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Introduction: 
 
In rapeseed oil bleaching process, the by-product has been obtained, which consists of 
activated clays and rapeseed oil (30 – 40%). It has been shown that in the course of thermal 
treatment, the sorbent can be obtained, which is composed from alum silicate matrix 
(inorganic part) and rapeseed oil carbonization products (organic part). This type of materials 
can be used as binary sorbents, which are capable to adsorb simultaneously polar and non 
polar molecules from gaseous or water phase. The value of specific surface area of the 
investigated sorbent is up to 100 m2/g.[1] 
 
 
Experimental:                                               
 
The vapor sorption isotherms at 20 0C were measured to characterize the sorbents. A complete 
glass adsorption device with mercury traps and a McBaine-Bakr quartz spring balance were 
employed [2]. The sensitivity of the quartz spring was about   2 – 3 mg/mm. A Cathetometer 
KM – 2 (former USSR) was used to measure elongation and shortening of the quartz spring 
during the adsorption and desorption of benzene and methanol vapors and to measure the 
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manometer level of mercury. A U–tube filled with Au powder separated the samples from 
other part of the device to eliminate the sorption of mercury vapor. Two different types of 
vapor were studied – those of non-polar benzene and polar methanol. All the investigated 
samples were prepared from sample No 45 representing one of typical varieties of Triassic 
clays from the Latvian South region (Vadakste). It was taken from a boring core (8 – 11 m 
depth) and consisted of clay minerals: montmorillonite (74%), hydro mica (21%) and chlorite. 
The chemical composition, % (by mass) was: CO2 9.31, SiO2 48.1, Fe2O3 6.72, Al2O3 11.9, 
TiO2 0.75, CaO 10.03, MgO 4.46, SO3 0.24, Na2O 0.62, K2O 1.8, P2O5 0.13; loss of weight at 
900 0C – 14.92. The sample was kept in distilled water for about 4 – 6 months and then sieved 
as a suspension through a sieve of 200 mesh. The sample was activated by heating with 25% 
sulfuric acid solution in a water bath and then washed on a filter until the solution became 
neutral. In this process, from one side, H2SO4 dissolves minerals containing carbonate, 
making Ca, Mg sulfates and, from the other side, affecting the clay alum silicate matrix, 
making Al2(SO4)3. The obtained product (B25S) was then divided in two series, B and M. 
Series B were treated thermally. The second series M was used in discoloration of vegetable 
oil, and then was treated thermally, as in series B, after separation from oil by filtration. 

 
Table 1 

 Treatment conditions of samples. 

Temperature of treatment, 0C Samples 
250 400 600 

Series B 
B 250 3 hours   
B 400 3 hours +3 hours  
B 600 3 hours  +3 hours +1 hour 

    
Series M 

M 250 3 hours   
M 400 3 hours +3 hours  
M 600 3 hours +3 hours +1 hour 

    
 
 
Results and Discussion 

 
The sorption isotherms of benzene and methanol vapor [3] are shown in fig. 1 – 4. On the X – 
axis the values of relative equilibrium pressure are shown. On the Y – axis – the values of 
adsorption [mmol/g].  
As is shown at Fig. 1 – 4, adsorption isotherms do not correspond with desorption isotherms 
and closed reproducible hysteretic loops have been made.  
 



 99 

Sorption B250, B400, B600

 benzene

0

0,5

1

1,5

2

2,5

0 0,2 0,4 0,6 0,8 1 1,2

h(P/Po)

a
, 

m
m

o
l/

g

Ads B250

Des B250

Ads B400

Des B400

Ads B600

Des B600

 
Fig.1. Sorption isotherm of benzene vapor on the white series samples B250, B400, B600 at  

20 0C. 
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Fig.2. Sorption isotherm of methanol vapor on the white series samples B250, B400, B600 at  
20 0C. 
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SORPTION M250, M400, M600 
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Fig.3.  Sorption isotherm of benzene vapor on the black series samples M250, M400, M600  
at  20 0C. 
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Fig.4. Sorption isotherm of methanol vapor on the black series samples M250, M400, M600  
at  20 0C. 

 
 

Adsorption isotherms may be described as S–type shaped. It was caused by multilayer 
adsorption and capillary condensation. The multilayer adsorption has been described by BET 
equation. At a relative pressure interval from 0.2 to 0.4 montmorillonite containing clays 
(Latvian  Triassic clay seams ) are characterized by typical tread on the desorption isotherm 
which is affined with  the capillary condensation and evaporation from the pore system, is 
made by the plane-parallel lamellar. The adsorption and desorption isotherms were used for 
the calculation of sorbent parameters. The values of specific surface area of the samples were 
calculated following BET method. The total pore volume was estimated as the adsorption 
capacity of the samples at relative equilibrium pressure P/Po = 0.95. The calculated results are 
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shown in table 2. It has been found that specific surface area of B series samples decreases 
from ~ 150 (20 0C temperature) till 110 m2/g (600 0C) when the temperature of activation 
increases. The values of specific surface area of M series samples are less than B series 
samples, however, for the sample, which was heated at the value of specific surface area is 
close to values of specific surface area of B series samples. The values of specific surface area 
of M series samples are going through maximum (128 m2/g), as the activation temperature 
increases from 250 till 600 0C. It should be noted that for the sample, activated at 600 0C, the 
sufficiently high sorption ability is preserved (anent benzene and methanol) what determines 
volumes for sorbent thermal resistance.  
The total pore volume of B series samples has been changed slightly, but it increases for M 
series samples if the temperature of activation increases. 
The surface character of investigated sorbents is different for the samples of B and M series.  
When the B series samples were heated till 250 0C, the adsorbed (physically contented) water 
has been extracted from them. In a higher temperatures, the alum silicate hydroxy- OH- 
groups (chemically contented water has been extracted). Two different processes 
simultaneously have been made during the thermal treatment of M series samples. In fact, the 
sorbent which consists of two phases – inorganic (clay alum silicate matrix) and organic (the 
products of carbonization of rapeseed oil) is obtained. It should be noted that rapeseed oil 
carbonization products have the activated coal properties. This type of sorbent is capable to 
simultaneously adsorb polar (CH3OH) and non-polar (C6H6) molecules from gaseous phase.  
 

Table 2 
Sorption characteristics of samples. 

Specific surface area, 
m2/g 

Total pore volume, 
cm3/g Samples 

Benzene Methanol Benzene Methanol 

No.45 68.4 120.0 0.089 0.154 
B25S 154.4 144.0 0.177 0.247 
B250 130.8 134.7 0.195 0.340 
B400 128.8 122.4 0.185 0.275 
B600 113.5 105.7 0.195 0.271 
M250 27.9 91.8 0.044 0.198 
M400 124.8 131.3 0.177 0.299 
M600 121.1 116.3 0.195 0.267 

 
 
Conclusions: 
 

1. Sorption properties of new type of sorbent have been studied. 
2. 2 .The sorbents have been made from the by-product of rapeseed oil bleaching during 

thermal treatment in temperature from 250 to 1000 0C. 
3. The samples are characterized by sufficiently high sorption capacity and thermal 

resistance.   
4. The prepared samples are characterized by sufficiently large specific surfaces, about 100 

m2/g and are capable to simultaneously adsorb polar (CH3OH) and non-polar (C6H6) 
molecules from gaseous phase.  

The results obtained serve as a basic perspective for further research.  
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