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Abstract—Adsorption of Trihalomethanes(THM) on activated carbon was studied as a removal technique
for THM formed during the chlorination process of drinking water. Adsorption equilibrium data of single
species. were represented by Freundlich equation and binary adsorption equilibria were calculated by the
ideal adsorbed solution theory(IAST). Intraparticle diffusion coefficients were obtained from batch experi-
ments. The adsorption behavior of THM in a fixed bed adsorber was satisfactorily simulated by the linear
driving force approximation(LDFA) based on surface diffusion mechanism.

1. M

£ o) Wby 3 EMe] i HsAel alee *ich

old} w2} 1979xd) v]= AL 54 Fo THM

Trihalomethane(THM)-& methane BA}ollA 4 e ¥EZ 01ppmeE FAEAH6] YRANAME
{z} hAlell 3749} halogen A7} &5 FEZA THMol| it 8498 4314, 19813 =5 F-2

25 2] THME chloroforme] 1 o H2& A%

S L2, AQGE WA S48 0F A
47 FHo2 Q4 ADE WA e, 1 3
Hol A s Fol EAE 4F 47189 Qart
wgstel olalel 8|2 THMo| A4S, 41, 1975
ol AAE w2 B3R 2Abel A5 FEF Fol
Apepeye] THMe) @H4rsio) 3198 o 4 gleHs]. =8,
o]Ze) 29 o dFAolHE $E A9S Eolod, THM

764

%2 THMEEE 0.1ppm ©)3}= &3l AFHQ 7+
A& FAE] o 18] o4 FHALE AABER IeH 7]
duid o g THM A¥ F CHCLE w4 E3dg,
CHBrCl,, CHBr:Cl, CHBr;&= 9ol AR B3
=Ha ek

x| Fi=o e THMY 528 3H44]7)7]
$18led R 7HA] wpgel Alqr=e] g8l dA & F
dla] THM& AAA7A e 2F, oisld s 59



&Jelol]l 2§+ Trihalomethane®] &% 765

2EAH L o] 3t Aotk . E 22 Helshe ASfole
THMe] A=Al ot 3F 25 A7 gla o
Hell #=5% epoxideR7} HAE 5 glov, vl fo]
Wo] B whilo] k. ela o4zt 4R #elsle

= 2 2H 9] SART ohz} R AsE obed 4k

o] 3 i4be) o] M FTEE Hule o]Ahe
7hHem widE fubsle o #Ee] 23)H
THMEC 08 d2e 233 4 7‘%4[5] '4 )
HogE odi el o]He] THM A 522l humic
acidg vle] A7 sle Az “J‘ﬁ"lﬂr T EAE
A7 3k7) )% w2 o] wal o F EE-‘E 2E-
Lol el of gk Bal % Ak 2 58 5 5 9ok
e} olel’ "AAe] A& Aejgke] gol n]go)
ol A8 =EY kA A7l 753 <o) Qo
[91.

A7k A5l wlel] o5ty SE70 Qg AHe
T wh sl THMe| A A egts g4 &4
& FEE A Faye] b AAIHe) L B3 o)
Zh el A glt}(9,10]. B Aol e THM/EAdst
F2Ae F3 9, F3 4 W F3 A A
THM®| 7o) c}F-o} 3e}. F3F 338 2kl Freu-
ndlich 42} o]4} &3t &4 o] 2(IAST) 9 9sle] 1}
el gk Ape 584 AP Fihed(11-13] +
sted Ak wAS {3 A=A dell THMS A5
Zw 4k 7)ol 7128 F LDFARH[14]¢] 2)3to
Ardstazl gt

Ar2E &% =Y

2-1. 224 &%

A Wil 72 F3F EA i 4Ae 39
gato] Awigicha 7hgshd, 4 dlxke A ds
2L BA £ AE 47 Ao11-13]).

R _ an>

ot I'2 ar( or (1)

o714 D= frE Hel 8k Adoleh of w¥
W2 27 % AA 2R ket 2ok

Q=Q" at t=0 for 0<r<r, )
9 =0 at r=0 for t=0 (3)
or

p:»D,;(%%)Zkﬁ(Cf~C,,) at r=r, for t>0 (4)

A7 Qe 27) FAels ARG FHAE A

£ ASdE 2 3ol 0ol ke Bzt B
g Ageln oz F4AS AR YEolth G F
Bae) ool F2 BE(Q)S FHE olFE o
4o Frolr] ® EEE 3 Se40E paseal
A (@ FHA sueld A% 2 = gga
o4 B e $a)o] F3A YRz g4 A
) YHJhe AL duidith Q= s o
£ e F2 Wy WA AL

Qa‘/ = f(C.s'l; C.\'Z;' o ;Cs.\') (5)

Pl B $ BAE o) F § o) &
(IAST) 2.2 v}ellicH 15, 16].
B, FHE N 22 B SR a3 2ol
vebd 4 9ok
dC | dQ_
VI +WE-O (6)
C,':C,'u at t=0 (7)

714 Ve F2x f 449 §4on we F3H4]4

Aagolck QWA WelAe] HE 3 FEL o)
23} 2ol Agar,
(3 \[»
Q=3[ w0 ¢ ar ®
22 288 u
F432 B2 H 50 YT FYY Bako) 34

2 4 oz hRs 7 4Ee] 84 A oot
2ol verd 4 slek.

&G4, 0% )
0z Lt

C;=0, Q=0, z>0, 6<0 (10)

Ci=Cip, Q=0, z=0, 6>0 ¢8))

A714 vE AR7) 4, o FAAS 2A UE
olct. Qe A ®)el sl FeiAch 6x 2AY A
ezA ohest o) Pelwnk

o=t—g,— (12)
v

Fa30] BN R0 2 A ou% 23 Aze
AR A2k} A A Aok ot 3039 7Bl

THE F4 ALE Desk) «4 s}o] LDFA% |
25191014, AR 5714 The3t 2] viery
% 9le17].

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



766 ARt ST

Table 1. Physical properties of GAC

Properties Values Unit

Surface area 1031 [m%/g]

Particle radius 0.339-0.916 [mm]

Particle density 846 [kg/m*]

Bed density 417 [kg/m*]

Bed porosity 0.507 [-]
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Table 2. Freundlich parameters and percent errors for
chloroform and bromoform at 25°C

Parameters Chloroform Bromoform
k 0.767 335
n 2.02 2.05
E(%) 3.33 5.04
03
Q
0.25
0.2 -
g
2o1s 4
c‘ Predicted
01 + ©  Experimental
0.05 -
0 t } t
[ 0.04 0.08 0.12 0.18
C, molim3

Fig. 1. Single-species isotherm of CHCIl; at 25°C.
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Fig. 2. Single-species isotherm of CHBr; at 25°C.
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Table 3. Film mass transfer coefficients and effective diffusion coefficients estimated

71
j=4

GRS S DR

Specics A kX 10 D, X 107 D, X 10" (D/1,2) X 10°
pect [mx10-%] [m/s] [m?¥/s] [m¢/s] [v. 1/5]
Chloroform* 0.916 1.80 3.83 494 5.89
0.59 231 3.25 469 13.29
0.459 2.78 0.386 0.856 4.06
0.339 3.03 0.144 0.38 331
Bromoform** 0916 9.54 1.99 0.403 0.480
0.594 - 9.07 0.800 0.162 0.459
0.459 7.62 0.500 0.135 0.641
0.339 7.58 0.177 0.0571 0.497
*w/V=025 kg/m’, **w/V=0.1 kg/m®
1
08 1 ©  Experimental ©  Experimental
%\ PDM POM
sl N eemsom | esleN SDM
Q Q
Q 14 °
o o o
04 + 04+
o
02 1 02 |
0 } } 4 0 ! }
0 1 2 3 4 5 0 1 2 3 ]
Time , hr Time , hr

Fig. 3. Single-species batch adsorption of CHCl; with C,

=0.0352 mol/m*(mesh 16/20).
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POM

02 1

0 1 2 3
Time , hr

Fig. 4. Single-species batch adsorption of CHCl; with C,

=0.0335 mol/m*(mesh 12/16).

sistzst H33H M6S 19954 128

Fig. 5. Single-species batch adsorption of CHBr; with C,
=0.0167 mol/m*(mesh 16/20).

CiCo

1 9

0.8 % ©  Experimental
PDM
o

06 +
0.4 T
02 +

0
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Fig. 6. Single-species batch adsorption of CHBr; with C,
=0.0124 mol/m*(mesh 12/16).
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Fig. 7. Single-species breakthrough curve of chloroform(C,
=0.0838 mol/m®, v=1.69X10"* m/s).
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Fig. 8. Single-species breakthrough curve of bromoform(C,
=0.0396 mol/m>, v=1.69X10"* m/s).
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Fig. 9. Binary breakthrough curve of chloreform(1)/bro-
moform(2) system(C,0=0.0418, C3=0.0198 mol
/m?, v=1.69X107% m/s).

G4 Fael| o3 THME AAE AR a4=
Z=)7} o] &=L qlek o)L F3 B4z F A9ty
Azt o] zpolo) ozte] wlwH FAF A3} FAS
L& 5 17 dEolch debd, mAE Ul F3}
39 A%E A7 dstdde 7 s = F
Ae AYPAoR Falodol 2 EE R4 dF7E 9
f3HA 17, F2A8 95 L A A7l AAL
3 A MdA F88 FAe]7] wFolch &2
49 B3 FAL F3 Yy, B olF ¥ AA WY
FrAl 53 Aatell e} WEkA ") dukzQl Ao
mEad Aol AAY fFo] sl =; Afdde
F2 43 FAV) g3 FAE A se AR d#A
%3l favorable®t §3te] A9 Ao Arye] st
o] Fozc20]. e}, FHHo] FAY f5] wWE
A% & F31F U9 AF A1) #FE e 4
o)g9] o] AR A vepdeh gt F3
g 9% g3 F4E 2ABKE 35 F3 33
AA QL A o)F S ¢4 a8 Aol v
314, 211.

LDFA<| 2j3 g % 244 2-2] 23} F41& Fig. 7-9¢)
yehigich 248 gt AL 2 Agwst G
chloroform& $42 *7] ¥ i} ¢ 57 AAE
overshoot 84S Rol=dl, o]7-2 F23 YoM &4
7o) A% A8, & 3 Fyd &3t Yehles o
ubA Q] Aabolti{14, 21].

AP S F3led odojal e W 24 R A ) 5= 4L

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



770 7 ®-uEE-E o9

LDFA =dd] ojsle] vz 3 ZAEch wehA
LDFAY AR g2 #4e d9&g 84 32
o2 AR Aol THMS 2A3 F3 A9
A9} el $8E F AL el

5.d &£

(1) Chloroform#} bromoform®} &2 % 32 Freun-
dlich4]o.2 2 F &= gich

(2) gAdeke] QIAE E AR 3184 Aol 4
A A5 (k)& & 23} chloroform?] gt 1.80-3.03
X1074¢) ¥$qre], bromoforme 7.58-9.54X107* m/
sec W99 & Boloh

(3) &Aere sizlel Z7)7) 271E5E AT g4
Aet B 4 AS9) o] Frkstach ey &3
FA2 A1ZF A Ao YA ol AE FA F
7 F3A19 =719 FRsiths S ujsie] 84
o] AF Fxe 71Q1d Ao FdEch

(4) A2 2] THMS| &% J%-& LDFA(linear
driving force approximation)=d& # Md=&d F 3
ek

AFZ7|Z

: surface area of sorbent particles [m?]

: concentration in the fluid phase [mol/m?]
: effective pore diffusion coefficient [m?/sec]
: effective surface diffusion coefficient [m?/sec]
: average percent deviation

: function or isotherm defined by Eq. (5)

: film mass transfer coefficient [m/sec]

: Freundlich coefficient

: Freundlich exponent

:amount adsorbed [mol/kg]

: radial distance [m]

: particle radius [m]

: temperature

:time [min or hr]

: volume of solution [m®]

: weight of sobents [kg]

: superficial flowrate [m/s]

: axial distance [m]

-

Py

o FFTTDOoODOR

N g T S

Jz2|ojA X}

& :bed porosity

@ :modified time [min or hr]
p, : particle density [kg/m®]

sjataet M33H Hes 19954 129

ofx}

LDFA : linear driving force approximation
PDM : pore diffusion model

SDM : surface diffusion model
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