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Abstract

The Purpose of our experiment is trying to carry out the degradation of traditional

plastic materials. We chose poly(ethylene terephthalate)(PET), which is widely used in

our daily life, and poly(lactic acid)(PLA), a kind of biodegradable material. Next, we
blended these two materials, and then carry out the degradation by using Lipase from

porcine pancreas, Type II (PPL). We expect that PLA can lead PET to carry out the

degradation.

Our experiment is divided into two stages. In the first stage, we made membranes
by evaporating co-solvent. However, to avoid the emergence of the holes left by
co-solvent evaporation, which affected the degradation rate, in the second stage, we
adopted another method of making membranes with heated-pressing, and then analyze
the process of degradation by observing it with Differential Scanning Calorimeter(DSC)

and X-ray Diffractometer(XRD).

The downward trend of PET melting points can be observed by DSC, which
indicates that PET degradation is actually being carried out. And the most significant
degradation trend occurs when both PET and PLA are in 3%. Through crystal
accumulation of blends measured by XRD, we speculate that PET degradation is
related to the molecular winding as well as to the crystallinity caused by different

proportions of PET and PLA we blend.

To sum up, in our experiment, we successfully find out a way to degrade PET at

N.T.P. rather than at high temperature or in extreme conditions.
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ABSTRACT

More than billions of non-degradable poly(ethylene terephthalate) (PET) bottles used
in our daily life, which cause serious environmental issue. In this work, an interesting
and easy concept is used to speed up the degradation rate of PET. Our approach is
simply mixed one non-degradable polyester (PET) with the other biodegradable
polyester (poly(lactic acid) (PLA)) using “physical blending” technique. The
degradation experiment of PET/PLA was carried out in the environment with the
presence of enzyme (Lipase from porcine pancreas, Type II (PPL)), which is particular
selected to degrade PLA. Our results indicate the addition of certain amount of PLA into
PET system can significantly increase the degradation rate of non-degradable PET. This

study provides a new idea to make our earth more friendly.

Keywords: Poly(ethylene terephthalate), Poly(lactic acid), Degradation.
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Introduction

Of all the non-degradable polymers, poly(ethylene terephthalate) (PET) is the most
widely used plastic in our daily lives, as we can see in bottle containers, synthetic fibers,

and so on.

Unfortunately, waste PET can not be degraded by nature even after thousands of
years. Most works focus on decomposition of PET under extreme conditions . These
methods are quite complex and energy-consuming, and it also causes extra pollution,
such as waste heat, heavy metal, strong base and strong acid. In addition, the waste PET
products always seem to outnumber those downcycled products, for they are

manufactured at an incredibly fast rate.

Recently, there have been some research about biodegradable materials, which can be
completely degraded (e.g. poly(lactic acid) (PLA), poly(lactic-co-glycolic acid) (PLGA),
polyglycolide (PGA), poly(beta-hydroxbutyrate) (PHB)). But even with these new

materials, the problems caused by traditional plastic materials waste still exist.
Therefore, degrading PET in clean and natural conditions is necessary.

In this work, we investigate PET degradation by blending with another

bio-degradable material, poly(lactic acid) (PLA).

Abbreviations: PET, poly(ethylene terephthalate); PLA, poly(lactic acid); PPL, Lipase
from porcine pancreas, Type Il ; FESEM, Field Emission scanning electron microscope;
DSC, differential scanning calorimeter; XRD, X-ray Diffractometer; T,, glass transition

temperature; Ty, melting temperature.



Research Purposes

1. To investigate whether blending non-degradable PET with degradable PLA can

promote the degradation of PET with Lipase from porcine pancreas, Type Il .
2. To study the best blending ratio of PET/PLA for the degradation of PET.

3. To investigate the possible mechanism of PET degradation in PET/PLA blends.

Research Flow

Blending Degradation Degradability Possible
PET/PLA Studies Analysis Mechanism

Experimental Procedures

Materials
Poly(ethylene terephthalate) (PET)
PET is a thermoplastic polymer and was obtained from Yuan Dong Corp.
Poly(lactic acid) (PLA)
PLA is thermoplastic polyester and was obtained from Wei Meon Corp.
Lipase from porcine pancreas, Type Z7 (PPL)

PPL was purchased from Sigma Corp.



Methods

Preparation of PET/PLA blends

The co-solvent which can dissolve PET and PLA simultaneously was found to be
phenol/chloroform: 3/2. PET/PLA blends were prepared by blending PET and PLA in
the co-solvent to achieve the following weight ratios: 3/0, 3/1, 3/3, 3/7, and 0/3. The
co-solvent was dried in vacuum oven at 85°C. Various conditions (preheating
temperatures, pressures and times) were used to make blends into films with uniform
thickness about 0.1mm by Molding Test Press, and then cut the film into the

appropriate size (Icm x 1cm) to facilitate the degradation.

Degradation of PET/PLA Blends with PPL

Blends were treated with PPL in 0.5M phosphate buffer, pH 7.2 and incubated for 1,

3,5,7, 14, 21 and 28-day. The buffer containing PPL was changed every two days.

Degradation of Quenched Amorphous PET with PPL

Wholly amorphous samples were obtained by quenching the molten samples into

liquid nitrogen, and the films were confirmed to be amorphous by X-ray diffraction.

Field Emission scanning electron microscope (FESEM) measurements

FESEM was used to observe the information about the sample's surface topography,

composition, and other properties.

Differential Scanning Calorimeter (DSC) measurements

DSC is a thermoanalytical technique in which the difference in the amount of heat
required to increase the temperature of a sample and reference is measured as a function

of temperature. Using DSC is possible to observe fusion and crystallization events as



well as glass transition temperatures T,. Indium was employed for the temperature and
heat flow calibration. The heat capacity was evaluated with respect to sapphire standard.
Dry nitrogen gas was purged into the DSC cell with a flow rate of 50 mL/min. The

sample mass was kept at about 3 mg.
X-ray Diffractometer (XRD) measurements

XRD can reveal information about the crystallographic structure, chemical

composition, and physical properties of films.



Results & Discussions

8§ Degradation Studies

(1) Erosion of Blends Observed by FESEM

FESEM was used to observe erosion degree after degradation. Appearance of pure
PET did not change after degradation whereas the appearance of pure PLA and blends
were etched. In each blends, the significant erosion was observed when PET and PLA
were blended in the equal weight ratio (PET/PLA: 3/3).

A¢. Pure PET  By4. 3/1 blends Ci.3/3blends Di.3/7 blends Ej. Pure PLA

B,. 3/1 blends  C,. 3/3 blends  D,. 3/7 blends  E,. Pure PLA

After
(Day 21)

Fig. 1 FESEM images of PET/PLA blends during enzymatic degradation at day 0 and day
21

However, it needs to be further studied how the erosion of films is induced by the

degradation of various PET/PLA blends.

(2) Melting Point Changes Observed by DSC by PPL treatment

Melting point (T,) was determined by DSC. The decrease of Ty, is highly related to

the reduction of molecular weight.

Tm changed with time in pure PLA but not in pure PET indicated pure PLA could be
degraded by lipase whereas pure PET could not. Ty, of blends decreasing indicated the

degradation of PET. The highest degradation rate was observed when PET and PLA were



blended in the equal weight ratio (PET/PLA: 3/3).
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Fig. 2 Melting point at different day of degradation (A) pure PET (B) pure PLA (C)
PET/PLA: 3/1 blends (D) PET/PLA: 3/3 blends (E) PET/PLA: 3/7 blends



Mechanism Studies

8§ Degradability of PET in PET/PLA blends

In order to find out the mechanism of PET degradation in blends, analyses of PET
degradability in blends were performed (Fig. 3, 4), and the results showed that the
addition of PLA into PET systems decreased the crystallinity and enlarged the chain
mobility. The partial mobility of PET chains in the crystallite provided the prerequisite
for the enzymatic attack; as the result, the addition of PLA increased the degradability

of PET in blends.

(1) Crystal accumulation of PET/PLA blends

Crystallinity refers to the degree of structural order in a solid. PET individual

crystallinity can be computed from DSC pattern (Fig. 3).

The addition of PLA into PET system weakens PET crystallization as indicated by
the lower crystallinity. The result show that there were more amorphous states occurred,

which means PET chains were less limited.
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Fig. 3 Crystallinity of PET in blends



(2) Chain Mobility of PET/PLA blends

Glass transition temperature (T,) measured by DSC can represent the chain
mobility. The addition of PLA into PET system increases the chain mobility as
indicated by the lower glass transition temperature. Thus PET and PLA chain can
temporarily leave the crystalline ordered segment and get into the lipase reaction

states.

I—a' 55 |- |
50 ‘ =

3/0 3 3/3 37 0/3
PET/PLA weight ratio

Fig. 4 The relationship between Glass transition temperature and PET/PLA weight ratios

3/3 blends shows the low crystallinity and the highest chain mobility; as a result,

it presents the highest degradation rate.




§ Degradability of Amorphous PET

To examine this mechanism, amorphous PET which had very low crstallinity and
high chain mobility was prepared to see whether PET will be degraded (Fig. 6, 7).
However, it did not show any sign of degradation after 21 days experiment (Fig. 8).
These data suggest that low crystallinity and high chain mobility are not enough to

achieve the degradation of PET.

(1) Surface of Blends

Appearance of quenched PET did not change after degradation.

Quenched PET

Fig. 5 FESEM images of quenched PET on day 0 and day 21

(2) Crystal accumulation

The quenched PET films were confirmed to be wholly amorphous by XRD. The
result show that there were more amorphous states occurred, which means PET chains

were less limited.
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Fig. 6 Crystallization of quenched PET

(3) Chain mobility

The chain mobility was increased by quenching PET as indicated by the lower T,.

T4(C)

PET  Quenched PET
Fig. 7 Chain mobility of quenched PET

(4) Melting point changes

Melting points did not change during the degradation, the result indicates that

quenched PET did not being degraded by lipase.
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Fig. 8 Melting point at different day of degradation

8 Future Works

The exact mechanism remains to be resolved.
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Conclusions

1) Blending PLA with PET leads to the degradation of PET with lipase.
2) The ratio of blending has an effect on the rate of degradation. The highest

degradation rate was observed when PET and PLA were blended in the equal weight

ratio (PET/PLA:3/3).
3) Low crystallinity and high chain mobility may not be the major mechanism for the

degradation of PET.

Potential Applications

1) PET can be recycled with PLA in the same category.

2) New Materials made by blended PET and PLA might offer different physical

properties and bio-degradability.

3) This new method may have potential to degrade other non-degradable polymer.
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