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Abstract— This study was carried out to treat the aqueous solutions containing reactive dyes(RB19, RR120 and
RY179) by the Ozone demand flask method and adsorption process using activated carbon fiber(ACF) which are
one of the main pollutants in dye wastewater. Ozone oxidation of three kinds of the reactive dyes was examined
to investigate the reactivity of dyes with ozone, competition reaction and ozone utilization on various conditions
for single- and multi-solute dye solution. Concentration of dyes was decreased continuously with increasing
ozone dosage in the single-solute dye solutions. Competition quotient values were calculated to investigate the
preferential oxidation of individual dyes in multi-solute dye solutions. Competition quotients(CQ) and values of
the overall utilization efficiency, nOs;, were increased at 40mg/l of ozone dosage in multi-solute dye solutions.
ACF(A-15) has much larger specific surface area(1,584m’/g-ACF) in comparison with granular activated carbon
adsorbent (F400, 1,125m’/g-GAC), which is commonly used, and most of pores were found to be micropores with
pore radius of 2nm and below. It was found that RB19 was most easily adsorbed among the dyes in this study.
In the case of PCP (p-chlorophenol) and sucrose, which are single component adsorbate, adsorption capacities of
ACF(A-15) were in good agreement with the batch adsorption measurement, and saturation time predicted of
ACF columns for these components was also well agreed with practically measured time. But in the case of
reactive dyes, which have relatively high molecular weight and aggregated with multi-components, adsorption
capacities or saturation time predicted were not agreed with practically measured values.
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Table 1. Characteristics of dyes used in this experiment
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NH

S0,CH2CH,0S03Na

C. L Reactive Blue 19(M.W. : 626.54, Wavelength of Amax : 592nm
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C. L. Reactive Yellow 179(M.W. : 771.9, Wavelength of Amax : 409nm
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Fig. 2. Schematic diagram of bench scale plant.
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Table 2. Design parameters of bench scale plant

Items Values Unit
Column diameter 145, 8 mm
Bed depth 100, 270 mm
Column volume 16.5, 13.6 o

Aqueous flow rate 120, 60 mé/h
Surface loading 73, 1195 mé/cr-h
Space velocity(SV) 73, 44 h'
Upflow velocity 0.72, 0.12 m/h
Empty bed contact time 8.3, 13.6 min

ACF packing density 0.11, 0.12 g/ cr
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Table 3. Characteristics of Activated Carbon Fiber(A-15)

Item Value Unit
BET specific surface area 1584 m'/g-ACF
mé-Ny(liq.)
Total pore volume 0.748 /e-ACF
Assuming cylindrical pore

R = 2xV/5) 0.94 nm
: me(STP)
Amount N, adsorbed(Viy,) 363.9 /-ACF
Adsorption energy const{C) 264.8 -
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Table 4. Freundlich parameters of ACF and GAC
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k 1/n

Item (mg /g) y (#g y j) ( : ) Adsorbent
RB19 8.744 04673 ACF
RY179 0.2190 0.9581 ”
RR120 0.0492 1.057 g
RB19 0.2465 0.7194 GAC
RY179 3.7x10" 7.674 g
RR120 348x10™ 8376 !

p-chlorophenol 84.25 0.298 ACF
Sucrose 11.63 0.335 "

Table 5. Adsorption capacity and saturation time

323 %5 ¥ ZE3A

A FAAY ¥ 2EE oY FHAE
A gEZEA9 ZZ 5 (adsorption capacity)e
theo Yol o8 ALY & ok

F t

a=17 ) [Co=Colat (12)

where,
q: : adsorption amount of substrate for elapsed

time, t[mg-TOC/g-ACF]
F : flow rate[ { /h]
: elapsed time of ACF packed bed [h]
Clt, Cet : TOC concentration of influent and effluent
[mg/ 2]
M : mass of ACF[g]

(11), (12) ¥ (13)4] & ojg3to ZHo] 23t
T3 A o EF EIATMAY EFY FAF
qt L %% Hol A FFgo] FAEE Z3A

, o2 A ATE Table. 50 Y it

Table. 5] U}EtH A|® & PCP(p-chlorophenol)
2 sucroset TAE EFEAN o8 F/FY AR
o2 FAH HSAFGESY APZLE H L}
7] Aot AEE ARt A& +Fsq
Table. 59| A 2= dte} Zo] PCP 2 sucrosed)
Hu4 FRFH 2L )8 FAFL A%
Z A=A, s AdEEQ] RBIY, RY179 ¥
RR120¢] w3 Zg9 &2 747 96, 55.25
2 20 (g-TOC/g-ACHZA 324 Ado] o
st 2AME Ao & Aol E UL g
HEAAEEY F¢ JEA AYEY FEAF Hyg
Zdo) 9% 48 FFHFo & W @FS
Uet= A2 &4 AggA 229 Ao

Ttems RB19 RY179 RR120 p-chlorophenol”®  sucrose”

Batch adsorpti t,

aich acsorption amoun 233 297,52 6.4 156.6 2336
qi(mg-TOC/ g-ACF)
Column adsorption amout, 96" 55259 2,09 1341 208
q(mg-TOC/ g-ACF)
Theoretically calculated -

coretically calcuate 82 56 59 2096 63.9
saturation time, to(h)
Practical saturation time, to(h) N.E? N.E? 2.6 2105 61.6

1) Adsorption amount up to theoretically calculated saturation time, to

2) Not estimated
3), 4) Reference data
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+ 242 73 (aggregation)
el AAER 9T Y
) 282 ACFZE YoM &3
Y& E3}A ZH(saturation time), to=
]

&3t 9458 ¢ Ao

ox.
[
mln U

__O'll‘

s
1 S
Ry
M H
N,

o

(13)

where,
Po : packing density of ACF [mg/{]
Qo : the amount adsorbed(dye) in equilibrium
with the inlet concentration, G, [g-TOC/g-ACF]
L : length of ACF packed bed [m]
C, : inlet concentration of dye [mg-TOC/ /]
u : flow velocity of solution [m/h]

13)4€ olgsie ol24 THATE AN
A1 PCP ¥ sucrosed A% o223 o2 AiH
ZANTE 7 2096 U 3OA L EA AA
Z3" Z3A7HY 2105 9 61.6A1 7t w3 F
UGS &+ Yo 2y weHIRY 29,
RB19, RY179= ACFZE oA E3889] Z7}o]
ohetA 23l o227 Rata] AR 237
9 Aol E7twstHen, £ HE RRI1209 of
o EJAL 26N EA o]EFH AAA
5947t9 Aoz XA Ratgoh. o FHEt vt
SHEEY ACFZEY FAAY4n: Aed
soh ol BAE 20| oby AR BAE(
g+2A)2 A¥Hol 74 gu B4 79
3t Aoz NZET).

324 834 AWEH

A E5o MSHYRE BAE £
A 77t ACF24 & SHAA 1 o334 (break-
through curve)& Fig109] Y&yt ol &

E—J A0 O 2B & Eﬁ, EJ—E'c

o

HZo| ZHUWES A

_L>,i
Z:
ool
=2
2nd
)
ﬁ\L
DS
>
b
oft
U
ofN
X
ot
J_|>4_5
olr

2 Xiéf& RR120& 7474 HA ACF%% LH W
Z3Adeo] =gste W AL Fol TFHGYL
o, 45250l 714 5% RBI9= ZIAH
Egsted @& ¥ 487t 285 Figdd
UEd 324 S25A4YY 23 de F
d2de & 4 . Figl0o] A E vhe} o
iAol 4R EE Y FAAYE Aot 2o
SA e HAdol HA 1, ¥4FE FHY %

154 / S22 MIZ S HI19RA RMBE(2007. 6)

EQ‘% 351‘:"5] A é#a 0] §3tol Aid o
ZEHAZE A 2N ZHALE T
Aot Yedl, AFEFATL A EA F2EFF
Ageziy Add Folv, A4 ddgA
=39 &= A 2Y Yo MY FiLE
2o wzo, 23 YoM ACFzY #4471
AR AY 2A4AY G E 0 =
dd 7idEe AR 2. dfaAd 4=
o AR ANN AP E AAE 4RAFY da
S HEFLEA ZHJNFE E + Y=, §8
o AFo] HEY 245 FHLEI o,
G457 noY gel AHaAT dHFo] 4
JEEEREEEED IR YR R
ARG BASEE 9 RE Aol GYE
Al A%, PCP ¥ sucrose?] A4 & T3 9
ABAA ¢ 4+ %0l FASEA Bas, 32
$ % (space velocity)?] 4o LS & £
o 2 A9 AgE T34 ‘EEE\_ Gl
Batgo] & & (MW: 600~1,200)0] ¥ thA
2 7450 34 HEE 29 3AA
ol dojtEz B4 i 4 FHEEA §
Ao FHERAA HEHAY §2 4 g
=9 A58 AALL Aoz ey

A 7HA F79 HSAERY EFrEdes
ACFZYE 442 09 %2aE Figlle
Uetyslth 48 29 £F ¥ RR1200] 713 ©
A Zageo] ARG, 1 chgol RY179

om{n

O]

o% T fr FJ
I o oo o 2 ¥O ¢

b
2

5

Cumulative throughput(l/g-ACF)

Fig. 10. Breakthrough curves of single—solute solutions
in ACF packed column.(RB19, RY179 and RR120)
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Fig. 11. Breakthrough curves of triple-solute solution
(RB19 + RY179 + RR120) in ACF packed column.

4 RB19 <ol At FJEY F2FHLAHAA Y
Bld AZ Zo] ACFO] w3} RB19, RY179,
RR120¢ 22 F3to] & Hn, o]AL &4 4
oA ACFe] st SZEHI & A2
Atk EF/ART LA FHhHFo| 071 /g-ACF
of zg3tge g A 7 d=E A9 F4H
Fol| =Fstied, ol FARFFY 7t
g SAHE 989 e uF FUEHE Y
< ey .

4 A 2

[ ==

ARFEY Fo &A= WH$AHAE(RBLY,
RR120 ¥ RY179)9] MEE &0 02 A A3
$stel 22453 4 FHSEHFACHE 9
& FAFTA Yot 4FE FPsAT. &
ZASA] AR 9 534 H 9 Ozone demand
flaskE o] &3t AT A%, A 2PN &2
B 7t I AESGY A, ERAE &Y
NN HATE, 229 oj&aE T& RAT

gom, £44%9 WEHGRS FHIHoE
A A, AR BT L 94T o
¥ URd BAEL ML AENL, A2 §3
0 ACFZES o148 EASHYS Foto] u

$498Y & 54, 45 ¥ ENT 5&

FAetq &% 22 24E 0

1L 2489 HSAdR 2840 H 2&0 A4
A 3¢ FULEFE=Y 3719 0 =
TET ALHHoE FaHoH, NFER F
RR1200] 7} AAZol L34t FULE
=9 oE WSHEEY AAEL RRI209]
90.6%, RB19+= 80.63% ¥ RY179+ 57%0°| ¢l tt.

s

L AwE Aot Y ERAEY 9248
ANE HARH Bge 5o 32FY HHol
248 4% 02390 B2 g2y AAEL
SR 280 Hste] W A e

RB19, RR120, RY179 3% %9 2¢ 9 =E +49
FAH FULEFE TE FBY AALES
zAsteH, AL FEAGA Ao
23 3379 98 % RBI9/} /A4 229 ¢
stel AAZF ZHe A2 YEET. 4 9=
oA A 229 B4 eAE BYR £89
o 4= RR120, RB19, RY1790] g o1}, E5HA &
&9 4 & RB19, RR120, RY1799] %t}

3ERY TNE SEA4 4BWLE 2

AE A, o2& 7 4 dze AgA42
g4 Aole Afew, FAYESAS(CQ)7F 1
ojstzA HAHWRSS st o2 YEFL
o, AHeg A= Feite XvEY
B57t wg Aol FAHA.

THAHE FEAAAMY 2 FEADOE
€, 102 FULEFETL Bmg/Lo] st A=
RE o8 ES YEHUHIL FULEFE 40mg
JUAA LEO|FEC 122 F43 F7Hee

238 dehf

AR BARACHE o3t HaFHE

Ysto] ACF(A-15)9] v 3, NFTZE, AF
&4 & FAAY 294 E4& 2AE L,
HEdE #4959 7 48 2 71REZI
g SHHYE Y3kl Freundlich parameter
k, 1/m)E F3FR.

. HAHE £§89 PCPY sucrosed] ¢ &

% (adsorption capacity)2 3 &4 F2AE
Ao & dAgon, E3A 7 (saturation
time)d %% 292 Z4d F4% F
dAsFouy, AR T Z2HY FF
F2 AEH dYAAN 24" dHgds 2 &
o UEHUAG. TSHEEY F+ L4
ARy AT 2o 2™ g 489 &
Fol i ¥ A& vuedle A2 JEH A
oA 229 FAto] S48, G E(FE+
ZA)o 2 At (aggregationH o} 748 =32
S 2o AAFH] % dgoz B,

- B4R AN A A S EE F

RBLO7E ACF A8 $25ol A3 34519
I RR1209] &ztAo| 7}& AzE Aoz
Gn A $59 SHER 489904
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