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ABSTRACT

In this work, the composite double-layered film was developed to improve the ethylene
permselectivity and tensile properties for the packaging application of fresh fruits and vegetables.
The double-layered film was prepared by laminating LDPE and SEBS modified with zeolite
ZSM-5. The zeolite loading is 5-30 %wt of SEBS with surface rich zeolite (DB-SR) and with
well dispersed zeolite (DB-WD) morphology. The film was characterized by scanning electron
microscope (SEM), thermogravimetric analyzer (TGA) and differential scanning calorimeter
(DSC). The double-layered film was tested for permeation of ethylene, oxygen, carbondioxide
and water vapor. It was found that the ethylene permeability of the films was enhanced from
1,793 to 2,064 cc.mm/mz.day.atm due to a readily adsorption of ethylene gas by contained zeolite
from 0 to 10%wt. This leads to a higher ethylene concentration gradient across the film which
becomes a driving force for ethylene permeation. Moreover, the high dispersion of zeolite
increased the ethylene permeation up to 2,328 cc.mn1/m2.day.atm. It was also observed thét there
is no significant difference in ethylene permeation when zeolite contents were higher than 10%wt.
As compared to oxygen and carbondioxide, it was observed that the double-layered composite
films were more selective to ethylene. It was also found that ethylene permeation is not
significantly changed with ethylene concentration. However, the ethylene permeation was
decreased in the presence of oxygen due to a competitive adsorption by oxygen. In addition, the
films possessed appreciate tensile property for packaging application (tensile strength is about 17-
19 MPa).
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Fresh fruit and vegetables need to be stored until their consumption. In order to extend their
storage life, it is necessary to reduce rate of biological activities and physiological changes. One
of important biological activities is respiration (or metabolism) that normally consumes oxygen
and produce carbon dioxide and water vapor. In addition, the postharvest products can also
generate the ethylene gas that is a natural growth hormone. Ethylene gas can produce several
physiological changes in these produces such as ripening and senescence. Hence, if the fresh
produces contact to ethylene gas, their storage time will be shorten. A better preservation of these
fresh produces can be obtained by decreasing the ethylene accumulation and the respiratory
intensity via control of oxygen, carbon dioxide, water vapor and ethylene contents in the product
package. Potassium permanganate is often used to be ethylene removal absorbent, however; it is
harmful chemical. Therefore, it is interesting to develop a smart packaging that can provide
appropriate storage condition for fresh produces [1-3].

Nowadays, polyolefin has been used in general packaging. This is because it possesses
various functional properties including high flexibility, optical clarity, sealability, long shelf life,
dimensional stability during sterilization, flex resistance, biocompatibility and environmental
compatibility. In addition, it is generally cost effective. However, polyolefin packaging exhibits
low water vapor, oxygen, carbon dioxide and ethylene permeability [4]. Hence, it is not suitable
as packaging for ethylene sensitive fruits and vegetables. Alternative candidate can be styrene-
(ethylene-butylene)-styrene block copolymer (SEBS). This is because it is a non polar polymer
with higher flexibility and free volume, as compared to PE. This can be used as a smart
packaging with a higher gas and water vapor permeability. In the previous work [5], it was found
that zeolite/SEBS composite film showed high ethylene permeability as compared to oxygen and
carbon dioxide. However, zeolite/SEBS composite film cannot be fabricated using conventional
blown film process. Although, zeolite/SEBS composite film can be prepared by solution casting,
it showed poor zeolite dispersion. It is, therefore, of interest to develop double-layered film of
zeolite/SEBS and LDPE which can improve the ease of film fabrication and zeolite dispersion. In

addition, such film would provide a better mechanical property.



In this research, the fabrication of the double-layered film was attempted to obtain a novel
smart packaging with high ethylene permeation. The films were tested for permeability of
ethylene, oxygen, carbon dioxide and water vapor and tensile property. The effect of the zeolite

dispersion on permeation was also investigated.

1.2 Objectives

1.2.1 To obtain the double-layered films of LDPE-zeolite/SEBS composites with high
ethylene permeability which is suitable for fresh produce packaging application.

1.2.2 To understand the effects of zeolite content and dispersion in the films on the ethylene

permeation.

1.3 Scope of study

The scope of the study of ethylene permeable zeolite composite double-layered film is as
follows:

1.3.1 Preparation zeolite/SEBS composite film using solution casting process with different
zeolite dispersion. (The zeolite contents are varied by 5, 10, 20 and 30 %wt in SEBS layer.)

1.3.2 Preparation of composite double-layered film from zeolite/SEBS composite film and
LDPE blown film by hot press technique.

1.3.3 Investigation on morphology, thermal stability and tensile property.

1.3.4 Investigation on the effect of zeolite content and dispersion on ethylene, oxygen,
carbon dioxide and water vapor permeabilities.

1.3.5 Investigation on ethylene permeability in the mixed gas system.

1.4 Expected results

1.4.1 The developed packaging film can be used to preserve freshness and quality of the
produces for exporting.

1.4.2 The knowledge obtained for this interesting can be applied for development of other

selective gas permeation films.



CHAPTER 2

THEORY AND LITERATURE REVIEWS

2.1 Zeolite

2.1.1 Zeolite description [6]

Zeolites are a large group of natural or synthetic hydrated aluminum silicates. They are
characterized by an aluminosilicate framework structure (complex three-dimensional structure)
with large cage cavities that can accommodate sodium, calcium, or other cations (positively
charged atoms or atomic clusters), water molecules, and even small organic molecules. Ions and
molecules in the cages can be removed or exchanged without destroying the aluminosilicate
framework. Nowadays, zeolites are available on a large scale and in a variety of applications. The
major use of zeolites is as ion exchangers in laundry detergents where they remove calcium and
magnesium from water by exchanging it for sodium present in the zeolite. Furthermore, zeolites
are applied as adsorbents in the purification of gas streams to remove water and volatile organic
species, and in the separation of different isomers and gas-mixtures, moreover they are applied in
the clean up of radioactive waste. However, in this thesis the focus will entirely be on the

application of zeolites as selective adsorbent for permeable film.

2.1.2 Structure of zeolite [7-9]

Zeolite structures consist of silica and alumina tetrahedra, that is silicon (Si4+) or aluminum
ions (A13+) surrounded by four oxygen ions (02') in a tetrahedral configuration. This is called a
primary unit. Each oxygen anion is bonded to two adjacent silicon or aluminum ions. When many
primary units are connected together, there are many secondary building units (SBUs) formed.
The common SBUs are shown in Figure 2.1. The SBUs are connected to form polyhedra units
that are further linked to build up the entire framework (Schematic diagram of framework

formation is shown in Figure 2.2).
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Figure 2.1 Secondary building units (SBUs) in zeolite [10]
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Figure 2.2 Schematic diagram of framework formation
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This is because permeability (P) is inversely proportional to Ap, as shown in Eq. 4.2

_J4x 42
P y, 4.2)

A

where P is the gas permeability (cms.mm/mz.day.atm), J is the transmission rate of the permeated
gas (ch/day), Ax is the film thickness (mm), A is the surface area of the film (mz), Ap is the
partial pressure difference of the analyte gas across the film (atm). When ethylene concentration
in the feed is increased, the partial pressure difference of ethylene across the film is also
increased.

From Figure 4.21(a), it can be seen that ethylene permeability of the zeolite composite
double-layered film is higher than that of the double-layered film without zeolite. This result can
be observed clearly for all ethylene concentrations. In addition, the ethylene permeability of DB-
WD film is slightly higher than that of DB-SR film. This is because the short diffusion pathway
in DB-WD can facilitates ethylene permeation, as discussed in Figure 4.16.

In the presence of oxygen (Figure 4.21b), ethylene permeation of all films is decreased,
especially for the double-layered film without zeolite. This is because the mass transfer of
ethylene from gas phase onto such film surface would be inhibited by the competitive adsorption
of oxygen. This leads to a notably lower ethylene permeation particularly at low ethylene
concentration, as compared to that in the C,H,-N, mixed gas atmosphere (Figure 4.21a).
However, when zeolite was incorporated in the film, the effect by such competitive adsorption is
readily decreased. This is because zeolite in the composite film can selectively adsorb ethylene
gas, as compared to oxygen. (as discussed earlier by the adsorption isotherm). In other words, the
affinity of the film toward ethylene gas becomes significantly improved when the zeolite is
present. Accordingly, the interference of oxygen partial pressure would be smaller, as compared
to the double-layered film without zeolite. It can be noticed from Figure 4.21b that, in the present
of oxygen, the ethylene permeability of DB-WD film is not significantly different from DB-SR
film at low ethylene concentration. However, this effect is pronounced particularly at high
ethylene_concentration. This is explained that the gas permeation mechanism is taken place via
three steps; (I) mass transfer from the gas phase onto the film surface (II) gas diffusion in the film

and (III) desorption of gas into permeate side, as shown in Figure 4.22.
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Figure 4.22 Gas permeation mechanism : (I) mass transfer of gas onto the film surface

(IT) gas diffusion in the film and (III) desorption of gas into permeate side

Due to the competitive adsorption, when ethylene concentration in feeding side is low (high
oxygen partial pressure), only small amount of the ethylene molecule can be adsorbed on the film.
Hence, the permeation rate is determined by mass transfer of ethylene in the gas phase onto the
film surface. Accordingly, the zeolite dispersion in the film does not obviously affect to the total
ethylene permeation. It is suggested that the gas molecule can be transferred onto the film surface
with a similar rate (rate determining step) for both zeolite composite films (DB-SR and DB-WD).
Therefore, no significant difference in the ethylene permeability can be observed at low ethylene
concentration. However, when the ethylene concentration is high, ethylene can readily adsorb on
the film surface. In this case, mass transfer (I) from gas phase to the film is negligible. In turn,
rate determining step for the ethylene permeation becomes the gas diffusion in the film (D).
Therefore, the well dispersion of zeolite particles in DB-WD film can somewhat enhance the

ethylene permeation as observed.



CHAPTER 5

CONCLUSION AND SUGGESTION

5.1 Conclusion

SEBS is a potential candidate for MAP with high ethylene permeability. This is because the
ethylene/butylene segment in SEBS, which is hydrophobic and highly free volume and flexible,
allows stronger interaction with ethylene, as compared to carbon dioxide and oxygen. Hence, i'ts
free volume can facilitate ethylene permeation. In addition, the permeation of carbon dioxide is
higher than that of oxygen. This is also a preferential choice for modifying the gas composition
that is suitable for fresh produces packaging. Moreover, its drawback in mechanical properties
was successfully improved by the use of LDPE supporting layer.

The incorporated zeolite in SEBS layer readily serves as ethylene adsorbent, and readily
improves ethylene concentration gradient across the film which becomes a major driving force of
ethylene permeation. The ethylene permeability of the film is also facilitated by a better zeolite
dispersion. It was suggested that the short diffusion pathway between the zeolite particles
dispersed in the film plays important role on the gas permeability. However, when the zeolite
loading is higher than 5 %wt, the ethylene permeability cannot be clearly improved owing to the
limited gas permeability of LDPE supporting layer. This is because crystallinity phase in LDPE is
generally impermeable for gas molecules. As MAP benefit, an addition of zeolite also decreases
the carbondioxide permeation. This is derived from the interaction between zeoli’fiz and PS
segment that causes an increase in chain rigidity. Oxygen permeability was not readily affected
by the incorporation of zeolite.

In the presence of oxygen, the ethylene permeation of the film is decreased. This is because
the adsorption of ethylene can be competed by oxygen, particularly at high oxygen concentration.
Adding zeolite suppresses the competitive adsorption. This is due to the highly selective
adsorption of ethylene by ZSM-5 zeolite.

The incorporated zeolite particles also act as reinforcing filler leading to improved tensile
properties of the film when loading is less than 10%wt. However, there is no significant change in
yield stress and Young’s modulus when the zeolite content is increased. In addition, when the
zeolite content is higher than 10 %wt, agglomeration and interfacial voids were created in the

composite double-layer film resulting in a significant drop in the ultimate tensile strength. In a
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view of zeolite dispersion, there is no significant difference of tensile properties between the DB-
SR and DB-WD films. With 5 %wt zeolite content, the zeolite composite double-layered film
possesses appropriate mechanical properties and ethylene permeability and selectivity that can be

used for MAP with ethylene removal ability.

5.2 Suggestion for future studies

5.2.1 Although the zeolite loading is higher than 5 %wt, the ethylene permeability cannot
be clearly improved owing to the limited gas permeability of LDPE supporting layer. Thus, the
ethylene permeability would be enhanced by the development of the supporting layer, such as a
perforation of the film.

5.2.2 It is well know that gas permeation can be enhanced with a lower film thickness. To
increase the ethylene permeation, film thickness of SEBS layer would also be decreased.

5.2.3 This study can provide the zeolite composite double-layered films with high ethylene
permeability which is suitable for fresh produces packaging application. It is interest to determine
the storage time of the fresh produces (ethylene sensitive fruits and vegetables). Such film would

be studied for packing them.
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