KR THREE - =8
J. of KSEE Vol. 22, No. 12, pp. 2115~2123. 2000.
Journal of Korean Society of Environmental Engineers

gojetoll E&E wHEe olME BE ZEol oiE H3F

2ag - 24z
B $AYH dRAAdrd

(2000 49 29¥¢ F<, 2000d 109 12¢ A¥)

Mathematical Modelling of Phenol Desorption from
Spent Activated Carbon by Acetone

Seungdo Kim - Young-Jin Oh

Pyrolysis Research Lab., Department of Environmental Science, Hallym University

ABSTRACT

This research was designed to investigate the mathematical model and kinetics of
phenol desorption from spent activated carbon, elucidating the desorption characteri-
stics of phenol in the case of using acetone. The Freundlich isotherm constant ( &) is
expressed as a function of temperature: k(7)) = 0.1exp(797.297/ T). The Freundlich iso-
therm constant( ») is a weak temperature function and is rarely affected by tempera-
ture below 50C, whereas it is necessary to correct the = value with respect to
temperature above 100C owing to significant deviation(~5%). Based on the assump-
tion that the surface desorption reaction of phenol is rate limiting, the desorption
model was developed. Desorption reaction constant( k;) was determined by means of
fitting the theoretical results best to experimental ones. The Arrhenius relationships
for k; was expressed by: ks(sec™!)=0.0479 - exp(—3037/7). The model was verified by
comparing the experimental ones under different reaction conditions with the theore-
tical results determined by the previously estimated k,. Since the difference between
them is with 5%, it is expected that the desorption model of this research seems to be
appropriate to explain the desorption of phenol from activated carbon by acetone.
According to studies of the model, regeneration time and ratio was estimated as a
function of temperature under present conditions as follows: (1) regeneration time :
Tel B7) =—0.08130 T.+8.4775, (2) regeneration ratio : #(%) = 0.22107.+83.745. The
regeneration time at 15. 55, and 1007C, respectively, was 7, 4.2, and 0.35 hours,
whereas the regeneration ratio was 87, 96. and 99%, respectively. Also, studies of the
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model would make it possible to determine the regeneration time and ratio under other
specific conditions(temperature, applied acetone volume, amount of activated carbon.
and initially adsorbed phenol amount).
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Table 1. Physical properties of virgin activa-

ted carbon
Characteristics Virgin carbon

BET surface area(m?/g) 1108
Meso pore area(m*/g) 574.4
Micro pore area(m%/g) 289.9
Micro pore volume(m®/g) 0.134
Apparent density(g/cm®) 0.41
Real density(g/cm®) 0.46
Particle size(cm) 0.4
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Fig. 1. Desorption isotherms of phenol from
activated carbon at different tempera-
tures (15, 25, 35, 45, and 557T).

Table 2. Freundlich constants for phenol iso-
thermal desorption at different
temperatures (15, 25, 35, 45, and

55C)
Temperature (C)| ke (mg/g)/(mg/L)"") n R?
15 1.56124 2.7100 | 0.9718
25 1.48212 2.70711 0.9971
35 1.35843 2.7019 | 0.9968
45 1.20635 2.6925 | 0.9742
55 1.13326 2.6853 | 0.9972

n=—2.36023%10"° 72 +8.10392 X 10 ~* T+ 2.70264 :
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Fig. 2. Variation of Freundlich constant, n,
with respect to temperature.

0.50

0.45 {

0.40 1

0.35

Ink,

0.30
R*=0.9791
0.25

0.20 1

018

0.10
0.0030 0.0031 0.0032 0.0033 0.0034 0.0035

1T(K")

Fig. 3. Natural logarithm of &, with respect to
the reciprocal of absolute temperature.

4Q€ W3 (kJ/mol)& 9v]3inl, RE 7t2AS
24 8.314J/mol - Kol2, Te HALE(K)o|o
882 Ko 408 AP, k8 229 ¥
#2 BEY £ A Hel, o= B3 2xdA9
Freundlich €43 ¥4+8 78 + A g€o.
ks 4QE AA 3] dHM e 4 (T Ad=za
€ A8l 1/Tol N nk(T)E 2L Z FAS
A 71E7( -4Q/R)E T797.297. AHB(Ink)
-2.30252%2 ¥ 4 UAth(Fig. 3). WaA 1/T
o I k(7)) 71&717F &9l & vehyEz
NEEE Fo g JHAA =], 4Q€ -6.63 kJ/
molel R, k¥ 0.1(mg/g)/(mg/L)/ "2 23% %
Ut

4 (2)8 |83 53 LxolA9 iz 3
g e AYL&E 2HYE + Uk Fig. 4 2
Zof w& Hd AYEEA 60T ol A



2120 AHsE-297

>
]

8
8

1000

~~— theoretical-15C
®  experiment-15T
~-- thaoretical-26T
®  expariment-25C
—— theoretical-3§ T
&  axperiment-35C
-~ theoretical-48 C
¥ axperiment-45C
theorstical-55TC

@ experiment-85T

400

Phenol conc. in acetone (mg/L)

0 T v v r
0 5000 10000 15000 20000 25000 30000 35000

time(sec)

Fig. 4. Comparsion of theoretical values with
experimental results.

&o] FAXH oz Frlsttirt HA} F7tEo] S
A 98% AxoA FAdte AL ¢+ U 18
o2 dAle 2 HEAAE 221(204.9 meg/g) 28
e Ho QY& 4 98% FEY Ao FFE,
Fig. 40}M B& AN 839} o] &x]7t fAE
Aoz v Fo] 2] (2)8 L3l B 2EoMg
obAlEol 27 HiEe A AYLE A2E F 3
Al =232, 80T o}l e 98% 149 €3&¢&
dg F Uk

ol Eol 9% HFAE w9 LINIYs
(k)& AR A8M e v 23 39 438
g 4 (4)ollX AP o] 8A & Hlwdte] RMFOD
7t a7t He ARPE 2A%A kg 7
=d2 2. o8 A3 ALER 4 (4)9
WE o, €, g0 V. V.E &2 787.48 g/L.
0.105. 204.9 mg/g. 150 mL, 1.30 mL& A}-&3}
At

Fig. 4v ol &A% 4 ¥ & vag ez 2t &
TR T o] 3% olWelA 433 dajsigen,
259 32 A b Table 3904 B A
2ot AN gubEQl kgl v
Bto] 93] R goz @3 wgol = A 1Y
& A

2 RdE AZE ¢ de P F B AT
F 712 WellM ol & AZaT). A Table 30
A AANE kggkel e Z2ANE HEHertE 4
o Btk 23}e=st 25T, 27 FHF ()]
180 meg/g(Ed A& 204.9 meg/g)Q Ao 2

Table 3. Desorption constant ( k;) with res-
pect to temperatures

Temperature(C) ky(sect)
15 1.267x10°®
25 1.789%10°
35 2.470x10°®
45 3.489%10°®
55 4.521x10°®
2000
ooy 7
: S
: .
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Fig. 5. Verification of model result by com-
paring the experimental results for
different solvent volumes and ini-
tially adsorbed amount of phenol
with theoretical results derived from
kq value (1.789% 107 sec™).
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Fig. 6. Arrhenius plot of desorption constant
( k,) for phenol from activated carbon.
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Table 4. Regeneration time and ratio of spent
activated carbon loaded with phenol
by acetone(acetone volume/activated
carbon : 160 mL/g, initial adsorbed
amount of phenol : 204.87 mg/g)

Regeneration time X
Temperature Regeneration
) Theoretical| Experimental | Deviation®| .4io(9)
(hr) (hr) (%)
15 7.29 7.02 3.8 86.7
25 6.34 6.18 2.6 89.6
35 5.76 6.01 4.2 91.7
45 4.75 4.96 4.2 93.7
55 4.02 4.21 4.5 95.7
* i -
Experimental x100
[}
<
£
o
S
3
3
s
2
5"
[4
2 . v
280 290 300 310 320 330 340
Temperature(K)

Fig. 7. Relationship between temperature ('C)
and regeneration time(hr).
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