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Fuchsine Solution
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Dept. of Chem. Eng., Yeung Nam Univ.

Abstract

To investigate the kinetic data of batch adsorption of dye-component from its aquaeous solution by pow-
dered active carbon, an adsorption isotherm equation of Freundlich was determined at 24°C. for the range
of concentration between 3x107™* and 3x 107 grams of Fuchsine per liter of solution. Applying the homo-
geneous diffusion model and the pore diffusion model, adsorption equilibrium and adsorption rate constant
are discussed. For the powdered active active carbon, the pore diffusion model might be better adapted
than the other to the extent of fractional approach of equilibrium E=0.8. The pore diffusivity determined
by the model agrees well with the value calculated by Wheeler’s method™. By experimental runs at 24°C,
34°C, and 50°C respectively, the activation energy of adsorption of Magenta or Fuchsine by active carbon

was determined and suggested as E,=8.61 Kcal. per gram mole of dye.
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Table 1. Characteristics of Adsorbents used
Pure Bulk
Adsorbent Igl_esh density, | density, | Porosity
12¢ | g/emd | g/em®
Active Carbon A 40/80 2. 10\ 0.45] 0.769
Active Carbon B 80/100] 2,09 0.31 0.847
Active Carbon Pellet 4/6 1. 10& 0.53; 0.461
Active Clay G Granules| 1. 86; 0.91| 0.499
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fig. 1. Approach to Equilibrium, or Rate of Adsorption.

(=96 hr. 9 FEF C.2 Fx2, FAFY] =2
3 AEE e E=C—C./Ci—C. & A4z,
D, (@ &£ (3), @WAE ©]83te homogeneous I
pore diffusion model."% 22 e 3 445 A,
by B k& T8 F7F Aok (Fig. Dol active
carbon powder A°ﬂ e Q*—t D E—kyi & @7
B A A,

228 A B, 44%4d= 4 A9E G &3
FEAEE SAFE 3x107~3x10" g/l9] B9l
A &AR3q (Fig. 2)¢] Vet = Z47-& Freundlich 4,
& Q*=KC, ol AEAA 45 K 2 n g AR

7 o] dehe] Langmuir o] 4§57 23
) o] %ol Hdtd = Langmuir A o] i3 FEHE 5
Faled bt Aoz FAF 7t AR,

J.KIChE, Vol.10, No.2, Apr.1972

53

Q@ mg. Fuchsine adsorbed/sg. Aclive curhon

10! 107 10°° 107! 10
Cancentration Co, g.1

Fig. 2. Adsorption Capacities,

Table 2. Constants Determined in the Freundlich Equation

at 24°C.
Adsorbent K n
Active carbon powder A 92.1 0.27
Active carbon powder B 614. 0 0.26
Active carbon pellet 53.1 0.81
Active clay G 109.0 0.36
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Fig. 4. Effect of Solution Concentration on Rate Constant.

pore diffusivity D,,,, & Wheeler”2] uhy = D,,,..
=300, 2 ¥ ALez 2L g4 $3e d2

F gt ot QF el A9 vaEe Felegtn grui,
koore @] 2k (Fig. 3% vD,,,.C./a’q = 27+ 0.0617°
hr77232k 0.0621 hr'/? o] =2 A9 ARt gro)w
=24, 34, 50°C 59 77 thg LEAA &y, 2 B
B F& Dpore 9 33 919 Wheeler w0z T3
Dypore & 3t (Table )] Az = A3z gl
LE2E FEEAA ] 9§32 pore diffusion model
2 7t 3e Aol et

Table 3. Pore Diffusivity ot 3 Different Temperatures

effective particle size; a=0.012 ¢m
porosity; 8=0.769
concentration; Ca=6.5x107* g/l

Temp. | Experimental(em?/sec) ( Theo retical(cm?/sec)

24°C 1. 62108 1. 62X107°8
34°C 2.06>107¢ 2.07X1078
30°C 2.84X107°6 2.83X107¢
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Fig. 5. Effect of Temperature on Rate Constant.
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Nomenclatures

_4; Constant in Arrhenius equation

.a; Radius of effective sphere of adsorbent particle, c¢m.

+C; Concentration of dye in solution, g/l

. D; Effective diffusivity in homogeneous diffusion
model, cm?/sec.

. D,; Free diffusivity in liquid, cm?®/sec.

- Dy,,e; Pore diffusivity, cm?/sec.

_E; Fractional approach to equilibrium

.E4; Activation energy of adsorption, Kcal/g-mole

K; Constant in Freundlich equation

. kg Experimental adsorption rate constant in homo-
geneous diffusion model hr, =72

. kpore; Experimental adsorption rate constant in pore
diffusion model, hr. /2

.n; Exponent in Freundlich equation

- Q% Milligram of dye adsorbed per gram of adsorbent
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at equilibrium, mg/g
g% Gram of dye adsorbed per gram of a single particle
adsorbent at equilibrium, g/g
R; Universal gas constant, 1.987 cal./ g-mole/°K
t; Adsorption time, hr.
O; Internal porosity of adsorbent
z; Radial position of front in pore diffusion model,
cm.
Subscripts
7; Initial
4 At time ¢ equals to ¢.
©o; At infinitive time, or at equilibrium
o; At E=0.8
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