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Abstract

Adsorption process using granular activated carbon(GAC) has been considered as one
of the most effective water treatment technologies to remove humic acid which is recog-
nized as trihalomethane(THM) precursor in chlorination.

To design the most effective GAC process, it is necessary to conduct the test of adsor-
ption performance by means of isothem, batch rate and column studies and to select the
most effective activated carbon according to raw materials of GAC— lignite and coconut
shell.

The objective of this study is to investigate the adsorption performance of humic acid
on two activated carbons— lignite activated carbon(LAC) and coconut shell activated car-
bon(CAC) made in Korea.

It is available to represent UV-abs and trihalomethane formation potential(THMFP) as
concentration of humic acid due to good relationship.

The adsorption capacity of humic acid is not concerned with surface area of activated
carbon but with pore size related to about 100 A, and then LAC forming at the extent
of mesopore is found to be eight times more effective in adsorption capacity than CAC
forming at micropore.

The adsorption capacity of LAC and CAC is better at pH 5.5 than at pH 7.

Pore and surface diffusion coefficients calculated from the diffusion model are 7.61X 10"
“m/sec, 352X10"m/sec for CAC, and 3.38X10”m/sec and Ds=1.48X10"m'/sec for
GAC respectively.

From the results of column test it shows that the performance of LAC is also better
than CAC and the optimal EBCT(Empty Bed Contact Time) is 4.52min. and activated
carbon removes selectively the components of humic acid to be easily formed to THM.

Key words . adsorption performance, humic acid, granular activated carbon, trihalome-
thane, adsorption capacity
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daxele 1 HaFolu ZAZFH HolA o
3] 78 Yoz YFEe HFFdA o
251 glth 1322 331" THMANE 94l
A ATFEZQ humic substance®] AA7F o) F
o] zjo} ghr,

°]% humic substanced 2|E9] AlH], TE
WAE Fo| HAE o3 Bz PAFHAAH,
F7ES sAF, AY, BxAE, EAEs
5ol EAldte FFo FAHES FAA Ho
AWLAH O 2 humic substance2 ¥2go) 1,0009]
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2.1.1. humic acid

Aldrich chemical company Inc.9] humic acid 3%
FA19FS A&3ted 1M NaOHell &3 2171 & 5C
AHRAE o] &3l H AATE Al ML
J humic acid &8z ALgsgrh
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vated Carbon, CAC) ¥ /4 Z& &3=(Lignite
Activated Carbon, LAC)& 2 A[go] A3
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Table 1. Specification of activated carbon used

Coconut shell Lignite
activated carbon activated carbon
Moisture, % 17 1.5
Volatile matter, % 14 2.2
Ash, % 17 40
Bulk density, g/cc 044 0.46
Hardness 974 91.3
lodine value, mg/g 1,140 876
MB adsorption, mé/g 250 130
Surface area, m/g 1108 733

o5 Aete W9 Yz BYsu 2aLs
Fabel Al Fsled 105Col A 2217 AZAR F A
2319}

2.13. THM EZ&

THMA 45 (THMFP) =3 & 93 Al E BF
8HLE Wako pure chemical industries Ltd.<]
THM E3}EFENE A3t c)

Humic acid 34, 6.8, 13.6, 33.9 % 67.8ppm &9
100m¢E 7+7} #8ba LAC 0.19, CAC 0.03gS 2+z¢
FAd ¥, 2R FAYYo] Yold 4 Y=
2% 170rpmO. 2 25C S2w-3-Z oA E3AI7)
t}, %55}3383*0}5}]01] =938 humic acid&99]
TEE AN T4 23U} THMFPHo g &3
gho}, ofm %ﬂéﬁé*lﬁg ©E21717] 98 #
242 200mesh o]3tz Bl Zgsm 4
el M A F 105Co M 2417 AR ALLEY
=8

=3k Semmens £1(1986)7} A¢HE pHo| o
FH4Yo T HE HA pHE Yolir] 98 &
4o pHE 559 7008 st zZhzt AgatAc)

2) F5%

Humic acid 13.6ppm®] 8- 1000méol CAC 2.5
9, LAC 0.759% 442t Foj3ta 949 pHE 552
gt 3 A7 EFolFAr IS FAY &
JE 1,500rpm 2 WHFSIHA] AJZHE Golo] B
=H3tE SA3AU

olmf W2 FT2RUE FAFA 98l 25C

FEUYAM gz om A o] dojd ¢ 9
=8 A7 16eme) HH-ZU 1.5em9] baffle 471 (Fig.
1DE 439 (Hand, D. W. and Crittenden, J.
C., 1983).

3) Column test

A 12mm2] glass columno] 35X80 mesh2)
CAC% LACE 77} 15em #1911 6.8ppm®] humic
acid &5 pH 5594 mini-pump3 /\}%'6}04 25
m¢/min9} 5mé/min®] FHo 2 B B3 BE4T

Akl g FrwslE &%
Abgho), 3k dA 7y 84
S 2HEY] 8 Uz
Aal FFF AR WE FEHEE A9gM F
TFE3H7 THMFPE %@i’.
gdete] AAe} fE2&
A& gHc(Fig. 1).
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Fig. 1. Schematic of the batch reactor and the

adsorption column.
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2 #%gZo0) & 9|3 BJH(Barret, Joyer & Ha—
lenda)?] AMFEE ZHARE o] 8T AF
Z24& Nitrogen’b~= &2& £ Micromeritics
InstrumentAte] A% HEEEX SZFRZ A}
.

2.2.3. humic acid®] F=54

D A9H &5 3 (UV-abs)

ShimadzuAtel UV &F33 =742 254nm oA
FHEE 10m Cells AHE3t] A3t

2) THM~ %35 (Trihalomethane
Potential, THMFP)
25mé vialel A8 o 75% 5 A1 458
Ag-3le] pHE 79 RFE ¥ AolFAMUE
ol g3t} #HFe] drHelF 25C YA 2=
foll A 2947ke] WhE-AlZte] AHg ¥ AR head
gastight sylinge® GColl F3lo] =33}
H ad space™ ol o3 A3t ol«f THM
& 98l AFE¥ Shimadzu GC-7A¢] =&
Table 29} ZY(EALKEREL, 1980 ; Edwa-
rds, A. C. and Cresser, M. S., 1987).
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Table 2. Operating condition of GC for analysis of
THMFP

. 2m X 3mm

> Silicon DC 550 10% on
chromosorb W(AW-DMCS)

Column size

Column packing material

80/100mesh

Column temperature 1120C
Injection temperature @ 300C
Detector temperature 1 300C
Detector - ECD
Carrier gas - Nitrogen
Carrier gas flowrate . 40mé/min.
Sample injection volume : 0.015mé

3. AW Y D
3.1. humic acid =THi3lel FleMERUT U

THMFPRIQ| AFRIZIA)
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Fig. 2 humic acid®] Fx#3}o] @& 254nm
AN FFzoe] FHFAE vebd Aoz G
Ag r=09989 £ FAVAE EJd ol
Edward (1987)7} <844 TOCS F3=
el digt F3BA JTEA A dH 3,
humic acid®] FE=H7H % 83 WYPS 2 AR
o

0.00- - %
Conceniration, mg/l

Fig. 2. Relation between humic acid concentration
and absorbance.

Fig. 3& humic acid®] %% ®H3lo] @& TH-
MFPs}te] 338 A & Jebd Zo2 AaAF r=
09962 £& 4AAAE Huch o I3z
Cl, 9% 10ppm, pH7, 2% 20CE FAAFI
48417 AT FHE g2 2 10ppm @] humic

1000

750

40

Fig. 3. Relation between humic acid concentration
and THMFP.
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Fig. 4. Pore size distribution of LAC and CAC te-
sted by nitrogen adsorption.
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o} oS¢ AEEHE A4HEY LACY B¢ 0.
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& 7335m/g, 1108.6m/9L 27t BATh o] okA}
gAJete] 739 10A )32 micropore G Al
Fo] sl B EH AL LACY Hla 159 A%
Weos Azade o Fe s B &3
LACE W] & mesopore FHY AlFo] T2
o) wel Ax7) 91302 oA ek 9740
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3.3. gAEle| Yz ExSY

Fig. 5& LAC$} CACell ti3) Freundlich &%
FAPE T3 7 AAE A Aolx, °F
23 do Zzhe] F244 1/nF kgko] Table 39
yeht Qo
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Fig. 5. Freundlich isotherm tested at pH 5.5 and
7.0 for LAC and CAC.

Table 3. Comparision of adsorption coefficient te-
sted with Freundlich isotherm for LAC

and CAC
adsorption LAC CAC
coefficient pH 55 pH 7 7 pH55 pH7
1/n 05400 05492 0.6268  0.6531
K, mg/g-Ac 250 200 31 2.1

LAC ¢} CACY] F&&%S vus) B F34
T 1/n#ke] LACS] 0.549 v]3] CACE= 0.652 0.11
A= & s Atk £ kgt& LACY 250
mg/g—Acoll H]&] CACE 3.1mg/g—AcE 88 A%
F& & BAW. db)il 9= Freundlich & &3
AEZAA 1/no] 280} & g Hold F253A
9] 71&77t aAse] FdUIFS FANNAE F
Ado] & AAHA ¢om 1/ngol 01~059
AWM Aem FHA el HFsis o ye
Well A kgkol S5 x| AnAolg} slRc)
ool A#z H¥ LACE CACY H|3) F2&F
HA] s e & 5 Uk ol AFTE
2o} s LHE #AZE len, Cornels
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Fig. 62 LACS$} CAC2] THMFPe| th&t Freun-
dlich 5&&% 43475 el Folth o] &9
2344 32 LACY %% 1/n=0.6259, k=818
g/g—Acg 2 CACE 1/n=0.7123, k=9.3ug/9—Ac
2 1ngo]l UV-absE £3 Adud & e
vehgidch ol THMS Aex FFo] vl
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Fig. 6. Freundlich isotherm tested for THMFP at
pH 55
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Hashimoto-Miura 2](1976)2] HlG& & 24|
3k Alg 2 BHSASE #3178 At
Bl mel s e Ag ekl E g
#e] Table 49 et LACE D,=148X10°
Bm'/sec, D,=3.38X10"m/seco] CACe 3%
D.=3.52X10""m /sec, D,= 7.61X 10 *m'/sec 2.2 Z}
ZF el Lee 21(1983)9 HSDM(Homoge-
neous Surface Diffusion Model) S ©] &3}
CMBR(Completely Mixed Batch Reactor) & 3t
A= D,=1.3X10 " /sec~6.0X 10 “m'/sec2] &k
& Hgom, Weber 2/(1978)-2 D,=15X10 *m/
sec?] #S Hol, LeeBol A ko MW o
& <& 4 vk ®3 Summer £1(1987)7F HSDM
# PSDM(Pore Surface Diffusion Model) & © &
8te] AldrichAt¢] CHA(Commercial humic Acid)
2 A}8-3d DCBR(Differential Column Batch
Reactor) 2 243 42 D.=1.3X10"m/sec~14
X 10 "m'/sec, D,=25~35X10""m'/sec?] & H
o B A vy g dAsAh

Table 4. Pore and surface diffusion coefficient of

two activated carbons

Coconut shell Ligrﬁfe

activated carbon activated carbon
D, m/sec  7.61X10° 338X10"°
D, m/sec 352X107" 1.48X10"

Aoz FaAFYNA AAuE ol AL,

AZAAS 2 BAGHASE v o)
F M k2 &x AV A FREAY 58
Al SEAjTA 7 ¥lch, AR IF Hol F A
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’\‘}74]'1— Hop mE s B ez 834y
ghofl o8t humic acid®] F2EH oA HHSHAF
o] &reajojekA7p €t
ES ARG Tl 7 mHEMTAR Ay
& & dehd YdES W =AF AUt Fig
79 vheR QA
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Fig. 7. Sensitivity of the surface diffusion model

3.5. Column S&AMs

Fig. 82 ¥ gAd@o| s pH 55914 EBCT
(Empty Bed Contact Time) 3.39%# 6.79%-22
slo] 48412 FRAAFEA 7 {FEFMo|t)
CACS 74% EBCT 339% o E43%F 541
EBCT 6.79% dm 13A7+% 2715 =9 50% 7t
#2¥% 29h LACY %% EBCT 339% % 6.
798 57 B4E 484 & FEAIA &7
Frol 50% A& meHA ¥ d F U
th ol FALFAT A UAEY F g4
o] F34 % Aolg 4 ot 28u 4%
4817 4342 LACS] 79 A= gko]l Wol frol
olgt Aoz FaFo] vtsl Az e
o] WAstATt olv FAY THA FAMHFTY
AR BAEY AR S 9L HH &
Al A&S 2ol AP EBCTY 4Ao Ha
=2

1.0
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CAC.EBCTS. 7min
£
CAG.EBCT- L. M.

.
LACEUCT A Miwein,

-
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o 8 16 24 2 0 4
Time (1)

Fig. 8. Break-through curve of LAC and CAC in
EBCT 3.39 and 6.79 min.
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Fig. 9. Break-through curve of LAC for THMFP
and UV-abs

a.z3 =

THMA A9 AT EHE2 humic acide] AAZE
A FrAeig YdgAdee] My B9y 2§
gt AAE 28 AA parameters) AALS A7)
33 A¥e d¥z By g e AZS o
At



NAI -

80

1) humic acid®] F% EdFde 2 UV-abss}
THMFP& A#AF 0990]4e g2 £& AdaA
E B

2) humic acid®] Ao djg F&&FLS v
EHARTHE 100AS A3 mesopored 2] Al
X9 #A7E 9lo], mesopore FH AFol
5] Wrgdt Z2ekghAelo] micropored &9} AlE
w3l of g d gl v 8wl Fxe]
FFLFS KA
3) humic acid?] &A% g F4L pH 7.0
of u]&] pH 5594 ] & F3F5S HAC

4) humic acid® A MFEiHA59 BH
FaAFE oA IAEATE D,=7.61X10Pm/
sec?t D,=352X10"°m/sec e, ZEEIeS
D,=3.38X10m /sec$} D,=1.48X10""m'/secd S
Ztzt mgh

5) Column& 2 AdZdy degdere] £3
FA43%5& RYen 4 EBCTE 4528 o2
AE F 53 THMS 3437 4
Ao s Adzos g4k o3 F2A|
A7} o] FojH},

it o 4m ol

® humic acid

o]
s

2

rar

e |
[

AER, FMPEL, 1990, KEEE 34 st= THMS
FaRE 2 BMRAE, &R LKGEREES 1
25-31.

HFEE, 1990, BEGKEHE B EHREE B
Wit FE, WHE LT AGER®EE, 6pp.

S EEETHEE, 1990, LAGEFK KEE LA =&
HEHE.

HBKE AR, 1990, 0F F EHR KEE
RS FREMEE.

Cotruvo, J. A. and Wu, C, 1978, Controlling Or-
ganics, Why Now ---, AWWA, 70, 590pp.
Trussell, R. R. and Umphres, M. D., 1978, The
Formation of Trihalomethanes, AWWA, 604-

612.

Kavanaugh, M. C., 1978, Modified
for Improved Removal of Trihalomethane
Precursors, AWWA, 613pp.

Coagulation

paAE

{5 )

:TL .

137

Boening, P. H. and Beckmann, B. B., 1980, Acti-
vated Carbon Versus Resin Adsorption of hu-
mic Substance; AWWA, 54pp.

Hashimoto, K. and miura, K., 1975, Intraparticu-
lar Diffusivities in Liquid-Phase Adsorption
with Nonlinear Isotherms, Chemical enginee-
ring(Japan), 8, 367pp.

Hashimoto, K. and Miura, k, 1976, A Simplified
Method to Design Fixed-Bed Adsorbers for
Freundlich Isotherm, Chemical Engineering
(Japan), 9, 388pp.

Hand, D. W. and Crittenden, J. C, 1983, User-
Oriented Batch Reator Solutions to the Ho-
mogeneous Surface Diffusion Model, J. Envi-
ronmental Engineering, 109, 82-101.

Lee, M. C. and Crittenden, J. C., 1983, Design of
Carbon Bed to Remove humic Substance, ].
Environmental Engineering, 109, 82-101.

Summers, R. S. and Roberts, P. V., 1987, Rate of
humic Substance Uptake During Activated
Carbon Adsorption, J. Environmental Engi-
neering, 113, 1133-1349.

Crittenden, J. C. and Weber, W. ], 1978, Predic-
tive Model for Design of Fixed Bed Adsor-
bers : Parameter Estimation and Model De-
velopment. J. Environmental
104, 186-197.

Derssman, R. C. and Stevens, A. A, 1979, Com-
parision of Method for Determination of Tri-

AWWA,

Engineering,

halomethanes

392-396.
Edwards, A. C. and Cresser, M. S, 1987, Rela-

tionships Between Ultra-violet Absorbance

in Drinking Water,

and Total Organic Carbon in Two Upland
Cachements, Water research, 21, 49-56.
Semmens, M. ]J. and Norgaard, G. E.1986, Inf-
luence of pH on The Removal of Organics by
Granular Activated Carbon, AWWA, 89-93.
JENBES, EERKERERSM S B HHLEH
ik, 74pp.
BFER, 1965 %A, LBk &t 95-119.



Humic acid AMAE A% 4 4384 FHAS Hoto @ AF 81

HEPALAE, FOMEE, 1981, Kb hYougx s —
(O A REBUHE — K B BE Ry 45, 22pp.
JEAERKGEREEER, 1981, KEIZHIT 38 ) o

X & IO LT, KEB e R, 591, T6pp.

THEFALA, ILARE -, MimE=, 1982, KIkiEH K
N7 3 BRRERE, K&, 573, 37pp.

JBABAGERSEE, 1980, K#EAKFD &E) o
A CREFREIZOL T KEBEESE, 105,
205pp.



