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ABSTRACT

The effect of pro-oxidant additives (Iron, CobalhdaManganese stearates) on the
biodegradation of recycle polyethelene mulchinmgilwas studied in both accelerated weather
and natural exposure conditions. The degradatigmegeof film was determined by measuring
mechanical properties and scanning electronic recape (SEM). The results showed that the
mechanical properties of film samples with pro-arir additives decreased rapidly, and that
surface film with additives was degraded clearlynpared to the films without additives after
30 cycles of accelerated weather. Reliability inm® of acceleration are 28 - 30 cycles of
exposure and in the natural conditions reached?ldnths.

Keywords pro-oxidant additives; photodegradable mulchiilgnd, polyethylene with pro-
oxidants.

1. INTRODUCTION

Polyolefin film (plastic bags, mulch ....) has bewofamiliar in everyday life activities.
With the advantages of durable, convenient anddost, polyolefin film was present in almost
all field of daily life activities. However, theggoducts are often very persistent when released
into the environment, which is negative impact ba environment and human health. Plastic
waste causes serious impact to soil and water bedawould prevent oxygen ingress through
the soil that causing soil erosion and making thie reot porous, less nutrients support, which
makes plants grow slowly. More seriously, soil avater contaminated by polyolefin film will
affect directly and indirectly to human health. WHrurned they produced emissions dioxin and
furan toxicity, endocrine influence, caused canceduced immunity, digestive disorders and
birth defects in infants. Therefore, the reseamithe manufacture of the potentially degradable
polyolefin films to replace the persistent produstsiow an urgent request to solve the current
[1-3].

There are a number of methods to minimize the impacthe environment of polyolefin
films as collected and recycled, biodegradable eiase of film material by adding some
additives to promote the degradation of the filifisradisposal, blend of polyolefin with natural
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or synthetic polymer as polylactic acid, polycapotém, or the research of environmentally
friendly products.

Currently, the biodegradable film based on PE omiR pro-oxidant additives has been
interested. Pro-oxidant additives will make thehpat self-destruct polyolefin catalysts to break
the chain length of the polyolefin into shorter ichanolecules and the incorporation of oxygen
into these molecules as organic functional grougs: (carboxylic or hydrocarboxilic acids,
esters as well as aldehydes and alcohols). Thecoleke of low molecular weight are easily
degraded by microorganisms, temperature and hymiditthe environment, making the
biomass, C@and HO [1 - 5].

In this report, biodegradable films with and withquo-oxidant additives were prepared
based on recycle PE resin. The biodegradation vessrrdined in accelerated weather and
natural exposure. Film characteristics were detgecthibby measuring the mechanical properties
(tensile strength and tensile elongation at bremkSEM image.

2. EXPERIMENTAL
2.1. Materials

Low-density Polyethylene (LDPE) (Malaysia); recytigolyethylene (PE) (Vietham); pro-
oxidant additives: Iron (IlI) stearate Fef8:sCOQ), cobalt(ll) stearate Co(@3;sCOO),
manganese (ll) stearate Mn¢B;:COO0), (Merck), containing by weight 99 % was made under
masterbatch form at polymeric Lab - Institute ofe@fstry, additive process palmowax
(Malaysia).

2.2. Method

The process of film blowing was done using plastixture (including mLDPE 4%,
recycle polyetylene plastic 67,2 % and polyetyl@hestic 22,8 %). The plastic mixture was
mixed with the amount of masterbatch containingitads such that each type of additive
concetration in the film is 1 % wi/w.

- Film blowing: thin films (50 pum) were blowed fromecycled polyethylene and
masterbatch as mentioned above so that the coatientof additive in the film is 1 % w/w.

- The film samples were noted as follows: film vaith additive (PE), film with Iron (II)
stearate (PE-Fe), film with manganese (Il) steafgte-Mn), film with cobalt(ll) stearate (PE-
Co).

- The film samples with or without pro-oxidant atileks were tested in accelerated weather
and natural exporuse after that mechanical prigseaind surface morphology of the films were
determined.

- Accelerated weatherind®E films with and without additives were acceledaweather
tested on equipment UVCON (Ultra Violet / Condermatcreening Device) Model UC-327-2.
Samples were cut into rectangular dimensions of14 xcm x cm) and mounted on aluminum
panels. 30 cycles accelerated weather (UV 8-howyr 4ldiour stop / 1 cycle) were performed to
evaluate weather durability and longevity. Samplese taken periodically and after every 4
cycles samples were undertaken to measure theililyrabhd longevity (ASTM G154).
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- Natural exposureSamples were cut into rectangular dimensions ok 1@ (cm x cm),
hanging on the rack model. Film samples were expas@eriod from July 2013 to July 2014.
In that period, the samples were taken periodidaligetermine the properties.

2.3.Methods of analysis and testing

- Testing of critical mechanical properties: Sammpiéthe films were tested accordingly to
determine the tensile properties. Tensile testevparformed at room controlled conditions
(25°C and 50 % humidity) and at 5 mm/min rate by AGB3XN (Shimadzu) equipment. Each
sample was measured 5 times and then taking thageref the measurements.

- Morphology of the film surface is determined dmetscanning electron microscope
Hitachi S4800 FESEM at Institute of Materials Scen Academy of Science and Technology
Vietnam).

3. RESULTS AND DISCUSSION
3.1. Effect of additives on the properties of filmn accelerated weathering

Tensile strength and elongation at break of tha imples with and without pro-oxidant
additives were measured. The results are presantédure 1 and Figure 2.
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Figure 1.Decrease in the tensile strength due to accelevegather testing.

The results showed that the value @fTS (the time at which the tensile strength decrease
by 50 % compared to the initial value, when thd$§ < 50 % of the initial value, the film as
broken and film containing additives decreasesefaftan that without additives. The PE-Fe
film has the fastest decreases, the value pf S is about 24 cycles. Valug,TS of the PE-Mn
film is about 27 cycles, 3 cycles higher than WfaPE-Fe; while the value of PE-Co film is of
about 29 cycles, which is of 5 cycles more that tf additive iron stearate. On the other hand,
PE films containing pro-oxidants exhibited a sigr@nt decrease in tensile strength.
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Figure 2.Decrease in tensile elongation at break due toerated weather testing.

Similarly to broken tensile, the tensile elongatadrbreak of PE-Fe film occurs much faster
than that of the film without additives and it ietfastest of the PE-Mn and PE-Co films. Value
t1/2EB (time at which the elongation at break daseeby 50 % compared to the initial values)
of PE-Fe is about 26 cycles. Thus it suggeststhmeffective degradation of the PE-Fe film is
higher compared with the manganese and cobalt lRiEddms. This may be due to differences
in chemical structure of pro-oxidant additives.

- The surface morphology of the film samples befone after accelerated weather is
presented in Figure 3.
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Figure 3.The surface morphology of the film samples beforé after accelerated weather.

The surface morphology investigation of the filnmwed that after weather accelaration
the films with additives exhibited cracks appearorgthe surface. The cracks density on the
surface of the PE film is reduced in comparisorhlitose in the other additives added samples.
This indicates an important role of pro-oxidant iides, namely under the impact of high
energy radiation, the additive is capable of prongpthe disconnected chain macromolecules
into shorter chain molecules and the incorporatibmxygen into these molecules as organic
functional groups (i.e: carboxylic or hydro-carbaxiacids, esters as well as aldehydes and
alcohols). The photo-oxidative behavior was foumdiépend upon the type of metal present in
the matrix and follows the order: Fe>Co>Mn.

3.2. Effect of pro-oxidant additives on the propeiies of film in natural exposure
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Tensile strength and elongation at break of tha imples with and without pro-oxidant
additives were determined. The results are predémtéigure 4 and Figure 5.
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Figure 4 Decrease in the tensile strength due to natusather testing.

It can be noted that tensile strength of PE filntigaied after 12 months of outdoor
weather exposure. Conversely, tensile strengthEoffiltns containing additives significantly
decreased after 12 months of outdoor weather ex@o3iis is due to that the ability of the
metal stearate in catalyzing the degradation psobas been reported to arise from its ability to
intra-molecularly cleave into radicals, which cdostaact hydrogen from the polymer chain,
thereby generating free radicals. Products aredpylic oligomer, the double bond and the
ester group susceptible to hydrolysis to form semaklnolecules, a source of food for
microorganisms and bacteria. After about 10-12 mm®wof exposure, tensile strength of the film
samples containing additives are reduced to less30% of the initial value.
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Figure 5 Decrease in tensile elongation at break due taralatveather testing.

Tensile elongation at break of the film sample aomhg additives in samples exposed to
natural conditions also decreased over time. Thabgawed influence of such factors as
temperature, UV radiation, humidity etc plays arof an agent to promote the process of free
radicals, and cause hydrocarbons disconectionseinmiblecular structure of polyethylene. The
interruption and oxidation of macromolecules citad@isult in forming hydrophilic molecules
such as esters, ketones, alcohol, which in turad ® deterioration of physical properties,
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especially elongation at break. Meanwhile the edbiog at break of PE samples decreased
slightly.

4. CONCLUSIONS

This study attempted to investigate the effectpmi-oxidant additives on mechanical
strength and the surface morphology of films in menditions, accelerated weather and natural
weather. The results showed that for the film sammontaining pro-oxidant additives, tensile
strength and elongation at break decreased significduring the trial period. Besides, tensile
strength of the film samples containing additivessweduced to less than 50% after 12 months
exposed under natural weather condition. Analyssults by morphological surface SEM
images showed that after 30 cycles acceleratedheeahe surface film containing additives
were degraded compared with films containing natadds.

Acknowledgements. The authors would like to thank Hanoi Science &rdhnology Service to sponsor
this project.

REFERENCES

1. Abrusci C., Pablos J. L., Marin I., Espi E., Casal ., Catalina F. - Comparative effect of
metal stearates as pro-oxidant additives on batta@odegradation of thermal- and photo-
degraded low density polyethylene mulching filmafernational Biodeterioration &
Biodegradatior83 (2013) 25-32.

2. Abrusci C., Pablos J. L., Marin I., Espi E., Coesll ., Catalina F. - Photodegradation and
biodegradation by bacteria of mulching films basadethylene-vinyl acetate copolymer:
effect of pro-oxidant additives, Journal of Appli€blymer Sciencd26 (2012) 1664-
1675.

3. Chiellini E., Corti A., Swift G. - Biodegradationf thermallyoxidized, fragmented low-
density polyethylenes, Polymer Degradation andilgial@1 (2003) 341-351.

4. loanna Kyrikou, Demetres Briassoulis, Miltiadis kfikis, Epifaneia Babou - Analysis of
photo-chemical degradation behaviour of polyethglemlching film with pro-oxidants,
Polymer Degradation and Stabil®p (2011) 2237-2252.

5. Roy P. K., Titus S., Surekha P., Tulsi E., Deshm@khRajagopal C. - Degradation of
abiotically aged LDPE films containing pro-oxidaby bacterial consortium, Polym
Degrad Stal93 (2008) 1917-22.

370



Effect of pro-oxidant additives on degradation of mulch film based on recycled polyethylene

TOM TAT

ANH HUGNG CUA PHU GIA XUC TIEN OXI HOA BPEN KHA NANG TU HUY CUA
MANG PHU TREN Q0 SO NHUA POLYETYLEN PHE THAI

Nguyén Vin Khdi, Lé Quang Tan, Tran Vii Thing, Nguyn Van Manh, Hoang ThPhrong,
Pham Thi Thu TrangPd Céng Hoan, TinhBuc Cong

Vién Hoa e, Viegn Han 1am Khoa bc va Cong nghViét Nam
18 Hoang Quc Viét, Ciu Gidy, Ha Nsi

"Email: congvhh@gmail.com

Anh hréng aia phu gia xtc tén oxi héa (mal stearat éa Fe, Mn, Co}tén kha ning phan
hay cua mang ph trén @ sy nhra polyetylen ph thai d& duoc danh gia trongiheu kién gia tc
thoi tiét va phoi mau ty nhién. Mic do phan liy cia mangiugc xacdinh t:ang cachdo tinh chit
co li vaanh SEM chip bé mat mang sau khi giat thoi tiét. két qua cho thiy tinh chit co i cia
mang clia ph: gia gam nhanh so & mang khéng ciia ph: gia. Gi thé, d6 bén kéo @a mang
chira phi gia gim xudng con aéi 50 % gia tf bandau sau 12 thang i mau tr nhién va 30
chu ki gia éc thoi tiét. Két qua chup anh SEM cho thy bé mat cac ndu mang clra ph gia b
phé hiy so \6i mdu mang khéng afe phi gia sau 30 chu ki gida thoi tiét.

Tu khdéa:mang pli tu hay; mang pli nébng nghép.
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