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Abstract: Carboxymethylcellulose is an important non-toxic cellulose derivative which plays vital roles in 

paper coating, pharmaceuticals, food, detergents, and others. Research work involving the extraction of 

cellulose from agricultural biomass and its modification cellulose using a microwave has been reported, but not 

much work has been done on the rice husk, thus helping in managing associated waste. In this study, cellulose 

extracted from rice husks was used as the raw material for the synthesis of food-grade carboxymethylcellulose 

(CMC). In the process of the synthesis of carboxymethylcellulose from rice husk, cellulose was carried out by 

alkalization, an etherification process, using sodium hydroxide (NaOH) and monochloroacetic acid (MCA). 

Characterizations of CMC products was carried out by Fourier Transform Infrared (FTIR) spectroscopy and X-

ray Diffraction (XRD). The reaction conditions optimized include power (microwave), sodium hydroxide 

concentration, amount of monochloroacetic acid and reaction time. The degree of substitution (DS) was 

determined using a potentiometric titration method and the maximum DS of 0.79 was obtained when 30% 

NaOH was used. 
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I. Introduction 
Cellulose is the most abundant natural polymer on earth. They are linear, long-chain, water-insoluble, 

inexhaustible, biocompatible, degradable and environmentally friendly. It is broadly circulated in the plantsuch 

as grass (Sutiyaet al., 2012), straw (Xuet al., 2013), wood (Sunardiet al., 2016) and cotton (Li et al., 2014). 

Cellulose has been isolated from several agricultural wastes such as, orange peels (Arslan, 2007) palms oil 

(Palamae et al., 2017), banana (Adinugraha et al., 2005), cotton waste (Haleem et al., 2014), durian 

(Rachtanapunet al., 2012), and sago squander (Pushpamalar et al., 2006).  Cellulose can hardly exist in pure 

form but can be found in the plant cell wall with hemicellulose and lignin (Pushpamalaret al., 2006). Its 

isolation can be possible, utilizing accessible less expensive chemicals that produce physical and chemical 

properties better than cellulose obtained commercially. The cellulose obtained from palm oil is higher (44%) 

(Fatah et al., 2014) compared to other agricultural waste materials: 33% from durian (Penjumras et al., 2015), 

and 41% from bamboo cane (Scurlocket al., 2000). It serves as a starting material for the synthesis of 

carboxymethylcellulose and its derivatives, cellulose acetate, methylcellulose, cellulose nitrate, and 

ethylcellulose. Being a polysaccharide, it is formed as a result of the repeating unit of D-glucose, linked by 

glycosidic linkage β (1-4). The presence of three reactive hydroxyl groups (C2, C3, and C6) on each glucan unit 

of cellulose makes it relatively easy to modify (Singh and Singh, 2013). 

Carboxymethylcellulose (CMC) happens to be among the cellulose derivative which is non-toxic to 

human health. Due to its availability as raw material (used in a diet pill, toothpaste, food additive) (Hussainet 

al., 2010) more attention has been given to its properties as anionic polymer (Chai and mohamad, 2011), and 

aqueous solubility (Zhou and Zhang, 2000). 

Sodium carboxymethylcellulose can be obtained when cellulose is reacted with monochloroacetic acid 

(MCA) or its sodium salt under the alkaline condition in the presence of an organic solvent. The OH groups of 

cellulose C2, C3 and C6 are substituted by sodium carboxymethyl group, depending on the degree of 

substitution, which is the average number of OH in the cellulose structure which was replaced by carboxymethyl 

group (CH2COO) at C2, C3, and C6 (Haleem et al., 2014). 
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Several studies have been done on the synthesis of carboxymethylcellulose from cellulose obtained 

from agricultural waste materials such as sugarcane bagasse (Alizadehet al., 2017), palm carnel cake (Bono et 

al., 2009) and cotton ginning (Haleem et al., 2014), sago waste (Pushpamalaret al., 2006), mulberry paper waste 

(Rachtanapunet al., 2015), papaya peel (Rachtanapunet al., 2010), sugar beet pulp (Togrul and Arslan, 2003). 

So far there is limited information on the synthesis of carboxymethylcellulose from rice husk using a 

microwave. 

Rice (Oryza sativa) is a major source of food in the majority of the developing nations, Rice husks 

(RH) serve as the defensive cover of individual rice grains, which are expelled during the production of 

consumable rice. Rice husk has to a great extent been considered as a waste material that is regularly burnt or 

dumped in landfills. Rice husks are essentially left as agricultural waste or smoldered, which causes genuine 

capacity and transfer issues in addition to environmental contamination (Giddel and Jivani, 2007). The 

increasing environmental concerns have constrained the scientists to acquire valuable materials from plant 

material. Literature has shown that the organic part rice husk contains cellulose, hemicellulose, and lignin, 

therefore, this serves as the basis for isolation of cellulose from rice husk.  

Microwave chemistry is the science of applying microwave radiation to chemical reactions 

(Arunkumar et al., 2010). Nowadays, scientists employed the use of microwaves as the new system of heating 

polymers and organic compounds (Zhang et al., 2011). In comparison with other methods of heating, 

microwave irradiation speeds up the reaction rate within a few minutes. There is little information on the 

utilization of microwave heating, though some were performed under dissolvable free condition (Vladimíraet 

al., 2008). 

Therefore, this work aimed at optimizing the synthesis ofcarboxymethylcellulose (CMC) from Rice 

husk using a microwave and study the effect of NaOH concentrations, amounts of monochloroacetic acid 

(MCA), power outputs, time and Degree of substitution. 

 

II. Materials And Method 
2.1 Materials 

The rice husk was sampled from Euro rice mills in Mwea, Kirinyaga County – Kenya. Glacial acetic 

acid and sodium hydroxide were prepared from Merck Chemical Co. (Darmstadt, Germany). Nitric acid, 

Ethanol and methanol were provided from the local market. Monochloroacetic acid was purchased from 

Daejung Co. (South Korea), Ramtons microwave (RM 240). 

 

2.2 Methods 

2.2.1 Cellulose extraction 

About 5.00g of rice husk was weight in 250mL Erlenmeyer flask and 100mL of 80% glacial acetic 

acid, 10mL of 70% nitric acid was added. The flask was covered using aluminium foil and heated in an oven at 

120
o
C for 20min. The sample mixture was allowed to cool and 60mL of distilled water was added, the mixture 

was filtered and washed with distilled water and 95% ethanol. The residue was dried in an oven at 60
o
C for 

19hrs. 

The extract yield of cellulose was calculated using the formula below 

 

  The yield of cellulose (%) =    
𝐷𝑟𝑦𝑤𝑒𝑖𝑔 𝑕𝑡𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑜𝑓𝑅𝐻

𝑊𝑒𝑖𝑔𝑕𝑡𝑜𝑓𝑅𝐻
  ×   100% 
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Extracted cellulose from rice husk, cellulose after alkalization and etherification 

 

2.2.2 Synthesis of carboxymethylcellulose (CMC) 

The synthesis of carboxymethylcellulose (CMC) involves two stages: alkalization and 

carboxymethylation (etherification). About 5.00g of the extracted cellulose was added to 100mL of distilled 

water in a 250mL Erlenmeyer flask. Then 10mL of 5, 10, 15, 20 and 25% of sodium hydroxide solution was 

added dropwise. The alkalization process was carried out for 1hr at 25
o
C on a fitted shaker. Then 2, 3, 4, 5, 6 

and 7g of monochloroacetic acid was added to the mixture and heated in a microwave at various power outputs 

of 2, 4, 6, 8 10 that corresponds to 140, 280, 420, 560 and 700 watt respectively for 1, 2, 3, 4, 5minutes, and the 

resultant contents were filtered. Neutralization obtained residue by soaking with 100mL of methanol for 24hrs, 

then the mixture was neutralized using glacial acetic acid. The mixture was filtered and the residue was dried in 

an oven at 60
o
C. 

The yield of carboxymethylcellulose was calculated using the formula, 

 

  The yield of CMC (%) =    
𝑊𝑒𝑖𝑔 𝑕𝑡𝑜𝑓𝐶𝑀𝐶 𝑔 

𝑊𝑒𝑖𝑔𝑕𝑡𝑜𝑓𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒  (𝑔)
  ×   100 

 

2.2.3 Degree of substitution 

The degree of substitution was investigated using potentiometric titration. About 1g of 

carboxymethylcellulose was added to 250mL of Erlenmeyer flask, followed by 50mL of 95% ethanol. At room 

temperature, 5mL of 2M of nitric acid was added, it was heated for 5 minutes using a hot plate and allowed to 

settle. The solution was filtered and the residue was washed with 100ml of 95% ethanol to remove the salt. 

About 0.5g of Carboxymethylcellulose was added to 250ml of Erlenmeyer's flask, 100ml of distilled water was 

added, then 25 milliliters of 0.5M NaOH was added and heated for about 20 minutes, then the mixture was 

allowed to cool, it was titred with 0.3ml HCl with phenolphthalein as an indicator to monitor colour. 

The degree of substitution of carboxymethylcellulose was calculated using the equations below (Jiang et al., 

2011). 

 

𝐴 =
𝐵𝐶−𝐷𝐸

𝐹
,     

𝐷𝑆 =
0.162 × 𝐴

1 − (0.58 × 𝐴)
 

Where, A= Milli equivalent of consumed acid per gram of specimen 

 B= Volume of NaOH added 

 C= Concentration of NaOH 

 D= Volume of consumed HCl 

 E= Concentration of HCl used 

 F= Specimen gram used 
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2.3 Characterisation 

2.3.1 Fourier Transform Infrared (FTIR) 

The Functional groups of cellulose and carboxymethylcellulose were investigated using the infrared 

spectroscopy spectrum (Shimadzu IR Tracer -100). Pellets were made by CMC with potassium bromide (KBr). 

Absorbance levels were measured for wavenumbers of 3800-400 cm
-1

. 

 

2.3.2 X-ray Diffraction (XRD) 

The diffraction patterns of the cellulose and carboxymethylcellulose were recorded on a D2 PHASER Bruker 

AXS X-ray diffractometer. A hot air oven was used to dry the powder samples at 105
o
C for 3 hours before 

testing. The scattering angle (2θ) ranged from 10 to 60
o
at a scan rate of 5

o
/min. 

 

III. Results And Discussions 
The percentage yield of Cellulose 

The percentage of cellulose extract obtained from rice husk was found to be 81.67%. 

 

 
Figure 1: FTIR of rice husk 

 

 
Figure 2: FTIR spectra of extracted cellulose from rice husk 

 

Cellulose FTIR 

The figure above represents the FTIR of cellulose. The broad absorption band at 3432.39 cm
-1

 is a 

feature of the present of OH stretching vibrations and revealed the formation of hydrogen bond and 

intramolecular and intermolecular hydrogen bond (Wingerson and Richard, 2002). The peak at 2924.13 cm
-1

 is 

due to C-H stretching vibration. The absorption band at 1631.81 cm
-1

 is the absorbed water, the band at 1383.95 

cm-1 is characteristic for symmetric CH2 bending vibrations. The hemicellulose and lignin peaks at 1508 and 

1459 fully disappeared after extraction as shown in figure 1. The band at 1104.55 cm
-1

appears due to C-O-C 

stretching (Kondo, 1997). Therefore the product obtained confirms that cellulose was successfully extracted 

from rice husk. 
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Figure 2: FTIR spectra of carboxymethylcellulose (CMC). 

 

The infrared of carboxymethylcellulose is similar to that of cellulose, the broad absorption band at 

3337 cm
-1

result in stretching frequency of OH group and formation of the intramolecular and intermolecular 

hydrogen bond. The peak at 2948 cm
-1

 is due to C-H stretching vibration (Vieraet al., 2007). The new band at 

1593 cm
-1

 is assigned to COO
-
 group while the band at 1459 cm

-1
 and 1086 are attributed to CH2 scissoring C-

O-C stretching (Yeasmin and Mondal, 2015). This confirms that the cellulose has been modified 

toCarboxymethylcellulose. 

 

X-ray Diffraction. 

 
Figure 3: XRD of extracted cellulose from rice husk 
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Figure 4: XRD of carboxymethylcellulose 

 

The x-ray diffraction of CMC shows less crystallinity because it has lower peak intensity than 

cellulose, this is as a result of cleavage of the hydrogen bond. The decrease in crystallinity was as a result of 

NaOH (alkalization) added to the cellulose structure be adding monochloroacetic acid. A similar result was 

reported by Adinugrahaet al., 2005, the addition of 15g/100mL of NaOH to Cavendish cellulose leads to a 

decrease in the crystallinity of the obtained CMC. The increase in the degree of substitution, lead to a decrease 

incrystallinity (Lin et al., 1990). 

 

Optimization condition for synthesis 

Effect of NaOH concentration 

The percentage yield (%) of carboxymethylcellulose was determined at various NaOH concentration, as shown 

in the figure below. It was observed that, as the concentration of NaOH increases from 10-30%, the percentage 

yield also increases from 67-81%. The percentage yield is a function of the weight of material lost during 

filtration (Silvaet al., 2004). 

 

 
Figure 5: Percentage yield of sodium carboxymethylcellulose synthesized with various alkali concentration. 
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Figure 6:  The effect of NaOH concentration on the degree of substitution (DS). 

 

The impact of the degree of substitution was investigated at different NaOH concentrations. The degree of 

substitution gradually increased from 0.26 to 0.79 respectively, at NaOH concentration of 10 to 30% (w/v). 

 

 
Figure 7: The effect of monochloroacetic acid (MCA) on degree of substitution (DS). 

 

The effect of monochloroacetic acid at different doses was investigated on the degree of substitution. 

The degree of substitution increased with an increase in the amount of monochloroacetic acid, the highest 

degree of substitution was attained at 5g of monochloroacetic acid, further decrease of DS was observed as the 

amount of monochloroacetic acetic increased.This is a result of higher accessibility of surface at a high amount 

of monochloroacetic acid in contact with cellulose.The increase in monochloroacetic acid can lead to the 

utilization of NaOH, and will favour the formation glycoate. A similar trend was reported by (Zhao et al., 2013). 
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Figure 8: The effect of power outputs on degree of substitution(DS) 

 

The figure above shows the effect of power outputs (microwave heating) on the degree of substitution. 

It was observed that the degree of substitution increased (0.26 to 0.79) with an increase in power outputs from 2 

to 6 that corresponds to 140 to 420 watts respectively, further decrease of degree of substitution was observed 

(from 0.79 to 0.46) as the power increased (6 to 10, that corresponds to 420 to 700 watts). The increase is on the 

ground that the diffusion of the monochloroacetic acetic can be enhanced by the high power of microwave up to 

the power of 6, and provide a better condition for carboxymethylation. The decrease may be due to 

intermolecular and intramolecular elimination between the OH groups, thereby crosslinking with ethers, 

therefore the hydroxyl group for carboxymethylation decreases. Lin et al., 1990 reported that cellulose loses its 

water between the temperatures of 24- 400
o
C. 

 

 
Figure 9: The effect of time on degree of substitution (DS) 

 

The duration was varied from 1 to 5minute on the degree of substitution. It was observed that the 

degree of substitution increased (0.46 to 0.79) with an increase in time from 1 to 2 minutes, further decrease of 

degree of substitution was observed (from 0.79 to 0.49) as the time increased (2 to 5 minutes).The increase in 

degree of substitution can be attributed to adequate time and accessibility for carboxymethylation, Drawing out 

the span of the response prompts the great impact of time on dissemination and retention of the reactants with a 

definitive impact of initiating better contacts between the etherifying agent and cellulose (Pushpamalaret al., 

2006). 
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IV. Conclusion 
Cellulose was successfully isolated cellulose from rice husk, followed by a modification to 

carboxymethylation as shown by Fourier transform infrared (FTIR) and x-ray diffraction (XRD). There was less 

in crystallinity in CMC because of low peak intensity, which exhibits amorphous nature at high concentration. 

The product attained the highest degree of substitution of 0.79, the optimum condition for the synthesis of 

Carboxymethylcellulose from cellulose isolated from rice were reaction time 2minutes, 5g of monochloroacetic 

acid (MCA), power of 6 and NaOH concentration 30%(w/v). The carboxymethylcelluloseobtained from rice 

husk shows a better degree of substitution than CMC from other different sources of cellulose. 
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