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Abstract 

 
The aim of this work was to study the thermochemical 
treatment and solventogenesis of rice straw to produce 
carboxymethyl cellulose (CMC) by etherification using 
sodium chloroacetate (SCA) and sodium hydroxide. Study 
included the optimization of process parameters such as 
thereaction for temperature, time and chemicals 

concentration. This resulted a CMCwith anefficient 
degree of substitution (DS) of 0.813, which compared 
satisfactorily to other forms of cellulose. CMC and 
cellulose produced from rice straw showed similar 
features to standard samples of CMC and cellulose, 
respectively as characterized by Fourier Transform 
Infrared spectra (FTIR). SEM of delignifiedpulp showed 
more exposed cellulose fibrilscompared to rice straw and 

the structure of the CMC showedsmooth 
surfacemorphology. Results showed that rice straw could 
be potentially used as substrate for the production of 
carboxymethl cellulose (CMC). 
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1. Introduction 

 

Lignocellulosic biomass contains about 35-

40% cellulose, 18-35% hemicellulose, 5-

20% lignin and ash.  Rice straw is one of 

the most abundantly available 

lignocellulosic biomass available in tropical 

countries, including India. In India, rice 

straw does not find any potential 

application, and in fact, is largely burnt by 

the farmers. This causes severe pollution 

and is a serious concern.  Utilization of rice 

straw as substrate for the production of 

value-added products could be an 

interesting possibility as at one hand it 

offers development of ‘greener’ approach 

for its utilization; it also offers socio-

economic and environmental sustainability 

on other hand. Carbohydrate polymers 

present in the rice straw could be modified 

chemically or biochemically to produce 

fuels and chemicals (Binod et al 2010, 

Abdel-Mohdy et al 2009).  

 

Polysaccharide derivatives such as carboxy 

methyl cellulose, etc offer potential 

industrial application. These derivatives 

can be produced from different substrate 

such as cotton linters (Xiquan et al., 1990), 

starch (Kooijmann et al., 2003) and cashew 

tree gum (Silva et al., 2004). 

Carboxymethyl cellulose (CMC) has wide 

applications in the food industries, 

pharmaceutical, detergent, paper, textile 

and paint industries (Ravindran& Jaiswal 

2016). Production of CMC is easier than 

other cellulose ethers, since the reactions 

http://www.sciencedirect.com/science/article/pii/S0960852415010779
http://www.sciencedirect.com/science/article/pii/S0960852415010779
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are at atmospheric pressure conditions 

using commercially available reagents. 

CMC turns out to be the leading industrial 

cellulose ether. Huge quantities of crude 

commercial grades are produced without 

any refining for use in detergents, oil 

drilling, and in the paper industry. High-

purity grades are used as food additives 

(Dolz et al., 2007). 

 

Cellulose is a linear polymer consisting of 

glucose units joined together C (4) of one 

sugar unit and the anomeric C (1) of the 

other by beta-glycosidic bonds. Through 

esterification, cellulose can be converted to 

carboxymethyl cellulose by etherification 

of the hydroxyl groups with chloroacetate 

(SCA) in the presence of aqueous alkali. 

The method is based on Williamson’s ether 

synthesis (Dodi et al., 2011). The initial 

stage of carboxymethylation is an 

equilibrium reaction among NaOH and the 

hydroxyl groups of the cellulose. The next 

stage is attaching of the carboxymethyl 

group by the replacement of SCA. SCA can 

also react by an unwanted side reaction 

with NaOH to form sodium glycolate.  

 

Rice straw can be effectively utilized for 

the production of carboxymethyl cellulose 

by thermochemical processing. As a first 

step to deconstruct the rice straw into 

cellulose, hemicellulose and lignin, various 

physico-chemical pretreatment processes 

have been reported. Chemical 

pretreatments, mainly acid and alkali 

reagents have been extensively studied due 

to simplicity and efficient performance 

(Kärcher et al., 2016; Harifara & Saka 

2016).Usually H2SO4, HNO3, and HCl are 

used for acid pretreatments in dilute states 

to degrade (solubilize) hemicellulose 

component (Schneidera et al., 2016) 

leading to the formation of xylose or xylo-

oligosaccharides. However, if the degree of 

pretreatment is severe, (strong acidic 

environment) some xylose can be over- 

degraded to the products such as 

hydroxymethyl furfural (Ravindran& 

Jaiswal 2016). Similarly, high degree of 

severity of pretreatment to solubilize 

cellulose could cause over degradation to 

furfural (Voa et al., 2016). Thermochemical 

pretreatment results in swelling of the 

biomass, which allows access to its inner 

space by the enzymes. The alkali 

pretreatment, usually carried out using 

NaOH, KOH or ammonia selectively 

removes lignin portion mainly (Krishania et 

al., 2013, Rossberga et al., 2015).  

 

The aim of the present work was to study 

the production of carboxymethyl cellulose 

from rice straw by its pretreatment and 

solventogenesis. The study included factors 

to prepare carboxymethyl cellulose from 

rice straw such as various solvents (water, 

methanol, gamma-valerolactone GVL, 

isopropyl alcohol, ethanol and 

Dichloromethane DCM), water and solvent 

ratio, reaction period, etc. The 

etherification reaction was studied at 

different concentration of SCA with 25% 

NaOH (w/v). 

 

2. Methods  

 

2.1. Rice strawpretreatment 

The dried rice straw was ground using a 

kitchen blender and sieved through 0.5 mm 

sieve. Milled straw 5.0 g)was treated with 

100 mL of hot distilled water containing 

with 0.05N of nitric acid in autoclave 

(121oC) for 30min.The contents were 

cooled at room temperature and 

filteredusing muslin cloth. To the solids,1.5 

g of technical grade sodium chlorite from 

CDH (Central drug house (p) Ltd., Delhi, 

India) was added in 100mland heated at 

121oC for30 min. The mixture was filtered 

and washed with cold distilled water until 

the pH of the filtrate was 7.0. The residue 

(delignified pulp) was dried in oven at 60 o 

C for 24h (Ruzene et al., 2007; Xiaojia et 

al., 2009) 

 

2.2. Solentogenesis of delignified pulp 

For solvent genesis of the delignified pulp, 

it was mixed (5.0 g) with 50 mL mixture of 

water and solvent. To this, 10 mL of 30% 

http://www.sciencedirect.com/science/article/pii/S0960852416304898
http://www.sciencedirect.com/science/article/pii/S0961953416301672
http://www.sciencedirect.com/science/article/pii/S0961953416301672
http://www.sciencedirect.com/science/article/pii/S0960852415010779
http://www.sciencedirect.com/science/article/pii/S0960852415010779
http://www.sciencedirect.com/science/article/pii/S0960852415010779
http://www.sciencedirect.com/science/article/pii/S0960852414008694
http://www.sciencedirect.com/science/article/pii/S0960852414008694
http://www.sciencedirect.com/science/article/pii/S0926669015300091
http://www.sciencedirect.com/science/article/pii/S0926669015300091
https://en.wikipedia.org/wiki/Gamma-Valerolactone
https://en.wikipedia.org/wiki/Dichloromethane
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b49
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b49
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(w/v) sodium hydroxide was added slowly 

with constant stirring manually and left for 

an hour at room temperature (25oC). Then 

6.0 g sodium chloroacetate , 98% pure 

(Sigma-Aldrich, USA) was added to the 

mixtureplaced on magnetic stirrer and 

heated up to 45oC for 3 h. The mixture was 

filtered by watman filter paper (grade 

41)and the residue was suspended in 100 

mL of ethanol overnight at 25oC. The 

suspended ethanol solution was then 

neutralized using1Macetic acid,Merk, 

Indiafiltered by Whatman filter paper 

(grade 41) and dried in oven at 60oC 

overnight.  

 

2.3. Degree of substitution of 

carboxymethyl cellulose 

2.3.1. Potentiometric titration  

Degree of substitution (DS) was calculated 

by titration method. One gramof the 

carboxymethylated sample was mixed with 

60 mL of 95% ethanol and.10ml of 2 M 

nitric acid was added with manual stirring 

for 5 min. The solution was then boiled for 

5 min, followed by gentle manual stirring 

for 10 min and allow to settle. After the 

settlement, the supernatant was discarded 

and precipitate was washed two times with 

80 mL 95% ethanol (60 oC). The precipitate 

was dried in the oven at 105+5oC for 3 h. 

The dried carboxylmethyl cellulose (0.5 g) 

was added in 100 mL distilled water and 

stirred. To this, 25ml of 0.5 N sodium 

hydroxide was added and boiled for 15 

min. Themixturewas titrated with 0.3 N 

hydrochloric acid by usingphenophthalein 

as indicator. The percentage of 

carboxymethyl content and the degree of 

substitution were calculated based on the 

equations below (Singh et al., 

2012;Pushpamalar et al. 2006;Elomaa et 

al., 2004,). 

 

Carboxymethyl Content (CM) %= 

 

Degree of substitution (DS) 

=  

whereV0 = ml of HCl used to titrate blank, 

Vn =ml HCl used to titrate sample, 

N =normality of HCl used, 

M = sample amount (g) 

where 162 is the molecular weight of the 

anhydrous glucose unit, 57 is the net 

increment in the anhydrous glucose unit for 

every substituted sodium carboxymethyl 

group and 58 is molecular weight of 

carboxylmethyl group 

 

2.3.2. Fourier transform infrared 

spectroscopy (FTIR) 

The samples were dried in an oven at 60 o C 

were used for FTIR studies. All 

measurements were carried out using ATR 

in FTIR. The infrared spectra of these 

samples were recorded with an Agilent 

Technologies (Cary 600) between 500 and 

3500 cm-1. 

  

2.4. SEM analysis Photographs  

Samples were studied using SEM JEOL, 

Model No. JCM-6000, BENCHTOP with 

digital camera with a superior performance 

of X22 to 40,000.  

 

3. Results and Discussion 

 

There have been some studies on effect of 

the process parameters on 

carboxymethylation from different biomass 

with some alterations (Pushpamalar et 

al.,2006; Bhattacharyya et al., 1995).In the 

present study, process optimization of 

carboxymethylation was executed by 

changing variable of the process (by 

varying a parameter and taking other initial 

parameters constant). The parameters were 

selected according to Singh et al., (2012); 

and Pushpamalar et al., (2006) and included 

various solvents (water, methanol, GVL, 

isopropyl alcohol, ethanol and DCM), 

water and solvent ratio (1:100), reaction 

period (120 min), sodium 

monochloroacetic acid (6.0 g), 

concentration of NaOH (25%) and reaction 

temperature (45 oC). 

 

3.1. Carboxymethylation ofrice straw 



 
 

Ph ton                                                                                                                                                                 533 
 

3.1.1. Effect of solvents on 

carboxymethylation reaction 

Fig. 1 shows the degree of substitution 

(DS) of carboxymethylation when the 

reaction was carried out with seven 

different solvents. A maximum DS of 0.58 

was obtained with isopropyl alcohol and 

gamma valerolactone (GVL) as the 

solvents. The solvents provide miscibility 

and approachability to etherifying reagent 

for cellulose chain rather than glycolate 

formation in the carboxymethylation 

reaction (Tog˘rul et al., 2003). The changes 

in carboxymethylation can be described by 

putting into attention their solvent polarities 

and stereochemistry. The reaction 

productivity increases as the polarity of the 

solvent decreases (Barai et al., 1997). The 

results obtained were in good agreement 

with the literature on DS but with different 

solvents, viz., isopropyl alcohol and GVL 

having different polarity and produced the 

CMC with the same DS value. Isopropyl 

alcohol could bebetterchoice as it was less 

costly and easily available. Several authors 

have also reported similar results (Singh et 

al., 2012; Pushpamalar et al. 2006; 

Bhattacharyya et al., 1995; Khalil et al., 

1990).  

 

As shown in Fig. 2, with variation inthe 

ratio of water and isopropyl alcohol (six 

different water: isopropyl alcohol ratios), 

maximum degree of substitution achieved 

was 0.58with 0:100 water: isopropyl 

alcohol. 

 

When the ratio of organic solvent was 

increased, the DS of the CMC was also 

increased. Isopropyl alcohol degraded the 

crystallinity of cellulose and a change of 

crystallinity and morphology could be due 

to the separation of sodium hydroxide with 

the reaction medium and the cellulose 

chain. This separationarises when cellulose 

is suspended in reaction mixture. In such a 

reaction, the solvent as medium plays 

important role of equally distributing 

NaOH with water in cellulose and forms an 

aqueous mixture of NaOH in the cellulose 

phase. Use of pure isopropyl alcohol as the 

reaction media increases the DS of 

carboxymethyl cellulose from wood pulp 

cellulose. The higher concentration of 

NaOH was favoured by isopropyl alcohol 

due to its low dielectric constant and it also 

significant changed the morphology of 

cellulose during alkalization (Barba et al., 

2002; Ruzene et al., 2007; Xiaojia et al., 

2009)). 

 

3.1.2. Effect of various reaction periods  

At different time intervals the 

carboxymethylation was carried. A 

maximum DS of 0.773 was achieved at 150 

imprecation time. Table1 showed that an 

increment in the time of reaction increased 

the DS till 150 min of reaction and after 

that DS started to decrease. This could be 

due to the creation of suitable environment 

for carboxymethylation. Lengthening the 

time period of the reaction shows the 

encouraging outcomes on dispersal and 

immersion of the reactants and good 

contact between the etherifying mediator 

and cellulose (Bhattacharyya et al., 1995). 

A feasiblereason for the decrease after 150 

min was due to an enhancement of 

breaking of the polymer when the time was 

extended (Heinze & Pfeiffer, 1999). 

 

3.1.3. Effect of reaction temperature  

As shown in Table1, the effect of 

temperature was studied using six different 

reaction temperatures. A maximum DS of 

0.813 was obtained with 45 o C as the 

reaction temperature. There was an increase 

in the DS with reaction temperature up to 

45 o C, thereafter it decreased. The increase 

could be due to the fact that there was 

better reaction environment created for 

carboxymethylation. The decrease of the 

DS beyond 45 o C could be due to the 

cellulose degradation where chemical 

dismissal of water from cellulose led to 

functional group attached on carbon. 

Concurrently, there might be 

intermolecular elimination between the 

hydroxyl groups of neighboring chains, 

giving rise to cross-linking by ether  

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b3
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b3
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b40
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b49
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2818.2011.03583.x/full#b49
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Table 1: Effects of time period, temperature and concentration of sodium chloroacetate 

(SCA) on degree of substitution of carboxymethyl cellulose from rice straw in isopropyl 

alcohol solvent. 

 

 

 

 

 

 

 

 

Rice straw (5.0g) 

Time (min) 

30 

60 

90 

120 

150 

180 

210 
 

Degree of Substitution (DS) 

0.554 ±  0.001 

0.585 ±  0.003 

0.627 ±  0.002 

0.714 ±  0.002 

0.773 ±  0.001 

0.596 ±  0.004 

0.582 ±  0.002 
 

Temperature (oC) 

30 

35 

40 

45 

50 

55 

60 
 

 

0.555 ±  0.003 

0.586 ±  0.001 

0.594 ±  0.002 

0.813 ±  0.001 

0.647 ±  0.005 

0.656 ±  0.006 

0.577 ±  0.004 
 

SCA (g) 

2.0 

4.0 

6.0 

8.0 
 

 

0.354 ±  0.003 

0.527 ±  0.001 

0.782 ±  0.003 

0.715 ±  0.002 
 

 

 

linkages, thus decreasing the sites of –OH 

groups for carboxymethylation. 

 

The DS was increased with increased 

quantity of sodium chloroacetate up to 6.0 

g and after that it decreased (Table1). The 

increment was due to greater availability of 

the acetate ions at good amount in 

comparison to cellulose molecules. When 

concentration of sodium chloroacetate was 

more than 6.0 g, glycolate formation might 

take place and the reaction productivity 

would decrease. Similar results were 

reported by other researchers (Singh et al., 

2012; Pushpamalar et al. 2006; 

Bhattacharyya et al., 1995; Khalil et al., 

1990).  

 

3.2. IR spectra of carboxymethylation 

Figure 3 shows the FTIR spectrum of 

standard cellulose and that prepared from 

rice straw, which were was similar. Figs 

show the experimental 

carboxymethylcellulose, treated cellulose 

and cellulose from rice straw. These 

represent wavelength vs transmittance of 

standard cellulose and cellulose extracted 

from rice straw. The IR spectrum of 

samples showed that the caboxy group and 

hydroxyl functional groups were at 

wavelength 1572, 1411 and 1311 cm-1, 

respectively. It was obvious that 3282 cm-1 

is due to the stretching frequency of the 

hydroxyl group (OH). The presence of 

strong absorption band at 1572 cm-1 

confirmed the presence of carboxyl group 

(COO-). The band at 1060 cm-1 was due to 

>CH-O-CH2 stretching (Biswal & Singh, 

2004). 

 

3.3. SEM Study  

The SEM photographs in Fig. 4 showed 

that rice straw (a) had a wounded woody 

structure, delignified pulp (b) febrile and 
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more exposed structure, and carboxymethyl 

cellulose (c) from rice straw with the 

degree of substitution 0.813with a smooth 

surface. Therefore, it could be concluded 

that carboxymethylation reaction resulted 

in the surface morphology changes from a 

fibrous structure to a smooth structure.  

 

Conclusion  

 

From the results it was concluded that rice 

straw could be an efficient substrate to 

produce CMC. The product had a DS of 

0.813 and the optimum conditions for 

carboxymethylation cellulose from rice 

straw were isopropyl alcohol as the solvent 

medium, reaction period of 150 min, 6.0 g 

of sodium chloroacetate, NaOH 

concentration of 10 mL of 25% (w/v) and 

reaction temperature at 45 oC. The rice 

straw and delignified pulp had rough 

surface structures but carboxymethyl 

cellulose showed a smooth surface 

structure. Under these optimized 

conditions, tugs, rice straw could be used 

for commercial production of 

carboxymethyl cellulose. 
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