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Abstract—The isotherm of heterocyclic compound in aqueous solution onto activated carbon was correlated
with Freundlich type equation, and Freundlich constant product [k-n] appeared linear relationship with
boiling point(T;). Saturated adsorbed amount(q,) decreased with hammett constant(c), inductive constant
(o*) and polar constant(%). Surface diffusion was considered to be dominant. Relationship between surface
diffusivity(D,) and equilibrium adsorbed amount(q) was D;=Dy-expla-q,]. Kinetic parameter Dy and a
was shown Table 5 for kind and position of functional groups.
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Table 1. Physical properties of activated carbon

Total surface

Pore volume

Specific surface Bulk density

Material area[m%/g] [cm®/g] areal m%/g] [g/em®]
CAL(F-400) 1200 0.36 1053.13 . 045
Table 2. Properties of functional groups for adsorbates[7]
Functional Boiling point Hammett No. Polar Inductive Remark
group T,[C] (o) constant(%) constant(c*)
-CH; 144 (meta) -0.07 —0.04 0.00 3MPD
145 (para) —-0.17 4MPD
-CONH; - 0.28 0.24 1.68 NIA
-COOH - 0.37 0.33 2.08 NIC
-Cl 148.5 (meta) 0.37 041 2.96 3CPD
148 (para) 023 4CPD
-CHO 781 0.42 0.31 2.15 4PCA
-CH,OH 142 0.00 0.00 0.62 4HMP
-H 116 0.00 0.00 0.49 PD
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Fig. 1. Scheme of experimental apparatus.
1. Batchwise reactor 4. Baffle(1.5X17 cm)
(125X22 cm) 5. Basket(1.5X5X0.5 cm)

2. Motor 6. Impeller
3. Sampling 7. Water bath
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Fig. 2. Adsorption isotherms of pyridine derivatives onto
activated carbon.
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Table 3. Freundlich constant n and k for hetero compound
onto activated carbon

; .
Adsorbate n[-] k[mol/kg] [mol;;(g]
pyridine 2.54 0.98 248
3-methylpyridine 4.27 1.65 7.05
3-chloropyridine 5.15 1.20 6.19
nicotinamide 3.90 1.28 5.01
nicotinic acid 2.54 1.30 3.29
4-methylpyridine 3.96 1.60 6.34
4-chloropyridine 447 0.92 411
4-hydroxymethyl 4.37 1.20 5.24

pyridine

4-pyridinecarbox 4.46 L15 513
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Fig. 3. Correlation of boiling point[T,] and product of
Freundlich constants[k-n].
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Fig. 4. Correlation of constant of functional groups and
saturated adsorbed amount{q,].
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Fig. 5. Correlation of inductive constant[c*] and saturat-
ed adsorbed amount[q,].
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Fig. 6. Typical experimental decay curve of nicotinic acid
onto activated carbon(C: 99.29 ppm, @: 193.93
ppm, A: 310.25 ppm, A: 426.15 ppm, V: 520.85
ppm, ¥: 692.58 ppm).
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Table 4. Experimental conditions and results from Fig. 6

Run time 1 2 3 4 5 6

Liquid volume[cc] ' 1000 1000 1000 1000 1000 1000
Initial concentration Col mg/!] 99.29 193.93 310.25 426.15 520.85 692.58
Weight of carbon W[g] 1 1 1 1 1 1

Equilibrium concentration C,[mg//] 25.09 66.43 13357 22049 292.58 378.09
C./Co 0.25 0.33 045 0.55 0.59 0.63
Amount adsorbed q.[mg/g] 74.20 126.57 176.68 205.00 22829 20848
D, X 10%[cm?/sec] 1.73 1.89 2.33 2.72 2.88 4.05

Table 5. Surface, pore diffusivity and kinetic parameter
of Eq. (3)

Dx10F D,x10° 2= Derexp (aar]

Adsorbate [em?/s] [em/s] Dsu>f 108 al-]
[cm?/s]

pyridine 223 1.65 0.85 1.36
3-methylpyridine  1.98 2.21 0.85 0.74
3-chloropyridine 1.32 220 0.81 1.08
nicotinamide 194 2.99 0.74 0.92
nicotinic acid 173 3.01 124 043
4-methylpyridine * 2.20 312 1.39 044
4-chloropyridine 1.98 3.01 125 0.93
4-hydroxymethyl 1.80 2.87 0.85 0.85

pyridine
4-pyridinecarbox 153 254 0.74 101
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Fig. 7. Relationship between surface diffusivity and equilib-
rium amount adsorbed.
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a :slope of Eq. (3) [-]

C, :initial concentration of solution [mg//]
C. :equilibrium concentration of solution [mg//]
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D, :pore diffusivity [cm?%/sec]

a

Py

G*

T

T

E<"HOmnee

: surface diffustvity [cm?/sec]
:intercept of Eq. (3) [em?/sec]
: polar constant [-]

: Freundlich constant [mol/kg]

+n : product of Freundlich constant k, n [mol/kg]

: Freundlich constant [-]

: saturated amount of adsorbed species per dry
weight of adsorbent [mg/g]

: equilibrium amount of adsorbed [mg/g]

: saturated amount of adsorbed [mg/g]

: correlation coefficient [-]

: mean radius of particle [em]

: boiling point [C]

: adsorption time [sec]

: liquid volume [cc]

: weight of carbon [g]

2lojx ZX}
: particle density [g/cm®]
: hammett constant [-]
: inductive constant [-]
: dimensionless time of surface diffusion, ©=
Dit/R? [-]
: dimensionless time of pore diffusion, t,=(Cy/
pp0) (Dpt/R® [-]
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