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Abstract

The discharge or effluent of wastewaters containing
dyes into receiving waters may cause damage to the
environment, because they are toxic to aquatic life. The
adsorption removal of dissolved dyes from water using
the negatively charged clay (i.e., activated bleaching
earth and regenerated spent bleaching earths) by
ion-exchange adsorption may be a cost-effective method
and can be considered as one of the most available
control technologies. In the present study, the rate of
adsorption has been investigated under the controlled
process parameters like initial dye concentration, dosage,
initial pH, and temperature. A pseudo-second order
model has been tested to predict the rate constant of
adsorption, and equilibrium adsorption capacity by the
fittings of the experimental data. The results showed that
the adsorption process could be well described with the
reaction model. These results were reasonable to be
explained by competitive adsorption in the ion exchange
process. Also, based on the isotherm data obtained
from the fittings of the adsorption kinetics, Langmuir

model appears to slightly fit the adsorption better than
Freundlich model. Further, the regeneration efficiencies
of regenerated bleaching earths for crude (de-gummed)
soybean oil were comparable to their physical
characteristics by using Lovibond Tintometer.

Keywords: Regenerated spent bleaching earth, Dye,
Adsorption, Kinetics modeling, Bleaching
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Table 1. Main physical properties of clay adsorbents (BE: Table 5. Kinetic parameters for adsorption of ethyl violet

activated clay; RBE: regenerated BE) used in the study. on regenerated adsorbents at various solution conditions *.
Sample Sper® V.° Do Os 0y  Ep Sorbent Initial conc. Temp. k . Qe R?
ID (m%g) (cm’g) (nm) (g/em’) (g/em’) () (mgl) (K) (g/mg.min) (mg/g)
BE 268 0359 535 2305 1.262 0452 5 298 0.1260 19305 | 0000
E-18 . ) ) . )
RB 83 0169 811 1885 1430 0241 0 208 00132 35842 §9oss
RBE-2" 117 0220 756 2164 1.465 0.323 46.948
RBE-3" 109  0.194 7.14 2153 1519 0.295 15 298 0.0085 “°T 0.9984
* BET surface area. RBE-1 20 298  0.0065 4645 0.9969
® Total pore volume.
¢ Pore diameter, estimated by 4 V,/Sggr. 20 288 0.0069  54.054 0.9967
“ True density. 20 308 00064 58.824 0.9974

¢ Particle density, calculated below : p,=1/[V.H1/p )]
 Particle porosity, computed below : € ,=1-(0,/p5) 20 318  0.0048 65360 0.9956

£ Physical regenerated clay by CO, gas.
- ysical reg y oy Loa g _ 5 298  0.0381 19.724 0.9998
Chemically regenerated clays by KCI and NaCl, respectively

10 298  0.0090 35.587 0.9967
Table 2. Kinetic parameters for acid orange 51 adsorption

onto activated clay at various solution conditions 15 298 0.0073  37.879 0.9962
Co k g Correlation  C, RBE-2 20 298 0.0063 46.512 0.9958
(mg dm®) gmg " hr?) (mgg’) coefficient (mgdm™) 20 288 00045 36.101 0.9955

14.85 2.562 2.386 0.9997 7.124 ’ ) 995
26.47 1.032 3.636 0.9997 14.692 20 308 0.0054 48.781 0.9959
41.70 0.329 5.023 0.9995 25.443 20 318 0.0038 56497 0.9912

63.56 0.313 6.120 0.9988 43.738
91.81 0.142 6.649 0.9941 70.275

# Adsorption conditions: adsorbent dosage = 12 g 3.7 dm>,

* Adsorption conditions: adsorbent dosage =0.5 g
2.0 L™ agitation rate = 400 rpm, and pH= 7.0.

agitation speed = 800 rpm, and temperature =25 C. Table 6. Kinetic parameters for adsorption of ethyl violet
. . on regenerated adsorbents at various pH conditions °.
Table 3. Isotherm parameters for adsorption of acid Sorbent _Initial pH K a )
orange 51 onto activated clay in water solutions at 25 C. (/mg.min) _(m °f ) R
Langmuir Freundlich 3.0 0.0077  63.291 ¢.9975
” » 4.0 00115 59880 09989
Om L 2 n 2
mggh wmg X K R 5.0 00079 59524 0.9983
8.453  0.0552 0.9979 1.034 0.4596 0.9660 RBE-1 6.0 00073 37471 0.9980
7.0 0.0065 54.645 0.9969
Table 4. Kinetic parameters for adsorption of basic dyes 8.0 0.0069 52.356 0.9968
onto regenerated clay (RBE-1) at various conditions °. 9.0 0.0073 57804 0.9973
Initial con. k Qe R ) ' ' )
Dye  “(mgl) (gmgmin)  (mg/g) 100 0.0058  69.966 0.9973
5 0.1260 19.305 1.000
3.0 0.0051 63.694 0.9933
Ethyl 10 0.0132 35.842 0.9988
violet 15 0.0085 46.948 0.9984 4.0 0.0072 51.282 0.9970
20 0.0065 54.645 0.9969
.0 .00 . .
5 0.0545 13.661 0.9998 3 0.0066 46.948  0.9950
Basic 10 0.0293 26.455  0.9998 RBE:2 6.0 0.0057  41.668 0.9924
fuchsin 15 0.0216 40.984 0.9997
20 0.0242 51.814 0.9997 7.0 0.0063 46.512  0.9958
5 0.0216 15.570 0.9993 8.0 0.0057 46.296 0.9938
Crystal 10 0.0099 32.051 0.9979
violet 15 0.0066 39.370 0.9961 20 0.0061 44.053 09947
20 0.0069 43.478 0.9954 10.0 0.0071 54.645 0.9979
* Adsorption conditions: adsorbent dosage = 0.5 g 2.0 L™ * Adsorption conditions: dosage=0.5 g 2.0 L™, initial conc.
agitation rate = 400 rpm, pH= 7.0, and temperature =25 C. =20 mg/L, agitation rate=400 rpm, and temp. =25 C.



Table 7. Parameters in Langmuir and Freundlich
adsorption isotherm models of basic dyes onto regenerated
adsorbents at 25 C.

Langmuir Freundlich
Sorbent Dye
Gm Ko ) 1/n 5
R K R
_(mgg!) (L/mg) O]

RBE-1 Ethyl 50.761 3.456  0.981 33.175 0.29 0.989

violet
RBE-1 Basic 344.83 0.026 0.996 8.968 0.92 0.990

fuchsin

RBE-1  Crystal 69.930 0.281 0.907 18.212 0.44 0.810
violet

RBE-2 Ethyl 40.650 13.667 0.967 31.665 0.16 0.944
violet

* Batch adsorption conditions: initial concentration = 5 ~
20 mg/L, adsorbent dosage=0.5 g 2 L™, agitation speed
= 400 rpm, and pH = 7.0.

Table 8. Bleaching efficiencies of the regenerated clay
adsorbents at various dosages for crude soybean oil.

Sorbent 0.125% 0.25% 0.50% 10% 15% 20%

RBE-1 25% 54% 23% 27% 31% 32%

RBE-325% 23% 3% 2% 0% 0%

? Chemically regenerated clay adsorbent.



