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Abstract  An effective and convenient preparation of starch/mercerized cellu lose composite was reported. The composite 

was obtained by mixing mercerized cellu lose and corn starch. Different techniques such as FT-IR, X-ray diffractometer and 

differential scan colorimetric have been utilized for characterization of s tarch/mercerized cellu lose composite. FT-IR results 

showed a C-O bond stretching band at 900 cm
-1

 for starch/cellulose composite (1:1, 2:1) more stronger than that observed in 

starch, owing to interaction between the amorphous starch and cellulose. However, X-ray confirmed the interaction between 

both mercerized  cellulose and starch due to a possible enhancement in the close packing of the starch. Moreover, 

starch/mercerized cellu lose composite (2:1) exh ibited the lowest value of Cp. These results indicate that starch/cellulose 

prepared within 2:1 rat io has the lowest thermal expansion and the highest thermal stability.  
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1. Introduction 

Natural fiber  re in forced  p las t ics  p repared  us ing 

biodegradable polymer as matrix are the most environmental 

friend ly materials . Such materials have the advantage of 

decomposition at the end of their life cycle. Unfortunately, 

the overall physical properties of those composites are far 

away from glass-fiber reinforced thermoplastics. Flax and 

soft-wood-Kraft-fiber are comparab le in physical properties 

to g lass-fiber, type E[1]. Th is can be exp lained  by  the 

differences in fiber structure owing to environmental growth 

condit ions, area o f growth , climate condit ions and age 

ofplant. Further, the technical digestion and hydrophilicity 

nature of such fiber are other important factors thatdetermine 

the structure, as well as the characteristic values of fiber[2]. 

The hydrophilic natu re o f natu ral fibers in fluences the 

overall mechan ical p ropert ies , as well as other physical 

propert ies of the fiber itself[3]. Starch , a hydrophilic 

rene wable po ly me r,  has  been  us ed  as  a  f i le r  fo r 

environmentally friendly p lastics for about two decades[4]. 

Mixing starch with poly–L-lactic acid (PLA) is one of the 

most popular b lends, because starch is an  abundant and 

cheap b iopo lymer and PLA is b iodegradab le with good 

mechanical p ropert ies[5]. Starch with  PLAcompos ite 

prepared by compression molding had higher crystallinity 

index than  that  p repared  by  in ject ion  mold ing[4, 5]. 

However, the b lend prepared by  in ject ion mold ing  had 

higher tensile strength and lower water absorption values  
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than those made by compression molding. Starch effect ively 

increased the crystallization rate of PLA and it affected the 

melting point  of PLA[4, 5]. On  the other hand, Gelat inization 

of starch was found to lead to the destruction or diminution 

of hydrogen bonding in granules and a decrease in 

crystallinity of starch[6]. The presence of flax-fiber in starch 

increases the tensile strength and Young
’
s modulus[7]. 

Several studies and applications have demonstrated that 

cellu lose fibers are a promising candidate as reinforcement 

in thermoplastic matrixes. Only  few papers, however, are 

focused on polysaccharide-based composites[8-14]. The 

presence of commercial cellu lose improves mechanical 

performance and thermal stability of starch[8,9]. A ll 

preparationreported of starch /cellulose composite were used 

a mixing solvents as sodium hydroxide/poly ethylene glycol  

or sodium hydroxide/urea and others used ethylene bis 

formamide as plasticizer[9,15 ,16].  

The present work describes the preparation and thermal 

characterizat ion of starch/mercerized cellulosecomposite 

prepared in different rat ios. 

2. Materials and Methods 

2.1. Extraction of Cellulose from Paper Waste 

Cellu lose was extracted from paper wasteby immersing 

inde-ionized water for 24 h. This was  followed by 

swellingwith a givenconcentration of sodium hydroxide for 

36 h at 80
ᵒ

C. 

2.2. Starch Preparation 

Corn starch was dispersed in a de-ionized  water in a 

conical flask and stirred for 24 h at room temperature. 
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2.3. Composite Preparation 

Mercerized cellulose andwet corn starch were immersed 

intohot de-ionized water. Then, the mixture was stirred for 

24 h at 70℃. The composite was centrifuged and washed 

well t ill neutralization and finally dried under reduced 

pressure. The previous preparation procedure was repeated 

at different ratio  of starch to mercerized cellu lose (1:1, 2:1 

and 3:1) at 70℃. 

2.4. Fourier-transform Infra-red 

FT-IR spectra of the prepared composites were measured 

with a Bruker FT-IR IFS 66 spectrophotometer, to 

investigate the chemical structure of the processed 

composites.  

2.5. X-ray Diffractometry 

Thick samples of starch/cellulose composite were 

prepared according to Kai &Keshk[17]. Diffractograms of 

the thick samples were recorded at room temperature with 

RIGAKU PRINT 2200V series using Ni-filtered CuK 

radiation ( =1.54Å). The operating voltage and current were 

adjusted to 40 Kv and 30 mA, respectively. Crystallinity 

index (C.I.) was calculated from reflected intensity data 

using Segal et al. method[18], accord ing to the eq. (1), 

C.I. = (I020-Iam)/ I200               (1) 

where I020 is the maximum intensity of the lattice d iffraction 

and Iam is the intensity at2=18 

2.6. Thermal Stability Measurements  

The calorimetric measurements were carried out using 

Setaram calorimeter (DSC 131 Evo) with an accuracy of ± 

0.1℃. Temperature and energy calibrations of the instrument 

were performed using the well-known melt ing temperatures 

and melting  enthalpies of h igh purity  indium and zinc 

supplied with the instrument. For non-isothermal 

experiments the prepared samples weighing about 10 mg 

were sealed in an aluminum pans  and were tempered at 15 

K/min  in the range of 30 to 500℃ . An empty aluminum pan 

was used as reference and in all cases a constant 60 ml/min 

flow of nitrogen in order to e xtract  gases emitted from the 

reaction. Such gases are highly corrosive to the sensory 

equipment installed in the calorimeter furnace. 

3. Results and Discussion 

 

Figure 1.  FT-IR of (a) Starch(b) Cellulose(c) Starch /cellulose in 1:1 (e) Starch /cellulose in 2:1(f) Starch /cellulose in 3:1 
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FT-IR spectra of composite samples in different ratios of 

both starch and mercerized cellu lose were recorded in the 

range from 4000 to 400 cm
-1

.The spectrum of cellu lose 

(Fig.1) showed five characteristics bands between 980 and 

1160 cm
-1

 corresponding to the C-O bond stretching band 

mainly  attributed to primary alcohols[10]. The band at 1160 

cm
-1

 is assigned to the C-O-C asymmetric stretching. 

Whereas, the bands at 1315 and 1430 cm
-1

 are attributed to 

CH2 wagging symmetric bending and CH2 asymmetric 

bending, respectively[19]. The spectra of all these composite 

samples (Fig.1) are mainly  dominated by the cellu lose bands. 

Moreover,each spectrum has two peaks at 1430 cm
-1

 and 900 

cm
-1

 that were assigned to amorphous and crystalline regions 

of cellu lose, respectively[20]. Whereas, the C-O bond 

stretching band at 900 cm
-1

 appeared more stronger for 1:1 

and 2:1 ratio than that of starch and other ratio (3:1).This 

result could be explained by a physical interaction between 

starch and cellulose in aqueous sodium hydroxide.  

The X-ray patterns of cellulose, starch and their composite 

samples in different ratios are shown in Fig.2. The native 

starch diffraction peaks are related to its A-type crystalline 

structure, while the peaks observed for cellulose reflect its 

B-type structure[21-23]. The d iffractive angle (2θ°) and d- 

spacing of the corresponding plane are depicted in Table 

(1).The composite processed at 1:1 rat io showed no change 

in  a d iffraction p lane of (200) p lane, while  a d iffraction 

plane of (11 0̄) appeared at a lower angle side (2θ°=12.2) 

with a broader d-spacing plane (7.27) when compared with 

those of pure starch (14.8° and 5.97). Whereas, a d iffraction 

plane of (110) appeared at the highest angle (2θ°=19.92) 

with narrow d-spacing plane (4.55) compared to those of 

pure starch (16.9° and 5.22) (Table 1).This could be 

attributed to a relatively great inclusion of cellulose in the 

(11 0̄) and (110) planes of starch. The presence of cellu lose 

could lead to expansion of the d-spacing of (11 0̄) p lane and 

contraction of the d-spacing of the (110) p lane of starch. This 

behavior is accompanied by a shift to the greatest angle with 

decrease in the diffract ion intensity. This data could be 

further explained by the increase of both intermolecular 

hydrogen bonding between the sheetsand the crystallinity 

index in starch/cellulose composite. The strong interaction 

between cellulose fiber and starch could be attributed to 

enhancing the close packing of starch molecu les. Whereas, 

in case of the highest amount of cellulose, the diffraction 

intensity of (200) plan increased with the lowest angle shift 

owing to a  litt le inclusion of cellulose in the (11 0̄) and (110) 

planes of starch. Moreover, the steric effect o f cellulose is 

higher than starch due to the affin ity of cellulose toward the 

starch chaindecreases. Furthermore, X-ray patterns (Fig.2) of 

starch/cellulose composite samples (1:1 and 3:1 ratios) 

demonstrate two different diffraction peaks which are 

corresponding to diffraction peaks of cellulose I and II. 

Furthermore, the crystalinity index of all composite samples 

are higher than that in starch (Table 1).  

 
Figure 2.  X-ray diffractogram of starch , cellulose and their composite 

samples 

Table 1.  Reflective angle, d-spacing and crystallinity index(C.I.) of the cellulose, corn starch and their composites 

2…d(020) 2…d(110) 2…d(11 0̄) C.I. % 
Materials 

 

 

23.38(3.802) 

21.88(3.802) 

 

16.92(5.237) 

16.96(5.226) 

 

12.32(7.179) 

14.80(5.976) 

 

62 

51 

 

 

Cellulose 

Corn starch 

21.60(4.113) 19.92(4.455) 12.16(7.274) 76 
Starch/cellulose1:1 

 

21.92(4.052) 19.94(4.500) 14.60(6.065) 83 
Starch/cellulose 2:1 

 

21.30(4.186) 19.60(4.526) 11.80(7.500) 69 
Starch/cellulose 3:1 
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DSC patterns of the different composite samples are 

shown in Figs.(3-6). The characteristic temperatures such as 

the glass transition temperature, Tg, the onsetcrystallization 

temperature, Tc , and the crystallization temperature peak, Tp 

have been estimated in starch/cellulose composite (Figs 3-6). 

In the starch pattern (Fig.3), the Tc1 and Tc2 refer to first 

onset and second crystallization temperature, respectively. 

Moreover, Tp1 and Tp2 denote that the first and second peak 

of crystallization temperature in starch (Fig.3).  In the present 

work, the derived values (T= Tc- Tg) have been used as a 

rough estimate of the thermal stability of the prepared 

composite samples. However, it is favorable to have T 

(thermal stability) values as large as possible. As shown in 

Figs.(3-6), our prepared composite samples exhib ited T 

values of 173.98, 130.98, 193.83 and 177.15℃  for starch 

and starch/cellulose composite rat io of 1:1, 2:1 and 3:1, 

respectively. Therefore, it may be concluded that, the 

starch/cellulose composite in 2:1 ratio has a good thermal 

stability compared to other ratios formulated due to the 

highest crystalinity index (Table 1).The heat capacity Cp at 

the lowest temperature which is the glass transition region, 

Tig, referred to the heat capacity of glassy state, Cpg, and that 

at the highest value of Teg region,Cpl referred to the heat 

capacity of liquid state. The difference in heat capacity 

(Cp= Cp1-Cpg) is the heat capacity change for the transition 

from glass to the liquid states (Figs. 3-6). The d ifferences in 

heat capacity ΔCP  are found to be32.886, 175.316, 3.084 and 

11.151 μv for starch and starch/cellulose composite ratio 

within  1:1, 2:1, 3:1, respectively. Starch/cellulose prepared 

in 2:1 ratio has the smallest value of Cp compared with 

other prepared composite samples. This indicates that, 

starch/cellulose prepared in 2:1 ratio has the lowest thermal 

expansion and the highest thermal stability.  

 

Figure 3.  DSC pattern of starch at 15 K/min 

 

Figure 4.  DSC pattern of starch/cellulose composite in 1:1 at 15 K/min 
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Figure 5.  DSC pattern of starch/cellulose composite in 2:1 at 15 K/min 

 

Figure 6.  DSC pattern of starch/cellulose composite in 3:1 at 15 K/min 

4. Conclusions 

To the best of our knowledge, this is the first time we 

report an eco-composite from paper garbage and corn starch. 

Our results proved that, the starch/mercerized cellu lose 

composite prepared in 2:1 ratio is the best among other ratios. 

Starch/mercerized  cellulose composite (2:1) has the lowest 

thermal expansion with the highest thermal stability owing to 

the highest crystalinity index. In our future work, we will 

further exp lore mechanical properties of starch/mercerized 

cellu lose composite to prove its utility for p lastic industry.  
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