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CHAPTER 1V

RESULTS AND DISCUSSION A :

41  Introduction |
NY.

N
| S
This study present comprehensive study oI\OTl fe@f polymer
Y

concentration, effect of type of surfactants the CT\A atiost), Triton X-100

o

(non-ionic) and SDS (anionic) with differemxcenc\ti v&Qto 3 wt.%) towards
N

the membrane performances, morpl@3 th@rma nalxﬁg\ and physico-chemical
]

i NTug Y,

properties. The RO performanceg o tuT mbr@s in terms of pure water

permeation (PWP), saline v% %jﬁlQ ction were investigated. The
NN O

—

X g
experiments of saline wat@ conbiuctyl usipmSix concentration which were 2 000,

AN
5000, 10 000, 30 000, @ agd 50 (}]!)pﬁ'r; EM was used to study the morphology
@
' P

N : 2
h@co—chemxcal properties of the membranes

had been anal{&mg TGA and , respectively.
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4.2 Effect of Polymer Concentration on Reverse Osmosis Membrane

Performance

Membrane formulation greatly influenced the performance of R \;brane.
Composition of the polymer in membrane solution will affect the p%ance of the

resultant membrane. Thus, the first factor that had been studied in thistudy is polymer

concentration. The effect of polysulfone (PSF) concentra n RO membrane
performances were evaluated in terms of pure water pert desalmatlon
performance. \
L 4 ' -{—,
\ g
Figure 11 shows the effect of PSF concentra almﬁ watpr ﬂu!@’RO membrane.

4@

The PWP of membranes were mvestwated u o d tlll ate 1esented by 0 ppm

of saline water. From the result obtame bqane P l pn ced highest PWP which
was 6.38 L/m*h. According to n (2 e hl permeablhty characteristics
generally indicates a high p oft Ira?b' Meanwhile, by increasing the

C‘@

polymer concentration w&N mebbra PSIEQQeduced the PWP to 4.11 L/m*h. The

\ \
reduction of the PW% aquv '. 0 n the two membranes were compared.
on it

Increasing the po n(p r dope solution increased the thickness of the

membrane a duced its pmos,@, consequently resulting in the declination of

/

permeab %e Thus, a higher polymer concentration membrane would promote a

@permeablhty (Sofiah et al., 2010).

For saline water flux, membrane PSP1 achieved higher flux as compared to membrane
PSP3 for all saline water concentration. This was due to an increase of polymer

concentration caused the skin layer of asymmetric membrane to be denser and thicker.
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Hence, the volume of flux produced was reduced (Ismail & Hassan, 2006). By

comparing the concentration of saline water, 2 000 ppm produced highest flux which

was 26.79 L/m*h and the lowest flux achieved by 40 000 ppm which was 1,23 L/m?h.
S

This phenomenon might due to the amount and size of molecule in sa on. As

saline water concentration increased, the amount and size of molecul&ased. Hence

it reduced the flux produced by the membranes. Vz

7l

Flux (L/mZh)

Me@ ;or saline water rejection, the effect of PSF concentration on RO membrane

was demonstrated in Figure 12. It was clearly seen that salt rejection decline as the
polymer concentration increased. Membrane PSP1 produced highest salt rejection of
about 87.25 % at 40 000 ppm concentration of saline water. The lowest salt rejection

produced by membrane PSP3 at 2 000 ppm concentration of saline water which was
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74.05 %. This trend was in agreement with the result reported by previous study for the
case of polyethersulfone membrane (Sofiah et al., 2010). An increase in the polymer
concentration results in significant increase in solution viscosity of PSF dope solution.
This phenomenon will lead to a higher mass transfer resistance between t@olvem
(precipitation bath) and the solvent (NMP) in the system during sz@tion of the
casting solution. Thus, at high polymer concentration, the precip'v'wl process stops
after a longer period of time, which leads to the formation aner and compact

structure, subsequently leads to a lower porosity and seledq@gtWof gnembrane (Ahmad

etal., 2014).

FIGURE 12: Effect of PSF concentration on

Rejection (%)

5000 10000 30 000 40 000 50 000

Saline water concentration (ppm)
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4.3 Effect of Polymer Concentration with Surfactant on Reverse Osmosis
Membrane Performance

Addition of surfactant in the casting solution can influence the Ye~and
performance of the membranes. For hydrophilic coagulant, hydrophm?&actant can
improve the formation of macrovoids and the hydrophilicity of l@s. However
lipophilic does not possess these properties. On the othgr wd' for a lipophilic

coagulant, lipophilic surfactant are more effective in changges®ne nb@cture than

L
an be gontr l?d (&"ct al,
tants\ 0htlﬁ'hanoe the
esulq in terin$61 formance of

—IQM SDS had been

hydrophilic surfactants. Thus the formation of macrovol

2000). In addition, positively or negatively-charge

membrane surface charge due to their charge w

the membrane (Rahimpour, 2007). 2.0 wt. % Awt

chosen as optimum concentration of sué Qnt w% il@le casting solution of

membrane PSP1 and PSP3. \ Aj AQ*"
c—,‘" s
o

The polymer concentratl d the tly surfaedadt had important influence on the
PWP (0 ppm of saline N atngh‘vx Figure 13 demonstrated the effect
‘ ’
of PSF concentrati igf2 wif % 9f Jurfadednt on saline water flux of RO membrane.
s
For PWP, PSﬁ&achleve the’h%mst volume of PWP as compared to other
\
membrar e 1 was 24.98 L/m*h. Meanwhile for saline water flux, in terms of
poly % ntration, membranes that contained 21 % of PSF which were PSP1-C2,
PSP1- d PSP1-S2 produced higher flux compared to membrane that contained 23

9% of PSF. This result was might be due to the fact that an increase in the initial polymer
concentration in the casting solution leads to a much higher polymer concentration at

the surface. This implies that the volume fraction of polymer increases and,
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consequently, a lower porosity is obtained (Tsai, 2000). Moreover, addition of small
amount of surfactants in the casting solution increases the porosity of the membrane
support layer, hence enhance the permeate flux (Rahimpour, 2007). In the context of
surfactant type, membrane with CTAB, which is PSP1-C2 produced higheﬂmhich

is 29.19 L/m?h in 40 000 ppm of saline water as compared to other sum :

Yv

FIGURE 13: Effect of PSF concentration with 2.0 wt. % surfa salme water flux
of RO membrane é
' g
35 >
s Y'. = PSP1-C2
= PSP3-C2
50 { ? \ %V PSP1-T2
V é\ PSP3-T2
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N

Figure WS the effect of PSF concentration with 2.0 wt. % surfactant on saline
t

water r ion of RO membrane. It had been shown that lower concentration of
polymer used in the membrane produced higher salt rejection as compared to higher
polymer concentration. The highest salt rejection achieved by membrane PSP1-C2 of

about 94.08 %. This result was acceptable as it was in the range of salt rejection that
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produced by commercial RO membrane. For example, membrane series AG from GE
Osmonics prodﬁced 95.5 % salt rejection in brackish water using polyamide polymer.
Meanwhile, membrane PSP3-C2 produced the lowest salt rejection which was 76.5 %.
This was due to the effect of polymer concentration in the membrane solut&?n.vever,
the salt rejection was still higher than membrane PSP3 which do not &%surfactant

which was 74.05 %. It shown that addition of small amount of surt?l improved the

Nrane with CTAB,

cothparing from both

salt performance of the membranes. In terms of surfactant typ

which is membrane PSP1-C2 achieved highest salt rejecti
experiments, membrane PSP1-C2 appeared to be thgbestne br yit\voduced

highest flux (29.19 L/m*h) and highest salt rejection 9g.08%. v

ol

m PSP1-C2
m PSP3-C2
PSP1-T2
PSP3-T2
m PSP1-S2
m PSP3-S2

Rejection (%)

|

70

2000 5000 10000 30 000 40 000 50 000
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4.4 Effect of CTAB as Cationic Surfactant on Reverse Osmosis Membrane

Performance

Cetyl trimethylammonium bromide (CTAB) was selected as strngtionic
surfactant to be studied on the RO performance of PSF membrane. P& S exhibit
the effect of CTAB concentration on saline water flux of RO memfgane” The PWP of
the membranes were represented by 0 ppm concentration of sa ater. Presence of

CTAB in the casting solution increases the PWP. Me@‘ P' -C1 achieved the
sin

maximum value of PWP which was 34.64 L/m?h. Incr un jon more

than 1 wt. % resulted in decreasing the PWP. This ht du.g t hl@lscosny of
V
casting solution that prevents the penetration of%cwe‘l the macrovoids

formation, hence lead to low permeability anbl rane oh Chung, 2009). On

the other hand, after the addition of 2 hf g"%’vxlc s membrane PSP1-C2,

the PWP increases gradually. ThlSN ond.\%'th result of Mulijani et al.
: Jl

(2010). They investigate the c
morphology and perfom@of lsyx etnz'éJA PS composite membrane. The

concentration of CTAB etn 9:!\ 0.5 up to 2.0 wt. %. The result reported
O

3
that the addmon 0 lm‘t inadvlution increases the porosity of membrane
b

N
support layer lts in higher pb@ water permeation.

C a@hve in the casting solution on
o

/

whi or saline water flux, the trend were different as the saline water
concentration varied in the experiments. It showed inconclusive result by comparing
the concentration of saline water. Membrane PSP1-C1 produced the maximum flux in
2 000 and 5 000 ppm of saline water which were 32.48 L/m*h and 48.56 L/m?h,

respectively. For 10 000, 30 000, and 50 000 ppm of saline water, membrane PSP1-C3
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achieved the highest volume of flux which were 54.13 L/m*h, 55.28 L/m?h and 27.35
L/m2h, respectively. On the other hand, membrane PSP1-C2.5 produced highest flux at
40 000 ppm of saline water which was 48.11 L/m?h. The best membrane in terms of
saline water flux was membrane PSP1-C3 which produced 55.28 L/m’h in TD ppm
of saline water. According to Rahimpour et al. (2007), by increasing centration
of CTAB, the porosity of membrane support layer increased, hvlead to higher

permeate flux produced. V

FIGURE 15: Effect of CTAB concentration on salin

70 u PSP1-C1
u PSPI1-CL.5
PSP1-C2
60 1 f PSP1-C2.5
’ m PSP1-C3

50 A
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30 {8

Flux (L/m?h)

20 A

10 1 8

5000 10000 30 000 40 000 50 000

:é Saline water concentration (ppm)
Figure 16 demonstrated the effect of CTAB concentration on saline water rejection of
RO membrane. The salt rejection obtained from these membranes were in the range of
75 % to 94 %. The highest salt rejection produced by membrane PSP1-C2 for all the

concentration of saline water which were 81.1% (2 000 ppm), 94.08 % (5 000 ppm),
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87.4 % (10 000 ppm), 89.05 (30 000 ppm), 93.48 % (40 000 ppm) and 89.1 % (50 000
ppm). Overall, it is clearly seen that the salt rejection decreased in the addition of 1.5
wt. % CTAB which is membrane PSP1-C1.5. This was might due to at 1.5 wt. % of
CTAB, the surfactant molecules prefer to form micelles in comparison V\&W\ner-
surfactant complex, therefore higher casting solution viscosity &% in lower
membrane porosity and higher skin layer thickness. Increasing CT}Ynncemration to
Neased, reaches its
em“rane porosity had

increased and lower the skin layer thickness (Saedi et 2) t\gﬁgcd that 2
G’

it wgp In
I S
wt. % is the optimum concentration of CTAB in pgg g high'sajffrejeggron. In terms
V
N ~ X

of saline water concentration, 5 000 ppm obti heﬁ‘ samyrejecigbn as compared to

other concentrations which was 94.08 %. \ O
\T A
N
S
&

FIGURE 16: Effect of CTAB co c%tlo Aie v@r rejection of RO membrane
s
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4.5 Effect of Triton X-100 as Non-lonic Surfactant on Reverse Osmosis

Membrane Performance

Triton X-100 was used as nonionic surfactant in the membrane forn&%n. The

effect of Triton X-100 concentration on saline water flux of RO membraw Dshown in

Figure 17. The PWP represented by 0 ppm of saline water concentralwﬂy introducing
I wt. % of Triton X-100 which was membrane PSP1-T1, the P esthc maximum

volume which is 32.48 L/m’h. Increasing Triton X-100 con§c <t10‘ more than 1 wt.

o, resulted in declination of PWP. Membrane PSP odgced Ib\ﬂst PWP
which gave value of 6.06 L/m?h. This was co ras&ﬂ Lhe regult oﬁt-amed from

mt asmo of Triton

previous study by Rahimpour et al (2007). It

X-100 concentration increases the PWP for thersulf c (l(@t %) ultrafiltration

in previous and this study. As “N n]dﬁjf’ss“?oncentratlon experiments,

increasing of polymer concex% result Mel:h@lon of PWP

.e

membrane. This was might due to the

In terms of saline w r x, ?bn nton X-100 increased the flux of the
membranes. Ove &W alg t membrane PSP1-T2.5 which contain 2.5
wt. % of Tn |00 obtained @nghest volume of flux in all the saline water

c.oncentr@xcept for 2 000 ppm. The maximum flux produced by membrane PSP1-

5@00 ppm of saline water which was 26.51 L/m*h. Membrane PSP1-T2
produced lowest flux for all saline water. This trend was commonly obtained by other
research in which the performance of membrane in terms of flux was contradict with

the salt rejection. If the flux of membrane produced was low, the salt rejection was high.
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In this case, it can be proven that membrane PSP1-T2 produced lowest flux, but

achieved highest salt rejection (Figure).

FIGURE 17: Effect of Triton X-100 concentration on saline water T)f RO

membrane : (}
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The effect of Trj Y100% ra@ on saline water rejection was illustrated in

V
Figure 18. TN of the salt rejec“ggn were similar for all saline water concentration,

in whic t rejection increased as the Triton X-100 concentration increased, and
achievec™e highest rejection at 2 wt. % of Triton X-100 concentration, which
represented by membrane PSP1-T2 which were 85.6 % ( 2000 ppm), 88.16 % (5 000
ppm), 90.6 % ( 10 000 ppm), 85.57 % ( 30 000 ppm), 90.7 % (40 000 ppm) and 89.86

% ( 50 000 ppm). On the other hand, by increasing Triton X-100 concentration more
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than 2.5 wt. %, the salt rejection decreased. It was reported by Rahimpour et al. (2007)
that when the surfactant concentration increased, the non-polar tail of surfactant
molecules settle beside one another and form micelles with polar groups in outer surface
and non-polar groups inside the micelles in addition to the polymer surfactaWnplex.
These free micelles deteriorate the membrane structure and decre@nembrane
performance. Therefore, the optimal condition for salt rejection wv;embrane PSP1-

T2 in 40 000 ppm of saline water as it produced the highest sNection which was

90.7 %. S.l
\JO\Y.

FIGURE 18: Effect of Triton X-100 concentratio sal'?l wafler Q'.e\ction of RO

membrane
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FIGURE 19: Effect of SDS concentration on saline water flux of RO membrane
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Figure 20 exhibits the effect@: COH,;IJMI[)@ saline water rejection of RO
4 L

membrane. The salt rejec cr@ﬂel th&-dddition of SDS in the membrane

0 2000

formulation for all sah er ogicC } ahoe) e optimum concentration of SDS is 2
@)
wt. %, which w% B -S fNwhich achieved the highest value of salt
4

rejection for alh&e water concen@én Membrane PSP1-S2 obtained maximum salt

rejection 0@90 9 % in 10 000 ppm of saline water. Then, by incr easing the SDS

conce more than 2.5 wt. %, the salt rejection declined. This result was similar

with those obtained in Figure and Figure. High concentration of surfactant used lead to

declination of salt rejection.
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FIGURE 20: Effect of SDS concentration on saline water rejection of RO membrane
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4.7 Morphological Study using Scanning Electron Microscope (SEM)

4.7.1 Effect of Polymer Concentration on Morphology of Membrane

In this study, all the fabricated membranes exhibit asymmetric ﬁ'uczbres with a
combination of two layers, which are active layer and suppoﬁing?@. Both layers
play significant role in membrane performance. Sofiah et aMZ010) stated that

composition of the polymer in membrane solution will af : p'rfmmance of the

resultant membrane as it plays a role in improvim7 magrovom sthctug dth%kness.

Fig@ . Membrane

PSP1 showed a skin layer that was well 0 d and s ort@y a porous support
layer with large finger-like and mac truc ?o ({ﬁg to Sofiah et al (2010)
that had studied the polymer maNUF mbrane lower polymer
concentration used in the alallon an increasing of macrovoids
= ‘%
formation. This was due t he S lv solve(y xchange, leading to the different
starting conditions for ase e a ayé‘far from the surface. The formation of
macrovoids is tav h nfnorps lve lffusmn rate into the polymer-poor phase
Ay

being formed& the Iat(. of ouw\,\m'd -solvent diffusion rate. The growth of a thin

N ,
polymer lé sulted from the lower polymer concentration and strong interaction

bem@

and the coagulation process will occur faster when the polymer solution is brought into

and water. Water is claimed to be a strong non-solvent for PSF polymer

contact with water and the finger-like structure formed. Generally, the large finger-like

macrovoids are formed when the coagulation process is faster (Sofiah et al, 2010).
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Figure 22 demonstrated the SEM cross-sectional images of membrane PSP3. Compared
to membrane PSP1, it displayed denser skin layer and smaller finger-like structure and
macrovoids. Used of a more concentrated polymer enhanced the viscosity of the dope
solution, leading to the formation of smaller pore size. This phenomenon @since
high viscosity would prevent the diffusion exchange rate of solvent arr-@solvent in
sub-layer inducing fast-phase separation at the skin layer and slow precipitation
rate of the sub-layer. Therefore, this results in the formatioNf an asymmetric
membrane with dense and thick skin layer supported by a cl m ib-layer. Besides,

IS

formation of the macrovoids in the skin layer (Sofi

higher polymer concentration induced the chain entanglemcMeand theg 'are-Quced the
AE al., 29] ).



(1) Membrane PSP1

FIGURE 21: SEM cross-sectional images of membrane PSP1

i/



(i)  Membrane PSP3

FIGURE 22: SEM cross-sectional images of membrane PSP3

ub-layer @' d) spongy structure

k
N
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4.7.2 Effect of Polymer Concentration with Surfactant on Morphology of

Membrane

As shown in Figure 23, the cross-sectional morphology of membra 1-C2
was observed by SEM at 500 x, 4000 x, 5000 x, and 10 000 x magniﬁ%\n for the
overall cross-section, finger-like and spongy structure, ﬁnger-like%nel and sub
layer, respectively. The membrane exhibits a dense toplayer (skiwzm microvoids)
and a porous sub layer (finger-like pore and macrovoids Vo'vi)ids seemed to be

closed pore structure and did not interconnected with O p e&djaroe size of
I

‘ N
macrovoids enhance the permeability performanc@ me : (wx(a] gave the
’ e
highest value of PWP and flux. \} o‘\
3 )
A I

Meanwhile, Figure 24 presented the S ss-ﬁ\yxm ¢s of membrane PSP3-
% e by

L
C2. The change of membrane m& gicaNgtfctur increasing the polymer
N
concentration is quite notice%zt shovfs dghger

4 'y
structure. In addition, theKWr of idsgggalso found to disappear gradually.
. L

As mentioned earlierp g of
(—) ,
entanglement and E‘Qﬁe = e ﬁl’nation of the macrovoids in the sublayer.

4
This leads to tlme performance&'e membrane.

layer and larger finger-like

&)
|p2@er concentration induced the chain

—

.y



(i) Membrane PSP1-C2

Figure 23: SEM cross-sectional images of membrane PSP1-C2

60
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(i) Membrane PSP3-C2

FIGURE 24: SEM cross-sectional images of membrane PSP3-C2

a) finger-like structurg IL) finger-lik nel

d) spongy structure
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Figure 25 demonstrated the SEM cross-sectional images membrane PSP1-T2. The
membrane exhibited thinner skin layer and more porous spongy sub layer as compared
to membrane PSP1. The presence of triton X-100 as additive in the casting solution
caused the formation of fully developed finger-like pores in the sub layer \Th were
larger than pores exists in the membrane PSPI. This structu&\wed the

performance in terms of PWP, flux and salt rejection of the 1116111er~

x1 il' Figure 26. The

SEM cross-sectional images of membrane PSP3-T2 is
F t th sim%ﬁolulion
| &
pa@n with the

increasing of polymer concentration which was 23 % of
resulted in a compressed structure with thicker s@a)'er
T \d N
membrane PSP1-T2. The pores produced did nw 'cou‘n (& withhdther pores. This
phenomena resulted in decreasing of WatenNglt permeggion @%e membrane.




63

(iii) Membrane PSP1-T2

Figure 25: SEM cross-sectional images of membrane PSP1-T2

-lil*: channel

N

d) spongy structure



(iv) Membrane PSP3-T2

FIGURE 26: SEM cross-sectional images of membrane PSP3-T2

é\#layer d) spongy structure
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SEM cross-sectional images of membrane PSP1-S2 and membranc  PSP3-S2  were
depicted in Figure 27 and Figure 28, respectively. It was apparent that both membrane
exhibit a characteristic morphology of asymmetric membrane which consist of a dense
top layer and porous sub-layer. T
S

In particular, membrane PSP1-S2 produced large macrovoids, hence’ improve the
permeability performance of the membrane. Meanwhile, for rane PSP3-S2, it

exhibited denser top layer and fully develop finger-lik r;tur‘: in sub layer of

membrane. Number of pores produced increased as cqmpMpd tp m ‘aneYBSPl—SZ
N
f&dyﬁ p osi’tgs?membrane

The spongy structure gradually become compact. |
N
support layer and resulted in lower PWP and salt ;R':rl a\. o
Ny &
S
73 $
Y | s
& 'S
N
\ l ¢ :I (.)o
\
’v) >
Y—

@
&

-9

%/47/“

ha

Ca)
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(v) Membrane PSP1-S2

FIGURE 27: SEM cross-sectional images of membrane PSP1-S2

-

]

T §:‘
FEN

a) finger-like structure

c) \—hyer d) spongy structure
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(vi) Membrane PSP3-S82

FIGURE 28: SEM cross-sectional images of membrane PSP3-82

a) finger-like structure b) ﬁnger{e, hannel

%

d) spongy structure

S V)"@‘"
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4.7.3 Effect of CTAB Concentration on Morphology of Membrane

SEM cross-section images of the prepared membranes with different
concentrations of CTAB were shown in Figure 29 until Figure 32. Additionvbwt. %
of CTAB which was membrane PSP1-C1 (Figure 29) resulted in @ane with
significantly thinner skin-layer and more porous sub layer com@o membrane
PSP1. Formation of polymer-surfactant complex decreased the dw of polymer chain

z ch‘ain spaces can be
increased and formation of macrovoids enhances (Saegi ct e, 2 IM. %
N

entanglement, therefore the penetration of non-solvent it

Meanwhile, as the concentration of CTAB incugaseup

C1.5) in the casting solution, the top N)ecom

\ .k
suppressed (Figure 30). This was bec %igga;ﬁia L%Emcentration resulted in

'] Q-
higher casting solution viscosity M IIM p@‘&[ration of nonsolvent, and
=

re Fedragds membrane porosity (Saedi et

'3
al., 2012). \, |\ \§J
S8

O
When the CTAB ntrgtibn hed? wt. %, large macrovoids appeared and
% ? 4 X

membrane po& increased aga'&}‘(Figure 23). It had been discussed that the

weakens macrovoids formati there

microvoid%ed to be closed pore structure and did not interconnected with other

pores &Lhe Jhrge size of macrovoids enhanced the permeability performance of the

membrane, which gave the highest value of PWP and flux.

Then, when the concentration of CTAB was 2.5 wt. % (Figure 31), it resulted in a

compressed structure with thicker skin-layer in comparison with the previous
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membrane. The pores produced did not interconnected with other pores. At high
concentration of the surfactant, in addition to the polymer surfactant complex. free
micelles can form with polar groups in the outer layer and non-polar chains inside.
These free micelles also results in creation of micro defect in membrane sul Saedi

etal., 2012). This phenomena resulted in decreasing of water and salt EQion of the

Finally. in the concentration of 3 wt. % of CTAB, the m xgy'tum into a typical

membrane.

asymmetric channel-like structure as shown in Figuge 37Wlt OMJMQL develop
| BRI . | S
finger like structure and larger macrovoids format his :;nl anged thg performance

\ Y,
of membrane in terms of PWP and flux. \'z °‘ g
&



(i) Membrane PSP1-C1

sub-layer

d) spongy structure
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ii) Membrane PSP1-C1.5

FIGURE 30: SEM cross-sectional images of membrane PSP1-C1.5

d) spongy structure
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(iii) Membrane PSP1-C2.5

FIGURE 31: SEM cross-sectional images of membrane PSP1-C2.5

-layer d) spongy structure
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(iv) Membrane PSP1-C3

FIGURE 32: SEM cross-sectional images of membrane PSP1-C3

d) spongy structure
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4.7.4 Effect of Triton X-100 Concentration on Morphology of Membrane

The effect of Triton X-100 concentration on the morphology of membrane have been
studied using SEM. The SEM cross sectional images of membranes \Vltwelent
concentration of Triton X-100 were shown in Figure 33 until Figure 6 ncl\ness

of the skin layer decreased for all the membranes in comparison tQ LP memblanc

without Triton X-100. Moreover, the porosity of the spongy str@‘the sub-layer

increased as well.

.
1S
For membrane PSP1-T1 and membrane PS as sifovl in F‘?Sme 33 and
: . . b
Figure 34, respectively, the membranes consist t deyse L(‘) r an rous sub layer

structure. The formation of finger-like por tlgsu b la as@%ly develop. As the

concentration of Triton X-100 mcxease:%toma%& ovoids become larger.
Triton X-100 contains linear alkyl W€ chNus to the formation of the
N
c |§l

polymer-surfactant complex, axlegb olymer chains is increased
resulting in an increase m&&e v@lu nd ‘ result the higher porosity of the

membrane produced. F, \ I? Txt had been discussed in Figure 25.
D, O
Meanwhile, at hml}f&\'cenj; @D n X-100, the ether group in linear alkyl

chain of Triton AW) could form al@fY;)n and binding forces with functional groups
of the pol %mns This phenomenon resulted in reduction in the free volume
betweefghafis and consequently, leads to the formation of a membrane with
compressed structure and less porosity (Rahimpour et al., 2007). This can be clearly
seen from the morphological structure of membranes PSP1-T2.5 and membrane PSP1-
T3 as shown in Figure 35 and Figure 36, respectively. They produced compact structure

with less spongy structure.



(1) Membrane PSP1-T1

FIGURE 33: SEM cross-sectional images of membrane PSP1-T1 Y'

@qyer d) spongy structure
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(ii) Membrane PSP1-T1.5

FIGURE 34: SEM cross-sectional images of membrane PSP1-T1.5

>
layer \‘? d) spongy structure
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(iii) Membrane PSP1-T2.5

FIGURE 35: SEM cross-sectional images of membrane PSP1-T2.5

XSte  Serm

NV
c) s m¥er \"’ d) spongy structure

19



(iv) Membrane PSP1-T3

FIGURE 36: SEM cross-sectional images of membrane PSP1-T3

v yer \‘T}' d) spongy structure

78
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4.7.5 Effect of SDS Concentration on Morphology of Membrane

The SEM images of the cross-sections of the LPRO membrane with different
concentration of SDS in the casing solution were shown in Figure 37 untll?m
The SEM images indicated that the addition of SDS in the casting sol%\auses an

increase in the formation of macrovoids, depending on the concent ’1th1] f SDS.

\)

When the SDS concentration introduced to the met 'az. which was | wt. %.

some of its molecule distribute freely in NMP and becausog centmtlon of

Y'
polymer. which was 21 wt. % of PSF, the others fonm m ll! @ polymer-
Y-

surfactant complex. Therefore, the macnovonds ‘matf d fi (‘Q’t’llke structure -

improved as compared with the membrane\g@lt SDSY lreéé
g
\ Q

%3 ‘}

Meanwhile, in the presenc 1centration, the top layer

become thicker and the macro |dszu plC,SCd 0%, ) This might related with the
AT

finding of Saedi et al. (20 xhlch higher concentration of SDS, its
molecules can form ﬁ@ S, @
form a polymer-su jpl
'D" 4
complex suppnes

S
S

1',y ;Qﬁlen to form free micelles rather than to
A ﬁ‘fnatlon of micelle-like polymer-surfactant
\f—\:’

SDS concentration increased up to 2 wt. %, as discussed in (Figure 27)
the membrane exhibits characteristic morphology of asymmetric membrane which
consist of a dense top layer and porous sub-layer. It produced larger size of macrovoids

as compared with membrane with other SDS concentration, hence improve and gave

the highest value for the permeability performance of the membrane.
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For membrane with 2.5 and 3.0 wt. % of SDS, both of them exhibited denser
top layer and fully develop finger-like structure in sub layer of membrane as shown in
Figure 39 and Figure 40. Number of pores produced increased as compared with
membrane of lower concentration of SDS. The spongy structure gradua come

compact. It reduced the porosity of membrane support layer and resulti@er PWP

and salt performance.



(i) Membrane PSP1-S1

FIGURE 37: SEM cross-sectional images of membrane PSP1-S1
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(i1) Membrane PSP1-S1.5

FIGURE 38: SEM cross-sectional images of membrane PSP1-S1.5

c)s wer d) spongy structure
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(iii) Membrane PSP1-S2.5

FIGURE 39: SEM cross-sectional images of membrane PSP1-82.5

N—layer d) spongy structure
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(v) Membrane PSP1-S3

FIGURE 40: SEM cross-sectional images of membrane PSP1-S3

d) spongy structure
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4.8 Thermal Study using Thermal Gravimetric Analysis (TGA)
The thermal study was carried out to examine the thermal sta X'of the
prepared membranes. The analysis were performed using Mettler Tol A/DSC
apparatus in the temperature range of 30-800 °C under dynamic nitrogen amosphere at

a heating rate of 10 °C min™" with 20 ml/min of flow rate. Vz

4.8.1 Effect of different polymer concentratlon on ma st B
\
K
Figure 41 showed the TGA cuwe f ran Ywnh different
concentration of PSF polymer. For PSPI, &%lt sin® ht loss only. The

]

i 3&9& Meanwhile, for PSP3, it

showed two weight loss steps. t ;gt step btqd@oss of bound water and traces
ge of 30086hd 4

of solvent in a temperature&
%. Then, for the second g

at tlle e gtu&?tween 480 °Cand 711 °C, the weight

weight loss of about 68 % in a temperaty ge of g0 assigned to the
g p g
% vr

degradation of PSF polymer main cl

C with the total weight loss of 6
’
loss observed of abo o suggestgd heﬁ!‘&mer degradation. This result fairly agree
with the fndm(’A&OOpal and ‘lr)\ alingam (2012). They had reported the PSF
is highly theri ble polymer, it exhibits two weight loss steps. The first step that
indicate@ bound water and traces of solvent occurred in the temperature range of
270 °C to 490 °C. Then, the steep loss in weight observed beyond this temperature

suggested that beyond 490 °C, the polymer degraded.
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FIGURE 41: TGA curve for RO membrane with different PSF concentration

IUU-r_;;;;:*k Doy
4.8.2 Effect of different polym enfrati

study.

< \.-J@

TGA curve for }an !)f ere F concentration with surfactant was

C>
demonstrated in Flgur%\ ?dl rafle PSP1-C2 and PSP3-C2, they showed a
three step welghi%; he i ;1g ss was observed between 80 °C and 150 °C

for PSP1-C2 \ tween 130 °C a 250 °C for PSP3-C2 which may due to removal
of physi d chemically bonded water along with trace amounts of solvents. The
presence ater was due to the hydrophilic nature of membrane and the solvent which
was used for casting (Venugopal and Dharmalingam, 2012). The second weight loss
between 400 °C and 480 °C fo.r membrane PSP1-C2 and 380 °C and 510 °C for
membrane PSP3-C2 may due to degradation of the CTAB group while the third weight

loss that occurred beyond 520 °C for both membrane were attributed to the main
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degradation of polymer with the residual percentages of 48.2 % (PSP1-C2) and 33.7%

(PSP3-C2).

Meanwhile for membrane PSP1-T2 and PSP3-T2, they also exhibits a Ngcps weight
loss. The removal of water and traces for membrane PSP1-T2 and Fk—TQ were found

to be at the temperature range from 120 °C until 280 °C and 40 until 220 °C with

the weight loss of 1 % and 3%, respectively. Then, the ni W eloht loss observed at
h maghb

the temperature between 350 °C and 480 °C for bot}

rhne samncd to the
e
loss of Trion X-100 molecule in the membrane. F th mex ne. %_'?bthnd thermal

degradation starting at 500 °C was signified t% glﬁ ymer main chain.
\) (5‘

A
TGA graphs for membranes PSP1- nch ;J:xé% observed three stages
g

&
degradation. The first weight Ioss b ety Qn 150 °C - 300 °C (PSP1-S2)

I
and 50 °C - 270 °C (PSP3-S2% e d p o val of water and solvent traces.

B

The second loss occuxrcd ) 3

the loss of SDS mole th{ \@, while the third weight loss that occurred
. DZ -8
0

beyond 490 OC rlbuted heYnam chain of polymer degradation with the

45@ for both membranes were related to

residual per & bF 39.4 % (PSP1S2) and 42.4 % (PSP3-S2).



88

FIGURE 42: TGA curve for RO membrane of different PSF concentration with

surfactant
o PSP3-T2
o] PSP3-C2 <
. PSP1-T2 <
PSP1-C2 <
B PSP3-S2 <
=] PSP1-S2 +

-
300 350 400

4.8.3 Effect of CTAB co tion ln t f}'%n@'study

QO

R

Figure 43 il \ed t??’\ (BS'{VG of PSF membrane with different
concentration of C %:h@nl_% céé-l) 0 wt. % until 3. 0 wt. %. Generally, for all
the five memb they exhibits a~@ée step weight loss. The first step indicated the
dehydratio%ysically and chemically adsorbed water and removal of solvent traces.
This st@be observed in the temperature range of 40 °C and 240 °C for all five
membranes with the weight loss of 1 %, except for PSP1-C3 which is 3 %. The second
weight loss observed at the temperature between 400 °C and 480 °C for all the
membranes may due to the decomposition of CTAB as surfactant, with the weight loss

around 6%. Then, for the third weight loss that occurred beyond the temperature of 500
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°C were attributed to the main chain of polymer degradation, with the residual
percentages of 53.5 % (PSP1-Cl), 47.7 % (PSP1-CL.5), 48.2% (PSP1-C2), 51.4 %
(PSP1-C2.5), and 9.8 % (PSP1-C3).

\Y'

FIGURE 43: TGA curve of RO membrane with different CTAB cow;)t' ion

o] PSP1-CL.5
= PSP1-C2.5

PSP1-C1
PSP1-C2

S
f\'
’\ &
Pl 5.2
G; 2.9
4.8.4  Effect of T@, -ljv n éﬁon on thermal study
LY g
f‘/ %, o
G’
S
TG XVe of membrane with different Triton X-100 concentration was
shown i FINgS 44. It also observed a three steps weight loss for all the five membranes.
For the first weight loss, the removal of water and traces were found to be at the
temperature of 150 °C and 270 °C, with the weight loss of about 1% for all samples.

Then, the second weight loss of about 5% occurring in between the temperature of 390

°C and 480 °C were related to the removal of Triton X-100 group from the membranes.
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Meanwhile, for the third thermal degradation, it started at 500 °C and was assigned to
the degradation of polymer main chain with the residual percentages for PSP1-T1,

PSP1-T1.5, PSP1-T2, PSP1-T2.5 and PSP1-T3 are 48 %, 53.5 %, 46.8 %, 50.8 % and

FIGURE 44: TGA curve of RO membrane with different Triton X-V!oncentration

Y

45 %, respectively.

: i
e e o G R PWI' 'SY'
N P 1!12_53‘
SPATT
&
~PSP1-T2

»PSP1-T3

Q ¢
’ S
48.5  Effect conce raﬁo%m'i thermal study
S i
0 case of different SDS concentration, as depicted in Figure 45, the

degradation occurred in three steps. The first step indicated the removal of physically

(}l. |(_)b

and chemically bonded water along with trace amounts of solvents in a temperature
range of 150 °C and 300 °C with the total weight loss of 1 % for membranes PSP1-S1,

PSP1-S1.5, and PSP1-S3, while for PSP1-S2 and PSP1-82.5, the weight loss was about
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2 %. The second gradual degradation from 380 °C to 480 °C was assigned to the loss
of SDS group from the membranes. The weight loss was recorded of about 8 % for all
membranes, except for PSP1-S1 which is 6 %. Then, the third weight loss that occurred
beyond 500 °C were attributed to the main degradation of polymer, witl\th;sidual
percentages of PSP1-S1, PSP1-S1.5, PSP1-S2, PSP1-S2.5 and PSI& re 21.3 %,

30.7 %, 39.4 %, 32.3% and 38.4%, respectively. ?

. PSP1-S3

[ PSPI-S15
SP1-S2.5

\\
S04 \
40 b
304 \
\\
N
8
S
20
-+
100 650 700 750 oC

N
RE.

co-chemical Study using Fourier Transform Infrared (FTIR)

FTIR was employed as a technique to reveal some kind of information
regarding intermolecular interaction between the molecules in the membrane. FTIR

plays a decisive role in order to obtain knowledge about the existing functional groups
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within the molecules. The existing structural changes are interpreted in terms of

frequency or band shift (Krzaczkowska et al., 2006).

1) Membrane PSP1 \Yw

S

From the spectrum of membrane PSP1 (Figure 46), the transmi band observed
near 3412 cm™ was assigned to O-H stretching vibration of‘PSNymer. The presence
of aromatic C=C bond which belong to PSF polymcr@prded at 1585 cm™. In
addition, the transmittance band observed at 1490 cagbe xp’ing"&g‘to the C-N
bond stretching vibration. Presence of C-N ba@% unk;'?oved that the
presence of PVP as additive in the membrt%v'muﬁti M&F&Y\;r, strong peaks

observed at 1243 and 1151 were ascribeEheﬁw 0_& =0 and S=0 bonds in
PSF, respectively. %

&
AR5
4. R g

3-

P e i
E 0 -H stretching / "I 149 ! 151
Y C=C ’@ ﬂ
R stretching (
& N 10ad \
stretching
o SEE-
C=0 stretching
8- stretching

mmaimafmadmmmmmzmmmummman
Wavenumber



93

2) Membrane PSP3

Figure 47 demonstrated the FTIR spectrum for membrane PSP3. The strong peaks
observed at 1585 cm™', 1490 cm™'and 1243 cm!, which belong to C=C et%ing. C-N
stretching and C=0 stretching, respectively were similar for tho obained in the

spectrum of membrane PSP1. On the other hand, the O-H stretcl1¥ﬁbration of PSF

polymer was shifted from 3412 cm™ to 3485 cm™'. Mea yt. the intense peak
observed at 1152 cm™ assigned to the S=0O stretchi@w "S'\sligtly shifted as
. | J Y.
compared to the peak in membrane PSP1. | ,_}
A

FIGURE 47: FTIR spectrum for membrane EW W

Cy ;\T &
Foas 3485 o "~<§} ] :

04~

§ o ca |
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3) Membrane PSP1-C2.0

FTIR spectrum for membrane PSP1-C2.0 wasshown in Figure 48. The addition of
CTAB in the casting solution gave slight changes in the spectrum of me&%x O-
H stretching vibration, it was shifted to 3454 cm™ compared to memtlke PSP1 (3412
cm™). Strong peaks that observed at 1585 cm™', 1490 ¢cm™', 1243 Wand 1151 em™!

were ascribed to the existence of C=C stretching, C-N str tcl?'C O stretching and

S=0 stretching, respectively. The addition of CTAB ot atW%e functional
group as they exhibit the same wavenumber as found pembgane .l\(%stead the
significant transmittance band observed at 1410 CI S 1‘(.1 N*El.—l stretching.

The N-CHj3 group belongs to CTAB, thusxev c px e c Cké in the membrane

formulation. This was correspond to thegtudy & t é@OW) which reported

that the peak at 1480 cm™' was assm%he Q-_Cl btre Q"ﬂw of CTAB.

e 7S
S e
FIGURE 48: FTIR spectrum for glemigah
K Q $
(} ’ G’b N-CH;
- %’ \().,_d\ e 1410 / stretching
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('

o
£ % %
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®
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i stretching
. stretching

B R R i R A A R R RSN R R e S
B[O B0 400 R0 000 X0 XN 40 200 A0 B0 B0 1400 120 100 60
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4) Membrane PSP3-C2.0

Figure 49 depicted the FTIR spectrum for membrane PSP-C2.0. The appearagce of peak
at 1409 cm™ in the spectrum confirmed the presence of N-CHs, g:as the
characteristic peak for CTAB. The presence of O-H stretching vibrﬂ%&nterpreted at
the transmittance band of 3464 cm™. The C=C stretching,ﬁ, stretching, C=0
stretching and S=0 stretching were recorded at 1585 cmig | ¢m, 1243 cm™! and

1151 em™', respectively which were almost the same hose pbwjngdin membrane

PSP3. ‘é | _@\
¢ L

3464 4 1409 N-CHs
ol w*“"“*“\.\,=~f‘\ ,‘# é""“w\’\ J{N\ {' 1str¢{fhf?g
l g Hecd

%Transmittance
@
an
2L
Ea

377
\ /
\J“/
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3
asl]
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O
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(J :
i Q' " ’ $ stretching 1243 s
% s X stretching

" \ stretching
LR SRR R L R SR T S R T IR SRR IR S U T R
6 po00 3400 3200 3000 2600 2600 2400 2200 2000 1800 1600 1400 1200 1000
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5) Membrane PSP1-T2.0

From FTIR spectrum for membrane PSP1-T2.0 (Figure 50), the transmittance band
observed near 3449 cm™' was attributed to the presence of O-H bond of PSF polymer.
Strong peaks observed at 1584 cm™, 1489 ¢cm™, 1243 em™ and 1151 ¢ \Y:L\crihcd
to the existence of C=C stretching, C-N stretching, C=0 .\'lrclchingﬂ* O stretching,
respectively. These peaks were nearly the same as cumpzu'cdw mbrane PSP1. On

the other hand, the important peak had been observed at I()Rcm "'which assigned to

the C-O stretching, revealed the presence of Triton X- in ghe brane solution.

L ]
¥
This peak agreed with the finding of Kimura clag® (1996 v cl‘ -I‘:\?nd the C-0O
s
AT i , N
stretching of Triton X-100 at 1099 cm™'. \’

//

sy
;. P
o
/C T
o JC/
(@)
5

C-0

. )-H % E (] \,Y' stretching 1489 M 1
% |
A N \ 7
er \ C-N ; &slrctching
stretching 1243]
9= Z S=0
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Tovenbosrsbovosbovarbvnladad et oo b,
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6) Membrane PSP3-T2.0

Figure 51 demonstrated the FTIR spectrum for membrane PSP3-T2.0. ThegQ-H group
of PSF showed a broad peak at 3484 cm™' which was slightly shifted embrane
PSP1-T2.0 (3449 em™). For C=C stretching and C-N stretching, th® strong peaks
observed almost similar to those obtained in membrane PSP1-IQ0 yhich were at 1585

cm’!' and 1490 cm’, respectively. Addition of Triton X-1 &nlot change the peak

for C=0 stretching and S=0 stretching in membrane PSPI?2 ag it ® he same value
N
of wavenumber in membrane PSP3. Similar to PS 2.0, thg e erqc'é&of Triton X-
5

100 in the membrane formulation confirmed by t

1106 cm™ which belong to the C-O group@o

’
Mtio@' strong peak at

=
>

YoTransmittance
O
=
1

C-O0
stretching

S=0

C'=O A stretching

stretching

T B AR s

O TR B RN R R R SO SRR T BT S b b Faa
30 360 34‘£U 32‘&] W0 B0 20 40 200 2000 1800 1600 1400 120 1000
Wavenumber %2
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7) Membrane PSP1-S2.0

FTIR spectrum for membrane PSP1-S2.0 was shown in Figure 52. The addition of small
amount of SDS in the casting solution affected the spectrum of men \g For O-H
stretching vibration, it was shifted to 3440 cm™ by comparing w}%mbrane PSP1
which is at 3412 cm™ of wavenumber. The C=C stretching, C=0 $retching and S=0O
stretching of PSF polymer were interpreted at 1580 cm’! lyﬂ:m", and 1152 cm™!,
respectively which were slightly shifted from thos ine Wﬂbrane PSP1.
i ‘ Y | erex
Addition of SDS does not change the peak for C-N g ing i lﬁ‘;@ SP1-S2 as
’

it gave the same value of wavenumber in memb

the other hand, a significant peak had beer@i a

C-Hs stretching, confirmed the existen : SD&% }@‘the membrane solution.

WY S g e o < |

['his peak in line with the finding o\ na wh&@ﬂch discover the stretching
N

of C-Hs group from SDS at 2@7 ’ I b
s 'y
NV

—

v
ch is@/l486 cm™. On

cm_yhich assigned to the

2864 &
100~ S\ é ¥ Q'\'W‘_MW“_—_““'\A_’\A ~ N
. TR e N am
\@},_r"" v igln v \ [ ( 4 \[‘

1S N
1S Ly
E N C-Hjs stretching pes / : ; |{'
t ; O-H stretching stretching |
i 9- C-N 1243} 1152
- stretching ;
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8) Membrane PSP3-S2.0

From FTIR spectrum for membrane PSP3-S2.0 (Figure 53), the transmittance band
observed near 3464 cm™' was attributed to the presence of O-H bond 0&& polymer.
The appearance of peak at 2919 ecm™ in the spectrum revealed thougestnce of C-Hj

group, which was the important peak for SDS. It is slightly shiftd from membrane

PSP1-S2.0 which is at 2864 cm™'. The intense peaks obse vewm 578 cm™!, 1484 cm

. 1242 cm™ and 1154 ecm™ were ascribed to the ex } wretching. C-N
g

stretching, C=0 stretching and S=O0 stretching, res@ly. I st J@addition of
s b

¥ of n%hbrane.
N

small amount of SDS contribute the small effect tw

FIGURE 53: FTIR spectrum for memb &\
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9) Membrane PSP1-Cl

Figure 54 showed the FTIR spectrum for membrane PSP1-C1. Similar to thevmbrane
PSP1-C2.0 that had been described previously, addition of small ai 1@}%‘ CTAB

slightly change the spectrum of the membrane. In this spectrum, thg O-H%tretching for

PSF polymer was interpreted at the wavenumber of 3439 cm™' AQif§d to the left from

those found in pure PSF membrane (PSP1) which is 3412 cfn. {he ixistence of CTAB

molecule in the membrane proven by the strong peak at | enf' ¢ 1t the N-CHj3
p A gp i

g
group from CTAB. The C=C stretching, C-N str 1g, C
L 4

'ct!l' g and S=0
stretching of PSF polymer were interpreted at ISE cm
1151 em™!, respectively which are slightl\ﬁnd fror se @ined in membrane

PSP1. N a(\
| S

: \’Y. B
Z CQ'\Y’IZAQ cm™, and
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1407 _y Stretching
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£ é\ \lliéf
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10) Membrane PSP1-C1.5

Figure 55 demonstrated the FTIR spectrum for membrane PSP1-C1.5. @group
of PSF shows a broad peak at 3432 cm™ which was slightly shifted&m membrane

PSP1 (3412 cm™). For C=C stretching, C-N stretching, C=0 st¥tching and S=0

stretching, the strong peaks observed almost similar to tl osY&ained in membrane

PSP1 which are at 1584 cm™' , 1490 cm™!, 1242 cné.ﬁ%respectively.
]

Increasing of CTAB concentration does not affects th ctrunf of t e'm.t%x;ane as it

exhibits the strong peak at 1408 cm™! represente l;\ ' (T\&g which was

almost similar for those obtained in membra@l- n)

<IN
FIGURE 55: FTIR spectrum for mx:%e PQPI-?l..S é"
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11) Membrane PSP1-C2.5

FTIR spectrum for membrane PSP1-C2.5 had been illustrated in Figuv\vor O-H
stretching vibration, it was shifted to 3436 cm™ by comparing wi@brane PSP1
which is at 3412 em™! of wavenumber. As the concentration of CYHincreased up to
2.5 wt. %, the peak for N-CH3 which signified the existence gk B molecule shifted

slightly to the right which was from 1407 cm™ to 1409@!16@?&11C8 of strong
L d

peaks at 1584 cm™, 1490 em™', 1242 cm™ and 1151%%g! intgrpre c’thﬁesence of

C=C stretching, C-N stretching, C=0 stretching AY&O\%
o
S WS

FIGURE 56: FTIR spectrum for memb hsp S.g? &
5 S
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12) Membrane PSP1-C3.0

From FTIR spectrum for membrane PSP1-C3.0 (Figure 57), the transmit{gnce band
observed near 3477 cm™' was attributed to the presence of O-H bond o olymer,
shifted to the left from those obtained in membrane PSP1 (3412 cm"Ae appearance

of peak at 1408 cm™! in the spectrum confirmed the presence (% Hs group, which

was the important peak for CTAB. It is nearly the same as m?ane PSP1-C1.0 which
% Wobserved not

11@342 cm’!
¥ 4

Y.
and 1151 cm™ were ascribed to the existence of @tr m -Ngetching, C=0

y\ o8 Q‘N h%‘gm{bination of FTIR
spectra for membrane with different congentratio &&
a S
e

o
FIGURE 57: FTIR spectrum for Wran@l CS.Q
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13) Membrane PSP1-T1.0

FTIR spectrum for membrane PSP1-T1.0 was shown in Figure 59. From the previous
discussion on membrane PSP1-T2.0, the addition of Triton X-100 in the cas?olution
gave a slight changes in the spectrum of membrane. For O-H stretching Aasgation, it was
shifted to 3454 cm™' compared to the peak of membrane PSP1 (341% . Strong peaks

appeared at 1584 cm™, 1489 cm™, 1242 em™ and 1151 cm re assigned to the

existence of C=C stretching, C-N stretching, C=0 str arld S=0 stretching,

fe tMnc' nal group

respectively. The addition of Triton X-100 does not grgatly : o
% | S
S

as they exhibit almost the wavenumber as found in pegtrim f brane PSP1.

Instead, the significant transmittance band Ob@ﬂl m"@g.assigned to C-O

- : &L
stretching. The C-O group belongs to Tri —thl c‘(-)\@med the presence of
Triton X-100 in the membrane formuld D ﬂ% $
é L

" &
Q

X 1]
FIGURE 59: FTIR spectrum for: n@b‘gyﬁém 0
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14) Membrane PSP1-T1.5

Figure 60 demonstrated the FTIR spectrum for membrane PSP1-T1.5. Incrggsing of
Triton X-100 does not change the characteristic peak for Triton X-100 a§;t the
C-O stretching at the peak of 1105 cm-! which was similar in the spectrum™ membrane
PSP1-T1.0. Transmittance band observed at 3447 em™! ascri ag¥O-H stretching
vibration of PSF polymer, shifted to the left by comparing w 1&“ %3412 em™). The

intense peaks observed at 1585 em’!, 1490 ecm’!, 12 N cm™ were

I
* \Y-
recognized to the existence of C=C stretching, C-N s himg, C tllﬁn‘é’and S=0
’
\\\\ \jr
N
)

FIGURE 60: FTIR spectrum for membr@S
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15) Membrane PSP1-T2.5

FTIR spectrum for membrane PSP1-T2.5 was shown in Figure 61. The transmittance
band observed near 3432 cm™' was assigned to O-H stretching vibration ﬁ\wppolymer.
The strong peaks found at 1584 cm™, 1489 cm™', 1242 cm™ and 1 1‘5@' were due to
the stretching of C=C, C-N, C=0 and S=0 groups, respectively. deition of Triton
X-100 does not greatly affect those functional group a exhibit almost the
wavenumber as found in the spectrum of membrane . Mo Jver C-O stretching

L 4

for Triton X-100 molecules interpreted at the peak 05 e v 1'Fh s similar to
A

the spectrum of PSP1-T1.0. It was indicated thatvvasi@ nca};ation of Triton

-
X-100 not significantly affect the spectrum c@&!ﬂe °l§r

: [ '
FIGURE 61: FTIR spectrum for m@eggfﬁ
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16) Membrane PSP1-T3.0

Figure 62 depicted the FTIR spectrum for membrane PSP1-T3.0. The O-H group of
PSF showed a broad peak at 3448 cm™' which was shifted to the left fro\?mbrane
PSP1 (3412 cm™). For stretching of C=C, C-N, C=0 and S=0O groupx& rong peaks
observed were similar to the peaks in spectrum for membrane PSP1 Which were at 1585
em’, 1490 cm™', 1243 em™ and 1151 cm’!, respectively. nyer, the existence of
Triton X-100 in the membrane formulation confirmed e nteypretagon of strong

*
peak at 1106 cm™ which belong to the C-O group riton X-1 ’lf_\“%g slightly

shifted from the peak in spectrum of membrai l{ hey.drnbination of

spectrum for membrane with different concwn of| Tgwdn @0 was shown in
Figure 63. \

FIGURE 62: FTIR spectrum for vran, SRIVT3,
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17) Membrane PSP1-S1.0

FTIR spectrum for membrane PSP1-S1.0 had been illustrated in Figure 64. For O-H
stretching vibration, it was shifted to 3453 cm™ by comparing with @}Erum of
membrane PSP1 which was at 3412 cm™! of wavenumber. The apﬁ%nce of strong
peaks at 1579 cm™ and 1486 cm™ were interpreted the presencagQf (¥=C stretching and
C-N stretching, respectively. They were shifted to the right mtbl peaks in spectrum
of membrane PSP1 which are 1585 cm™ and 1490 cm™. CIMllianband S=0

&
stretching, the intense peaks observed almost simiag®o tho;e oHAfiin %‘\n membrane

b
teac@" important peak

PSP1 which are at 1242 cm™ and 1151 cm™', %Npgtiv

was found at 2892 ¢cm™' which assigned to t - s

SDS molecule in the membrane solutio:“) ﬁA\Y
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18) Membrane PSP1-S1.5

Figure 65 demonstrated the FTIR spectrum for membrane PSP{SI1.5. The
transmittance band observed near 3476 cm™ was assigned to O-H str% vibration
of PSF polymer, noticeable shifted to the left from the peak obser‘v&n spectrum of

PSP1 (3412 cm™). The appearance of peak at 2866 cm™' in thggpg¥trum revealed the

presence of C-Hs group, which was the important peak fo Dg It is shifted to the right

from the peak in spectrum of membrane PSP1-S1.0 whi®iis a 2‘8&2@2".‘;]16 strong
2

peaks found at 1579 cm™, 1486 cm™, 1242 cm'@ 115 lvé:? due to the

’ \’Y'

stretching of C=C, C-N, C=0 and S=0 groups, regect
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19) Membrane PSP1-S2.5

Figure 66 showed the FTIR spectrum for membrane PSP1-S2.5. Similar to the
membrane PSP1-S1.5 that had been described previously, addition of s@ount of
SDS slightly changed the spectrum of the membrane. In this ‘s@n, the O-H
stretching for PSF polymer was interpreted at the wavenm?! of 3492 c¢m’,

significantly shifted to the left from those found in pure Psf@ranc (PSP1) which

was 3412 cm™'. By increasing the concentration of SDS chmra t!:rist' peak for SDS

which was for C-Hj stretching interpreted shifted to{ﬂeﬂ frgm t re@;spcctrum
A
of membrane PSP1-S1.5 which was 2878 cm".% :Q ingJT—N stretching,
v
C=0 stretching and S=O0 stretching of PSF p@%@ wer‘a it pret‘a\at 1579 cm™!, 1484

cm’, 1242 cm!, and 1151 em™, respecti cly\lifl er

obtained in membrane PSPI.
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20) Membrane PSP1-S3.0

From FTIR spectrum for membrane PSP1-S3.0 (Figure 67), the transmittance band

observed near 3423 cm™' was attributed to the presence of O-H bond of olymer,
slightly from the peak in spectrum of membrane PSP1 (3412 em™). \ppearance of
peak at 2867 cm™ in the spectrum confirmed the presence of C-H3 , which was the

important peak for SDS, shifted to the right from those obtain®¥fn membrane PSP1-

S2.5. It was indicated that by varying the concentratio@lt characteristic peak
for the spectrum was significantly affected. The integge pCaksjobsepv cd X1579 em’!,
IS
1487 cm™', 1243 cm™ and 1152 cm™! were ascribgg iOvhe eRigteple @=C stretching,
N T
§f? ci)yely. 4QSure 68 showed the
combination of FTIR spectra for membr nexh c@ co_&Qltration of SDS.
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FIGURE 67: FTIR spectrum forv\ﬁwa,e 153§
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