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Abstract— A commercial active silica was tested as an 

adsorbent for the adsorption of sugars from their aqueous 

solutions. The optimum conditions for maximum adsorption 

in terms of shaking time, amount of the adsorbent and 

concentration of the adsorbate were investigated. The 

adsorption data fitted the Langmuir isotherm equation in the 

whole range of concentrations studied. The adsorption of 

glucose, fructose and sucrose at selected conditions was also 

studied.  

Keywords: Sugars, Activated Silica, Adsorption and Aqueous 

Solutions 

I. INTRODUCTION 

The adsorption phenomenon has acquired many applications 

in technological and biological fields since its discovery. The 

physical chemistry of removal of colorants or even colloids 

involves an adsorption mechanism. The chromatographic 

separation of azoyl derivatives of sugar has been studied by 

Colemen and McCloskey (1945). The azoyl esters, in 

solution, may be adsorbed onto a column of appropriate inert 

material such as alumina, silica, silicic acid, or magnesium 

silicate, and a colored band is obtained. If a solvent is passed 

through the column, the band will move down the column. 

The adsorbed azoates of a mixture of sugars may be separated 

by passing solvent through the column. The bands 

representing the least easily adsorbed substances down the 

column first, and under good conditions a separate, distinct 

band is obtained for each component of the mixture. The 

bands may be separated mechanically by breaking the 

column; the azoates are recovered by elution from the 

adsorbent by extraction with a solvent. The method has been 

successfully applied (Colemen and McCloskey., 1945).  to 

the separation of mixtures such as glucose and fructose; 

glucose and cellobiose; and arabinose, glucose, trehalose, and 

collobiose. Adsorption analyses have been applied (Lew et 

al., 1946) directly to sugar mixtures for their identification 

and separation. Much progress has recently been made in the 

study of the kinetics of adsorption of polymers, proteins 

(Aptelet al.,1988, Dijitet al.,1990, Elgersmaet al., 1992), 

dyes, and drugs (Bajpai and Dengre., 1996)  onto various 

surfaces. Evidently, less experimental work has been done on 

investigations directly on carbohydrates, which play an 

essential role in the metabolism of living organisms. 

However, bauxite (Honig., 1992)  has been used in the 

clarification of cane juice for the removal of color in the sugar 

industry. The use of bauxite in clarification (Doss and Jain., 

1996)  of cane juice helps not only in the removal of color but 

also in diminishing the ash content of juice, i.e., removal of 

Ca2+, Fe3+, and K+. The adsorption behavior of a disaccharide 

is relatively complex and it seems more reasonable to start 

with a monosaccharide. A preliminary attempt on adsorption 

of monosaccharide was initiated by Bajpai and co-workers 

(2000). However, adsorption of numerous monosaccharides 

onto metallic surfaces is not evident at all. The present study 

is intended to explore the future possibility of utilizing these 

data (adsorbent) in various separation process in the sugar 

industry in addition to demineralization and decolorization of 

sugar cane juice. In order to have a better understanding of 

the adsorptive kinetic aspect of various sugars an extensive 

comparative study is essential. In the present investigation, 

therefore, glucose, fructose and sucrose, have been chosen for 

the adsorption studies as a representative selection of   

monosaccharide and disaccharide sugars respectively.   The 

present work consists of an experimental kinetic study of 

adsorption of the selected sugars; glucose, fructose, and 

sucrose onto activated silica with an object of exploring 

optimum conditions for separating carbohydrates 

spectrophtometrically. As regards the potential importance of 

this work, not only are carbohydrate extremely important as 

food, but they are also vital molecules in the biological field 

which hold the key to heredity and life itself. Thermodynamic 

parameters of    adsorption    were   also   evaluated to predict 

the nature of the adsorption. 

II. EXPERIMENTAL 

A. Materials 

1) Activation of silica gel 

Silica gel (10g) was immersed in an HCl-H2O solution (1:3, 

v/v; 200 mL) for 24 h. and then heated under reflux at 103 oC 

for 10h, to remove metal ions and maximize the number of 

silanol groups on its porous surface. Afterwards, the silica gel 

was cooled to room temperature. Filtered under vacume, and 

washed with distilled water and acetone. Subsequently, the 

silica gel was dried at 120 0C for 13h, and kept in a desiccator 

before use. 

A commercial activated silica was used as the 

reference. Values of different parameters of this material have 

been determined The adsorption of sugars on activated silica 

was carried out using batch technique at room temperature. 

The residual concentration of adsorbate was measured by 

UV-visible spectrophotometer (Double beam, Shimadzu UV-

160A) . 

2) Characterization of materials 

FT-IR experiments were carried out on a FT-IR 

spectrophotometer, with a resolution of 4 cm-1. The spectra 

were performed in KBr disks in frequency range between 

4000-500 cm-1. Specific surface areas were determined using 

BET method. 

III. RESULTS AND DISCUSSION  

FT-IR spectrophotometry The band assignments related to 

the FT-IR analyses of the activated silica are summerised 

below. 
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Fig. 1: FT-IR spectrum of Activated silica 

Sample Δυ (cm-1) Assignments 

Silica 

3458 

1642 

1170-

1089 

975 

799 

0H bending in (Si-OH + H2O) 

OH bending 

Si-O-Si asymmetric stretching 

vibration 

Si-O-(H….H2O) bending 

OH bending 

Table 1: Main IR frequencies observed for Activated Silica 

The silanol groups disposed on the silica surface and  

the presence of remaining water molecules produce the broad 

stretching band around 3450 cm-1, followed by weak band 

around 1640 cm-1. A strong absorption band around 1100 cm-

1, attribute to asymmetric stretching of Si-O-Si bands is 

observed in all samples. 

Sample 
Surface area 

(m2g-1) 

Mean pore 

diameter (Å) 

Pore volume 

(cm2g-1) 

Silica 227.0* 44.47* 0.2524* 

Table 2: Porosity characteristics of silica 

*Ponchelet al.(2004) 

The dependence of sugars adsorption on shaking 

time was examined in the initial study. The study was 

performed by shaking 10 ml sugar solution of 0.01 g/l (pH 9) 

with 0.1 g of actived silica for different intervals of time 

ranging from 2 to 120 minutes. It was observed that the 

adsorption process is instantaneous and attained equilibrium 

within five minutes. Therefore, a shaking time of 10 minutes 

was selected for all further studies. The quick establishment 

of equilibrium indicates the high adsorption capacity of the 

activated silica for sugars. 

Concentration  (gL-1 × 

10-1) 

Adsorbed amount (mg g-1) × 

10-2 

Glucose Fructose Sucrose 

1.0 1.21 2.01 3.01 

2.0 2.91 5.11 6.12 

3.0 4.86 6.61 7.61 

4.0 5.81 7.08 8.20 

5.0 6.1 7.10 8.25 

Table 3: Data showing adsorption of studied sugar onto 

Activated silica (0.2g), pH = 13.0 at 300C. 

 

 
Fig. 2: Adsorption isotherms of studied sugars onto 

activated silica 

Contact time (min.) 
Adsorbed amount     (mg g-1) x 10-2 

Glucose Fructose Sucrose 

30 6.92 8.91 10.16 

60 8.12 10.0 11.08 

90 12.11 16.16 16.81 

120 13.87 19.21 18.80 

150 13.93 19.20 18.39 

Table 4: Data showing effect of time on adsorption of 

fructose onto activated silica 

 
Fig. 3: Plots showing  adsorption  of selected sugars onto 

activated silica at different Time intervals 

 

pH 

Adsorbed amount (mg g-1 x 10-2) 

Glucose Fructose Sucrose 

4.0 3.13 5.02 5.89 

6.0 5.08 7.11 8.12 

9.0 8.11 9.08 10.12 

13.0 5.61 6.12 6.92 

Table 5: Adsorption isotherm of fructose onto activated 

silica at different pH 

 
Fig. 4: Adsorption isotherm of studied sugars onto activated 

silica at different pH 

Temperature ( 0C) 
Adsorbed amount (mg g-1) x 10-2 

Glucose Fructose Sucrose 

30 13.94 16.21 19.21 

50 6.11 8.32 10.9 

70 3.43 4.11 6.53 

Table 7: Data illustrating exothermic nature of studied 

sugars onto Activated silica 
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Fig. 5: Plots illustrating influence of temperature on 

adsorption of studied sugars onto Activated silica 

IV. CONCLUSION 

On the basis of the data obtained, it is concluded that activated 

silica can be used for the adsorption of sugars from their 

aqueous solutions. The method is simple, economical, fast 

and requires no chemical treatment. Adsorbed sugars can be 

eluted and used as a raw material in different industries while 

activated silica could be reused, thus no waste management 

problem arises. 
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