CHAPTER |
INTRODUCTION

“Barrier property” of materials is considered as key characteristic for
practical applications, especially in packaging industry. In general, package plays a
key role in retaining the product quality until it is used or expired, by protecting the

product against the small molecules such as oxygen and moisture, which can cause

taste and flavor.

Itis we igh barrier packages are made

of metal or glass. erials, packages have been
used in a relatively thi aterial and energy required

in processing and al these materials tend to be
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polymer packages,rﬂch as film f&"ﬁoﬁéﬁ In ac ight-weight polymer packages
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ation cost. Various types

mex@sive.

“ i %’r I ilable such as poly
vinylidene cﬂmﬁjmimu eﬂm(ﬂ)ﬁ:thylene-vinyl alcohol
(EVOH) a amide or Nyl niﬁ ely, i ier p rs are relatively
expe@eﬁ(ﬁﬁ gnﬂliﬁ ’ﬂ:ﬁtﬁﬁ:ﬁsﬁﬁ Md EVOH are

highly sensitive to moisture. Barrier properties of these materials decrease when

with suitable desig

of polymer are commqjially

exposed to humid atmosphere. PVDC on the other hand, needs a rather complicated
process for production due to its narrow range of processing temperature [1]. Many
approaches are arisen in order to make a full use of these high barrier materials.
Multilayer films and coated films are examples of some practical methods. The main

idea of producing these multilayer films is to reduce the amount of high barrier polymer



by combining these expensive materials with other cheaper commercial polymers and
to utilize such combined advantages of the package components. For instance, PVDC
is. applied as a coating layer for plastic film. In some cases of multilayer films, high
barrier polymers such as EVOH or Nylon are used as a middle layer of gas barrier while
the outer or inner layers can be many types of polymers depending upon the
requirements including printability or sealability. Polyolefin films, i.e. polyethylene (PE)
and polypropylene (PP), are typically used for moisture barrier applications with

required sealability.

Commonly; aver films ‘@duced by both co-extrusion and

t there are some drawbacks,

lamination. Although
in particular high cos need of expertise for such a
complex process. vironmental concerns for
multilayer films and ¢

limitation. Thus, polym ime appea De alternatives in tackling recycling

blending technique and film f" ess, film with synergistic properties can be
effectively achieved., Coneept of producing high' barrier film-by blending is to create the
tortuous path by a'ntional one, this occurs in
immiscible blend sysﬂu .1ﬁ|e longer distance a gas has

to travel, the slower of p.erg?ation rate is. I&Jother words, tortuous paths developed in
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arrier property of polymer

f the blend including size,
shape, dispersion, and djstribati a‘high' barri eable phase. Morphology is

generally controlled by lagicat ' beh: olymer components, blend

composition, processing me nd b ng or forming conditions. Extensive works

have been carried out on barrier¢ of lends. Nylon and EVOH blends were
Jﬂ' " Jla:;: & .

early investigated [4ﬂ |twas ftﬁ{fd" fﬂal"’ ier p § d be modestly improved

““Characteristics could also
increase with increas@ cont | arrier po ym@ component. The highest
barrier property could be.,-o&ained from Iammr structure in the films. However, both

Nylon and Evﬁ %rﬁe'?ﬂe%aﬂ%‘ﬁrﬁqiﬂﬂiﬂo‘@mon. Itis, therefore,

proposed in thlsﬂtudy that such a shortcommg of Nylon and EVOH can be overcome by
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unique riieological property.

Previous studies on LCP blends mainly involved mechanical property
improvement of thermoplastic blends containing LCP [10-16]. This is due to LCP’s
advantages in enhancing blends’ properties through fiber forming “in-situ” or during
processing, and in reducing viscosity of the overall blend systems. Blends of LCP with

engineering plastics are widely examined. These include LCP blends with



polycarbonate (PC), polybutylene terephthalate (PBT), polyethylene terephthalate (PET),
and Nylon. Extensive studies have involved blends of LCP with engineering plastics
because most available LCP’s posses high melting point in a range of 280-320° C.
Suitable match of processing temperature of LCP’s and their blends’ counterparts are
required in order to achieve fiber reinforcing effect of LCP. Therefore, studies on LCP
blends with other low melting polymer, in particular polyolefins have been relatively

limited.

Recently, LCPg _ temperature of 200-225 °C have

been produced. This ma i modity polymers possible. Early
——

studies on polyolefin _blg 3 LeP g.revealed that LCP can be
- A

incorporated into the pelymes priate processing conditions

[ LCP fibers in PE and/ or PP

[17-21]. Successful gg - i inforcin tructure ¢
matrix results in enhan b " modulus, a d other mechanical properties.
Apart from mechanical propeg e [ e ‘ _\;‘u containing LCP, attentions

have also been paid on thg i | | ara cteristics. LEP has been considered a super

barrier material to oxyg _ pared to other commonly used barrier
Ykt
polymers such as PET, Nylon, ahd 4 @nding barrier property of LCP remains
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regardless of humid%levelafaﬁ’:'déedﬁm_x or barri ormance of EVOH in high
\ o

humidity condition. | Jt=is;-therefore ral researchers to explore a

possibility of produ?':ﬂg |g® barrier flexible fims by
incorporating LCP into pgjyoleﬁn and other %cymer for packaging applications. Some
-

previous worﬁ%ﬂaf?%ﬂeﬁ%ﬁeﬁfﬂﬂ barrier performances

of PE blends éontaining 10 - 30 wt% of LCP could be obtained [22-24]. However,
o/

underﬂanT ﬁatqﬂﬁzgiyajjﬁﬁ ﬂ 33 Iﬂ Eli their barrier

charactqistics have not been cl ed and related information to this aspect

in the literature is limited.

It is, therefore, the purpose of this study to investigate effects of blend
composition, processing variables and LCP phase structure on barrier and mechanical
properties of the blend between commonly used LDPE and low melting temperature

LCP. LDPE is chosen as a matrix of interest because LDPE is a common polymer used



in packaging. However, LDPE possess poor oxygen barrier and relatively low
mechanical properties. In general, PE also offers several advantages such as
processing ease, sealability, and low cost. If LDPE films’ barrier and mechanical
properties can be enhanced by incorporation of LCP while maintaining other desirable
characteristics of LDPE, these LCP/LDPE blend films can be potential materials in many
applications. Utilization of LDPE can be expanded from packaging to other industrial

uses. It should also be noted that one possible solution to the cost concern when using

LCP could be minimizing the con by producing effective LCP structure in thin
PE films. These films should s between barrier and mechanical
performances. In this .st CP i @o LDPE and blend matrix of

LLDPE/LDPE by melt } axtrusic "'e. Study involves effects of

processing variables cture of LCP/LDPE extruded
ﬁ eleCtron microscope (SEM) are
used for determinin ll S hologies.” Oxygen and water vapor
property are measured. Efforts

are made in establishing the nﬁ’a ] andings of the relationships between

properties and structure of P ."'. col g LCP. It is hoped that knowledge

obtained from this work can ser sctive tool in further development of

producing polymer bl
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