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CHAPTER IV

RESULT AND DISCUSSION \

<

4.0 Introduction z l

@
In this study, nanofiltration-surfactant (NFS) n@nes ere r'p&@g. through
dry/wet phase inversion  process. Comv(m{ lymgy;olvent/non-
T

solvent/additive/surfactant was the new %Nion f ymi< olution. Polymer

concentration and types of surfacta t} fﬂi\a? g .{Qmeters investigated
;;b A,

undy od cle'C—,\sulfate (SDS) and
& o .
e c@en as anionic and cationic

surfactant, respectively. In% udy, ‘3 elvj _f(l)zzhation of polymer with different

concentrations had bee@ﬂred lang g fro wt% to 21wt% with addition of 5%

&
additive and 2% @%ﬁnjl ?

throughout  the  experiment.

(=]

cetyltrimethylammonium bromgide Tl

}ﬂe (pgebared formulation, the high membrane

performance \\@ﬁni b') $
AV TS
S

4.1 Eff@%lymer Concentration on Performance of NFS Membrane

4.1. re Water Permeation (PWP)

C

Pure water permeation (PWP) and salt rejection are considered to be the key

specification factors for any membrane performance characterization. PWP and salt
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4.1 Effec@ymer Concentration on Performance of NFS Membrane

4.1.1 ater Permeation (PWP)

Pure water permeation (PWP) and salt rejection are considered to be the key

specification factors for any membrane performance characterization. PWP and salt
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rejection have direct relationships with the number of pores and the pore size on the

membrane surface.

FIGURE 29: Effect of Polymer Concentration on Pure Water Permeation \i
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e
increased. MO1 showed higtr W ﬂu;‘ of Iut§36 L/m-~h at 5 bar operating
l

ux’é’}ébout 10.60 L/m?h at the same

operating pressure. @ng

concentration incr@le v;te
) ' 4
dope formulatS ere tul

f_)
equilibriu Q\Qe of the polymer akl commonly used technique to measure the good

1d¢‘met§e titration method was used to find the
N

forr% f dope solution. Thus, membrane preparation was depending on the
osflam

therm ically based on non-solvent during turbidimetric titration method (Ismail

& Hassan, 2006).
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4.1.2 Salt Rejection

I. NaCl

FIGURE 30:

Rejection

Flux (L/m?h)
N RO RN WB WL O N 0

It ﬁi&n flux will decrease
S
h, 01 h'f)wA e highest flux and give

j\ls@ymer concentration gives

-9

N

as well as rejection of NaCl. At 5.37

N

rejection of about 63%. MQ3 th

Figure 30 shows as polymer concentratio%rease,ﬁ\p
6
m

e

f NaCl only up to 52%. NaCl

permeation flux of about O.Sthhq@
permeation flux decreases&\n p

\ :
concentration polarizat%vhef N (ﬂs les were retained on the membrane
\
surface. t s b') 4\
:‘4/ s 3

N

r, higher polymer concentration will produce thicker membrane

.e

once@pation increases due to the lower in

S

surfac ngower polymer concentration that the permeation flux of NaCl decreased.
Feed pressure, cross flow velocity and feed composition would become the key
factors that affect the value of permeation flux and it is important parameters to

determine the permeation flux for membrane performances (Koyuncu and Topacik,



85

2003). Besides, study has been made to prove that decreasing of NaCl rejection by
the membrane might influence by electrostatic interaction of ions in aqueous solution

and the charge of the membrane (He et al., 2009).

II. Multivalent Salt Rejection s )

This subtopic highlights on permeation flux and rejection of th@: multivalent

salt solutions. For each salt, 0.01M concentration had b nw for testing with

different polymer concentrations. Figure 31 (a) and ( st ﬂux and
rejection versus polymer concentration of three types ultiyalen sflt tions.
MOI1 at 3.145 L/m?h, MgCl> with the lowest r ofrc t10 ssess the
-§
highest rejection of about 55%. Mohammad 0073"\m ch found that
divalent positive cation such as Mg?* was es at ejectlon against
negatively charged membrane, which 1 go@ agr men th the present study
A“"
(Mohammad et al., 2007). \
‘ ‘o
FIGURE 31: (a) Permeat x c' e§alt (b) Rejection of Multivalent
Salt Solutions &
\ T
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MgCl, permeate flux and rejection also show t ap er t@centratlon
increase, both permeate flux and rejection ou, defr Tl@west MgClz
rejection of about 51% was achieved for est poly co@gntratlon Besides,

A

the data revealed promising results i of &ﬁa 0 CJ@‘X that for membrane
Eg804 '

without additive and surfactant th\ SS@GJSCUOH at 3.057 L/m?h
Jbtal

@ polymer concentration was

2S ‘§6uld decrease. Whereas, Na>SO4

of permeate flux. The simil tre

increased, permeate flux a ejectl

showed different result&h e 1t gh ection of about 64% when polymer

concentration was @d
o‘

A“’ 63"

Th researcher studied "on the behaviour of the negatively charged
nano% membrane, the rejection of Na2SO4 should increase due to the content
of monoVilent ions (Na") and divalent co-ions (SO4%) that would affect the permeate
flux and rejection of salt solutions (Mohammad et al., 2007). Na>SO4 shows that
rejection increases up to 64% while permeate flux decreases from 1.999 L/m*h to

0.628 L/m*h when polymer concentration increases.
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4.1.3 Dyes
(A)  Methyl Violet Dye

Figure 36 shows the effect of polymer concentration on permeate flux an &gion of
methyl violet at three different dye concentrations. Dye solution q% m shows
highest flux among other concentrations. However, the permeate ﬂmreased from

8.9901 L/m*h to 4.3245 L/m?h as polymer concentration inc M‘he rejection of

10ppm methyl violet shows that as polymer concentration i se t'le rejection will
also increase from 71% to 81%. é

At 8.7864 L/m*h, MOI can reject only%x. 1gm or 15ppm of
methyl violet. Since polymer concentratxon ays an 1 ole in this study,
the color rejection of methyl violet in h : /’%\s dye concentration
increase, the permeate flux decrease ) 9318 Hﬁ@ver at 20ppm of Methyl

violet, MO1 to MO3 resulte %e

provides evidence that in n oﬁlr 10

ql% f about 50%. This finding

sarr# I
F 4 ’

rane ppocess, concentration of polymer

'per@ﬁance of the prepared membranes.

’
('J 2 9
Research has prove@_ 1g4 em@.ivon of feed lead to the higher osmotic

plays an important role rm

pressure and lo wswerme at Avbarl et al.,, 2002). As can be seen in Figure

32, permeate %15 always hlgher\ lower polymer concentration and decreased

gradu é polymer concentration as well as methyl violet concentration were

increase



FIGURE 32: (a) Permeation Flux; (b) Percentage of Rejection of Methyl Violet Dye
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(B) Methyl Blue Dye

Besides Methyl violet, another dye which is methyl blue was used tested under 4 bar
operating pressure. Figure 33 shows experimental data of permeate flux @Hoval
of methyl blue using nanofiltration membrane at different polymer c@tlon The
highest permeate flux were obtained from the lowest polymer c tration at the
lowest dye concentration. At 13.1886 L/m?h, MOI1 can removew about 98.3% at
10ppm of methyl blue concentration. The results sho Y.tl]e permeate flux
gradually decrease as polymer concentration mcrease unti 96 Mgr %03 and

increase the rejection up to 98.7% for the same dye tratlo :

Research has been made to show cen jofffof 84 solutions is other
parameter that affects the membrane pe orman %1 \ 2002). At 15ppm of
dye concentration, the permeate ﬂu%s the sar ﬂes%&-where the flux decrease

A

when polymer concentration inc fro1r 1 L] *h to 3.6984 L/m*h. Other
l

than that, the rejection on 15p§m ,ye ot tJb creasing up to 99.1% for MO3.

This finding indicates @f na ltratlon membrane was proven to

remove dye effectw@ ¢}0(§ﬂnce in terms of permeation flux and
rejection of 7Opp%khat 2 he 1 '

*37

brane performance.

J‘
‘4

A%m of dye concentration, the permeate flux shows the same results
@x decrease when polymer concentration increase from 15.3193 L/mh to
3.6984 L/m*h. Other than that, the rejection on 15ppm dye concentration increasing up
to 99.1% for MO3. This finding indicates that, efficiency of nanofiltration membrane

was proven remove dye effectively. Membrane performance in terms of permeation
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flux and rejection of 20ppm dye concentration keep decreasing. MO3 with highest

polymer concentration in the formulation shows 3.1958 L/m?h of permeation flux and

C}Y'

Mo and co-workers in their research found that separation'&yes through

98% rejection.

membrane process using commercial membranes glves rejectlon of dges almost 100%

where the complete separation of dyes from dye solution occu owever different
kind of dyes will give different results on permeates fl G d1 emical and
physical properties of dye used. Moreover, they als und thg cri c?l rs that
affecting the flux of the membrane which are the l lar 31 h&ﬁape of the

dyes considering the properties of the dyes ( ince%e experimental
&

gives rejection up to 99.1%, indicate that, th erimenta ata che rejection using

tailor-made membrane was comparab

J MO1 MO2 MO3

E -5
0 Membranes

(a)
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In order to complete the experimental %Am \e @ed to see the further

0
membrane performance and oper der a opcﬁo g pressure. Figure 38

presents the results of perm J S}e rejection of Acid orange

respectively. For 10ppm dyg con 2 ’; L/m?h, MOI1 gives rejection of

about 92%. As polymer @tra : eas &/e permeation fluxes keep decreasing
’

to 6.2924 L/m’h andereledtion finage

“

©) Acid Orange Dye

4<1
/
"%,

lgg @p to 95.7%. The same trending happens
with 15ppm of ncenﬁ o'whezo the highest polymer concentration, MO3

gives the low p eation flux of zmt)ut 6.4873 L/m’h and gives rejection of 96.5%.

Q Oppm of dye concentration, the permeation fluxes keep decreasing as

polymer concentration increase from 12.0452 L/m?h to 6.3077 L/m*h. However, the
rejection is decreasing as polymer concentration increase. At high polymer

concentration, MO3 gives only 87% of dye rejection. This indicates that the high
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concentration of acid orange will decrease the percentage of rejection due to the
denser polymer. Other than that, membrane performances properties also will be

affected by structure of the prepared membranes itself by changed of number of pores

X
O

FIGURE 34: (a) Permeate Flux; (b) Percentage Rejection of Acid ¥n’ge Dye
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4.2 Effect of Addition of PEG Additive on PES Membrane Performance
4.2.1 Pure Water Permeation

Figure 35 shows pure water permeation result for membrane with additi&& PEG
600. In order to study the influence of additive on the nanoﬁltration&er mnance,
different polymer concentrations has been prepared and were testedWe operating

pressures. Different pressure might give different performance omer flux for each

polymer concentration. éz |
N \g

| | | &
In Figure 35, the graph illustrates the pure r pen?e tioy (P of three

V
different polymer concentration of nanoﬁ]tratiowxiniﬂ 600{&dditive. The

results show the increasing of PWP as pres&oaa)_lied in e. ]évever, an addition
. . NN Y .
of PEG600 in high polymer concentrat reased RSHW. {ﬂlghest PWP obtained

GJ
by MP1 of about 214.72 L/m’h at operas egsge} While, the lowest PWP

N .
eﬁt operating pressure. Many

er solution is one of the factors

obtained is from MP3 of ab
P g

researchers found that addit

Qe
that influence the men@
would change the SQJ'DS of the

& v

Y N
Be SQ addition of PEG«’W'II influence the formation of pores in the

membr t leads to the permeability of the membrane (Chakrabarty et al., 2008).
As po concentration increase from MP1 to MP3, the PWP gradually decrease
from 214.72 L/m*h to 68.19 L/m>h at the highest operating pressure which is 5 bar.
Unlike membrane without additives, PEG 600 has been proves as better pore former

than other additives. Other than that, addition of PEG 600 in the polymer solution
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might increase the hydrophilicity and resulted to the changes of performance of

nanofiltration membranes (Arthanareeswaran et al., 2010).

In this study, MP3 with higher polymer concentration shows the 1(&? PWP.
However, PWP increase as pressure applied increase from 48.20 L&c‘mo 68.19
L/m*h. According to Ahmad et al. (2005) in their research, they hav?&ied different

polymer concentration and obtained the average PWP QeMd as polymer

concentration increase and increasing the polymer concentr S sefd to lead to the

increasing of polymer solution viscosity (Ahmad et al, 2009). Like . uddf?i-on of
N
)
cosit

PEG 600 in the polymer solution has improved th ane and

y, of thg m
4 N

increases the membrane performances. VR ’ .,\ N S'
FIGURE 35: Water Flux of Polymer Cor%ration ﬁ\’l\gE 6@7
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4.2.2 Flux and Salt Rejection

I. NaCl Rejection

Using a simple dead-end permeation cell, the membrane perform h1ch is
described in terms of flux and salt rejection was tested under oper. cssure of 4

bars. The permeation experiment was performed using 0.01M NaCl lutions.

Yv

The experimental data based on Figure 36 show m r ne flux decreased
as polymer concentration increased with addmo EG 6 e de sing of
membranes fluxes resulted in increasing of N C Jectign, 1 vRth the least

polymer concentration shows high flux of 23% /m7 a\glv@ﬂgh rejection of

NaCl of about 81%. This indicates that, tgn of P 00 @%flPl membrane is
: \T A
more porous in terms of number of po $
]
Q-
\

Besides, study had gne shew addmon of PEG 600 in the
polymer solution ease the wo a ' the (&/ent in the separation process that
leads to homogenous & er h rQ?ié{lon (Ma et al., 2011). Unlike MP1,

‘27 S

MP3 with the hig (ame c c trax\(an shows different results where it has the
lowest flux oﬂ@/m h gn afe réjg'ctlon almost 86%. This shows that MP3 with
21% of pol concentration has a\‘:l)ense membrane surface layer although with the
presen % 600 as pore former. Furthermore, Ma et al. (2011) in their studies
found addition of PEG 600 has increase the polymer lean phase of the surface

layer and leads to the membranes with more pores and high rejection (Ma et al.,

2011).
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FIGURE 36: Fluxes and Salt Rejection vs. Polymer Concentration
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Figure 37(a) shows the results from the permeation‘%f cacll s#fs fe with
4 \’Y'
different polymer concentration containing PEG 600 R addi N as QR said that,

addition of PEG as additive in polymer so@ Intreas thS,ermeation flux

while decreased the solute rejection. How exper d K‘l’br each multivalent
. . 6 S
salts faces decreasing of permeation l\ @en@mn increase. At 8.094
a\

L/m’h, MgCl> gives rejection Ef ?’580/, em]@e MPI1. The permeation

fluxes decreased when polymer congentr ti

and rejection increase sh@p
proves that addition ‘@06 at
formation of por & nfevvbgpe

N
membrane. TIK mbrane with aﬁcd?tion of PEG600 had increased the MgCl>

rejection ‘% h

For MgSOs, MP1 shows highest permeation flux of about 14.679 L/m*h and

ré'ae'};o MP3 of about 1.298 L/m°h

% Cha@ny et al. (2008) in their study

i

1ﬂ1e(:?olymer concentration influence the
\

@ce that affects the permeability of the

rejection of about 73%. The same trending happens with MgCla where the permeation

fluxes of MgSO4 decrease as polymer concentration increase and leads to increasing
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of salt rejection. High retention of MgSOs was obtained by high polymer
concentration, MP3 of about 91%. Researcher found that positive cations like Mg
would expect to lower the salt rejection. However, with addition of small percentage
PEG 600, it has been proven that the increasing of MgSQOj4 rejections. Km:ntal

data also shows that, the permeation flux of Na>SO4 decrea a¢ polymer
concentration increased. Yv

At 9.786 L/m*h, MP1 gives only 60% of salt rejed The‘ permeation flux
of Na>SO4 decreased as polymer concentration mcrea 2 cheases
l

the rejection to 71%. This is in line with some stu hat‘.re eajed th%.negatlvely

charged nanofiltration membrane will make ease due the

interaction of ions on the membrane surfa@ffects t rm@%bn flux as well as

Na>SOs rejections (Mohammad et al., : hu m% &uggested in their study

that, PEG will increased the hydrop\ th &nges in the performance

of nanofiltration membrane arc ser rete
0 fo

d N 1t10r(‘j’PEG6OO in the polymer solution

and were tested for few @ e Pﬁ’decreased_

ion § entrapped by the membrane

-i—-

materials. Moreover, they a
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FIGURE 37: (a) Permeation Flux; (b) Percentage Rejection of Different Polymer

Concentration
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For further study on performance of nanofiltration membrane with addition of
additives, methyl violet was used for tested. Using the simple dead-end permeation

cell, three different dye concentrations was used. Figure 40 shows the permeation flux
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and percentage of rejection of methyl violet respectively. From the permeation flux

results, we can see that the decreasing of flux for 10ppm and 20ppm dye

Since 10ppm methyl violet is the lowest dye concentratioa%ten shows

results of higher permeation flux proportionate others dye convﬁons of about

concentration.

14.3149 L/m*h at the lower polymer concentration. The rejectN'nows only 56% of

methyl violet can reject by MP1. As polymer concentrat rea‘se the permeation
flux of 10ppm Methyl violet decrease to 82376 L/ 9 adually
increase until 70%. According to Jung et al. (200 1d that t s§~0f top layer
of the membrane also plays an important % "\ ﬁlt Yﬁn process. As

polymer concentration increase, the tl@ of m 6€op layer might be
increase. Thus, it will result to decre% of per\tﬁ%%n 'x&due to dependency on

Ps N

)
the top layer resistance during the orta:%}yc'ési@ng et al., 2004).

X~ S
(4, N
The result on m@ g‘.@ld be different for 15ppm dye

concentration where t@n hr‘§m %es as well as rejection. This is due to
the changes on %}e sfu?u s{ (?ad to the high permeation flux and high

rejection of 1 1olet“ as served to have 11.1223 L/m’h of permeation

flux and h rejection of ab\‘;? 33.3%. Since the feed concentration was part of
ters occur in this study, this could be concluded that, 15ppm dye
aon more concentrated than 10ppm. However, the rejection at 15ppm dye

concentration increases sharply up to 80% when polymer concentration increases.
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The same trending shows by 20ppm methyl violet concentration. When

polymer concentration increase, the permeation flux of 20ppm methyl violet decrease

from 8.9901 L/m2h to 2.8852 L/m*h and rejection was increase from 71% to 81%.

Increasing of 10% in rejection of methyl might be significance from | azng of

polymer concentration and addition of PEG 600 that has been& y many

researchers to be as pore former (Ma et al., 2011; Anhanareeswaranw 2010).

FIGURE 38: (a) Permeation Flux; (b) Percentage Rejection!
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(B) Methyl Blue Dye

Addition of PEG 600 as additive in polymer solution will be studied in terms of
permeation flux as well as rejection of methyl blue. Three different dye conv\ions
have been used for three different polymer concentrations. This is beca@observe
the effects of both polymer concentration also dye concentration in $ing Methyl
blue effectively in presence of PEG 600. The results below presggtedyhe experimental

data that have been done in terms of permeation flux ;d Ercentage rejection of

methyl blue and methyl blue seems can reject almost 1 of dye W
| J

At 14.1820 L/m*h, 10ppm of methy

contents. MP1 shows the highest rejectiocﬁw
concentration and polymer concentrati mlf 0
major factors to get an optimal m@g i

stfiu 4
performances. Number of pore mrfraél
m08) j '

performances (Chakrabarty

NN
As dye co ratign 1 qe,@eation flux of MP1 drop to 6.6619

'3

’
L/m*h. However %ﬂs no fignfighn creasing in rejection where 20ppm rejects
’o’ls

almost 98.8%.Y{arMus research has@l done conclude that trans-membrane pressure

S
is factors Xaffects the decline of permeation flux and leads to increasing of
rej@ ere pressure applied will influence the transportation of solute across
membrane. Researcher also study that reducing of fluxes is due to the effect of
concentration polarization that caused the retainers of solutes on the membrane
surface. Due to this phenomenon, it causes the high rejection of methyl blue (Petrini¢

et al., 2007). And, addition of PEG 600 assists in transportation of solute through the
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membrane. Moreover, experimental also revealed that, as polymer concentration

increase, the permeation flux will decrease.

As described in subtopic 4.1 where polymer concentration N ortant
factors in this study which cause the thicker membrane surface. Frmw 1 to MP3,

the permeation flux of 15ppm dye concentration decrease from Q.,234 L/m*h to

8.6432 L/m>h. Rejection of 15ppm dye concentration also % a decrease about

0.7% from 98.9% to 98.2%. This shows that, when p@n&tr?n increases,

the percentage rejection not much has changed. W$ﬁon of ad 1}&3,‘]\&4;32 shows

increasing of permeation flux for 20ppm dye congentM™¢ion fgori 3 91{?’(‘1“h to 5.114
ch

1tivea™ anging the

membrane properties. In addition, PEG leell knovg“as b@ﬁ:sr pore former than

A,

other additives where it will increas &)ydr ymprove the membrane

“ &
performances (Arthanareeswaran 01 N A‘Q
N

e 39 shows that, at 20ppm dye
at @hcentration play an important aspects in

Furthermore, e rimentla
. &) , .
concentration, the perfgeatd flu ecrgaved to 3.6501 L/m-h. Akbari and co-
peGat¥ flu} €

workers in their 1 dislov
nanofiltration ﬁe ane. Th reéc@ when concentration is higher, it will increase

)

the osmo \essure resulting to decreasing of permeate flux and increase the
rejec bari et al., 2002). Likewise, at 20ppm dye concentration, rejection of
Methy™Slue keep increasing up to 99.8% which indicate the complete separation of

dye compounds from dye solutions.
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FIGURE 39: (a) Permeation Flux; (b) Percentage Rejection of Methyl Blue Dye
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(C) Acid Orange Dye

According to Lopes et al. (2005), in filtration system, permeate flux is the most
Important parameters to evaluate the membrane performance. Other than tvuthor

claims that permeate flux if part of fundamental factor for optimizatio s (Lopes
X ang

et al., 2005). Figure 40 (a) and (b) illustrated the permeate flu
5

percentage

rejection of acid orange respectively. From overall ﬁgure,w an see that the

permeate flux of acid orange decrease while rejedy niincrease as polymer

concentration increase. At 22.9721 L/m*h, MP1 at m d Wtration gives
N N
rejection of about 91.2%. | -{')

4
\ \3.
T
As polymer concentration increase,%\{ect' i casq to 94.5% while

permeate flux decreased to 8.6461 L/@ M dT

A N
concentration that cause the poly tiof'mor, sc{cg‘@and make the membrane
surface thicker. Although PEG S'S ﬁ{)@flmr, membrane surface also
B
part of the important role t ects the 1 r&r/l performance. Moreover, as dye

N

concentration increase c}\)r e shpwed @ecrease of permeate flux as well as

| N\, o) : .
rejection. MP3 sho njte'ﬂ 'o!”(aﬁgut 3.9776 L/m-h and rejection of about

92.8%. This in thatg bg);o ut-é\\vere retains at the surface of the membrane

| ;3 | |
since 20ppimigAigher dye concen@fon. Besides, this phenomenon might due to the

\

concentgagiaMnolarization and osmotic pressure that leads to fouling on the membrane

surfigge afdl cause the decreasing of permeate flux and increasing in dye rejection

(Petrini¢ et al.. 2007).

Aouni and co-workers has studied that the causes of decline permeate flux of

dyes solution. Authors claim that dye molecule can be absorbed on the membrane
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surface and affects the permeate flux due to interaction of physicochemical between
dye molecule and membrane surface. Other than that, they have studied several factors
contribute to the decreasing of permeate flux of dye solutions such as type of solute

and solute concentration (Aouni et al., 2012). Thus, the study proven t%i g high

concentration of acid orange will resulted to decreasing of permeate, d increase

the rejection up t0 95.7% . q

FIGURE 40: (a) Permeate Flux; (b) Percentage Rejection Z'd Ofange Dye
30 - \d
Op . X~
<> zpe
20gbm
20 - \,Y'
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4.3 Effect of Anionic Surfactant on Membrane Performance

4.3.1 Pure Water Permeation
As can be seen on the result, the PWP increase gradually similar wjt&ot r membrane

that had been discussed before. Addition of SDS had enhanc%re the PWP of

Nce. Other than that,

ran(i. At 3 bar operating
M VW increase

| S

gradually as operating pressure increase up to 5 L/’n . ince@PSl was the
V

least polymer concentration, it happens hgwe h"g P '@8: other polymer

nanofiltration membrane and improves the membrane per

addition of SDS was said to increase the porosity of the I

pressure, MPS1 gives PWP value of about 535.7Q L/

concentration. Least polymer concentr&;ill give Tgdst @brane thickness and _

lead to high PWP (Ismail and H %2007%\&11 16:\ concentration increase,
&

]

9

PWP will decrease. \

4
As can be seen (\the lg' B& t tlg@ne operating MPS1 decreased from
535.70 L/m*h to 11@/1n’®}sanéfending happens with another polymer
@

concentration fQ e O;CI‘?I @ure where PWP decreased as polymer .

concentratio 5€. ﬁl it 4;h polymer concentration has lowest PWP of
\ S

about 3 &L m*h at 5 bar op}ating pressure. Huang et al. (2014) in their studies

statdat™ PWP will increase linearly as operating pressure increase. In their study

also™¥und that operating pressure becomes factor that affect the membrane

performance. Authors found that operating pressure applied helps on effective driving

force between membrane surfaces that overcome the resistance and lead to high PWP

(Huang et al., 2014). Increasing of PWP value as pressure applied increase also might
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due to the increase on concentration polarization with helps from SDS as anionic

surfactant that improve the membrane performance on PWP (Fernandez et al., 2005).

FIGURE 41: Pure Water Permeation (PWP) of Membrane with Amomc& ctant
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of fluxes and percentage (Sr'alent salt performance, 0.01M of
NaCl was used as fe to l oﬂ on -surfactant (NFS) membrane using
anionic surfactant e esul I sﬂo@yd that as polymer concentration increase,
both permeate d rej c crqses

S R

ition of SDS as anionic surfactant was found to increase the permeate flux
of sowk. This revealed by MPSI where it obtain high permeate flux of about
216.5127 L/m*h and rejection of 66%. As polymer concentration increase to MPS3,

the permeate flux of NaCl decrease to 50.4496 L/m*h and rejection of about 61%.

Researchers found when polymer concentration increases, it will increase the
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thickness of membrane surface that results increasing of salt rejection. Reducing on
membrane pores also become the important parameters that increase the salt rejection.
Other than that, addition of SDS shows to decrease the permeation flux_as polymer

n to be

concentration increase to MPS3. In this state, polymer concentration a

the important parameter where SDS influences the membrane stm&e (Ismail and

Hassan, 2006). i

However, in this study, SDS was used as t, 0 ge@?ic surfactant.
Studies had been done revealed that addition of sma ount ¢f su a<ita polymer
solution causes the changes in membrane moggho g st ctuK,R'In addition,
gatN\e ges%ﬁt cause slightly

200 As@lymer concentration

charges possess by surfactant either positiv

changes on membrane surface (Rahimpo

increase, it was observed that both tl%ﬂ% r@ tion of NaCl decreases.

This was explained that polymeN entr ffeq\rg‘t‘he membrane performance.

Moreover, high polymer Zratlo ,W11 h\@elgh viscosity and changes the

thickness of membran ce as 'v pore redus.
{0
1 O
2.9
FIGURE 42: Fl C_]CC on pf Na tration-Surfactant (NFS) Membrane
GQ fv7/e
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4.3.3 Multivalent Salt (MgClz, MgSQOs4, Na2SQO4) Rejection

In membrane process, permeate flux was the important parameter in the design and
economic analysis. This flux was affected by feed pressure, temperatu?ﬂd feed

composition. In this subtopic, 0.01M of each multivalent salt solutis%\ested prior
to membrane testing under 4 bar operating pressure. Y'

MgCl> from MPS1 membrane gives the higheQnge tior among other salt

solution of about 649.538 L/m>h and rejection of 30 0 M Jermeate flux
N§
decreased when polymer concentration increa 0.56 2]’ i@ MPS3 and
4 b9

rejection increase gradually up to 68%. The re?lt pr }hti for N@]z proves that,

addition of SDS improve the membrar@bil Wa ncreO&{ing the salt rejection
while decrease the permeate flux. Is‘%and $2 I&N’ound that increasing of
N

salt rejection also resulted from %easﬁlg oppoly, concentration that lead to

N 3

the increase of pore size fr which gn lle@qan electrolyte sized. Thus, it
N
contributes to the increasing o i

&)

L
As presen\(ﬁ} gfnr ¥ &Z@SQ; shows the permeate flux decrease

NS .
dramatically @Qpp 1932040 1o Y‘lé\l 69 L/m>h and gives decreasing of rejection as

well fron\Alo 66%. This res&l‘}’might be due to the positive charge of Mg*" was

exp c%decrease the salt rejection since prepared NFS membrane possessed

ivg charges. At lower polymer concentration, MPS1 of Na>SOs give permeate
flux of about 225.926 L/m2h. The variation of membrane flux and rejection were
according to polymer concentration as the main parameters in the study and addition

of surfactant was said to improve the membrane performance. Increase in polymer
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concentration of prepared membranes results in membrane with lesser flux (Gohil and
Ray, 2009). In addition, increasing the polymer concentration to MPS3, the permeate
flux shows decreasing of about 16.188 L/m?h. Increasing of polymer concentration

has led to increasing of polymer solution viscosity and changes t Wﬁness of

membrane surface. .&

Ghaemi and co-workers found in their study that, Yyn of small amount

SDS in the polymer solution produces thinner top-1 n m@us sub-layer.
v

Thus, it will create a layer of SDS molecules on membiane riac&“oreover,

SDS was found to decrease the interaction betwgen pelymeg cliai Wh\’@'both of them

hae‘ni al., 2@3)' This evidence

&
re m ranOvith SDS has high

form a complex of polymer-surfactant com

was in line with the experimental m

permeation flux at lower polymer ocnanta ' si &percentage rejection of
o

Na>SO4 however decreased. ThiStguSht dM N&omolecules was smaller than
N

the pore size of the membrﬁeI z , ? | §

FIGURE 43: (a) @% n
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4.3.4 Dyes Rejection c}) "

Further study has been don% show\\}g?ff r;%f anionic surfactant in

L
polymer solution. PWP results @ thag ad i(')'nA

the membrane permeability:;ng tl"e va IU@SLSS L/m*h at 5 bar operating

pressure. In addition, N{ g édreasing of both permeate flux and

rejection on NaCl s@tio . mi@e effect from increasing of polymer
L
@
concentration. ﬁl‘\)ent s oﬁt 0)
N3
%ng d)’;s sfewag there was no exactly evidence the use of NFS

'QBS show the same result by using NFS
WV

membrane. If
membran% moval of dyes. Ttl:{xs, in study the effect of anionic surfactant on dyes

@

nionic surfactant improves

re ‘aﬁ\, Bree types of colors was used with three different feed concentrations
(10 15ppm, 20ppm). Prior to the testing, the same dead-end permeation cell was

used at has been operated under 4 bar operating pressure.
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(A)  Methyl Violet Dye

Figure 44 (a) and (b) shows permeation flux and percentage rejection of methyl violet
that have molecular weight of 407.99 g/mol. Addition of SDS surfac&t% polymer

solution has increase the permeate flux of methyl violet up to&%’) L/m*h for
MPS3 and gives rejection of about 66.2% at 10ppm dye cwration. As dye
concentration increase, the permeation flux seems to decrea 19.8636 L/m*h for
MPS3 at 20ppm of dye concentration. Huang et al. Y:tufy the effect of dye
concentration on membrane performance. They bser de ce?eentratlon

influence the membrane performance and beco he mglers @experlmental

design. Y. Y\.’
VAP S
N XS
G@ange in the course of

ﬂ
concentration and when feed conc%}n"n&&ses the permeate flux of
MPS1will decreased frort 3&3 m’h @43 L/m*h. This is due to the
essurd a

V,é @e adsorption on membrane surface.

2"

The dye retention rate and neate

increasing of osmotic pge

Researcher also fom@

of fﬁldye concentration on membrane surface

causes shieldin to ;c '?h@mons in the solution that lead increasing of
\
permeate fl a$ due to the blocking of dye molecules on the

membra urtdce and dlfferent\‘;ﬁarges of both dye molecule and membrane itself
Y 12) Other than that, experimental data also shows that when polymer
étlon increase, the permeate flux also increase. At 15ppm dye concentration,
permeate flux of methyl violet increase from 13.7760 L/m’h to 25.3974 Lm’h from
MPSI to MPS3 respectively. This might due to the increasing of polymer

concentration will produce denser membrane and increase the membrane thickness.
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Moreover, at the same dye concentration, the rejection of methyl violet
increase from 33.3% to 79% as polymer concentration increases. This shows that, as
polymer concentration increase, the membrane thickness will increase that causes in
the high rejection. However, for 20ppm dye concentration, the membr, ltant of
the same percentage rejection of about 50%. This might due to relaw&lt membrane
structure and feed concentration since 20ppm is the higher d ¥w~entrat10n in the

study. Other than that, 50% of rejection gives by or three different

concentrations might due to the composition of dye@h ll is gdmost 90% of

methyl violet content. \
y ' _f)
% 5

Ma&;lolet Dye

S

FIGURE 44: (a) Permeation Flux; (b) Perc
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(B)  Methyl Blue Dye

The permeation flux and percentage of rejection using anionic dyes (methyl blue) at
three different feed concentrations were presented on Figure 45 as below. l‘?ﬂ-’ igure

49, the permeation flux of methyl blue decrease as polymer concent %increase as
e pd

well as feed concentration increase. At 10ppm dye concentration? rmeation flux
3

decreased from 43.9620 L/m’h to 14.4905 L/m>h from MPS1 &w respectively.

\X

Experimental data also shows that, the percentaBggejeqio ethyl blue for

Ny
10ppm dye concentration increase as polymer ¢ tion fhc e’ fm‘@ 98.3% to

o iy

99.2%. This can be explained by the effects of SWA nd e@rostatic action

on wsﬁbrane charged to

that influence the rejection characteristb\%yna
ol ‘ala{?r

charge will be more capably rejw%y th® ne el arged membrane. In this

5% Aj A

study, methyl blue used as one nigjdyeg.hps 1n$cular weight of 799.81g/mol.
? (

solute charged. Moreover, dye with Ci%h or have high negative

=0

) ’ &
Some research ' ves'g@ thatéﬁerating pressure also affects the
N

membrane performghc i n operating pressure will lead to increase

ever, in this study, 4 bar was the optimum

of permeation %
operating p;essire for NFS mem‘l\@nye' performance testing as NFS membrane could

stand at !?\ressure and had been tested in PWP experiment. The same trending

hagpen®er 15ppm and 20ppm dye concentration where the permeation flux decreases

as polymer concentration increase.
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Moreover, MPS1 also shows decreasing of permeation flux from 43.9620
L/m’h to 19.3603 L/m’h when feed concentration increase. While, the rejection also
increase from 10ppm to 20ppm of dye concentration. Decreasing of permeate flux of
methyl blue might be due to involvement of organic and inorganic soh@ can be
retained at the membrane surface and causing concentration polariAqL Other than
that, it can be said that dye molecules that adsorbed on the meRr?ne surface will

influence the permeate flux and physicochemical interaction een dyes molecule

and membrane surface. Furthermore, the nature of mf@na@elf, the type
@

of solute, the solute concentration and cross ﬂo@city cpuldPe, p eters to
20

A
determine the adsorption of dye retention (Aouniet al2012). \3‘
NV N3

FIGURE 45: (a) Permeation Flux; (b) %QgYegon of Megh! B@‘Dye
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(b) é J | &
’ &
(C)  Acid Orange Dye
_ N
Simple dead-end filtration cell was $’ e%t% I es concentration, NFS
t

" &
membrane will undergo the penM est con@@ted under 4 bar operating

N
pressure. Figure 46 shows p% n ﬂu>, an eje@ of acid orange respectively. It
4 F &

clearly shows that, for 3 whf ye @tentration increase from 10ppm to

20ppm, the permeati w ecr.

’

&
;one_g}.54874 L/mh to 12.93901 L/m’h and
'3
rejection also de fro 9?.9 % 4&191%. This can be explaining due to the

’
blockage of m%«nrane pofes z{ng?:urring of membrane fouling on the membrane

surface. E\ o

QlOppm dye concentration, the permeation flux also decreases from
37.92923 L/m*h to 16.54874 L/m°h as polymer concentration increase. In this state,
polymer concentration also plays important parameters that affect the permeation flux

performance of NFS membrane. This is due to the increasing of polymer
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concentration would produces membrane with thicker surface with average of less

pores formed on the surface. Increasing of dye concentration will lead to more

g

Besides, concentration polarization has become the factors‘%ecreasing of

adsorption of dye molecules on the membrane surface.

permeation fluxes where the dyes molecules were retained on the zembrane surface

and formed the accumulation of particles on the membr, n?ﬁace (Petrini¢ et al.,

2007). \d
N4

S

|.C

In nanofiltration membrane separation, con traticzn lays a ?mﬁcant role

ss\and %Xéquently lower
&

Fl@ 50, at 15ppm dye

A,
e.éed from 36.4397 L/m*h

where higher concentration will causes high p

the permeate flux (Akbari et al., 2002). a be seeny

concentration, permeation flux of ac :% @1

to 12.9326 L/m*h and the hlghest ate al ay&@'\/s by lower concentration
which is 10ppm of about 37 9 /m*h 4) l@ner concentration. For 15ppm
dye concentration show mcr olorf ection up to 93.8% as polymer
concentration increas%nte mglpoin ‘%ﬁnd by Mo et al. in their research that
the separation of y t 1 bé@s almost 100%, indicating the complete
separation of mpo n ffom We solution. In their research using NF PA

compos ite n rane, they achleﬁd the rejection almost 99.5%. This shows that,

tailor Q FS membrane could give the comparable result with NF PA composite
memb used by the researcher (Mo et al., 2008). Thus, it can be conclude that,

addition of SDS as anionic surfactant in polymer concentration has increase the

membrane performance.
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Moreover, solute rejections also can be influenced by several parameters for
example, membrane pore size, the size of the solute and the solute-membrane charge
interactions (Wei et al., 2013). Although SDS is cheap and readily availaklgds will
produce more porous of membrane substructure that sometimes lea%\ he less

operational membrane because anionic surfactant gives less interact&etween dyes

molecule and NFS membrane surface. Vz

FIGURE 46: (a) Permeation Flux; (b) % Rejection of Agj g
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4.4 Effect of Cationic Surfactant on Nanofiltration Membrane Performance

4.4.1 Pure Water Permeation (PWP)

Figure 47 illustrate that the addition of small amount CTAB in the ¢ Mgo-lution
increased the PWP as pressure increase. This was observed that CWHI increase
the porosity of membrane support layer and results in higher PW Other researcher
also stated that the addition of CTAB in the casting solution r?m an increase in the

PWP. Some researcher also reported that CTAB will embgane porosity

on the membrane support layer resulted in h1gh§P (Rajpim et:zeg-, 2007;
e

Mulijani et al., 2010). Moreover, the experl sul?also how‘s"Cthat MPCl1

always give higher PWP as pressure cPﬁase Hov@r, as polymer

concentration increase to MPC3, PWP sho catly decggased @ns is due to the fact

},

that, increasing the polymer concen 11% t tion resultant to high

eﬂ%i . the volume fraction of
polymer will increase and% pactg to e mbrane porosity (Tsai et al.,
\f‘u-/

2000). ' %
\> 9

@)
;S
1) (‘Pé\\&l’) of NFS Membrane with CTAB
=—f—MPC1
‘&00 ] -l-MPc‘f’

Ny
0 00 1 —a—MPC3
oo 00 -
1000 00 -

n_ 800.00 -
2 600.00 -
400.00 -
200.00 -

0.00 l:,_:-:_:.l*"jfl -4 ‘

4
Pressure (bar)

/Pﬁar

.'3

polymer concentration on the a

c/l//

—

FIGURE 47: Pu r

(D
1@
A Y

w
w



120

4.4.2 NaCl Salt Rejection

The results show permeation flux decline sharply as polymer concentration increase

from 78.7319 L/m’h to 5.9728 L/m’h from MPC1 to MPC3 respect This

indicates that MPC1 with low polymer concentration produces less ds@ layer of

membrane so that the transportation is efficiently occur. Ismail agd HasSan has stated
in their study that as a polymer concentration increase the s decreased and

resultant the increasing of salt rejection. q l

NY.
N\
Furthermore, when polymer concentrationgadredses, tiie nl)r,aﬁ? thickness
¥This

. d i
also increased which causes the increasing ofv j n @é in line with

71%& 84% as polymer

concentration increase from MPCI to EPC& w []\LQB in polymer solution
N
indicates that the NFS membrane% retfin ¢ a@_dalt solutions up to 84%.
NS

Increasing of polymer solution un' 0 Lafise %«eduction of membrane pores
(

that increase the salt rejec% sma{ I;Pagglon,. 2006). Mansourpanah et al.,
O

observed that decline @m lion ux 'f\s'alt solution is due to the complex

N

formation between \r d's?g!mt‘é{h opposite ionic charges.
Q& ke

& VS

In aAn, authors also d that the interaction between surfactant and

N

polyme, ence the permeation flux as well as rejection of salt solutions

experimental data shows increasing of Na cti

( oufBanah et al., 2009). MPC3 show the lowest permeation flux and highest
NaCl rejection of about 5.9728 L/m’h and 84% respectively. Normally, in
nanofiltration the retention of the ionic species leads to presence of osmotic pressure

across the membrane. It can be said that, when polymer concentration increase, the
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osmotic pressure could be increase. Research has been done to show that presence of

osmotic pressure causes permeation flux decline due to reducing of driving force

N4

FIGURE 48: Permeation vs Rejection of NaCl Salt Solution Aj

across the membrane (Petrinié et al., 2007).
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\ |
’
Study has been d %ws f\at a nforh(j"f,CTAB in casting solution will increase the
<$' sl

\
n t@g}'igure 49, all three types of multivalent salt

salty solutio
shows mc& in rejection as D&?ymer concentration from MPC1 to MPC3. Highest

pe ux occurs at MPC1 for MgClz of about 173.210 L/m*h. However, the

n flux shows greatly decrease to 0.967 L/m?h from MPCI1 to MPC3. This
shows that, polymer concentration give greatly impacts on NFS membrane
performance. Increasing of polymer solution would produce denser membrane top

layer and changes the membrane support layer. Effect of polymer concentration on
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membrane performance has been study by Ismail and Hassan where in their study

observed that polymer concentration become the important part in study the

Ng

Authors in their study found that, increasing of polymer m;ration will

membrane performance.

affects the increasing of pore size which is smaller than the e yte size. This
situation leads to increase in percentage of rejection whic M good agreement
with the results of the present day (Ismail and Hassan, 2 l*n.crieasin in rejection
of MgCl> as polymer concentration increased reéale tha eb%‘; C‘%Q'cationic

olutiql fl nca&hxe formation
Y

of pores in the membrane support layer that %Zthevﬁe\bili@ﬁich are related
to pores on the membrane surface (Chak%at al,, 2

surfactant with the presence of PEG 600 in polym

D3 S
Addition of small amount\ 1onicNgurf; tar&é&'s believed to enhance the
. N
MgCl; salt solution due to ﬁe t dedrea @eation flux of the membrane
. T

(Mansourpanah et al., ZOQ ¢

ﬁ ndil‘a‘és'hows by MgS0O4 and Na>SOs salt

solutions where the p@on Ireas polymer concentration increase from

14.679 L/m*h to 3 m* m 9786 L/m*h to 4.225 L/m*h respectively. The
43’ X

&
rejection of M nd Na: 4%lsi’§zws same trend of increasing in rejection as
polymer co%ation increase. ?hc‘? highest rejection was found from MgSO4 for
MPCp0oMNgbout 92%. This can be explained that MPC3 has less pores on the
mem surface so that it could retain high number of MgSO4 molecules on the

membrane surface. Researcher found that positive cations like Mg>* would expect to

lower the salt rejection.
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However, with addition of small percentage CTAB and helps of PEG 600, it
has been proven that the increasing of MgSO4 rejecﬁons (Mohammad et al., 2007).
The present finding also supported researcher study which concluded that transport
mechanism in polymeric membrane is well known as critical factor to enKR};t the
membrane is practically use in the separation processes (Ismail ang&%an, 2006).
Other than that, researcher also stated that the concept of nanowmn process in

separation of ionic species that result to osmotic pressure whiQMe the permeation

oop).

| &
FIGURE 49: (a) Permeation Flux; (b) % Rejection ultiv;l t Salt S@tion
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4.4.4 Dyes Rejection

(A)  Methyl Violet Dye

As we can see, the permeation flux decreases as polymer concentratio, & from
MPC1 to MPC3. At 10ppm of dye concentration, the flux decra&from 58.3854
L/m*h to 10.7718 L/m°h. Decreasing of permeation flux as pom concentration
increase indicates the membrane surface formed was dens thicker. The same

3 : . .
for MPC2, when dye concentration increase from m to pOp ,'th S¥rmeation

g
flux keep decreasing from 22.4365 L/m°h .Zg / 2h.\'.E'ecreasing of
permeation flux when dye concentratio ﬁ&:‘!\an em@ynved due to the
&
shielding effects on the membrane surfa@o high ¢ cent@on of ionic solutions
(Yu et al., 2012). Permeation flux %&ss‘ e @ncentration increase also
9 Q—
indicates that dye concentration aN ys a i camﬁfe on the permeate flux. This

N
was due to the amount of %Zlecul de?odit@n the membrane surface which

trending happen when feed concentration increase w, p n@ux decreases.

’ $ &
leads to concentration &ﬂq&izatiop hig&a’ probability of fouling (Wei et al.,

2013). (} l Y G)O

Theof§gic™y, when® permga$ion fluxes decrease, the rejection should be
X 9

increase.%N‘mding revealed that for MPC membrane, the rejection increase as
6

polyml entration increases. The greatest increasing of rejection occurs at 20ppm
of dye concentration of about from 50% to 87% for MPC1 and MPC3 membranes.
Increasing of methyl violet rejection 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 on the membrane surface. The thicker membrane could retain more dye
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molecules on the membrane surface. In addition, addition of surfactant in the casting
solution might influence the formation process of macrovoids that give significant

effects on membrane performance (Tsai et al., 2000). The same trending observed for

10ppm and 15ppm dye concentration where rejection of methyl vio&iease as

polymer concentration increases. .&
At 10ppm dye concentration, there was great in of methyl violet
rejection from MPC1 to MPC3 of about 58.4% to 85%. P &ah has shown
1

that increasing of dye rejection is due to the a éﬂon of Jdye ’ e‘d@'on the

membrane surface where first effects the permeatioMglux apd¥in ea e solution

rejection. The adsorption occur was the affec@.he‘p | och l interactions

or due to charges between dye solution mbrane ac@oum et al., 2012).
x » o
This can be concluded that, additio 10n a Gt'\jh polymer solution will
ﬂ
gives great impact by producmg rmance and experimental

data shows that higher rej 0 was t orptlon of molecules on the
D \’

N
FIGURE 50: (a) P, %
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(B)  Methyl Blue Dye é

dissolving them in distilled water we@ﬁ)r

Figure 51 shows the membrane perfo ce as = @:ent dye concentrations
were treated with the MPC rom c_‘,’ it was found that the
separation of dyes by MPC m th tlon of dyes is almost 100%,
indicates the complete se ratal of e‘g@z s from the dye solutions. Besides,
methyl blue permea st de<(§$ ng of permeation flux as polymer
!
L
concentration i mc om 4‘%4“/6(? to 13.6817 L/m*h for MPC1 to MPC3 at
N
10ppm dye ¢ t nf f 4
&

@ increasing of dye removal from 99.2% to 99.5% at the same

Qﬂlon It has been suggested that various fluxes obtain from different dye
concentrations is depending on the chemical and physical properties of the dyes used.
Mo et al., (2008) also added that the amount of solution penetrated through the

membrane per unit time was changed according to the dye solution used. This can be



127

said that the major factors affecting various fluxes of the membrane should be
molecular size and shape of the dyes by considering the dyes properties (Mo et al.,
2008). At 8.9715 L/m*h, MPC3 obtain the highest color rejection of about 99.9% at
20ppm of dye concentration. This indicates that higher polymer conce Nivvould
retain almost 100% of dyes on the membrane surface. Thus, this co the evidence
that our homemade NFS membrane can produces the same value Wor rejection as
commercial membrane that available in industry. As th mer concentration

increase, the same trending possess by MPC membr r 5@ 20ppm dye
@

concentration.
* 4 N

T \ N
Previous study has reported that dye W trao"on 0 haé;gniﬁcant effect
on permeation flux values where flux wiNacreased

o \3 =
and the color removal will increase ( cu ci Q'GOZ). Many researchers
] “
found that, addition of cationic s& t Mast@'solution can influence the
“ N

formation process of macro ids.z his evfide e|c@ be explained by experimental
'y

s
data that shows increasinQ{f v, on <<’olymer concentration increase to
shows that NFS membﬁ&e&d th rner@%ne structure.
'
oS
At 1 L/m-h, 2_HVes rejection of about 99.6% at 20ppm dye

concentrat; Nhis shows that, higher polymer concentration have thicker membrane

dye @wentration increase

=

surf% ould retain high number of dye molecules on the membrane surface.
Taking Mo account the presence of CTAB in polymer solution make the permeation
flux of Methyl blue drop as dye concentration increase. Moreover, addition of CTAB
has been said to decrease the membrane permeability while increase the dye rejection

(Majewska-Nowak, 2009).



FIGURE 51: (a) Permeation Flux; (b) % Rejection of Methyl Blue Dye
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(C)  Acid Orange Dye

Figure 52(a) shows the permeation flux of acid orange dye tested using MPC
membrane at three different polymer concentrations. The same trendi Zpens for
acid orange with other type of dyes. The permeation flux decreqﬁx en polymer

concentration increase from 51.0443 L/m*h to 19.5056 L/ at 10ppm dye

concentration. Permeation flux also shows decreasing ord 51.0443 L/m*h to
18.5981 L/m*h for MPCI membrane as dye con@v ' lreas . The results
indicate that the polymer concentration and feed dgg concen atik;ié' é)&i'gniﬁcant
effect on the permeate flux. This is because, high congefitrgflon \\”%1-1\ cause more

dye molecules deposited on the membr lead§\to concentration

polarization and_high probability of \Q
. . A
permeation flux of acid orange dye : eas c;@e rejection of the dye.

At 10ppm dye concgntralpn, dy4 rej tjo@rease from 90.7% up to 92.6%.
. o o & :
Increasing of dye I'C_]CCU% pol)‘ cengy n increase can be related to thicker

membrane surface t}\%]d ore@% molecules on the membrane surface.
‘ : @ ', (.)
Therefore, less n@e' f Alid apge g&es in the sample collected.
At >

& f L ¥
AN &

5\8714 L/m*h, MPC3 With the higher polymer concentration obtained high
perc f rejection of about 94.9% for 15ppm dye concentration. As stated before,
high We rejection is due to the more dye molecule deposited on the membrane
surface. Yu et al., (2012) discovered that concentration will give significant effects on

the membrane performance for nanofiltration process. During the process, the number

of dye molecule retained on the membrane surface will increase continuously, as a
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result, the dye permeation flux and rejection changes in course of concentration.
Addition of CTAB in the polymer solution was said to increase the formation of
macrovoid in the polymer solution. However, polymer concentration plays important

role in this study also gives significant effect on the membrane perform&

U's

Moreover, addition of CTAB in high polymer concentraon always shows

1on from MPCI1 to

8@ to 12.1750

L/m*h at 20ppm dye concentration. In addition, MP@g shows bgtter J’ecﬁg,)gaf about
tain ghigh erceqtage of dye
o)

better performance of dye rejection. across the polymer con

MPC3, the permeation flux still show decreasing fr

94.1%. This can be explained that MPC3 coul

membrane always become the best memb¥gg i treating 3fes s¢fitions.
o A <§?
o Rejdsioprof WOrange Dye
N

molecules on the membrane surface. With l%:f Pﬁ\o as former, MPC
n

FIGURE 52: (a) Permeation Flux4
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Membranes
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4.5 Molecular Orientation, Morphol@ndT "\ S
A,
NP
GJ
To be in line with experime a [ﬂc ussed above, membrane

9
=

characterization had been do rep%ed b@\nes were study on molecular
(

orientation, morpholog1cal stua an 14 . Molecular orientation is studied

to confirm the func gr that p ‘%ce in the polymer solution while
2 g o 5%
morphological st tof obsdve t&s membrane structure that leads to the

\
1mprovement rané :
@of different types of surfactant in the polymer solution also gives
t

difference on membrane structure. Lastly, thermal study is to observe the
mechanical strength of the membrane. During the testing, membrane would face
several impacts that give high performance. Addition of additive and surfactant also

would be factors that influence of the mechanical strength of the prepared membranes.
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4.5.1 Molecular Orientation Study (FTIR)

Based on the result, FTIR spectrum of MO1 shows water (H-0) peak at 3470 cm’! that

shows water is presence in the polymer solution as non-solvent. For P@zonal

group, C-O-C stretch peak shows at 1241 cm’!' while stretching vibigthn of SOz was
found at 1151 cm™. This was proved by Shaedi et al. (2012) wh ey found that

SO- from PES showed FTIR peaks at 1114 cm™ and 128 V.Other than that,

aromatic benzene ring of polymer was found at 1486 @ = ClC stretching was
\d‘ Y-

ShOWS peak of vibrations at 1580 cm".
' (\
A

\'. \/T
FIGURE 53: FTIR Spectrum of MOI Memb%z g

©
w
s
~J
(=]
(2]
3
&
J ”
/‘*._..
t,,&
L)

1151 em™:
Stretching

S
\ ¢ ] O vibration of SO
o Q) PR 1241 cm':
Q— \(J C-0-C
- & >
ST, F \g'uufn*u R TR AR SR SRR
G,

X0 20 200 000 180 B0 10 100 1000
Wavenumber

MO2 shows vC-O-C interaction at peak 1242 cm™ from the polymer. As in the
ring of hydrocarbon, C-H vibrations are presence at 2922 cm’!. The same FTIR peak

shows by S=O stretching vibrations presence at 1152 cm’! of MO2 spectrum. Besides,
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increasing of polymer concentration up to 19wt% gives presence FTIR peak of
aromatic vC=C in ring at 1487 cm™’. To confirm that PES was used as polymer, C-C
stretch (in-ring) shows peak at 1581.3 cm™'. In MO3 spectrum shown by Figure
4.26(b), H,0 does not shows any significant peak. However, ring band of& and C-
C stretch in ring was shown at 1904 cm™ and 1580 cm’! respecti\m% polymer
concentration increase, the peak of C-O-C and stretching vibrationwmz has shown

similar position at 1241 cm™ and 1152 cm™' respectively. V

X

FIGURE 54: FTIR Spectrum of (a) MO2 and (b) MO3 McMbra es\d * X
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When the polymer solution is added with 5% of PEG as additive, OH
stretching vibration was presence in the spectrum at peak 3419 cm’! and peak 1105
cm' shows significant peak of C-O band stretch of PEG indicates the presence of
PEG in the MP1 polymer solution shown by Figure 51 below. Vatsha et a&m) in
their study found that new absorption peak in the infrared spectra shq %addition
of additive in the polymer solution. Moreover, addition of PEG iwﬂl membrane

does not change the peak position of C-O-C and stretching vil%ivf SO; of PES at

1240 cm™ and 1151 cm™ respectively.

FIGURE 55: FTIR Spectrum of MP1 Membrane é | _{')
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In with PEG 5% polyner solution, H2O shows significant peak at 3433
1

cm r orientation of O-H stretching to shows there was presence of water
during P¥€paration of polymer solution. S=O stretching vibrations of PES at 1151cm™
and C-C stretch in ring was of polymer was shown up at 1868.2 cm’. Presence of

PEG as additive in polymer solution was found at peak 867 cm’! indicates the pure

PEG contain in the polymer solutions. In this spectrum, PES as polymer material has
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shown preference where another functional group of PES showed up which is C-O-C

from PES at peak 1241 cm™.

MP3 shows various functional groups in the spectrum. C-O-C band ezh was
found at 124lcm™ to indicate the functional group presence in Pﬁ a;polymer
material. As PEG was added in the polymer solution, the peak ?ﬂre PEG was

shown at 866 cm’'. Another characteristic peak shown in FjgurN6(b) was found

belongs to PES as polymer materials which are 1241 cm"! 51fem! referred to

C-O-C stretching and SO stretch vibrations of PESE This¥cany be la(‘i;xgg that,

» | @ 1O
give gigni ant %ctrum of
N

prepared membrane. %VY- \ QQ\Y.
N O

polymer material was the most important factors

=

£ \ 867 cm™:
P o) * P2 .9 issoemtcC Pure PEG
" \(J in ring
’ Y%\ 1241 em-1: C-0-C
(:5# of PES
N 1151 cm': S=0
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Figure 58 shows infrared spectrum of MPS2 membrane which found to has
additional functional group that appears in the spectrum. Increasing polymer
concentration was said to the affecting factors on membrane performance as well as
molecular interaction between materials of the prepared polymer solutions‘\z

In MPS2 of polymer concentration, S=O stretching vibrationYPGOA; and C-O-

Wy to indicate the

ratlons from SDS at

[72]

C stretch were found at peak 1409 cm™ and 1241 cm™ re

presence of SDS in the solution. Figure 4.30 also shows

peak 2922 cm’'. Moreover, O-H stretching vibration gas fo¥fnd 4t 33 m! i@dicates
N
é} 1.0

g

i

ST EIEES R RS TN T b N, S
16800 1400 1200 1000

L PRARE
20 X0 180

l%ng polymer solution up to MPS3 does not shows any changes as SDS

were in the polymer solution. However, the spectrum still shows the molecular
orientation of surfactant and polymer to indicate the interaction both materials. Figure

63 shows infrared spectrum of MPS3 with highest polymer concentration.



138

In Figure 59 shows that hydrogen bond O-H stretching appears at peak 3324
cm’! indicates the presence of OH functional group from water molecule. Addition of
SDS in the polymer solutions gives molecular orientation of S=O stretching vibration
from SO4 in SDS molecule at peak 1409 cm™'. The same spectrum of SD&gh{wn by
three different polymer concentrations. Appearance of C-O-C and stre&mibration
of SO, is appears at peak 1241 cem! and 1151 cm? from as polymer
concentration. As PEG was added as additive in the polymer %\}ﬁ, pure PEG was

found to be at 864 cm’' in the spectrum.

FIGURE 59: FTIR Spectrum of MPS3 Membrane é J J _{')
4 g
N N ¢
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In this s\ydy¥two types of; sa;g;tant were used which are anionic surfactant
(SDS) an Xnic surfactant (C";\B) in order to determine the effectiveness of
nanofilton-surfactant (NFS) membrane. Based on the experimental data discuss
above, different surfactant types will give different membrane performance-properties.

Figure 64 shows infrared spectrum of MPC1 which has CTAB as cationic surfactant

added in the polymer solution.
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From FTIR spectrum of MPC1, 1487 cm! and 2855 cm™! peak show scissoring
vibrations of CH3-N* moiety and symmetric and asymmetric stretching CH vibration
of alkyl chain. Both peaks represented the presence of CTAB as cationic surfactant
added to the polymer solution. Besides, aromatic vC=C appears at peak of m’!

Q

indicates the aromatic structure in PES molecule. Pure PEG has showi %mlecular

orientation at 867 cm’' in the spectrum. This can be said that, P additive also

plays an important interaction between molecules in the polymew on.

FIGURE 60: FTIR Spectrum of MPC1 Membrane
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Base& e experimen@;ta, increasing polymer concentration will

increase m ane performance-properties. Increasing polymer concentration up to

19\»®C2 gives different performance on the testing and interaction between

molecules also has been studied. Figure 4.33 shows FTIR spectrum of MPC2

membrane with 19wt% of polymer concentration.
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In MPC2 membrane, several new peaks was found indicate the addition of
CTAB as cationic surfactant in the polymer solution. Scissoring vibration of CH3-N"
and C-N stretch was found to be at peaks 1487 cm™' and 1297 cm’! respectively. PES
still shows very long band in each spectrum shows that stretching vibration (‘50 of
about 1151 ¢cm™'. According to Qu et al., S=O of PES was found to be %cm‘1 and

1105 cm™ and prepared membrane shows the right spectrum of SQ@cation in the

orientation (Qu et al., 2010). \,

FIGURE 61: FTIR Spectrum of MPC2 Membrane
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permeation flux, MPC3 was found to achieve almost complete

concentration also has been studied by infrared spectrum. MPC3 membrane in Figure
66 shows that, appearance of C-H stretch found to be lower at 2921 cm’. C-O-C

interaction of PES polymer shows at 1241 cm’! and stretching vibration of SOz also
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from polymer. In MPC3 spectrum, C-N" stretch were found higher at 1012 cm’! than
other polymer concentration. However, pure PEG does not show any peaks in MPC3

membrane spectrum. This indicates that, high polymer concentration gives lower

interaction between additive and polymer molecule.

FIGURE 62: FTIR Spectrum of MPC3 Membrane
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(?oncentranon As presented in the figure

In this study, MO %e
above, prepare % etrlc structure consisting of finger-like pores,
substructur ick bottom layé?&?n addition, some researchers have observed that,
mem at were prepared by PES/NMP solution will leads to the formation of big

b pores in the membranes. Besides, lower polymer concentration will
produces more finger-like structures than membrane with high polymer concentration.

Formation of big finger-like pore of PES membrane was affected by molecular weight

structure of polymer.
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Moreover, Barth et al., (2000) also stated that PES has polar materials which
allow a faster and deeper diffusion of the polar non-solvent water into the membrane.
Formation of thick support layer also shows that PES as polymer materials makes the
membrane structure more stable. This structure was in line with rﬁlﬁane
performance in terms of water fluxes, fluxes and rejection where @olymer
concentration always shows high PWP as pressure increase d*hows high
permeation flux as well as for the rejection. As can be seenﬁ;e 63, thicker
bottom layer of the membrane was formed with spongy grz r'hat helps on the
separation of the solution. Lower polymer concentration wijl M‘membrane

% 9

N
with thinner membrane surface that allow the sep noccury eagy .’In.&c[?asing on

4 e

water flux, solution permeation fluxes as well a§frejeciomal¥o co uted by the
p ) y

membrane surface where it plays an imp0®or S ratioaa rocess to occur.
AN
G V<

S
FIGURE 63: Cross-sectional Struc Md’l MgmbranQ-
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Figure 64 exhibits an asymmetric features consisting of dense top layer, finger-
like structure and membrane sub-structure. Increasing of PES concentration up to
19wt% shows increasing of finger-like structure on the membrane sub-layer.

Moreover, macrovoids also seems to be increased. As we can see in the ﬁglw ve

\ o
medium polymer concentration forms unorganized finger-like sts% on the
membrane sub-layer. The same form of membrane support layer al xist where PES

will form thick membrane support layer where this is makesN{epmembrane more

stable. z l
As discussed above, PES represents the mogg polar 1 ater\fgh&\pllow a
| S
faster and diffusion of the polar non-solvent wate%he gnémbfane @\arth et al.,
V

2000). Exchanges between molecules makeswcmh‘a\odu%&ore pores as

polymer concentration increase. Increasi eJumber O acr@ﬁds shown that the
. NS o

membrane performance more effectiv the p @yer formed.
é J =

q
\ <$'
N
Other than that, the ppa layer pwas oim@ nodular structure that helps
:!J L .
i cord

'Q‘é?'to Ismail et al., (2011) addition of

%

se th‘é"{ctive skin layer thickness where this

e

the separation process occugs ef’ Cti
polymer in polymer s@ wi

’
— : s
active skin layer 1@ ant for rpelnbr.
observed that, ing of p yr‘er cgneentration will form transition layer that exist

S
due to the Mo ution steps durin?the drying process. Thus, it shows that, 19wt% of
E solution also shows better in membrane performance of water flux,

PES%
perme uxes as well as rejections.

@undergo a separation process. Author also
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FIGURE 64: Cross-sectional Structures of MO2 Membrane
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increase as well. The membgan icknegs r ut@ increasing of membrane
: e i ? s d : -
performances. This was in ligg wit th' ane @fphology as illustrated in Figure
65. Moreover, researcher@obs at i@asing of membrane performance is
¢

'S
due to the reduction %‘nbrir;?o “rdes on the membrane surface (Ismail &

7 D

o cogeentration in this study was formulated at

Hassan, 2006). Twhest po
&
] N

21wt% of PES& er concentration.

ging to Figure 65, MO3 form an asymmetric nanofiltration membrane

structure with organized finger-like structure and seems to have more pores on the
membrane surface. Increasing of polymer concentration up to 21wt% has reduced the

number of macrovoids on the membrane support layer. MO3 also has long finger-like
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structure from the surface across the membrane sub-layer. This is due increasing of

polymer concentration has increase the solution viscosity which exhibit formation of

more finger-like structures and can be seen at the lower part of the PES membranes.
Y-

In addition, formation of finger-like pores because of stronz@ used in
making PES membrane solution (Barth et al., 2000). As pol)’?.concentration
increase up to 21wt%, MO3 membrane shows thin support la eNer than MO1 and

¥

MO?2 nanofiltration membrane. Organized finger-like e,' thin membrane

support layer and long finger-like structure across the brfine 8 tlﬁi MO3
N
%
nanofiltration membrane performance was the st per}o afite ’ﬁ%}c occurred

V
effectively. Nodular structure on the mem%g sup% \ls.yer a{s¥ helps in the
membrane performance. \% O<"~

Finger-like
channel

— = -
N 2aa 20um INOS. UMT

&
d
N

»|
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Membrane performance and properties was influenced by several factors for
example, concentration of polymer solution, solvent and additives. An additive was to

say became a pore forming agent in the polymer solution. The addition of some pore

forming agent in the polymer solution was very effective in chang1$brane

properties. Previous study by Arthanareeswaran et al. (2010) found G 600 is

well known as a better pore former compared to others additives. uggested that,

addition of PEG in the polymer solution will increase the m&@ne hydrophilicity

and resulted to important changes in the nanoﬁl%leirane performance

(Arthanareeswaran et al., 2010). ‘
g
|5
Y.

P di w}’of PEG 600 at

Figure 66 shows that an asymmetric nanoﬁtratl

Ny

the least polymer concentration (17wt%\.%10n 0 600_&tves membrane with

more pores that lead to the high me ne e '@cmahon of macrovoids

also seen at the membrane sub- st@nw “u layer as intermediary for
the separation process takes pl?tow' P y er centratlon lead the produced
membrane to be more fraglie ’d iWfl brane performance testing, lower
polymer concentratlon@ Sh&'@h w§ flux, permeate flux as well as high in
S \ ¢ ! (‘,,(J
rejection. s’ &
&) s
& v
Yv

Mo addition of Pﬁ? 600 in the polymer solution was studied to

mﬂui ore formation in the immersion precipitation process because of strong

and large excluded volume in aqueous systems (Rahimpour et al., 2010).
Lower polymer concentration and addition of additive also give short finger-like
structure and formation of big cavity on the membrane sub-structure. According to Ma

et al., addition of different molecular weight of PEG will cause the changes on the



147

finger-like cavities in the sub-layer and large voids near the bottom surface (Ma et al.,
2011). In this study, uses of PEG 600 as additive to ensure the fact that PEG with high
molecular weight will form larger finger-like cavity on the membrane sub-layer.

FIGURE 66: Cross-sectional Structures of MP1 NF Membrane s )

Spongy st

MP2 NF@
' 4

solution. As S&en discogereﬁ beRpre, addition of PEG 600 forms membrane with

. S |
ﬁnger-hl;wcture that almost penetrate throughout the membrane Cross-section.
t

kS,

shape of macrovoids

hat, it will improve the interconnectivity besides influencing the size and

forms in the membrane (Idris et al., 2007). According to Ma et

al., (2011), addition of PEG as additive in the casting solution will cause two effects

which are dissolution of PEG consumes some of the solvents cause high in viscosity

of membrane solution. Instead of that, polymer concentration also leads to the
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increasing of polymer solution viscosity. Since PEG was hydrophilic in nature, the
hydrophilicity of PEG in membrane dope will cause some exchange rate of solvent

and non-solvent during the process. Thus, it will result to changes of morphological
structure of the prepared membrane. \i

Some additive will have tendency to form macrovoids and Vm will supress

it according to the additives properties (Chakrabarty et al., 20 ed on Figure 67,

addition of PEG 600 has increase the number pores on the ran* surface as PEG
acts as pore former. Increasing of pores on the m urfhce Wi lca o the
effectively of membrane performance. In addmot\& 60? St A[\'mger like
structure longer across the membrane sub- laye%Re.he efﬁg&'of separation
process throughout the membrane. \G) O<<

_..ﬂ

Sub-layer Spongy structure
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Increasing polymer concentration up to 21wt% shows that NF could be the
best membrane for separation process. With high polymer concentration in the
formulation, Figure 68 shows MP3 forms an asymmetric nanofiltration membrane
with denser top layer and thick membrane surface. Increasing polymer c% tration
was said will increase the membrane surface thickness as well the solution
viscosity. Chakrabarty et al., (2008) in their study has stated that, awl'bn of additive

could be the one of the major factors influencing the Nne performance.

Moreover, additive was used in order to have an optima raJ‘e structures that
leads to membrane performance-properties. \d‘ X
A
|5
4 o

,,,,,

2@ JQum
&

Opongy structure Sub-layer
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High polymer concentration also shows the least macrovoids formation. Other
researchers found the similar structure in their study that, addition of PEG 600 as
additive will form long finger-like structure throughout the membranes and improve
the membrane pore interconnectivity. Idris et al., (2007) also observed t &g;on of
PEG in the polymer solution will influence the shape and size of roYoids in the
membranes. 21wt% polymer concentration shows good membrage structure with
spongy support layer that ease the separation process throuv\g{he membrane. To

study the effect of anionic surfactant in membrane pg g ‘rop ies, sodium

dodecyl sulphate (SDS) was selected as strong anionfgsurfactaft.
uin

the polymer solution always shows high water_fl d germegfes ﬂ\zx However,
V

SDS decreased the solution rejection. \' u‘

Figure 69 illustrate the SEM i of ‘«Q\*Jn
] "
of SDS as anionic surfactant. At N olym cenéﬁon, MPS1 exhibit thin top

- .
@embrane with addition
]

N

layer, and the most strikingcsuiz of ere rqu@cture were formed. Based on
ne

P g g
the image of MPS1 mem&, l@& uge%éﬁ//ity on the membrane sub-layer as
Ptio

the SDS was added int\he oly ven though SDS influence the number

—_—

@ ‘, (,)
suffacy, the c@y will make the membrane is not suitable
| ’ <>
for the contlzo peratio

. AP
membra%ShOWS the membranés is the most porous membrane. Other than that,
¢

po}% entration also plays an important role in membrane structure. With the

least p er concentration, membrane contains SDS as surfactant produce more

of pores on the mgffbrafle

4 I&a%RVoids also forms in the pore of the MPSI
(—,

porous with brittle structures that is not suitable for the separation process.



151

According to Saedi et al. (2012), SDS was a hydrophilic surfactant that would
affect the membrane morphology and porosity of sub-layer in three ways. Firstly, SDS
will enhance the macrovoid formation and increase the membrane porosity by
increasing the solvent-non-solvent mixing affinity. This can be explair‘%‘y.the
formation of huge cavity on the membrane support layer as well (ogation of
macrovoids. Moreover, SDS will increase the porosity and macrovowﬂa interaction

\uMayer porosity by

un4 that addition of

of polymer-surfactant in the solution. Lastly, it will decrease t

decreasing demixing rate (Saedi et al., 2012). Other authors
SDS in the casting solution will form PES-SDS interggction }j'e will\?errupt '
| &
the pores and leave defects in the membrane structur%mgp etpl., 2Q07).
\ N
N 3 &

FIGURE 69: Cross-sectional Structures o embrang O<<
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S
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Generally, researcher found that addition of surfactants in the polymer solution
would affect the membrane morphology and structure besides effects of polymer
concentration on the membrane performances. Researchers observed that addition of

hydrophilic surfactant in the hydrophilic coagulant will be able to @ the

formation of macrovoids and the hydrophilicity of membranes. On %wr hand,

charges of surfactants either negative or positive might give slig(’?ﬁhanges on the

membrane surface charge and alter the membrane performanc ahimpour et al.,

2007). ? z l
‘\Y-
Figure 70 illustrate the cross-sectional e of MPS m!%n#s.\came with
’ 4
¢ e

increasing polymer concentration up to 19wtZo. meg‘ \dx

g’ of surfactant
in gﬁr to determine the

type, polymer concentration always playw ortant

membrane performances. As discus i@jove, 1\83 gfbolymer concentration
: y' &

0 S5

will lead to increase of polymer ' Vi%}jna n@s the membrane top layer
increase. However, additiongef g'm th, pol Ier@ion was resulted to formation
of thinner top-layer and goKre 2: ){ ye‘:é}ecording to Ghaemi et al. (2012),

addition of SDS in t\'p%me n leé“o the formation of SDS layer on the
membrane surfac u;o tn/ la

membrane stE with’m e &oroqs su

!
Qf]?er-surfactant interaction, SDS changes the

bstructure form. Thus, the membrane was

>
{ terms of memlg)ne mechanical strength and membrane durability.

lack of h:l ss 1N
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FIGURE 70: Cross-sectional Structures of MPS2 Membrane

N

Finger-like

XGOE" SO nijehasl < WUS> UMT

concentration in thi@
: 'S .
researchers, add &l SDS in e{)o@rer solution will give membrane with higher

e
porosity inst Nf increasing of ﬁng}-like structure.

Q@t al. (2000) in their study observed that, increase initial polymer
concentration will increase the separation factor and decrease the permeation rate of

polysulfone. This was in line with polyethersulfone as polymer concentration increase.
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Although polymer concentrations increase, addition of SDS as anionic surfactant also

gives membrane with high porosity. This was illustrates in Figure 71.

Figure 71 shows the image of cross-sectional area of MPS3 membrane with
higher polymer concentration. The image shows that, the finger-like st N S were
more organized than other two polymer concentration. The image al oWs that, the

formation of large macrovoids on the membrane sub-layer that cauWe porosity of

the membrane. With addition of small amount SDS in the er solution, high
polymer concentration gives more organized structure wi 0 i‘lg any brittleness
on the membrane sub-layer. The spongy structure on Se suppoff la 'eTEs"Sﬁcrease
the membrane performance by ease the transportation W the goldte, xpew'x-\nental data

shows that, membrane with SDS shows highagerg¥ats

This can be proved from the membrane st@v
the membrane surface. However, ad@ S}\)g\bg

)
q
the membrane. :Q,
\ 3
Rahimpour et al. (20 :helr # ud f‘euQ/ at addition of SDS will give

@)
effects towards membra@@tu@l as-@mbrane performance. First, it will

N
decline the solvent ev@on ate ‘Jauﬁagi‘éss interaction between polymer chains
f ' b‘tﬂ (Jl |
due to formation merpsirfafia t@p ex.
L gb o

K>
R
N

\ N
wi;@&ver rejection.

sin@)umber of pores on

=
o
(<
a
=

ous structure towards
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FIGURE 71: Cross-sectional Structures of MPS3 Membrane

Finger-lik z
iy channiéﬂ}

Sub-layer

There are important parts in \

are consists of hydrophobic p ani hydro‘
droR' i

on charges present in the \ 1h1
observed that CTAB W(&dgv

CTAB will increase%gluti#
S

that helps in qui e demixvhg {nd\i;ﬁults in increasing of macrovoids formation.

(¢

i)n t@}%hase inversion process. Moreover,

s’
od@amic instability in the coagulation bath

. =

In Figure 76 Mr polymer concentr\ation has given membrane with thin surface and
the por %ure was unorganized. Addition of CTAB in the polymer solution
resulted t9ards formation of macrovoids in the membrane sub-structure. The image
was in line with previous research that used CTAB as surfactant in their study. Saedi

et al., (2012) found that, addition of an appropriate surfactant leads to induction or

suppression of the macrovoids and finger-like pores in the sub-layer. In their study,
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they also observed their membrane structure consists of large finger-like pores and

macrovoids on the membrane sub-layer when they used CTAB as surfactant.

Other than that, formation of microvoids also can be seen at theﬁgr-like
pores. Formation of micro-and macrovoids in the membrane structyre aelps the
transportation of solute throughout the membrane. However, som archers said

ewwane mechanical

S irl the membrane

mechanical strength as well as membrane performagce prope ies\tgng\Q-ES as
| &

polymer materials shows that formation of spongy%ure pam braé}the sub-
N

layer and at support layer. Other researchers als%z fou{n\samﬁdence where

that, formation micro-and macrovoids was not good in terms o

strength. Besides, lower polymer concentration also con

addition of appropriate surfactant will 1 edl)r supp d @glarge finger-like

pores and macrovoids on the membrane ‘ﬁyer @h‘o @L, 2007).
6 ¥,

FIGURE 72: Cross-sectional Struc %M u Q?'

Finger-like
channel

= <

Spongy structure Sub-layer
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As discussed before, when polymer concentration increase, the PWP will
decrease as well as permeation flux and will increase the solution rejection. This is
because, increasing polymer concentration will increase the membrane surface and
number of pores. Thicker membrane surface will leads to the mo@:tive
separation throughout the membrane. Moreover, addition of polymer h solution
also will increase the membrane viscosity that leads to the decrewsiug of PWP and
solution permeation flux. Figure 73 shows the image of M with polymer

concentration of 19wt%.

Asymmetric nanofiltration membranes we aracterl A terms of fluxes

and rejection. These parameters were ahgned w1t mem truct R’S that leads to

increase or decrease in fluxes and rejecti g@rlme wws, when polymer

concentration increase, the flux was de and T %1 uﬁ\hcrease. Furthermore,
\
as polymer concentration increas € m br e“'t ess also increases and
increases the solution rejection (I?l & ’ J20 Thus in this study, polymer
‘ : I
concentration always used as par etexg 40

‘@ne characterization.
\ O
Increase pol %con entraofl l@c?o 19wt% gives membrane with long
finger-like struct@o'ss ih 1br§ﬁ_‘? sub-layer. This helps the separation occurs
effectively. @m of CTAB zf&r:latlomc surfactant in polymer solution gives

membr large macrovoids on the membrane sub-layer. Increasing polymer

7

conc n also will increase membrane pores on the membrane surface. Spongy
sub-structure shows that membrane is more stable for separation process to occur.
According to Mulijani et al., addition of CTAB in the polymer solution will increase

membrane porosity where formation of macrovoids occurs (Mulijani et al., 2010).



158

In this study, besides CTAB, SDS was used as anionic surfactant added in the
polymer solution. Addition of SDS in the polymer solution gives more porous
structure with high brittleness where it is not suitable for continuous membrane
process. Addition of CTAB in the polymer solution shows much impro & in the
membrane performance as well as membrane structure. As can s %igure 73,
increasing polymer concentration will make the membrane more swlz although the
pores were not well organized. However, it is still better tha gtion of SDS in the
polymer solution. According to Tsai et al., formation cV c£ was due to the
instantaneous demixing and spongy structure was fofgged due o dla ead)gr'nixing

A

(Tsai et al., 2000). This can be concluded that the_sizNef magroVoi W&‘lzdecrease as

polymer concentration increase. \; é
- Q )
FIGURE 73: Cross-sectional Structures ON Membr, O

—=

=t
23 ki

Finger-like

channel

ol oty . .§'7-_ : -;.

Spongy structure Sub-layer
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Based on the experimental data of membrane performance, increasing polymer
concentration up to 21wt% shows promising results in terms of water flux, permeation
flux and rejection. 21wt% of polymer concentration shows most of dyes rejection
increase up to 99.9%. To be in line with the experimental data, 1@)@%1
structure of membrane with 21wt% polymer concentration alream%ied. From
Figure 74, MPC3 membrane with polymer concentration 21wt°/vtaining CTAB
shows regular asymmetric nanofiltration membrane consists omr-like pores, sub-

layer and spongy support layer. Ghaemi et al., (2012) ft ;at iddition of CTAB

have some effects on the phase inversion process. In addWon, the\hdple&between
L2
polymer and surfactant with opposite ionic ch may egsil§J fo at causes
4 X
reduction on interaction between the polymer chaffgs. Th omegRWill resulted to

delaying the polymer concentration rate @ces t h&top-layer thickness

thus improved the formation of macrov%on the\m‘r «@b-layer. High polymer
": y N
N Ny

concentration of MPC3 with addi@ CTAB ¢ s%sA @Tormation of long finger-
like structure across the membra -lajer. ls@?to the increasing of rejection
using MPC3 membrane wh%n wﬁé‘ﬂﬁé@ucture will facilitate the solution
throughout the membr@e ' th | ing 4 below, increasing polymer solution

’
~up to 21wt%, MPCZ POs§ess fss ngti@ f macrovoids which membrane can stand

\
for continuous % ion. &, L@E PES as polymer material will makes the
&
membrane& ngy structure. N

Qough some researchers said that addition of CTAB will have membrane

with large finger-like pores in sub-layer of membranes, increasing of polymer

o=

——

concentration has shown that it will supress the macrovoids formation on the

membrane sub-layer. However, addition of appropriate surfactant as well would
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affects the membrane structure either supress or induce the large finger-like structure
on the membrane sub-layer (Saedi et al., 2012). Other than that, interaction between
polymer and surfactant has been studied by several researchers. According to
Mansourpanah et al., the complex structure between polymer and surfactaWt have
opposite ionic charges may be readily formed during the blending o rmulation.
The interaction between surfactant and polymers can be underst binding of the
charged surfactant by the polymers (Mansourpanah et al., 2@33;5 phenomenon

causes the significant changes on the membrane perform

FIGURE 74: Cross-sectional Structures of MPC3 Mem

Finger-like

ger-like
channel

Ewub-layer Spongy structure
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4.5.3 Thermal Analysis

The thermal decomposition behavior of the MO1, MO2 and MO3 membranes
at different concentration was studied by TGA. Figure 4.47 shows then@ysis of

nanofiltration membrane at different polymer concentration rangina% 17wt% to

21wt%. Y,
Y

MO shows two stages of decomposition bet@ZMOF to 558.24°C and
01 )Wyst‘z_stage of

| N
decomposition from 518.41°C to 558.24°C sh that thej arfifhe fYr.Q PES was
'

558.24°C to 598.79°C. According to Nasir et al.

5 O/s?tf) 77.14% and

t IBQ where the weight

‘VéThe same trend were
N

decomposed. The weight percentage also decr¥gsed

second stage indicates that the decor@, pro
percentage gradually decreased frmq.M"ioﬁ\é /
E ﬁ

observed for MO2 and MO3 whe owg_two gtébs ﬁecomposition where MO2

X
from 519.37°C to 558.92°C anwwzf’f

to 48 ue to the same decomposition
j 5

process. All curves show almo S%Ke'l os'i:@tween 30°C to 500°C which due to

loss of water absorbm.\&}e l ¢ 500(‘3§$) 600°C there are almost 50% weight
t
loss has been obse 1gh dl.xe e eg&mposition of the polymer.
Q- &
o

RIS
N
N

&
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FIGURE 75: TGA Analysis of MO Membrane

| S
, -\
Since PES was the polymer mat% in &ﬁu dy,é&?lre 76 shows
a

degradation of materials. Based on the @bove,
decomposition occurred during the % Tl&\ﬁga e@\ degradation shows the
é o v,
decomposition of pure PES at 5\ or alNgure ci‘if %t polymer concentrations.
S

nlli ith previous experiment where

Decomposition of pure PESc'n t% study,wa?

v <ﬁ'lows two stages of
@ g

‘<
pure PES shows the samw ofs A posit'@‘ﬁ‘f According to Qu et al. (2010) in
NP
their study shows thaw E os@f temperature range of between 500°C
‘ : ’ 2 (.)
to 600°C. Authopmglsoffourfd i elr@dy two stages of decomposition process
%k o‘b) <
occurred. :

% o
&
N -
Fjture 80 shows second stage of decomposition occurred due to the PEG as
additive added in the polymer solution. Qu et al. (2010) stated that there was

interaction between materials in the polymeric membrane during the blending.

Decomposition process of PEG occurred at 600°C. MP3 shows significance
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decomposition process due to increasing of polymer concentration. At 558.96°C,
53.97% of weight loss from MP3 due to the decomposition of PEG. Moreover, MP3
shows significance changes between MP1 and MP2 indicates that the higher polymer

concentration used.

FIGURE 76: TGA Analysis of MP Membrane Y.
e
©{  — MPI
— MP2
w] — MP3

e e g 1
> I, 1;-/ 4:)
A NP iS
efte Pddi@ of surfactant in the polymer solution,

In order to s t

’ s (.)

TGA analysis h doge tg d teﬁ-‘e the thermal decomposition of surfactant
Ao

throughout t mpositidn pr

0§ Figure 81 shows degradation curves of MPS
N

membra Nains anionic surfactant.

Qll curves of MPS membrane in Figure 81 shows three stages of degradation.
First stages occurred at 200°C shows 3-4% loss of water absorbed during the process.
At 500°C, decomposition of pure PES process takes places according to the previous

research by Qu et al., (2010) that shows that pure PES decomposed between 500°C to
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600°C. Increasing of polymer concentration also shows significant effect on the
thermal analysis study. Higher polymer concentration degraded less than other

polymer concentration. As polymer concentration increase, the weight losses of PES

decrease from 76.6% to 60.95% from MPS1 to MPS3 respectively. \i
FIGURE 77: TGA Analysis of MPS Membrane Yi

Starting SS@rYde%ﬁkncagéuned due to decomposition process of
surfactant. Ac &'to ‘R h
NS, J

surfactant @ation occurs b@en 30-500°C. Author discussed that there are

possibilj artial decomposition of surfactant where at the first stage, there were

su@iecomposed right after dehydration of water but incomplete, and in the last

stage the residual surfactant decomposed completely between 500-600°C.

Between SDS and CTAB added as surfactant in the polymer solution, CTAB

always shows promising result with high flux and high rejection. Morphological study
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also shows that, addition of CTAB in the polymer solution produces the best
membrane structures. TGA analysis in Figure 82 shows decomposition of MPC
membrane. As MPS membrane, MPC membranes also show three stages of
degradation occurred during the decomposition process. The first stage & at 200-
250°C that shows dehydration of water throughout the process. @e trending

happen for all types of membranes where at 500°C shows degradvv of PES during

the process. V
For MPS membrane, as polymer concentragon 1f€re e,\qogr@ation of
| &
SDS will decrease. However, for MPC membrane C3 sgo st hl@r surfactant
X& N
degradation of about 79.83% weight loss. R% gh al. @2) in their case

also study the effect of CTAB in their r% :CB They s thdﬁere was possibility

of partial decomposition of surfacta::%e ﬁr&e’ @-600°C which was the
O

'S .
mpogjtioy of &@ surfactant. High polymer
N

>

third stage shows that complete

concentration with CTABéiv prom,;ij?r s@of thermal analysis of NFS

4

membrane.

7
&G

FIGURE 78: TG@%sislf
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