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The overall goal of this study was to demonstrate the feasibility of using a hybrid use of PAC-UF (MF) pro-
cesses for treating groundwater contaminated with TCE and PCE. Specifically, the objectives of the study were
to determine how PAC addition affects the fouling on UF (MF) membrane depending on the membrane mate-
rial used and to evaluate the optimum operationa conditions for a compact PAC-UF process to effectively
remove TCE and PCE in groundwater. The flux decline rate was lower for the PAC-UF (MF) process than for
membrane only process. PAC reduced the flux decline by a scouring effect on the membrane surface, resulting
in a reduction in the thickness of the cake layer deposited on the membrane, and the PAC on the membrane
surface adsorbed more TCE and PCE. PAC itself did not cause the fouling of UF (MF) membrane regardless
of membrane material. PAC-UF (MF) process enhanced the removal efficiency of TCE and PCE comparing
to the PAC adsorption only. Finaly, applying PAC before membrane filtration showed not only improving the
removal of TCE and PCE, but also reducing membrane fouling.
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Table 1. Characteristics of groundwater

Analysis item Unit Value
Turbidity NTU 0.2~0.7
UV-254 cm! 0.003~0.005

TOC mg/L 0.5~0.7
pH - 7.5~8.0
crt mg/L 115
Total hardness mg/L as CaCO, 80
Ca mg/L 30.5
Mg mg/L 0.5
Fe mg/L -
Mn mg/L 0.017
Na mg/L 15
K mg/L 0.23

oIE Al —Er%aé
AT 250 mL AZFEER2=Ae] 5, 15, 25, 50,
100 mg/Le] PAC—ET FAsle] 54 Bt 20004 F2F
28-S st olw) TCEY PCES] 3]3S
Zskebr] sl dS A HRS ek 2
s Ay 2LgFo] A Jarst 254V x 7.6% cm =
71¢] paddle(two-bladey?] QJHz}= ARg-ale] AR
o, PCES} TCES] Z7)F%e oF 500 pg/l A==
ZA k] HFS 8190aL, PACEEE 7.5~30 mg/L7t
A gAHeR Frtste] FHsIAh olw Y=
PACE 5ol 51 slurry PEH_E; FHson &
717 Bt SHAEF dEE f=s] sted 100
pme] WSS FA]8) %913} RNk
< RS (pm)l] WE HAEE
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Table 35} Zo] Y+t

B A3 AME-E batch type MF$ UF mem-
brane FX= =33 (dead-end flow) FEZ Fig. 1
2} o) AR 2R MilliporeA ol A Al z2E A ZA
Bt disc FEO] HOoR AF2 76 mm, A
4.54x10° m’o] g5 FAE 01~15 umo|H
AAZ2] FAE 50~250 ume|tl. MFete] 3-==17]
= 022 ume]™ UF=e] MWCO (Molecular Weight
Cut-offi= 100 kDao|™ A3 24 Aol 2%

7ol e Al A9 ANsgon §HAEQ

=435 & 2Hgsigit, gl
28] AHe-=l PAC-UF
pilot system Fig. 29} 7t} MembraneS =HEHZ
©] 0.00283 m”*! hollow fiber membranec]t}. 1<

o~

=l

: 70}01:]&1

Table 2. Characteristics of PAC used in experiment

Todine number moisture as Ash content  passing
(mg/g) packed (%) (%) 200 mesh
1,090 4 1.7 96.8

Table 3. Different size fractions of PAC used in experi-

ment
PAC distribution PAC particle size
composite 3~76 um
small 15~20 um
medium 20~45 um
large 45~76 pum

\ permeate
.

Computer

Electronic
Balance

Fig. 1. Scheme of batch type UF membrane filtration assembly.
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Fig. 2. Schematic diagram of the PAC-UF pilot system.
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Table 4. Analytical condition of GC/ECD

Item Condition
Injector Temp. 230°C
Detector Temp. 250°C
Initial Temp. 45°C
Final Temp. 45°C
Total Flow 12.24 mL/min
Column Flow 0.61 mL/min
Gas N,
Detector ECD

5MS(Crosslinked 5% PHME Siloxane,
Column

30m X 0.25 mm X 0.25 um)

2.3. 248
£ AFolA PCE, TCE AH#tAS {8t A4
gas chromatography®] A#z2712 Table 49} 2t}

3. &4 & n#
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Fig. 5. PCE removal efficiency for ultrafiltration of
groundwater with and without PAC pretreatment.
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Fig. 6. PCE removal efficiency for microfiltration of
groundwater with and without PAC pretreatment.
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Fig. 8. Changes in resistance of UF membrane under
varied pretreatment conditions.
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Fig. 13. Specific flux variation during ultrafiltration of
groundwater with PAC pretreatment.
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Fig. 14. Changes of trans-membrane pressure during
ultrafiltration with PAC pretreatment.
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