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Abestract— The effect of operating varibles like agitation speed, initial concentration and particle size of adsorbent
which have influence on the performance of adsorber are studied. Adsorption behavior of adsorbers are analyzed by
introducing the film-solid diffusion model (F-S model) and film-pore diffusion model (F-P model). Both of the models
can be applied to predict the performance of adsorbers. F-P model is slightly better than F-S model to represent the ex-
perimental data. The efiect of initial concentration on the pore diffusivity is so strong that in the region of influence, it

is recommended to use F-S model.
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Table 1. Physical properties of activated carbon

Properties Value Unit

Particle density 683 kg/m3
True density 2596 kg/m3
Surface area 1000000 m2/kg

Particle porosity 0.737 —
Equivalent radius 0.49, 0.3575 mm
External surface area 8.97,12.30 m2/kg
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Fig. 1. Experimental apparatus for CFSTA.

1. Solution tank 2. Motor

3. Flow meter 4. Basket impeller
5. Constant temp. water bath

6. UV-spectrophotometer
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Table 2. Freundlich isotherm parameters

Component k n

PCP 2.837 0.310
Phenol 2.672 0.410
PNP 3.645 0.299

*q = k C*: q(mmole/g), Ctmmole/})
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Table 3. Estimated film mass transfer coeffici-

ents
Component Initial Conc. RPM R kx 103
(mmole/ ) (mm) (m/min)
PCP 0.5 350 0.3575 2.68
1.0 350 0.3575 4.00
3.0 350  0.3575 2.65
1.0 150  0.4900 3.51
1.0 250  0.4900 4.80
1.0 350  0.4900 5.16
Phenol 0.5 350 0.3575 2.46
1.0 350 0.3575 5.69
1.0 150  0.4900 3.07
1.0 250  0.4900 3.83
1.0 350  0.4900 5.02
PNP 0.5 350 0.3575 4.61
1.0 350 0.3575 4.23
3.0 350 0.3575 4.01
1.0 150  0.4900 6.55
1.0 250  0.4900 6.57
1.0 350  0.4900 7.23
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Table 4. Film mass transfer coefficients for two
solute system

Component RPM R k; (x10%) ko (x 103)
(mm) (m/min) (m/min)

PCP(1) 350  0.3575  2.994.00) 4.04(4.23)
PNP() 150 0.4900 2.07(3.51) 3.13(6.55)
250  0.4900 2.55(5.16) 4.53(7.23)

Phenol(1) 150 0.4900 1.41(3.07) 3.17(3.51)
PC+P(2) 250 04900 2.24(3.83) 3.53(4.80)
350 0.4900 3.12(5.02) 3.88(5.16)

350  0.3575 2.68(5.69) 3.01(4.00)

Phenol(1) 350  0.3575 0.41(5.69) 3.37(4.23)
PNP(2) 350 0.4900 0.36(5.02) 4.86(7.23)
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Table 5. Estimated effective solid diffusivities

Component Initial RPM R D;(m%min)
Conc. (mm) x 1010
PCP 0.5 350 0.3575 2.32
1.0 350 0.3575 1.15
3.0 350 0.3575 1.37
1.0 150  0.4900 1.10
1.0 250  0.4900 2.14
1.0 350 0.4900 1.82
Phenol 1.0 350 0.3575 1.12
1.0 150 0.4900 0.903
1.0 250  0.4900 1.19
1.0 350 0.4900 2.00
PNP 1.0 350 0.3575 1.43
1.0 150  0.4900 2.25
1.0 250 0.4900 3.00
1.0 350 0.4900 4.65
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Fig. 3. Comparison of experimental data with si-
mulated result for a batch run using the
F-S model.
(PCP, C,=0.5 mmole/!, k=2.68x 10-3 m/
min, 350 rpm, D;=2.32 x 10-10 m2/min, V/
M=0.51/g R =0.3575 mm)
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Fig. 4. Comparison of experimental data with si-

mulated result of PCP-PNP systems for a
batch run using the two component system
film mass transfer coefficients.

(F-S model, 350 rpm, R = 0.3575 mm)
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Fig. 5. Comparison of experimental data with si-
mulated result for a CFSTA run using the
F-S model.

(PCP, C,=1.0 mmole/!, k=4.00x 103 m/
min, 350 rpm, Dy = 2.55 x 1010 m2/min, R =

0.3575mm, V/IM =05 1/g)
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Fig. 6. Comparison of experimental data with si-
mulated result of PCP-PNP systems for a
CFSTA run using the two component sys-

tem film mass transfer coefficients.
(F-S model, 350 rpm, R = 0.3575 mm)
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Table 6. Estimated effective pore diffusivities

Component Initial RPM R Dy(m2min)
Conc. (mm) x 105
PCP 0.5 350 0.3575 17.6
1.0 350 0.3575 2.55
3.0 350 0.3575 0.97
1.0 150 0.4900 3.42
1.0 250 0.4900 1.01
1.0 350 0.4900 6.89
Phenol 1.0 350 0.3575 0.22
1.0 150  0.4900 0.47
1.0 250  0.4900 0.49
1.0 350  0.4900 1.10
PNP 1.0 350 0.3575 2.42
1.0 150  0.4900 1.72
1.0 250  0.4900 2.47
1.0 350 0.4900 3.20

Table 7. Estimated deviation of two models

Component Initial Conc. RPM R % deviation
(mmole/l) (mm) of models
F-S F-P
PCP 0.5 350 03575 19 1.9
1.0 350 03575 29 28
3.0 350 03575 72 6.9
1.0 150 0.4900 3.7 3.7
1.0 250 04900 24 25
1.0 350 04900 3.1 32
Phenol 1.0 350 03575 5.0 39
1.0 150 0.4900 5.7 3.8
1.0 250 04900 6.0 4.6
1.0 350 04900 64 5.1
PNP 1.0 350 03575 2.8 28
1.0 150 0.4900 89 79
1.0 250 0.4900 7.8 7.2
1.0 350 0.4900 7.3 3.3
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Table 8. Estimated deviations of batch two com-
ponent system

F-S model F-P model
Component RPM R(mm) % deviation % deviation
1 2 1 2

PCP(1) 350 03575 33 32 25 3.0*
+ 27 3.0 50 31
PNP(2) 150 0.4900 103 6.3 88 9.7*
46 54 — -

350 04900 80 7.1 82 54*
164 79 145 9.7
Phenol(1) 350 03575 109 3.1 10.1 3.0*
+ 145 26 87 3.1
PNP(2) 250 0.4900 191 5.0 155 5.8*
235 78 201 98
350 0.4900 19.3 3.8 185 4.3*
225 5.7 225 176

*:Calculated using the two component system data.
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NOMENCLATURE

C, : concentration of bulk phase (mmole//)

C, : concentration at the particle surface (mmole//)

C, : initial concentration (mmole/})

C, : concentration at the pore (mmole//)

D, : effective solid diffusivity (m?/min)

D, : effective pore diffusivity (m?/min)

k : film mass transfer coefficient (m/min)

M : mass of carbon particles per unit volume of par-

ticle-free slurry (g)
: volumetric flow rate (m3/min)
initial loading in equilibrium with Co(mmole/g)
: radius of particle (m)
: total external surface area (m?
: liquid volume without carbon (m?)
: dimensionless concentration (<)

o

<o OL

Greek Letters

e, : porosity of carbon particle

p, @ particle density (g/m°)

p, : true density (g/m®)

r : dimensionless radius of particle (-)
8 : dimensionless time (-)
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