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The study of microstructures of the rice husk and apricot stone  
for wastewater treatment

The microstructures of carbonized rice husk (CRH) and apricot stone (CAS) were studied to understand its adsorption 
of oil from refinery wastewater. Carbonization temperature affects the pore development of adsorbent materials 
resulting in elongated large pores as well as appearance of micropores, as evident from the SEM data. The results of 
chromatographic analysis of refinery wastewater showed that almost 86.2 and 92.4 % of oil product can be removed 
from the solution using CRH and CAS, respectively.
Keywords: Carbonized rice husk, carbonized apricot stone, refinery wastewater, adsorption.

Introduction
The modern technological processes related to 

oil production, oil refining, oil product storing and 
transportation are often the main reason of the scale 
pollution of the basins. This can become the major 
environmental problem due to the toxicity of many 
compounds in oil to aquatic organisms, birds and 
humans [1-3]. There are various techniques to re-
move these pollutants from soils or water, but ad-
sorption of oil products by adsorbent materials is 
the most safety and effective process [4-6]. 

The oil adsorption properties of carbonized rice 
husks and apricot stone are an interesting research 
subject in industrial and environmental context. The 
production of oil adsorbent materials on the base of 
the rice husk and apricot stone can solve two en-
vironmental problems: utilization of agricultural 
wastes and remediation of contaminated aquatic 
environments. The advantages of oil adsorbents ob-
tained from agricultural wastes are their ecological 
safety, origin from a broad source of raw materials, 
high hydrophobicity, low costs and porous structure 
after thermal treatment that provides a high sorption 
capacity. The objective of this study is to investigate 
the oil adsorption performance and microstructure 
of carbonized rice husk and apricot stone. In the 

previous study, rice husk and apricot stone carbon-
ized at 700 °C and tested for crude oil achieved the 
greatest oil adsorption in our experiments [7].

Materials and methods
Sample preparation 
The samples were carbonized according to the 

procedure developed at the Laboratory of Oxida-
tion of Hydrocarbon raw material at the Institute of 
Combustion Problems [7]. Rice husks and apricot 
stone were washed with water to remove dirt and 
other contaminants and then oven-dried at about 
110ºC for 24 h. The dried materials were placed in a 
crucible, burned in a muffle furnace under CO2 flow 
of 200 ml/min at 700 °C for 1 h and the resulting 
carbonized rice husk and apricot stone are desig-
nated as CRH700 and CAS700.

Methods
Oil sorption was investigated in the continuous 

tubular contractor. We used real oily wastewater, 
which was supplied by oil-field Karazhanbas of 
Kazakhstan (initial oil concentration is 1745 mg/
dm3). Sorption in continuous tubular contractor was 
carried out with 10 g of adsorbents. Two sorption 
columns (15 mm in diameter and column depth was 
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500 mm) were formed for experiments. Flow rate of 
oily wastewater was 2.5 cm3/min, effluent volume 
was 200-2000 cm3 and contact time between ad-
sorbent and water was 30 min [8]. The experiments 
were conducted at room temperature.

The total oil concentration of oily wastewater 
was determined by Gas Chromatography-Mass 
Spectrometry (Agilent 6890N/Agilent 5973N). The 
adsorption behaviors of the samples were studied 
by evaluating the percentage removal efficiency of 
oil, using the equation: 

Removal efficiency (%) Re= [(C0 – C) / C0] • 100,

where C0 is the initial concentration of oily 
wastewater, C is the oily wastewater concentration 
after adsorption by adsorbents.

The microstructures of adsorbents were investigat-
ed with SEM (Quanta 3D 200i, USA) at an accelerated 
voltage of 20 kV and pressure of 0.003 Pa (performed 
by National Nanotechnological Laboratory of Open 
Type of Kazakh National University). The surface ap-
pearance of carbonized rice husk was also observed in 
Optical Digital Microscope (Leica DM 6000 M).

Results and discussion
Results of SEM and optical microscopic im-

ages of the carbonized materials
Figure 1 shows the SEM images of the rice 

husk and apricot stone carbonized at 700°C. 
The SEM image of CRH at 700°C (Fig. 1 A) 
shows the presence of a large number of button-
like structures or bumps interspaced with small 
pores. These were not present initially on the 
virgin particles [7]. The presence of pores and 
bumps can be explained due to fast removal of 
volatile components from the particle surface at 
high temperature. The cross-sections of CRH at 
700°C are shown in Fig. 1 (B). The SEM image 
(B) of CRH at 700°C clearly shows the presence 
of macro- and mesopores. The microstructures of 
CAS at 700 °C (C, D) are different from those 
of CRH. Heating at 700 °C resulted in appear-
ance of numerous micropores on the surface of 
carbonized apricot stone. Thus, the adsorbent has 
higher oil sorption capacity than CRH (Fig. 3). 
This can be explained by the good retention of 
oil products into the micropores of the apricot 
stone.



37K.K. Kudaybergenov et al

International Journal of Biology and Chemistry 6, №2, 35 (2013)

Figure 1 – SEM images of carbonized rice husk (A, B) and apricote stone (C, D).

The surface appearance of the CRH700 was also 
observed in optical digital microscope. Figure 2 
shows the optical microscopic images of the CRH700. 
There are clear differences between the lower (Fig. 
2A) and the higher magnifications (Fig. 2B). In the 
lower magnification (Fig. 2A), some particles of 
carbon and amorphous silica can be seen. Fig. 2B 
shows the presence of pores with the diameter of 
5–15 µm on the surface of the particles. High oil 

sorption ability is determined by porous structure 
of adsorbents (the presence of a large number of 
macro-, meso- and micropores), as well as by che-
mical interaction with the surface functional groups 
present in carbonized samples [9, 10].

One can see in SEM and optical microscopic 
images that carbonization allows to obtain a drasti-
cally modified structure with higher porosity com-
pared to the virgin samples. 

Figure 2 – Optical microscopic images of the CRH700

Using of CRH700 and CAS700 for oil removal 
from real wastewater

We have investigated the efficiency of CRH700 and 
CAS700 for oil removal from real wastewater. The per-
centage of oil removal for two adsorbents in continu-

ous tubular contractor is presented in Table 1. From 
this results the oil concentration was reduced from 
1745 mg/dm3 to 240 and 150 mg/dm3 which is almost 
86.2 and 92.4 % of oil product can be removed from 
the solution using CRH700, CAS700, respectively. 
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The chromatographs of oil extracts of real oily 
wastewater (1) and after the sorption on CRH700 (2) 
and CAS700 (3) in continuous tubular contractor are 
shown in Fig. 3. Apparently, CAS700 adsorbent showed 
higher sorption capacity compared to CRH700. The 
sorption ability of CAS700 is mainly ascribed to its high 
surface area and having micropores [6]. 

The dependence of removal efficiency of 
CAS700 and CRH700 on the effluent volume is 
shown in Fig. 4. The increase in effluent volume 
of wastewater up to 2000 cm3, led to the decrease 
in removal efficiency. The efficiency decreased for 
20% and 29% in case of CAS700 and CRH700, re-
spectively. 

Figure 3 – Chromatograph of real oily wastewater (1) and after the sorption on  
CRH700 (2) and CAS700 (3) in continuous tubular contractor 

Table 1 – The percentage of oil removal for two adsorbents in continuous tubular contractor.

Adsorbent Coil, mg/dm3 Removal efficiency 
(%)

CRH700 240 86,2

CAS700 150 92,4

(wastewater flow rate: 2,5 cm3/min, effluent volume: 200 cm3 t: 20◦C, and τcontact: 30 min, pH=2; initial oil concentration: 1745 mg/
dm3)
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Figure 3 – Chromatograph of real oily wastewater (1) and after the sorption on CRH700 (2) and CAS700 (3) in 
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Table 1 – The percentage of oil removal for two adsorbents in continuous tubular contractor. 
 

Adsorbent 
 

Coil, mg/dm3 Removal 
efficiency (%) 

CRH700 240 86,2 
CAS700 150 92,4 

(wastewater flow rate: 2,5 cm3/min, effluent volume: 200 cm3 t: 20◦C, and τcontact: 30 min, pH=2; initial oil 
concentration: 1745 mg/dm3) 
 

 
Figure 4 – The effect of effluent volume on removal efficiency of CAS700 and CRH700  (wastewater flow rate: 2,5 

cm3/min, T: 20◦C, τcontact: 30 min, and Coil = 1745 mg/dm3). 
 

Conclusions 
 
In this paper, the adsorption performance of CRH and CAS for the removal of oil from wastewater is 

determined in relation to their pore structure. Thermally treated adsorbent based on apricot stone is an 
efficient absorber for oil products since it possesses high porosity and has reactive surface groups. Thus, 
the investigations confirm the possibility to obtain efficient oil adsorbent from rice husk and apricot stone 
considered to be agricultural wastes. 
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Figure 4 – The effect of effluent volume on removal efficiency of CAS700 and CRH700   
(wastewater flow rate: 2,5 cm3/min, T: 20◦C, τcontact: 30 min, and Coil = 1745 mg/dm3).

Conclusions
In this paper, the adsorption performance of CRH 

and CAS for the removal of oil from wastewater is 
determined in relation to their pore structure. Ther-
mally treated adsorbent based on apricot stone is an 
efficient absorber for oil products since it possesses 
high porosity and has reactive surface groups. Thus, 
the investigations confirm the possibility to obtain ef-
ficient oil adsorbent from rice husk and apricot stone 
considered to be agricultural wastes.

References
1. S.A. Sayed and A.M. Zayed Investigation of 

the effectiveness of some adsorbent materials in oil spill 
clean-ups // Desalination. – 194. – 2006. – P. 90–100.

2. Q.F. Wei, R.R. Mather, A.F. Fotheringham 
and R.D. Yang Evaluation of nonwoven polypro-
pylene oil sorbents in marine oil-spill recovery // 
Marine Pollution Bulletin 46. – 2003. – P.780–783.

3. M. Husseien, A. A. Amer, A. El-Maghraby 
and N. A. Taha Availability of barley straw applica-
tion on oil spill clean up // Int. J. Environ. Sci. Tech. 
– 6 (1). – 2009. – P.123-13.

4. Gammoun, S. Tahiri, A. Albizane, M. Azzi 
and J. Moros Separation of motor oils, oily wastes 
and hydrocarbons from contaminated water by 
sorption on chrome shavings // Journal of Hazard-
ous Materials. – 145. – 2007. – P. 148–153.

5. F. Ray, C. Onuma, K. Serge and X. Yunfei 
Selected adsorbent materials for oil spill cleanup 
– a Thermoanalytical study // Journal of Thermal 
Analysis and Calorimetry. – 91 (3). – 2008. –  
P. 809-816.

6. M.O. Adebajo, R.L. Frost, J.T. Kloprogge, 
O. Carmody and S. Kokot Porous Materials for Oil 
Spill Cleanup. A Review of Synthesis and Absorb-
ing Properties // Journal of Porous Materials. – 10. 
– 2003. – P. 159–170.

7. К.К. Kudaybergenov, Е.К. Ongarbayev and 
Z.А. Mansurov Carbonaceous Composites from 
Agricultural Wastes for Adsorption of Hydrocarbon 
Contamination in Water // Eurasian Chemico-Tech-
nological J. – 12. – 2010. – P. 151-156.

8. V. Rajakovic, G. Aleksic, M. Radetic and Lj. 
Rajakovic Efficiency of oil removal from real waste-
water with different sorbent materials // Journal of 
Hazardous Materials. – 143. – 2007. – P. 494–499.

9. K. Kudaybergenov, Y. Ongarbayev,  
Z. Man surov, Y. Doszhanov. Study on the effective-
ness of thermally treated rice husks for petroleum 
adsorption // Journal of Non-Crystalline Solids. – 
358. – 2012. – P. 2964–2969

10. K. Kudaybergenov, Y. Ongarbayev,  
Z. Man surov. Thermally treated rice husks for pe-
troleum adsorption // International Journal of Biol-
ogy and Chemistry. – 3. – 2012. – P. 3-12 


