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Abstract—This study highlights the importance of the type of powdered activated carbon (PAC) on the perfor-
mance of an adsorption-MF hollow fiber membrane hybrid system. Submerged UF hollow fiber membrane with pore
size of 0.4 um was used dong with the PAC in asingle reaction tank to treat the wastewater. This procedure s different
from the commonly adopted practice of having adsorption with PAC as a pretreatment step to membrane operation.
This system is helpful in containing the PAC within one system, allows certain variaion in feed characteristics and
improves the efficiency of the hybrid system. The overdl performance of the membrane hybrid system was evauated
based on TOC removal, UV, absorbance, turbidity removal and flux development. It is important to select a right
PAC type to be used in the hybrid system in order to minimize the PAC dose and to enhance the performance. The
adsorption capacity of the activated carbon had a greater influence on the overal performance of the hybrid system
than other physical properties of the PACs and must be given greater consideration when selecting the PAC for the
membrane hybrid system. Scanning electron micrograph (SEM) analysis of the cake deposit over the membrane helps
to support the reason for moderate retention of organics.
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INTRODUCTION

Due to ragpid indugtridization and urbanization, there has been
anincreased amount of pallution in the water environment that has
greatly limited water resources. Better water management by reus:
ing wastewater could bean ided solution to water shortage and will
play asignificant rolein achieving a sugtainable devel opment by re-
ducing the demand for fresh water. With the growing need for water
reuse, membrane separation is an emerging process thet has recently
ganed greater attention compared to the conventiond trestment
because of its simplicity of operation, requirement of less space,
ability to produce condgently high quality of trested water and to
meet the stringent water quality standards. The use of low-pressure
membrane processes such as ultrdiltration (UF) and microfiltra:
tion (MF) has received grester attention lately compared to reverse
osmoed's and nandfiltration, which demand a consderably high oper-
ationd cogt because of high-energy requirements. Moreover, recent
advances in membrane technology have led to the reduction in the
cogt of the membrane, and studies indicate that the low pressure
membrane process appearsto be a cogt effective option [Gere, 1997;
Wiesner, 1994].

Although UF and MF can effectively remove particulates and
pathogens present in wadtewatey, they are less effective due to their
large pore sizein the remova of organic matter that contributes to
disinfection by-product (DBP) formation. Moreovey, it is now evi-
dent that these organic materids are largdy respongble for mem-
brane fouling, which reduces the membrane performance capability
and causesirrecoverable loss in permeste flux, thereby resulting in
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more frequent replacement of the membrane [Crozes, 1993; Kalya
et d., 1996, Nysrom et d., 1996]. However, conventiond treat-
ment technologies like coagulation and adsorption have been com-
bined with MF/UF membrane processes in an ffort to remove or-
ganic materid and improve membrane performance [Adham et d.,
1991; Turcaud, 1990; Vickerset d., 1995; Jacangelo, 1995; Kim &
d., 1996, Abdessamed e d., 2000; Jung and Kang, 2003]. Themain
ideain having a pretrestment operation before the membrane pro-
cessisto makethe organic materid thet would otherwise passthrough
the large pores of the membrane to somehow (form aggregates dur-
ing coagulation or get lodged on the larger adsorbent surfaces) asxo-
ciate with the particulate phase and thereby be physicdly seved
out on the membrane surface. Evauating the performance of the
above-mentioned processes, powdered activated carbon (PAC)-mem-
brane sysem looks more promising for the remova of organic com-
pounds [Lane et d., 2000]. The PAC-MF sysem comhinesthe or-
ganic adsorption capability of PAC and effective particle remova
ability of MF membrane.

However, conflicting results have emerged over the yearson the
efficiency of the PAC-porous membrane systems with researchers
reporting 5-90% organic remova [Ansaime and Charles, 1990; Ad-
ham et d., 1991; Lin et d., 1999; Tomaszewska an Mozia, 2002].
These conflicting observations were dtributed to the differencesin
water chemidry, type of PAC, type and concentration of organic
materid and membrane characteristics Studies have been carried
out to invedigate the influence of membrane characterigtics (type
of membrane materid, molecular weight cutoff (MWCO) vaue of
membrane) [Laine e d., 1989; Crozes e d., 1993; Yiantsos and
Karabelas, 2001] and the type and concentration of organic mate-
rid [Linet d., 1999, 2001; Kim et d., 1996; Jung and Kang, 2003).
However, the effect of PAC type on the performance of PAC-MF
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sysem il needsto beinvestigated in detail.

The objective of this study is to evauate the performance of an
adsorption-membrane hybrid sysem based on the type of adsor-
bent PAC. In order to achieve this god, asystematic laboratory scde
experimental analysis was carried out by firg studying the adsorp-
tion capacity of three types of activated carbon, namely, wood based
(WB), cod besed (CB) and coconut based (HA) PACs followed
by the invedtigation into their influence on the performance of the
PAC-MF membrane hybrid sysem. The activated carbons chosen
have different surface characteridtics. In the hybrid MF membrane
system, ahallow fiber membrane module was immersed in thein-
fluent tank containing the wastewater to be trested. One gtriking
peculiarity of thisstudy is thet unlike in other sudies where adsorp-
tion is generdly carried out as a pretrestment, the PAC is directly
added to the wagtewater in the influent tank. Adsorption and mem-
brane separation take place amultaneoudy in one single influent
tank. Some of the main advantages of this sygem are (1) Smple
operdtion usng a single sep process, (2) better physcd remova
of organic matter, (3) aosolute containment of PAC within the reac-
tion tank, (4) the presence of high concentrations of PAC inthe tank
dlows any dight varigion in the feed water qudity, and (5) mini-
mized membrane fouling.

EXPERIMENTAL

1. Wasgtewater Characterigtics

The wagtewater used for the study was secondary tregted waste-
weter obtained from an gpartment complex in Gwangju city, South
Korea The characteridtics of the wasteweter are given in Teble 1.
The collected wagteweter was stored in the refrigerator a 4°C in
order to minimize any biologicd activity. The wagtewater was brought
to room temperature just before the gart of the experiment.
2. Properties of Activated Carbon Used

The characterigtics of three PACs used in the gudy are given Teble
2. Detailed information on the characterization techniques of the
activated carbon can be obtained dsewhere [Bansd et d., 1988;
McKay, 1996]. Knowledge of the partide sze digribution of the
PACs used is very important especialy when it is used in conjunc-
tion with porous membranes, as there can be widerange of szedis
tribution of the carbon particles The partide sze distribution of each
of the PACsused isshown in Fig. 1.

Table 2. Characteristics of Powdered Activated Carbons (PACs)

Table 1. Characterigtics of secondary treated domestic wastewa-

ter

Wastewater parameters Unit Average values
pH 7.8
TOC (mg/L) 4.6
Turbidity (NTU) 0.8
Suspended solids (mg/L) 14.2
Conductivity (uS/cm) 611
BOD (mg/L) 124
COD (mg/L) 21.2
T-N (mg/L) 18.24
T-P (mg/L) 121

Elements present
Ca (mg/L) 64.77
Na (mg/L) 55.32
K (mg/L) 46.21
Mg (mg/L) 4,015
P (mg/L) 12
Cu (mg/L) 0.024

3. Characterigtics of Membrane

The membrane used in the Sudy is a hallow fiber microfiltra:
tion membrane. The membrane was obtained from The Korea Ex-
press Co., Korea. The physca and chemicd properties of the mem-
brane are given in Table 3. The new membrane was soaked in or-
ganic free delonized water for 30 min in order to hydrate the mem-
brane and to remove any impurities or coatings on the membrane
surface. Then it was soaked in mild acid solution for 1 day in order
to avoid cross contamination from any trace amount of organic ma-
terid present on the membrane.
4. Membrane Hybrid System

The term “hybrid sysem” refers to coupling of two treatment
operations. For ingance, in this study, adsorption unit operation wes
combined with MF membrane process. The schematic of the mem-
brane hybrid sysem is shown in Fig. 2. The membrane hybrid sys-
tem was operated as a continuous dirred tank reactor (CSTR). Kim
and Chang, 1994 sudied the experimenta and theoretica concepts
of the CSTR type membrane sysem in detail. The wadtewater was
continuoudy fed from the feed tank S0 as to maintain a congant

Specifications Wood based PAC (WB) Coal based PAC (CB) Coconut based PAC (HA)
Type Wood based Coal based Coconut based

Product code MD3545WB power MD3545CB powder MD3545CO powder
Bulk density (kg/m?) 290-390 100-300 350-500

Surface area (m?/g) 882 915.2 1198.6

Mean poredia(A) 30.61 24.2 30.41

Micropore vol (cc/g) 0.34 0.192 0.067

Mean diameter (mm) 19.72 10.9 34.15

Nominal size 80% finer than 75 micron 55-65% finer than 45 micron 75% finer than 75 micron
lodine number (mg/g min) 900 800 900

Ash content 6% Max 5% Max 3% Max

Moisture content 5% Max 8% Max 10% Max
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Fig. 1. Particle sze digribution of three types of PACs.

Table 3. Characterigtics of the MF hollow fiber membrane

Properties Unit  Description/Value
Materid Polyethylene
Type Hydrophilic
Total surface area m? 0.0034

(10 modules 0.2 m length each)
Poresize pm 04
Internal diameter mm 0.36
External diameter mm 0.54

to cdculate the permesate flux. TOC, UV x5, and turbidity were mee-
sured congtantly both in the influent tank as well as in the perme-
ate. Before being collected for TOC and UV, the samples were
filtered through 150 mm filter pgper in order to diminate the PAC
partides and nat the particulate organics in the samples, so as to
avoid the error in sample estimation due to the presence of PAC
partides. All ssmples were andyzed as per the sandard procedures
[APHA, 1998].
5. Membrane Cleaning

At the end of each experiment the membrane was backwashed
for 270 min by using the permeste obtained, which removed the PAC
cake formed on the membrane. The membrane was then physicaly
deaned by usng dean didtilled water to remove any further car-
bon particles on the surface of the membrane. Then the membrane
was cleaned chemicdly with mild acid solution until the origina
permegate volume was regained and the adsorbed organic materids
in the membrane were removed.
6. Microscopic Imaging

In order to view the surface of the new membrane and the cake
depogit after the experiment, a scanning eectron microscope (SEM)
(Jeol, ISM-5400, Jgpan) was used.

RESULTS AND DISCUSSION

1. Adsorption Studies

The adsorption abilities of the three PACs were evaduated from
the equilibrium and kinetic Sudies. Fig. 3 shows the results of ad-
sorption isotherm experiments. The Freundlich isotherm eguation
[Tien, 1994] was used to describe the equilibrium deta. The nature
of the fit indicates an unfavorable type. Based on the results from
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Fig. 2. Schematic of MF membrane hybrid system.

levd in the influent tank. Specific amount of PAC dose was added
once a the beginning of the experimenta run. A through mixing
was provided in order to keep the PAC dways in suspension and
to fadilitete the adsorption reaction. The permeste was not recircu-
lated.

The organic content was determined by mesasuring the Total or-
ganic carbon (TOC) amount by usng a TOC anayzer (Dhorman,
Pheonix 2000) and the absorbance a 254 nm using UV Spectro-
photometer (Varian DMS 100S). TOC and UV 5, are regarded as
surrogate parameters to messure the organic content in wastewater
[Edzwald et d., 1985]. Turbidity was measured with the turbidity
meter (HACH 2100P). The permeste volume was monitored in order
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Fig. 3. Adsorption isotherm for the three PACs (equilibrium time
4 days, temperature 25°C, average initial TOC concentra-
tion 4.6 mg/L, isotherm congtants- WB PAC: k=1.3097, n=
0.2769, Error %=13.61; CB PAC: k=2.606, n=0.3973, Er-
ror %=25; CB PAC: k=7.577,n=0.3429, Error %=25.22).
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Fig. 4. TOC removal performance at different time (PAC dose 75
mg/L, mixing speed 100 rpm, aver age influent organic con-
centration 4.6 mg/L).

the four-day study period, it was evident that HA performed com-
paraively better among the three. The optimum PAC dose was found
to be 75 mg/L with TOC remova of 63%, 51% and 49% for HA,
WB and CB respectively. It can be referred to as the optimum dose
because further addition of PAC amount had very little improve-
ment in the organic remova [Thiruvenkatachari e d., 2004]. How-
ever, this optimum PAC dose does not apply to the CSTR mem-
brane system, where severd factors are taken into consderation in
determining the optimum dose of PAC.

The reaults of abatch kinetic test for TOC adsorption from waste-
weter using the three PACs are shown in Fig. 4. Theresultsindicate
that WB had afagter rate of kineticsthan HA and CB. It is expected
that particles with samaler particle size would have fagter kinetics,
and 30 HA having the largest particle size among the three PACs
had the dowest rate of kinetics. However, CB having the smdlest
average partide diameter had dower rate of kingticsthan WB. This
can be atributed to the influence of severd other surface properties
of the activated carbon. All the three PACs adsorbed dmast 90%
of ther totdl capecity within 1 hour.

2. Membrane Hybrid System

Before andyzing the effect of PAC type on the membrane hy-
brid system performance, it isimportant to examine the membrane
performance without PAC. When wastewater done was fed into
the sysem without the PAC, it was evident that the fouling of the
membrane was svere by reducing dmost 80% of the initid per-
megte flux within one hour of operation. As expected, there was
amogt negligible amount of organic remova (about 2-3%). This
finding was in line with studies by other researchers that organic
ubstances are not being removed effectively and these substances
sgnificantly fadilitate flux decline [Laine, 1989; Crozes, 1993]. How-
ever, addition of PAC decreased the rate of permegte flux decline,
as dso reported by other ressarchers [Jacangelo, 1995; Konieczny

and Klomfas 2002]. In dl these sudies by having PAC as a pre-
trestment before membrane operdtion, it is generdly agreed that
the reason for reduced fouling is due to the adsorption of organic
matter, which is believed to be the cause of membrane fouling, by
the activated carbon.

The performance of the membrane hybrid system based on TOC
and turbidity removas and in terms of permeete flux for various
HA-PAC dosesisshownin Fgs 5, 6 and 7 respectivey. Therewasa
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Fig. 5. Overall TOC removal performance of the hybrid system
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Fig. 6. Performance of the hybrid sysem based on turbidity re-
moval for HA-PAC.
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Fig. 8. Overall TOC removal performance of the hybrid sysem
for WB-PAC.

sgnificant improvement in the performance of the membrane hybrid
sysem in terms of TOC removd with the increase in PAC amount.
Maximum TOC removad of up to 73% was achieved with 250 mg/
L of HA-PAC. However, the permesate flux was higher with 125
mg/L PAC dose compared to 250 mg/L. A smilar effect was seen
with the turbidity remova. The permeste turbidity increased with
theincreasein PAC amount from 125 mg/L to 250 mg/L. It appears
that 125 mg/L of HA-PAC was the optimum amourt for the mem-
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Fig. 9. Performance of the hybrid sysem based on turbidity re-
moval for WB-PAC.
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Fig. 10. Flux development pattern for the hybrid system using
WB-PAC.

brane hybrid sysem.

Smilarly, the performance of the membrane hybrid system based
on TOC and turbidity remova and in terms of permegte flux for
various WB-PAC dosssis shown in Figs 8, 9 and 10, repectively.
Therewasaggnificant improvement in the performance of the mem-
brane hybrid sysem in terms of TOC remova with the increase in
PAC amount until 125 mg/L and further increase in dose had very
little effect. But, maximum permeate flux was achieved at 250 mg/
L WB-PAC dose. Further increase in PAC amount had a negative
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Fig. 12. Overall TOC removal performance of the hybrid sysem
for CB-PAC.

effect asflux dedlined and the permeste turbidity increased. The max-
imum membrane TOC retention efficiency was found to about 21%,
as shown in Fg. 11. Although the retention was dightly higher for
500 mg/L PAC, consdering the overal effidency of the hybrid sys-
tem based on TOC, turbidity and permesate flux, 250 mg/L of WB-
PAC was found to be the optimum amount.

Inthe case of CB-PAC, it was evident that the optimum dose for
the hybrid system based on the TOC removd, permegte flux pat-
tern and permeste turbidity was 750 mg/L as shown in the Fgs

-w—hv_o—o—o_vé;j::

i

Permgile barbidiny [N

;
E i
%
[ |
1
L]
L

[ EE]
== T5% mp/l =iab= 5[l mp1
oo B THimg'l =R |0 mpl
T 1 1T T . I T 1111 O 1 T T Q. -1

Time dmist]

Fig. 13. Performance of the hybrid sysem based on turbidity re-
moval for CB-PAC.

s
& 15 myl | IEmgl & 215 mpl
W& E = SOl gl 0 T50 mg'l & [THHI ]
ELH] L ]
ofe &
= A LI . - .
3 a
- =E ¥ X
- 0 H!.. ® K o = E
| i B i & & ks
. .
3 & - N i
= A b & = & &
- L] [ |
B u a
e -
| & LR .
& & @ u
L]
&
[FL] L
&0
il (L] ] MED B Sid)

Fig. 14. Flux development pattern for the hybrid sysem usng CB-
PAC.

12, 13 and 14, respectively. There was no gpprecidble increase in
permeste flux and TOC remova when the PAC concentration was
increased from 750 mg/L to 1,000 mg/L.. However, the effect on per-
megte turbidity was dearly noticegble as the turbidity increased a
that point. The maximum TOC retertion efficiency by the mem-
brane was aso maximum for 750 mg/L PAC dose, reaching up to
about 20%, asshowninthe Fg. 15.

Looking a the performance of the hybrid system for the three
PACs under study, it isinteresting to note that PAC type does play
an important role and the amount of PAC required to achieve the
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optimum performance varies. Kegping al other conditions like the
membrane materid and characterigtics and the influent organic type
and concentration the same, the characteridtics of the activeted car-
bon does seem to have an effect on the membrane hybrid system
performance. It was found that lower PAC amounts were less ef-
fectivein TOC removad; however, further increasein PAC dose dfter
a certain amount was aso found to be less useful. As the maxi-
mum adsorption capacity of carbon was reached, the performance
of TOC remova by the membrane hybrid system dso showed little
gans

It can be seen from the permegte flux petterns that increasing the
PAC dose beyond the optimum concentration, proved to be ether
less effective or unfavorable in theimprovement of flux. During the
initid stages of membrane operation, there was a severe declinein
the flux, indicating a rgpid pore blocking by the organic meterid.
The gradud reduction in permeste volume could possibly be due
to the deposition of PAC particles onto the membrane. Congder-
ing the rapid flux dedine in the absence of PAC and the high rate
of adsorption kingtics, it is envisaged that during the initid period
of the hybrid sysem the organic carbon is competitively adsorbed
both by membrane and onto the activated carbon. However, a an
optimum PAC dosg, initid rgpid decline in the permeete flux was
reduced, which indicates that the organic métter is not dlowed to
reach the membrane surface possibly due to some specific interac-
tion like the charge effect between PAC particle and the organic
carbon. Schafer [1999] found that, under certain conditions, organ-
icsimparted a stabilizing effect on the adsorbent hemétite particles,
which resulted in the reduction of fouling and improved ther re-
mova by the membrane.

At the same time, there is argpid build up of depostion of PAC
particles onto the membrane during the initid stages, followed by
dower pace of partide deposition and findly reaching a seedy Sae
where the deposition and detachment of partidesis esablished. De-
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Table 4. Performance analyss of the membranehybrid sysem for
three PAC types (I nfluent organic conc. 4.6 mg/L ), Initial
turbidity 0.8 NTU, Initial UV ., Absorbance 0.1)

Parameters HA-PAC WB-PAC CB-PAC

PAC amount introduced (mg/L) 125 250 750
(um) 34.15 19.72 10.9

Amount deposited on membrane 70 196 694

after 8 hrs expet. run (mg/L)

Overall TOC removal after 5hrs  69.55 56.8 47.95
operation (%)

Removal interms of UV, 70 68 65
absorbance (%)

Membrane TOC retention (%) 18.45 21.7 8

Flux decline (%) 333 40 50

Turbidity removal (%) 87.5 83.7 80

postion of organic materid on the membrane could dter the charge
on the membrane and in turn the deposition of further organic ma-
terid and dso PAC patides Moreover, asthe wastewater contain-
ing the organic materid is congantly supplied into the reaction tank,
the surface of the activated carbon is increesingly coeted with the
organic materid and would have an effect on the deposition onto
the membrane. Visua observation of the membrane during the ex-
periment reveds that the membrane surface is not uniformly coated
with the PAC particles. Table4 illustrates the amount of PAC par-
tides deposited on the membrane and their effect on the performance
of the membrane hybrid system. The properties of the cake deposit
on the membrane surface dso play a vitd role in determining the
filtration ability of the membrane [Iritani and Muka, 1997]. Asthe
influent PAC dose, hydrodynamic conditions, membrane charac-
teridtics, influent type and organic concentration are the same, the
difference in PAC amount deposited on the membrane can only be
atributed to the effect of surface properties of the PACs. The PAC
paticle size does seem to have an effect in deciding the amount of
particle deposited on the membrane. CB having the lowest average
paticle Sze was deposited more on the membrane. However, HA
having greater partide sze than WB and dso having greater bulk
dengty than WB (Table 2), was found to have the least amount of
paticles (70 mg) deposited on the membrane compared to WB (196
mg). CB-PAC had the maximum ratio of amount of particle de-
pasited to the amount of PAC introduced, followed by WB and HA. It
is possblethat thereis an underlying effect of surface charge of the
reecting gpecies, which determinesthe variation in depodited amount
of PACs Fg. 16 showsthe SEM micrograph of the surface of dean
membrane and the surface with the three types of PAC deposted
on them after the experiments were carried out for 8 hours. Based on
optical obsarvation, aporous cake layer of 0.1-0.5 mm wasformed
on the membrane surface. From the SEM images, voids or pores
of the deposited cake gppear to be in the range of about 2-7 um,
which is much greater than the membrane pore size of 0.4 um and
is expected to have little effect in retaining the organic materid by
the process of deving. It was evident with the fact that even with
maximum amount of particle deposited (92 mg) in the case of CB-
PAC, the membrane retention for TOC was the least compared to
al the three kinds of PACs. Also, the average Sze of the dl three
PAC paticles is too big to block the membrane pores and cause
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Fig. 16. SEM micrographsfor the membrane hybrid sysem showing the surface of dean membrane and after particle depostion after 8
hrsexperimental run (Clockwisefrom top left: (a) surface of dean membrane (b) HA-PAC deposited on membrane () WB-PAC
deposited on the membrane (d) CB-PAC deposited on membr ane)).

reduction in permegte flux. So, the influence on the overdl TOC
remova performance of the hybrid system gppears to be the effect
of adsorption capacity of the PACs

This finding highlights the importance of PAC type on the per-
formance of the hybrid sysem. This study will be of much signifi-
cance when adopting PAC-membrane hybrid sysem and help in
deciding the PAC type for the system. It showsthat while choosng
the PAC for adsorption hybrid system, it is important to sdect the
PAC having maximum adsorption capacity, which outweighs their
influence due to other physicd characteritics on the membrane per-
formance. Further studies are warranted to explain the effect dueto
the surface charge of the reacting species and its effect on the par-
ticle deposition on the membrane. More experiments are needed to
undergtand the nature of the cake depodited on the membrane and
their effect on TOC removd and flux patterns, espedidly under long-
term experiments

CONCLUSIONS

Effect of PAC type on the performance of the membrane hybrid

system wias dearly demondtrated by using three kinds of PACs hav-
ing different charadteridtics The adsorption abilities of the PACswere
determined by using preliminary adsorption studies. It was evident
that HA-PAC (coconut based) performed best followed by WB-
PAC (wood based) and CB-PAC (cod based). Adsorption equilib-
rium experiments conducted for aduration of 4 daysindicated thet
75mg/L of HA, WB and CB PACs achieved amaximum TOC re-
moval efficiency of 64%, 52% and 50%, respectively. Further in-
creae in PAC amount was found to have very little effect on or-
ganic removd. The averageinitid TOC concentration of the waste-
water was 4.6 mg/L. The equilibrium results were found to fit well
with Freundlich isotherm equation. Almost 90% of totd TOC re-
moval was achieved within one hour of operation.

Addition of PAC dgnificantly lowered the rate of flux decline.
TOC remova performance of the membrane hybrid sysem wasin
line with the adsorption capacity pattern of the PACs. The opti-
mum performance of the hybrid system was achieved a specific
PAC amounts for the three PACs. HA required the least amount of
125 mg/L fallowed by WB a 250 mg/L and CB a 750 mg/L. The
maximum TOC remova of the hybrid sygem at these PAC con-
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centrations was 67%, 69% and 71% for HA, WB and CB, respec-
tively. With respect to the organic remova basad on UV s, ahsorbance
a these optimum PAC doses, removad efficiencies of 67%, 70%
and 82% for HA, WB and CB PACs were achieved, respectively.
Theinitia absorbance for the influent wasteweater was 0.1. At the
optimum PAC dose amounts the reduction of permesate flux after
8 hours of membrane run time was 46.7%, 26.6% and 24.9% for
HA, WB and CB PACs, respectively. Almost 80-90% of turbidity
remova was achieved with the initid wastewater turbidity of 0.8
NTU. It appears that the porous cake formed with a thickness of
about 0.1-0.5 mm on the membrane was not hepful in retaining
the organic materid. The membrane generdly had a TOC regjec-
tion of about 20-30%.

This study highlights the importance of PAC type in the adsorp-
tion membrane hybrid system and would help researchers and treat-
ment plant operators make a right choice in selecting the PAC to
be usad in the hybrid process. While sdlecting the PAC for the hy-
brid system, importance must be given to the adsorption capecity
of the PAC.
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