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Abstract—Adsorption of n-hexane, methylethylketone and toluene on a granular activated carbon was stu-
died. At 40C adsorption isotherms of each component were measured by a gravimetric apparatus, and they
were fitted by Freundlich equation. Adsorption breakthrough curves of individual components and binary
mixtures were measured in a flow adsorption apparatus. Binary breakthrough curves could be nicely simulated
by an ideal adsorption solution theory based on adsorption isotherms of single-component systems.
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Fig. 1. Schematic diagram of adsorption measurement ap-
paratus.

1. Quartz spring 6. Solvent

2. Constant temperature 7. Lig. N, trap
chamber 8. Vacuum system

3. Displacement meter 9. Recorder

4. Sample 10. Temperature

5. Heater or Lig. N; control unit
dewar

vent

Fig. 2. Schematic diagram of flow adsorption system.

1. Carrier gas 8. Heater

2. Flow controller 9. Adsorber

3. Flow meter 10. 6-Port sampler

4. 3-Way valve 11. Gas chromatograph

5. Constant temperature 12. Data processor
bath 13. Temperature

6. Evaporator controller

7. Circulator
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Table 1. Estimated v, and b of Langmuir isotherm for
the adsorption of solvents on activated carbon

at 40°C
Adsorbate Vi b Error(%)
n-Hexane 0.294 0.67 0.68
MEK 0.383 1.02 0.98
Toluene 0.562 1.07 1.17

Table 2. Estimated A and N of Freundlich isotherm for
the adsorption of solvents on activated carbon

at 40°C
Adsorbate A N Error(%)
n-Hexane 3.17 278 0.16
MEK 4.86 12.2 0.82
Toluene 581 114 0.98
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Fig. 3. Adsorption isotherm of n-hexane(n~), MEK(O),
and toluene((J) on activated carbon at 40°C.
line: calculated Freundlich isotherm, point: exper-
imental value.

Table 3. Estimated mass transfer coefficients for solvents
within activated carbon at 40°C

Adsorbate k, s7! k, m/s
n-Hexane 59%1073 6.7X107¢
MEK 2.1X1071 65Xx10°¢
Toluene 2.4X1072 9.7X10°4
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Fig. 4. Breakthrough curve of n-hexane at 40°C.
line: predicted curve,
(A) L=0.90X10"2 m,
(B) L=158X10"2 m,
(C) L=226X10"% m,

point: experimental value.
C,=3.29 mol/m?.
C,=3.62 mol/m®.
C,=3.76 mol/m?.
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Fig. 5. Breakthrough curve of MEK at 40°C.

line: predicted curve, point: experimental value.
(A) L=0.90X10"% m, C,=2.17 mol/m*.
B) L=158%X10"% m, C,=2.21 mol/m®.
(C) L=226X10"% m, C,=2.01 mol/m®.
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Fig. 6. Breakthrough curve of toluene at 40°C.
line: predicted curve, point: experimental value.
(A) L=090X10"2 m, C,=0.61 mol/m>
(B) L=1.58X10"2 m, C,=0.50 mol/m’
(C) L=226X10"2 m, C,=0.37 mol/m’.
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Fig. 7. Binary breakthrough curves of n-hexane/MEK sys-
tem at 40°C.
line: predicted curve, point: experimental value
(C,mex=1.86 mol/m?, C,uex=1.27 mol/m3, L=1.58
X 1072 m).
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Fig. 8. Binary breakthrough curves of n-hexane/toluene
system at 40°C.
line: predicted curve, point: experimental value
(Coxiex = 2.06 mol/m?, C,10,=0.98 mol/m? L.=1.58
X1072 m).
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Fig. 9. Binary breakthrough curves of MEK/toluene sys-
tem at 40°C.
line: predicted curve, point: experimental value
(Comex=1.65 mol/m?, C, 1o, =048 mol/m3 L=1.85
X1072 m).
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A :surface area of sorbent particles [m?]
A; :Freundlich isotherm constant
b :Langmuir isotherm constant
C  :concentration in the fluid phase [mol/m?®]
D, :effective surface diffusion coefficient [m%/s]
k; :film mass transfer coefficient [m/s]
k; :solid-phase mass transfer coefficient [1/s]
L :bed height [m]
N  :Freundlich isotherm constant
Q :amount adsorbed [mol/kg]
R :radius of particle [m]
R, :gas constant
S  :dimensionless bed height(=z/L)
T :temperature [K]
t  :time [min]
U  :superficial flow rate [m/s]
Vs : Langmuir isotherm constant
Y :dimensionless concentration(=C;/C,)
Z  :mole fraction in the adsorbed phase
z  :axial distance [m]
azjojA X}

& :bed porosity
g :particle porosity
A :dimensionless group defined in Eq. (14)
A :dimensionless group defined in Eq. (15)
p»  :packing density [kg/m®]
P, :apparent paticle density [kg/m?]

: spreading pressure

: dimensionless time defined in Eq. (13)
6  :corrected time
v; :dimensionless amount adsorbed(Qi/Q,)

. sIHX}
O  :initial value
L,j :species
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