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Abstract: The utilization of industrial and agricultural waste and byproduct and natural fibers has been attracted 
many researchers interest because of its economic benefits and tackling environment issue both. In this study, 
the feasibility of using rice husk and its treated form with alkali solution as a desiccant material has been 
investigated. The bare RH and treated RH have been characterized using FTIR, XRD, DSC, TGA, and SEM. 
The ability of water absorbance for the prepared samples has also been considered that water absorption test 
was carried out. The results revealed higher water absorbance of alkali treated RH compared to the bare RH. 
Currently, the work is focused on determining superior treatment conditions of treating RH involving more 
characterization methods. 
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1 Introduction 

To produce dried products, solar desiccant 
drying system has been modelled and 
manufactured. Solar energy as an alternative 
resource has become attractive significantly. The 
aforementioned alternative resource is considered 
as an environmentally friendly and permanent 
source of renewable energy [1]. Desiccants act is 
considered as moisture absorber in order to dry 
their surrounding environments. Drying mitigates 
the hazardous side effects of moisture, such as 
corrosion, swelling, and the development of rust, 
mold, mildew, and fungus. Desiccants are mainly 
used in electronics, food, shipping, sailing, tools, 
travel and relocation, and desiccant cooling 
systems. Several materials have been utilized as 
desiccants to absorb different types of liquid. 
Although several sorts of synthetic and inorganic 
exist in nature, certain types are composed of 
natural ingredients, such as plants. The absorbent 
properties of desiccants are different, and they react 
differently to diverse environments. Some 
desiccants exhibit greater affinity with oil than with 
water or other types of liquid materials. The 
majority of these materials are expensive, 
encouraging researchers to identify new and 

economic materials [2-5]. Various researchers have 
also studied the environmental impact of these 
desiccants [3]. Replacing chemical desiccants, 
including silica gel and molecular sieves, with 
natural fibres is a novel and sustainable alternative. 
High-fibre agricultural wastes are potential 
candidates as desiccants for using in desiccant-
dehumidification wheels.  
Ziegler et al. proposed the use of grains as 
desiccants in a solar-drying storage system, 
utilizing the deep-bed drying model [2]. Williams 
et al. [3] experimented the use of kenaf core as a 
desiccant, and compared it with silica gel to 
determine the suitability of the former as a 
packaging desiccant. Starch was determined to be 
suitable for industrial, commercial, and residential 
applications [5]. The same researchers studied the 
use of coconut coir as a desiccant in an engineering 
process [6]. There is a large amount of agricultural 
waste, including rice husk (RH), coconut coir, 
which can be effectively utilized for a sustainable 
approach. About 20 percent of the whole rice in the 
rice milling industry ended up with the production 
of RH as its by-product [7]. Because of economic 
and environmental crisis, this study emphasizes on 
creating products applying agricultural waste. 
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Besides, the study enhances substitute construction 
materials, minimizing the environmental and social 
problems.  [8]. Potentially, agricultural waste may 
be employed as energy supply on continual 
searches for renewable resources of energy. 
Biomasses use has obtained considerable attention 
as it is considered a significant resource of energy. 
Furthermore, to be accounted as a renewable, the 
rice husks can be taken into account as a 
considerable energy resource potential, becoming a 
significant part of the nation’s matrix of energy[9].  
In comparison with other biomasses, RH contains 
uncommon amount of silica. Rice husks possess 
low bulk density [10] and consequently require 
high pressures to produce boards of acceptable 
properties. Improvement of the adhesion properties 
of rice husks requires modification of their physical 
and chemical surface properties. Chemical 
treatments are among the most popular methods 
used for the surface treatments of agricultural 
fibres. The most common chemical treatment 
method is alkali treatment. This method improves 
the adhesion properties of agricultural fibres by 
facilitating the interaction between the fibre 
surfaces and the matrix [11]. This study 
investigates the possibility of using rice husk and 
its treated form as a desiccant material. 
 
2 Experimental Procedure 

Rice husk was gathered from a local rice mill 
during milling season. First of all the rice husk was 
washed with deionized water and dried in an oven 
at 105 °C for 24 hours. The clean and dried rice  
husks were treated by soaking it in 1.0% (W/V) 
KOH solution at 100°C for 3 hr (50g rice husk in 
500mL alkali solution).  It was then left overnight 
to dry, and later filtered. The filtrated rice husks 
(first) were washed by HCl 0.1% (W/V) solution 
and later washed with plenty of distilled water until 
it was neutralized (pH = 7). The precipitate was 
then dried in the oven at 105 °C for 12 hours 
(Scheme. 1). The (Fig. 1) shows the procedure of 
filtration. The treated and untreated rice husk was 
tested for absorbency. . Samples of untreated and 
treated rice husk are selected for comparing 
together. The absorption water test allows a sample 
to draw as much liquid as it can hold. The sample is 
placed on water bath for various times such as 30 
minutes, 1 hour and 2 hour, so the initial and final 
weight is recorded, the absorbed water of sample is 
calculated. In this way, the difference between the 
initial and the final weight gives the amount of 
water that was present in sample. The output is 
expressed as a percentage of the input.  

  

 
 
Fig. 1, Filtration of rice husk after treatment with 
1.0% (W/V) KOH  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Scheme. 1)

Rice Husk washed with deionized water 

Dried at 105 °C for 24h 

Boiled in 1.0% (W/V) KOH 
solution at 100°C for 3 hr  

Filtrated, washed by HCl 
0.1% (W/V) & distilled 

water until pH = 7 

 

Precipitate, dry 
at 105 °C, 12h 
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3 Characterization 
The physical appearance of untreated rice husk 

was seen to be brownish in color prior to treatment. 
After treatment, it was seen to be light-yellowish in 
color (See figure 2). 
 

 
 

Fig. 2, (a) RH after treatment at 100°C for 3 h, 
RH as received without treatment (b) 

 
Table 2 lists the chemical compositions of RH 

(before and after treatment) as determined by X-ray 
fluorescence (XRF) analysis. 

 
Table 2, Chemical compositions of RH before and 
after treatment as determined by XRF (mass%) 

Chemical 
Composition % 

RH (before 
treatment) 

RH (after 
treatment) 

SiO2 89.14 59.79 
Al2O3 0.29 3.22 
Fe2O3 0.28 5.58 
CaO 0.95 0.03 
MgO 0.42 0.35 
NaR2RO - 1.59 
KR2RO 4.79 2.65 
SOR3 1.18 3.56 

PR2RO5 1.31 0.71 
Cl 1.28 9.45 

MnO 0.16 0.15 
WO3 0.11 0.86 
CoO 0.04 9.56 
ZnO 0.03 0.39 
CuO - 2.23 
TiO2 - 0.40 

Pd - 0.30 
Ru -  

 
Alkali treatment caused substantial chemical 
degradation of hemicelluloses, lignin, and part of 
the crude fibers in rice husks. The usage of 1.0% 
KOH eliminated lignin and hemicelluloses in 
alkali-treated agricultural fibers. However, it is also 
believed that lignin is capable of retaining its 
structural stability[12]. The results of chemical 
content analysis have demonstrated that lignin was 

degraded during alkali treatment, and in any case, 
some researchers posited that Lignin content 
dropped by 96% as the concentration of NaOH was 
increased at the same rate [13] . Albano et al. [14] 
used 18% NaOH, while and Rajulu et al. [15] used 
2% NaOH, and both confirmed the elimination of 
lignin and hemicelluloses in alkali-treated 
agricultural fibers. The crystallinity analyses of the 
samples were conducted using Bruker DB-Advance 
X-ray Diffractometer (XRD), Germany. Figure 3 
shows the XRD diffractogram of treated RH. The 
X-ray diffraction (XRD) pattern of treated RH was 
mainly more crystalline silicon oxide phase 
diffused in both sharp peaks. Other studies 
mentioned the presence of [16] a strong peak at 
about 21.83º 2θ angle. It can be seen that peak at 
Theta = 21.83 degrees, confirming the formation of 
crystalline silica and a little amourphous silica, with 
the  second sharp peak detected at about  15.71º 2θ 
with the same specification as well. Figures 4 
shows the scanning electron micrographs of the 
outer surfaces of untreated rice husks and rice 
husks treated by 1.0% KOH solutions. Scanning 
electron microscope was used to study the surface 
roughness of untreated and treated rice husks. The 
results showed that the outer surface of untreated 
rice husks is quite rough. The roughness of the 
outer surface is represented by the asperities 
(Figure 4(a)). However, the asperities were almost 
removed from the surface after treatment in 1.0% 
KOH solutions (Figure 4(b)). The effects of alkali 
treatments on the change of surface roughness of 
various agricultural fibers are widely acknowledged 
[11]. FESEM of Rice husk show a regular well-
defined layered structure (Fig. 4), which agrees 
with previous study observed in vermiculite and 
other phyllosilicates [17]. It seems that the alkali 
treatment of rice husk cannot destroy the inherent 
structure of the husk. KOH treatment removes the 
SiOR2R, leaving behind the fibrous organic material. 
Alkali treatment led to formation of holes on the 
rice husk, and as part of the SiOR2R is in intimate 
contact or bonded to the organic molecules, some 
silicon remains intact. The functionality groups of 
the samples were determined using FTIR spectra, 
with the results being depicted in Figure 5. Four 
bands represents bare and treated rice husk. Bands 
1041 cmP

-1
P and 793 cmP

-1
P are related to O-Si-O 

stretching vibrations. Also, in treated rice husk, the 
band 1659 cmP

-1
P belongs to C-O group, while the 

bands at 3333 cmP

-1
P are due to the chemisorbed 

water and surface hydroxyl groups.  Bands 1023 
cmP

-1
P and 897 cmP

-1
P are related to O-Si-O stretching 

vibration. Differential scanning calorimetry 
measurements (DSC) were carried out under 
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nitrogen, with a Thermal Analyser Instruments 
(Figure. 6). The peak in 81.56 °C belonged to the 
removal of water, the temperature of melting 
showed at 348.75 °C, and the peak in 427.50°C is 
due to temperature of crystallization. The  
(Figure. 7) demonstrates the findings for TGA 
thermo grams for treated rice husks. This reveals 
the influence of alkali treatment on thermal stability 
of the rice husks. The Initial weight loss of 5.0%, 
that implies to remove of water from the specimen 
below 150°C. At this stage, alkali treated husk 
degradation was continual starting from 230°C to 
372°C. The decline in the thermal stability of alkali 
treated husks was because of the elimination of 
specific parts of the rice husks. According to the 
observation, fall in the thermal stability of the alkali 
treated husks may be related to the elimination of 
hemicelluloses and/or lignin. Nevertheless, Rowell 
[18], indicates that among three components 
including hemicelluloses, lignin, and cellulose, the 
lignin possesses the highest thermal stability; as a 
result, it degrades at higher temperatures. Thermal 
stability decline of alkali treated husks was not 
because of the elimination of hemicelluloses but 
lignin. Nonetheless, Shah et al. [19] reveal that the 
increase in thermal stability of alkali treated 
lignocellulosic fibres may be because of the 
creation of cellulose-lignin structure. Furthermore, 
the findings achieved indicate the thermal stability 
decrease of the alkali treated husks was because of 
the elimination of lignin. 
Another physical property being considered is 
water absorption. In this circumstance, the 
percentage of water absorption rise with rice husk 
treatment. Because of the chemical structure and 
hydroxyl groups in the chain, cellulosic material 
tends to absorb fluid. The oxygen and hydrogen are 
located in the outermost surface and soak any water 
amount, generating a hydrogen bond. Most natural 
absorbents exist today are comprised of cellulosic 
fibres including fluff pulp, cotton, rayon, rice husk, 
and Kenaf core. The chemical structure has a direct 
influence on a product absorbency features. [20]. 
However, characteristics of the hydroxyl group of 
RH are responsible for the water absorption. The 
detailed measurement is currently being conducted.  
Table 1 demonstrates the results of RH water 
absorption for two periods of before treatment and 
after treatment at different times. As can be clearly 
seen, the absorption of water rose considerably 
from 30 minutes to one hour; more absorption at 2 
hours was not observed.  
 
 
 

 
%Wa= [(Wi-Wo)/Wi]*100 
Wa : water absorption 
Wi : Initial weight  
Wo : Final weight  
 
Table 1, the percentage of water absorption of RH 
before and after treatment  

Materials 

%Water absorption 

After 30 
minutes 

After 1 
hour 

After 2 
hours 

Rice 
Husk 6.4 11.0 13.2 

Treated 
Rice 
Husk 

14.5 23.0 25.1 

 

 
Fig. 3, XRD patterns of treated RH  
  

  

Fig. 4, FESEM photographs of a) bare rice husk  
b) alkali treated rice husk 
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Fig. 5, FTIR spectra a) rice husk b) alkali treated 
rice husk by 1.0%KOH  
 

 
Fig. 6, DSC of alkali treated rice husk by 

1.0%KOH 

 
Fig. 7, TGA of alkali treated rice husk by 

1.0%KOH 
 
4 Conclusion 
The initial findings in this research revealed that 
agricultural wastes have the potential to be used as 
a desiccant instead of chemical desiccants. Its 
granular structure, insolubility in water, chemical 
stability, high mechanical strength, and local 
availability at almost no cost of Rice husk (RH) 
make it popular agriculture waste for investigation. 
The advantage in using these adsorbents in certain 
critical application is the fact that there is no need 
to regenerate them due to their low production 

costs. Rice husks alkali treatment influences the 
thermal properties, chemical structure, and physical 
properties of rice husks. Rice husk treatment 
performed well compared to untreated rice husk. 
Treating the rice husk with dilute solution of 1.0% 
KOH improves the bond strength of O-Si-O of the 
silica and reduces the quantity of amorphous silica.  
In addition, using agricultural wastes provide 
additional value by preserving our environment, 
reducing the carbon emission, and promoting 
sustainable products. It should also be pointed out 
that prior to the general application of a proposed 
new concept, detailed studies involving the 
determination of superior treatment condition and 
optimization of the procedure, investigating the life 
cycle of the rice husk (adsorption-regeneration), 
and the quality of air leaving the bed, must be 
conducted beforehand. Application of agricultural 
waste materials as desiccants involve more 
environmentally friendly technologies for treatment 
and preparation, also desiccant systems using waste 
materials consumes less energy than systems using 
chemical desiccants. Our recommendations for 
future studies consist to consider local agricultural 
waste materials and Investigation of the life cycle 
of green desiccants. 
 
 
5 Acknowledgements 
The authors would like to thank the DLP-2013-015 
and GGPM-2012-027 Research Funds for 
providing financial support to this study. 
 
 
References: 
[1] T. Suyono, K. Sopian, S. Mat, M. 

Yahya, M. H. Ruslan, M. Y. Sulaiman, 
et al., Performance of Desiccant wheel 
for Low Humidity Drying System, 
WSEAS Transactions on Heat & Mass 
Transfer, 7(4), 2012. 

[2] T. Ziegler, I. G. Richter, and R. 
Pecenka, Desiccant Grain Applied to 
the Storage of Solar Drying Potential, 
Drying Technology, 17(7-8), 1999, pp. 
7-8. 

[3] J. B. Williams. Evaluation of kenaf core 
as a desiccant [Online]. Available: 
http://www.abe.msstate.edu/~columbus/
Publications/absorbman.htm 

[4] J. Khedari, R. Rawangkul, W. 
Chimchavee, J. Hirunlabh, and A. 
Watanasungsuit, Feasibility study of 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
Zeynab Emdadi, Nilofar Asim, Zatil Amali Che Ramali, 
M. A. Yarmo, Roslinda Shamsudin, K. Sopian

E-ISSN: 2224-3496 310 Volume 10, 2014

http://www.abe.msstate.edu/~columbus/Publications/absorbman.htm
http://www.abe.msstate.edu/~columbus/Publications/absorbman.htm


using agriculture waste as desiccant for 
air conditioning system, Renewable 
Energy, 28(10), 2003, pp. 1617-1628. 

[5] K. E. Beery and M. R. Ladisch, 
Chemistry and properties of starch 
based desiccants, Enzyme and 
Microbial Technology, 28(7–8), 2001, 
pp. 573-581. 

[6] R. Rawangkula, J. Khedaria, J. 
Hirunlabhb, and B. Zeghmati, 
Characteristics and performance 
analysis of a natural desiccant prepared 
from coconut coir, ScienceAsia 36, 
2010, pp. 216-222. 

[7] H. Y. Chan, S. B. Riffat, and J. Zhu, 
Review of passive solar heating and 
cooling technologies, Renewable 
Sustainable Energy Rev Renewable and 
Sustainable Energy Reviews, 14(2), 
2010, pp. 781-789. 

[8] T. UCOL-GANIRON JR, Recycling Of 
Waste Coconut Shells As Substitute For 
Aggregates In Mix Proportioning Of 
Concrete Hollow Blocks, WSEAS 
Transactions on Environment & 
Development, 9(4), 2013. 

[9] C. E. F. Roger R. Riehl, Luciano S. De 
Souza, Dib Karam Jr., Utilization of 
Agriculture Waste as Energy Resource, 
wseas,  Recent Advances in Energy, 
Environment and Development, 2013. 

[10] K. Mansaray and A. Ghaly, Physical 
and thermochemical properties of rice 
husk, Energy sources, 19(9), 1997, pp. 
989-1004. 

[11] L. Y. Mwaikambo and M. P. Ansell, 
Chemical modification of hemp, sisal, 
jute, and kapok fibers by alkalization, 
Journal of Applied Polymer Science, 
84(12), 2002, pp. 2222-2234. 

[12] A. V. Rajulu, G. B. Rao, B. Rao, A. 
Reddy, J. He, and J. Zhang, Properties 
of ligno cellulose fiber Hildegardia, 
Journal of applied polymer science, 
84(12), 2002, pp. 2216-2221. 

[13] J. T. Bwire Ndazi , Christian 
Nyahumwa , Sigbritt Karlsson, Effect 
of sream curing and alkali treatment on 
properties of rice husk, Inter American 
Conference on Non-Conventional 

Materials and Technologies in 
Ecological and Sustainable 
Construction, 2005. 

[14] C. Albano, M. Ichazo, J. González, M. 
Delgado, and R. Poleo, Effects of filler 
treatments on the mechanical and 
morphological behavior of PP+wood 
flour and PP+sisal fiber, Material 
Research Innovations, 4(5-6), 2001, pp. 
284-293. 

[15] M. Y. Rajulu AV, Li XH, Rao GB, 
Devi LG, Raju KM, Reddy RR, Effects 
of alkali treatment on properties of the 
lignocellulose fabric hildegardia, Appl 
Polym Sci, 90, 2003, pp. 1604-1608. 

[16] S. N. S. H. Javed, N. Feroze , M. Zafar, 
M. Shafaq, Crystl and amorphous silica  
from KMnO4 treated and untreated rice 
husk, Quality and Technology 
Management, 6(1), 2010, pp. 81 - 90. 

[17] M. PATEL, X-ray Spectrometry, 10(2), 
1981. 

[18] R. Rowell, 3rd International Conference 
on Frontiers of Polymers and Advanced 
Materials, 1995, pp. 659-665. 

[19] R. S. Shah PK, Pandey and Gospwami 
K., J Polym Sci, 42, 1991, pp. 2767. 

[20] M. D. Zaveri, Absorbency 
characteristics of kenaf core particles, 
2004. 

 
  

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
Zeynab Emdadi, Nilofar Asim, Zatil Amali Che Ramali, 
M. A. Yarmo, Roslinda Shamsudin, K. Sopian

E-ISSN: 2224-3496 311 Volume 10, 2014




