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Effect of Fluidized Bed Powdered Activated Carbon Impregnated by Iron Oxide
Nano-particles on Enhanced Operation and NOM Removal of MF Membrane System
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Abstract : Effects of powdered activated carbon impregnated by iron oxide nano particle (Impregnated PAC) on the microfiltra-
tion (MF) membrane system performance in NOM removal from water were investigated in this study. A fluidized bed column
was employed as a pretreatment of MF membrane process. The Impregnated PAC bed was stably maintained at an upflow rate
of 63 m/d without leakage of the Impregnated PAC particles, which provided a contact time of 29 minutes. A magnetic ring at the
upper part of the column could effectively hold the overflowing discrete particles. The Impregnated PAC column demonstrated a
significant enhancement in the MF membrane performance in terms of fouling prevention and natural organic matter (NOM) remo-
val. Trans-membrane pressure of the MF membrane increased to 41 kPa in 98 hours of operation, while it could be maintained
at 12 kPa with the Impregnated PAC pretreatment. Removal of NOM determined by dissolved organic carbon and UV,s4 was also
enhanced from 46% and 51% to 75% and 84%, respectively, by the pretreatment. It was found that the Impregnated PAC effec-
tively removed a wide range of different molecular-sized organic compounds from size exclusion analysis.
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PACES 63 m/de] F-&oA EHNE PAC A&7} %541] %o Hg 94 Torxlo}‘}‘iil, o] uf
e Aol A Al (magnet) 5 A X[ st Bf-5k= Ul*ﬂffP A2t §-E& WA AY

FTAoA EHNE PAC ZHE §oto] MFRHe] oh-28 A7 NOM A|AGE9] 43t &4 Btk MFehS

S o] = X2 98A17E Thof] ALl 40 kPao] =gl o), WA PAC Z 3

b 2p¢h2 o] % 5] 12 kPao] QP H R [FAE ik NOMO| AlAREE E3F EW/HE PACY deﬂﬂl% F3lA4 DOCEE UVas

7} ZYZ: 46%2} 51%00| A T5%2} 84% 2 A5ttt AlAE W NOME| A A S A; H

EWdE PACE FHYT EAFHS 7HA 11‘7]5-4 giakHd AAZ st A

FHO  Burgbdel AshE g Al 2AFAR71E 2, MF membrane, A 4=#] 2]

1.ME A48l FA A microfiltration (MF) ¥ ultrafiltration
(UF) 59 o He] of7hgAle dhnie] ey nagel

FZo A AA-G7] =2 (natural organic matter, NOM)-2 AA7} 7Vsshy BA] WA Has) ot F el X444,
low molecular weight (LMW, < 350Da) acids, fulvic acid =gkl YAA ]S B3l Gx|TT|o &o]A = t}oFsh
(>350, <1,000Da), humic acid (>1,000Da, <20,000Da), poly- AL 7Hx 1 Qek? sxgk MF 2 UF 2+o] ZH(pore
saccharides (>20,000Da) 5] f7122"S =3sh= Bt size)- ?j_mngi 0.01~0.1 ym AEO|=& 0.001~0.1 pm
Agk sigkEoiy, AeAd Al g4 T2 AEHA 52 4 Ar A7)0 &G 7]EZ (dissolved organic carbon, DOC)
SAlet waale] Aol AAH ROl Yo AEIAE o] et AAL oA L e powdered activated
(disinfection byproducts, DBPs)Z A4 A|71t}h? E3l NOM carbon, PAC)S 0|83t &2 = Axa] 2o Hasht”
% humic substance (fulvic acid, humic acid)+= % —,—X{ﬂ = PAC-MFA|AEIS Ak2=0]2s 2= ulHaly] o]y $7]|&
Aol g WA, M=s skl RS HASE o A& fIste] MEEHAoY A4 fUE F=o o
Eato] 35S Wi, heterotrophic bacteriac] Thax %% o AT FAsert debA| L, ERt 2EEATES
Suotol o - e Wl S FEFeRN LA or FRRTO RN AREFo] F7kshe wAlA el 9l
29l 23} 29 doye Roz oA t}. o]& 7| A3}a1AFeE HCPAC-MF (high concenteation pow-
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2% 3Hew fU1E AAE H ﬂ“‘%J AH&-717k
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o ot flo o Az
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A §9 oo sl deto] H2ksol alrka 4 ool
A e, AustEe dated eg deasel o
Az EAG AS WA 2 wEHd oz Qs ureAol F
ofbeh” whebd MEAHSAEF oA TEA ol Holux

Tt JAFEFA el (granular activated carbon, GAC)o] H|3| &
840l WojA|t BuEAete] 7154 B $lste] Lt
grgete] Atehd UlefiAE FARgE :HNE PAC (Pow-
dered Activated Carbon impregnated by iron oxide nano-
particles) & A|25}lch WA PACY] it =] 3}e+4]
E4 A+ A3}, 7] PACO] Bl3 meso pore7} o]
of Qlo} AEgAe] f7l=el ek Ae7t d&sin, H52
F7hE A% FERe B HstEtglxel] o3t ek
o] B4 A1 9ty olo] ute & Aol A Ew
M PACY 542 o835ty sk W/ PAC ZH
o MFulile]zel s s ZAHos LAToan,
FEHNE PACE MFURE 2|34 ol WA= ads E435H%
o} olo] WA PAC Ao ARSI} HAAF
o2 A WA PACE NOM AA-5Eo] MFE4 4] &4
B A EA s Qe AdHon ARy

2. Mgiuns
2.1. EHIN A PACO| M=

# Aol AH8E HUAL PACE A4 AZE sel A
gotsich. EAAA PACO] ALSE PACE F-3lsHF)o)
AetA 24" 5 AAES Eskol 100 pm oo #2
HSS 7HAH, A9 ago] 2 TS AMSISlL,
A3t H O 2 A %3} nano iron oxideS AAEL]7]2] 900C

ol A Bzpsto] AzsHAck” AwkAQl PACY WEE 0.2~
0.4 g/mLo]1l, H|EHA-2 700~1,600 mz/gO]Eﬂ, micro pore
7b & wrdEofgiet” & delA Alxg EWHA PAC
W71 1.25 g/imLzZ LRbA el PACY] H|3| =2 HUEgE
AE, Rk o WEgke b4 FERe|e] E4o
otk v EWAL 932.45 m¥/goln, Ukl PACS] H|E
WA w9 ole] ghe mglon], Mgl ALED o
o] 900C oA FAsteaolle B8kl 0.007 emu/g
2oL 96,61 Ocd] BAES 7H A ] A
2 Ho] Ho 93t WA E 3 Bt 974 emus=
electromagnetic unit® 2 ZA}7] ©@9jo]jw, Oe= oersted >

2 27] Aol wslolct.

o rlr

]

Magnet

1500|1140 1240

— Impregnated PAC bed

Media layer for the
/ distribution of inflow water

‘.

In

Fig. 1. Impregnated PAC PAC column (Unit: mm).
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TSR 4 Y A 10 em YA 55 EHANA
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Fig. 2. Experimental setup.

Atk system 2= FYU+E FHUNE PAC ZHS

MFYt 22 801519l o A k% Z(master flux)S A}
MFEF2 9] Fluxt 1 m/m’/dE §Atgc} ojgf MFatx
2 FHE Fol BE AF 9 ojzo] AFZAE HA
st i 28 YRS & SAAAANA 2} system
o] MF uf 2jgko] 40 kPa o]0 H A& Al £4& 2

st}

oﬁ oft

2222 9o EA

Ao AL e T KARS] MF 3o 24 mhaje)
2 Table 1] LRSI m, Fig. 38 & Aol AH8E ot
o ARIE vebd Aol

2 dAFolAe= A 3 A-Ad & [fE5
o humic acidZ H7}ste] B2 G7|E5EE =4 G4
Table 1, Membrane characteristics

Module type Material Area Pore size
Lab scale  HoloW fiber PS 004m? 0,05 um

MF (microfilter)  (poly sulfone)

Fig. 3. MF membrane,

Master flux
pump

Master flux Master flux
pump pump
System1 (MF)

System2 (Impregnated PAC-MF)

Table 2, Characteristics of raw water
Raw water  Turbidity (NTU) ~ DOC (mg/L)  UVass(cm™)

Max. 0.567 8.392 0.310
Min, 0.366 7.579 0.277
Ave, 0474 8.107 0.293

o

DOC2] B8 8 7|et4Z=7]7|(total organic carbon analy-
zer, TOC-V CSN, Shimadzu)E o] 83}%.00, UVl
B A (optizen 21200V, EAMZIA 2)E o] gato] 2%

stk
HPLC-SEC (size exclusion chromatography)#2 =3}
o] NOM9] ArtA EA}eF E3Z(Relative molecular mass,
RMM)E 75kl 5742 HA| A 2rkE 12 3(LC-20A,
on, Z2 WATERS Protein Pak
125091, olEAS 2 Lo Z&4o] NaCl 1122 g,
Na;HPO, 0.45 g, NaH,PO, - 2H,0 0.756 g R4 02, o]
AL 07 mL/min®] §Fo2 T2 Il B4 4]
o] el 40To|u, 255 Hob BAS At

=0 = = =
3.1. EHIHE PAC ZHEo| R MEM
310 AR Q40 M2 BHINE PACEO| WA
EHE PAC 29 oA f&of wE EH7E PAC
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Fig. 4. Impregnated PAC bed expansion by flow rate,

Table 3. Impregnated PAC bed and contact time by flow rate

Impregnated PAC

Flow rate (m/day) bed volume (L)

contact time (min)

36 0.14 3
45 0.16 4
54 032 10
63 0.80 29
72 -

940 36 45, 54, 63, 72 m/dE AFSAZ|HA 2 W ®
W PACE Ro] wiste] uhE AEAIZS Ak,

ERFA PAC 29 W 94 wstel T2 WA PAC
= ZR7])H(bed volume)S ArHE Ay} §-4H9Q] 36~63

m/doAs &4 16050] 2 Tof mHAZ PACZo| ¢t
AetE k. &2 45 m/d7HA] = EHNE PACTO] =

Al WAEEA] koLt 54 m/dol| A 3.2 L7kA| et
™ 63 m/do] 7§ 080 L7k sl 72 mdY o &
A PACTE ZE WollA S5 AISHA]l &skal MFdhx
B fFEEHe @4l WAste] 63 m/id oo f&olA=
4o E7HseE At

N
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Zzte] 790 et EUAY PACE WelHl $1% 2
g HEAE A4tstol Table 3ol vehf ik 2t HEAI7
2 36 m/dY ] 35, 45 m/dayd EH 45 54 m/dY 10&,
63 mde 1 2988 UERfo], G0 ASTeE HEA]

= AW7F Uk, ol 59 STl met
ks ®UZHA PACTE Sofu EH/NE PACTS 79
9 *J%—%Ol A st 7101] o3 Anpeta & 4= Qlek

mlo

63 m/di AR o]—‘}j\li]-.
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HCPAC-MF Z#o|4 PAC7} MFate] #|J=2 A5}

08
—— with magnet
07 —&— w/o magnet
06
e
.2
E 05
§
£3 04
8
-
s
é 03
0.2
01 — L L L L i
0
o 1 2 3 4 5 6 7 8
Time(day)

Fig. 5. Cumulate amount of Impregnated PAC particle overflow
with the operation time,

of MFuke] ofahaiehe G5k A4she Uelo] =gich

ol FhH PACHY el sEushl pAC ¢
Aol SRS R, AYAZ ZRAT PAC 3
Aol fzo
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3.2. HI|E PAC-MF 2FEM

3.2.1. 9kxIefo| H3}

712&9] HCPAC-MF ZAo]A] PAC7} AY=&
MFete] ojziaiero] B sk A5 oIk & 217
w2 PAC 2ol MFEFe] omhaigto] nl At QR o
ol 11z} 1 m3/m2/day9] o3} FluxgE §A& djof] F sys-
tem 5 3 system®| of}Qfo] 40 kPa o]t= UEtf= AlXE
7HA] MFEFe] ke HEskItkFig. 6). &7 %7] system 2
of MFe} ojzAielo] tha Hek A4S R ol 27]
FEH/NA PAC ZFoA == FHNE PACYR}| o5t
Holul, 4417k o &0l 10 kPa ou2] FFeS AIahoAT
system 19] MFURS: 3125] ofshaieto] A%telon, £
98A17} 0 0] 42 kPa LEPjo] 2248 ZAISI). system 1
9] LA FA39S ) system 22] MF-2 12 kPa2] o+
5 o TaIere 925ttt o] 2 HCPAC-MFEZA T v] 3]
B HCPAC-MFEA-& humic acidE AH7}6lx] 4L L4
of gt ALKA Al 4AIHRO MFEFE] of pajQto] 40 kPa
S 28t A Y EHHE PAC-MFEZAH-S &4 98471
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Fig. 6. TMP variation of MF membrane in each system at ope-
ration flux of 1 m*m?/day.

of A|WE w MFERe 12 kPad] SPAE ofBatere §4/3}
o PACC] I3t olakxietel Z717 glglon, 4% f71%
o O3 oYY FAE AAT 4 Y FHol T

% ek

3.22. 87|12 MA

ahofl o3t {rES] Aase] il FrobEir, EHIN
A PACTF f71& AAC A= FFS dobHsith d
@} system 1, system 2 352 DOCL} UVasy, UVEH ]
(specific UV absorbance, SUVA)E =7 3}o] Fig. 70 UE}
Witk NOMo| &Ee2j3tet4 545 Uetll= SUVAE 1
Zkol 4 o]4fol¥ DOC+= = humic EE=Z o]FojA glo
o, AR aed RS BAT DEAY HES ¥
o Fia §7122 TAE, 1 gro] 3 olsjold F=
nonhumic S22 o]Fo]A gloul, ArjHom A, v
W BAI AR ARE ol AT 57182 T4

= AL Uehe], 5% $71%9) S4Wsl 9 AAYE
2 Uehis 8e AE2 ALgHDE?

A 71753¢ P49 DOC+= 8.0+0.5 mg/Le|ior, &
Z49] DOCE system 19] 7 4.4+0.3 mg/L, system 29]
A9 2.040.2 mg/LE YEFOoH, 1 AALEL system 1S
46%, system 2= 75%%2 YUEFGTE UVesso] HL Y49
UVasa7} 0.29+0.02 cm™' ©]91 2™, system 10] 0.15+0.02 cm™,
system 27} 0.05£0.01 cm' & XM ow, 71 A AELL system
10] 51%, system 27} 84%E X g th

Ol URHH QI MFFA oA UVasset DOCE] A AE2 ¢
o] AT AEglo] 40% HER YER, 2 Ao
system 19] ALE oo} fARE AIAE-E Hlon],” HCPAC-
MF-EA 3} v 23] 28 HCPAC-MF37%-2 DOC7} 0.79~2.49
mg/L, UVsss7} 0.015~0.049 cm’' 2l $1=2] 2] Alo]l 78~97%
o AA&E Hgom, " B Ao system 29| A7 &
I & Aol & HolX| gl o] AL Folo] & ALY &
A7l PACO] F2b5o] PACSE & Ao]& HolA| g+ A
% & 4 o

SUVAZLE §3te] 2t systemof| Al §-7]=29] A&d A|A
54L& A Egitt 90429 SUVA 3h2 3.6+0.6 m '/mg&

9 035
BDOC BEsuva Ouv
. il L 030
£ 7
o F 0.25
E ° | -
‘3‘ c | Fo20 g
2 I
- 4 - L o1s <&
-
® 5 3
£
£ - 0.10
o 2 -
[=]
1 + 005
o - L 0.00
B System1 System2
Fig. 7. DOC, UVas4, SUVA concentration of the raw water and

treated water from system 1 and system 2.

Hof A2 {718 52} f71E0] #5521 = o
Tt system 19] §-Z4=0fA SUVA ZF< 2.140.2 m'/mg
< Bof MFEbo] 93] AAE DOC F A&EA 7)ol H]
3 LEA F71EY AATE Wol o]FolH AL & 4 3l
9lom, system 29| 3-Z220)| A SUVA 72 2.3+0.3 m’'/mg
£ Ko system 19] H|3] =& ZHE H Y=t o] system
20|41 UVassof H[3l DOCOA iAoz we &40 A
A7} o]Fo7 Aolgt & 4= qUrh

SUVA gtog fEglo] Uehtr] ¢k 7+ systemof ©Jgt
718 A=Y 74 EAE £xd A|HEAE HPLC-SEC
240 oJste] xAREE A= Fig. 8o LEtW¢lct. Fig. 8
o= AEA 499 f71E EUEALAS E7] fsto] X
%< log scale® YEFWGI=d], ©|& Linear scale® Utepd
74 MF qtof vjA| == 229 f7]e2 L&A 499
o] ARkl & & = AUtk = system 194 4=
% 20,000Da ©]A+o] Ex}gFo] 7R polysaccharides+= MF
alof o]&) tjiEo] A A5 AL, fulvic acid (500~2,000 Da)
2} humic acid (2,000~20,000 Da)9] 79 LE7} MFEhof|
o3l AAZE dolgANt, BEAlgFo] HojAesE 1 AAE
o] BojAl= A& & 4 AUSTh S|k system 29| AAE

—Raw water ==~ System1 = = System2

1000 LMW Fulvic acid Humic acid Polysaccharides

Ry

10 100 1000 10000 100000

Apprarent Molecular Weight(Da)

Fig. 8. Molecular weight distribution of the raw water and treated
water from system 1 and system2 by HPLC-SEC with UV
detector (the X-axis Logarithmic scale).
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KBRS TEEEE S
1 NOM |7 28 st

Hi fulvic acid®] YFrte] Hopglglen], ymx E85
R0l AA= U system 20f A system 10 Bla) A
A 712710 AA7E 7 Lol AL ERAA PAC
S o3 Avket @ & ok
AutA o 2 47 ] NOMS moleculardl 2 AgHEH o
HEH o2 2000 Da ©o|3te] EX[=S 71A fulvic acid7}
80% ol4}o] YR A|shul, 2,000 Da ol4Fe] EAe
< 7}Z humic acid2} 20,000 Da o]Are] Ex}eFo] 713l
Polysaccharides7} 20%E 2} x| 3} humic substance (fulvic
acid?} humic acid)y= St} YIS S8t A4 A
a9t Hhgoto] amiAibES *g*é?&fjr.z) AR ENE
SHRARESl Aol QlolAl 1,000Da ©]/4Fe] f-7]&EolAl
THMFP, HAAFP, TOXFP2}9] HF-g-Ao] & ZHo g ZAly
3 9k B 1719 system 19 A]+= humic substance®] A|
ARES 58%%om, T tffto] EAFe] & humic acid
Fom, BxjgFo] ALLE MFEHo| 2]3F humic substance
o] A|AREC] FUTh system 2004 = LAY Alof|] &
A7} &= humic substance?] A|AZ 0] 90% ©|AFS H
3, Y& fulvic acid7} FoFQ AW, AEHEAE &
BlA 1,000 Da o)4te] §718-8 i AATH: 28 ©
S S0, MFetolA] A|7el7] TE AL BATEe] humic

1o dz rlo ko

e ¥2 A

substance™= AN PACY] E2tof 93jA] E-EX 2 |
Aste= As & 4 ATk
AA 2HlAE PACTE 374 W NOM Al AZEo| v]A=

GFS Yok 7] 9dlo] system 22 MFato]u} 9} MFalto]

=9 HPLC-SECEA-& AAstSitkFig. 9). 215 AT

By gtolmt A9 {759 AA7F AL o]FAA] =

AL & 5 A=, ol EHZNE PAC ZEHAA 7=

9] tfFEo] F2tE o] AAT | AL Qu|shH, o] & F3

#FH7NA PAC ZHo] f71&59 AA &det axmrt 9l
o of

il% %71%011 Al QotmTA APER % DOCY

——Impregnated PAC column effent = = membrane filtrate

10 100 1000 10000 100000

Apprarent Molecular Weight(Da)

Fig. 9. Molecular weight distribution of before and after MF
membrane in system 2 by HPLC-SEC with UV detector,

Effluent
> 0.6999(54%)

MF rejection
0.5979g(46%)

Raw water Total

1.2969 H
Effluent
! n > 0.321g(25%)

Impregnated PAC adsorption MF rejection
0.951g(73%) 0.0249(2%)

Fig. 10, Analysis of DOC balance in the system during the ex-
perimental period.

A5 A8 59 THFig. 10). 12|31 MFu}o] é A5 9720
F& gopuy] S3te] 2 LO| FRAZ ALEH e B
=

AEL shglev], A4 § DOCSE BARFRRHPLC-

SEOE =43ttt £4/1% % $U94e % DOCk

1.296 go]l o, system 194 MF2to] 9]&f| 0.597 g (46%)
o] AIAERLH, 0.699 g (54%)°] == Ut o]of H]s|
system 29] A9 §<9% & DOC 3 0971 g (73%)°] &4

7§ PAC %%% oA E2HE AL, 0.024 g (2%)°] MFEfof
o AA= AN, A 0.321 g (25%)°] FEH U 2
ATtof| AHgE FHINE PACO 0|27 FZ2bfe 58.26 mg
NOM/g PACO] 3, 0|2 o]g3jo] & Aglo] A A5 £
4 PACH] F2HE §71% FE F BB 81% A=
B EEEY

MFufol A Al f-7]&of thsho] A 21z HPLC-
SEC &4 3t 23}, system 19] 79 A ZAfollA L&A
S71ER 4A4E 1 9Fo] wWold 0w, humic acid (1,000
Da~20,000 Da)7} 32.6%, polysaccharides (20,000 Da ©]A})
7t 66.8%2) &S molk oS Fal vrel AUFE B4
stof 2re) At as fFthe 8582 humic acid9}
polysaccharideso]2t= A& & 4= Qlth HHA, system 29
AlA G0 A= LMWE} fulvic acid¥t 43 A&Eglon, 11
24 =429 HEE o|RofAA ettt ol WA
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Fig. 11, Molecular weight distribution of MF membrane foulant
from system 1 and system 2 by HPLC-SEC with UV
detector,
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