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Abstract— Adsorption experimental and predictive model studies were done to investigate the performance of a packed-
bed adsorption column for the removal of phenol(Ph), p-chlorophenol(PCP), and p-nitrophenol(PNP) from aqueous solu-
tions. The composed prediction model equations for adsorption behavior were solved by the technique of finite element
method. Adsorption behavior of adsorbates are analyzed by introducing surface and pore diffusion models. Both models
could be applied to predicting the packed-bed adsorption phenomena. However, the pore diffusion model is slightly better
than the surface diffusion model in representing the experimental data(initial concentration, flow rate, and packed-bed
length). Therefore, the pore diffusion model was applied to predicting the performance of packed-bed adsorption column
according to mass transfer coefficients(film resistance, intraparticle diffusion, and axial dispersion) changes.
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Fig. 1. Adsorption isotherms of phenol, p-chlorophenol and p-ni-
trophenol on F-400 activated carbon.
(Adsorbent=— 16/+20 mesh ; 2 g/L,, C,=0.5 — 5.0 mmol/L, Temp.=20
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Table 1. Freundlich isotherm constants for single component adsorp-

tion
Components K 1/n
Phenol 1.473 0.332
p-chlorophenol(PCP) 2.376 0.259
p-nitrophenol(PNP) 2.187 0.214
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Table 2. Molecular diffusion and axial dispersion coefficients

Molecular diffusion Axial dispersion

Components Flow rate coefficient, D x 10 coefficient,

(ccls) (m’/s) D, X 10%(m’/s)

Ph 0.333 5.57 1.22
0.167 5.57 0.63

PCP 0.333 4.02 0.92
0.167 4.02 0.46

PNP 0.333 3.92 0.89
0.167 3.92 0.44

Table 3. Film mass transfer and pore diffusion coefficients

Com-  Initial conc. Flow ratt Bed kx10° D,x 10" D,x 10"
ponents (mmol/L)  (cc/s) length(m) (mis) (m%s)  (m?s)

Ph 1 0.333 0.038 11.3¢4 12.7 1.86
2 0.333 0.038 1523 8.80 3.78
3 0.333 0.038 17.81 119 5.48
4 0.333 0.038 2150 934 6.98
4 0.167 0.038 5.48 9.34 6.77
4 0.333 0.065 2073 934 7.12
PCP 1 0.333 0.038 1424 223 4.06
2 0.333 0.038 1528 184 6.16
3 0.333 0038 1945 203 7.18
4 0.333 0.038 2828 19.2 9.35
4 0.333 0.065 2768 192 9.27
4 0.333 0.095 2832 192 9.37
4 0.167 0.038 898 19.2 9.42
PNP 1 0.333 0.038 1278 187 2.76
2 0.333 0.038 1421 163 5.34
3 0.333 0038 1892 173 6.48
4 0.333 0038 2536 184 9.21
4 0.333 0.065 2578 184 9.16
4 0.333 0.095 2489 184 9.28
4 0.167 0.038 738 184 9.25
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Fig. 2. Description of packed-bed results for initial concentration chan-
ges in phenol adsorption.
(volumetric flow rate=20 cc/min, z=3.8cm, —: pore diffusion
model, -—: surface diffusion model, O :1 mmol/L, @ : 2 mmol/L,
O :3mmol/L, A: 4 mmol/L)
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Fig. 3. Description of packed-bed results for initial concentration chan-
ges in phenol adsorption.
(volumetric flow rate=20 cc/min, z=3.8 cm, ---: surface diffusion
model, —: pore diffusion mod], O : 1 mmol/L, @:2mmol/L, (J:
3mmol/L, A: 4 mmol/L)
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Description of fixed-bed results for initial concentration chan-
ges in p-nitrophenol adsorption.
(volumetric flow rate=20 oc/min, z=3.8 cm, —: pore diffusion mod-
el, - surface diffusion model, O :1 mmol/L, @ : 2 mmoVL, [1:
3mmol/L, A :4 mmol/L)

Fig. 4.

< A4 FARAR Ave F 2d 2% APAE 2y g3
A5  AMARE, AFgAnde] xHFARDe) uls] AP
28] F3Er) o $53kn. 53] 3 HE WelelA AT
o] mrispmbude] uls] Ay ete] 2¢Es) 04 S5
Hebdet ol ¥27 3e5E F3A AU $45E $44
2] oFo] Zha3}A Ho, Fabale) E‘ﬁ 55l ulEhe et
ol wls) Alggtate] AA) FHATE A lsiA Hof vehhs g4
ot} =3 & A7) £ 72}7421"13 FAZE Aot & A% A
—‘—2}43%01 Eatrde] vls] 243 FARE mAlshed o
5T mdelehs 7|2 #3[22) 75-42}5 EEdLio S

4-2-3. A {34l o F =019 9

ZIESHAFAd el st fak w== %’45-4 -“017P LiE
H=A1 Akt J3kg vIXA Dot Fig. 572 fol o

ul

S A

T

BEtTE H37A H2& 19994 49

e
@

Effuent concentration( C/C, )
<) ©
> @

o
N

0.0 alifasasEr k
400 600

Time ( min )
Fig. 5. Description of fixed-bed results for the volumetric flow rate
changes in phenol adsorption.
(C,=4 mmol/L, z=3.8 cm, O : 10 cc/min, @ : 20 cc/min, ———: sur-
face diffusion model, pore diffusion model: —--—: k;=1.14E-3
m/min, —: k;=1.34E-3 m/min, — - - : k;=9.94E-4 m/min)
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Fig. 6. Description of fixed-bed results for the volumetric flow rate
changes in p-chlorophenol adsorption.
(C,=4 mmol/L, z=3.8 cm, —: pore diffusion model, — — - : sur-
face diffusion model, O : 10 cc/min, @ : 20 cc/min)
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Fig. 7. Description of fixed-bed results for the volumetric flow rate
changes in p-nitrophenol adsorption.
(C,=4 mmol/L, z=3.8cm, —: pore diffusion model, ———: sur-
face diffusion model, O: 10 cc/min, ®: 20 cc/min)
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Fig. 8. Description of fixed-bed resuits for the bed length changes in
phenol adsorption.
(20 cc/min, ®: 3.8cm, O: 6.5cm, Predicted(3.8, 6.5, 7.6, 11.4
cm), —: pore diffusion model, ~ - : surface diffusion model)
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Fig. 9. Description of fixed-bed results for the bed length changes in
p-chlorophenol adsorption.
(C,=4 mmol/L, volumetric flow rate=20 cc/min, O: 3.8cm, ®: 6.5
cm, O: 9.5 cm, Predicted(3.8, 6.5, 7.6, 11.4 cm), ———: surface
diffusion model, —: pore diffusion model)
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Fig. 10. Description of fixed-bed results for the bed length changes
in p-chlorophenol adsorption.
(C,=4 mmol/L, volumetric flow rate=20cc/min, O: 3.8cm, @:
6.5cm, O: 9.5cm, Predicted(3.8, 6.5, 7.6, 9.5, 11.4cm), —:
pore diffusion model, ———: surface diffusion model)
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Fig. 11. Effect of the film mass transfer coefficient changes for pack--

ed-bed performance.
(K=1.473, 1/n=0.332, D;=3.34E-8 m*/min, D,=2.14E-10 m*/min,
k;=1.34E-3 m/min)
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Fig. 12. Effect of the pore diffusivity changes for packed-bed per-
formance.
(K=1.473, 1/n=0.332, D;=3.34E-8 m’/min, D,=2.14E-10 m”/min,
k,=1.34E-3 m/min)
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Fig. 13. Effect of the axial diffusivity coefficient changes for packed-
bed performance.
(K=1.473, 1/n=0.332, D,=3.34E-8 m*/min, D,=2.14E-10 m*min,
k;=1.34E-3 m/min)
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A2
C  : liquid phase concentration [mmol/L]
C, : initial liquid phase concentration [mmol/L]
C. : equilibrium liquid phase concentration {[mmol/L]
C, :solid phase concentration at particle radius [mmol/L}
d, : average particle diameter [m)]
D  : molecular diffusivity {m*/s]
D, : axial dispersion coefficient [m*/s]
D, : pore diffusion coefficient [m’/s]
D, : surface diffusion coefficient [m?s]
k; :film mass transfer coefficient [m/s]
K : adsorption equilibrium constant

: Freundlich isotherm exponent
Pe,, : mass Peclet number
q, : equilibrium solid phase initial concentration [mmol/g]
q.  : equilibrium solid phase concentration [mmol/g]
g,  : equilibrium solid phase concentration at particle radius [mmol/g]
: radial coordinate in carbon particle [m]

o)

: particle radius [m]

: time [s]

: interstitial velocity [m/s]

: dimensionless concentration in particle, q/q,

-

N ¢ &

: axial coordinate [m]

dz2jojlA 2Kt

B : modified Sherwood number, ref. to Eq. (20)

€, : bed porosity

g, : particle porosity

X  :accumulation capacity by Freundlich contribution, ref. to Eq.
@y

: dimensionless bed length parameter, ref. to Eq. (11)

: constant, ref. to Eq. (11)

: dimensionless bed length, z/L

: 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 par-
ticle, C/C,

¢ : dimensionless radius of particle, 1/R,

e;e;,e‘d;od‘ﬂ<

@

AL

* : particle phase

Xt
: initial or entrance condition
: bed
: equilibrium
: fluid
: longitudinal direction
: radial
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