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Abstract 

In this study, we performed the production of bioplastic from corn starch by condensation polymerization. We used a 
natural intensifier such as glycerin to make the corn starch into a bioplastic material. Bioplastic and its nanocomposites via 
carbon fiber microelectrode (CFME), TiO2 and nanoclay were synthesized to study its application in package industry. FTIR-
ATR, TGA-DTA, SEM-EDX and mechanical analysis were taken to characterize the bioplastic based nanocomposites. We 
used different amounts of addition of CFME (0.2%, 0.5% and 1%), TiO2 (1%, 3% and 5%) and nanoclay (1%, 3% and 5%) 
to obtain the optimum condition for the bioplastic material.  We obtained proper results for bioplastic/CFME nanocomposite 
addition of 1%, bioplastic / TiO2 and bioplastic / nanoclay nanocomposites addition of 5% in the composite material. Based 
on the literature that can be used in packaging industry without harming the environment, this is our main objective. 
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1. Introduction 

Biopolymers are polymers produced by living organisms. Examples are cellulose, starch, chitin, proteins, 
peptides, DNA and RNA biopolymers. These biopolymers are composed of monomers called sugars, amino 
acids and nucleotides, respectively [1]. Plastics are known as very robust materials. They are lighter and cheaper 
than many other materials, except that they are processed in different shapes. But the materials we have heard as 
bioplastics in recent years are innovative plastics made from renewable raw materials. Corn starch bioplastics are 
used in many areas such as textile papers, cartoon glue etc [2]. Starch is preferred in bioplastic production due to 
its low price [3]. However, it has some disadvantages such as low mechanical properties and high humidity 
absorption etc. In our article we focused on developing new type of composite materials to solve these problems 
[4]. To increase low mechanical properties of bioplastics, Titanium dioxide (TiO2), carbon fiber microelectrode 
(CFME) or nanoclay are added to polymer matrix [5-9]. OH groups in cellulose helps to do hydrogen bonds in 
bioplastics, so its mechanical properties will be improved in composite material. CFMEs are used as an additive 
material in nanocomposites and they are friendly environment materials [10, 11]. In literature, graphene oxide 
(GO) and poly(vinyl alcohol) (PVA) nanocomposite were designed to have high water absorbing capacity along 
with improvement in tensile strength and thermal stability [12]. It is indicated that there is a great improvement 
in tensile strength and swelling resistance of nanocomposite materials.   
 

In addition to starch, polymers such as cellulose, lignin, nylon, polyethylene, polypropylene, polylactic acid 
and PHA have also begun to be biologically synthesized for bioplastic production. Biopolymers are obtained 
from natural starch, which are economic and biodegradable materials [13, 14]. They can be used in package 
industry due to these advantages. Mlalila et al [15] have presented about food packaging industry which 
concentrates on biodegradable packaging materials and designing of antimicrobial packaging for long-term self-
life. There are many studies in the world [16-18]. 
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Figure 1. Synthesis procedure of bioplastic, bioplastic/CFME, bioplastic/TiO2 and bioplastic/Nanoclay nanocomposites. 

 
As a result, we chose the best conditions of their different amounts of additives such as for CFME as 1% 

addition, for nanoclay as 5% addition and for TiO2 as 5% addition. All bioplastic based nanocomposites were 
prepared in these amounts and characterized in this optimum conditions. The goal of this study is to define a 
more proper bioplastic based materials including some additives, such as CFME, nanoclay, or TiO2. These 
bioplastic nanocomposite has some good spectroscopic, morphological and mechanical properties to use as a 
packaging material. In food industry, it’s beneficial to use renewable organic materials due to their antibacterial, 
eco-friendly, cheaper, and easily degradation of package dispose.  The main aim of the article is the synthesis of 
starch-based bioplastic materials including CFME, TiO2, and nanoclay for packaging industry. There is no 
systematic correlation related to these materials in literature. 

 
2. Experimental Study 
2.1 Materials 
 

Corn starch (commercially provided from market), HCl (Sigma-Aldrich, 37%), glicerine (Bikar), petri vessel 
and cover vessel (Isolab), TiO2 (nanopowder,~21 nm particle size ≥ 99.5 % trace metals basis, Sigma Aldrich), 
Carbon fiber (SCL Sıgrafil C 320 B, high resistance, high elastic modules and high electric conductivity, SGL 
Carbon Group. diameter: ~7 μm), nanoclay as a type of Montmoriilonite (surface modified, Sigma Aldrich), 
Food additive dye (KRK company) arec used in different steps of the experiments. 

 
2.2. Instrumentations 

Deionized water device (purelab Option-Q, ELGA, DV25, Elga LLC, Illinois, USA), hot plate (Heidolph, 
MR Hel-Std, Germany), SEM-EDX (FEI, QUANTA FEG250), oven (DRY-Line VWR, VWR International Ltd. 
Leicestershire, England), TGA-DTA (TGA-DTA, EXSTAR 6300),  Mechanical Tests (Baz machine, Turkey), 
FTIR-ATR (Perkin Elmer Spectrum One B) were used in different steps of the experiments. 

 
2.3. Synthesis of Bioplastic Materials  

Firstly, 25 g starch was taken for a beaker and added 250 ml DI water, 30 ml, 0.1 M HCl and 20 ml glycerin. 
It was boiled for 15 minute on hot plate. Later, it was poured to petri plate and the samples were dried at 30 oC in 
an oven. Secondly, different percent amount of TiO2, CFME and nanoclay were added to bioplastic to form 
nanocomposite materials as bioplastic, bioplastic/CFME, bioplastic/TiO2 and bioplastic/nanoclay 
nanocomposites (Figure 1). 
 
2.4. Preparation of composite materials  
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The bioplastic material and bioplastic/TiO2 nanocomposites at 1%, 3% and 5% TiO2 addition, 
bioplastic/CFME nanocomposite at 0.2%, 0.5% and 1% CFME addition, and bioplastic/nanoclay nanocomposite 
at 1%, 3% and 5% nanoclay addition were synthesized in a chemical way as shown in Figure 2. 
 

 

Figure 2. Photographs of bioplastic synthesis procedure. a) All samples were dispersed in DI water and then boils. b) 
Photographs during boiling process. c) After 15 min. of boiling process, samples were taken into petri plate. d) Waiting 
duration for one day in petri plate. e) Samples with duration for 5 days. f) The last version of used in experiments.  

 
3. Results & Discussion 

3.1. FTIR-ATR Analysis 

 FTIR-ATR analysis of bioplastic, bioplastic/CFME, bioplastic/nanoclay and bioplastic/TiO2 
nanocomposites were shown in Figure 3. The broad peaks at 3273, 3290, 3292 and 3271 cm-1 belong to O-H 
stretching for bioplastic, bioplastic/CFME, bioplastic/nanoclay and bioplastic/TiO2 nanocomposites, 
respectively. The peak at 1416 cm-1 and 1151 cm-1 refer to C-C stretching and C-O stretching, respectively [19, 
20]. The peak at 2923 cm-1 indicates absorption band of C-H stretching. Moreover, the peak at 1651 cm-1 
corresponds to C=C bonds of the nanocomposite materials corresponds to the sp2 character [21]. The starch 
based bioplastic and nanocomposites including 1% CFME, 5% nanoclay and 5% TiO2 were successfully 
synthesized which are shown in FTIR-ATR analysis.  

 

Figure 3. FTIR-ATR spectrums of bioplastic bioplastic/CFME for CFME as 1% addition, bioplastic/nanoclay 
for nanoclay as 5% addition and bioplastic/TiO2 nanocomposites for TiO2 as 5% addition. 
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3.3. TGA-DTA Analysis 

 TGA-DTA measurements were taken at heating rate of 25 oC/min from room temperature to 1000 oC. 
The results show that there is a fast decrease after 300 oC for bioplastic materials. We took pure bioplastic 
material as a reference substance. It shows only 3% material lost at 101.1 oC. This material lost occurs 82.9% at 
256.8 oC and 36% at 351.3 oC. The bioplastic degrades 1.1% at 546.7 oC. Its nearly consumes all material 0.6% 
at 596.5 oC. The reason of this decrease reports from moisture of H2O in literature [22]. DTA measurements 
show that the reactions are endothermic process [23]. 

 

Figure 4. TGA-DTA analysis of bioplastic, bioplastic/CFME for CFME as 1% addition, bioplastic/nanoclay for nanoclay 
as 5% addition and bioplastic/TiO2 nanocomposites for TiO2 as 5% addition. 

 
3.4. SEM-EDX analysis 

 SEM images of bioplastic, bioplastic/CFME, bioplastic/nanoclay and bioplastic/TiO2 nanocomposites 
were given in Figure 5. The SEM images of bioplastic material shows a wavy and homogeneous structure 
(Fig.5a). This wavy images may come from corn starch and these granulles may not melt on the surface material 
[24]. According to mechanical test analysis, we obtained a rigid structure for bioplastic/TiO2 or CFME or 
nanoclay nanocomposites than bioplastic materials. CFME addition in nanocomposite structure was really 
differentiate than the other images (Fig. 5b). However, there is no significant change between 
bioplastic/nanoclay (Fig.5c) and bioplastic/TiO2 images (Fig.5d) due to the structure of additive materials. 
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Figure 5. SEM images of a) Bioplastic, b) Bioplastic/CFME for CFME as 1% addition, c) Bioplastic/Nanoclay for 
nanoclay as 5% addition and d) Bioplastic/TiO2 nanocomposites for TiO2 as 5% addition. 

 
3.5. Solubility tests 

 Bioplastic nanocomposites obtained from corn starch (Bioplastic, Bioplastic/CFME for CFME as 1% 
addition, Bioplastic/Nanoclay for nanoclay as 5% addition and Bioplastic/TiO2 nanocomposites for TiO2 as 5% 
addition) were dissolved in different solvents to test solubility as given in Fig.6. Materials can be solved in 
different solution color in different solvents such as sulphuric acid, hydrochloric acid, sodium hydroxide, 
acetonitrile and ethyl alcohol. For example, solution color was obtained dark and light yellow for H2SO4, HCl 
and NaOH solvents. It was obtained dark and light green color for acetonitrile and ethyl alcohol. As a result, 
these solubility tests support the usage as food package industry for these biodegradable materials. 
 

 

Figure 6. Solubility photography of biodegradable materials in a) 95-97% H2SO4, b) 37% HCl, c) 99.9% acetonitrile, d) 99% 
NaOH and e) 99.8% ethyl alcohol. 

 
3.5. Mechanical properties 

 The addition of inorganic fillers such as Montmorillonite (MMT) nanoclay, TiO2, or CFME into a 
bioplastic material could increase its mechanical properties. In literature, Trivino et al [25]. have studied the 
MMT nanoclays which improves the biopolymers rheological and mechanical properties due to a high 
exfoliation of the nanoclay. If we use bioplastic nanocomposites in cement as building materials, it prevents 
cement reactions and hydration. Bending resistance of these nanocomposites decrease compared to bending 
resistance of reference material. It also has breakage of the material so bending resistance, pressure resistance 
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and breakage forces were clearly decreased in the mechanical test results as shown in Figure 7 & Table 1. These 
materials may be used in food package materials in industry. 
 

 
Figure 7. The photography of concrete block composites, a) bioplastic, b) bioplastic/TiO2 for TiO2 as 5% addition c) 

bioplastic/nanoclay for nanoclay as 5% addition and d) bioplastic/CFME materials for CFME as 1% addition. 
 

 
Table 1. Mechanical test results of bioplastic, bioplastic/TiO2, bioplastic/nanoclay, bioplastic/CFME and bioplastic reference 
materials. W: wide, L: length, So: Area, h: height. Bioplastic reference blocks were taken volume of 256 cm3. CFME additive 
was added 1% amount but nanoclay and TiO2 were added 5% amount in nanocomposite material. 
 

 
Samples 

 
Epx. 
name 

Physical properties   
Bending 

resistance 
N/mm2 

 
Pressure 
resistance 
N/mm2 

 
Breaking 

force 
N 

 
Ave. 

Velocity 
mm/s 

 
W 

mm 

 
L 

mm 

 
So 

mm2 

 
     h 

mm 

 
Bioplastic 

Bending 40 160 6400 40 1.77 ---- ---- ---- 
Pressure 

 
40 40 1600 

 
40 

 
--- 3.63 ---- ---- 

 
Bioplastic / 

TiO2 

Bending 40 160 6400 40 2.16 ---- ---- ---- 
Pressure 40 40 1600 40 ---- 8.39 ---- ---- 

 
Bioplastic / 
nanoclay 

Bending 40 160 6400 40 2.20 ---- 940 16.94 
Pressure 

 
40 

 
40 

 
1600 40 ---- 6.68 

 
10691 

 
286.5 

 
 

Bioplastic / 
CFME 

Bending 40 160 6400 40 2.45 ---- 1047 17.97 
Pressure 

 
40 
 

40 
 

1600 
 

40 
 

---- 7.49 
 

11973 
 

366.07 
 

 
Bioplastic 
Reference 

Bending 40 160 6400 40 3.77 ---- ---- ---- 
Pressure 

 
40 
 

40 
 

1600 
 

40 
 

---- 10.20 16314 
 

438.68 
 

 
5. Conclusion 

 High mechanical properties materials, non-toxicity, eco-friendly and proper biodegradability are greatly 
demand for food packaging technology. We designed corn-starch bioplastic materials, which has added via 
CFME, TiO2, and nanoclay to obtain high mechanically strong and biodegradable materials. These materials 
were characterized with FTIR-ATR, SEM-EDX, TGA-DTA, solubility and mechanical tests. As a result, 
bioplastic/CFME and materials have high breaking force (11973 N) and average velocity (366.07 mm/s). 
Bioplastic/CFME or TiO2 or nanoclay nanocomposite may be used in food package industry. 
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