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1. Introduction

Today millions of tons of plastics are generated every year through-
out the globe and both manufacturing and consumption continues 
to rise, this rise has developed severe environmental issues [1]. 
Many attempts have been made to acquire an environmentally 
friendly material to fix the problems associated with the plastic 
waste. Most of the research focuses on replacing petro-based plastic 
with biodegradable products with comparable characteristics and 
low price [2]. Around 322 million tons of plastics were produced 
worldwide in 2015. India manufactured 8.3 million tons in 
2014-2015, but about 1% of plastics have been replaced by the 
biodegradable polymer [3]. In recent years, food packaging has 
got a lot of attention as a market for biodegradable films. These 
products will help to reduce environmental pollution in long term 
[4]. Natural polysaccharides are increasingly attracting researcher 
attention as they are abundant, viable, eco-friendly, non-toxic, bio-
degradable, and biocompatible [5]. Researchers are focusing on 
producing biodegradable films based on polysaccharides as a sub-
stitute to regularly used plastic films which are achieved from 

petrochemical sources to reduce overall environmental impact [6, 
7]. This study focuses on the different materials such as commercial 
carboxymethylcellulose (CMC) obtained from the market and 
lab-made CMCs obtained from biomass like sugarcane bagasse (SCB) 
and rice husk. The impact of starch has also been studied on 
properties of CMC biofilm. Biopolymer films are broadly used in 
the pharmaceutical industries, packaging, and agriculture. 
Cellulose exists in both amorphous and crystalline nature due 
to the existence of hemicellulose and lignin in a complex polymer 
matrix [8, 9]. Cellulose is linear in shape and high-molecular-weight 
polymer and due to the presence of intermolecular and intra-
molecular–OH bonding; it barely mixed freely in common solvents. 
CMC is highly water-soluble polysaccharide formed by mercer-
ization (sodium hydroxide) and etherification (Monochloroacetic 
acid) process [10, 11]. CMC is white in color, odorless, tasteless, 
non- toxic, free-flowing powder, biodegradable, biocompatible, hy-
drophilic, and good film forming agent [12, 13]. The linear chain 
of CMC is commonly used in oil detergents, exploration, paper 
products, cosmetics, textile, and food industries [14-16]. CMC has 
the polymeric configuration and a high molecular weight that ex-
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hibits thermal gelation, and it is capable of forming filled in bio-com-
posite films. To increase the water resistance and tensile strength 
(TS) of the starch-based films, CMC was used in most of the problems 
[2]. Starch is also one of the most important polysaccharides, as 
it is reusable, a relatively economical natural polymer. It is com-
monly used to form decomposable films because of its ability to 
form a continuous matrix. Starch is hydrophilic and suffers from 
poor mechanical properties that make it unattractive under different 
environmental conditions as compared to other synthetic polymers. 
Starch offers both poor mechanical properties and poor water resist-
ance [17]. The citric acid (CA) having multi carboxyl cross-linking 
improves the water barrier and mechanical properties of the films 
[18, 19]. Starch modification with crosslinking is commonly used 
in the food industry to produce nutritionally beneficial effects and 
restricted swelling [20]. In plasticizers, molecular volume increases 
due to reducing in internal hydrogen bonding between polymer 
chains, and hence, it increases the flexibility of films [21]. Olive 
oil and fatty acids are introduced to increase the water barrier 
in the film emulsion [22]. Glycerol is hydrophilic, decreases inter-
molecular forces between plasticizer and increases the movement 
of polymer chains, a procedure mostly used to increase the flexibility 
and extensibility of biodegradable films [23]. In this paper, bio-
polymer film is prepared from Commercial as well as lab-made 
CMCs extracted from different biomass sources. The main objective 
of this work was to make the comparative study between 
Starch-Commercial CMC and Starch-Lab made CMCs prepare bio-
polymer film.

2. Materials and Methods

2.1. Raw Material

Commercial CMC, which is purchased from the market, having 
a higher molecular weight in the range (Mw = 10,000 Da, DS = 
0.51) was acquired from Molychem. We manufactured CMCs from 
rice husk and SCB by using Sodium Chlorite, Monochloroacetic 
acid, Sulfuric Acid, Acetic Acid, Sodium Hydroxide, Potassium 
hydroxide, 2,7-dihydroxynaphthalene (Merck), Sodium chlorite 
(Sigma Aldrich), ethanol (Merck) and Hydrochloric Acid (Merck). 
These chemicals were purchased from the local market in 
Allahabad, India. Plasticizer film formed using Starch (SRL), glycer-
ol (Rankem), citrus acid (Merck). The chemicals used for the charac-
terization of CMC are Methanol (Merck), nitric acid (Sigma Aldrich), 
glacial acetic acid (Merck), Glycolic acid (Rankem), sodium chloride 
(Merck) and Acetone (Merck).

2.2. Isolation of Cellulose from Rice Husk

2.2.1. Moisture removal and milling
The collected rice husk was first washed with distilled water and 
then placed in an oven at 70ºC for 16 h. After that, the rice husk 
was crushed in a grinder and sieved through a 60-mesh screen.

2.2.2. Alkali treatment
Alkali treatment using potassium hydroxide (instead of sodium 
hydroxide) was done to remove silica present in the rice husk. 
It also removed some part of lignin and hemicellulose. 100 g of 

screened out rice husk was mixed with potassium hydroxide (6% 
w/v) and constantly stirred at 85ºC for 2 h. After the alkaline treat-
ment, the biomass fibers were washed, filtered, and dried overnight 
in an oven at 70ºC.

2.2.3. Acid hydrolysis
Acid hydrolysis empowers removal of the amorphous regions of 
cellulose fibers. This affects the fibers morphology, thermal stability, 
structure, and crystallinity [24]. After the alkaline treatment, the 
lignin and other impurities remaining in the fibers were removed 
by acid hydrolysis with dilute H2SO4 (4% v/v) and stirred at 85ºC 
for 2-2.5 h. The treated biomass fibers were washed and filtered 
with distilled water then after the fibers were dried for the whole 
night in an oven at 70ºC.

2.2.4. Bleaching
Bleaching of Rice husk was done for 4 h using sodium chlorite 
(3% w/v) at 80ºC for removing coloring components. The bleaching 
procedure was kept at pH 3-4 by adding an appropriate quantity 
of acetic acid. After washing with distilled water, white cellulose 
fibers were dried for the whole night in an oven at 70ºC.

2.3. Isolation of Cellulose from SCB

2.3.1. Moisture removal and size reduction
First, 500 g of SCB was drenched in distilled water for 1 d to 
eliminate extractives that are easily soluble in water and dried 
in an oven at 70ºC for 2 d. After that, SCB was crushed and passed 
through a 60-mesh size screen.

2.3.2. Alkali treatment
2% NaOH was mixed with 50 g of bagasse (dry basis) before feeding 
it to the reactor at 80ºC for 2-2.5 h. The treated SCB biomass 
fibers were washed and filtered with distilled water then after 
the fibers were dried for the whole night in an oven at 70ºC.

2.3.3. Acid hydrolysis
After the alkaline treatment, the lignin and other impurities remain-
ing in the fibers were removed by acid hydrolysis with dilute 
H2SO4 (4% v/v) and stirred at 85ºC for 2-2.5 h. The treated SCB 
biomass fibers were washed and filtered with distilled water to 
attain pH 7 and then dried for the whole night in an oven at 
70ºC.

2.3.4. Bleaching
Degree of whiteness was obtained by using sodium chlorite (4% 
w/v) at 80ºC for 4 h. The pH was kept in the range of 3 to 4 
during the bleaching process. The pH was controlled by adding 
acetic acid. After washing, white cellulose fibers were dried for 
the whole night in an oven at 70ºC.

2.4. Preparation of CMC from Rice Husk and SCB Cellulose

The cellulose made from rice husk and SCB waste were dried 
for 1 h in an oven at 70ºC, and after that to avoid the moisture, 
it was put into the desiccator. There are dual phases for the prepara-
tion of CMC. The 1st phase is mercerization then the 2nd one 
is etherification. Mercerization was done to increase strength and 
for a lustrous appearance.
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2.4.1. Mercerization
Mercerization was done by taking 10 g of each cellulose samples 
obtained from Rice husk and SCB waste in two different beakers. 
100 mL of isopropanol and 20% w/v NaOH was added to each 
cellulose sample. The mixture was stirred for 2.5 to 4 h from 50ºC 
to 60ºC then after the sample was washed and filtered with an 
appropriate amount of distilled water up to the pH reached 6.5-7. 
The washed alkaline fibers were cleaned and kept in an oven 
for 3.5-4 h at 70ºC, and then it was referring for 2nd phase ether-
ification process.

2.4.2. Etherification
The product of mercerization mixed with 100 mL of 20% 
Mono-chloroacetic acid (MCA) solution and stirred for 2.5 to 4 
h from 50ºC to 60ºC. After the completion of the 2nd phase reaction, 
the sample was washed and filtered with ethanol and HCl mixture 
(mixed in the same capacity). The salt formed during side reaction 
was neutralized by ethanol and remaining HCl neutralized by NaOH 
present in the etherification reaction [10]. The remnant left on 
the filter paper was CMC, which was dried for the whole night 
in an oven at 60ºC for further characterization. The schematic 
procedure for the production of carboxymethyl cellulose (CMC) 
from cellulose is shown in Fig.1.

2.5. Production of Biopolymer Film

2.5.1. CMC-Starch blended film
1g CMCs was mixed in 75 mL of water at 70̊ C for 15 min. Separately 
1 g starch was added (25˚C for 10 min) in 100 mL of water and 
glycerol (40 mL/100 g starch) and 0.5 CA 10% (w/w starch). These 
mixtures were shaking by the stirrer for 20 min at 85˚C. The CMCs 

and Starch mixer were added side by side (75 mL CMCs solution 
+ 100 mL CA-Starch solution) and continuously stirred at 70˚C 
for 15 min (pH = 5.5). After the solution mixed for 20 min at 
40˚C to distinct all air bubbles. Then, 70 mL of solution was dis-
charged into a Petri dish and then dried for a whole night at 55˚C 
in an oven to cast blended films. The whole process is shown 
in Fig. 2(a) and (b).

2.5.2. Degree of substitution (DS)
DS is the number of –OH group that was substituted by -CH2-COOH 
group in the cellulose configuration at C2, C3, and C6 position [12]. 
For determining DS of CMC, 2 g of moisture-free CMCs samples 
obtained from rice husk and SCB were taken in two different beakers 
and marked them accordingly. After that, 15 mL of 70% v/v meth-
anol-water solution were added in each beaker, mix them well, and 
allowed them to stand for 15-20 min. Then 200 mL of distilled water 
and 50 mL of 0.5 N sodium hydroxide were added to each beaker 
and stirred for 4 h. Quantity of unreacted NaOH present in each 
beaker was titrated against 0.4 N solution of HCl by adding phenolph-
thalein as an indicator. The readings of the quantity of HCl needed 
for the titration were used in Eq. (1), to calculate the DS.

(1)

Where
B = milli-equivalents of total carboxyl groups per g of sample 

taken and is calculated using Eq. (2).

(2)

Fig. 1. Mechanism of synthesis of CMC from cellulose.
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a

b

Fig. 2. (a) Preparation of bioploymer film from lab made CMC, (b) Preparation procedure of bioploymer film from lab made CMC. 
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2.5.3. CMC yield
CMC yield was an estimate on the dry weight basis, and the total 
dry weight of CMC was an estimate as per the subsequent equation [12].

(3)

2.5.4. CMC content
In 100 mL of 80% (methanol-water) solution, 1.50 g of dried CMCs 
was mixed. This solution was stirred, then stored for 15 min and 
then filtered. The cake on filter paper was washed with newly 
prepare 100 mL of 80% (methanol-water) solution and then dried 
at 100°C to acquire CMC [16]. The content of CMC was estimated 
by using Eq. (4).

(4)

M2 = Final dried mass (g), M1 = Initial dried mass (g)

2.5.5. NaCl content in CMC
NaCl content can be determined by adding 2 g of CMCs in 250 
mL of 65% (methanol-water) and left for 4 h. 100 mL of the aqueous 
phase was neutralized by diluted nitric acid and titrated by 0.1 
N silver nitrate solutions [16]. By using equation, 5 NaCl content 
was calculated.

(5)

Where
P = amount of silver nitrate (mL)
W = weight of the dried sample (g)

2.5.6. Sodium glycolate content
5 mL glacial acetic acid and 5 mL distilled water were taken in 
a separate beaker, and 0.50 g of CMCs was added to each beaker. 
Then 1 g sodium chloride and 50 mL acetone was added and 
stirred for 20 min for complete precipitation of CMC mixture [16]. 
A strong supernatant was used to formulate the test solution after 
the mixture being filtered. The single reagent was used for the 
preparation of the reference solution. The reference solution and 
the test solution were placed in a water bath for 20 min, and 
acetones were dispatched from both the solution, then after solutions 
were cooled. After the solution is cooled addition of 20 mL of 
2, 7-dihydroxynaphthalene was done. The wavelength for UV-VIS 
spectrophotometer was set to 540 nm for observing the absorbance 
peaks of the reference solution related to the test solution. Glycolic 
acid was used to define the unidentified amount of sodium glycolate 
in the test solution using the following Eq. (6) and plotted calibration 
curve of the pure standard.

(6)

Where 1.29 is a conversion factor for changing glycolic acid 
into sodium glycolate

D = mg of glycolic acid determines from the calibration curve 
C = the dry weight of the sample in g.

2.6. Characterization of CMC

Cellulose and CMCs have been characterized by performing XRD 
and Fourier transforms infrared spectroscopy (FTIR), and accord-
ingly, a comparison was made among them based on their core 
analysis.

2.6.1. FTIR
FTIR shows component variations in the polymer structure. For 
examination, pellets were produced after crushing the sample with KBR. 
Spectra were taken on Perkin Elmer Bx11- FTIR Spectrophotometer, 
in the range of 4,000-400 cm-1.

2.6.2. Wide-angle X-ray diffraction (XRD) pattern
The crushed dried samples were compressed into the disks and 
then measured with an X-ray diffractometer in which patterns 
were recorded with X-ray diffractometer system using a Cu Ka 
radiation (1¼ 1.5406 Å) in the 2 q range from 5º to 70º, worked 
at 40 mA and 40 kV, and a scanning speed of 10º min-1

.

2.7. Characterization of Biopolymer Film

2.7.1. Moisture content (MC)
Generally, the AOAC method is used for calculating MC [25]. Sample 
containing 2 g dry sample to constant weight at 90-100˚C under 
pressure less than 100 mm Hg. Calculate the loss in weight after 
the material was drying.

2.7.2. Solubility
In a hot oven, film specimens were dried at 105oC to remove the 
MC. The dry sample is then weighted and placed with 20 mL 
of distilled water in a glass tube. The tubes were covered and 
placed at room temperature for 1 d in a shaking water bath. After 
that, film pieces were removed and dried at 105oC in an oven 
for 1 d to calculate the film’s final dry weight [23].

(7)

2.7.3. Film opacity 
Film opacity was estimated by obtaining rectangular strips (10mm 
x 40mm), which were straight placed in the UV-VIS spectropho-
tometer [26]. The film sample’s absorption peak was recorded from 
250 to 800 nm. The film opacity in the absorbance spectrum was 
observed at 600 nm.

2.7.4. TS
Films were cut into pieces of dimension 10 mm wide and 80 mm 
long. The mechanical property (TS and elongation) were measured 
using TENIUS OLSEN machine 250N load cell. The cross-head 
speed and initial grip separation were set between 1 mm/min and 
40 mm.

3. Results and Discussion

3.1. Characterization of Waste Lignocellulosic Biomass

The yield of CMCs, DS, NaCl, and Sodium glycolate obtained from 
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rice husk and SCB were calculated and shown in Table 1. The 
amount of the byproduct obtained from SCB (NaCl 0.87% and 
Sodium glycolate 0.6%) was insignificant in amount as compared 
to rice husk (NaCl 4.38% and Sodium glycolate 3.29%), an undesired 
side reaction took place, which dominated the rice husk CMC 
production and became the reason for this observation [22]. 
Production of Sodium glycolate leads to the reduction in DS. As 
the concentration of NaOH increases, it tends to interrupt the cellu-
lose chain formation by alkaline hydrolysis [27]. Sodium glycolate 
is poisonous in nature, and the ratio of sodium glycolate and NaCl 
content should not be more than 0.5% in food additives [12]. The 
purity of lab-made CMC obtained from SCB is 98.53%, which is 
a much higher purity as compared to Commercial CMC, which 
stood around 95.04%.

3.2. XRD Analysis

XRD was performed to examine the crystallinity of cellulose and 
CMC extracted from rice husk and SCB formed by 
Carboxymethylation with 20%NaOH and 20% MCA [10]. Fig. 3(a) 
and (b) displays the crystalline peaks of cellulose isolated from 
rice husk and SCB and their synthesized CMC, respectively. In 
two cases, CMC was synthesized by mercerization with 20% w/v 

NaOH. In XRD spectra it is visible that the crystalline peaks are 
stronger in cellulose isolated from rice husk and SCB as compared 
to spectra exhibited by CMC. XRD type Peak’s height & width 
were significantly changed due to the breaking of the -OH bond 
that maintained the crystalline configuration by replacing -OH by 
(-CH2-COOH) groups. The decrease in crystallinity is significant 
in applications, like manufacturing of hydrogels, enhanced capa-
bility of CMC to absorb water due to an increase in the amorphous 
region [28]. Peak heights in XRD spectra of cellulose are greater 
than peak heights of lignocellulose and CMCs. The CMCs shows 
less crystallinity than cellulose because, during mercerization, the 
hydrogen bonding gets ruptured in an alkaline environment. The 
crystalline peak in XRD spectra of CMCs gets shifted due to the 
breakage of β-1, 4 glycosidic bonding which is responsible for 
an increase in the gap among cellulose molecules. A higher DS 
of CMC results in broader crystallinity peak and a decrease in 
crystallinity [15]. 

3.3. FTIR Analysis

The CMCs obtained from Rice husk, and SCB was analyzed by 
FTIR. The spectrum of synthesized CMCs was shown in Fig. 4. 
The FTIR spectral marked that the broad absorption band in the 

Table 1. Properties of CMC and Film Produced from Different Lignocellulosic Biomass

Waste along with Commercial CMC

Biomass waste Yield of CMC DS CMC content (%) NaCl content (%) Sodium glycolate (%)

Commercial - 0.51 95.04 3.53 1.43
3.29
0.6

Rice husk 0.8933 0.53 92.33 4.38

Sugarcane bagasse 0.9457 0.65 98.53 0.87

Properties of Biopolymer film

Biomass waste Ratio (Starch:CMC) Moisture content (%) Solubility (%) Opacity (%) Tensile strength Elongation (%)

Commercial 50:50 11.018 27.19 5.23 11.96 12.14

Rice husk 50:50 12.57 28.11 17.28 12.72 12.69

Sugarcane bagasse 50:50 12.83 39.56 21.23 16.03 18.97

  

a b

Fig. 3. X-ray Diffractogram of isolated cellulose and CMC from (a) Rice husk (b) Sugarcane bagasse.
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Fig. 4. FTIR spectra of CMC synthesized from Rice husk and Sugarcane 
bagasse.

rice husk (3,326 cm-1), and SCB (3,260 cm-1) is due to the stretching 
occurring in the -OH group [15]. A band at rice husk (2,890 
cm-1) and SCB (2,914 cm-1) is attributed to C-H stretching 
vibration. The existence of a new and strong absorption band 
at rice husk (1,638 cm-1) and SCB (1,586 cm-1) confirms the 
stretching vibration of the –COOH group. Rice husk (1,372 cm-1) 
and SCB (1,408 cm-1) band are assigned to -CH2 scissoring vi-
brations [30]. The band around rice husk (1,022 cm-1) and SCB 
(1,018 cm-1) are assigned to -OH bending vibration and C-O-C 
bond stretching [31].

3.4. Effect of Moisture Absorption, Solubility, and Opacity 
on Plasticizer Films

Table 1 shows that the moisture absorption, solubility, and opacity 
of the CMCs-Starch film. It was found that the absorption of moisture 
for Starch-Commercial CMC was less than the Starch-Lab made 
CMCs film, but an increase in DS also increases the moisture absorp-
tion capacity. CMC is hydrophilic in nature, but its hydrophilicity 
is lesser than that of starch [18, 19]. CMC also improves the water 
resistance capability of starch matrix and form hydrogen bonds 
with –OH and -COOH groups of CMC to make a strong structure 
and diminish the diffusion of water molecules. Moisture absorption, 
solubility, and opacity also increase with an increase in DS and 
glycerol concentration [22]. This result indicates that starch and 
CMC combination improves the water resistance [19]. Glycerol 
is responsible for films flexibility and smooth surface [23, 32]. 
Due to an increase in free volume, plasticizer mobility increases 

hence increase the amorphous nature [21]. The film opacity sig-
nificantly increased with increasing CMC content or DS. CA is 
acknowledged as a cross-linking agent for starch amendment. CA 
also increases water barrier and mechanical properties because 
the presence of the multi-carboxyl structure and can build a stronger 
bond of hydrogen between the –OH groups present on starch mole-
cules [2].

3.5. Effect of the TS and Elongation on Plasticizer Films

Table 1 shows that DS also affects the TS, and the film composed 
with CMCs of higher DS have better TS. The DS and TS of 
rice husk CMC was less than that of SCB; this is due to the 
presence of high NaCl and sodium glycolate content in the 
rice husk [22]. The TS and elongation percentage of these sam-
ples could indicate the presence of hydrogen bonds between 
the CMC chains [19]. The higher CMC content increases film 
TS and –OH bonds between the polysaccharide derivative and 
cellulose fiber [6]. The biopolymer film synthesized from 
Starch-Lab made CMCs showed a better result than the bio-
polymer film prepared with Starch-Commercial CMC. CMC also 
improved elongation percentage and TS. Table 1 shows that 
SCB based CMC displayed more TS compared to other lab-made 
CMC. The cross-linking of starch with CMC molecule increases 
the intermolecular bonding by introducing covalent bond in 
term to improve the TS of biopolymer film [19]. Table 2 shows 
the comparative studies between lab-made CMC (SCB and rice 
husk) and commercial CMC.

4. Conclusions

In this study biopolymer film was produced from CMCs synthesized 
from different lignocellulosic biomass such as rice husk and SCB. 
The biopolymer film prepared from blended Starch-Lab made CMC 
solution showed better mechanical properties TS and Elongation) 
than the film prepared from blended Starch- Commercial CMC 
solution. Cross-linking of a starch molecule increases the inter-
molecular hydrogen bond, which increases in TS. Addition of plasti-
cizers in the film increases the film flexibility and reduces the 
MC of biopolymer film. The blended film composed of CMC obtained 
from SCB showed more TS (16.03 MPa) and elongation (18.97%) 
as compared to the film composed of CMC obtained from rice 
husk (TS 12.72 MPa and Elongation 12.69%) and commercial CMC 
(TS 11.96 MPa and 12.14%). The DS of CMC obtained from SCB 
is more than the DS of commercial CMC and CMC obtained from 
rice husk because of less content of sodium glycolate and NaCl. 
MC, solubility, and opacity of the film increase with an increase 

Table 2. Comparative Study between Lab-made CMC and Commercial CMC

Biomass
Previous study

Biomass
Current study

DS TS(MPa) Elongation (%) DS TS (MPa) Elongation (%)

Rice stubble [22] 0.64 3.20 4.33 Rice husk 0.53 12.72 12.69

Sugarcane bagasse [33] 0.45 21 2 Sugarcane bagasse 0.65 16.03 18.97

Commercial (CMC) [22] 0.75-0.85 13.87 7.54 Commercial (CMC) 0.51 11.96 12.14
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in DS of CMC. FTIR and XRD data confirm that CMCs were success-
fully synthesized. The CMC obtained from SCB can be used to 
prepare a bio-degradable film because it possesses flexibility, accept-
able opacity, and mechanical property for use in the food packaging 
industry.
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