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Pore structure characteristics from nitrogen adsorption were fully des- 
cribed earlier for the thermally treated silica gel [l] and rice-husk ash [2]. 
Detailed information about the previous studies regarding the forms of 
bonding in silica [3,4], crystal structure [ 51 and physical state [6,7] were 
fully discussed in an earlier study [2]. 

In the present paper, the effect of time of firing of rice-husk&h at various 
temperatures on the pore vacation and crystal growth processes is discussed. 
The factors affecting the structure of the silicas produced could also be 
related to each other. 

EXPERIMENTAL 

X fresh sample of green rice-husk was first boiled with water, washed, and 
then dried. The dried sample was then fired at temperatures of 500, 700, 
900 and 1100°C in an atmosphere of air to obtain the ash, and the resulting 
rice-husk ash silicas are designated as RH500, RH’iOO, RH900 and RHllOO, 
respectively. The process of firing at each temperature was carrisd out for 
various time intervals of 3, 6, 9, 12 and 24 h. Firing was continued to the 
prescribed time intervals and then quenched in air. 

X-ray crystallographic analysis was used for the determinatic-n of the 
crystallite size of the silica produced upon the thermal treatmert of rice- 
husk ash. 

Nitrogen adsorption was used for investigating the surface area and pore 
structure of the various samples. Each sample was outgassed at 100°C for 
1 h in the BET-volumetric apparatus prior to any adsorption-desorption 
cycle. 
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RESULTS AND DISCUSSION 

The values of crystallite size (particle diameter), as determined from X-ray 
crystallographic analysis, are shown in Fig. 1 as a function of tune of thermal 
treatmentoftherice-huskashsamples RH500,RH700,RH900andRH1100. 
The results obtained clearly indicate that firing of rice-husk ash at 500 and 
700°C produces no change in the particle size of the resulting silica; the 
effect of thermal treatment is only restricted to the pore vacation through 
the conversion of silanol groups into siloxane bridges, as discussed in an 
earlier publication [ 21. However, firing at 900 and llOO°C is associated 
with marked variations in the crystallite size of the silica phase produced 
at these temperatures; the extent of crystal growth is enhanced at the 
higher temperature (1100°C). 

From the nitrogen adsorption isotherms obtained for the rice-husk ash 
silicas, fired at various temperatures for different times, the V,-t plots could 
be constructured using the t-values of Mikhail et al. [S] for the low-heat 
adsorbentqdsorbate interactions. The VI--t plots obtained for RH500 and 
RHllOO were taken as representations for ali silica samples fired at the lower 
and higher temperatures, respectively; the plots are shown in Figs. 2 and 3. 

Evidently, the V,-t plots obtained for the RH500 sample, fired for 
various time intervals, clearly indicate a sort of increasing accessibility of 
nitrogen molecules into the pore system of these adsorbents by increasing 
time of firing at 500°C. Such a pore-opening process, via the conversion of 
silanol groups into siloxane bridges, is indicated by the decrease in the rela- 
tive vapour pressure at which the upward deviation in the VI-t plots is 
started with the increase in the time of firing at 500°C (cf. Fig. 2). The 
appearance of the upward deviation in the VI--t plot at lower relative vapour 
pressure of the adsorbate is a good criterion for the increased extent of pore 
vacation. 
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Fig. 1. Variation of particie size (diameter) of rice-husk ash silica with time of firing at 

various temperatures_ 
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Fig. 2. VI-~ plots for the adsorption of nitrogen on the RH500 silica fired at various 
time intervals. 

However, there appeared a decreased accessibility of nitrogen molecules 
toward the pore system, as indicated by the increase in the pressure at 
which the upward deviation in the VI -t plots is started, with increasing time 
of firing at 1100°C (cf. Fig. 3); the same indication is also derived for 
RH900. In these samples the increase in the grain size of the formed silica 
crystallites is responsible for the marked decrease in surface area and 
porosity of the RH900 and RHllOO silica samples with increasing time of 
firing (vide infra). 

The variations in the BET surface areas, S BEI (m’ g-l), and the total pore 
volume, VP (ml g-l), as a function of time of firing are shown in Fig. 4. 

Obviously, there appeared a continuous increase in both the specific sur- 
face area and total pore volume of the RH500 sample with increasing time of 
firing to 12 h, where constant values of surface areas and pore volumes were 
obtained between 12 and 24 h; this result is mainly attributed to the pore 

vacation process discussed above. 
In the case of the RH700 silica sample, only slight variations in the surface 

area and pore volume were detected with increasing time of firing; this 
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Fig. 3. VI-r plots for the adsorption of nitrogen on the RHllOO silica fired at various 

time intervals_ 

indicates a compensating effect between the pore vacation process, which 
leads to an increase in both surface area and pore volume, and the beginning 
of the nucleation process which leads to a decrease in both surface area and 
pore volume. 

In the temperature range 900-llOO”C, a continuous decrease in both 
surface area and total pore volume, with increasing time of firing, was 
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Fig. 4. Variation of the nitrogen surface area and total pore volume with time of firing 
at various temperatures_ 
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obtained (Fig. 4). This result is mainly due to the increased extent of crystal 
growth with increasing time of firing at 900-1100” C (Fig. 1). 

Despite variations in the pore structure characteristics of these rice-husk 
ash silicas, the pore size is always limited, whether pore-opening or crystal 
grorvth processes are occurring. The limited pore size of these adsorbents is 
indicated by the reversibility of the adsorption-desorption isotherms and 
the limiting upward deviations in the V,-t plots. 
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