o v’ S &
e Polyacrylonitrile (w) \ Q
l
e Polyimide (PI & Q i
(-3 ‘P2 9
e Polysulfo S 7 éé)

fg7s
e Polyetie ne (PE X
&
e P inylidene difluoride (PNDF)

On t:o hands, the primary materials used for inorganic membranes are:
u

minium oxide (Al,O3)

e Zirconium oxide (ZrO»)



In addition, glass (Sirasu Porous Glass) and stainless steel also has been tried
to be used as membrane materials. Inorganic membranes can be excelled in chemical
resistance as well as in the mechanical strength and heat properties. The prod Xgew of
inorganic membrane materials will give in highly cost because of thes%\ltage&
Currently, both organic and inorganic materials have been used Aanufacture
membranes (Mulder, 1991; Cheryan, 1998). Besides, there are t OX;S of organic

membrane materials which are hydrophobic materials ndvophilic materials

(Zeman and Zydney, 1996). \d
oy

Most of today’s UF membranes are made Dy limitgd ‘nugber §f~materials

AN

primarily polyacrylonitrile, poly (vinyl aejlori )-m\ly\lom copolymers,

polysulfone, poly (ether sulfoen), p (@hylidene ori@ some aromatic
polyamides and cellulose acetate. 1 %al, the\smﬁh @ﬁlic membranes are
Cj
more fouling-resistant than the%ﬂete%ijgﬁo&%mterials. Water-soluble
. .

polymers such as poly (vinylp one),ﬂr p I(\@!ﬂethyl ether) are often added
to the membrane casting soluti& used\ dle@bic polymers such as polysulfone
or poly (vinylidene ﬂ@a\@). §

\ ¢ 1 O
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1.3 Asymifeprif®Me or on
] X
S S
The s of a membrane is vital for its performance for it dictates the separation

@eation mechanism. There are two types of membrane structures may be

distinguished which are symmetric and asymmetric membranes. The membranes are
cither symmetrical, where the properties of the membrane do not change throughout

the cross-section of the membrane or are asymmetrical, in which case the membrane is



composed of a thin selective layer and a strong supportive layer giving mechanical

strength as shown in Figure 3.

FIGURE 3: Asymmetric Membrane Structure 1%
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The dens@er is supported by a porous structure

and a thickness of @

. ! ,
with larger pore% and a t lﬁe&‘?f 50 to 150 pm. Besides, asymmetric

membranesgrg 1 genmlpg) 10T @pared to symmetric membranes because the

flux detAng top layer can b@fy thin. Due to this unique ultrastructure, rejection

on@ at the surface and retained particles do not enter the main body of the

meMane. Asymmetric membranes offer great possibilities in optimizing the
membrane separation properties by varying the preparation parameters of the thin top

layer in particular (Kang et al., 1991).



Polymer asymmetric membrane can be prepared using phase inversion
methods in which both the selective layer and the supportive layer can be formed in
one single preparation step. The ongoing development of polymeric asymmetric

membrane throughout the decades resulted in the use of polymers like p &K;Oﬂe
E'h‘?

(1965), polyether-ether-ketone (1980) and polyetherimide (1982& phase
inversion process was involved the phase separation of a homo&@Uns polymer
solution into two phases which are polymer-rich phase and po Noor phase. The
former resulted in a rigid, structural form of the membra %e.t‘e latter gave a

porous structure. Moreover, the phase separation progess d8ternfines mengbrane

<

esulting

N

\ g

1.4  Research Background % \ !\\
~ 3 O
N, Aj §'
it mendpr
N @

appropriate solvent is ca&a Sui Lle port@ phase separation is introduced by

morphology which in turn governs the transpo aracter}st s Ppf t{\i;\r
3 o)
AN
A common technique for preparvf p, anes with the asymmetric
(( _3 [ q

structure is the phase inversion yherg afth ayq(?

\

O
a non-solvent (Mada%\al. 2003 ﬂo(si'studies of phase inversion mechanism,

. N .
ultra-thin skin % m Jgmbr morphology and pore size control were

x o |
based on et or single lay@\isymmetrlc membranes (Jiang et al., 2004).

Asymm gigi mbrane is characterized by a thin and dense skin layer on top of a

por@tmcmre. Its capability is to reject or admit a certain solute species,

therefore, determined by the morphology, pores properties and dense degree of the

membranes (Kang et.al., 1991).

- /=

>

the polymer dissolved in an

skin layer (Chuang et al., 2000). Low molecular weight component or the secondary

material is frequently used as additives in the forming system in order to control the



membrane pores and structures, because it offers a convenient and effective way to

develop high performance membranes (Kesting, 1985).

Membrane morphology and ultimate permeation properties depenw mnany
variables. For membranes prepared by the wet phase inversion n'mi;the key
parameters are: the chosen polymers-solvent-non-solvent sy?! and their

compositions, the thermal history of the membrane casting sqlutio’the non-solvent

conditions, evaporation conditions and the process variab

Recently, UF membranes have been successfully prep red DYyphabe-inVepfign ’Q‘ethOd
? N\

es}lk et al., 2012).

using poly(phthalazinone ether amide) (PPEA) as branf. nfategfal !m‘&t%us the

membranes have shown good separation prope%% \,Q.Q 8) év
oy
Some researchers studied the e%} ngg‘d'
and piperazine on performance of ;%rsul?one S)
et al., 2001). The influences of \%ﬂtio of ndrganidsalts and the surface tension
on the membrane formation%epor&u‘ﬁll&/e al. (1979). In addition, water,
inorganic salts, low mo@we' ‘1t organics ymers, mineral fillers or a mixture

PNy
of them were found@ct he figdl 5 e16§‘§nes properties. Ping et al. studied the
@

e polysulfone (PSF) membrane casting

mechanism of Ad n of r

Rt/

i
b 4

solution. T sence of an addit@ds one of the factors that affect the membrane
structur, \erformance (Ping et al., 1991). Kim and Lee investigated the effect of

PEQ addwive as a pore-former on the structure formation of PSF membranes (Kim

and Lee, 1998).



The effects of surfactants on the polymeric membranes were studied by many
researchers. Sodium dodecyl sulphate (SDS) was used as a surfactant additive in PSF
casting solution for gas separation and as s gelation media in formation ES
membranes (Yamasaki et al., 2000; Alsari et al., 2001). Tsai et al (2000) that
Span 80 can restrain the macrovoid formation and improve thﬁ/aporation

performance of PSF membranes. Besides, it was found that increasig the Tetronic

1307 surfactant concentration will increase the membranes hy:@ity (Rahman et
%\
&

al., 2008). Also it was reported that Tween 80 increase t t'and orosity of

&
the membrane support layer and also enhances pure wgter p bilit rﬂi@gani
| S
et al., 2010). Increasing the Tween 80 also g@ct foj UIQ}ﬁltration
. o \w B
membranes which decreases the rejection ratl% in lbuahg'increase the

flux recovery ratio and decrease the degre\‘@versib ing@ﬁirﬂargani et al
2009). (_) \T P
% R AP

Most of the researches wco
hysa

towards performance and p

1 Ch{ Y 4 (J
research will covers o@]es@ctan@n membranes pores characteristics
J

which controlling owajds pQ€ #Fro sﬂles (pore size, pore length, pore width)

N
and pore stru s xporef ,‘,pore&nse, macrovoid-microvoids pores and its

Y—
morpholog asymmetric UF lx@fﬁanes.
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1.5 Problem Statement

As a membrane material, poly(vinylidene fluoride) (PVDF) is a polymer that WIy

used in the making of asymmetric membrane. It is soluble in high-ttm point

solvents and high hydrophobicity which make it easier to fabricate ermeable

asymmetric membranes by phase inversion via immersion precipitathn method. The

presence of additive is one of the factors that affect m e structure and

performance thus increases the hydrophilicity of the mer g N':vertheless, this

common phase inversion induced by immersion precipgtatioriechiqu ot v\?gati]e

enough to prepare the appropriate membrane stmct% proi) ie He'nsgguitable
N

materials need to be introduced in the casting solutz;s 1 0 prega¥e membranes

with good penetration properties. \% é

\ _\
N
. o
The secondary addition 0\ aterials Jueh rfactant is one of the
: N
effective strategies to produchbra'es 1 olgal and specific properties.
-~
Several studies on the effec%urf& s ;hzg ymeric membranes discovered

that the surfactant is ixnt f{)r th)impr ent of membranes hydrophilicity,
N

-—9 /25

water flux and sel 1 [rfo ry@ H&Wever, there 1s no fundamental study
reporting on tl %)f Syr ctafits’on H&mbrane pores and its characteristics. As one
Q ) D‘ '

of the key&mes which are str\ determining the membranes performance and

properticiNg&ecarch on the important and effectiveness of surfactant towards the

c@g of membrane pores and pores structures in newly polymeric ultrafiltration

membranes are very essential and fundamentally important.



Moreover, the important data on pores sizes, pores properties and pores
structures are very essential in the aspect of membranes pores characterization which
thus commence towards the critical knowledge on the performance-pr oG-

morphologies of the first ultrafiltration-surfactants membranes. Theref%\wards

producing of fine and narrow pores of UF membrane, the key rOlAsurfactam

materials on the pores, pore properties and pore structures are to begc:ssed. In this
v

study, the effect of surfactant in terms of types of additives (prw, surfactant types

and surfactant concentration towards the preparation of 1),@%&““ UF

membrane will be determined. This pioneering WS will irftegr 'th‘ee)§1'ence

on 1pe brghe n?kmg and

1.6 Objectives of the Std%yY' L} : 0
$ b 4
Nlle

The main objectives of@eak@ﬂe: &%
Q
a) To fon\%\ of| a%x'p&l’yner/solvent/additive/ surfactant dopes

o

=

%E

he)
.

b) Aepare a newly @'w-pores ultrafiltration (UF) membrane based

é\ﬁwet phase inversion technique.

To determine the effects of surfactant on the water flux, permeability,

separation factor and key properties of UF membranes.



d)

12

To investigate the major roles of surfactant on the morphologies,

membrane pores and pore properties of polymeric UF-Surfactant (UFS)

membranes.

1.7  Scopes of the Study A

From this study, we will be able to: Y.
do

a)

b)

d)

¢)

&

N

<

Formulating of polymer/solvent/additive/surf: tes component

system. \d.
o
Developing the newly narrow-pores ult ration }U ) emg% s based

: . N/
dry/wet phase inversion technique. \ X

R

Determining the effects of \%ﬂ on ter , permeability,

separation factor and key p%ies oﬁ; b g@s

N
Investigating the majo of

\ rfacfgné 0% membrane pores and
S

pore structures of povc U' m an%
N
Characterizing hmbra\vvsdz;‘ égﬁ)re size, pore length and pore
width) and&c\tal elails oret and sub-layer structures) via SEM
N Ne
approac‘o l ¢ 2 )

FLr¥
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