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Abstract: The study deals with preparation of carbon/SiO2 based natural composite material by slow pyrolysis of rice husks at 480° C. The 

phase composition, microstructure and morphology of the solid pyrolysis residue were investigated by XRD, FTIR spectrometry, thermal 

analysis, Hg-porosimetry, B.E.T. specific surface area and SEM-EDS. The sorption capacity of the pyrolyzed rice husks (PRH) upon 

adsorption of oil and oil products spills was determined. The obtained results revealed that PRH possess high sorption ability toward to 

gasoline, diesel, motor oil, light and heavy crude oil, in the range of 3.7 to 9.2 kg.kg-1. The adsorbent is characterized with hydrophobicity 

and buy-effect 90% more 10 days. PRH were investigated also as material for deep adsorption removal of thiophene from model fuel under 

batch mode. It was found that adsorption of 92% of the aromatic sulfur compound from the model fuel was achieved. 
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1.Introduction 
Rice is one of the main agricultural crops in many regions of 

the world. Its harvesting and processing lead to the accumulation of 

rice husks waste in amount of millions of tons, which represents 

20% of the total weight of the raw material. For Bulgaria only, this 

quantity, according to the MAF Annual Agricultural Reports in 

recent years, amounts to an average of about 12.100 tons per year 

[1]. 

High ash content and low calorific and nutrient values make 

this large scale renewable waste virtually unusable as fodder or 

energy source. The low bulk density of the husks, ~ 110 kg.m-3 and 

high resistance, create problems concerning with their storage and 

manage which directly impact on environmental. Using the waste 

from rice husks by the processing to the value added products, with 

applicability in different areas of technic is a challenge that is still 

searching for sustainable decision. 

 Rice husks contain an average of about 35 m. % cellulose, 

24 m.% hemicellulose, 19 m.% lignin and more than 20 m.% ash 

[2,3]. In the ash residue the amount of amorphous SiO2 is about 99 

mass.%. In principle, the composition of the husks depends on the 

applied agro-technical activities as well as on the soil and climate 

characteristics of the region. Therefore, from a chemical point of 

view, the rice husks can be regarded as a natural, large scale and 

renewable natural source of pure carbon and amorphous SiO2. This 

could be used as a base for the production of various carbon-silicon 

containing compounds using thermochemical processes for the 

waste treatment [4]. Subjected to a pyrolysis process, the waste 

biomass as a result of thermal destruction of the ligno-cellulose 

matrix dramatically changes its phase composition as well as the 

structural/morphological characteristics [5]. The solid pyrolysis 

residue obtained possesses some specific characteristics that make 

it, directly or after activation, suitable adsorbent for many 

compounds from different media [2,7-9]. 

Have arisen in recent years as a result of incidents large 

spills of oil and oil products related to the their yield and transport, 

had led to huge environmental disasters and economic losses for 

areas where this has happened. Demand of fast and efficient 

methods for their limiting and eradicating is very important. A great 

number of studies in the field, during last decades are subjected to 

the creation of suitable adsorbents which have to combine the triad: 

high adsorption capacity- accessibility and not expensive 

production cost [10,11]. 

Another global problem, directly impacts on 

environmental and human health is reduction the sulfur content in 

transportation fuels. Considering the emergency of the problem in 

2003, the European Parliament adopted Directive 2003/17 of the 

European Commission, which limits the sulfur content in diesel 

fuels to 10 ppm [12]. This led to an intensive search of methods 

different than the traditional process of HDS, so called “non-HDS” 

based methods. Among these alternative methods for the 

purification of fuels, particular attention is paid to the methods of 

adsorptive desulfurization (ADS), which are based on the selective 

adsorption of the organic sulfur compounds from the fuel onto 

different solid adsorbents [13]. The process is carried out under soft 

conditions, such as moderate temperature and atmospheric pressure. 

The separation of the adsorbed organic sulfur compounds and their 

post utilization provides real ecological solution for regulation of a 

part of the refinery wastes. 

The present work exhibits results, deal with the 

preparation of solid pyrolysis residue from rice husks, its 

characterization and testing as an adsorbent for treatment of spills of 

oil and petroleum products as well as adsorptive desulphurization of 

model fuel, containing the organic sulfur compound thiophene. 

  

2. Experimental 

2.1. Materials 

  Rice husks (RH) were obtained in the processing of rice 

from Pazardjik region, Bulgaria, harvest 2008. Rice husks were 

initially washed several times with water to remove any mechanical 

impurities and dried at 110° C. The dried husks were activated by 

slow pyrolysis at 480°C, in a fixed bed stainless steel reactor under 

vacuum of 1.33 Pa. The temperature of the furnace was increased 

linearly from ambient temperature up to 480°C with a heating rate 

of 4°. min-1 and temperature retention for 3 hours. 

 

2.2. Sample characterization 

The ratio carbonaceous material/ash in the solid pyrolysis 

residue was determined by thermal analysis (TG/DTA) provided on 

a SETARAM Labsys Evo apparatus, at a heating rate of 10° min-1 in 

oxygen, in an open corundum crucible. The phase composition of 

pyrolyzed rice husks (PRH) was determined by a Philips ADP 15 

diffractometer using Cu Kα radiation. The infrared spectra were 

recorded on a Nicolet-320 FTIR spectrometer in a tablet of KBr. 

The porosity of the material has been determined by mercury 

porosimetry on a MICROMERITICS Auto-Pore 9200 apparatus. 

The morphology of the surface of the raw rice husks and that of the 

pyrolyzed ones was observed by scanning electron microscopy 

(SEM) using JEOL JSM 6390 microscope in secondary electron 

image modus (SEI), applying the appropriate magnification. The 

specific surface area was assessed by B.E.T. nitrogen adsorption 

measured in a static volumetric device Area Meter, Strohlein. The 

bulk density of the investigated sample was determined by the 
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standard procedure BDS EN 13041:2011. The protocol for 

investigation of pH of the pyrolyzed RH is: Sample in amount of 

1.0 g was boiled in 50.0 ml deionized water at a reflux condenser 

for 3 minutes. The suspension is filtered and the pH of the filtrate 

was measured at room temperature using HI 3220 equipment. 

 

2.3. Methodology for determining the sorption capacity 

toward crude oil and petroleum products  

Blank test: Stainless steel grid, with about 100–150 

apertures per square centimeter and mass M1 is immersed into the 

crude oil or oil product for 10 min. The grid is drained from excess 

of the liquid for 10 min and then weighed (М2). The difference 

between (M2 - M1) is the mass of oil/oil product retained by the 

empty grid.   

On clean grid was placed preweighed sample of 1.00 g 

PRH. The grid with sorbent (М3) is immersed into the petroleum 

product for 10 min, then allowed 10 min to drain the excess liquid 

and was weighed (M4). The difference between (M4 - M3) is the 

weight of oil (oil product) retained by the grid and the sorbent. The 

difference (M4 - M3) - (M2 - M1) is the mass of oil absorbed. The 

sorption capacity (Cads) of the material was calculated in dimensions 

g. g-1  by Equation (1): 

  (1)     
 - MM

)- M) - (M- M(M

ads
C

13

1234
   

Commercial oil products with different densities were 

used as test-pollutants in the investigation: gasoline (BDS 17374-

95); diesel (BDS 8884-89); motor oil (BDS 9785-89); light crude 

oil (origin Georgia) and heavy crude oil (origin Bulgaria). 

2.4. Adsorbed sulfur by PRH at equilibrium conditions 

The influence of the initial content of sulfur on the 

adsorption capability of the pyrolyzed rice husks was studied on 

four model blends of thiophene/dodecane containing 0.032; 0.063; 

0.126 and 0.252 wt.% of thiophene. The concentrations correspond 

to a total sulfur level of 120; 240; 480 and 960 ppmw. Thiophene 

and dodecane, pure grade of Sigma Aldrich were used. 

A volume of 30.00 ml of the above mentioned blends was 

placed in an Erlenmeyer flask and thereto 1.000 g of the adsorbent 

was added. The mixtures were agitated by shaking for 24 h to attain 

the equilibrium state. The mixtures were filtered and the residual 

concentration of sulfur for each model mixture was determined in 

filtrate by Sindie OTG Sulfur Analyzer using monochromatic 

wavelength dispersive X-ray fluorescence (MWDXRF), XOS. 

The adsorption ability, Q was calculated as the amount of 

adsorbed sulfur in mg per unit mass of dry adsorbent (A) in g 

according to the Equation (2): 

(2)       
m

3).V.ρ.V.rSi(S
Q


  , mg-S/g-A  

       

Where Si is initial sulfur concentration in the model fuel, 

ppmw-S; Sr is residual sulfur concentration in the model fuel, 

ppmw- S; ρ – density of the model fuel, g.cm -3; V- volume of the 

model fuel which is contacted with m grams of the PRH, ml. 

A quantitative measure of the adsorptive efficiency of the 

PRH is the degree of desulfurization, DD which was calculated by 

the formula (3): 

(3)           .100,%

iS

)rSi(S
DD


     

3. Results and Discussion  
 

3.1. Characteristics of the adsorbent  

The thermal destruction of the lignocellulose matrix, the 

main constituent of the rice husks leads to the release of a large 

amount of volatile products. As a result, drastic changes in the 

phase composition and morphology of the RH are observed. Both, 

the mass yield of solid pyrolysis residue and the carbon/ash ratio in 

it are strongly depend on the pyrolysis temperature [14]. 

 The changes in the rice husk structure leads to an  

increase in the B.E.T. specific surface area of the solid pyrolysis 

residue, Table 1. As can be seen, the PRH’s are characterized by 

high porosity, of about more than 50% and total pore volume of 1.0 

cm3.g-1. The pores by the nature are predominantly meso- and 

macropores, according to the IUPAC classification [15]. 

 

Table 1. Characteristics of the pyrolyzed rice husks 

     Characteristics                               

Total pore volume, 
cm3.g-1 

1.05 

Porosity,  % 57.1 

Total pore surface, 
m2.g-1 

5.9 

Average pore 

diameter, m  
0.72 

Bulk density, g.cm-3 0.54 

B.E.T. specific 
surface area, m2.g-1 

 

 

253 

Mass yield, wt. % 38.0 

Ash ratio / 
carbonaceous phase 

 

 

 

 carbocenouus  
fraction 

material 

1.1 

Average fractional 

composition, (0.8-1.2 
mm), % 

30.0 

pH 7.5 

 

      The results from FTIR analysis show that the biogenic silica, 

comprised in the rice husks in two forms-  α-cristobalite and 

tridymite, Fig.1(a).  The basic absorption band at 1099 cm-1 is a 

triplet with weakly expressed shoulders. It is typical of the spectrum 

of the tridymite. The singlet band lying at 800 cm-1, the ones at 560 

cm-1 and at 466 cm-1 are due to the presence of cristobalite. The 

broad band around 3437 cm-1 is attributable to the existence of 

surface hydroxyl groups. The peak at 1693 cm-1 is due to hydrogen 

bonded C=O stretch modes. The peaks at 2854 and 2924 cm-1 are 

assigned to the C-H surface groups. The C=O and C-H groups are 

hydrophobic by their nature. The double peak around 1370 cm-1 is 

due to C-O stretching vibrations of the hydrophilic carboxylate 

groups. The band with a maximum at 1099 cm-1 could be assigned 

to vibrations of the С-ОН bond as well as to the stretching mode of 

the siloxane groups [16,17]. As can be seen, on the material surface 

exist both, hydrophobic and hydrophilic functional groups which 

render PRH suitable for adsorption from different liquid media.  
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Fig. 1. FTIR (a) and XRD (b) of pyrolyzed RH 

 

          The X-ray diffraction shown in Fig. 1(b) revealed that phase 

composition of the PRH is a mixture of amorphous silica and 

carbon. The possible bonding of the silicon with the 

monosaccharides in rice husks has been discussed by Patel et al. 

[18]. The sharp halo observed at 2Ө 22° corresponds to the presence 

of amorphous SiO2 [19]. The halo at 2Ө 44° is typical for 

carbonized cellulose and reflects the initial formation of (002) and 

(100/101) planes related to the graphite structure [20].  

 

                (a)                                             (b) 

Fig. 2. SEM micrographs of: (a) inner and external surface of raw 

RH; (b) inner surface of pyrolyzed RH  

 

       A typical structure with granular formations located linearly on 

the outer epidermis, as well as the fibrous structure of the inner 

epidermis can be seen in Figure 2(a). As a result of the pyrolysis the 

lamellar inner epidermis structure remains undestroyed. The 

evaporation of the volatile compounds creates an interior structure 

of RH, characterized by a lot of sheets-like pores of different size 

with rough surface and irregularities, Fig.2 (b). 

 

3.2. Sorption capacity of PRH toward oil and oil product 

s     The obtained data show that the amount of PRH’s used strongly 

depends on kind of spillage, Fig. 3a. The dependence between 

petroleum products density and the sorption ability of the PRH is 

presented on Fig. 3b. As can be seen, there is almost upward linear 

correlation between the petroleum products density and the sorption 

capacity of the PRH. The adsorbent obtained by carbonization of 

rice husks displays higher efficiency at the adsorption of various 

petroleum products compared to similar adsorbents proposed 

[21,22]. The achieved predominant mezoporous structure provides a 

good retention of the petroleum product into the pores of the 

sorbent. In our opinion, the other important characteristic related to 

the good sorption capacity is the SiO2/C ratio. In the used PRH the 

value is equal to 1.1, which thresholds two or three times the level 

(0.34-0.50), which has reported for the such products [23].  

 

   

Fig. 3. Specific consumption of the adsorbent (a) and sorption 

            ability of PRH toward different oil products spillages (b)  

 

3.3. Adsorption of thiophene from model fuels. Influence of 

the initial sulfur concentration and amount of adsorbent on 

the adsorption kinetics 

 

Fig. 4. Dependence between initial sulfur content and adsorption 

capacity of PRH 

Fig. 4 presents the effect of the initial concentration of 

thiophene in the model mixture upon the adsorption ability of PRH 

under batch mode. Higher adsorption capacity is observed at high 

initial concentration levels of sulfur in the fuel. For 8-fold higher 

concentration of thiophene four times higher adsorption capacity is 

observed. The dependence can be explained by the textural and 

chemical characteristics of the PRH: the developed multiporous 

structure is combined with the presence of adsorptive active 

oxygen-containing functional groups. At high concentrations of 

sulfur, adsorption will take place with a higher rate until 

equilibrium in the adsorbent/adsorbate system is established [24].

  

The kinetics relationships under batch mode of adsorption 

are presented in Figure 5. It may be concluded from the type of the 

experimental curve that the adsorption of thiophene from the model 

fuel proceeds as a two-stage process. As can be seen, the first stage 

occurs with high rate, while the velocity decreases during the 

second stage. It was calculated that the rate of adsorption is about 

8.0 ppmw-S /g.h for the first 10 hours. In the second stage the rate 

decreases to 2.5 ppmw-S /g.h, Fig.5(a). The measured adsorption 

capacity is 2.47 mg-S /g-A, and the achieved degree of sulfur 

removal is 92 %. 
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The influence of the adsorbent mass/fuel volume ratio, in 

g-A/ml upon the kinetics of adsorption is demonstrated on Fig.5(b).         

It is seen that the greater the ratio, the faster the limit concentration 

of 10 ppm will be reached. The concentration of 10 ppm is reached 

after 16 h for an adsorbent/fuel ratio of 1:15; for a ratio of 1:10 - 

after 10 h, and at a ratio of 1:30 - for 24 h. In practice, an optimum 

balance between fuel volume and amount of adsorbent should be 

sought, based on the price of the adsorbent and the duration of the 

process. 

   

 

Fig. 5. Kinetics of thiophene adsorption  

 

4. Conclusions 

Rice husks, one of the large scale, renewable agriculture 

waste were processed by pyrolysis and sold pyrolysis residue was 

tested as material for oil spillages reduction and adsorptive 

desulfurization of fuels. The obtained results revealed: 

Thermal treatment of RH leads to tailored of their surface 

chemistry, structural and morphological characteristics. The 

adsorption capacity of the PRH strongly depends on the mentioned 

properties. 

 Thermal treatment of rice husks leads to production of a 

material with high sorption ability toward wide range of feasible 

spillages, including petrol, diesel fuel, motor oil, light and heavy 

crude oils.  

Pyrolyzed rice husks without any pretreatment are an 

adsorbent with good potential for the adsorptive desulfurization of 

fuels at different adsorbent/fuel ratios. Under the optimum 

conditions a removal of 92% of the sulfur from the fuel was 

achieved.  

The adsorption of thiophene is influenced by the initial 

sulfur level. Higher adsorption capacity is observed at high initial 

concentrations of sulfur in the fuel. 

The investigation showed that rice husks are suitable to 

produce of value added materials, encompassing technological and 

scientific aspects as well as economic and environmental issues. 
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