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ABSTRACT

The adsorption characteristics of phenol has been studied by using CDQ (Cokes
Drying Quenching) dust as an adsorbent. The adsorption capacity of CDQ dust was
shown to be 42% about removal for 300 ppm phenol solution at the equilibrium ad-
sorption time of 60 min. Removal percentage of phenol increased as the initial phenol
concentration was raised in the experimental conditions and the adsorption behavior
was explained well by Freundlich adsorption isotherm. Kinetic study showed that the
adsorption followed 1st, 1.5th, and 2nd-order rate equation in the sequence as the
adsorption time passed. Since the adsorption amount of phenol was increased as the
adsorption temperature was raised. the adsorption was thought to be endothermic,
and several thermodynamic parameters have been calculated based upon experimental
data. Adsorbed amount of phenol on CDQ dust changed little according to the
variation in the solution pH except for the slight decrease under the strong alkaline
condition.

Key Words : CDQ Dust, Phenol Wastewater, Adsorption, Freundlich Isotherm,
Adsorption Kinetics, Thermodynamic Calculation
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AA 2o EAYste AL FA 7hed sl
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Table 1. Mean diameter, moisture content,
and production of CDQ dust
occurring at steel making works

Mean | Moisture .
. Production
diameter| content (ton/day)
wm) | %) Y
ECS Dust 210 0.34 10
Multi-Cyclone Dust 260 0.20 60
Catcher Dust 470 0.14 10

Table 2. The composition of CDQ dust from
POSCO used in the experiment

Industrial analysis (%) | Elemental analysis (%)
Fixed carbon 86.5 C 86.20
Volatile 0.9 S 0.52
Fly ash 12.6 N 1.19
Total 100.0 Others 12.09
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Fig. 1. Particle size distribution of ECS dust
used in the experiment.
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Fig. 2. SEM micrograph of the ECS CDQ
dust.



1216 A& ¥R - YFs

g ¥42 sto Y. FAAT BE 43
<, WA 100 it 2R vlo|H o] 7 =9 =
29 50 ME ¥ 10, 20, 30, 40 g/ £ 2] CDQ ¥
AL Z+2t £Y4% & Shaking Incubator(Vision
Scientific Co., LTD, Model K.M.C. 8480s)°lA
TEEE 200 rpm, FALE 30CE FABAEA
FAANLE gulsld FYPact. FRLY0 €8
HH o] & o 3= (WHATMAN No. 5 filter paper)
2 o#sle] FAA FaAe Bl

Mo 271520 942 F34L CDQ ¥4 40
g/ L9 ZAA slE &9 ¥=& 100. 200,
300, 400, 500 ppmo.2 g3l FFo) HFHd|
ol27|71A] S8 WA 1 FAYE FrIEA
o B 250 nE FA4e FAEEE 30, 40,
50, 60T & A8k FA49] ¥slg FEIUT.

CDQ £39 B A74 J4d %2 sz &%
Ase] Wzt 2357 &, WA pH ¥t
nE EAe £3F AVA AFE #FEAAG. EF,
e €99 pHE B3l FR4UEE FAT ¥
o] d2& CDQ ¥A9 ¥4 Ar|H AsH vlaz
E3A.

2.3. 2AYY

#3 ¥ ZAF9 dEe F2 FHUIESENA
(Total Organic Carbon Analyser, Shimadzu,
TOC-5000A) 2 £A3te) CDQ ¥X 44 7
=9 F& =&3UT

pH ¥zd] o1& CDQ £39 £FoMe] B4 A
714 AFS #IAs7] €3 CDQ ¥3€ 1 g H3
2 ¢ v2aEgadd ¥ ¥ FRAFEZ 1 A A
9 FAY PEYE 2R oHg, §49 o] 7%
& €A%A #A1%7] A8 Indifferent Electro-
lyte2 KNOs 1x10° Me] 5|58 2@t of
£ 100 me¥ ¥lo]Ad| Uro| B3 pHE 3~97A
0.1 M @4t 0.1 M £ABMEE 98 o] &3
o 23 ¥ ¥, Potentiometric Titration ¥ o2
CDQ #3239 PZC(Point of zero charge)& &3 3t
[t

3. 4t § nE

3.1. Alztoll & &Y

CDQ BAL FAAZ o] &7 #HEs FHA
AZke] e goldy] Yt 7] HlE £
¥5E 300 ppmo.2 3t FaAAY o e ¥
e AA ANE APEE SAsglen 0 FHE
Fig. 39 Yehilth. Fig. 3& A Ed &3A9
%g g e W 2 ¥ol FrHel whetk F34
o] F7}ete A€ ¢ & Slvh. CDQ ¥39 &l 10
g/ 0 A5 FRALe) ot FAA A o] 2 3
Zg Holx gony 1208A o 13% =7t A
Asle AL & F U FHAY Fe FA FM
A FXAAZE BF B8 FF AALE 9A F
7tate] FA9) o) 40 g/ LY AS T AAL0
ok 42% A =7t B& Hol: Utk FAARe] 608
ol e & A7l HER E2A %ol HAN
ol AlZto) Z71el whel FAAAFE A B
32 ge Ao BHso] 60F FEAA F2ol
BYo) T3t AE ¢ F Aot

60

r ®10yL W20g/L
s0- €301 44081
A
.§ 401 , &
A
5.1 .
P * L 4
ki 30 .
2 4. - ™ » [ ]
5 20(s
E |
< 10le ® « . hd
Lo
" | L ! s L L ] s
0 50 100 150 200 250
Time (min)

Fig. 3. Variation of the adsorbed amount of
phenol on CDQ dust as a function of
time for different amount of adsor-
bent(temp.; 30T, initial conc. of
phenol: 300 ppm).



3.2 HE so 4E Fid

Ao 271527t F3 vlXE 9% &
2pA)7ke] Wgle] o2l HEF 23 E Fig. 49 Y&t
Wdch Fig. 48 ABEE 608 A=d o 27 &
=7} 100 ppm?l 73§ #z AA Ll o 18% F=
g Jveha: gle 2 oo AAHE o o]
A Z71EA) ge Aoz #AEHYY, ole Fo)
By o] 2= AT dv)ste Aoz 5% + 3
=d dg=2d9 A FEHYONA ol KA AE
o] AT EF, HiEe F=rt Fotgl Wt
FAAALEL S8l AEgE Bojla et a0 F
7128 A gade AL B 5 Utk ol EY
L 2 F7t & HEzy FA4TE AXA o
U F3A e EEALe dAEA FAEH7 4EL A
o2 HNE F 3o,

Fig. 48] A3 wlgle g CDQ £3 EWd Y
HiE Filo g WSS A8 2ol A8 &
Ao g 71&9] A8 Fefe F2EFH4 - Freun-
dlich, Langmuir, Temkin Isotherm - & 2%}
Hon o Aa B dFN FAEH F&L Freun-
dlich #3524 & vz 3 g2 A2z ¥y
Ao}, Freundlich 25249 dwrdel He=
olgjel 4oz EHHE 4 Yt.”

X/M = KGC'" (1)

¥X/M : amount of adsorbed adsorbate per
unit weight of adsorbent (mg/g)
Ce : equilibrium concentration remaining
in solution (ppm)
: adsorption capacity
n . adsorption intensity
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Fig. 4. Variation of the adsorbed amount of

phenol on CDQ dust as a function of

time for different initial concentra-

tion of adsorbate(temp.; 30C, amount

of adsorbent: 40 g/ ¢).
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Fig. 5. Linearized Freundlich isotherm for
adsorption of phenol on CDQ dust
(temp.: 30C, adsorption time: 60
min).
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g mae Aoz netE et Table 3& FEol
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2 (4)~(6)L (3) A% 14, 1.53, 2@z 23}
&z 2o wt& 2o tiajA HE3l JeRd Rel
o, 1.5x1¢} 23 2212 A$ol sl e Akl
og 1/c® R 1/ce) W g AMe ez BH3L
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Fig. 6. The change of 1/C%® according to
adsorption time at different initial
concentration of phenol for the
1.5th-order rate equation (temp.; 3
0°C, amount of adsorbent: 40 g/¢).

6), y HUFEL #HE & 27559 AF2Y 9
9 Ao dAFE A F UNH(Table 4).
30~60% Tt 22 S0 iM% o] g &
e B2 F Yoy ol & =FoA AAldE
&x2o] Wiz F3 A& 2 A9 Fu U
£ vl goh(Fig. 7, Table 5).

In(C./C) = kt (4)
1/C%% = kt/2 + 1/C5 (5)
1/C =kt + 1/C, (6)

Table 3. Rate constants at the different stages of adsorption according to initial phenol con-

centration

Initial conc.
(ppm) 100 200
Rate constant

300 400 500

1st stage (min™) 1.75%102

3.59% 107

9.14x 10 1.11x10* 1.30%107

2nd stage

-4
(min - (mg/ )05 | 1O9X10

2.20%10™

7.20x10°® 4.97x10° 3.99x10°

3rd stage

-6
(min’t - (mg/ )Y | 220710

1.54x10°®

1.79%10® 5.51x10% 2.96x107




Table 4. The values of y-axis intersection
and 1/C.>° for 1.5th-order adsorp-
tion for different initial concentra-
tions of phenol

nitial conc.
\I\Lw\m) 100 | 200 | 300 | 400 | 500

y-axis intersection |0.105]0.0770.073|0.066]0.061

1/C° 0.100]0.071|0.058|0.050| 0.061
0.015
@100 ppra Pra W300 ppe
$400 ppm 4 500 ppem
0.010 |
154
0.005 | :
0.000 . L . L -
0 20 40 60
Time (min)

Fig. 7. The change of 1/C according to
adsorption time at different initial
concentration of phenol for the
2nd-order rate equation({temp.: 30
€, amount of adsorbent ; 40 g/%).
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Fig. 8. Regressional fitness of equilibrium
adsorption of phenol according to
initial concentration.

y = —0.000180x” + 0.185383x + 0.154642
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(7) & 249338 AR =2° 2e2A xsty
o] A #A 4 (Correlation Coefficient) #ke]l A€] 1
2 AYAAE g 2 ZHSF2 o, AAE
=9 oldlg PN FAE CDQ £X&
83l & o Hize FAFE dF3ed 3ol #
% #AAA Reg Alggc),

3.3 2x0 mE &Y

Fig. 9t €=& 923n& ol =g F340
Wglshe GE B Aot Fig. 99 vehd
ulo} o] 30Ce 2=zUY W &2 CDQ £
of tha) <k 40.8%2 F&&& YL X7}
Z7hge whet FAAA L] 4 F74Ee 60T

Table 5. The values of y-axis intersection and 1/C. for 2nd-order adsorption for different initial

concentrations of phenol

Initial conc.
(ppm) 100 200 300 400 500
y-axis intersection 1.19x107% 6.94x10°8 5.51x107° 4.54%107 3.83x10°
1/Co 1,00%10? 5.00% 107 3.33x10° 2.50%x10° 2.00x10®
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Fig. 9. The effect of temperature on the
equilibrium adsorption amount of
phenol on CDQ dust (initial conc. of
phenol; 300 ppm, adsorption time:
60 min).
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o exo FAHYIrote] BAE HFH}E H2
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W8l ©&9l van't Hoff 21¢ A4z¢ + At

(8InKs/ 3 T)p = AHY/RT* (8)

Kp ! equilibrium constant

T : absolute temperature (K)

AH : enthalpy at equlibrium (kJ/mol)

R : gas constant (8.314%10® kJ/mol - K)

(8) Ao 23t 54 wrgo| FPurgold JH >
0ol2E Kp7h Toll @abA Z713tz, wdntgold
JH° <0022 K7 Tol weh 7agre & 4 3l
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H Aol —RTInKSt 22828 —RTInK=4H
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2] (9) 2 (10)% Fig. 89 Aol 2 83l w59
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Table 6. Thermodynamic parameters for the adsorption of phenol on CDQ dust at different

temperatures

Temperature (C) K 4G (kJ/mol) 48° (kJ/mol - K) AH° (kJ/mol)
30 0.634 1.152x10° 7.980x10°
40 0.649 1.129x10° 7.799%10° 3570x10°
50 0.651 1.157x10° 7.471x10°®
60 0.720 9.129x10™ 7.979x10°
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Fig. 10. Potentiometric titration for the mea-
surement of PZC of CDQ dust.
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Fig. 11. The effect of pH on the equilibrium
adsorption amount of phenol on
CDQ dust(temp.; 30T, initial conc.
of phenol: 300 ppm).
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