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Abstract—In this study cellulose was obtained from pistachio shell and utilized to synthesize carboxymethyl cellulose 
(CMC). Synthesized CMC was used to prepare a CMC film. Pistachio pulp was converted to CMC by etherification using 
sodium monochloroacetate and sodium hydroxide and yield was found approximately 80%. Isolated cellulose, CMC and film 
were characterized by Fourier transform infrared spectroscopy (FTIR). Mechanical tests showed that the prepared film has a 
tensile strength of 1.714 MPa. 
 
Index Terms—Carboxymethyl cellulose, Cellulose, Film. 
 
I. INTRODUCTION 
 
Pistachio (Pistachiavera L.) is a member of the cashew 
family. Itis one of the most harvested fruitin the south 
east of Turkey and the pistachio shells are abundant 
agricultural waste. It contains oil, protein, pectin, 
hemicellulose, cellulose and lignin[1].  
Cellulose is difficultly found in its pure form since it 
generally exists in the cell wall of plants with lignin 
and hemicellulose [2]. Cellulose isa linear naturally 
occurring polysaccharideand is used in numerous 
applications [3]. It is used insynthesisof cellulose 
nitrate, ethyl cellulose, methyl cellulose, cellulose 
acetate, CMC and it derivatives. CMC is the most 
common cellulose type among cellulose ethers [4]. 
CMC is used in the food industry and also production 
of non-food materials such as cements, adhesives, 
textiles, pesticides, paper, ceramics, in cosmetics, 
pharmaceuticals, detergents etc. as water-soluble 
cellulose derivative [4], [5]. CMChas a degree of 
substitution which is defined as the average number of 
substituted hydroxyl groups per glucose.CMC is a 
white to cream colored, odorless and free-flowing 
powder.  
CMC is usually synthesized by the alkali-catalyzed 
reaction of cellulose with sodium chloroacetate as 
initiator. In addition, there are several methods like 
fluidized bed technique, sheet carboxymethylation 
technique, rotating drum technique, solvent-less 
method using a double screw press and a paddle 
reactor to synthesize CMC [6].Because of the 
renewable, biocompatible and biodegradable nature of 
CMC, itcan be used instead of plastics [7]. There are 
researches on synthesis of CMC from cotton, sago 
waste, cavendish banana pseudo stem, cashew tree and 
beet pulp[8]In this study pistachio shell was used as the 
cellulose source for CMC synthesis and synthesized 
CMC was used to prepare a CMC film.CMC films can 
be used any application that requires non-toxic, 
biocompatible and non-allergenic materials. Water, 
glycerol, sorbitol and other low-molecular weight 
polyhydroxy compounds are used as plasticizersfor  

 
film preparation [9].Glycerol was used as the 
plasticizing agent in the present work. There are a few 
studies aboutsynthesis and characterization of CMC 
film from agricultural wastes [10]. In the present work, 
results of the mechanical tests of synthesized CMC 
film andcommercial CMC film werecompared.  
 
II. EXPERIMENTAL 
 
A. Materials 
Pistachio shells were purchased from Gaziantep, 
Turkey. It was dried for 2 days in an oven at 55oC. All 
chemicals were used as they purchased from Sigma 
Aldrich Co. (Steinheim,Germany).  
 
B. Extraction of Cellulose from Dried Pistachio 
Shells Powder 
Firstly,pistachio shells were dried inanoven at 55oC. 
They are ground into powder using a hammer mill and 
sieved through 70 mesh. Then powder was kept in an 
oven for further use. 15 g pistachio shell powder was 
added into 500 mL Erlenmeyer flask and was cooked 
in 8% NaOHata ratio of cellulose to solvent 1:20 (w/v) 
at 95oC. The dark slurry was filtered and washed with 
distilled water. Then, bleached with 5% NaOCl for 3 h 
at 30oC. The bleached cellulose powder was washed 
again with distilled water until the odor of NaOCl 
could no longer be detected. Cellulose powder was 
dried in an ovenat 60oC overnight to constant weight 
[5], [6], [11]. 
 
C. Synthesis of Carboxymethyl Cellulose (CMC)  
15 g cellulose powder was added to 150 ml of 
isopropanol as a solvent and stirred. Then, 15 ml of 
30% NaOH (w/v) was added dropwise into the mixture. 
After the alkalization process is over, 
carboxymethylation was started with the dropwise 
addition ofsodium monochloroacetate (NaMCA) 
which was dissolved in water and isopropanol mixture. 
The temperature was raised to 55oC and the reaction 
continued for 4 h. When the reaction solution was 
cooled to room temperature, slurry was filtered. The 
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slurry was suspended with 70% ethanol. Suspended 
slurry was neutralized with 90% acetic acid and then 
filtered. The final product was washed with 70% 
ethanol to remove undesirable by-products and then, it 
was washed with absolute methanol again. CMC was 
obtained as the final product and it was dried at 60oC 
overnight in an oven [5], [6], [11]. 
 
D. Film Preparation 
2 g CMC was dissolved in 100 ml of distilled water. 
Dissolution was continued to achieve a clear solution 
at 70oC. 1 ml glycerol (50% v/w based on CMC 
weight) was added as a plasticizer. The solution was 
stirred at 70oC for 10 minutes. The film solution was 
cooled down to 25oC, cast onto petri dishes. Film 
solutions were left at 35oC for 36 h [12] and CMC 
films were obtained. 
 
III. CHARACTERIZATION 
 
A. Measurement of CMC Yield 
CMC yield was measured based on a dry weight basis 
[13]. CMC yield was calculated as follows; 

 
 
B. Determination of Degree of Substitution (DS) 
The degree of substitution (DS) of carboxylic group in 
carboxymethylcellulose is the average number of 
hydroxyl groupin the cellulose structure which was 
substituted by carboxymethylgroups at C2,3and 6 [11].1 
g CMC was added into 50 mL of 95% ethanol and then 
5 mL of 2 Mnitric acid was added. Mixture was 
continuously stirred at room temperature for 10 
min.and heatedthen stirred for 20 min. Solution was 
left to settle. Then it was filtered and residue was 
washed with 100 ml 95% ethanol. The final product 
was dried in an oven at 105oC for 3 h. Carboxymethyl 
cellulose was added to 100 mL distilled water under 
stirring. 25 mL of 0.5 M NaOH added and boiled for 20 
min. Obtained solution was titrated with 0.3 M HCl 
using phenolphthalein as an indicator. When the color 
changed from dark pink to colorless, titration was 
ended.The DS of CMC was calculated based on the 
equations below [11]: 

 
 
where 
A= milli-equivalents of consumed acid per gram of 

specimen; 
B= volume of added NaOH; 
C= concentration of NaOH added; 
D= volume of concumedHCl 
E= concentration of HCl used; 
F= specimen grams used; 

162 is the molecular weight of the anhydrous glucose 

unit and 58 is the net increase in the anhydrous glucose 
for each substituted carboxymethyl group. 
 
C. Fourier Transform Infrared Spectroscopy(FTIR) 
Samples were dried in an oven at 60oC for 24 h. Fourier 
transform infrared (FTIR) spectraof thesynthesized 
CMC and commercial CMC were recorded in a Perkin 
Elmer Frontier spectrometer. Pellets were prepared by 
grinding CMC samples with KBr. 
 
D. Thickness and Tensile Strength 
Films were preconditioned at 27±2oC with 65±2% 
relative humidity for 24 h. Tensile strength (TS) of 
prepared CMC film and commercial CMC film 
weremeasured using Instron Universal Testing 
Machine Model 5944 according to ASTM method 
(ASTM, D882-80a, 1995a). Films were cut 20x100 
mm strips and cresshead speed was 20 mm.min-1.  
 
IV. RESULTS AND DISCUSSION 
 
Yield of CMC synthesis reaction was calculated as 
76%. DS of CMC was calculated as 0.13.  
 
A. FTIR Analysis 
FTIR spectrums of (a) synthesized CMC and (b) 
commercial CMC are shown in Fig. 1. FTIR spectrums 
of synthesized CMC and commercial CMC are quite 
similar.Peaks observed at 3413 cm-1and 3436 cm-1 
indicates the OH stretching bands for FTIR spectrums 
of synthesized CMC and commercial CMC, 
respectively in Fig. 1. Peaks at 2922 cm-1and 2923 
cm-1arises from CH stretching of CH2 and CH3 groups 
in the structure of synthesized CMC and commercial 
CMC, respectively [14]-[16]. Peaks observed at 1595 
cm-1 and 1605 cm-1are due toC=O region for FTIR 
spectrums of synthesized CMC and commercial CMC, 
respectively. Peaks at 1464 cm-1 and 1420 cm-1 are 
attributed to CH2bonding for FTIR spectrums of 
synthesized CMC and commercial CMC, respectively 
[15]. C-O symmetric stretching of primary alcohol 
bands are observed at 1059 cm-1and 1058 cm-1for FTIR 
spectrums of synthesized CMC and commercial CMC, 
respectively [14].  
 

 
Fig. 1.FTIR spectrums of (a) synthesized CMC and (b) 

commercial CMC. 
 
B. Thickness and tensile strength analysis 
Commercial CMC film and synthesized film thickness 
weredetermined with a handheld micrometer of 0.07 
mm and 0.09 mm, respectively. Stress-strain diagram 
of the synthesized CMC film andstress-strain diagram 
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of the commercial CMC filmwere showed Fig. 2 and 
Fig.3, respectively.  

 

 
Fig. 2.Stress-strain diagram of the synthesized CMC film. 

 
Tensile strength of synthesized CMC film and 
commercial CMC film were measured as 1.714 MPa 
and 22.881 MPa, respectively. 
 

 
Fig. 3.Stress-strain diagram of the commercial CMC film. 

 
CONCLUSION 
 
FTIR analysis results show that molecular structure of 
CMC synthesized in this work is quite similar to that of 
the commercial sample. Mechanical tests showed that 
synthesized film is more elastic than the commercial 
one. Further studies can be done to enhance DS which 
was found as 0.13 in this study.  
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