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Removal of Phenols by Granular Activated
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Aqueous phase adsorption of phenols by granular activated carbon was studied in a batch adsorption
vessel. Adsorption isotherms of phenol(Ph), p-chlorophenol(PCP) and p-nitrophenol (PNP) from aqueous
solution on granular activated carbon have been obtained. The experimental data were analyzed by the
surface and pore diffusion models. Both models could be applied to predict the adsorption phenomena.
However, the pore diffusion model was slightly better than the surface diffusion model in representing
the experimental data for the initial concentration changes. Therefore, the pore diffusion model was used
to predict the change of operating variables such as the agitation speed and particle size of adsorbent
which have influence on the film resistance and intraparticle diffusion.
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Fig. 2. Adsorption isotherms on phenol, p-chloro-
phenol and p-nitrophencl by F-400 ac-
tivated carbon. (Adsorbent =-16/+20mesh ;
2g/L, Cy=0.5-5.0mmole/L)
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Fig. 3. Concentration decay curves showing the ef-

fect of initial concentration for the ad-
sorption of phenol on carbon using surface
and pore diffusion models. (Adsorbents=-
16/+20mesh ; 2g/L. rpm=200)
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Table 2. Estimated film mass transfer coefficients and surface diffusivities

Components Initial conc. rpm Particle k:x10° | D, %10’
{mmole/L) diameter(mesh) (m/s) (m%/s)
1 200 -16/+20 10.2 8.24
Ph 2 200 -16/+20 9.82 6.32
3 200 -16/+20 12.1 4.15
4 200 -16/+20 13.5 1.98
1 200 -16/+20 11.6 9.64
PCP 2 200 -16/+20 10.4 7.21
3 200 -16/+20 12.9 6.32
4 200 -16/+20 12.6 4.11
1 200 -16/+20 9.38 9.32
PNP 2 200 “16/+20 12.3 6.56
3 200 -16/+20 11.5 5.22
4 200 -16/+20 12.8 3.21
1.09 - - - - T 1.09 T - -
Experimental data Experimental data
(Initial concentration) (Initial concentration)
o . O : 4mmole/L 3 O : 4mmole/L
a 0.8 § ® : 3mmole/L R g 0.8 § ® : 3ramole/L E
) v : 2mmole/L [2) v : 2mmole/L
1 = : immole/L 1 ® : lmmole/L
2 Calculated -2 Calculated
s 0.6 HL - : surface diffusion model - % o6M 0 : surface diffusion model -
5 —— : pore diffusion model .‘J . —— : pore diffusion model
H e
a a
3 g 0.4
a a
o o
P ped
2 2
3 3 0.2 |
n [
0.0 . - . - - . 0.0 - - . ‘ L
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Time(min)
Fig. 4. Concentration decay curves showing the ef-

fect of initial concentration for the ad-
sorption of p-chlorophenol on carbon using
surface and pore diffusion models.
(Adsorbent=-16/+20mesh ; 2g/L, rpm=200}
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Fig. 5. Concentration decay curves showing the ef-

fect of initial concentration for the ad-
sorption of p-nitrophenol on carbon using
surface and pore diffusion models.
(Adsorbent=-16/+20mesh ; 2g/L, rpm=200)
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Fig. 6. Concentration decay curves showing the ef-

fect of agitation speed for the adsorption of
phenol on carbon using pore diffusion
model. (Adsorbent=2g/L, Co=3mmole/L,
dp=-16/+20mesh)
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c.8 O : 100 rpm
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0.0
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Fig. 7. Concentration decay curves showing the ef-

fect of agitaylon speed for the adsorption of

p-chlorophenol on carbon using pore dif-

fusion model. (Adsorbent=2g/L, Co=
3mmole/L, dp=-16/+20mesh)
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Fig. 8. Concentration decay curves showing the ef-
fect of agitation speed for the adsorption of
p-nitrophenol on carbon using pore dif-
fusion model. (Adsorbent=2g/L, Co=
3mmole/L, dp=-16/+20mesh)

1.0¢ T T T T
Experimental data
X (Particle diameter)
0.8 ¢ O : -10/+18 mesh
® : ~16/+20 mesh
v : -20/+30 mesh
0.6 } Calculated : ——

Solution concentration(C/C,)

0.0 A L L L i A
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Time(min)

Fig. 9. Concentration decay curves showing the ef-
fect of particle size for the adsorptions of
phenol on carbon using pore diffusion
model. (Adsorbent=2g/L, Co=3mmole/L,
rpm=200)

A7 o3 22 AEL dddd)

1) 9352 4943 #HE5HF-GACAH = Freundlich
S&4le] A §slgl o, Freundlich F3 52202
B FF&=0 FAZEY AR/t He Ko 1/ng F
sloel.

2) Zt FEAA A 2 E FASE AP AT )
AN EARGA 59} AN FAAFE ARl o2

546



& ol A

YRS A& A EF A

0.6

Solution concentration(C/C,)

0.0 -

T T T T

Experimental data
{Particle diameter)
O : —-10/+16 mesh
® : -16/+20 mesh
v : -20/+30 mesh

Calculated : —

L A

0.6

Solution concentration(C/C,)

0.0

0 50

Fig. 10. Concentration decay curves showing the
effect of particle size for the adsorptions
of p-chlorophenol on carbon using pore
diffusion model. (Adsorbent=2g/L, Co=
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3mmole/L, rpm=200)

Table 3. Estimated film mass transfer coefficients and pore diffusivities

150 200 250 300 350 o]

Experimental data
(Particle diameter)
O : ~10/+16 mesh
® : -18/+20 mesh
v : -20/+30 mesh

Calculated : ——

50

100 150 200

Time(min)

250

3mmole/L, rpm=200)

300 350

Fig. 11. Concentration decay curves showing the
effect of particle size for the adsorptions
of p-nitrophenol on carbon using pore dif-
fusion model. (Adsorbent=2g/L, Co=

Components Initial conc. rpm i Particle ksx10° DpXx 10"
(mmole/L) diameter{(mesh) (m/s) (m%/s)
1 200 -16/+20 10.2 127
2 200 -16/+20 9.82 8.80
Ph 3 200 T -16/+20 12.1 11.9
4 200 16/ +20 13.5 934
3 100 -16/+20 7.49 6.54
3 350 ~16/+ 40 : 16.5 15.3
3 200 10, - 16 ! 11.2 12.5
3 1 200 -20/ 30 ' 13.3 10.9
1 ‘ 200 =16/ +20 - 11.6 : 22.3
2 E 200 1 -16/+20 10 4 . 184
PCP 3 200 -16/+20 12.9 ‘ 20.3
4 200 -16/+20 12.6 : 19.2
3 100 -16/+20 9 58 ' 16.4
3 350 -16/+20 16.4 24 4
3 200 -10/+16 113 _ 21.3 |
3 200 | -20/+30 12.9 20 .4
] 200 | -16/+20 938 | 18.7
2 200 -16/+20 12.3 16.3
PNP 3 200 - -16/+20 11.5 17.3
4 200 -16/+20 12 8 18.4
3 100 ~16/+20 8.25 16.6
3 350 T -16/+20 146 17.3
3 200 ‘ -10/+16 10.2 13.3
3 200 i -20/+30 13.2 17.6
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: liquid phase concentration [mmole/L]
: initial liquid phase concentration [mmole/

L]

: equilibrium liquid phase concentration

[mmole/L}

: solid phase concentration at particle ra-

dius [mmole/L]

: average particle diameter [m]

: diffusivity [m®/min]

: pore diffusion coefficient [m®/min]

: surface diffusion coeffient [m®/min]

: film mass transfer coefficient [m/min}
: adsorption equilibrium constant

: weight of adsorbent [g]

: freundlich isotherm exponent

: equilibrium solid phase concentration

[mmole/g}

: equilibrium solid phase concentration at

particle radius [mmole/g]

: radial coordinate in carbon particle [m]
; particle radius [m)
: outer surface of carbon particles per unit

volume of particle-free slurry [m*/m’|

: time [min}

aejel A}

: modified Sherwood number, ref.to eqns (5)
: porosity of carbon particle
: accumulation capacity by Freundlich con-

tribution, ref.to eqns (8)

: density of carbon particle [g/L]

: dimensionless time

: dimensionless concentration, C/C,

: internal dimensionless concentration in

particle, C,/C,

: internal dimensionless concentration at

outer surface of particle, C,/C,

: dimensionless radius of particle, r/R,
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: particle phase

T kIt
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o : initial or entrance condition
: equilibrium
: radial
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