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Abstract   

Adsorption by activated carbon has great potential to improve natural organic matter (NOM) 

removal from water. However, the high production and regeneration costs limit its wide scale 

application. To address these limitations, research efforts have been focused on finding low cost 

materials that can be transformed into activated carbon. Rice husk is one of such materials of 

research focus, especially in the developing countries, where over 96% of rice husks are generated 

globally. Although numerous investigations have been made concerning the production of 

activated carbon from rice husks, the existing scientific information still remains widely scattered 

in literature. Furthermore, the scientific information regarding performance of rice husk activated 

carbon during NOM removal from water still remains poorly documented. This review article 

therefore provides ample information on efforts made by various researchers concerning 

production of activated carbon from rice husks and its adsorption performance in relation to NOM 

removal from water. Properties and pretreatment of rice husks in relation to production of activated 

carbon are discussed. Activation of rice husks by physical and chemical methods under numerous 

conditions is reviewed. Factors affecting NOM adsorption by activated carbon are briefly 

discussed. Adsorption performance of rice husk activated carbon is also reviewed with respect to 

NOM removal from water, and where possible compared with other source derived activated 

carbons. The data from literature revealed that NOM removal by rice husk activated carbon can 
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be as effective as commercial activated carbon. Consequently, rice husk activated carbon has 

potential to serve as an alternative to commercial activated carbon. 

 

Keywords: rice husk, activation, activated carbon, natural organic matter, water  

 

1. Introduction 

Natural organic matter (NOM) is a complex matrix of heterogeneous organic material present in 

all natural waters (Matilainen et al., 2010). It is derived from decaying terrestrial plants and as a 

byproduct of bacteria, algae, and aquatic plants (Bhatnagar, 2017; Chow et al., 2008). It can be 

classified as either particulate organic matter, retained by a 0.45 μm filter, or dissolved organic 

matter which is NOM passing through a 0.45 μm filter (Szymczycha et al., 2017). NOM is 

introduced in water sources through interactions between the hydrologic cycle, biosphere and 

geosphere (Matilainen et al., 2010). The amount and characteristics of NOM vary with source, 

level of degradation, season, climate and geology (Bhatnagar, 2017; Golfinopoulos, 2000; Owen 

et al., 1995; So et al., 2017; Wei et al., 2008; Szymczycha et al., 2017). To better understand the 

role of NOM in water treatment, characterization of NOM in the raw water is necessary 

(Matilainen et al., 2010). Simple techniques such as color, total organic carbon (TOC), dissolved 

organic carbon (DOC), chemical oxygen demand (COD), pH, turbidity, and ultraviolet (UV254) 

absorbance are commonly employed by water treatment facilities in their quality control (Chow et 

al., 2008; Matilainen et al., 2010). However, these do not give information about their molecular 

weight distribution and hydrophobicity (Matilainen et al., 2010). Instead, high performance size 

exclusion chromatography (HPSEC) analysis is often employed to determine NOM’s molecular 

weight distribution (Chow et al., 2008). On the other hand, fractionation techniques are employed 

to determine the hydrophilic and hydrophobic fractions of NOM (Sharp et al., 2006; Soh et al., 

2008; Swietlik et al., 2004). Specific ultraviolet absorbance (SUVA254) can also be used to define 

the hydrophobicity of NOM (Matilainen et al., 2010), as well as its aromatic character (Cheng et 

al., 2005; Chow et al., 2008). SUVA254 is obtained as the UV254 absorbance divided by the DOC 

concentration of the sample and is reported in units of L(mg-m)-1 (Cheng et al., 2005; Chow et al., 

2008; Metsämuuronen et al., 2014). SUVA254 value (>4) indicates that NOM is largely composed 

of hydrophobic, high molecular mass organic compounds, while a low SUVA254 value (<2) 

indicates that NOM is mainly composed of hydrophilic, low molecular mass organic compounds 
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(Edzwald & Tobiason, 1999). The hydrophobic NOM primarily consists of humic and fulvic acids 

(humic substances) (Parson et al., 2004; Swietlik et al., 2004), which are rich in aromatic carbon, 

phenolic structures and conjugated bonds (Bhatnagar, 2017; Matilainen et al., 2010). On the other 

hand, the hydrophilic NOM consists of higher proportions of aliphatic carbon and nitrogenous 

compounds, such as carboxylic acids, carbohydrates and proteins (Matilainen et al., 2010).  

 

The presence of NOM causes numerous problems in water treatment and distribution systems (So 

et al., 2017). NOM interacts with disinfectants forming harmful disinfection by-products (DBPs) 

(Golea et al., 2017; Rao et al., 2011; Tubić et al., 2013), reduces water quality by causing 

unpleasant odors, tastes and color in raw drinking water (Thurman, 1985), promotes bacterial 

reproduction and biofilm formation within drinking water distribution systems (Korotta-Gamage 

& Sathasivan, 2017; Metsämuuronen et al., 2014), increases the solubility of heavy metals due to 

complexation with metal ions and minerals (Bhatnagar, 2017; Iriarte-Velasco et al., 2008; Rao et 

al., 2011), causes fouling of membranes (Drikas et al., 2011; Zularisam et al., 2010), reduces water 

treatment efficiency during flocculation/coagulation (Rao et al., 2011), increases coagulant and 

disinfectant doses, which consequently increases sludge volumes and production of DBPs 

(Matilainen et al., 2010). The latter poses numerous public health concerns to water utilities, since 

their consumption in drinking water is linked to development of various cancers and a variety of 

adverse reproductive outcomes (Singer, 1999). This has prompted major international regulatory 

agencies such as the United States Environmental Protection Agency (US EPA), and the World 

Health Organization (WHO) to develop a number of regulations for DBPs like trihalomethanes 

(THMs) and haloacetic acids (HAAs). For instance, the United States Environment Protection 

Agency (US EPA) limits total THMs and the sum of five HAAs in drinking water treatment to 80 

and 60 µgL-1, respectively as Stage 1 of the disinfectants/disinfection by-product (D/DBP) rule 

(US EPA, 1998).  In Stage 2, these limits are halved to 40 and 30 µgL-1 for total THMs and sum 

of five HAAs respectively (Najm et al., 1998). The World Health Organization (WHO) set the 

guideline value for DBPs in drinking water not to exceed 100 µgL-1 (WHO, 2008). The European 

community (EC) also set the quality standard for total THMs in drinking water to be 100 µgL-1 

(EECD, 1997). However, these maximum contaminant levels are sometimes exceeded at some 

drinking water treatment plants (García & Moreno, 2009; Golfinopoulos, 2000; Kalibbala, 2007). 

To lower the risks of DBP formation in drinking water treatment, TOC and SUVA254 need not to 
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exceed 2.0 mgL-1  and 2.0 L(mg-m) -1 respectively prior to primary disinfection using chlorine (US 

EPA, 2012). 

 

Numerous methods are available for NOM removal from water, such as coagulation 

(Heiderscheidt et al., 2016; Tubić et al., 2013), membrane separation (Metsämuuronen et al., 

2014), ion exchange (Heijman et al., 1999), biological, advanced oxidation processes (AOPs) 

(Matilainen & Sillanpää, 2010), adsorption (Yan & Bai, 2005) or a combination of these methods 

(Humbert et al., 2008; Joseph et al., 2012). Each of the methods has its own advantages and 

shortcomings as reported elsewhere (Bhatnagar & Sillanpää, 2017; Dewil et al., 2017; Rao et al., 

2011; Ribau Teixeira et al., 2017; Zhao et al., 2014). Coagulation and flocculation followed by 

sedimentation/flotation and filtration is the most commonly employed and economically feasible 

process for NOM removal from water (Bhatnagar & Sillanpää, 2017; Ghernaout, 2014; Sillanpää 

et al., 2015). However, the hydrophilic fraction and the low molar mass compounds of NOM are 

less effectively removed by coagulation than the hydrophobic fraction and high molar mass 

compounds of NOM (Johnson et al., 2016; Matilainen et al., 2010). Consequently, the less 

efficiently removed NOM fraction contribute to the formation of DBPs and other related problems 

in drinking water treatment. To address these concerns, numerous research efforts have been 

undertaken to increase the extent of NOM removal through enhanced coagulation (Liu et al., 2012; 

Hong et al., 2009), where the coagulant dose is significantly increased, coupled with pH 

adjustment to optimum ranges (US EPA, 1999). For instance, a study by  Liu et al. (2012) revealed 

that enhanced coagulation potentially reduced the total THMs formation by 24.8%. A study by 

Hendricks (2006) revealed that about 40-60% of humic substances can be removed in the incoming 

ambient water by enhanced coagulation. A study by Hong et al. (2009), revealed that enhanced 

coagulation potentially reduced 10-30% more of DOC than via conventional coagulation. At the 

drinking water treatment plant of Boaco in the central region of Nicaragua, 50% of NOM was 

removed by enhanced coagulation (García & Moreno, 2009). Despite the promising results 

regarding improvements in NOM removal through enhanced coagulation, some water treatment 

plants may still need additional NOM removal to comply with the more stringent DBP regulations 

even after enhanced coagulation (Dastgheib et al., 2004; Sillanpää et al., 2015). Adsorption has 

been regarded as a promising method for removal of  the NOM fraction that is poorly removed via 

coagulation (Johnson et al., 2016; Hong et al., 2009). More specifically, adsorption by activated 
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carbon is most preferred not only due to its highly developed internal surface area, porosity, and 

consequently a large adsorption capacity, but also due to its simplicity in design, and ease of 

operation (Bhatnagar, 2017). However, commercial activated carbons are expensive (Dias et al., 

2007), and are commonly derived from non-renewable materials such as bituminous coal, 

anthracite, lignite and peat (Ali et al., 2012). In addition to being environmentally unfriendly, the 

high production and regeneration costs associated with  commercial activated carbons limit their 

extensive use at large scale water treatment plants (Ali et al., 2012; Lin & Juang, 2009). 

Consequently, this has prompted numerous research efforts with the aim of finding low cost as 

well as environmentally friendly alternative materials that can be transformed into low cost 

activated carbons. Such low cost materials include animal bones (Cechinel et al., 2014), waste 

bamboo cums (Wang, 2012), sludge (Bjorklund & Li, 2017), waste tires (Betancur et al., 2009), 

coconut shell (Iriarte-Velasco et al., 2008), rice husks (Ahmedna et al., 2000; Chen et al., 2011; 

Foo & Hameed, 2011;  Liou & Wu, 2009), sugar cane bagasse (Goncalves et al., 2016), sugar cane 

bagasse ash (Kaushik et al., 2017), molasses (Goncalves et al., 2016), almond shell (Omri et al., 

2014), and orange peel (Hashemian et al., 2014). Several other low cost materials have been listed 

elsewhere (Ali et al., 2012; Bhatnagar et al., 2015; Dias et al., 2007; Grace et al., 2009; Pollard et 

al., 1992; Tran et al., 2015). Out of these, rice husk is the least utilized (Quispe et al., 2017), and 

therefore more abundantly available in the developing countries, where over 96% of rice husks are 

produced globally (FAO, 2017). About 20% of paddy weight is rice husk (Kumagai et al., 2007), 

translating  to over 148 million metric tonnes of rice husk produced globally per year. Out of these, 

about 17% find an application per year, suggesting that very huge volumes of rice husks become 

waste (Ankur, 2010). These usually end up either being openly dumped or merely burnt in open 

space, causing environmental pollution. Moreover, with a 65% (3.7 billion) projected increase in 

the world’s population by 2050 (Wallace, 2000), global paddy production is expected to increase 

if the population’s demand for food is to be sufficiently met. This will exacerbate the disposal 

challenges of rice husks in the developing countries, since even with the current paddy production, 

rice husk is usually in excess of any local application. Transformation of rice husks into activated 

carbon therefore adds considerable economic value to a product hitherto considered waste, helps 

reduce the cost of waste disposal, and most importantly provides a potentially inexpensive 

alternative to the existing commercial activated carbons for numerous applications, including 

water treatment.  
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Despite the numerous investigations made concerning the production of activated carbon from rice 

husks, the existing reviews mostly concern the application of rice husk activated carbon for 

removal of heavy metals (Chuah et al., 2005; Kumar & Bandyopadhyay, 2006; Mohan & 

Sreelakshmi, 2008; Sobhanardakani et al., 2013), pesticides (Foo & Hameed, 2010; Njoku et al., 

2014), and dyes (Guo et al., 2005; Malik, 2003) from water and wastewater. To the best of our 

knowledge, no review has been made to document the numerous investigations by various 

researchers on the production of activated carbon from rice husks, and their potential application 

for NOM removal from water. This review article is therefore aimed at providing ample 

information on efforts made by various researchers regarding production of activated carbon from 

rice husks and its adsorption performance in relation to NOM removal from water. Properties and 

pretreatment of rice husks in relation to production of activated carbon are discussed. Activation 

of rice husks by physical and chemical methods under numerous conditions is reviewed. Factors 

affecting NOM adsorption by activated carbon are discussed. Adsorption performance of rice husk 

activated carbon is also reviewed with respect to NOM removal from water, and where possible 

compared with other source derived activated carbons. More specifically, the removal of NOM 

from water focussed on the removal of humic substances (humic and fulvic acids), since these 

produce high concentrations of DBPs in water (Singer, 1999), accounting for over 50% of the TOC 

content in water (Matilainen et al., 2010; Thurman, 1985).  

 

2. Methodology 

Original research articles, review articles, reports and books were searched from various sources 

such as Scopus, Google Scholar, and publisher-specific search engines especially ScienceDirect, 

Taylor and Francis, American Chemical Society and Royal Society of Chemistry. The Boolean 

operator “AND” was also used to include several key words in a single search. Search terms 

included NOM characteristics, NOM measurement, mechanism of NOM removal, activated 

carbon, problems of NOM in drinking water treatment, natural organic matter removal in drinking 

water treatment, factors affecting NOM removal by activated carbon, low cost materials, 

production of activated carbon, activated carbon from rice husks, adsorption isotherms, NOM 

removal by low cost activated carbons, NOM removal by activated carbon from low cost materials, 

properties of rice husks, pretreatment of rice husks, disinfection by-products, NOM removal by 
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coagulation, physical activation of rice husks, chemical activation of rice husks, and leaching of 

rice husks among others. Commercial activated carbons and other low cost adsorbents were also 

included in the search for comparison with rice husk derived activated carbon. References from 

selected papers were also explored to obtain the relevant information. The articles were selected 

based on their relevance to the review, with a primary focus on NOM removal from water. Where 

possible, the search was limited to papers published within the last ten years. Exceptions were only 

made for areas with limited research available. No geographical limitations were applied in the 

search. A total of 217 references were selected, and out of these, majority are journal articles within 

research areas of materials science, chemistry and engineering.  

 

3. Properties of rice husk as a precursor 

Rice husk has physico- and bio-chemical properties, which suit it as a potential precursor in the 

production of activated carbon. It is one of the lignocellulosic biomass, constituting of lignin, 

cellulose and hemicellulose (Liou & Wu, 2009; Olupot et al., 2016). Out of these, lignin is the 

main constituent for char formation, responsible for the adsorption process (Suhas et al., 2007). 

On the other hand, cellulose and hemicellulose are the volatile fractions removed during pyrolysis, 

and are associated with low carbon yields since a significant fraction of carbon is lost during 

pyrolysis (Viswanathan et al., 2009). This in turn contributes to micropore formation (Correa et 

al., 2017). Generally, these and many other properties of rice husks have been reported to vary 

with several factors, including rice variety, geographical location, climatic variation, soil 

chemistry, methods of cultivation and type of fertilizer used in paddy growth (Benassi et al., 2015; 

Deiana et al., 2008; Mansaray & Ghaly, 1997). For instance, Mansaray & Ghaly (1997) studied 

the physical and thermochemical properties of four rice husk varieties from Sierra Leone, and 

found that their chemical properties were significantly influenced by rice variety. Olupot et al. 

(2016) characterized ten rice husk varieties from Uganda, and concluded that their physico- and 

bio-chemical properties varied with rice variety. Ahiduzzaman & Islam (2015) carried out a 

thermogravimetric analysis of six rice husk varieties from Bangladesh, and found that their rate of 

thermal degradation varied with rice husk varieties due to differences in their chemical 

composition. Zhang et al. (2012) determined the physical properties of rice husks from Egypt, 

Cuba and China, and found that the properties varied with country of origin, due to variations in 

climatic conditions, soil type, methods of cultivation and type of fertilizer used. Their study further 
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revealed significant differences in the physical properties of rice husk varieties even when paddy 

was subjected to similar agronomic practices. A study by Benassi et al. (2015) revealed that 

applying the same physicochemical treatments to rice husk grown in different geographic areas, 

results in variations in rice husk ash crystalline structure. Additional studies regarding the physico- 

and bio-chemical properties of rice husks based on geographical location of growth are highlighted 

in Table 1. 

 

Because of the possible variations in properties of rice husks with rice variety, geographical 

location, climatic variation, soil chemistry, methods of cultivation and type of fertilizer used in 

paddy growth, conditions for preparation of activated carbon cannot merely be transferred from 

either one geographical location to another or from one rice husk variety to another. As such, 

preparation conditions need to be tailored to specific rice husk materials based on their properties 

and on the intended application.  

 

4. Pretreatment of rice husks 

Rice husk is unusually high in ash content, for which 76-99% of the total weight is silica (SiO2), 

while the rest of the metallic impurities exist in low concentrations. Similar to properties of rice 

husks, the properties of rice husk ash may also vary with geographical location of growth (Benassi 

et al., 2015), as highlighted in Table 2. The high ash content in rice husks is not desired in the 

preparation of activated carbon, since it obstructs pore development, which consequently leads to 

activated carbon with both low mechanical strength and adsorption capacity (Yeganeh et al., 2006). 

Besides, during chemical activation, the activating agent is consumed when it reacts with silica in 

the ash, reducing the activating agent/carbon ratio. For this reason, under similar preparation 

conditions, the Brunauer-Emmett-Teller (BET) surface area of activated carbon derived from raw 

rice husks is reported to be lower than activated carbon from lignocellulosic materials with low 

ash content (Yun et al., 2003). Such materials may include coconut shells, sugarcane bagasse, and 

hardwood among others. To avoid the negative influences of the unusually high ash content in the 

rice husks, leaching of rice husks by a base and/or an acid is necessary, since leaching potentially 

reduces the ash content of rice husks by as much as 92-98wt% (Hsieh et al., 2009; Liou & Wu, 

2009; Yeganeh et al., 2006), depending on concentration of the leaching agent, pretreatment ratio, 

soaking time, process temperature and pH (Yalçin & Sevinç, 2001; Hsieh et al., 2009). 
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Consequently, leaching of rice husks increases the BET surface area, pore widening and also 

creates a new pore structure of the resulting activated carbon (Liou & Wu, 2009). A study by Liou 

& Wu (2009) obtained a BET surface area of 2434 m2g-1 for base-leached rice husks activated 

using ZnCl2, which was higher than 1262 m2g-1 resulting from ZnCl2 activation of rice husks 

without base-leaching. 

 

Leaching of rice husks using a base such as NaOH predominantly removes SiO2 when it reacts 

with NaOH to form sodium silicate (Na2SiO3) according to Equation (1) (Liou & Wu, 2009).   

)(  )(  )(  )(2 2322 lOHsSiONasSiOsNaOH      (1) 

Because the Na2SiO3 formed is soluble in water, it is easily removed by water-washing (Liou & 

Wu, 2009). On the other hand, acid-leaching of rice husks removes most of the remaining metallic 

impurities in the rice husks, which further avoids obstruction to pore development (Liou & Wu, 

2009). The removal of metallic impurities in rice husks via acid-leaching is due to dissolution of 

metals in acid, which are later removed by rinsing the treated rice husk samples with distilled water 

(Muniandy et al., 2014). In a study by Liou et al. (1997), about 84% of the metallic impurities were 

extracted when rice husks were refluxed with 3 N HCl at 100 oC for 1 h. Leaching of rice husks 

may be done either before or after the activation step (Deiana et al., 2008). However, the leaching 

sequence followed influences the overall quality of the resulting activated carbon from rice husks. 

For example, Deiana et al. (2008) found the leaching sequence carbonization-activation-leaching 

more efficient than the sequence carbonization-leaching-activation from the viewpoint of specific 

surface area and micropore volume development. The authors further reported that the former 

resulted in activated carbon with textural parameters similar to when rice husks were leached prior 

to carbonization. Although results obtained in literature emphasize the need for silica removal to 

improve the quality of rice husk derived activated carbons, leached rice husks are associated with 

low carbon yields since the lignin which is the main constituent for char formation is removed 

after base-leaching. For example, Yeganeh et al. (2006) reported carbon yields of 44 and 51.36%, 

resulting from rice husks with and without base-leaching respectively. The leaching process should 

therefore be carefully controlled not to adversely compromise the yield and quality attributes of 

the rice husk derived activated carbon. 

 

5. Activation of rice husks 
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Generally, activated carbon from rice husks has been previously prepared through either physical 

activation (Álvarez et al., 2014; Kumagai et al., 2009; Malik, 2003) or chemical activation (Isoda 

et al., 2014; Liou & Wu, 2009; Muniandy et al., 2014). Although a combination of these methods 

(physicochemical activation) has been successfully employed to activate lignocellulosic biomass 

such as bamboo (Hameed et al., 2007), its effect on rice husk still remains largely unstudied. The 

following section includes a review of the methods for activation of rice husks under different 

preparation conditions. 

 

5.1 Physical or thermal activation 

In physical activation, char is obtained in the first stage by carbonization of rice husks at 

temperatures (400-700 °C) in an inert environment (Deiana et al., 2008; Kalderis et al., 2008; 

Malik, 2003). However, the resulting char still exhibits a very small adsorption capacity since its 

pores remain blocked by tarry products evolved during carbonization. These tarry products are 

removed in the second stage, also known as “activation process,” at high temperatures (600-

1000 °C) in the presence of suitable oxidizing gases such as carbon dioxide, steam, air or their 

mixtures (Deiana et al., 2008; Han et al., 2014; Malik, 2003). Besides the removal of tarry 

products, the diameter of pores created during the carbonization process is enlarged, while at the 

same time, new porosity is created. Consequently, a well-developed and readily accessible pore 

structure with a relatively larger BET surface area is formed after the activation process. However, 

carbon is lost during activation, decreasing the weight of the host carbon. Similar to other 

materials, weight loss during physical activation of rice husk char increases linearly with activation 

temperature and time. Activation of rice husk char using steam and carbon dioxide are the most 

commonly employed activating agents via physical activation as highlighted in Table 3. Although 

it may be possible to activate rice husk char with oxygen, the activation process may be 

problematic, since excessive burning of the char occurs due to the exothermic nature of the 

reactions, which are difficult to control. In addition, burning also occurs on the surface of the 

grains, causing excessive weight loss. The product obtained is also not uniform due to local 

overheating of the char (Manocha, 2003). The endothermic reactions that occur during physical 

activation of rice husk char with steam and carbon dioxide are as shown in Equations (2) and (3) 

respectively (Álvarez et al., 2015). 

)()()()( 22 g H gCOlO HsC  , steam activation ( H=+117 kJ/mol) (2) 
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)(2)()( 2 gCOg  CO sC  , activation by CO2 ( H=+159 kJ/mol)  (3) 

Although, the above reactions result in activated carbon with maximum BET surface areas that are 

similar, the performance of the two oxidizers is significantly different (Álvarez et al., 2015). For 

instance, the H2O molecule diffuses faster into the pores of the carbon than the CO2 molecule, due 

to its comparatively smaller size. Consequently, the reaction between char and steam is faster than 

that with CO2. While steam causes widening of micropores from earlier activation stages, 

activation by CO2 favors the development of new fine porosity followed by pore enlargement 

(Rodriguez-Reinoso et al., 1995). A study by Álvarez et al. (2015) also reported that a more 

developed microporous structure is obtained when rice husk char is activated using CO2 compared 

to steam activation. CO2 is preferred as an activating agent because it is clean, easy to handle and 

the activation process can be easily controlled at temperatures around 800 oC due to its slow 

reaction rate (Ioannidou & Zabaniotou, 2007). Pretreatment of rice husk, pyrolysis conditions, 

activation temperature, activation time, choice of activating agent, and steam/gas flow, have 

significant effects on the surface area and porosity of activated carbon (Table 3). Similar findings 

were reported elsewhere (Serp & Machado, 2015; Tan et al., 2017). Activation of raw rice husk 

without leaching results in activated carbon with BET surface area as low as 166-473 m2g-1 (His 

et al., 2011; Kalderis et al., 2008; Kumagai et al., 2009; Li et al., 2016; Malik, 2003). On the other 

hand, leaching of rice husks prior to activation greatly enhances the adsorptive properties of rice 

husk activated carbon, with BET surface areas as high as 970-1600 m2g-1 (Álvarez et al., 2015; 

Deiana et al., 2008; Han et al., 2014), depending on the experimental conditions. For this reason, 

leaching of rice husks is a key consideration in the production of activated carbon from rice husks 

if good adsorptive properties are to be realized.  

 

 

5.2 Chemical activation 

In chemical activation of rice husks, both carbonization and activation may be performed in a 

single-stage process, by employing chemical activating agents such as ZnCl2 (Isoda et al., 2014), 

H3PO4 (Somasundaram et al., 2013), NaOH (Guo et al., 2005), and KOH (Muniandy et al., 2014) 

at relatively low temperatures of 400-700 oC (Isoda et al., 2014; Kalderis et al., 2008; Liou & Wu, 

2009). While the single-stage process has often been generalized to be suited for chemical 

activation, the process is only efficient when activating rice husks using acidic activating agents 
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(Isoda et al., 2014; Kalderis et al., 2008; Liou & Wu, 2009). The single-stage process is therefore 

not efficient when the metal alkaline hydroxides are employed as activating agents (Chowdhury et 

al., 2013). This is because not enough activating agent is able to penetrate inside the biomass and 

break down the cross-linkages or react with the resultant carbon sufficiently to generate abundant 

pores. Consequently, the BET surface area of the activated carbon from rice husks is low (Isoda et 

al., 2014; Kalderis et al., 2008). A two-stage process, where the precursor material is pre-

carbonized in the first stage, and later chemically activated in the subsequent stage is more suited 

when employing metal alkaline hydroxides (Guo et al., 2005; Isoda et al., 2014; Muniandy et al., 

2014). This eases the reaction of the activating agent with the carbon by impregnating the pre-

carbonized material containing a certain amount of porosity with the chemical activating agent 

(Cao et al., 2006). The two-stage process involving metal alkaline hydroxides enhances the BET 

surface area of the rice husk derived activated carbon compared to when the hydroxides are 

employed in the single stage process (Guo et al., 2005; Isoda et al., 2014; Le Van & Luong Thi, 

2014; Muniandy et al., 2014). For example, the BET surface area obtained from NaOH activation 

of pre-carbonized rice husk was 660 m2g−1, which is higher than 280 m2g−1 obtained from NaOH 

activation of raw rice husk (Isoda et al., 2014). Le Van & Luong Thi (2014) also obtained activated 

carbon with a high BET surface area of 2681 m2g-1 resulting from NaOH activation of pre-

carbonized rice husk. These and many other experimental data from literature are summarized in 

Table 4. The data from literature also reveals that pre-carbonization conditions, type of activating 

agent, impregnation ratio, activation temperature, heating rate, activation time, and inert 

atmosphere influence the quality of the rice husk derived activated carbon.  As such, these factors 

need to be carefully controlled to obtain activated carbon with the desired adsorption properties.  

 

5.3 Washing of activated carbon 

Once rice husks have been activated via physical or chemical methods, the resulting activated 

carbons need to be washed to further lower the ash content (Li et al., 2011; Malik, 2003), as well 

as remove the residual chemicals in the activated carbon (Cheah et al., 2016). This is possible via 

acid and/or water-washing of activated carbon (Guo et al., 2005; Liou & Wu, 2009; Muniandy et 

al., 2014; Somasundaram et al., 2013). A study by Li et al. (2011) found water-washing to 

effectively remove ash from rice husks activated via H3PO4 activation. This is because silicon 

phosphate (SiP2O7) formed when silicon in rice husks reacts with H3PO4 has good solubility in hot 
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water. The authors further reported ash removal efficiencies of 38.1 and 11.2% when activated 

carbon were washed with water at 20 and 100 oC respectively, suggesting that temperature of the 

washing water significantly influences the ash removal efficiency. As a result, BET surface areas 

of rice husk derived activated carbons were 635 and 1820 m2g-1, respectively. However, the 

residual phosphorous in the activated carbon is not sufficiently removed by water-washing due to 

its low solubility in water (Liou & Wu, 2009). For this reason, when raw rice husks are base-

leached, activated using H3PO4, and then water-washed, the residual phosphorous in the rice husk 

derived activated carbon is usually much higher than in the raw rice husks (Liou, 2010). Kalderis 

et al. (2008) reported a 6.5% removal efficiency of the residual zinc from rice husk derived 

activated carbon when water-washed compared to a removal efficiency of 30.2% when washed 

with HCl. This suggests that acid-washing is a better option to remove the residual metallic 

elements than water-washing. The removal of the metallic impurities is due to dissolution of the 

metals in the acidic solution, which are later removed by rinsing with water (Lozano-Castelló et 

al., 2001). Moreover, the BET surface area of the acid-washed activated carbon is enhanced (Liou 

& Wu, 2009). The data from literature summarized in Table 5 indicate that the removal efficiency 

of both ash content and residual chemicals largely depends on their solubility, acid concentration, 

contact time and temperature. 

 

 

5.4. Comparison of physical and chemical activation 

Physical activation is associated with lower energy requirements due to its relatively low activating 

temperatures compared to chemical activation (Kumar & Jena, 2016; Liu et al., 2014). By acting 

as dehydrating agents, chemical activating agents favor the elimination of hydrogen and oxygen 

as water instead of carbon oxides (COx) and hydrocarbons. Consequently, the loss of volatile 

matter and tars is inhibited, leaving behind more fixed carbon and a higher carbon yield compared 

to physical activation (Kalderis et al., 2008; Kumar & Jena, 2016). Furthermore, the BET surface 

area of activated carbon due to chemical activation is higher than that obtained from physical 

activation (Kalderis et al., 2008; Namasivayam & Kadirvelu, 1997; Okada et al., 2003). For 

instance, under the same activation temperature, the BET surface areas due to chemical and 

physical activation of rice husks were 750 and 166 m2g-1, respectively (Kalderis et al., 2008). 

Notwithstanding the enhanced yield and adsorptive properties of chemically activated carbon, 
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chemical activation is associated with problems of corrosion, need for washing of activated carbon, 

and inefficient recovery of residual chemicals from the activated carbon (Kumar & Jena, 2016; 

Prahas et al., 2008), which may be leached in the process of treating drinking water. As such, most 

activated carbon employed in drinking water treatment are produced via physical activation. 

Physical activation is also known to be less costly (Álvarez et al., 2015), and results in activated 

carbons that are harder than those prepared via chemical activation (Ahmedna et al., 2000). Figure 

1 is a schematic drawing illustrating a possible approach to produce activated carbon from rice 

husks for NOM removal in drinking water treatment. 

derived activated carbon 

In this section, the textural properties of rice husk activated carbon are compared with other source-

derived activated carbons, including the commercial activated carbon. The results in Table 6 

indicate that activated carbon from rice husks may exhibit textural properties similar to, or even 

better than those exhibited by other source-derived activated carbons, including the commercial 

activated carbons. However, to achieve this, careful selection of the activation method, and control 

of the activation process conditions is much desired. More insight into the textural properties of 

activated carbon prepared from rice husks, under different activation methods and activation 

process conditions can be obtained under Sections 5.1 and 5.2. 

 

5.6 Cost comparison of rice husk activated carbon with other activated carbons 

As can be seen from Table 7, the cost of production of rice husk activated carbon compares well 

with other source-derived activated carbons. The major items considered in analyzing the cost of 

production of activated carbon may include the cost of equipment, raw material (precursor), 

transportation costs, chemicals, water, gases, power consumption, employees’ salaries and 

allowances, maintenance costs, and environmental impact assessment (EIA) studies (Ko et al., 

2004; Selvaraju & Bakar, 2017; Suzuki et al., 2007). However, the cost and availability of these 

items may vary with geographical location, which in turn influences the cost of production. For 

instance, in locations where the precursor can be obtained at no cost, the cost of production of 

activated carbon could be considerably reduced (Stavropoulos & Zabaniotou, 2009). Other factors 

that could influence the cost of production include the properties of the precursor material, method 

of activation, and plant capacity (Choy et al., 2005; Stavropoulos & Zabaniotou, 2009). Aside from 

ACCEPTED M
ANUSCRIP

T



the cost of production, the selling price of activated carbon largely depends on its BET surface 

area (Song et al., 2012; Stavropoulos & Zabaniotou, 2009). Consequently, the price of rice husk 

activated carbon has been reported to range from US $ 2.08-6.30 kg-1 (Song et al., 2012). This is 

considerably lower than the price of commercial activated carbon (Table 7), suggesting that rice 

husk activated carbon could be a possible cheap alternative to the commercial activated carbons.  

6. Mechanism of NOM removal by activated carbon 

Generally, NOM adsorption by activated carbon occurs only if the total free energy of adsorption 

)( adsG  is less than zero (Newcombe & Drikas, 1997). A wide range of energies contributing to 

adsG include, i) the electrostatic contribution ( elecG ) which may comprise both coulombic and 

dipole interactions, and ii) specific contribution ( specG ) which comprises all other interactions 

specific to the system including hydrophobic interactions, and van der Waals forces among others. 

These contributions to adsG occur according to Equation (4), and may favor or oppose adsorption  

(Bjelopavlic et al., 1999; Newcombe & Drikas, 1997). 

specelecads GGG         (4) 

The three major contributions to elecG include, i) surface-NOM electrostatic interactions which 

may favour or oppose adsorption. The former occurs with positively charged carbon surface, while 

the latter occurs with negatively charged carbon surface. However, attractive or repulsive 

interactions could also occur by varying solution pH which influence the surface charge of an 

activated carbon, ii) lateral electrostatic repulsion between adsorbed NOM molecules, opposing 

adsorption, and iii) repulsive interactions between adsorbed NOM and NOM in solution, opposing 

adsorption. The relative contributions of i), ii) and iii) to elecG depend on the surface concentration 

( ), with surface-adsorbate interactions described in i) usually occurring at low surface 

concentrations. As the charge from the adsorbed NOM builds up on the carbon surface, ii) and iii) 

become the major contributions to elecG  (Bjelopavlic et al., 1999; Newcombe & Drikas, 1997). 

Therefore, while at low surface concentrations, ii) and iii) may either favour or oppose adsorption 

depending on the charge of the carbon surface, at high surface concentrations, adsorption will be 

opposed. 
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The factors influencing 
specG include, i) pore size distribution of activated carbon and the 

relationship between pore size and the size of NOM, ii) hydrophobic interaction between the 

graphitic surface of the carbon and hydrophobic parts of the adsorbing species, iii) interaction 

between aromatic rings on the adsorbate and carbon, and iv) hydrogen bonding between functional 

groups on the surface and those on the adsorbate. For NOM adsorption by activated carbon from 

an aqueous solution, specG can be expected to be negative, implying that elecG may be attractive 

or repulsive as long as specelec GG  < 0. The mechanism of NOM removal by activated carbon 

has been described in detail elsewhere (Bjelopavlic et al., 1999; Newcombe, 2006; Newcombe & 

Drikas, 1997). 

 

7. Factors affecting NOM adsorption by activated carbon 

Numerous studies have been conducted to determine the factors that influence NOM removal by 

activated carbon (Bjelopavlic et al., 1999; Newcombe, 2006). The factors relate to 

physicochemical properties of activated carbon, NOM characteristics, competing organic species 

and the conditions of the aqueous solution (Fettig, 1999; Newcombe, 1999). A greater 

understanding of these factors is helpful in ensuring effective application of the adsorbent. Each 

of the aforementioned factors is briefly discussed in the sections that follow.  

 

7.1 Physicochemical properties of activated carbon 

Pore size distribution, surface chemistry, and mineral matter content are the most important 

characteristics of activated carbon in the adsorption of NOM (Dias et al., 2007; Iriarte-Velasco et 

al., 2008). Micropores are susceptible to blockage by NOM with large molecular sizes, making the 

large portion of activated carbon unavailable for adsorption. For this reason, activated carbon with 

large micropores (1–2 nm width) and mesopores (2–50 nm width) is suited for NOM adsorption 

(Velten et al., 2011; Dias et al., 2007; Cheng et al., 2005; Han et al., 2003).  Depending on surface 

properties, activated carbon from rice husks may possess a positive, negative or zero net charge, 

which influences NOM adsorption. For instance, a positively charged carbon surface favourably 

adsorbs NOM at pH values encountered in drinking water treatment, since at this pH value, NOM 

carries a negative charge. On the other hand, the presence of mineral components such as SiO2 and 

P2O5 (commonly present in ash) on the carbon surface is reported to enhance the adsorption of 
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NOM fractions such as humic and fulvic acids by lowering the solution pH (Daifullah et al., 2004). 

A study by Park et al. (2015) revealed that impregnation of iron oxides into powdered activated 

carbons results into enhanced NOM removal from water. A study by Li et al. (2002) revealed that 

increase in Ca (II) could enhance the adsorption capacity of commercial humic acid. These results 

suggest that, for rice husks with unusually high ash content, leaching activities should not simply 

target complete removal of ash from rice husks/or activated carbon with the sole aim of increasing 

the BET surface area. Instead, the mineral components should be reduced to acceptable limits that 

enhance the adsorption capacity of rice husk derived activated carbon for NOM removal in 

drinking water treatment. The acceptable limits could be established through laboratory 

investigations, since the nature of NOM varies widely as discussed in Section 1. However, 

according to (Serp & Machado, 2015), the practical limit for the level of ash content allowed in 

activated carbon ranges from 2 to 5wt%. 

 

7.2 NOM characteristics and competing organic species 

The relationship between NOM’s molecular size distribution and activated carbon’s pore size 

distribution predominantly influence NOM adsorption (Newcombe et al., 2002). NOM fractions 

of size similar to pore size of activated carbon are more likely to adsorb due to more contact points 

between NOM and the pores (Parsons et al., 2014). On the other hand, adsorption of NOM with 

molecular size larger than the pore size of activated carbon is hindered, since these may not be 

able to penetrate into the pores of activated carbon. Competing organic species influence NOM 

adsorption by competing for adsorption sites (Ding et al., 2008). In drinking water treatment, 

micropollutants are the competing organic species which are about 3-6 orders of magnitude smaller 

than the NOM concentration (Newcombe, 2006). The degree of competition depends on the 

composition and initial concentration of the micropollutant.  

 

7.3 Solution pH and charge 

Typically, NOM carries a negative charge at pH values (6.5-8) encountered in drinking water 

treatment. This is due to the presence of carboxylic acid and phenolic groups in the NOM structure 

(Li et al., 2002). The dissociation of phenolic groups occurs at pH greater than 8, while that of 

carboxylic groups  occurs at pH greater than 4, suggesting that the negative charge of NOM 

increases with increasing pH of the solution (Maghsoodloo et al., 2011). This is in agreement with 
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findings from the study of the effect of pH on humic acid sorption onto powdered activated carbon 

by Tavengwa et al. (2015). In their study, humic acid molecules generally gained excess negative 

surface charge as the pH was increased due to deprotonation, firstly by the carboxylic groups at 

pH values of 4–6, followed by the dissociation of phenolic groups at higher pH.  Similar findings 

were reported by Bjelopavlic et al. (1999), where the magnitude of the negative charge of NOM 

at pH 7 and 9 was twice that at pH 4. With the negative charge on NOM, an attractive electrostatic 

interaction occurs for a positively charged carbon, at low surface concentrations, while the 

repulsive NOM–surface interaction occur for negatively charged carbon surfaces (Bjelopavlic et 

al., 1999; Fettig, 1999; Joseph et al., 2012;  Li et al., 2002). A study by Li et al. (2002) revealed 

that the adsorption capacity of activated carbon for dissolved natural organic matter remaining 

after precoagulation was increased with decreasing water pH. However, due to the amphoteric 

nature of activated carbons, pore surfaces can also be either positively charged, negatively charged 

or neutral depending on the pH of the water being treated as well as on the base material and 

activation process used to prepare the activated carbon. While acidic activated carbons carry a 

negative surface charge at neutral pH, basic carbons (carbons containing inorganics) carry a 

positive surface charge when in aqueous solution. On the other hand, repulsive electrostatic forces 

occur if (i) activated carbon pore surfaces are negative (ii) adsorbed NOM renders the activated 

carbon pore surfaces negative, and (iii) adsorbed NOM molecules interact at high surface 

concentrations, and (iv) repulsion between adsorbed negatively charged NOM and NOM in 

solution. These repulsive electrostatic interactions can be minimised by decreasing the pH, thus 

decreasing the negative charge on the NOM, and on the activated carbon (Newcombe, 1999). 

 

7.4 Temperature 

The temperature may affect adsorption by altering the properties of NOM, carbon surface, and 

solvent, as well as their mutual interactions (Carroll, 2009). Normally physical adsorption, which 

is weak, decreases with increasing temperature, probably due to increased solubility of NOM. And 

since solubility and adsorption are inversely related, the temperature affects the adsorption 

capacity of the adsorbent for a particular adsorbate. In the case of chemical adsorption, adsorption 

increases within a certain temperature range, above which it decreases. This increase in adsorption 

is mainly due to increase in the number of adsorption sites created by breaking some of the internal 

bonds near the edge of the active surface sites of the adsorbents (Panda et al., 2009). A study by 
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Schreiber et al. (2005) revealed that NOM in its dissolved form is preferentially adsorbed onto 

granular activated carbon at higher water temperatures. Summers & Roberts (1988) also reported 

an increase in adsorption of humic substances with increasing temperatures (1–41 oC). However, 

from a thermodynamic point of view, a decrease in NOM adsorption with increasing temperature 

would be expected since adsorption is an exothermic process (Schreiber et al., 2005). The increase 

in adsorption of NOM with increasing temperature could be explained by entropic effects in which 

NOM forms larger aggregates at lower temperatures, but disintegrates into smaller molecules at 

higher temperatures. As a result, the relatively smaller molecules of NOM have increased access 

to the internal surface area of granular activated carbon, and vice versa. 

 

7.5 Contact time 

In physical adsorption, majority of the adsorbate species are adsorbed on the adsorbent surface 

within a short contact time, while in chemical adsorption, a longer contact time is required to attain 

equilibrium (Xu et al., 2013). Uptake of adsorbate species is fast in the initial stages of the contact 

period, and thereafter, the adsorption rate lowers near the equilibrium (Mall et al., 2006; Nandi et 

al., 2009). For instance, time-dependent experiments conducted in the range of 5–120 min at 37 

°C by Tavengwa et al. (2015), indicated that sorption with powdered activated carbon was fast in 

the initial stages, with a maximum value attained after 30 min. In another study by Humbert et al. 

(2008), using a combination of powdered activated carbon and ion exchange resin, DOC content 

and UV254 absorbance decreased progressively as a function of time and reached a minimum value 

after 30 min contact time. The fast uptake in the initial stage may be attributed to the large number 

of vacant active surface sites available for adsorption. The molecules of the NOM fractions will 

bind to all the active sites until they are fully occupied. Thus, with time, fewer active sites remain 

available for adsorption leading to a reduction in the amount of NOM adsorbed by activated 

carbon. 

 

8. NOM removal using raw and pyrolyzed rice husks 

Even in its raw form, rice husk without activation has been reported to remove 98.24% of humic 

acid from aquatic solution (Nsaifabbas & Abbas, 2014). On the contrary, preliminary tests 

conducted by Imyim & Prapalimrungsi (2010) showed that rice husk in its raw form has no ability 

to adsorb humic acids, thus the need for activation. Rice husk merely treated with NaOH and citric 
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acid without carbonization was also reported to remove 60-70% of humic substances from peat 

swamp runoff (Lee et al., 2014). The residual rice husk loaded with the humic substances could 

then be employed as a soil conditioner (Lee et al., 2014). Pyrolyzed rice husk has also been 

successfully employed to reduce color and turbidity by 97.64% and 98.98% respectively 

(Emanuelle et al., 2016). With such interesting and promising results, NOM removal efficiency 

could even be enhanced if the pyrolyzed rice husks are further activated under controlled 

conditions. However, more studies are needed, especially to optimize process conditions for NOM 

removal from drinking water using the raw and pyrolyzed rice husks. 

 

9. NOM adsorption by rice husk activated carbon  

Because coagulation may only remove a finite fraction of NOM in drinking water, activated carbon 

is often employed to supplement coagulation through increased NOM removal, thereby lowering 

the forming potential of  DBPs (El-demerdash et al., 2015; Najm et al., 1998). Generally, two types 

of activated carbon can be employed for NOM removal from water namely; powdered activated 

carbon (PAC) and granular activated carbon (GAC) (Newcombe, 2006; Parsons et al., 2014). 

Although the performance of these types of activated carbon for NOM removal in drinking water 

treatment has been well documented (Bhatnagar & Sillanpää, 2017; Humbert et al., 2008; 

Newcombe et al., 2002; Velten et al., 2011), majority of the studies mainly focus on the application 

of commercial activated carbons rather than the low cost activated carbon derived from agricultural 

residues like rice husks. The sections that follow highlight the useful applications of the powdered 

and granular forms of activated carbon from rice husks for NOM removal from water. Where 

possible, a comparison with commercial activated carbons and other low cost adsorbents has been 

made. 

 

9.1 Powdered activated carbon 

Powdered activated carbon typically consists of particle size ranging from 10-100 µm in diameter 

(Newcombe, 2006). This type of activated carbon is not well developed since characteristics such 

as density, hardness and abrasion index are typically low. The cost of producing PAC is normally 

kept to a minimum since it is usually discarded after use (Parsons et al., 2014). PAC is most often 

employed to remove NOM in drinking water that causes odor and tastes (Carrière et al., 2009), but 

is ineffective in removing DBP precursors (Carrière et al., 2009; Hwang, 2001). PAC can be 
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applied at various stages of water treatment, including before coagulation, during chemical 

addition, or during the settling stage prior to sand filtration (Newcombe, 2006). However, its use 

presents some practical problems because of the requirement to separate PAC from the water  after 

use (Gupta et al., 2009). According to Newcombe (2006), PAC applied either before or during 

coagulation can be removed from water during the coagulation process, while PAC applied during 

the settling stage prior to sand filtration can be removed through filtration. However, studies have 

revealed that application of PAC before coagulation results into more enhanced NOM removal 

than when PAC and coagulation are applied simultaneously (Duan et al., 2003; Tomaszewska et 

al., 2004). This also reduces the dosage of the coagulant when NOM concentration is reduced by 

PAC adsorption. On the other hand, application of PAC after coagulation (or during the settling 

stage prior to sand filtration) results in increased turbidity since PAC is not incorporated into the 

flocs. PAC can also be applied solely without coagulation, though NOM removal efficiencies are 

as low as  4-75% (Uyak et al., 2007). Generally, a combined application of chemical coagulation 

with PAC may be a more cost effective alternative than chemical coagulation alone for meeting 

the requirements of Stage 1 of the disinfectants /DBP rule (Najm et al., 1998).   

 

From the review of literature, it was found that very few adsorption studies have been conducted 

concerning NOM removal using powdered activated carbon derived from rice husks. Among these 

include studies by El-demerdash et al. (2015) who studied the removal of NOM and THM using 

powdered activated carbon from rice husks. In their findings, NOM removal ranged from 9.7 to 

76.1%, while THM removal ranged from 12.0 to 58.8% depending on the dose of activated carbon 

in mgL-1. Kalderis et al. (2008a) investigated the adsorption of humic acids on PAC derived from 

rice husks. A maximum loading of 11.59 mg of humic acid per gram of activated carbon was 

achieved. The authors attributed the low maximum loading to the microporosity and the low Fe2O3 

and CaO content of the rice husk activated carbon. This is in agreement with findings by Daifullah 

et al. (2004), who reported that rice husk activated carbons with more mesoporosity were found to 

have adsorption capacity of humic acid 20% larger than those with less mesoporosity. It has also 

been reported that the presence of acidic oxides such as SiO2 and P2O5 (commonly present in ash) 

on the carbon surface enhances the adsorption of humic acids by lowering the solution pH 

(Daifullah et al., 2004). Diamadopoulos et al. (1992) found the ash-free activated carbons to have 

low adsorption capacities for fulvic acids. In their study, activated carbon with a surface area of 
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over 1000 m2g-1, had a significantly lower adsorption capacity for fulvic acid compared to 

activated carbon with high ash content and surface area less than 300 m2g-1. The authors attribute 

the increase in adsorption capacity of fulvic acids with increase in ash content of activated carbon 

due to the ability of the fulvic acid to interact with metal oxides and metal ions, which constitute 

a significant fraction of the ash. These findings suggest that the presence of ash in the rice husk 

activated carbon can have significant influence on NOM removal from water. Table 8 highlights 

previous studies regarding NOM removal efficiencies by rice husk derived activated carbon, in 

comparison with commercial activated carbons, and other low cost adsorbents. 

 

From the data indicated in Table 8, NOM removal efficiencies by rice husk derived activated 

carbon compare well with those resulting from the application of commercial activated carbon. 

Rice husk derived activated carbon could therefore serve as a potential alternative to the costly 

commercial activated carbon. However, there is still need to subject both the rice husk derived 

activated carbon and commercial activated carbon to quite similar water conditions to obtain a 

better comparison between the two adsorbents. 

 

9.2 Granular activated carbon 

Granular activated carbon typically consists of particle sizes ranging between 0.4 and 2.5 mm 

(Newcombe, 2006). Adsorption by GAC has been designated by US EPA (1998) as the best 

available treatment technology for removal of DBP precursors from water for meeting the Stage 2 

D/DBP rule (Najm et al., 1998). Similar to PAC, GAC is not suitable for sole application in 

drinking water treatment, since its sorption capacity is rapidly reduced by pore blockage caused 

by the large molecules of humic substances (Ødegaard et al., 2010). For this reason, GAC 

adsorption is more effective for DBP precursor control in waters containing a larger percentage of 

low molecular weight NOM (Velten et al., 2011). To achieve this possibility, NOM adsorption by 

GAC is best applied as a post-treatment process when other processes such as coagulation have 

removed humic substances to quantities sufficiently small to arrive at sites in the finer pores. For 

example, GAC can be employed as a filter medium in which either some or all of the filter media 

in a granular media is replaced with GAC. On the other hand, GAC can be employed as a post-

filtration medium prior to disinfection (US EPA, 2015). 
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In post-filtration applications, backwashing of GAC is usually not necessary due to the fact that 

the GAC receives water of the highest quality, and therefore its sole objective is to remove the 

DBP precursors. Backwashing is necessary if excessive biological growth occurs, and this is a 

common practice when GAC is employed as a filtration media (US EPA, 2015). In this option, 

NOM removal occurs via adsorption of soluble NOM, physical filtration of particulate NOM, and 

through biodegradation of biodegradable NOM when an active biofilm forms onto GAC particles. 

Over time, the two latter mechanisms lead to progressive clogging of GAC filters, resulting in a 

head-loss build-up and deterioration in the quality of filtered water. It is for these reasons that GAC 

filters require periodic backwashing to ensure their long-term performance. However, in order to 

withstand abrasion and attrition during the backwashing process, the GAC should possess 

sufficient mechanical strength. To achieve this, the production of GAC from soft, low density 

agricultural residues such as rice husks necessitates the use of a suitable binder such as coal tar, 

cane molasses, corn syrup and beet molasses among others to produce a hard, higher density 

briquette or pellet before carbonization and activation (Pendyal, 1999). The procedure must be 

performed in this order, otherwise the binders would block the entire pore network (Menéndez-

Díaz & Martín-Gullón, 2006). The binder ensures that the low density material remains intact as 

granules even after carbonization and activation (Qureshi et al., 2008). While the char 

characteristics before activation are predominately due to the binder, the characteristics of the 

GACs are exactly those of the base material (Pendyal, 1999).  About 60-80% of DOM can be 

removed by GAC (Owen et al., 1995). The preformed THMs can also be removed by passing the 

treated, chlorinated water through a GAC filter, though this may not be economically feasible at 

full-scale, due to the frequent need for regeneration of GACs. However, for rice husk derived 

activated carbon, regeneration is not necessary, thanks to the reasonably low production costs 

(Ahmaruzzaman & Gupta, 2011). 

 

9.3 Adsorption isotherms 

Adsorption is normally described using isotherms, which are plots of the equilibrium relationship 

between the amount of organic compound left in solution and the amount of compound that is on 

the surface of the adsorbent. At equilibrium, the amount of adsorbate on the adsorbent at 

equilibrium (mg/g), qe, can be calculated using the balance Equation (5). 

  mCCVq eoe /         (5) 
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where; V is the volume of solution (L), Co and Ce are the initial and equilibrium concentrations of 

the adsorbate in mg/L respectively, and m is the mass of adsorbent used (g). Various isotherms 

exist that describe the equilibrium characteristics of adsorption including Freundlich, Langmuir, 

Brunauer, Emmett and Teller (BET), and Redlich-Peterson (R-P), etc. However, Freundlich and 

Langmuir isotherms are the most commonly used in water treatment (Faust & Aly, 1987). The 

linearized forms of the Langmuir and Freundlich isotherms are given in Equations (6) and (7), 

respectively. These can be employed to indicate the adsorption capacity of carbon for humic 

substances (Duan et al., 2003). 

eooe Cbqqq

111
         (6) 

efe C
n

Kq log
1

 log log         (7) 

where qe is the quantity of humic substance adsorbed per unit weight of carbon (mg/g) at 

equilibrium; Ce the equilibrium concentration of humic substance in solution (mg/l); b the constant 

characterizing strength of humic substance–carbon bond (l/mg); qo adsorptive capacity (mg/g); Kf 

a Freundlich affinity parameter for a hetero-disperse system (l/g); and n is the adsorptive intensity 

related to the magnitude of the adsorption driving force and to the distribution of the energy sites 

on the adsorbent. Table 9 is a summary of Freundlich and Langmuir parameters for adsorption of 

humic substances on rice husk activated carbon, selected commercial activated carbons and other 

low cost adsorbents as reported by various researchers.  

 

 

 

The data from literature summarized in Table 9 is very interesting and promising, since adsorptive 

capacities of rice husk derived activated carbon for NOM are comparable to those of commercial 

activated carbons, and other low cost adsorbents. However, majority of the studies focus on the 

removal of humic, as compared to fulvic acids. It is also worth noting that the adsorptive capacities 

of activated carbon reported in Table 9 are specific to the conditions under which the experiments 

were conducted. This is of importance since the adsorption capacities of activated carbon vary 

depending on the material characteristics, experimental conditions, and also the extent of chemical 

modifications (Qureshi et al., 2008). For this reason, detailed information regarding the 
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experimental conditions for which NOM adsorption by the respective activated carbons was 

performed can be accessed from the respective original articles. 

 

10. Future prospects  

The data from the literature reviewed reaffirms the consensus reached to date, that conventional 

water treatment methods do not completely remove NOM from water, posing numerous problems 

in water treatment. To improve NOM removal from water, conventional water treatment methods 

can be employed in combination with other methods such as adsorption, membrane separation, ion 

exchange, and advanced oxidation processes. Out of these, NOM removal by adsorption using 

activated carbon is most preferred. However, commercial activated carbons are expensive, limiting 

their widespread large scale application in water treatment, especially by the developing world. 

The production of activated carbon from the abundantly available rice husks for drinking water 

treatment is therefore the future for developing countries, where over 96% of the rice husks is 

generated globally. Interestingly, the adsorptive properties of rice husk derived activated carbon 

are comparable, and in some instances higher than those of commercial activated carbons 

depending on the properties of rice husks, pretreatment, activation method and process conditions. 

However, the preparation of rice husk activated carbon needs to be carried out in an eco-friendly 

manner to avoid any environmental hazards that could possibly arise due to poor disposal of the 

residual chemicals and the spent rice husk activated carbon. Since most studies do not address 

these concerns, then future studies could prioritize finding sustainable ways of disposing of the 

generated waste. In our view, the residual chemicals could be recycled and reused for either 

leaching or activating rice husks. Consequently, this makes the production of activated carbon 

from rice husks even more economically viable. On the other hand, the spent rice husk activated 

carbon, particularly the granular form could be pulverized, and reused as low cost adsorbents for 

micro-pollutant adsorption from a secondary treated wastewater effluent (Hu et al., 2015). 

Alternatively, the spent rice husk activated carbon could be densified to make fuel briquettes for 

meeting energy needs.  

 

Generally, the data reported in this review article regarding NOM removal from water by rice husk 

activated carbon is very promising, with the adsorption capacities being comparable to those of 

commercial activated carbons and other low cost adsorbents. However, few studies have been 
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conducted regarding application of rice husk derived activated carbon for NOM removal from 

water. Consequently, future studies could focus on optimizing conditions for NOM removal from 

water using rice husk derived activated carbon. Majority of the results are also laboratory scale 

based, suggesting the need for pilot-plant scale studies to test the rice husk activated carbon at 

actual field conditions. Lastly, studies focusing on the techno-economic evaluation of the 

production processes and application of low cost adsorbents for NOM removal from water remain 

to be explored. 

 

11. Conclusions 

An overall review has been made regarding production and potential application of rice husk 

activated carbon for NOM removal from water. Properties of rice husks, pretreatment, extent of 

activation, and activation method influence the adsorption properties of rice husk activated carbon. 

The data from literature emphasize the need for ash removal from rice husks prior to activation to 

improve the adsorptive properties of rice husk activated carbon. However, the adsorption capacity 

of carbon is not merely related to its surface area, porosity, surface chemistry and mineral matter 

content, but also on the accessibility of NOM to the carbon’s inner surface. For this reason, NOM 

is well adsorbed in mesopores (2–50 nm width) and micropores (1–2 nm width). The data from 

literature also revealed that the adsorption performance of rice husk activated carbon in relation to 

NOM removal from water compares well with commercial activated carbon, and other low cost 

adsorbents. Rice husk derived activated carbon could therefore serve as a potential alternative to 

the costly commercial activated carbon. Of the two possible forms of activated carbon from rice 

husks, powdered activated carbon is more suited to remove NOM that causes taste and color 

problems, while granular activated carbon is more suited to remove DBP precursors (low and 

intermediate molecular size NOM) that are poorly removed via coagulation. Despite rice husk 

activated carbon having good prospects for NOM removal from water, the information is still very 

limited to this effect. More research is therefore needed to investigate the adsorption performance 

of rice husk activated carbon for NOM removal from water. 

 

Conflicts of interest 

There is no conflict of interest among the authors. 

 

ACCEPTED M
ANUSCRIP

T



Acknowledgements 
 

This research was financially supported by the Volkswagen Foundation, under its “Postdoctoral 

Fellowships programme for African Researchers in the Engineering Sciences (Grant 90014).”  

 

References  

Ahiduzzaman, M., & Islam, A. K. M. S. (2015). Thermo-gravimetric and Kinetic Analysis of 

Different Varieties of Rice Husk. In Procedia Engineering (Vol. 105, pp. 646–651). 

https://doi.org/10.1016/j.proeng.2015.05.043 

Ahmaruzzaman, M., & Gupta, V. K. (2011). Rice Husk and Its Ash as Low-Cost Adsorbents in 

Water and Wastewater Treatment. Industrial & Engineering Chemistry Research, 50(24), 

13589–13613. https://doi.org/10.1021/ie201477c 

Ahmedna, M., Marshall, W. ., & Rao, R. . (2000). Production of granular activated carbons from 

select agricultural by-products and evaluation of their physical, chemical and adsorption 

properties1Louisiana Agricultural Experiment Station manuscript 99-21-0066.1. 

Bioresource Technology, 71, 113–123. https://doi.org/10.1016/S0960-8524(99)00070-X 

Alam, M. Z., Ameem, E. S., Muyibi, S. A., & Kabbashi, N. A. (2009). The factors affecting the 

performance of activated carbon prepared from oil palm empty fruit bunches for adsorption 

of phenol. Chemical Engineering Journal, 155(1–2), 191–198. 

https://doi.org/10.1016/j.cej.2009.07.033 

Alaneme, K. K., Adewale, T. M., & Olubambi, P. A. (2014). Corrosion and wear behaviour of 

Al-Mg-Si alloy matrix hybrid composites reinforced with rice husk ash and silicon carbide. 

Journal of Materials Research and Technology, 3(1), 9–16. 

https://doi.org/10.1016/j.jmrt.2013.10.008 

Ali, I., Asim, M., & Khan, T. A. (2012). Low cost adsorbents for the removal of organic 

pollutants from wastewater. Journal of Environmental Management, 113, 170–183. 

https://doi.org/10.1016/j.jenvman.2012.08.028 

Álvarez, J., Lopez, G., Amutio, M., Bilbao, J., & Olazar, M. (2014). Upgrading the rice husk 

char obtained by flash pyrolysis for the production of amorphous silica and high quality 

activated carbon. Bioresource Technology, 170, 132–137. 

https://doi.org/10.1016/j.biortech.2014.07.073 

Álvarez, J., Lopez, G., Amutio, M., Bilbao, J., & Olazar, M. (2015). Physical activation of rice 

ACCEPTED M
ANUSCRIP

T



husk pyrolysis char for the production of high surface area activated carbons. Industrial & 

Engineering Chemistry Research, 150702091000005. 

https://doi.org/10.1021/acs.iecr.5b01589 

Badi, N., Erra, A., Hernandez, F., Okonkwo, A. O., Hobosyan, M., & Martirosyan, K. S. (2014). 

Low-cost carbon-silicon nanocomposite anodes for lithium ion batteries. Nanoscale 

Research Letters, 9(1), 360. https://doi.org/10.1186/1556-276X-9-360 

Bae, W., Kim, J., & Chung, J. (2014). Production of granular activated carbon from food-

processing wastes (walnut shells and jujube seeds) and its adsorptive properties. Journal of 

the Air and Waste Management Association, 64(8), 879–886. 

https://doi.org/10.1080/10962247.2014.897272 

Benassi, L., Bosio, A., Dalipi, R., Borgese, L., Rodella, N., Pasquali, M., … Bontempi, E. 

(2015). Comparison between rice husk ash grown in different regions for stabilizing fly ash 

from a solid waste incinerator. Journal of Environmental Management, 159, 128–134. 

https://doi.org/10.1016/j.jenvman.2015.05.015 

Betancur, M., Martínez, J. D., & Murillo, R. (2009). Production of activated carbon by waste tire 

thermochemical degradation with CO2. Journal of Hazardous Materials, 168(2–3), 882–

887. https://doi.org/10.1016/j.jhazmat.2009.02.167 

Bhatnagar, A., & Sillanpää, M. (2017). Removal of natural organic matter (NOM) and its 

constituents from water by adsorption – A review. Chemosphere, 166, 497–510. 

https://doi.org/http://dx.doi.org/10.1016/j.chemosphere.2016.09.098 

Bhatnagar, A., Sillanpää, M., & Witek-Krowiak, A. (2015). Agricultural waste peels as versatile 

biomass for water purification - A review. Chemical Engineering Journal, 270, 244–271. 

https://doi.org/10.1016/j.cej.2015.01.135 

Bjelopavlic, M., Newcombe, G., & Hayes, R. (1999). Adsorption of NOM onto Activated 

Carbon: Effect of Surface Charge, Ionic Strength, and Pore Volume Distribution. Journal of 

Colloid and Interface Science, 210(2), 271–280. https://doi.org/10.1006/jcis.1998.5975 

Bjorklund, K., & Li, L. Y. (2017). Adsorption of organic stormwater pollutants onto activated 

carbon from sewage sludge. Journal of Environmental Management, 197, 490–497. 

https://doi.org/10.1016/j.jenvman.2017.04.011 

Cao, Q., Xie, K. C., Lv, Y. K., & Bao, W. R. (2006). Process effects on activated carbon with 

large specific surface area from corn cob. Bioresource Technology, 97(1), 110–115. 

ACCEPTED M
ANUSCRIP

T



https://doi.org/10.1016/j.biortech.2005.02.026 

Carrière, A., Vachon, M., Bélisle, J. L., & Barbeau, B. (2009). Supplementing coagulation with 

powdered activated carbon as a control strategy for trihalomethanes: Application to an 

existing utility. Journal of Water Supply: Research and Technology - AQUA, 58(5), 363–

371. https://doi.org/10.2166/aqua.2009.197 

Carroll, S. (2009). Optimising powdered activated carbon dosing procedures for removal of 

natural organic matter. Master of Science Thesis. Cranfield University. UK. 

Casaca, C., & Costa, M. (2009). NOx control through reburning using biomass in a laboratory 

furnace: Effect of particle size. Proceedings of the Combustion Institute, 32 II, 2641–2648. 

https://doi.org/10.1016/j.proci.2008.06.138 

Cechinel, M. A. P., Ulson De Souza, S. M. A. G., & Ulson De Souza, A. A. (2014). Study of lead 

(II) adsorption onto activated carbon originating from cow bone. Journal of Cleaner 

Production, 65, 342–349. https://doi.org/10.1016/j.jclepro.2013.08.020 

Cheah, W.-K., Ooi, C.-H., & Yeoh, F.-Y. (2016). Rice husk and rice husk ash reutilization into 

nanoporous materials for adsorptive biomedical applications: A review. Mesoporous 

Biomaterials, 3(1), 27–38. https://doi.org/10.1515/mesbi-2016-0004 

Chen, Y., Zhu, Y., Wang, Z., Li, Y., Wang, L., Ding, L., … Guo, Y. (2011). Application studies of 

activated carbon derived from rice husks produced by chemical-thermal process - A review. 

Advances in Colloid and Interface Science, 163(1), 39–52. 

https://doi.org/10.1016/j.cis.2011.01.006 

Cheng, W., Dastgheib, S. A., & Karanfil, T. (2005). Adsorption of dissolved natural organic 

matter by modified activated carbons. Water Research, 39(11), 2281–2290. 

https://doi.org/10.1016/j.watres.2005.01.031 

Chow, C. W. K., Fabris, R., Van Leeuwen, J., Wang, D., & Drikas, M. (2008). Assessing natural 

organic matter treatability using high performance size exclusion chromatography. 

Environmental Science & Technology, 42(17), 6683–6689. 

https://doi.org/10.1021/es800794r 

Chowdhury, Z. Z., Hamid, S. B. A., Das, R., Hasan, M. R., Zain, S. M., Khalid, K., & Uddin, M. 

N. (2013). Preparation of carbonaceous adsorbents from lignocellulosic biomass and their 

use in removal of contaminants from aqueous solution. BioResources, 8(4), 6523–6555. 

Choy, K. K. H., Barford, J. P., & McKay, G. (2005). Production of activated carbon from 

ACCEPTED M
ANUSCRIP

T



bamboo scaffolding waste—process design, evaluation and sensitivity analysis. Chemical 

Engineering Journal, 109(1–3), 147–165. https://doi.org/10.1016/j.cej.2005.02.030 

Chuah, T. G., Jumasiah, A., Azni, I., Katayon, S., & Thomas Choong, S. Y. (2005). Rice husk as 

a potentially low-cost biosorbent for heavy metal and dye removal: An overview. 

Desalination, 175(3), 305–316. https://doi.org/10.1016/j.desal.2004.10.014 

Correa Rodriguez, C., Otto, T., & Kruse, A. (2017). Influence of the biomass components on the 

pore formation of activated carbon. Biomass and Bioenergy, 97, 53–64. 

https://doi.org/10.1016/j.biombioe.2016.12.017 

Daifullah, A. A. M., Girgis, B. S., & Gad, H. M. H. (2003). Utilization of agro-residues (rice 

husk) in small waste water treatment plans. Materials Letters, 57(11), 1723–1731. 

https://doi.org/10.1016/S0167-577X(02)01058-3 

Daifullah, A. A. M., Girgis, B. S., & Gad, H. M. H. (2004). A study of the factors affecting the 

removal of humic acid by activated carbon prepared from biomass material. Colloids and 

Surfaces A: Physicochemical and Engineering Aspects, 235(1–3), 1–10. 

https://doi.org/10.1016/j.colsurfa.2003.12.020 

Danish, M., Naqvi, M., Farooq, U., & Naqvi, S. (2015). Characterization of South Asian 

Agricultural Residues for Potential Utilization in Future “energy mix.” In Energy Procedia 

(Vol. 75, pp. 2974–2980). https://doi.org/10.1016/j.egypro.2015.07.604 

Dastgheib, S. A., Karanfil, T., & Cheng, W. (2004). Tailoring activated carbons for enhanced 

removal of natural organic matter from natural waters. Carbon, 42(3), 547–557. 

https://doi.org/10.1016/j.carbon.2003.12.062 

De Andrés, J. M., Orjales, L., Narros, A., de la Fuente, M. del M., & Rodríguez, M. E. (2013). 

Carbon dioxide adsorption in chemically activated carbon from sewage sludge. Journal of 

the Air & Waste Management Association, 63(5), 557–564. 

https://doi.org/10.1080/10962247.2013.772927 

De Silva, G. H. M. J. S., & Surangi, M. L. C. (2017). Effect of waste rice husk ash on structural, 

thermal and run-off properties of clay roof tiles. Construction and Building Materials, 154, 

251–257. https://doi.org/10.1016/j.conbuildmat.2017.07.169 

Deiana, C., Granados, D., Venturini, R., Amaya, A., Sergio, M., & Tancredi, N. (2008). Activated 

carbons obtained from rice husk: Influence of leaching on textural parameters. Industrial 

and Engineering Chemistry Research, 47(14), 4754–4757. 

ACCEPTED M
ANUSCRIP

T



https://doi.org/10.1021/ie071657x 

Del-Campo, B. G., Morris, M. D., Laird, D. A., Kieffer, M. M., & Brown, R. C. (2015). 

Optimizing the production of activated carbon from fast pyrolysis char. Technology, 3(2), 1–

10. https://doi.org/10.1142/S2339547815400026 

Della, V. P., Kühn, I., & Hotza, D. (2002). Rice husk ash as an alternate source for active silica 

production. Materials Letters, 57(4), 818–821. https://doi.org/10.1016/S0167-

577X(02)00879-0 

Dewil, R., Mantzavinos, D., Poulios, I., & Rodrigo, M. A. (2017). New perspectives for 

Advanced Oxidation Processes. Journal of Environmental Management, 195, 93–99. 

https://doi.org/10.1016/j.jenvman.2017.04.010 

Diamadopoulos, E., Samaras, P., & Sakellaropoulos, G. P. (1992). The Effect of Activated 

Carbon Properties on the Adsorption of Toxic Substances. Water Science and Technology, 

25(1), 153 LP-160. 

Dias, J. M., Alvim-Ferraz, M. C. M., Almeida, M. F., Rivera-Utrilla, J., & Sánchez-Polo, M. 

(2007). Waste materials for activated carbon preparation and its use in aqueous-phase 

treatment: A review. Journal of Environmental Management, 85(4), 833–846. 

https://doi.org/10.1016/j.jenvman.2007.07.031 

Ding, L., Snoeyink, V. L., Mariñas, B. J., Yue, Z., & Economy, J. (2008). Effects of Powdered 

Activated Carbon Pore Size Distribution on the Competitive Adsorption of Aqueous 

Atrazine and Natural Organic Matter. Environmental Science & Technology, 42(4), 1227–

1231. https://doi.org/10.1021/es0710555 

Drikas, M., Dixon, M., & Morran, J. (2011). Long term case study of MIEX pre-treatment in 

drinking water; understanding NOM removal. Water Research, 45(4), 1539–1548. 

https://doi.org/10.1016/j.watres.2010.11.024 

Duan, J., Wilson, F., Graham, N., & Tay, J. H. (2003). Adsorption of humic acid by powdered 

activated carbon in saline water conditions. Desalination, 151(1), 53–66. 

https://doi.org/10.1016/S0011-9164(02)00972-4 

Duan, X., Peng, J., Srinivasakannan, C., Zhang, L., Xia, H., Yang, K., & Zhang, Z. (2011). 

Process Optimization for the Preparation of Activated Carbon from Jatropha Hull Using 

Response Surface Methodology. Energy Sources, Part A: Recovery, Utilization, and 

Environmental Effects, 33(21), 2005–2017. https://doi.org/10.1080/15567030903515047 

ACCEPTED M
ANUSCRIP

T



Edzwald, J. K., & Tobiason, J. E. (1999). Enhanced coagulation: US requirements and a broader 

view. Water Science and Technology, 40(9), 63–70. https://doi.org/10.1016/S0273-

1223(99)00641-1 

El-demerdash, Am, A., & Da, I. (2015). Removal of Trihalo Methanes Using Activated Carbon 

Prepared from Agricultural Solid Wastes. Hydrology Current Research, 6(1), 1–6. 

https://doi.org/10.4172/2157-7587.1000193 

Eliche-Quesada, D, Felipe-Sesé, M, A, López-Pérez, J, A, Infantes-Molina, A. (2017). 

Characterization and evaluation of rice husk ash and wood ash in sustainable clay matrix 

bricks. Ceramics International, 43(August 2016), 463–475. 

https://doi.org/10.1016/j.ceramint.2016.09.181 

Emanuelle, C., Viana, M., Wilmar, J., & Mourad, K. A. (2016). Using Rice Husks in Water 

Purification in Brazil. International Journal of Environmental Planning and Management, 

2(3), 15–19. 

Fan, H., Chiu, T., Yang, H., Chen, W., & Furuya, E. (2007). Removal of Humic Acids , Fulvic 

Acids and Non Humic Substance From Landfill Leachate. Journal of Environmental 

Engineering and Management, 17(5), 325–331. 

FAO. (2015, December). Rice Market Monitor. Rice Market Monitor, XVIII(4), 1–34. 

https://doi.org/10.1111/fct.12208 

Fernandes, I. J., Calheiro, D., Kieling, A. G., Moraes, C. A. M., Rocha, T. L. A. C., Brehm, F. A., 

& Modolo, R. C. E. (2016). Characterization of rice husk ash produced using different 

biomass combustion techniques for energy. Fuel, 165(February), 351–359. 

https://doi.org/10.1016/j.fuel.2015.10.086 

Fettig, J. (1999). Removal of humic substances by adsorption/ion exchange. Water Science and 

Technology, 40(9), 173–182. https://doi.org/10.1016/S0273-1223(99)00654-X 

Foo, K. Y., & Hameed, B. H. (2010). Detoxification of pesticide waste via activated carbon 

adsorption process. J Hazard Mater, 175(1–3), 1–11. https://doi.org/DOI: 

10.1016/j.jhazmat.2009.10.014 

Foo, K. Y., & Hameed, B. H. (2011). Utilization of rice husks as a feedstock for preparation of 

activated carbon by microwave induced KOH and K                     2CO                     3 

activation. Bioresource Technology, 102(20), 9814–9817. 

https://doi.org/10.1016/j.biortech.2011.07.102 

ACCEPTED M
ANUSCRIP

T



García, I., & Moreno, L. (2009). Use of GAC after enhanced coagulation for the removal of 

natural organic matter from water for purification. Water Science and Technology: Water 

Supply, 9(2), 173 LP-180. 

Geraldo, R. H., Fernandes, L. F. R., & Camarini, G. (2017). Water treatment sludge and rice husk 

ash to sustainable geopolymer production. Journal of Cleaner Production, 149, 146–155. 

https://doi.org/10.1016/j.jclepro.2017.02.076 

Ghernaout, D. (2014). The hydrophilic/hydrophobic ratio vs. dissolved organics removal by 

coagulation - A review. Journal of King Saud University - Science, 26(3), 169–180. 

https://doi.org/10.1016/j.jksus.2013.09.005 

Ghorbani, F., Sanati, A. M., & Maleki, M. (2015). Production of Silica Nanoparticles from Rice 

Husk as Agricultural Waste by Environmental Friendly Technique. Environmental Studies of 

Persian Gulf, 2(1), 56–65. 

Golea, D. M., Upton, A., Jarvis, P., Moore, G., Sutherland, S., Parsons, S. A., & Judd, S. J. 

(2017). THM and HAA formation from NOM in raw and treated surface waters. Water 

Research, 112, 226–235. https://doi.org/10.1016/j.watres.2017.01.051 

Golfinopoulos, K. S. (2000). The occurrence of trihalomethanes in drinking water in Greece. 

Chemosphere, 41, 1761–1767. 

Gonçalves, G. da C., Pereira, N. C., & Veit, M. T. (2016). Production of bio-oil and activated 

carbon from sugarcane bagasse and molasses. Biomass and Bioenergy, 85, 178–186. 

https://doi.org/10.1016/j.biombioe.2015.12.013 

Grace, M. A., Clifford, E., & Healy, M. G. (2016). The potential for the use of waste products 

from a variety of sectors in water treatment processes. Journal of Cleaner Production, 137, 

788–802. https://doi.org/10.1016/j.jclepro.2016.07.113 

Graf, K. C., Cornwell, D. A., & Boyer, T. H. (2014). Removal of dissolved organic carbon from 

surface water by anion exchange and adsorption: Bench-scale testing to simulate a two-

stage countercurrent process. Separation and Purification Technology, 122, 523–532. 

https://doi.org/10.1016/j.seppur.2013.12.012 

Guo, J., Zhang, J., Jiang, F., Zhao, S., Su, Q., & Du, G. (2015). Microporous carbon nanosheets 

derived from corncobs for lithium–sulfur batteries. Electrochimica Acta, 176, 853–860. 

https://doi.org/10.1016/j.electacta.2015.07.077 

Guo, Y., Yang, S., Yu, K., Zhao, J., Wang, Z., & Xu, H. (2002). The preparation and mechanism 

ACCEPTED M
ANUSCRIP

T



studies of rice husk based porous carbon. Materials Chemistry and Physics, 74(3), 320–323. 

https://doi.org/10.1016/S0254-0584(01)00473-4 

Guo, Y., Zhao, J., Zhang, H., Yang, S., Qi, J., Wang, Z., & Xu, H. (2005). Use of rice husk-based 

porous carbon for adsorption of Rhodamine B from aqueous solutions. Dyes and Pigments, 

66(2), 123–128. https://doi.org/10.1016/j.dyepig.2004.09.014 

Gupta, V. K., Carrott, P. J. M., Ribeiro Carrott, M. M. L., & Suhas. (2009). Low-Cost 

Adsorbents: Growing Approach to Wastewater Treatment—a Review. Critical Reviews in 

Environmental Science and Technology, 39(10), 783–842. 

https://doi.org/10.1080/10643380801977610 

Gutierrez-Segura, E., Colin-Cruz, A., Fall, C., Solache-Rios, M., & Balderas-Hernández, P. 

(2009). Comparison of Cd-Pb adsorption on commercial activated carbon and carbonaceous 

material from pyrolysed sewage sludge in column system. Environmental Technology, 

30(5), 455–461. https://doi.org/10.1080/09593330902767834 

Hameed, B. H., Din, A. T. M., & Ahmad, A. L. (2007). Adsorption of methylene blue onto 

bamboo-based activated carbon: Kinetics and equilibrium studies. Journal of Hazardous 

Materials, 141(3), 819–825. https://doi.org/10.1016/j.jhazmat.2006.07.049 

Han, X., He, Y., Zhao, H., & Wang, D. (2014). Optimization of preparation conditions of 

activated carbon from the residue of desilicated rice husk using response surface 

methodology. Korean Journal of Chemical Engineering, 31(10), 1810–1817. 

https://doi.org/10.1007/s11814-014-0103-6 

Hartono, T., Wang, S., Ma, Q., & Zhu, Z. (2009). Layer structured graphite oxide as a novel 

adsorbent for humic acid removal from aqueous solution. Journal of Colloid and Interface 

Science, 333(1), 114–119. https://doi.org/10.1016/j.jcis.2009.02.005 

Hashemian, S., Salari, K., & Yazdi, Z. A. (2014). Preparation of activated carbon from 

agricultural wastes (almond shell and orange peel) for adsorption of 2-pic from aqueous 

solution. Journal of Industrial and Engineering Chemistry, 20(4), 1892–1900. 

https://doi.org/10.1016/j.jiec.2013.09.009 

Heiderscheidt, E., Leiviskä, T., & Kløve, B. (2016). Coagulation of humic waters for diffused 

pollution control and the influence of coagulant type on DOC fractions removed. Journal of 

Environmental Management, 181, 883–893. https://doi.org/10.1016/j.jenvman.2016.06.043 

Heijman, S. G. J., Van Paassen, A. M., Van Der Meer, W. G. J., & Hopman, R. (1999). 

ACCEPTED M
ANUSCRIP

T



Adsorptive removal of natural organic matter during drinking water treatment. Water 

Science and Technology, 40(9), 183–190. https://doi.org/10.1016/S0273-1223(99)00655-1 

Hong, S., Baeb, C., & Sungjin, K. (2009). Efficiency of enhanced coagulation for removal of 

NOM and for adsorbability of NOM on GAC. Desalination and Water Treatment, 2(June), 

89–94. https://doi.org/10.5004/dwt.2009.152 

Hossain, M. S., Islam, M. R., Rahman, M. S., Kader, M. A., & Haniu, H. (2017). Biofuel from 

Co-pyrolysis of Solid Tire Waste and Rice Husk. In Energy Procedia (Vol. 110, pp. 453–

458). https://doi.org/10.1016/j.egypro.2017.03.168 

Hsi, H.-C., Horng, R. S., Pan, T.-A., & Lee, S.-K. (2011). Preparation of Activated Carbons from 

Raw and Biotreated Agricultural Residues for Removal of Volatile Organic Compounds. 

Journal of the Air & Waste Management Association (Air & Waste Management 

Association), 61(5), 543–551. https://doi.org/10.3155/1047-3289.61.5.543 

Hsieh, Y., Du, Y., Jin, F., Zhou, Z., & Enomoto, H. (2009). Alkaline pre-treatment of rice hulls 

for hydrothermal production of acetic acid. Chemical Engineering Research and Design, 

87(1), 13–18. https://doi.org/10.1016/j.cherd.2008.07.001 

Hu, J., Shang, R., Heijman, B., & Rietveld, L. (2015). Reuse of spent granular activated carbon 

for organic micro-pollutant removal from treated wastewater. Journal of Environmental 

Management, 160, 98–104. https://doi.org/10.1016/j.jenvman.2015.06.011 

Humbert, H., Gallard, H., Suty, H., & Croué, J.-P. (2008). Natural organic matter (NOM) and 

pesticides removal using a combination of ion exchange resin and powdered activated 

carbon (PAC). Water Research, 42(6–7), 1635–43. 

https://doi.org/10.1016/j.watres.2007.10.012 

Hwang, C. L., & Huynh, T. P. (2015). Investigation into the use of unground rice husk ash to 

produce eco-friendly construction bricks. Construction and Building Materials, 93, 335–

341. https://doi.org/10.1016/j.conbuildmat.2015.04.061 

Imyim, A., & Prapalimrungsi, E. (2010). Humic acids removal from water by aminopropyl 

functionalized rice husk ash. Journal of Hazardous Materials, 184(1–3), 775–781. 

https://doi.org/10.1016/j.jhazmat.2010.08.108 

Ioannidou, O., & Zabaniotou, A. (2007). Agricultural residues as precursors for activated carbon 

production-A review. Renewable and Sustainable Energy Reviews. 

https://doi.org/10.1016/j.rser.2006.03.013 

ACCEPTED M
ANUSCRIP

T



Iriarte-Velasco, U., Álvarez-Uriarte, J. I., Chimeno-Alanís, N., & González-Velasco, J. R. (2008). 

Natural Organic Matter Adsorption onto Granular Activated Carbons: Implications in the 

Molecular Weight and Disinfection Byproducts Formation. Industrial & Enginnering 

Chemistry Research, 47, 7868–7876. https://doi.org/DOI: 10.1021/ie800912y 

Isoda, N., Rodrigues, R., Silva, A., Gonçalves, M., Mandelli, D., Figueiredo, F. C. A., & 

Carvalho, W. A. (2014). Optimization of preparation conditions of activated carbon from 

agriculture waste utilizing factorial design. Powder Technology, 256, 175–181. 

https://doi.org/10.1016/j.powtec.2014.02.029 

Johnson, B. R., Eldred, T. B., Nguyen, A. T., Payne, W. M., Schmidt, E. E., Alansari, A. Y., … 

Poler, J. C. (2016). High-Capacity and Rapid Removal of Refractory NOM Using 

Nanoscale Anion Exchange Resin. ACS Applied Materials and Interfaces, 8(28), 18450–

18549. https://doi.org/10.1021/acsami.6b04368 

Jonglertjunya, W., & Lertchutimakul, T. (2012). Equilibrium and kinetic studies on the 

adsorption of humic acid by activated sludge and Bacillus subtilis. Songklanakarin J. Sci. 

Technol, 34(6), 669–677. https://doi.org/10.1080/19443994.2015.1082510 

Joseph, L., Flora, J. R. V., Park, Y.-G., Badawy, M., Saleh, H., & Yoon, Y. (2012). Removal of 

natural organic matter from potential drinking water sources by combined coagulation and 

adsorption using carbon nanomaterials. Separation and Purification Technology, 95, 64–72. 

https://doi.org/10.1016/j.seppur.2012.04.033 

Kalderis, D., Bethanis, S., Paraskeva, P., & Diamadopoulos, E. (2008). Production of activated 

carbon from bagasse and rice husk by a single-stage chemical activation method at low 

retention times. Bioresource Technology, 99(15), 6809–6816. 

https://doi.org/10.1016/j.biortech.2008.01.041 

Kalderis, D., Koutoulakis, D., Paraskeva, P., Diamadopoulos, E., Otal, E., Valle, J. O. del, & 

Fernández-Pereira, C. (2008). Adsorption of polluting substances on activated carbons 

prepared from rice husk and sugarcane bagasse. Chemical Engineering Journal, 144(1), 42–

50. https://doi.org/10.1016/j.cej.2008.01.007 

Kalibbala, H. M. (2007). Application of Indigenous Materials in Drinking Water. PhD Thesis, 

KTH Royal Institute of Technology, Stokholm. 

Kaushik, A., Basu, S., Singh, K., Batra, V. S., & Balakrishnan, M. (2017). Activated carbon from 

sugarcane bagasse ash for melanoidins recovery. Journal of Environmental Management, 

ACCEPTED M
ANUSCRIP

T



200, 29–34. https://doi.org/10.1016/j.jenvman.2017.05.060 

Kazmi, S. M. S., Abbas, S., Munir, M. J., & Khitab, A. (2016). Exploratory study on the effect of 

waste rice husk and sugarcane bagasse ashes in burnt clay bricks. Journal of Building 

Engineering, 7, 372–378. https://doi.org/10.1016/j.jobe.2016.08.001 

Kennedy, L. J., Vijaya, J. J., Kayalvizhi, K., & Sekaran, G. (2007). Adsorption of phenol from 

aqueous solutions using mesoporous carbon prepared by two-stage process. Chemical 

Engineering Journal, 132(1–3), 279–287. https://doi.org/10.1016/j.cej.2007.01.009 

Ko, D. C. K., Mui, E. L. K., Lau, K. S. T., & McKay, G. (2004). Production of activated carbons 

from waste tire - Process design and economical analysis. Waste Management, 24(9), 875–

888. https://doi.org/10.1016/j.wasman.2004.03.006 

Kook, J. W., Choi, H. M., Kim, B. H., Ra, H. W., Yoon, S. J., Mun, T. Y., … Seo, M. W. (2016). 

Gasification and tar removal characteristics of rice husk in a bubbling fluidized bed reactor. 

Fuel, 181, 942–950. https://doi.org/10.1016/j.fuel.2016.05.027 

Korotta-Gamage, S. M., & Sathasivan, A. (2017). A review: Potential and challenges of 

biologically activated carbon to remove natural organic matter in drinking water purification 

process. Chemosphere, 167, 120–138. https://doi.org/10.1016/j.chemosphere.2016.09.097 

Krishnani, K. K., Meng, X., Christodoulatos, C., & Boddu, V. M. (2008). Biosorption 

mechanism of nine different heavy metals onto biomatrix from rice husk. Journal of 

Hazardous Materials, 153(3), 1222–1234. https://doi.org/10.1016/j.jhazmat.2007.09.113 

Kumagai, S., Noguchi, Y., Kurimoto, Y., & Takeda, K. (2007). Oil adsorbent produced by the 

carbonization of rice husks. Waste Management, 27(4), 554–561. 

https://doi.org/10.1016/j.wasman.2006.04.006 

Kumagai, S., Shimizu, Y., Toida, Y., & Enda, Y. (2009). Removal of dibenzothiophenes in 

kerosene by adsorption on rice husk activated carbon. Fuel, 88(10), 1975–1982. 

https://doi.org/10.1016/j.fuel.2009.03.016 

Kumar, A., & Jena, H. M. (2016). Preparation and characterization of high surface area activated 

carbon from Fox nut (Euryale ferox) shell by chemical activation with H3PO4. Results in 

Physics, 6, 651–658. https://doi.org/10.1016/j.rinp.2016.09.012 

Kumar, U., & Bandyopadhyay, M. (2006). Sorption of cadmium from aqueous solution using 

pretreated rice husk. Bioresource Technology, 97(1), 104–109. 

https://doi.org/10.1016/j.biortech.2005.02.027 

ACCEPTED M
ANUSCRIP

T



Le Van, K., & Luong Thi, T. T. (2014). Activated carbon derived from rice husk by NaOH 

activation and its application in supercapacitor. Progress in Natural Science: Materials 

International, 24(3), 191–198. https://doi.org/10.1016/j.pnsc.2014.05.012 

Lee, J. T., Zhao, Y., Kim, H., Cho, W. Il, & Yushin, G. (2014). Sulfur infiltrated activated carbon 

cathodes for lithium sulfur cells: The combined effects of pore size distribution and 

electrolyte molarity. Journal of Power Sources, 248, 752–761. 

https://doi.org/10.1016/j.jpowsour.2013.10.003 

Lee, T. Z. E., Mohd Irwan Lu, N. A. L., Mohd Razak, N. N., Wasli, M. E., Mohamed, M., & Sim, 

S. F. (2014). Application of rice husk as water treatment agent and soil conditioner. British 

Journal of Applied Science & Technology, 4(30), 4252–4262. 

Li, F., Yuasa, A., Ebie, K., & Azuma, Y. (2003). Microcolumn test and model analysis of 

activated carbon adsorption of dissolved organic matter after precoagulation: Effects of pH 

and pore size distribution. Journal of Colloid and Interface Science, 262(2), 331–341. 

https://doi.org/10.1016/S0021-9797(03)00116-4 

Li, F., Yuasa, A., Ebie, K., Azuma, Y., Hagishita, T., & Matsui, Y. (2002). Factors affecting the 

adsorption capacity of dissolved organic matter onto activated carbon: Modified isotherm 

analysis. Water Research, 36(18), 4592–4604. https://doi.org/10.1016/S0043-

1354(02)00174-4 

Li, M., Wu, S. C., Peng, Y., & Shih, Y. (2016). Adsorption of volatile organic vapors by activated 

carbon derived from rice husk under various humidity conditions and its statistical 

evaluation by linear solvation energy relationships. Separation and Purification Technology, 

170, 102–108. https://doi.org/10.1016/j.seppur.2016.06.029 

Li, X., Yang, F., Li, P., Yang, X., He, J., Wang, H., & Lv, P. (2015). Optimization of preparation 

process of activated carbon from chestnut burs assisted by microwave and pore structural 

characterization analysis. Journal of the Air and Waste Management Association, 65(11), 

1297–1305. https://doi.org/10.1080/10962247.2015.1083493 

Li, Y., Ding, X., Guo, Y., Wang, L., Rong, C., Qu, Y., … Wang, Z. (2011). A simple and highly 

effective process for the preparation of activated carbons with high surface area. Materials 

Chemistry and Physics, 127(3), 495–500. 

https://doi.org/10.1016/j.matchemphys.2011.02.046 

Lima, I. M., McAloon, A., & Boateng, A. A. (2008). Activated carbon from broiler litter: Process 

ACCEPTED M
ANUSCRIP

T



description and cost of production. Biomass and Bioenergy, 32(6), 568–572. 

https://doi.org/10.1016/j.biombioe.2007.11.008 

Lin, S. H., & Juang, R. S. (2009). Adsorption of phenol and its derivatives from water using 

synthetic resins and low-cost natural adsorbents: A review. Journal of Environmental 

Management, 90(3), 1336–1349. https://doi.org/10.1016/j.jenvman.2008.09.003 

Liou, T. H. (2010). Development of mesoporous structure and high adsorption capacity of 

biomass-based activated carbon by phosphoric acid and zinc chloride activation. Chemical 

Engineering Journal, 158(2), 129–142. https://doi.org/10.1016/j.cej.2009.12.016 

Liou, T. H., & Wu, S. J. (2009). Characteristics of microporous/mesoporous carbons prepared 

from rice husk under base- and acid-treated conditions. Journal of Hazardous Materials, 

171(1–3), 693–703. https://doi.org/10.1016/j.jhazmat.2009.06.056 

Liou, T.-H., Chang, F.-W., & Lo, J.-J. (1997). Pyrolysis Kinetics of Acid-Leached Rice Husk. 

Industrial & Engineering Chemistry Research, 36(3), 568–573. 

https://doi.org/10.1021/ie9604536 

Liu, B, Gu, J, Zhou, J. (2016). High Surface Area Rice Husk-Based Activated Carbon Prepared 

by Chemical Activation with ZnCl2-CuCl2 Composite Activator. Environmental Progress & 

Sustainable Energy, 35(1), 133–140. https://doi.org/10.1002/ep 

Liu, H., Liu, R., Tian, C., Jiang, H., Liu, X., Zhang, R., & Qu, J. (2012). Removal of natural 

organic matter for controlling disinfection by-products formation by enhanced coagulation: 

A case study. Separation and Purification Technology, 84, 41–45. 

https://doi.org/10.1016/j.seppur.2011.07.009 

Liu, S. L., Wang, Y. N., & Lu, K. T. (2014). Preparation and pore characterization of activated 

carbon from Ma bamboo (Dendrocalamus latiflorus) by H3PO4 chemical activation. 

Journal of Porous Materials, 21(4), 459–466. https://doi.org/10.1007/s10934-014-9792-9 

Lozano-Castelló, D., Lillo-Ródenas, M. A., Cazorla-Amorós, D., & Linares-Solano, A. (2001). 

Preparation of activated carbons from Spanish anthracite - I. Activation by KOH. Carbon, 

39(5), 741–749. https://doi.org/10.1016/S0008-6223(00)00185-8 

Luukkonen, T., Tolonen, E. T., Runtti, H., Pellinen, J., Hu, T., Rämö, J., & Lassi, U. (2014). 

Removal of total organic carbon (TOC) residues from power plant make-up water by 

activated carbon. Journal of Water Process Engineering, 3(C), 46–52. 

https://doi.org/10.1016/j.jwpe.2014.08.005 

ACCEPTED M
ANUSCRIP

T



Maghsoodloo, S., Noroozi, B., Haghi, A. K., & Sorial, G. A. (2011). Consequence of chitosan 

treating on the adsorption of humic acid by granular activated carbon. Journal of Hazardous 

Materials, 191(1–3), 380–387. https://doi.org/10.1016/j.jhazmat.2011.04.096 

Malik, P. K. (2003). Use of activated carbons prepared from sawdust and rice-husk for 

adsoprtion of acid dyes: A case study of acid yellow 36. Dyes and Pigments, 56(3), 239–

249. https://doi.org/10.1016/S0143-7208(02)00159-6 

Mall, I. D., Srivastava, V. C., & Agarwal, N. K. (2006). Removal of Orange-G and Methyl Violet 

dyes by adsorption onto bagasse fly ash - Kinetic study and equilibrium isotherm analyses. 

Dyes and Pigments, 69(3), 210–223. https://doi.org/10.1016/j.dyepig.2005.03.013 

Manocha, S. M. (2003). Porous Carbons. Sadhana, 28(Parts1 & 2, February/April), 335–348. 

Mansary, K. G., & Ghaly, A. E. (1997). Physical and Thermochemical Properties of Rice Husk. 

Energy Sources, 19(9), 989–1004. https://doi.org/10.1080/00908319708908904 

Marrugo, G., Valdés, C. F., & Chejne, F. (2016). Characterization of Colombian agroindustrial 

biomass residues as energy resources. Energy & Fuels, acs.energyfuels.6b01596. 

https://doi.org/10.1021/acs.energyfuels.6b01596 

Matilainen, A., & Sillanpää, M. (2010). Removal of natural organic matter from drinking water 

by advanced oxidation processes. Chemosphere, 80(4), 351–365. 

https://doi.org/10.1016/j.chemosphere.2010.04.067 

Matilainen, A., Vepsäläinen, M., & Sillanpää, M. (2010). Natural organic matter removal by 

coagulation during drinking water treatment: A review. Advances in Colloid and Interface 

Science, 159(2), 189–197. https://doi.org/10.1016/j.cis.2010.06.007 

Menéndez-Díaz, J. A., & Martín-Gullón, I. (2006). Chapter 1 Types of carbon adsorbents and 

their production. Interface Science and Technology, 7(C), 1–47. 

https://doi.org/10.1016/S1573-4285(06)80010-4 

Metsämuuronen, S., Sillanpää, M., Bhatnagar, A., & Mänttäri, M. (2014). Natural Organic 

Matter Removal from Drinking Water by Membrane Technology. Separation & Purification 

Reviews, 43(1), 1–61. https://doi.org/10.1080/15422119.2012.712080 

Mhilu, C. F. (2014). Analysis of Energy Characteristics of Rice and Coffee Husks Blends. ISRN 

Chemical Engineering, 1, 1–6. 

Mohan, S., & Sreelakshmi, G. (2008). Fixed bed column study for heavy metal removal using 

phosphate treated rice husk. Journal of Hazardous Materials, 153(1–2), 75–82. 

ACCEPTED M
ANUSCRIP

T



https://doi.org/10.1016/j.jhazmat.2007.08.021 

Msinjili, N. S., Schmidt, W., Rogge, A., & Kühne, H. C. (2017). Performance of rice husk ash 

blended cementitious systems with added superplasticizers. Cement and Concrete 

Composites, 83, 202–208. https://doi.org/10.1016/j.cemconcomp.2017.07.014 

Muniandy, L., Adam, F., Mohamed, A. R., & Ng, E. P. (2014). The synthesis and characterization 

of high purity mixed microporous/mesoporous activated carbon from rice husk using 

chemical activation with NaOH and KOH. Microporous and Mesoporous Materials, 197, 

316–323. https://doi.org/10.1016/j.micromeso.2014.06.020 

Najm, I., Tate, C., & Selby, D. (1998). Optimizing enhanced coagulation with PAC: A case study. 

Journal / American Water Works Association, 90(10), 88–95. 

Namasivayam, C., & Kadirvelu, K. (1997). Activated carbons prepared from coir pith by 

physical and chemical activation methods. Bioresource Technology, 62(3), 123–127. 

https://doi.org/10.1016/S0960-8524(97)00074-6 

Nandi, B. K., Goswami, A., & Purkait, M. K. (2009). Adsorption characteristics of brilliant green 

dye on kaolin. Journal of Hazardous Materials, 161(1), 387–395. 

https://doi.org/10.1016/j.jhazmat.2008.03.110 

Naqvi, S. R., Uemura, Y., Osman, N., & Yusup, S. (2015). Production and Evaluation of 

Physicochemical Characteristics of Paddy Husk Bio-char for its C Sequestration 

Applications. Bioenergy Research, 8(4), 1800–1809. https://doi.org/10.1007/s12155-015-

9634-x 

Newcombe, G. (1999). Charge vs. porosity - Some influences on the adsorption of natural 

organic matter (NOM) by activated carbon. Water Science and Technology, 40(9), 191–198. 

https://doi.org/10.1016/S0273-1223(99)00656-3 

Newcombe, G. (2006). Chapter 8: Removal of natural organic material and algal metabolites 

using activated carbon. Interface Science and Technology, 10(C), 133–153. 

https://doi.org/10.1016/S1573-4285(06)80077-3 

Newcombe, G., & Drikas, M. (1997). Adsorption of NOM onto activated carbon: Electrostatic 

and non-electrostatic effects. Carbon, 35(9), 1239–1250. https://doi.org/10.1016/S0008-

6223(97)00078-X 

Newcombe, G., Morrison, J., & Hepplewhite, C. (2002). Simultaneous adsorption of MIB and 

NOM onto activated carbon. I. Characterisation of the system and NOM adsorption. 

ACCEPTED M
ANUSCRIP

T



Carbon, 40(12), 2135–2146. https://doi.org/10.1016/S0008-6223(02)00097-0 

Ng, C., Bansode, R. R., Marshall, W. E., Losso, J. N., & Rao, R. M. (2002). Process description 

and product cost to manufacture sugarcane bagasse-based granular activated carbon. 

International Sugar Journal, 104(1245), 401–408.  

Ng, C., Marshall, W. E., Rao, R. M., Bansode, R. R., & Losso, J. N. (2003). Activated carbon 

from pecan shell: Process description and economic analysis. Industrial Crops and 

Products, 17(3), 209–217. https://doi.org/10.1016/S0926-6690(03)00002-5 

Njoku, V. O., Islam, M. A., Asif, M., & Hameed, B. H. (2014). Preparation of mesoporous 

activated carbon from coconut frond for the adsorption of carbofuran insecticide. Journal of 

Analytical and Applied Pyrolysis, 110(1), 172–180. 

https://doi.org/10.1016/j.jaap.2014.08.020 

Nsaifabbas, M., & Abbas, F. S. (2014). Application of rice husk to remove humic acid from 

aqueous solutions and profiting from waste leftover. WSEAS Transactions on Biology and 

Biomedicine, 11, 62–69. 

Ødegaard, H., Østerhus, S., Melin, E., & Eikebrokk, B. (2010). NOM removal technologies – 

Norwegian experiences. Drink. Water Eng. Sci, 3, 1–9. https://doi.org/10.5194/dwesd-2-

161-2009 

Okada, K., Yamamoto, N., Kameshima, Y., & Yasumori, A. (2003). Porous properties of 

activated carbons from waste newspaper prepared by chemical and physical activation. 

Journal of Colloid and Interface Science, 262(1), 179–193. https://doi.org/10.1016/S0021-

9797(03)00107-3 

Olupot, P. W., Candia, A., Menya, E., & Walozi, R. (2016). Characterization of rice husk 

varieties in Uganda for biofuels and their techno-economic feasibility in gasification. 

Chemical Engineering Research and Design, 107, 63–72. 

https://doi.org/10.1016/j.cherd.2015.11.010 

Omri, A., Lambert, S. D., Geens, J., Bennour, F., & Benzina, M. (2014). Synthesis, Surface 

Characterization and Photocatalytic Activity of TiO2 Supported on Almond Shell Activated 

Carbon. Journal of Materials Science & Technology, 30(9), 894–902. 

https://doi.org/10.1016/j.jmst.2014.04.007 

Owen, D. M., Amy, G. L., Chowdhury, Z. K., Paode, R., McCoy, G., & Viscosil, K. (1995). 

NOM characterization and treatability. Journal / American Water Works Association, 87(1), 

ACCEPTED M
ANUSCRIP

T



46–63. 

Panda, G. C., Das, S. K., & Guha, A. K. (2009). Jute stick powder as a potential biomass for the 

removal of congo red and rhodamine B from their aqueous solution. Journal of Hazardous 

Materials, 164(1), 374–379. https://doi.org/10.1016/j.jhazmat.2008.08.015 

Park, H.-S., Koduru, J. R., Choo, K.-H., & Lee, B. (2015). Activated carbons impregnated with 

iron oxide nanoparticles for enhanced removal of bisphenol A and natural organic matter. 

Journal of Hazardous Materials, 286, 315–324. 

https://doi.org/10.1016/j.jhazmat.2014.11.012 

Parson, S. A., Jefferson, B., Goslan, E. H., Jarvis, P., Fearing, D. a, & Parsons, S. a. (2004). 

Natural organic matter-the relationship between character and treatability. Water Science 

and Technology: Water Supply, 4(5–6), 43–48.  

Parsons, S. A., Goslan, E. H., McGrath, S., Jarvis, P., & Jefferson, B. (2014). 2.7 - Disinfection 

Byproduct Control, 2, 120–147. https://doi.org/http://dx.doi.org/10.1016/B978-0-12-

382182-9.00084-0 

Pendyal, B. (1999). The effect of binders and agricultural by-products on physical and chemical 

properties of granular activated carbons. Bioresource Technology, 68(3), 247–254. 

https://doi.org/10.1016/S0960-8524(98)00153-9 

Pollard, S. J. T., Fowler, G. D., Sollars, C. J., & Perry, R. (1992). Low cost adsorbents for waste 

and wastewater treatment: a review. Sci. Total Environ., 116(May), 31–52. 

Prahas, D., Kartika, Y., Indraswati, N., & Ismadji, S. (2008). Activated Carbon from Jack Fruit 

Peel Waste by H3PO4 Chemical Activation : Pore Structure and Surface Chemistry 

Characterization. Chemical Engineering Journal, 140, 32–42. 

https://doi.org/10.1016/j.cej.2007.08.032 

Prakash, P., & Sheeba, K. N. (2016). Prediction of pyrolysis and gasification characteristics of 

different biomass from their physico-chemical properties. Energy Sources, Part A: 

Recovery, Utilization and Environmental Effects, 38(11), 1530–1536. 

https://doi.org/10.1080/15567036.2014.953713 

Quispe, I., Navia, R., & Kahhat, R. (2017). Energy potential from rice husk through direct 

combustion and fast pyrolysis: A review. Waste Management, 59, 200–210. 

https://doi.org/10.1016/j.wasman.2016.10.001 

Qureshi, K., Bhatti, I., Kazi, R., & Ansari, A. K. (2008). Physical and Chemical Analysis of 

ACCEPTED M
ANUSCRIP

T



Activated Carbon Prepared from Sugarcane Bagasse and Use for Sugar Decolorisation. 

International Journal of Chemical and Biological Engineering, 1(3), 144–148. 

Raja, M., Angulakshmi, N., & Stephan, A. M. (2016). Sisal-derived activated carbons for cost-

effective lithium–sulfur batteries. RSC Adv., 6(17), 13772–13779. 

https://doi.org/10.1039/C5RA25850B 

Rao, P., Lo, I. M. C., Yin, K., & Tang, S. C. N. (2011). Removal of natural organic matter by 

cationic hydrogel with magnetic properties. Journal of Environmental Management, 92(7), 

1690–1695. https://doi.org/10.1016/j.jenvman.2011.01.028 

Rauthula, M. S., & Srivastava, V. C. (2011). Studies on adsorption/desorption of nitrobenzene 

and humic acid onto/from activated carbon. Chemical Engineering Journal, 168(1), 35–43. 

https://doi.org/10.1016/j.cej.2010.12.026 

Ribau Teixeira, M., Camacho, F. P., Sousa, V. S., & Bergamasco, R. (2017). Green technologies 

for cyanobacteria and natural organic matter water treatment using natural based products. 

Journal of Cleaner Production, 162, 484–490. https://doi.org/10.1016/j.jclepro.2017.06.004 

Rodríguez De Sensale, G. (2010). Effect of rice-husk ash on durability of cementitious materials. 

Cement and Concrete Composites, 32(9), 718–725. 

https://doi.org/10.1016/j.cemconcomp.2010.07.008 

Rodriguez-Reinoso, F., Molina-Sabio, M., & Gonzalez, M. T. (1995). The use of steam and CO2 

as activating agents in the preparation of activated carbons. Carbon, 33(1), 15–23. 

https://doi.org/10.1016/0008-6223(94)00100-E 

Schreiber, B., Brinkmann, T., Schmalz, V., & Worch, E. (2005). Adsorption of dissolved organic 

matter onto activated carbon - The influence of temperature, absorption wavelength, and 

molecular size. Water Research, 39(15), 3449–3456. 

https://doi.org/10.1016/j.watres.2005.05.050 

Selvaraju, G., & Bakar, N. K. A. (2017). Production of a new industrially viable green-activated 

carbon from Artocarpus integer fruit processing waste and evaluation of its chemical, 

morphological and adsorption properties. Journal of Cleaner Production, 141, 989–999. 

https://doi.org/10.1016/j.jclepro.2016.09.056 

Serp, P., & Machado, B. F. (2015). Nanostructured Carbon Materials for Catalysis. In 

Nanostructured Carbon Materials for Catalysis (pp. 1–45). Cambridge, UK: Royal Society 

of Chemistry. https://doi.org/10.1039/9781782622567 

ACCEPTED M
ANUSCRIP

T



Sharp, E. L., Jarvis, P., Parsons, S. A., & Jefferson, B. (2006). Impact of fractional character on 

the coagulation of NOM. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 286(1–3), 104–111. https://doi.org/10.1016/j.colsurfa.2006.03.009 

Shoaib, M., & Al-Swaidan, H. M. (2015). Optimization and characterization of sliced activated 

carbon prepared from date palm tree fronds by physical activation. Biomass and Bioenergy, 

73, 124–134. https://doi.org/10.1016/j.biombioe.2014.12.016 

Sillanpää, M., Sillanpää, M., & Matilainen, A. (2015). Chapter 3 – NOM Removal by 

Coagulation. In Natural Organic Matter in Water (pp. 55–80). 

https://doi.org/10.1016/B978-0-12-801503-2.00003-3 

Singer, P. C. (1999). Humic substances as precursors for potentially harmful disinfection by- 

products. Water Science and Technology, 40(9), 25–30. https://doi.org/10.1016/S0273-

1223(99)00636-8 

So, S. H., Choi, I. H., Kim, H. C., & Maeng, S. K. (2017). Seasonally related effects on natural 

organic matter characteristics from source to tap in Korea. Science of the Total Environment, 

592, 584–592. https://doi.org/10.1016/j.scitotenv.2017.03.063 

Sobhanardakani, S., Parvizimosaed, H., & Olyaie, E. (2013). Heavy metals removal from 

wastewaters using organic solid waste-rice husk. Environmental Science and Pollution 

Research, 20(8), 5265–5271. https://doi.org/10.1007/s11356-013-1516-1 

Soh, Y. C., Roddick, F., & Van Leeuwen, J. (2008). The impact of alum coagulation on the 

character, biodegradability and disinfection by-product formation potential of reservoir 

natural organic matter (NOM) fractions. Water Science and Technology, 58(6), 1173–1179. 

https://doi.org/10.2166/wst.2008.475 

Somasundaram, S., Sekar, K., Gupta, V. K., & Ganesan, S. (2013). Synthesis and 

characterization of mesoporous activated carbon from rice husk for adsorption of glycine 

from alcohol-aqueous mixture. Journal of Molecular Liquids, 177, 416–425. 

https://doi.org/10.1016/j.molliq.2012.09.022 

Song, X., Zhang, Y., & Chang, C. (2012). Novel Method for Preparing Activated Carbons with 

High Specific Surface Area from Rice Husk. Industrial & Engineering Chemistry Research, 

51(46), 15075–15081. https://doi.org/10.1021/ie3012853 

Stavropoulos, G. G., & Zabaniotou, A. A. (2009). Minimizing activated carbons production cost. 

Fuel Processing Technology, 90(7–8), 952–957. 

ACCEPTED M
ANUSCRIP

T



https://doi.org/10.1016/j.fuproc.2009.04.002 

Suhas, Carrott, P. J. M., & Ribeiro Carrott, M. M. L. (2007). Lignin - from natural adsorbent to 

activated carbon: A review. Bioresource Technology. 

https://doi.org/10.1016/j.biortech.2006.08.008 

Summers, R. S., & Roberts, V. P. (1988). Activated Carbon Adsorption of Humic Substances 

Adsorption of Charged Macromolecules. Journal of Colloid and Interface Science, 122(2), 

382–397. https://doi.org/10.1016/0021-9797(88)90373-6 

Sutas, J., Mana, A., & Pitak, L. (2012). Effect of rice husk and rice husk ash to properties of 

bricks. In Procedia Engineering (Vol. 32, pp. 1061–1067). 

https://doi.org/10.1016/j.proeng.2012.02.055 

Suzuki, R. M., Andrade, A. D., Sousa, J. C., & Rollemberg, M. C. (2007). Preparation and 

characterization of activated carbon from rice bran. Bioresource Technology, 98(10), 1985–

1991. https://doi.org/10.1016/j.biortech.2006.08.001 

Swietlik, J., Dabrowska, A., Raczyk-Stanisławiak, U., & Nawrocki, J. (2004). Reactivity of 

natural organic matter fractions with chlorine dioxide and ozone. Water Research, 38(3), 

547–58. https://doi.org/10.1016/j.watres.2003.10.034 

Szymczycha, B., Winogradow, A., Kuli, K., Koziorowska, K., & Pempkowiak, J. (2017). Diurnal 

and seasonal DOC and POC variability in the land-locked sea. Oceanologia, 59(3), 379–

388. https://doi.org/https://doi.org/10.1016/j.oceano.2017.03.008 

Tan, W. C., Yap, S. Y., Matsumoto, A., Othman, R., & Yeoh, F. Y. (2011). Synthesis and 

characterization of zeolites NaA and NaY from rice husk ash. In Adsorption (Vol. 17, pp. 

863–868). https://doi.org/10.1007/s10450-011-9350-6 

Tan, X., Liu, S., Liu, Y., Gu, Y., Zeng, G., & Hu, X. (2017). Bioresource Technology Biochar as 

potential sustainable precursors for activated carbon production : Multiple applications in 

environmental protection and energy storage, 227, 359–372. 

https://doi.org/10.1016/j.biortech.2016.12.083 

Tavengwa, Nikita, T., Chimuka, L., & Tichagwa, L. (2015). Equilibrium and kinetic studies on 

the adsorption of humic acid by activated sludge and Bacillus subtilis. Desalination and 

Water Treatment, 34(6), 669–677. https://doi.org/10.1080/19443994.2015.1082510 

Toles, C. A., Marshall, W. E., Wartelle, L. H., & McAloon, A. (2000). Steam- or carbon dioxide-

activated carbons from almond shells: Physical, chemical and adsorptive properties and 

ACCEPTED M
ANUSCRIP

T



estimated cost of production. Bioresource Technology, 75(3), 197–203. 

https://doi.org/10.1016/S0960-8524(00)00058-4 

Tomaszewska, M., Mozia, S., & Morawski, A. W. (2004). Removal of organic matter by 

coagulation enhanced with adsorption on PAC. Desalination, 161(1), 79–87. 

https://doi.org/10.1016/S0011-9164(04)90042-2 

Toniazzo, L., Fierro, V., Braghiroli, F., Amaral, G., & Celzard, A. (2013). Biosorption of model 

pollutants in liquid phase on raw and modified rice husks. Journal of Physics: Conference 

Series, 416, 12026. https://doi.org/10.1088/1742-6596/416/1/012026 

Tran, V. S., Ngo, H. H., Guo, W., Zhang, J., Liang, S., Ton-That, C., & Zhang, X. (2015). Typical 

low cost biosorbents for adsorptive removal of specific organic pollutants from water. 

Bioresource Technology, 182, 353–363. https://doi.org/10.1016/j.biortech.2015.02.003 

Tubić, A., Agbaba, J., Dalmacija, B., Molnar, J., Maletić, S., Watson, M., & Perović, S. U. 

(2013). Insight into changes during coagulation in NOM reactivity for trihalomethanes and 

haloacetic acids formation. Journal of Environmental Management, 118, 153–160. 

https://doi.org/10.1016/j.jenvman.2012.11.046 

Üner, O., Geçgel, Ü., Kolancilar, H., & Bayrak, Y. (2017). Adsorptive Removal of Rhodamine B 

with Activated Carbon Obtained from Okra Wastes. Chemical Engineering 

Communications, 204(7), 772–783. https://doi.org/10.1080/00986445.2017.1319361 

US EPA. (2012). EPA Drinking Water Guidance on Disinfection By-Products Advice Note No. 4. 

Version 2. Disinfection By-Products in Drinking Water (978-1-84095-444-9). United States 

of America. 

Uyak, V., Yavuz, S., Toroz, I., Ozaydin, S., & Genceli, E. A. (2007). Disinfection by-products 

precursors removal by enhanced coagulation and PAC adsorption. Desalination, 216(1–3), 

334–344. https://doi.org/10.1016/j.desal.2006.11.026 

Velten, S., Knappe, D. R. U., Traber, J., Kaiser, H.-P., von Gunten, U., Boller, M., & Meylan, S. 

(2011). Characterization of natural organic matter adsorption in granular activated carbon 

adsorbers. Water Research, 45, 3951–3959. https://doi.org/10.1016/j.watres.2011.04.047 

Viswanathan, B., Neel, P., & Varadarajan, T. (2009). Methods of activation and specific 

applications of carbon materials. National Centre for Catalysis Research, Department of 

Chemistry, Indian Institute of Technology Madras. Chennai 600 036. 

Wallace, J. (2000). Increasing agricultural water use efficiency to meet future food production. 

ACCEPTED M
ANUSCRIP

T



Agriculture, Ecosystems & Environment, 82, 105–119. https://doi.org/10.1016/S0167-

8809(00)00220-6 

Wan Ngah, W. S., & Musa, A. (1998). Adsorption of Humic Acid onto Chitin and Chitosan. 

Journal of Applied Polymer Science, 69(December), 2305–2310. 

https://doi.org/10.1002/(SICI)1097-4628(19980919)69:12<2305::AID-APP1>3.0.CO;2-C 

Wang, L. (2012). Application of activated carbon derived from “waste” bamboo culms for the 

adsorption of azo disperse dye: Kinetic, equilibrium and thermodynamic studies. Journal of 

Environmental Management, 102, 79–87. https://doi.org/10.1016/j.jenvman.2012.02.019 

Wang, S. G., Sun, X. F., Liu, X. W., Gong, W. X., Gao, B. Y., & Bao, N. (2008). Chitosan 

hydrogel beads for fulvic acid adsorption: Behaviors and mechanisms. Chemical 

Engineering Journal, 142(3), 239–247. https://doi.org/10.1016/j.cej.2007.11.025 

Wang, S., & Zhu, Z. H. (2007). Humic acid adsorption on fly ash and its derived unburned 

carbon. Journal of Colloid and Interface Science, 315(1), 41–46. 

https://doi.org/10.1016/j.jcis.2007.06.034 

Wannapeera, J., Worasuwannarak, N., & Pipatmanomai, S. (2008). Product yields and 

characteristics of rice husk , rice straw and corncob during fast pyrolysis in a drop-tube / 

fixed-bed reactor. Songklanakarin Journal Science and Technology, 30(3), 393–404. 

https://doi.org/papers2://publication/uuid/A115FC30-BB63-4BA1-B35B-350CE89EBB62 

Wei, Q. shan, Feng, C. hong, Wang, D. sheng, Shi, B. you, Zhang, L. tian, Wei, Q., & Tang, H. 

xiao. (2008). Seasonal variations of chemical and physical characteristics of dissolved 

organic matter and trihalomethane precursors in a reservoir: a case study. Journal of 

Hazardous Materials, 150(2), 257–264. https://doi.org/10.1016/j.jhazmat.2007.04.096 

Xu, D., Gu, C., & Chen, X. (2013). Adsorption and Removal of Acid Red 3R from Aqueous 

Solution Using Flocculent Humic Acid Isolated from Lignite. Procedia Environmental 

Sciences, 18, 127–134. https://doi.org/10.1016/j.proenv.2013.04.017 

Yalçin, N., & Sevinç, V. (2000). Studies of the surface area and porosity of activated carbons 

prepared from rice husks. Carbon, 38(14), 1943–1945. https://doi.org/10.1016/S0008-

6223(00)00029-4 

Yalçin, N., & Sevinç, V. (2001). Studies on silica obtained from rice husk. Ceramics 

International, 27(2), 219–224. https://doi.org/10.1016/S0272-8842(00)00068-7 

Yan, W. L., & Bai, R. (2005). Adsorption of lead and humic acid on chitosan hydrogel beads. 

ACCEPTED M
ANUSCRIP

T



Water Research, 39(4), 688–698. https://doi.org/10.1016/j.watres.2004.11.007 

Yeganeh, M. M., Kaghazchi, T., & Soleimani, M. (2006). Effect of Raw Materials on Properties 

of Activated Carbons. Chemical Engineering & Technology, 29(10), 1247–1251. 

https://doi.org/10.1002/ceat.200500298 

Yun, C. H., Park, Y. H., Oh, G. H., & Park, C. R. (2003). Contribution of inorganic components 

in precursors to porosity evolution in biomass-based porous carbons [1]. Carbon, 41(10), 

2009–2012. https://doi.org/10.1016/S0008-6223(03)00154-4 

Zhan, Y., Zhu, Z., Lin, J., Qiu, Y., & Zhao, J. (2010). Removal of humic acid from aqueous 

solution by cetylpyridinium bromide modified zeolite. Journal of Environmental Sciences, 

22(9), 1327–1334. https://doi.org/10.1016/S1001-0742(09)60258-8 

Zhang, Y, G. A. E. B. L. (2012). Physical Properties of Rice Residues As Affected By Variety and 

Climatic and Cultivation Onditions in Three Continents. American Journal of Applied 

Sciences, 9(11), 1757–1768. https://doi.org/10.3844/ajassp.2012.1757.1768 

Zhao, Y. X., Shon, H. K., Phuntsho, S., & Gao, B. Y. (2014). Removal of natural organic matter 

by titanium tetrachloride: The effect of total hardness and ionic strength. Journal of 

Environmental Management, 134, 20–29. https://doi.org/10.1016/j.jenvman.2014.01.002 

Zularisam, A, W., Ismail, A, F., & Sakinah, F. (2010). Application and Challenges of Membrane 

in Surface Water Treatment. Journal of Applied Sciences, 10(5), 380–390. 

https://doi.org/10.3923/jas.2010.380.390 

 

 

  

ACCEPTED M
ANUSCRIP

T



Figure 1: Proposed schematic for the preparation, pre-treatment and physical activation of rice husks for drinking water treatment 
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Table 1: Overview of the physico- and bio-chemical properties of rice husk based on geographical location  

Geographical 

location 

Biochemical analysis (%db) Proximate analysis (%db) Ultimate analysis (%dab) Reference  

  
Lignin  Hemicellulose  Cellulose  Ash VM FC C H O N S 

China - - - 16.64 67.63 16.89 37.65 5.13 36.20 1.63 0.18 (Liu et al., 

2016) 

Malaysia 26.10 21.25 42.45 11.98 74.54 12.11 - - - - - (Naqvi et al., 

2015) 

Sierra 

Leone 

24.95-

31.41 

18.10-21.35 25.89-35.50 18.20-

24.60 

63.00-

70.20 

12.40-

14.50 

38.70- 

44.50 

4.70- 5.51 31.50- 

35.20 

0.40- 

0.51 

0.014- 

0.025 

(Mansaray & 

Ghaly, 1997) 

- 26.91 22.18 34.56 10.54 - - 42.43 
 
5.8

2 
 

40.63 0.58 - (Liou & Wu, 

2009) 

Uruguay - - - 17.20 - - 48.30 0.50 44.40 6.80 0.00 (Deiana et al., 

2008) 

*Uganda 10.58- 

13.47 

11.39- 19.97 31.03- 36.54 15.87-

25.56 

58.78-

66.37 

14.77-

17.75 

29.98- 

34.48 

4.46- 5.59 40.48-

43.36 

0.36-

0.63 

0.005- 

0.041 

(Olupot et al., 

2016) 

Colombia 35.84 24.50 39.65 21.86 63.65 14.49 33.80 4.90 40.20 1.40 0.01 (Marrugo et al., 

2016) 

Japan - - - 12.70-

22.00 

- - 35.2-

41.2 

4.6-5.4 34.8-

42.1 

0.4 0.6-0.7 (Kumagai et 

al., 2009) 

India  - - - 16.81 64.72 18.48 - - - - - (Kalderis et al., 

2008) 
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Egypt 20.00 21.00 35.00 19.00 - - - - - - - (Toniazzo et 

al., 2013) 

Bangladesh - - - 11.38 71.56 17.06 38.48 6.60 44.05 - - (Hossain et al., 

2017) 

**Portugal - - - 11.70-

15.60 

59.90-

61.90 

14.70- 

15.90 

38.80- 

40.00 

4.60-5.00 29.60- 

31.70 

0.80-

1.30 

0.30 (Casaca & 

Costa, 2009) 

Thailand  - - - 17.90 72.80 9.30 48.90 6.20 44.10 0.80 - (Wannapeera et 

al., 2008) 

Tanzania - - - 26.20 59.20 14.60 45.60 4.50 33.40 0.19 0.02 (Mhilu, 2014) 

Pakistan 40.16 11.14 38.35 15.22 59.04 25.74 44.13 5.01 50.40 0.39 0.07 (Danish et al., 

2015) 

South Korea - - - 12.98 73.73 13.28 55.13 6.43 38.43 0.01 0.00 (Kook et al., 

2016) 

India 20.30 26.70 34.80 17.89 76.84 5.26 39.45 6.49 52.98 0.83 0.25 (Prakash & 

Sheeba, 2016) 

Note: VM-volatile matter; FC-Fixed carbon; db-dry basis; dab-dry ash free basis; * biochemical composition is expressed on dry ash free basis; ** implies the 

composition of rice husks is expressed on wet basis (wb%) 
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Table 2: Composition of rice husk ash based on different geographical locations 
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Geographic

al location 

Metallic impurities (%) Referenc

e SiO2 Al2O

3 

Fe2O

3 

Mn

O 

Mg

O 

CaO Na2O K2O TiO2 P2O5 other

s 

- 98.02 0.52 0.11 0.01 0.11 0.23 
 
0.1

0 
 

 
0.3

8 
 

0.02 
 
0.0

8 
 

0.42 (Álvarez 

et al., 

2015) 

Sierra 

Leone 

90-97 0.09-

0.25 

0.09-

0.27 

- 0.30

-

0.45 

0.33

-

2.00 

0.03-

0.23 

1.80-

2.80 

0.02

-

0.06 

0.03-

1.20 

- (Mansara

y & 

Ghaly, 

1997) 

Louisiana 96.00 0.05 0.09 - 0.44 0.48 0.08 2.10 0.03

5 

0.59 0.13

5 

(Mansara

y & 

Ghaly, 

1997) 

Japan 86.80-

91.50 

- - - - 1.2-

2.5 

- 4.3-

8.0 

- 1.0-

1.4 

1.5-

2.1 

(Kumaga

i et al., 

2009) 

India 
 
84.7

6 
 

0.36 0.28 - 0.76 0.74 0.20 2.51 - 0.62 - (Kalderis 

et al., 

2008) 

Brazil 94.95 0.39 0.26 0.16 0.90 0.54 0.25 0.94 0.02 0.74 - (Della et 

al., 2002) 

Spain 76.70 0.18

3 

0.23

3 

- 0.65

4 

0.82

1 

- 
 
2.0

3 
 

- 
 
1.6

2 
 

- (Eliche-

Quesada 

et al., 

2017) 

- 94.50 - <0.5 - 0.23 0.25 0.78 1.10 - 0.53 - (Daifulla

h et al., 

2003) 

Malaysia 92.00 0.18 0.20 0.05

6 

0.56 0.83 0.03 1.70 - 0.77 - (Tan et 

al., 2011) 

Thailand  93.59 0.54 0.82 0.19 0.15 1.45 0.01 1.94 0.07 - - (Sutas et 

al., 2012) 

Pakistan 77.31 6.77 4.64 - 1.39 3.70 1.23 2.60 - - - (Kazmi 

et al., 

2016) 
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Uruguay 87.20 0.15 0.16 - 0.35 0.55 1.12 3.60 - - - (Rodrígu

ez De 

Sensale, 

2010) 

Iran  85.15 0.29 0.19 0.25 0.92 1.31 - 4.95 - 2.50 - (Ghorban

i et al., 

2015) 

Sri Lanka 84.14 4.08 1.15 - 0.44 0.97 1.69 1.34 - - - (De Silva 

& 

Surangi, 

2017) 

Nigeria 91.56 - 0.21 - 0.53 1.58 - 0.39 - - - (Alaneme 

et al., 

2014) 

Brazil 89.51 0.13 0.05 - 0.30 - - 1.68 - - 1.38 (Geraldo 

et al., 

2017) 

Tanzania  88.84 0.80 0.39 - 0.92 1.78 1.10 2.80 0.04 - - (Msinjili 

et al., 

2017) 

Brazil 90.02-

96.71 

0.06-

0.09 

0.01-

0.03 

0.01 ND ND - 0.66-

0.81 

ND 0.23-

0.34 

- (Fernand

es et al., 

2016) 

Vietnam  95.60 - 0.24 - - 0.70 - 2.66 0.02 0.52 - (Hwang 

& 

Huynh, 

2015) 

Note: ND-not detected 
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Table 3: Physical activation of rice husks as reported in literature 

Pre-

treatment of 

rice husk 

Pyrolysis 

conditions 

Chemical 

agent(s) 

Activation conditions Optimum 

conditions/textural 

properties 

Reference 

Base-

leached  

Not mentioned Steam  Temperature 946 oC, 

heating rate 8 oC·min−1, 

activation time 31 min 

BET surface area 1004.30 

m2·g−1, Iodine adsorption 

capacity 970.06 mgg−1, 

carbon yield 31.36% 

(Han et 

al., 2014) 

Not leached Temperature 400 

±10 °C for 1 h 

under N2 flow of 

0.4 normal litre 

(NL) min-1 

Steam 

(50% 

H2O/50% 

N2) 

Temperature 800±10 °C, 

heating rate 3.5 °C min-1, 

steam flow rate 0.4 NL 

min-1, activation time 10–

240 min 

BET surface area 362.3 

m2g-1 

(His et al., 

2011) 

No leaching Temperature 400 

°C for 1 h under N2 

atmosphere 

Steam  Temperatures 600 oC, 

heating period 1 h, steam 

pressure 1.5 kgcm-2 

BET surface area 272.5 

m2g-1 

(Malik, 

2003) 

Acid-

leached   

Temperature 500 

°C, N2 flow 1.4 K 

min-1, heating time 

2 h 

Steam  Heating rate 5 K min-1, 

temperature 850 oC in N2 

gas flowing at 300 

mLmin-1, switch to steam 

for 105 min 

BET surface area 1180 

m2g-1, total pore volume 

1.09 cm3g-1 

(Deiana et 

al., 2008) 

Not leached  Temperature 400 

oC, heating period 

1 h,  N2 flow 500 

mLmin-1 

CO2 Temperature 800–900 oC 

for 1 h and at 850 oC for 

0.25–3 h in a CO2 flow of 

500 mLmin-1 

Temperature 850 oC for 1 

h, BET surface area 325-

473 m2g-1 

(Kumagai 

et al., 

2009) 

Acid- and 

base- 

leached 

Rice husk char 

obtained by flash 

pyrolysis at 500 °C 

Either 

steam or  

CO2 

diluted in 

N2 

(75:25) 

Temperature 800 °C, 

heating rate 15 °Cmin-1, 

activation time 15-60 

min.  

Maximum BET surface 

areas obtained using CO2 

and steam were 1514 and 

1365 m2g-1 respectively 

(Álvarez 

et al., 

2015) 

Not leached  Rice husk (100 g) 

purged with N2, 

flow rate 

35 mLmin-1, 

heating rate 

20 °Cmin-1, 

CO2 CO2 (purity of 99.5%) 

purged into the furnace at 

a flow rate of 200 mLmin-

1, activation temperatures 

650, 750 and 850 oC 

Maximum BET surface 

area of 350.1 m2g-1, 

micropore surface area of 

279.0 m2g-1 at a 

temperature of 850 oC 

(Li et al., 

2016) ACCEPTED M
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isothermal heating 

1 h  

Not leached  RH pyrolyzed at 

700 oC 

for 30 min in a N2 

atmosphere  

CO2 

(4 Lmin-

1) 

Activation temperature 

700 oC, activation time 30 

min  

BET surface area 166 m2g-

1 

(Kalderis 

et al., 

2008) 

 

  

ACCEPTED M
ANUSCRIP

T



59 

 

Table 4: Summary of experimental conditions for production of activated carbons from rice husk by chemical 

activation 

Pre-

carbonization 

conditions 

Chemica

l 

agent(s) 

Impregnation conditions Activation conditions Optimum 

conditions/textural 

properties 

Reference 

RH carbonized 

at 400 °C for 4 h 

H3PO4 Impregnation ratio-2.3:1 Activation 

temperatures 700, 800, 

and 900 °C, heating 

rate-5 °Cmin-1, 

isothermal heating 

period 1 h 

Activation at 800 oC, BET 

surface area- 291.15 m2g-1 

(Somasund

aram et al., 

2013) 

 

NA H3PO4 

and 

ZnCl2 

IR-(1-4):1. Impregnated RH 

set in a sand bath at about 

150 oC to remove excess 

water, and then oven-dried 

at 105 oC for 24 h 

Activation at 400-700 

oC, activation time 1 h, 

under N2 atmosphere  

Optimum ratio-2, 

Temperature-500 oC. For 

H3PO4, BET surface area 

1741 m2g-1, for ZnCl2, 

BET surface area 2434 

m2g-1 

(Liou & 

Wu, 2009) 

RH carbonized 

at 400 °C for 4 h, 

under N2 (100 

mL min−1), 

heating rate of 

5 °C min−1  

NaOH 

and 

ZnCl2 

Ratios-3:1 and 3:2, RHC 

heated in presence of NaOH 

or ZnCl2 at 60 °C for 6 h, 

followed by drying at 

100 °C for 24 h  

Activation at 400 and 

600 °C, activation times 

(1 and 4 h), under N2 

atmosphere (100 

mLmin−1) 

Temperature-600 oC, BET 

surface area-660 m2g−1 for 

NaOH,  900 m2g−1 for 

ZnCl2 

(Isoda et 

al., 2014) 

NA NaOH 

and 

ZnCl2 

Ratio-3:1 and 3:2, RH 

heated in presence of NaOH 

or ZnCl2 at 60 °C for 6 h, 

followed by drying at 

100 °C for 24 h 

Activation at 400 and 

600 °C, activation times 

(1 and 4 h), under N2 

atmosphere (100 

mLmin−1) 

Temperature-600 oC, BET 

surface area- 280 m2g−1 for 

NaOH,  1240 m2g−1 for 

ZnCl2 

(Isoda et 

al., 2014) 

Acid-leached 

RH carbonized 

at 400 oC for 4 h 

NaOH 

and 

KOH 

Ratio (1-4):1 for NaOH and 

(1-7):1 for KOH. 3.0 g of 

RHC mixed with 40% (w/w) 

of either NaOH or KOH in 

the above ratios, stirred for 

30 min at room conditions  

Activation at 450, 750, 

850 and 950 oC, heating 

rate-10 oCmin-1, under 

both N2 atmosphere 

Activation at 850 oC, BET 

surface area-2696 m2g-1 

for ratio-5 KOH: 1 RHC,  

 

(Muniandy 

et al., 

2014) 

RH carbonized 

at 450 oC in the 

NaOH 

and 

KOH 

Ratio-3:1 for NaOH and 4:1 

for KOH. RHC was heated 

in presence of KOH or 

Activation at 750 oC for 

30, 60 and 90 min for 

NaOH, while activation 

Not mentioned (Guo et al., 

2005) 

ACCEPTED M
ANUSCRIP

T



60 

 

presence of N2 

for 25 min 

NaOH at 400 oC for 0.3 to 

1.0 h to dehydrate the 

combination 

at 650, 700 and 750 oC 

for 60 and 120 min for 

KOH 

RH carbonized 

at 400 oC under 

N2 flow (300 mL 

for 90 min) 

NaOH Impregnation ratio-3:1. 

Impregnated RHC oven 

dried at 120 oC for 12 h, 

followed by heating at 400 

oC for 20 min under N2 flow 

(300 mL min-1)  

Activation 

temperatures (650-800 

oC), heating rate-10 

oCmin-1 and maintained 

at the final temperature 

for 60 min to activate 

the sample 

BET surface area 2681 

m2g-1, maximum 

temperature 800 oC  

(Le Van & 

Luong Thi, 

2014) 

Dried RH 

sample 

carbonized at 

700 oC under N2 

flow 

KOH Impregnation ratio 1:0.75 Activation time of 7 

min under microwave 

heating 

Adsorption capacity 

362.60 mgg-1 

(Foo & 

Hameed, 

2011) 

NA ZnCl2 20 g of dried RH 

impregnated with 200 cm3 

of 0–30% (w/w) ZnCl2, 

heated at about 70 oC. 

Samples were oven-dried at 

120 oC for 24 h 

Activation temperature-

600 oC under argon gas 

flow (3 Lmin-1, for 3 h). 

After this time, CO2 gas 

was passed through the 

reactor (1.5 L min-1, for 

1 h). 

10% (w/w) ZnCl2 yielding 

AC with BET surface area 

of 480 m2g-1 

(Yalçin et 

al., 2000) 

RH carbonized 

at 400 oC, 

heating rate- 10 

oCmin-1 for 4 h 

under N2 

atmosphere 

H3PO4 50 g of RHC agitated with 

250 g of 85% H3PO4 

solution. Impregnation ratio 

of 4.2:1, homogeneously 

mixed at 85 oC for 4 h, 

followed by drying under 

vacuum at 110 oC for 24 h. 

Samples heated to 

activating 

temperatures- 700, 800 

and 900 oC, under N2 

flow (100 mLmin-1) at a 

heating rate-5 oCmin-1, 

and maintained at the 

final temperature for 1 h 

before cooling 

Activating temperature-

900 oC, maximum total 

surface area of 438.9 m2g-1 

and mesopore surface area 

224 m2g-1 

(Kennedy 

et al., 

2007) 

NA ZnCl2, 

NaOH 

and 

H3PO4 

Impregnation ratios 0.25:1, 

0.5:1, 0.75:1, and 1:1. 

Activation temperature 

400, 600, 700 and 800 

oC, activation time 30 

and 60 min 

ZnCl2 activated RH 

yielded AC with maximum 

BET surface area of 750 

m2g-1 for 1:1 (ZnCl2:rice 

husk) at 700 oC 

(Kalderis et 

al., 2008) ACCEPTED M
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Dried RH 

carbonized at 

400 oC for 3 h 

under  N2 flow 

 

KOH 

and 

NaOH 

Rice husk char heated in 

presence of KOH (4:1) or 

NaOH (3:1) at 350–400 oC 

for 0.3 h to dehydrate the 

combination, thereafter, the 

temperature raised to 650–

850 ◦C for 1 h to activate the 

combination 

Temperature 800 oC for 

KOH and 750 oC for 

NaOH, heating for 1 h 

For KOH, (SBET > 3000 

m2g-1, pore volume > 1.9 

cm3g-1). For NaOH, (SBET 

> 2500 m2g-1, pore volume 

> 1.6 cm3g-1) and pore 

diameter 1–4 nm. 

(Guo et al., 

2002) 

RHC- Rice husk char; Impregnation ratio (IR)- ratio of weight of activating agent to weight of precursor 

(Namasivayam & Kadirvelu, 1997); NA-Not applicable 
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Table 5: Washing of activated carbon to remove residual activating agents 

Raw rice husk base/acid 

leached/water-washed 

Activating 

agent 

Washing procedure for activated carbon Reference 

Raw rice husk washed with 

distilled water only 

H3PO4 Activated carbon washed with hot water to remove 

excess phosphorus compounds until wash water 

attained a pH of 7, followed by oven drying at 110 

oC 

(Somasundaram 

et al., 2013) 

Raw rice husk washed with 

distilled water only 

ZnCl2 Activated carbon washed by refluxing in 4 M HCl 

solution for 48 h, and was later washed with distilled 

water until H+ was removed, then dried at 120 oC 

(Guo et al., 

2005) 

Raw rice husk washed with 

water and also acid-leached 

with 1.0 M HNO3 for 24 h 

NaOH and  

KOH 

Activated carbon washed with distilled water and 

dilute 1.0M HNO3 until the pH of the rinse became 

neutral (pH 6.8–7.2), followed by drying at 105 oC 

for 24 h 

(Muniandy et 

al., 2014) 

Raw rice husk washed with 

distilled water only 

KOH Activated carbon washed with deionized water and 

0.1 N HCl until pH of washing solution reached 6–

7 

(Foo & Hameed, 

2011) 

Raw rice husk base-leached 

with 0.5 M NaOH  

H3PO4 and  

ZnCl2 

Activated carbon refluxed with a hot 3 M HCl 

solution for 1 h to remove phosphorous and Zinc 

compounds. Remaining solid was washed with 

distilled water until neutralization, followed by 

drying at 105 oC for 24 h 

(Liou, 2010) 

Raw rice husk washed with 

distilled water only 

NaOH Activated carbon neutralized by 0.1 M HCl solution, 

washed several times with hot distilled water to a 

constant pH (6.6–7.0), followed by drying under 

vacuum at 120 oC for 24 h and stored in a desiccator 

(Le Van & 

Luong Thi, 

2014) 

Raw rice husk washed with 

distilled water only 

H3PO4 Activated carbon washed several times with hot 

water until the pH became neutral and finally with 

cold water to remove the excess phosphorus 

compounds. The washed sample was then dried at 

110 oC 

(Kennedy et al., 

2007) 

Rice husk refluxed with a 

1 M NaOH solution at 100 

oC, followed by washing 

repeatedly with warm 

distilled water until filtrate 

was free from the base 

H3PO4 and 

ZnCl2 

Activated carbon refluxed with a 3 M HCl solution 

at 373 K for 1 h, followed by washing with hot 

distilled water several times to remove residual 

chemicals, and oven drying at 105 oC for 24 h 

(Liou & Wu, 

2009) 
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Table 6: Comparison of textural properties of rice husk activated carbon with other source derived activated 

carbon 

Precursor  Activation conditions Textural properties of activated carbon Reference  

Activati

ng agent 

Activatio

n 

temperatu

re (oC) 

Activat

ion 

time 

(min) 

BET surface 

area (m2g-1) 

Micropore 

surface 

area (m2g-

1) 

Total pore 

volume 

(cm3g-1) 

Micropore 

volume 

(cm3g-1) 

Corn cob KOH 900 60 1198 - 0.672 - (Guo et al., 2015) 

Rice husk  Steam  850 105 1180 - 1.09 - (Deiana et al., 

2008) 

Rice husk NaOH 800 60 2681 - - - (Le Van & Luong 

Thi, 2014) 

Rice husk NaOH 600 - 280 - - - (Isoda et al., 

2014) 

Jatropha hull CO2 950 40 1207 - 0.86 0.50 (Duan et al., 

2011) 

Sisal-derived 

activated 

carbons 

H3PO4 800 180 818 - 24.50 - (Raja et al., 2016) 

Commercial 

activated 

carbon 

(YP17D) 

- - - 1586 - 0.80 - (Lee et al., 2014) 

Commercial 

activated 

carbon 

(CXV) 

- - - 1488 - 1.27 - (Lee et al., 2014) 

Jackfruit 

peel 

H3PO4  450-550 45  907-1260 - 0.525-

0.733 

- (Prahas et al., 

2008) 

Oil palm 

empty fruit 

bunch 

CO2 900 15 345.10 - - - (Alam et al., 

2009) 

Sewage 

sludge 

NaOH 700 60 179 46.60 0.253 0.0085 (De Andrés et al., 

2013) 

Commercial 

activated 

carbon 

(Airpel 10)  

- - - 1020 - - - (De Andrés et al., 

2013) 
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Jujube seeds Steam 

activatio

n 

700 120 1276 - 15.30 - (Bae et al., 2014) 

Walnut 

shells 

Steam 

activatio

n 

700 120 991 - 12.10 - (Bae et al., 2014) 

Chinese 

chestnut burs 

KOH *800 17 1255 - 0.6565 - (Li et al., 2015) 

Commercial 

activated 

carbon 

- - - 904 - - - (Gutierrez-Segura 

et al., 2009) 

Commercial 

activated 

carbon (3S) 

- - - 971 - 0.78 - (Lee et al., 2014) 

Fox nut shell H3PO4 700 60 2636 2042 1.53 1.32 (Kumar & Jena, 

2016) 

Dry okra 

waste 

ZnCl2 500 60 1044 - 0.778 0.049 (Üner et al., 

2017) 

Date palm 

tree fronds 

CO2 577 30 1094 - 0.4382 - (Shoaib & Al-

Swaidan, 2015) 

Rice bran CO2 850 90 652 - 0.137 - (Suzuki et al., 

2007) 

Note: * implies the units are watts, since the activated carbon was prepared under microwave heating 
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Table 7: Cost comparison of rice husk activated carbon with other source-derived activated carbon 

Source derived 

activated carbon  

Type of 

activated 

carbon 

Activating 

agent  

Geographical 

location 

Cost of 

production/price 

(US $kg-1) 

Reference 

Rice husk Granular NaOH China 3.58-3.77 (Song et al., 2012) 

Rice bran Granular CO2 Brazil 3.54 (Suzuki et al., 2007) 

Acid treated rice 

bran  

Granular  CO2 Brazil 20.45 (Suzuki et al., 2007) 

Broiler litter-

based carbon 

Granular  Steam  United States 

of America 

(USA) 

1.44 (Lima et al., 2008) 

Pecan shells Granular  Steam  - 2.72 (Ng et al., 2003) 

Pecan shells Granular  H3PO4 - 2.89 (Ng et al., 2003) 

Sugar cane 

bagasse  

Granular  Steam  - 3.12 (Ng et al., 2002) 

Almond shells  Granular  Steam  USA 1.54-1.91 (Toles et al., 2000) 

Almond shells Granular  CO2 USA 2.56-2.93 (Toles et al., 2000) 

Almond shells  Granular  H3PO4 USA 2.45-2.82 (Toles et al., 2000) 

*Commercial 

activated carbon  

- -  20-22 (Lin & Juang, 2009) 

Artocarpus 

integer 

fruit processing 

waste 

Granular  Steam  Malaysia 1.67 (Selvaraju & Bakar, 

2017) 

Red oak wood Granular  Steam  USA 0.62-1.27 (Del-Campo et al., 

2015) 

*Commercial 

activated carbon 

- - USA 1.19-16.34 (Del-Campo et al., 

2015) 
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Wood  - KOH - 2.49 (Stavropoulos & 

Zabaniotou, 2009) 

Charcoal  - KOH - 1.25 (Stavropoulos & 

Zabaniotou, 2009) 

Lignite  - KOH - 2.18 (Stavropoulos & 

Zabaniotou, 2009) 

Bamboo 

scaffolding waste 

Granular  KOH China  1.93 (Choy et al., 2005) 

*Commercial 

activated carbon 

- - - 15 (Badi et al., 2014) 

Note: * the figure indicated is for the unit market price of the commercial activated carbon 
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Table 8: Summary of NOM removal efficiencies by rice husk activated carbon, as compared to 

commercial activated carbons, and other low cost adsorbents 

Adsorbent NOM/NOM 

fraction/DBP 

Removal efficiency 

(%) 

Reference 

PAC from rice husks NOM 9.7-76.10 (El-demerdash et al., 2015) 

Commercial PAC only NOM 71.20 (Joseph et al., 2012) 

PAC from rice husks Trihalomethane 12-58.8 (El-demerdash et al., 2015) 

Alum + commercial PAC NOM 19-92.0 (Joseph et al., 2012) 

FeCl3 + commercial PAC NOM 2.5-84.0 (Joseph et al., 2012) 

Coconut palm PAC DOC 77.00 (Ribau Teixeira et al., 2017) 

Bituminous coal-based GAC THMFP ˃85.00 (Iriarte-Velasco et al., 2008) 

Commercial activated carbon TOC 42-45.00 (Luukkonen et al., 2014) 

Commercial activated carbon DOC 58-68.00 (Luukkonen et al., 2014) 

Rice husk activated carbon COD 70.00 (Kalderis et al., 2008) 

Note: THMFP is trihalomethane formation potential 
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Table 9: Langmuir and Freundlich adsorption model coefficients for rice husk activated carbon in comparison with other adsorbents 
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Activated carbon/ 

Adsorbent 

Freundlich parameters Reference 

Kf 1/n R2 

HA FA DOC HA FA DOC HA FA DOC 

Rice husk activated carbon 4.9496 - - 0.1619 - - - - - (Kalderis et al., 2008a) 

Rice husk  activated carbon 32.3000 - - 0.0880 - - 0.9960 - - (Daifullah et al., 2004) 

Rice husk  activated carbon 35.4000 - - 0.1460 - - 0.9670 - - (Daifullah et al., 2004) 

Commercial GAC 1.0910 - - 1.2510 - - 0.9800 - - (Maghsoodloo et al., 

2011) 

Commercial GAC 25.9000 9.00

0 

- 0.4050 0.649 - 0.9150 0.984 - (Fan et al., 2007) 

Chitosan hydrogel beads - 1.39

0 

- - 0.586 - - 0.994 - (Wang et al., 2008) 

Commercial PAC 10.9000 - - 1.4493 - - 0.9589 - - (Tavengwa et al., 2015) 

Coconut palm PAC - - 16.0

7 

- - 0.4926 - - 0.7880 (Ribau Teixeira et al., 

2017) 

Coconut shell-based GAC - - 1.67 - - 2.3810 - - 0.9999 (Iriarte-Velasco et al., 

2008) 

Bituminous coal-based 

GAC 

- - 5.85 - - 0.6289 - - 0.9996 (Iriarte-Velasco et al., 

2008) 

Lignite coal-based GAC          (Graf et al., 2014) 

Bituminous coal-based 

GAC 

- - 1.68 - - 1.4925 - - 0.8510 (Graf et al., 2014) 

Modified natural zeolite 33.3000 - - 3.3223 - - 0.9640 - - (Zhan et al., 2010) 
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Activated sludge  2.13 x 

10-6 

- - 4.5455 - - 0.9787 - - (Jonglertjunya & 

Lertchutimakul, 2012) 

Fly ash 5.7200 - - 0.1470 - - 0.989 - - (Wang & Zhu, 2007) 

Unburned carbon 9.9300 - - 0.4520 - - 0.9420 - - (Wang & Zhu, 2007) 

Chitin  3.1900 - - 0.5128 - - - - - (Ngah & Musa, 1998) 

Chitosan  17.9300 - - 0.1458 - - - - - (Ngah & Musa, 1998) 

Graphite  0.9300 - - 0.6510 - - 0.9490 - - (Hartono et al., 2009) 

Graphite oxide 21.4900 - - 0.4900 - - 0.9720 - - (Hartono et al., 2009) 

Adsorbent/activated carbon Langmuir parameters Reference 

b (mgL-1)-1 qo (mgg-1) R2 

HA FA DOC HA FA DOC HA FA DOC 

Rice husk  activated carbon 0.0005 - - 11.59 - - - - - (Kalderis et al., 2008a) 

Rice husk  activated carbon 0.4980 - - 45.40 - - 0.9980 - - (Daifullah et al., 2004) 

Rice husk  activated carbon 0.4800 - - 62.50 - - 0.9860 - - (Daifullah et al., 2004) 

Commercial GAC 0.0148 - - - - - 0.9900 - - (Maghsoodloo et al., 

2011) 

Commercial GAC 0.014 0.01

6 

- - - - 0.9630 0.9720 - (Fan et al., 2007) 

Commercial PAC 0.0049 - - 30.40 - - 0.9479 - - (Tavengwa et al., 2015) 

Commercial activated 

carbon 

- - - 97.40 - - 0.9556 - - (Rauthula & Srivastava, 

2011) 

Coconut palm PAC - - 0.48

9 

- - 51.81 - - 0.9360 (Ribau Teixeira et al., 

2017) 

ACCEPTED M
ANUSCRIP

T



71 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:(1) HA is humic acid, (2) FA is fulvic acid, (3) DOC is dissolved organic carbon; (4) RHA is rice husk ash 

 

 

Coconut shell-based GAC - - 0.53 - - 2.21 - - 0.9803 (Iriarte-Velasco et al., 

2008) 

Bituminous coal-based 

GAC 

- - 0.27 - - 27.60 - - 0.9983 (Iriarte-Velasco et al., 

2008) 

Modified natural zeolite  0.3600 - - 92.00 - - 0.9940 - - (Zhan et al., 2010) 

Rice husk ash 0.1800 - - 2.70 - - 0.9558 - - (Imyim & 

Prapalimrungsi, 2010) 

Functionalized rice husk 

ash (RHA-NH2) 

1.8800 - - 8.20 - - 0.9988 - - (Imyim & 

Prapalimrungsi, 2010) 

Activated sludge  0.0300 - - 1.03 - - 0.9142 - - (Jonglertjunya & 

Lertchutimakul, 2012) 

Fly ash 0.2990 - - 10.70 - - 0.9950 - - (Wang & Zhu, 2007) 

Unburned carbon 0.0655 - - 71.80 - - 0.9370 - - (Wang & Zhu, 2007) 

Chitin  72.9000 - - 27.30 - - - - - (Ngah & Musa, 1998) 

Chitosan  2720.70

00 

- - 28.88 - - - - - (Ngah & Musa, 1998) 

Graphite  0.0343 - - 16.50 - - 0.9560 - - (Hartono et al., 2009) 

Graphite oxide 0.0516 - - 190.30 - - 0.9870 - - (Hartono et al., 2009) 
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