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Effect of pore characteristics of activated carbon on adsorption of

natural organic matter
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Abstract

It is complicate problem to optimize removing natural organic matter (NOM) by activated carbon in drinking water treatment because

the activated carbon has heterogeneous surface area and pore structure. Seven different coals based activated carbons which

have different pore structures were used in the study. Sand filtered effluents which normally used as GAC adsorber influent were

used. The molecular weight distribution showed that most of the NOM was bigger than 10,000Da. In this study, systematical

approaches such as characteristics of surface area and pore volume were evaluated on NOM adsorption. Especially, the adsorption

capacities for NOM were evaluated by effect of micro—pores and meso—pores in surface area and pore structure. The results

show that the higher ratio of meso—pore compare to the micro—pore has not only the better adsorption capacities for NOM but

also the higher strongly—adsorbable fraction. Therefore, the overall adsorption capacity is increased with higher meso—pore ratio

with existing of reasonable micro—pore surface area and volume.
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& B4z w5 vlgRo] urt 47 Balshl shovl 7
270] Qv

NOM: 53l £A3ie] M58 FsI Ay
o ATRAZ ko) W30l £EY

2 & 8 715 v Bl A A
o 991870] B7)% g}, ek TR FolA o)Hu

%a%@ol‘/} A ZA F57-< Atrazine 53 22 v|EE{7]
A= AAAR FaRAN vty ®Base] gtk
(Newcombe &, 1997) (Li &, 2003).
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macropore?] H|&o] 7Fe] we} NOM A7 afo] 34
Atk ¥k 2™ (Moore %, 2001), Pelekani 5=
FEEIZI} 9 A wdslE NOM &4 micropore?]
pore blockage d4S &Y 4 Sty R 3s6la
(Pelekani 5, 1999), Karanfil's2 3=H$7} 20~100
AcfA %%% |
AAE

%7 (dissolved organic matter: DOM)
Aozt & vty Hauskgitk(Karanfil &,
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5, 1997). wEbA] AR AlF ST Tl EAISHE

Table 1. Characteristics of source water
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Table 19 elstsick

el e By

3 sl i = SJ51ck, SRS NOME:
chol] ke ekzke] 2ol glo.
A 70%2) 5} }Oﬂ wasiols We) gEel 9l

ko Holakgik. shabee] BSels ARE A
sfol 4 Aol A} Al 317 Slete] ol 1 w7
90T Az Fol AHgatsich

2.3 Atz 22
ol B BEXE FHUksl] fste]  Stirred
ultrafiltration cell (Amicon Model 8400) S AF-3}31 11

. Alkalinity Turbidity DOC

Fitggeiles (mglL as CaCOy) pr (NTU) (mgll)

Sand filtered water 1st 46 7.55 0.19 1.74
Sand filtered water 2nd 39 7.26 0.18 1.85
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A=A EH-of 9%t Membraned foulings #43}s17]
2Q)3}o] glass fiber filter 2 A|855 AAEE 3t £32
S Yste] AFHEE Membranes Millipore (U.S.) A2
PLGC06210 (10,000 molecular weight cut—off ;
MWCO) ¢+ PLAC 06210 (1,000 MWCO) 2.2 #-#}=17]
10,000Da ©)% &2 3} 1,000Da ola} &d 2 F2813 0
W, A7 2L 23§ 22454 ARkl gJste] Ak

st

Sfed “bottle point
isotherms"S AFE3F3 01 o]0 that 2pA|3E 213 WhH&
o}

El5 = Model 2100 turbidimeter (HACH) & AFE-5F%)
©°m DOCE Combustion 219 Analytik Jena multi
N/C 3000(Analytik jena, Germany)< AR
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(Non—dispersive infrared detector) & A5}t &
2 EE TAEAIEH wek 2455l
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Table 2. Summary of fractionation for sand filtered waters
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i=]
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(347 5, 2005). Table 20 Q45 33t 9= %=
UeRoltt. 23]o A3 A5t Al 52 Al 2ol Lot
1] f18te] &g A} 12h9} 23pellA] ul-g- fAkeE A}
= Uehio] AA7] e whE 2ol A4 ¢ A o& AL
F¥Th 283 Ayjol] w2 10,000Dakth 2 o] ok
64%% A5kl 1,000Da ©lskel 33718 B8 oF
17~19%U 25 HERASITE wl=2] 23}0] 9.5 KIAUE]
Ak 949 A$-oll= 10,000Dak o & 54 9] H]Eo]
25% % 2 AE o) A A5 AdoldHAl thkst At
o] Ry yjo] 9l ZAow ®Wuyo] QthE 5 1997).
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32 BET &d

2 Ao AME B 7S] AR Hist BET 54
A Aek sleks Hitsto] Table 37} Table 4 ~12]
3 Fig. 13} 2o vtk @4dwke] 3= Sx9 Ales
2nmKETH 2> v AF Y 2nmE T F S oR T
stk A1g<l 271 100007k Z4e] 7Fs3ht 20m
g 7o ® o ol = 5] 4] 1,000Dak.th
22 543 10,000Dakth & Bdo] Wol o] st
< 1] SJsiAolt). algke] -4 vl Aol Sk
182 BAJsle]] e} 2joli= 9lo 3ollA 10%E AH|5)
Z o7 vepyttt sHARE Ay §4 oA F1kA1Ee] H]
2 7oA 32%F HERfo] HEWE] Hoe & AjolE
el gtk s = Bl R A FollA Sl

)

o r|r

< 1,000 Da(%) 1,000~10,000 Da(%) >10,000 Da(%)
1st Fractionation 18.3 17.0 64.7
2nd Fractionation 182 18.2 63.6
Average 18.3 17.6 64.2
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Table 3. Comparison of surface area and pore volume for virgin carbons

Surface area (m?/g) Pore volume (cm?/g)
e d EA igonm) d M eZ‘Sonm) Ves! d EA i%ronm) (d y eé"sonm)
A 980 953 26 0.426 0.395 0.030
B 833 779 55 0414 0.312 0.102
C 800 739 61 0.406 0.295 0.111
D 1029 %67 63 0.518 0.424 0.094
E 991 839 103 0.558 0.379 0.179
F 1118 1084 33 0.500 0.467 0.033
G 985 924 61 0.466 0.330 0.085

Table 4. Comparison of surface area and pore volume for used carbons

Surface area (m/g) Pore volume (cm?/g)
Total (4T3 (4> o) Total @ 2% ) @ 5% om)
A 827 79 28 0.369 0.336 0.033
B 524 462 62 0.299 0.191 0.108
C 516 457 60 0.291 0.185 0.106
D 759 697 62 0.403 0.314 0.089
E 586 504 82 0.367 0.221 0.146
F 936 05 31 0.422 0.392 0.030
G 795 744 51 0.373 0.309 0.064

o] AAsh= Bl 3olA 14%= AR} vlwate] ofgt #R(Li 5, 2003), (Pelekani &, 1999) ] 2Jabd A%
S7Vhs S HERTh AlE 8B FAEol A REF e 310 o] wou U]Aﬂ*ﬂiﬂ
Aoz Al 7oA 40%3= ARk Hlaste] ofgk S7Fsk pore blockages 343t & 4= 9lof wAlAl o] AR 3
T AFES etk 2wl wet Zolg veEpigARE gt & 4 glvka Busta glvk webd 4% Ex

25 E7} Hlﬂiﬁ < 4% 13 AFEHL 8%7F STt micro®] Bl&o] HTH o] gl ST AR Tl E
ato] 7Y & S7HES HERITE SIS v]Eo] H]-go] of 5ul o)Ak Wol, NOMell 238t pore blockage”}
7T A AN e ago] S E R Wk o] mAMFE] AHgo]l F7hE Zo R It

7] RO AR}
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179m°/ge] g velle] 718 A7 il < sIith F NOME thdeAl 2524004 &2
FAF2] vgo] =2 FA A vMAF] At A o] ¢l¥]= AR (Non—adsorbable fraction) 3 3709 &
A et F3bAle vl ge] vlgolu Z9to] AA 2z 7hsst A (adsorbable fraction)& oA
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Fig. 1. Comparison of surface area for activated carbons.
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Fig. 3. Equilibrium isotherm of NOM using activated carbon A,

B, C and D with sand filtered water.

(strongly— adsorbable fraction) ©% o] IAST
(Ideal adsorbed solution theory)& ©]&3lo HFEIL
ARE SISiTh AdelA fojx HolgE 7P & mAke 42
%+ Freundlich 4= K3k Z8to 2 2 2} (average
percentage error:APE) 3ko] 491 7S 13k 5= gl on},
HE7F Kk 558 A2 08 @R SAS Blushks
A7} Qlo] Bt exp F7kek L S R skl Kak
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Fig. 2. Comparison of pore volume for activated carbons
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Fig. 4 Equilibrium isotherm of NOM using activated carbon E,

F, and G with sand filtered water.

9lt}. Table 69149 E, F, G 2MJete] S25-5 nlwsla
th K#& 0, 20, 57 283 19022 174313itt. Table
BHULE =2 1oz yASIGI = o] Ael B 52+
o] 953] $55to] TAyst S Ato |t}

H ARl FAEA e 28E vehs Kol
020 B4 ok 10% AFE ehio] we) 54 fe

3 Fo- Ao w2 veldth 2% A, B, C, DellA
A FHREE e B A 2.89%, BellA
63.0%, CollX 87.0%, DelA 1.09% %= WebskaL, S3HA]
712 FREE FES SAE Ao 14.8%, BellA]

28.3%, CollA1 0.06%, DellA 85.0%= Webom oFsiA|
FHEE FEE e AdllA 74.98%, BellAd 0.00%, C
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Table 5. Comparison of initial concentrations and fractions at fixed K values for each activated carbon A, B, C and D

Raw water (Co = 1.35 mg/L)
Ki values

0 15 35 65
A Cos (mglL) 0.10 1.01 020 0.04

Fixed K O
(error — 4.530/0) CO,i (/o) 735 7498 1478 289
B Cos (mg/L) 0.12 0.00 038 085

Fixed K )
(error = 4.58%) Cos (%) 868 0.00 2829 63.03
c Cor (mgll) 0.14 0.04 0.00 1.17

Fixed K N
(error = 3.51%) Coi (%) 10.17 2.78 0.06 86.99
D Co; (mg/lL) 0.13 005 1.15 0.03

Fixed K N
(orror = 2.26%) Cos (%) 961 347 85.02 1.0

Table 6. Comparison of initial concentrations and fractions at fixed K values for each activated carbon E, F and G

Raw water (Co = 1.75 mg/L)
Ki values 0 20 57 190
E Co; (mg/lL) 0.13 0.00 045 117
Fixed K
(error = 4.910/0) COJ (o/o) 7.33 0.00 25.78 66.90
F Co; (mg/lL) 0.16 1.19 0.30 0.1
Fixed K
(error = 3.550/0) COJ (o/o) 9.02 67.81 17.04 6.14
G Coi (mg/L) 0.19 0.15 1.14 027
Fixed K
(error = 4.640/0) COJ (o/o) 10.88 8.30 65.42 15.41
et A= ok S2kE = BHo] oF 75% % AAIst] & 702 YeRtth ol 7 =2 ST &S 714
z2hgo] 71 vke 7l o 2 YEeRsit) Fig. 3ol % YERE T Q7] Eo g Algdth AAF R 7ER] GAES
o] 4% Boh C7F A%} Dol Blasto] S5 352 vlasto] 1yl @A B, C 1213 G7F T Keke 7
ER T 9k = QAR FES vlasehd s fARE S-S 7HA
Table 6] Ueld EAJEHE F, Gl T3t d¥= 735 I QlTh Al B3 B 2 gke] 55004 63em’/g
FaE e 2 @/3w EollA 66.9%, FellA] 6.14%, Gell 2 HARE &S 7R Qo mAAMlES 7394014
A 15.4%% JERaL, TA712 S2E s B 2w 889m?/g 0 % t}E @Adute] Hlte] Yok}, o] 9} T Eo]
EollA 25.78%, FollA 17.04%, GollA 65.42%= LFEFE n A2 AtF o ® Yl ovy EkAE-2 A7 A2

o oA FEE = F2 &4 Eolld 0.00%, FollA
67.81%, GollA 8.30%% Febsith. Fig. 4 vehzo]
A% E7} ok gk nlaste] 953) $5% S
S UERfaL 9tk Table 52 Axg)l ko] F7kA15-) vl&
o] H&FE A S = o] nlgo] STk Ao®
UERdth 4% Eo] Aol TR S3EE B
3 s EZEE o] AA2) 90% °)d-S AH|dh=

Py A% G FH5o B BYa vlmsle] 4 @
Ao ek, neb A4 A f7IRAe] FHel 3
@8 vAE ge) A7) 2nmu} = 207 ek,
919] Table 201 LFebch uls] o] A1f71 249 #A3
364 60% o140 10,000Da8) AIRE #zlak=d] v]
ERo] & BYURTH FUATE 1ol B DY
"ol @Al How vehdeh
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