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Abstract. Demand of plastic is increasing along with 
the increasing use of plastics invarious fields. 
Plastics are hard to decompose biologically, so that 
it will give uegative impacts to environment. One 
of ways to decrtase those negative impacts is by 
using eco-friendly materials. Bionanocomposite is 
one of eco- friendly materials for plastics; this 
composite can be made fro 111 natural 
polymer and nano particle. Thi~ research used 
nano zinc oxide as nano particle for 
bionanocomposite. Bionanocomposite can be used 
as packaging, semiconductor, and medical 
materials. This research aims to know the effects 
of various type of nano zinc oxide (nano zin'" oxide 
from galvanic industry waste. commercial, and 
without nano zinc oxide), and concentration of poly 
vinyl alcohol (0.5%, 1%, and 1.5%) on the 
bionanocomposite characteristics. The produced 
bionanocomposites was an11lyzed based on its 
mechanical properties, morphology, and 
biodegradation. The result showed that nano zinc 
oxide have effects to tensile strength and elongation 
of bionanocompos ite, it also produces homogenous 
structure. Bionanocomposite can be degraded for 4 
weeks. 
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I. fNTRODUCTION 

The demand of plastic packaging is 
increasing because of the increasing demand on food 
or non-food packaging materials. The type of 
plastics consumed in Indonesia in year 20 I 0 were 
polypropylene (34%), polyethylene (29%). 
polyethylene terephthalate ( 15%). polyvinyl 
carbonate ( 12%), polystyrene (5%), and others (5%) 
[I]. Plastics contributed significantly to the waste 

generation. In OKI Jakarta only, plastic waste 
production in 2010 reached 523.6 ton/day [2]. 

Awareness on green environment are increa~ing. 
It leads to the increasing demand of eco-friendly 
packaging materials, which are renewable and mostly 
come from natural polymers. The natural polymers are 
categorized into four groups. namely (I) agro-polymer 
produced from biomass. (2) polyester produced from 
fermentation of biomass, (3) polyester produced from 
synthesis from biomass monomer, and (4) polyester 
produced from synthesis of petroieum [3]. The 
application of natural polymer can be divided into three 
generations. namely the natural polymer content of 5%-
20% (decomposable for 3-5 years). natural polymer 
content of 40% - 70% (decomposable for 2 - · 3 years). 
and the total natural polymer which are completely 
compostable [4]. 

Polymer can be used also as composite. It is 
made from combination two or more materials, which 
have different of mechanic properties. The mixture will 
then produce new materials that will· have new 
mechanic properties and characteristic different from 
original material [5]. If one of component (matrix, 
amplifier or additive) has a nanop:irticle size, it will be 
c111led nanocomposite [6). Nano zinc oxide is often used 
for nanocomposite, because of it pbotocatalitic 
characteristics [7], semiconductor f8], antimicrobial [9]. 
sunscreen [l OJ, antibacterial f 11]. Research ·s used 
nanoparticle as nanocomposice lilm from mixture of 
nano argentums oxide and nano zinc oxide sh1>wed that 
it could decreased microbial content [12). Combination 
of chitosan with nano zinc oxide could also increase 
antimicrobial activity f I OJ. 

The development of composite is not only from 
synthetic composites but also biopolymer composites, 
because the biopolymeris quantitatively available, 
renewable. biodegradable, light and strong. So, it leads 
to reduce the polymer consumption from 
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petrochemicals that arc pollutants of the 
environment (13). Bionanocomposite is a packaging 
material consisted of biopolymer in nanopartick 
size, so it has new functional material. The natural 
polymer is used as matrix and organic/anorganic 
materials as filler or amplifier or additive [6). The 
characteristic of bionanocompositc shows the 
increased mechanical characteristics and thermal 
stability. It has some advantages, such as 
biocompatible. biodegradable. and unique 
functionality according to the inorganic materials 
added [ 14]. 

This resea1ch aimed to evaluate the effects 
of nano zinc oxide from waste industrial 
galvanized to the bionanocomposite characteristic. 

II. METHOD 

a. Mnteri11fs t111d eq 11 ipme11t 's 

Materials used in this research included nano 
zinc oxide (produce from synthesis of zinc acetate 
from waste zinc dross). Tapioca starch (Orang Tani 
brand), polyvinil alcohol (PVOH) from Bratachem, 
caragenan, glycerol from Bratachem, nano zinc oxide 
from Sigma Aldrich. aquadest. and chemicals for 
analysis. Equipment which used in this research 
include oven mcmmert, magnetic stirrer magsuda SN. 
glassware, molding, stirrer. Sartorius analytic scale 
BSA 2245-C\\'. tensile strength and elongation anal) sis 
equipment. 

b. M e t Ii o tis 

Nano zinc oxide process. Ten gram zinc acetate 
(product from extraction of zinc dross with acetic 
acid) was filled in I 00 ml methanol and mixed for 30 
minutes. The solution of ;cine acetate were applied by 
ultrasonification for 30 minutes. it was then added 
with natrium hidroxide I 0% to adjust pH I 0. It was 
applied again by ultrasonification for 30 minutes.The 
sedimentation process was conducted for 24 hour and 
then the liquid wa~ filtrated. The sediment was dried 
at I 00°C for S hours and was calcinatt:d at 800°C for 3 
hour. It was then grinded 10 puree. 

Preparation of Biooanocomposite Film. Bio­
nanocomposite film were prepared under various 
condition, namely polyvinyl alcohol concentrations 
(0.5%. 1.0% and 1.5%) and nano zinc ox!de types 
(nano zinc oxide from \\aste, nano zinc oxide 
commercial, and no nano zinc oxide). The nano zinc 
oxide was dissolved with 200 ml distillate water; it 
was mixed for I hour. It was added with glycerol 1%, 
and was mix¢d for 15 minutes. The mixture was then 
added with carrageenan I%, and mixed for 15 
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minutes. The mixture was preheated and added "it 
polyvinyl alcohol. it was then preheat until 70 °C wit 
addition of tapioca starch 5%. It was preheated again t 
I 25°C until the gelatinization process occured. It wa 
poured in mold (30cmx20cm). It was dried in oven at 5 
°C for 48 hour, chilled at 27 °C and the film was remove. 
from mold, saved in desiccator. 

In the further research step. the production o 
bionanocomposite film were realized with polyviny 
alcohol concentrations of 0.5%. 1.0%. and 1.5%. am 
nano zinc oxide concentrations of 0.05%. 0.10% an< 
0.15%. 

Chnn1cterization of the Bionanocomposite Film 
Bionanocomposite film were analyzed its mechanica 
properties to know thickness. tensile strength and 
elongation, analysis of morphology to know nanoparticle 
of nano zinc oxide position and analysis biodegradation 
of bionanocomposite using burial method. 

Il l. RESULT AND DISCUSSION 

n. Formulatio11 of bionanocomposite as eco-friendly 
material 

The bionanocomposite formulation used . som 
materials. such as tapioca stnrch: pol> vinyl al coho 
(PVOH). carrageenan, and glycerol and n<rno zinc oxide 
The materials have unique fonction in ;he preparatio1 
process ol b:onanocompo:.ite. The polymer liln 
formation can be done with were dry process or "e 
process. The dry process use low water content usin! 
extruder. In the wet pro1.:ess the polymers wer( 
dispersed "ith solution and pourit in mold allowing i 
will dry ll5). 

There are there methods for bio-nanocomposite 
preparation, namely ( I) in situ · polymerizalion. the 
nanoparticles were mixt:d with monomer solution. and 
preheated or given radiation. (2) Solution casting. the 
polymer was dissolved with solvent or nanoparticle and 
was dispersed with solvent. and (3) melt processing. the 
nanoparticle was mixed with polymer in batch. and 
stirred and heated until polymer lo be nanocomposite 
film [16j. This research used solution casting method. 
This method used water for media dispersion, because 
water is good media for nano zinc oxide, eheap. saft: 
and eco-friendly. 

b. Mecltanicnl properties of bionmwcompositejilnr 

Analysis of bionanocomposite film mechanical 
properties aimed to know the homogeneous of 
bionanocomposite materials. The bionanocomposite 
mechanical properties included the thickness, the tensile 
strength and the elongation. Nano zinc oxide was added 

181 

' 

• 



• 

• 

ICAIA 2015 

as additive of bionanocomposite, so it can effect the 
thickness. tensile strenght and elongation. Analysis 
the thickness of bionanocompositc film is shov.n at 
fig. I. The biononocomposite film used nano zinc 
oxide from waste was thicker bio-nanocomposite film 
than the bionanocomposite film used commercial 
nano zinc oxide or "ithout nano zinc oxide. The 
film's thickness ''as influenced by concentration of 
nano oxide and homogeneous of materials. this was 
due to molecul density decrease and free space nt 
mntfr<es film increase so the film thickness increase. 

The tensile strength of bionanocomposite film 

is shown in fig. 2. The bionanocomposite tilm used 

nano zinc oxide from waste has the tensile 

strength higher than the bionanocompositc film 

used commercial nano zinc oxide or without nano 

zinc oxide. Analysis for the elongation of 

bionanocompositc lilm is shown in Fig. 3. The 

bionanocomposite tilm used nano zinc oxide from 
waste has Lhc elongation higher than the 

bionanocomposite film used commercial nano zinc 

oxide or without nano zinc oxide. Anal)sis from 

mechanical properties ahove ~howed thnt the nano 

zinc oxide from waste has a potential to be used for 

preparation of bionanocomposite film. 

Anal) sis of the thickness of 

bionanocompositc film use various concentrations of 

nano zinc oxide and vurious concentrations of 

polyvinyl alcohol is shown in Fig. 4. It was shown 

that the thickness of bionanocomposite film wa> 0.35 

mm - 0.47 mm. The biononocomposite film has the 

highest thickness at a nano zinc o:<idc concentration or 

0.15% and a polyvinyl alcohol concentration of 

1.0%. The tensile strength of bionanocompositc film 

is showed in Fig. 5. The tensile strength 

bionanocomposite film were 0.23MPa-9.57MPa. The 

bionanocomposite film has the highest tensile strength 

at a nano zinc oxide concentration or 1.0% with n 

polyvinyl alcohol concentration of 0.05%. l'hc 
tensile strength explains about homogeneity of 

materials mixture in the bionanocomposite film . 

The latest research explained that the 

higher addition of magnesium h) droxide, the 

lower tensile strength of bionanocompositc film 
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produce (I OJ. Thermoplastic starch (TPS) decreased 

the tensile strength of bionanocomposite film. while 

compatibilizer increased the tensile strength or 

bionnnocomposite lilm [ 17]. 
The elongation of film bionanocomposite 

film used concentration of nano zinc oxide with 

concentration of polyvinyl alcohol is shown in Fig. 

6. The lilm elongations of 9.95%-37.85% were 

observed then at a polyvinyl alcohol concentration of 

1.0% with nano zinc oxide concentration of 0.1 %. The 

elongation of bionanocomposite film shows that it has 

good flexibility for material packaging. Bio­

nanocomposite was used for medical, agricultural. 

packaging, sunscreen. pharmacy [18]. The filler with 

nanoparticle starch increased the tensile strength and 

decreased the elongation of bionanocomposite film (19). 

The bionanocompositc film have sago starch as matrix 

and mmo zinc oxide as filler increased the tensile strength 

ond decreased the bionanocomposite ti!m elongation f20) 

Glycerol in bionanocomposite can decrease the tensile 

strength and the elongation (21 ]. 

Analysis for mechanical properties of 

bionanocomposite film had the best thickness of 0.37%. 

the tensile strength · of 6.99 MPa and the elongation of 

3 7 .85%. observed at a nano zinc oxidcconcentration of 

0.10% and a polyvinyl alcohol concentration of 1.0%. 

This sho,,ed that this film has good thickness. strength 

nod elasticit)'. so it is suitable for material packaging. 
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Figure 2. Anal)sis of the tensile strength of 
bionanocomposite based on nano ZnO types 
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Figure 4. Analysis of the film thickness of 
bionanocomposite based on nano ZnO concentration 
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Figure S. Analysis of the tensile strength of 
bionanocomposite based on nano ZnO conccntrotion 
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Figure 6. Analysis of the elongation ofbione1r.ocomposih 
based on nano ZnO concentration 

c. Tllemorpholvgy of nano zin c oxide 

Characterization of the bionanocomposite fil 
morphology aimed to know the nanoparticle zinc oxi< 
position in the bionanocomposite film. This ''as analyz< 
by using Scanning Electron Microscope (SEM) [ 16]. Tl 
morphology of nano particle zinc oxi< 
bionanoeomposite is shown in Fig 7. The composite • 
particle are isotropic, and the articles were interfa< 
bond with the matrix. This composite have advantages < 

small particle size (22). 
The figure depicts that the nano zinc oxic 

concentration of 0.10% is more spread on ti 
bionanocomposite surface. lri hot water. glycerol ar 
tapioca starch mode adhesion bond, so the nano zir 
oxide can be bound in the matrix [ 18 

183 • 



• 

.. 

ICAIA 2015 ISBN: 978-1-4673-7404-0 

Nano ZnO 0.05 % NanoZnO 0,10% Nano ZnO 0,15 % 

Fig.7. Morphology of nano partikel zinc oxide bionanocomposite 

Fig 7 also shows that the bionanocomposite film are 

homogenous mixture of polyvinyl alcohol, tapioca 

starch and carrageenan. so surface area is good and 
flat. and the nanoparticle zinc oxide was auached on 

the matrix. 

d. Biodegradibility of bionanocomposite 

Analysis for the bionanocompositc film 
biodegradability aimed to know the degradability of 

polymer in the bionanocomposite film. The 

biodegradation process was observed in several ways. 
in which oxidation and radiation were applied. The 

pla:.tic waste comaining content dissolve polymer 

could l>e processed by the activated sludge and 

composting methods. The activated sludge method 

degraded the polrmer waste for 2 weeks, while the 

composting method degraded the polymer waste in 
several weeks [23J. 

-·-.- .. _ 
100 -

i IO t.: l: I 
0 

The soil burial method can degrade the natural pol)'mer 
[ 17). The increase of starch concentration and period of 

soil burial increased the weight loss. because many starch 
was degrade by microbial in composting soil (24). This 

research used soil bl•rial test The result of soil 

burial test during 4 weeks was shown at Fig. 8. 

The highest degradation level of 
bionanocomposite film of 99.05% was obs.:rved 

m poly~iny l alcohol concentration of 0.5~1~ with nano 

zinc oxide concentration of0.05%. 

IV. CONCLUSION 

Bionanocoinposite can be made by formulati0n of tapioca 

starch, carrageenan, glycerol. polyvinyl alcohol and nano 

zinc oxide. Nano zinc oxide from waste of industrial 

galvanized can be used for bionanocomposite film 
process as additive. The bionanocompositc film prepared 

from nano zinc oxide from waste of industrial galvanized 

was characterized by higher thickness, tensile strength 

and elongation than the bionanocomposite films without 

nano zinc oxide addition, or with the commercial nano 
zinc oxide. The best thickness. tensile strength and 
elongation of bionanocomposite film were observed at 
nano zinc oxide concentration of 0. I 0%. Good structure 
of the bionanocornposite tilm was found at a nano zinc 
oxide concentration of 0. I 0%. Approximately 81.23%-
99.05% of the bionanocomposite film could be degraded 
with soil burial method for 4 weeks. The 
bionanocomposite film content nano zinc oxide from 

~\aste industrial galvanized could be used for ecofriendly 
packaging material 0. I 0% and polyvinyl alcohol 
concentration of 1.0% . 
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