CHAPTER IV
RESULTS AND DISCUSSION

The results of barrier performance and tensile properties related to
structure of LCP/PE blends films are reported in this chapter. The following parts are
classified into two major sections. First section is dedicated to a series of studies effects
of processing parameters as well as materials influences. For each parameter, results

on morphology, tensile and transport properties are discussed. In the second section,

the relationships of structure a d barrie ‘ igs are described, prediction of tensile

properties as well as tra ed out via applying composite
theory.
4.1 Effects of Processi . 25 an of Mixing Elements

on morphology, six different
profiles were used to pr PE containing 10 wt% of LCP
and 0.5 wt% of compati first and the second zones of
extruder, i.e. feed and com kept constant at ~180°C and ~200°C
respectively. The temperature 0 , metering zone, of the extruder and at
the die were varied f:&m 220°C ﬁ/ 5460 : ee Table 3.3 (1), Chapter
). Initial temperaturé profite-s: r-:---:f—--¥ —————— s bas Iprevious work on LCP/PE

atios oi‘]OO or higher and dramatic

i ng
blend [35], where gocﬂ

improvement in films’ m9duh could be acwed Further increases in temperature

profiles from Tﬁ W%ﬂﬁ ﬂtﬁﬂa@w &]rg‘};ﬂf‘ﬁe blends and to study

their effects on forphology, mechani °(;al and barrier propertles Forqsll studies, screw

NN e WA BBl i ver o

constantat 12 RPM and 1.5, respectively.



59
4.1.1  Film Morphology

Figures 4.1 (a)-(f) are optical micrographs showing the morphologies of
10 wt% LCP blend films produced at different temperature profiles, T1 -T6. In these
pictures, LCP dispersed phases can be clearly seen as the bright features dispersed in
darker LDPE matrix. It is apparent that LCP fibrillar structure can be formed in the films
produced at all six profiles. However, these films contain different amount of LCP fibers

with various fiber sizes and aspect rati In general, obtained fibers have aspect ratios

of higher than 100 giving ris / ;einforcements. In addition, it can be

in the films produced at high
S ——
processing temperature ilar results were also found in the

and colleagues [39]. Small
droplet can also be o . s 4.2 (a)- micrographs showing cross

sections of 10%LCP/LDPE fi factired,i ) icrographs reveal that LCP

or about 5-10 times gf‘éjter [ S 0b ainedﬁ} the film produced at T1-T4.

Proportion of ﬁbbon-like‘-s&ucture compar@ with other morphologies found in film

produced at tﬂpﬂﬁtﬁ rafie/Tofid $6am 1o B8 Erger ke that of T5. Furthermore,

these Figures dl$o show that LCP p@r’ucles are pulled out from thﬂnatnx during the
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Figure 4.1 Optical migrographs of 10 wt%LCP blend films produced at different
temperature profiles T1.-T6 (a-f) (200X magnification) (—100 Mum)
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Figure 4.2 SEM micrographs of 10 wt%LCP blend films produced at different
temperature profiles T1 -T6 (a-f) (750X magnification)
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Morphology of polymer blends can be affected by various parameters.
Viscosity ratio (ratio of viscosity of the minor phase to viscosity of the major phase) has
been considered to be one of crucial parameters affecting both size and shape of a
disperse phase. In the case of LCP/thermoplastics blends, viscosity of the LCP
component must be lower or equivalent to that of the host matrix in order to ensure fiber
formation.  The similar high aspect ratios of LCP fibers (>100) presented in films

produced at T1 to T4 imply that viscosity ratios at these four temperature profiles should
| iameters of fibers in these all four films
‘ %n‘or to transformation to fiber. As
ed!CPﬁbe achieved when the matrix
- : Wtio is lower than unity. From

B), viscosity ratios of LCP to

satisfy fiber formation requiremex
should be the results of SHK\:
generally known that ﬁnm
viscosity is higher than(—i
preliminary results o
LDPE at the temperature 5 e range as used at the metering

zone of profiles T1 0Xim; n unity. Thus, the rheological

T4. The obvious larger/fibers H:_ i | ike" structure obtained in the films
produced at T5 and T6 ma ?_" ted-to-the'| r size of initial droplets. In these
cases, large initial droplets m_gfyjbe ge ra ause of poor mixing efficiency. At
profiles of T5 and T6; ' emperatures wer ed at the ni Weiering zone resulting in low
viscosity of the ma 7 Mixi ficiel ends upon shear stress during

process and the she ‘stress is a product of matnx visCosity times shear rate. At a
constant low s zj‘hiﬂ emperatures (T5 and
T6) can causeﬁﬂ ?] Ejmowg the poorer mixing ability. As a
result, the l di i ﬁ/ ry low matrix
vnscosua ;.l axﬁ;ﬁﬁi mil nm s to be very

pronounced

Formation of LCP fibers can be observed at all temperature profiles
implying satisfied conditions for fibrillation. Beside viscosity ratio effect that plays a key
role on fiber formation, converging flow is also well known to be another important factor

inducing LCP fiber formation in the blends. Converging flow usually takes place at the
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die entrance or in the converging die adapter. The previous study [35] reported that the
adapter having converging angle of 15° was more effective than the 30° and 90°
adapters in both mixing and increasing fiber aspect raﬁos. In this study, the die adapter
having converging angle of 15° was also used. As expected, LCP fibers can be formed

at all six temperature profiles used.

It can be seen that processing temperature profiles perform the immense
effect on both size and shape of the din phase. However, it was reported that the

nly at low shear rate, whereas at the

A
effects of processing tempera@\r;e are.

high shear rate, effect of th%‘g'mgfmp Il be diminished [11]. The similar
- e ——

T —

trends are also observe

A which waum discussed in the next section

(Effect of screw speed

Mixing ele : I = in thi study.in order to improve degree of
A

f mjxi'ﬁg element is to perturb the

ls}ner components. When fluid

mixing occurs by splitting and

Fluid before entering
mixing elements:

e

| irt mixing eleent ] ecomixin element@
AR TIUUAINE TR

Mixing element

Front-view Side-view Back-view

Figure 4.3 Schematic of molten blend flow though mixing elements [35,40]



64

By examining the films produced using mixing elements, films’ physical
appearances can be clearly improved. The blend films become more uniform than the
films produced without mixing elements. Microstructures of the blend films in Figures
4.4 also show that the more uniform and finer LCP fibers can obtained when blend films
were produced by using mixing elements at temperature profiles T1 — T2 (Figures 4.4
(g) — (h)); as compared to blend films produced without mixing elements at the same
temperature profiles (Figures 4.4 (a) — (b)). Fibers diameters are approximately 0.5 - 4.5
pm in the film produced at T1- T2 asing rri‘vﬁ elements. As previously described, fine

fiber is a result of combined. effects of sm"aﬂ_‘<' droplet and suitable flow field with

satisfied viscosity ratio fcle;-ﬂb;er'[ formatib)n (7\. < 1)."This can indicate to the effects of

mixing elements on COM

phase at these two condifigfs fF 1/&Ad T.

idl draplet size and enhancing dispersion of the LCP

(h) T2 180 200 230 225

Figure 4.4 Optical micrographs showing comparison of film structure when 10
wt%LCP/LDPE blend films were produced without mixing element ( a - f ) versus with

a use of mixing elements ( g - | ), at temperature profiles T1 — T6 (200X

Magnification) ( 100 pm)

(Continue on next page)
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Figure 4.4 Optical micrographs showing comparison of film structure when 10

wt%LCP/LDPE blend films were produced without mixing element ( a-f) versus with a

use of mixing elements (g-I), at temperature profiles T1 — T6 (200X Magnification)

E— ;T



66

However, effects of mixing elements on morphology at higher
temperature profiles, T3 - T6, are not similar to the two lower temperature profiles of T1
and T2. Although structures of very fine fiber can be observed in fims produced at
temperature profiles T3 and T4, the larger fibers having diameter of approximately 5 -10
MM are also present. These can be clearer seen in SEM micrographs in Figures 4.5.
The greatest diameter fibers of 15 - 20 micron are observed in blend film of T5. It is also
noticeable that, large fibers in film of T5 may have small aspect ratios because

ee Figure 4.4 (k)). The findings of fiber

fiber/ribbon-like structure breakin ) s
size increasing in the films: rature profiles of T3 - T5 imply to
effect of mixing element mg the LCP dispersed phase at
the high temperature condiii esymably because temperature
Bt ‘e melting point of LCP and
LDPE, viscosity of bo be too low to obtain further
improvement in mixin and LDPE can even cause the
nd generation of LCP ribbon

structure may be the resu ffe, ixi he matrix viscosity is low along

= |",..o"'4l' r""'l g "’
“Rlbb’tﬂ like” structures ofL)éP_?‘ rved in films produced at

profile T6 by using of ribbons remaining in

the films produced atD)roﬁle compa& to LCP ribbon structure

presented in film LCP/LDP; oduced withoutamixing elements at the same profile of T6.

“Ribbon-ke” sﬂt%&]f@pﬂ@«% 163 Yéplecec bj inkn tong fbers when

using mixing elefients. The ribbon widths of 15 - ZMm and the fiber diameters of 3-5
um are@ﬂé&] Mﬂﬁi mgu%c’t-}@ mrﬂ% t&lthe result of
decreasing of initial droplet size in blend film produced using mixing elements
compared to the film produced at the same profile without mixing elements. This
indicates that there should be a suitable range of viscosity ratios where mixing elements
can well perform its role in producing critical initial droplet size through effective mixing

and dispersion. This optimal droplet size can then transform into fine fibers under a
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proper flow field. The high aspect ratio fibers obtaining in the blend films of T6 should

give rise to enhanced mechanical properties.
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Figure 4.5 SEM micrographs showing
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comparison of film structure when

10 wt%LCP/LDPE blend films were without mixing element ( a-f) versus with a use of

mixing elements (g-l), at temperature profiles T1 - T6 (750X Magnification)

(Continue on next page)
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Figure 45 SEM micrographs showing comparison of film structure when 10
wt%LCP/LDPE blend films were without mixing element ( a-f) versus with a use of mixing

elements (g-1), at temperature profiles T1 - T6 (750X Magnification)
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4.1.2 Tensile Properties

4.1.2.1 Tensile Properties as a Function of Processing Temperature

Effect of processing temperature on tensile properties of LDPE films and
10%LCP/LDPE films are reported in this section and displayed in Figures 4.6 and 4.7.
LDPE films were produced at six different temperature profiles of T1 - T6 in order to

study influences of processing temperature on the neat matrix. Moduli of LDPE films in
machine direction (MD) and t ‘:\\ﬂ (TD) in Figure 4.6 show that different
processing temperature profiles have n &ple effect on LDPE films in both
directions. Indeed, tensilE"Brop&ities bow MD and TD, of all LDPE films
prepared under studied diiic -/  al ’\“ ifie: same properties (see Figures 4.5).

g ( isotn }l\\\\. ue to a relatively low take-up

ffect of preferred orientation.
N &

This is indicative of a

speed during film formati

AULANYNINYINS

AW TURT T

Processing Temperature Profile

Figure 4.6 Modulus in MD and TD of LDPE films produced at different processing
temperature profiles (T1-T6)

Incorporation of 10 %LCP by weight into LDPE films show a great
improvement on moduli in machine direction, while the moduli in transverse direction are

essentially unaffected as compared to the neat LDPE films produced at the same
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conditions (see Figure 4.7). MD moduli of 10 wt%LCP/LDPE blend films are
approximately 600-800% greater than that of pure LDPE films. MD Yield strengths of
blend films are slightly increased from approximately'11 to 15 MPa, but TD vyield
strengths of all blend films fall below TD vyield strength of the neat LDPE films. The
increase in modulus and yield strength of these films can be explained by self-
reinforcement effects of the LCP fibers formed during the extrusion process. The

preferential orientation of LCP fibers in the flow direction results in anisotropic properties
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When considering the effects of processing temperatures on tensile
properties of blend films in Figures 4.7 (a) - (c), slight increasing of films’ moduli and
yield strengths in machine direction are observed as temperatures at zone 3 and die
increase from T1 to T4. It is, however, interesting that upon further increase of zone 3
and die temperatures to 270 °C and 300°C for the profiles of T5 and T6, noticeable
improvements in both moduli and yield strength are present, as compared to those for
LCP/LDPE films produced at T1 =T4. Increase of tensile properties of the blend films
with processing temperature may w to different morphologies of LCP present
in the blend films. It has b n\@ j@p
influenced by many facténd §>m rfaCIal tension, dispersion and

distribution as well as sﬂ( / We In this study, LCP fibrillar

structures with effective a

erties of immiscible blend can be

These are in good a sile i vement. Increment of tensile
properties when proc . uted to increasing number
of effective fibers in the ion, a higher improvement in
duced with high processing
7 the effect of increasing surface
area of LCP phase [41]; when tge:ﬂ:ﬁ_ﬁ pba,, ‘~: e “ribbon-like” structures, the ratio
of surface area to vol increase as comn - P-fiber structure with similar
effective lengths of ~ - igher. | .j‘;‘ cater surface area is better

in load transferring. ln her words, increasing ratio of su ce area to volume can lead

to improvement ﬁ ti

ﬁaﬂ cﬁﬂﬂ IJ ﬁhnﬂj nimpared to the neat
LDPE films is resent in Figure 4.7 (c)¥ Althou 3 ’ﬁﬁgnt of LCP (10
wt%) r f; a ﬁ:m ﬁm ﬁ ,1 vyj Ej 5‘1 decrease in
toughness of about 90 % is obtained. Even though, decreasing in toughness is typical
for short-fiber-reinforced polymer composite, such a low toughness is not commonly
found in the system of LCP/polyolefin blends reported by other researchers [35-36].
Concemning tensile behavior of this blend illustrated in Figure 4.8. LDPE films show

quasi-rubber-like behavior having high elongation while L CP/LDPE film displays a brittle

failure characteristic. The lower elongation at break causes lower toughness.
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Explanation for these findings could be attributed to poor adhesion between the two

phases in the system.
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Figure 4.8 Comparison of tensile bk stween LDPE film and 10%LCP/LDPE film

4.1.2.2 Tens:IePr : s’

Compamo_n of tensile properties of ble;ﬂ films produced by using
mixing elementssvarsu ‘lii elf f i mir ents at six different
profiles are siﬂnﬁ zjur ﬁﬂeﬁe' rm of bamms produced using
mixing_el £ than i g ‘ ﬁ ithout mixing
elemeﬁeﬁ;ﬁﬁtiﬁ%pmsﬁwﬁ ‘ﬂﬂﬂ oﬂous increase.
Improver‘r‘lents in modulus and yield strength of films produced at profile T6 with mixing
elements are approximately 54% and 40% respectively, as compared to those for
blends films produced at profiles T1 -T5. These observation can be related to films’
morphology, as previous described. The improvements of tensile properties of blend

films produced at profile T6 should be the result of a numerous effective fibers present

in the film as earlier mentioned. Decreasing in tensile properties of films produced at
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temperature profiles T1 - T5 may be caused by LCP fiber breakage. Although using
mixing element can help improve mixing in the LCP/PE blend system, as indicated by
fine fibers with high L/D ratios at particular processing conditions i.e., T1» and T2.
Mixing elements may also impart possibility of fiber breakage if the LCP dispersed
phase has relatively small initial size and fine shape. In the case of films produced at

profiles T3 - T5, slight decreases in both moduli and yield strengths could be attributed

to decreases of surface to volume ratio when fibers’ diameters are increased.
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Figure 4.9 Tensile properties of 10%LCP/LDPE films produced at different processing

temperature profiles (T1-T6) with a use of mixing elements (MEs) and without mixing

elements: (a) modulus, (b) yield strength and (c) toughness
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4.1.3 Barrier Properties

Oxygen and water vapor transmission rates of 10%LCP/LDPE films
processed at different temperatures are illustrated in Figures 4.10 and 4.11. There is no
general trends for transmission rates with increasing processing temperatures.
Nevertheless, a noticeable decrease in OTR values of 15 % and 40% are observed for

films produced at condition T2 and T6, as compared with OTR values of LDPE films at

the same thickness of 60 pm.

7000 -
6000 -
B o
2 5000 -
£ [}
o
o
@ 4000 -
E
o
3000 - ¥
2000 A :
Té

Processing Temperature Profile

e 410 BRIV TSIV T o s

processing tempﬂature profiles (T1-Tg) compare to10%LCP/LDPE films produced by

o RRARATHN YN8 5 ¢



77

5
O LDPE
¥ 10%LCP/LDPE
4 B 10%LCPILDPE | _
using MEs
NE, 3
x
g 2
A1
0.0 »
6
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components, studies six processing temperature

profiles were also canﬂd out. Transport propert;es of resultmg LCP/PE films were then

=S YT S

jOf factors influepcing transmission property aof polymers are
CWStaQtYwd’}'aaaﬂirm N %’}y’ga% ﬂ@ y&l:tter in barrier
property‘t26, 42-43). Changes in crystallinity of the polymer matrix by an incorporation
of LCP were widely reported in many blend systems [30, 43]. In some systems, LCP
could enhance crystallinity of the matrix by acting as nucleating sites for spherulites
during crystallization process, LCP/PPS, LCP/PBT, LCP/PEN, and LCP/PE for example.
In contrast, LCP could reduce crystallinity of the matrix in some systems such as

LCP/PEEK and LCP/PBT. In this study, DSC was used for studying crystallinity of the
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LCP/PE blends processed at various temperature conditions.  Figure 4.12 shows
crystallinity changes as a function of temperature profiles. In this figure, slight
decreases of crystallinities of approximately 3-6 % are observed in 10%LCP/LDPE films
produced at the profiles of T1 to T6 as compared to the neat LDPE films. Crystallinity
values of LDPE films and 10%LCP blend films are in a similar fashion at all six profiles,
but there is no absolute tendency upon increasing temperatures from T1 -T6. OTR

values also show no general trend as a function of temperature profiles. However, the

changing crystallinity Hlikely that the observed law OTR of LCP/PE
films produced at T i 1oy the 'f like cture of the LCP phase

perpendicular to the gas irec q ive rise to the more effective tortuous

pathway for gas traveling ac

When ayixing e , used in sing of 10%LCP/LDPE films.
.y .

Transport properties 'a';':.:::;‘;"w;z“““ﬂ""" S 1 ;Y films processed without
of OTR vaﬁs of films produced at T6

mixing elements. Unfo@nate )

are absent. This result carkb&well related to the developed LCP morphology in the form

of fine fibers wﬂ Om et brédiaGes.|ob Gesafibea in Sobtons.1.1. There are no

ribbon-like structdies of LCP, as found in the films produced without mixi g elements.
¢ 4
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e resulting films is dispersed LCP

morphology. Ribbon or : ":.»"' lengths seems to play a

X

key role in enhanci '3"2 fims.  Further studies in the

following sections invom intensive investigation of how H e other parameters affect

morphology as well as tlémport prope ﬁ ’ﬁ’ﬁ )1 ﬁ i From the result
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4.2 Effect of Screw Speed

Increasing screw speed leads to increase shear rate in the process and
affects rheological properties of materials. In the current study, PE films containing
10%LCP were produced with screw speeds of 12, 20, 40, and 60 RPM at the two
different temperature profiles of T2 and T6. Note that, draw ratios were kept constant at
1.5 in order to keep draw ratio constant while increasing the screw speed, take off

speed must also be adjust accordi | ” should be noted that cooling method of

producing films at very high t T5 and T6 was somewhat different

from profiles of T1 to T4.

T5,an 'p blend viscosity was quite low

leading to consequentl gth, therefe was adjusted to be at closer

position to the die ou 1'that of the profiles T1 to T4.
However, cooling me ed when increasing screw

sSpeed.

4.2.1  Film Morpholog

Figures 4.13 effect of screw speed on the

morphology of 10 wt%LCP blend filfs

it

films produced at (em) -~ profil ) as w bbon-like structure (in films
E‘*‘ till exist under different

enerally seen that fibrillar structure (in

produced at tempera ‘m"”” |
shear rates. Both ﬁbersg\d ribbon ends tend to bmome finer when increasing
screw speeds. This can Besexplained by incteases of shear stresses with increasing
shear rates. Fiﬂ (M.grs% %&%ﬁimg f’rnwft]e nge of 2.5 - 6.5 um
to 1.6 -25 pm.q'l-lowever, SEM micrographs in Figures 4.14 reveal.shorter fibers or
tapes anW %@?&ﬂcﬁcﬁu}és“ f%;}g &1&’} aﬂe combined
effects of the high shear rate, high temperature generated in the system and high take-
up speed during processing. Therefore, the occurrence of LCP fiber/tape breakage

may take place.



—

=Sl #

(b) T2, 20 R

o \; N
T N

(@) T6, 40 RPM

Figure 4.13 Optical micrographs showing effect of screw speed on morphology of 10

wt%LCP/LDPE blend films produced at T2 and T6 (200X magnification) (=100 um)
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Figure 4.14 SEM micrographs showing effect of screw speed on morphology of

10 wt%LCP/LDPE blend films produced at T2 and T6 (750X magnification) (—10 pm)
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422 Tensile Properties

Results of tensile properties by mean of screw changing speeds are
presented in Figures 4.15 (a@)-(c). When screw speeds are increased, Films’ elastic
moduli decrease in both 10%LCP/LDPE films processed at temperature profiles of T2
and T6, whereas LDPE neat films is relatively unaffected. MD modulus of films

produced at profile T2 decreases sharply as increasing screw speed from 12 RPM to 20

RPM. Modulus of film T2 produced at scra I:speed 20 RPM is approximately 20% lower

increases eeds show no significant affects on
modulus except a slight increa e éest screw speed of 60 RPM. In
the case of films produ ' i ‘-—mw speed from 12 to 20 RPM

influences to a slight i s of - Further increasing screw

speeds tend to diminis lus. AT he fil h screw speed of 60 RPM

at the two different profiles m meetes
| :I_';i}‘l::'_.‘. J el
is in agreement with the result re Y WG, Perkins et al [11] that the effects of

n obliterated under high

shear rate.

| - J
Varying grew speeds show no significant Ieffects on yield strength of
LCP/PE films (Figure, 4. ‘Eﬁ E tnrlpﬁvngnrﬂﬁs can be achieved
(Figure 4.15 (c))ﬁlcllﬂg t | thﬂ relation of morphologies and tensile properties, it
is comprehensible how increasi ¢ 0‘3‘1 ﬁ ﬂperﬁes. As
previous@dﬁrﬁﬁirﬁﬂiﬁ milﬁ ngas foﬁm increasing take-up
speed in o:“der to keep constant draw ratios: the combined effects lead to higher extent
of fiber elongation along with fiber breakage. As a result, finer but shorter fibers are
obtained with raising screw speed. These LCP morphologies cause unsurprisingly

declining trends in tensile properties.
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Figure 4.15 Effect of screw speed on tensile properties in MD and TD of 10%LCP/LDPE films

produced at
(a) modulus, (b) yield strength, and (c) toughness

temperature profle T2 and T6 as compared

to LDPE films:
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4.2.3 Barrier Properties

The influence of screw speed on oxygen transport properties of LDPE
film containing 10% weight of LCP are illustrated in Figure 4.16. It can be seen that
among all films product, the lowest of oxygen transmission rate value is obtained for
films produced at a low screw speed of 12 RPM. Increasing screw speed from 12 to 20
RPM results in higher OTR values. Further increases of screw speed show no dramatic

affects on transport properties of ho Ims and PE films containing LCP. WVTR

values in Figure of 4.17 are al

As earli ; W speed and take-up speeds
caused the reduction of > _and ribbons. Increase of OTR
values could then be th ies in the films produced at T2

and T6; these can possi thway for gas. In short, of all

10%LCP/PE films p e highest possible tensile

properties with the be eristics can be achieved at the

screw speed of 12 RPM. he effects of compatibilizers and

LCP contents on the films'te ances will be carrier out at the

processing conditions of T2 and 16 d of 12 RPM.

o

Tanay
H

AU AT VAT
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g

9 3000 ~O— 10%LCP/LDPE_T6 | |
—m- LDPE_T2
-0~ LDPE_T6
2000 . . . : : ,
0 10 20 30 4 50 60 70

Screw Speed (rpm)

Figure 4.16 Effect of screw speed on oxygen transmission rate of 10%LCP/LDPE films

produced at temperature profile T2 and T6 as compared to LDPE films
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4.3 Effect of Compatibilizer

Compatibility of the blend components is one of the key factors
controlling blend’s properties. Incorporation of compatibilizer is widely used to enhance
compatibility of blend. In the present work, an ethylene-methacrylic acid copolymer
having 9% of methacrylic acid namely Nucrel 0903 was use as a compatibilizer for the
blend system of LCP and LDPE. Studying effects of compatibilizer and its content, has
been performed by comparing fil W,LCP/LDPE containing various amount of

o by &that, all films were produced of the
same temperature condition | S Mﬁpf 12 RPM, and a draw ratio of
———

~1.5,
4.3.1

gy are illustrated in Figures
4.18 and 4.19. out compatibilizer seem to have

ct ratios of >100. Increasing

1 ' T
Al

r . ) L
. _.;f..ﬂ Ll

compatibilizer content can r in increasing dial of the LCP fibers as well as the

amount of ellipsoids and dropl —Ma
g}‘;.e::-_",‘ A 4

ALY
Explanation of such Sgserved LCP morpﬁo

gh compatibility is needed

oplet formation too much

in the blend to induc . Xing and

compatibilizer may causer fiber breaking byaenhancing instab%ty of thread or fiber.

Breaking then (ﬂ;u&m’% %a&lﬁﬂcﬁnﬁﬂ '] ﬂ
e AL L A LI S

without any breaking. This indicates that the two components, LCP and LDPE, are
incompatible and have very poor interfacial adhesion. Blend films having some of
compatibilizer reveal some of fiber breaking together with fiber pullout. Increasing
content of compatibilizer shows no tendency of fiber breaking. This can be thought that
compatibilizer used in this study, Nucrel, can modestly improve compatibility for LDPE

and LCP in this system. However, there should be some appropriate amount of this
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compatibilizer to be used for the particular blends of LCP and LDPE which needs further

investigations.

B = TS

(d) 1.0% Nu

@ oo VU1 % (73.6% Nu
W o : v::w , . ‘ o T S

Figure 4.18 Optical micrographs of 10 wt%LCP blend films produced at T2 as a function
of compatibilizer content (200X magpnification) (—w100 pm)



ot
(e) 2.0 wt% N (f). 4.0 wt%Nu

(9)10.0 wt%Nu

P e e s atdy sns

Figure 4.19 SEM micrographs of 10 wt%LCP blend films produced at T2 as a function of

compatibilizer content (750X magnification)
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43.2 Tensile Properties

Tensile properties of the blend films as a function of compatibilizer
content are depicted in Figures 4.20. It is apparent that existence of compatibilizer
tends to decrease modulus and yield strength of the blend films. However, there is no
clear trends of how the compatibilizer contents affect these films' properties. Decreases
of modulus and yield stress of about 10-20 % should be due to the morphology changes

as seen in previous section. Althoughadding some of compatibilizer into the blends is

)

believed to help improve inte \\U ;L OngOLiwo incompatible phases, but in this
case, LCP dispersed phase« .fo o v ore important role in responsible
for films' overall tensil ’ v 7 itios of LCP fiber are obtained
when the blend cor to highest modulus value.

Reductions of tensile izer content seem to be the

ved when the blend containing
amount of compatibilizer. ‘better coupling of two phases

via compatibilizer (see Figuré 4.20{¢)). - -

= ‘H’A “!" !

X

J

AUEININTNEINS
AN TN NN INY 1Y



91

1200

ImmE MD
800
600

Modulus (MPa)

I

400 ’ !
00 il i
i

el =R R | Rl | s
5 J “’5"‘-? u’g@ 1 | MR
LDPE#*0_,

F | a3 1
:_.Compaﬁs‘lizer Content (Wt%)
// i

)

]

L f// T
16 P j}:“ “ EEE MD -
rF J [ N £ Y B3 0
Al sdla

E’L«? 12
2
(7)) 10 ko
[72]
(]
& 8-
o)
Q
S 61

4 -

2 o

0 .

CUPE O 1 S 1 2 10
Compatibilizer Content (wt%)
(b)

Figure 4.20 Tensile properties of 10%LCP/LDPE films produced at temperature profile

T2 as a function of compatibilizer content as compared to LDPE film: (a) modulus,

(b) yield strength, and (c) toughness

(Continue on next page)
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Figure 4.20 Tensile pr ertje: 10_.&. DPE l 1S pr duced at temperature profile

22';- ity
nje compared to LDPE fim: (a) modulus,
f'l

T2 as a function of compatit |Z'€r

The effecté of compatlblhzerqj)ntent on oxygen transmission rate of

10%LDP/LDPW%PQ% ﬁ%ﬁ%ﬁ qtﬂh‘@ that OTR values of

blend films with@lut compatibilizer ar% slightly hlgher than that of LDPE neat film and

UKL LA AL]
mlcro:(iﬁtween Lg and LDPE phases in blends with no compatibilizer. The
microvoid is the result of a poor adhesion of the two phases. High permeation rate of
oxygen caused by microvoid was also reported by Flodberg et al. [22]. Decreasing of
OTR values can be achieved when using of only small amount of ~ 0.1 wt%
compatibilizer. This may imply to a slightly improvement in coupling of the two phases

occurred in the system containing compatibilizer. Further increases of compatibilizer
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content show no significant improvement of the films' barrier properties. Similar results
are also observed in the case of WVTR, as illustrated in Figure 4.22.

As depicted in Figures 4.21 and 4.22, compatibilizer seem to be useful in
enhancing barrier properties of the LCP/LDPE films. However, the amount of
compatibilizer used does not actually affect the transport properties. Therefore, the
chosen content of compatibilizer used throughout this study is 0.5 wt% based on the

compromise of both transport properties and tensile properties.

7000

OTR (cc/m?.day)

Figure 4.21 Effect ﬂ cﬁgen transmission rate of

o)
10%LCP/LDPE films proq.i?&d at temperaturwoﬁle T2 as compared to LDPE film

AULINININYINT
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4.4 Effects of LCP Content

To study effects of LCP content on morphology, tensile properties, as
well as transport properties, LDPE film containing various amount of LCP ,i.e. 5, 10, 15,
20, 30, and 40 % by weight were produced at temperature profiles of T2 and T6. Screw
speed and post-die drawing were kept constant at 12 RPM and at a DR of ~ 1.5,

respectively.

4.4.1  Film Morphology

tﬁneters having a significant

effect on morphology. Figu 4,23 tent on morphology when
films are produced at T2. "It ¢ // \\‘w phology of film containin
. a \\ g

\\\\‘,\\

LCP content |

5% LCP mostly appears a§ elofgatec ;: J cases of LCP content to

10 wt% or more result in mere effect: .ﬁ ers: @ tios. Furthermore, films
containing high contents of 30 nd‘ﬁ" Wi L % e rising to a more or less
continuity structure as “tape-like” ﬁ ’7_ { \\\ (see Figures 4.24 (e) and
(0). Vo

i
{

ﬂ‘HEl’J‘V]H‘VI‘ﬁWEHﬂ‘i
QW?ﬁ\ﬂﬂimﬂﬁﬂﬂmﬂﬂ



(e) 80%LCP

Figure 4.23%0Oplical mierographs
5 wt% to 40 wt% produced at T2 (;
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(f) 40%LCP

vlend films eontaining various conténts of LCP from

A magnification) ( 100 pm)
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(a) 5 wt%LCP
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19kU X750 10um 000022

(c) 15 wt%LCP "N
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1aky X500 SOpm BOOA2S

(e) 30 wt%LCP. (M40 Wt%ICP

Figure 4.24 SEM micrographs of blend films containing various contents of LCP from 5

wt% to 40 wt% produced at T2 (750X magnification)
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Findings of LCP in droplet or ellipsoid form in the blends containing small
amount of LCP were also reported by other researchers [35-36]. The explanation based
on Taylor theory can be applied [29, 45]. At low LCP concentration, LCP phase present
in the blend as small droplets having large interfacial force (G/R). As a result, capillary
number is small, the interfacial forces dominate droplet-deforming process and a steady
drop shape is developed. Generally, fiber formation depends on some critical volume

fraction. In the case of blend films produced at temperature profile of T2, critical volume

fraction value is larger than 0.34 (~ 5% ight). Increasing LCP concentration

can promote fibrillation process ‘

under different conditions, cﬁt& blend may be varied as a

result of rheological property 25 shoy Ctures of LCP/LDPE blend
re St e

films produced at tempera

es 4.23 and 4.24. However,

LCP concentration of 5 wt9 > I 4. rmore, SEM micrograph of
5 wt%LCP/LDPE films (Fi revea ‘ Some _ ” ““ribbon-like” structure
even coexists with LCP fibgrs. _ Sy des ibe ge initial droplet size
obtained when blend films pr |

fibers or ribbons.

“Tape-like”._or

ri -
!

L
observed in the blends

weight. This could be the rq,- Ito e of @9 dispersed phase as

well as coalescence phenom@g Increasing L@ content can result in increasing

oropiet popuiation 03 347 Yl bt il T i s

thus coalescence can'take place more readily.

QAWQ @uﬁ Qim Njaﬂi wpﬂk’e] ﬁﬂon-like"

structure possessing more continuity is a decrease of pull out mechanism. Breaking of
LCP phase having high continuity could be due to a very large surface area of this

morphology.
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e Z
(d) 20 wt%LCP

(e) 30 wt%LCP (f) 40 wt%LCP

Figure 4.25 SEM mictagraphs of blend films containing various contents of LCP from 5

wt% to 40 wit% preduCedat T6 (200% magnification)( =100 i)
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Figure 4.26 SEM micrographs of blend films containing various contents of LCP from 5

wt% to 40 wt% produced at T6 (750X magnification)
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4.42 Tensile Properties

Tensile properties of LDPE films containing different amounts of LCP are
ilustrated in Figures 4.27 (a) - (c). Incorporating small amount of 5 wt%LCP in LDPE
film produced at temperature profile T2 cause slightly increases of MD modulus (~17%).
Further increases of LCP content to 10 wt% can lead to a the dramatic improvement of
MD modulus of approximately 760% or close to 9 folds, as compared to the neat LDPE
films produced at the same condition. This appreciable improvement in films’ moduli
could be due to reinforcing effect re having effective aspect ratio

(aspect ratio > 100). Compare ‘to. ir t.in blend films containing 5

wt%LCP, smaller increases fo ) iim is a result of LCP structure
in as elongated droplets. The :
than that of LCP fibers found.i ) , ffective reinforcement.
Further increase of LCP conc e ou Its in increases of films’
moduli. This should be dué'to ' Sti mount in blend films. MD
modulus of PE films containi 7

pure LDPE film were obtained.

oduli than the films

produced at profile T2, espgally t low oncentration o@ wt%. Increasing MD

modulus of approximately 240%e=and 250% wer&éﬁiﬂ )1 ﬁijf 5%LCP/LDPE
produced at profile ﬂaucﬂﬁdﬂﬂﬂi Im-produced @t profile 76 and
blend film of 5%LCP produced at profile T2. Thespresence of LGP fibers in

5%LCP/LDPQ|rﬁrauad\% ﬂ;ﬁﬁ m u%&}gfmﬂ&aiﬁlﬂect on

modulus improaement of this film.

Yield strength in Figure 4.27 (b) displays a similar trends as the modulus
property, the maximum vyield stress value of approximately 50 MPa can be achieved in
blend films of 30 wt%LCP produced at both profiles, T2 and T6. It should be noted that

films of 40%LCP produced temperature profile T6 tend to be nonuniform and films
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consist of large holes. However, these features were not found in films produced at

temperature profile T2.

Toughness of blend films produced at two profiles, T2 and 16, is shown
in Figure 4.27 (c). As expected, toughness decreases with LCP content. For 5%LCP
blend films produced at profiles T2 and T8, toughness of 26 and 32 % lower than the
neat LDPE film produces as the same conditions were obtained. Moderate toughness
obtained in these films should be due to a small amount of LCP fibers presenting in this
film. Atsuch a low concentrate of 5 % P, 1& properties dominate the blend

characters.
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Figure 4.27 'ﬂansile prdperties of LCP/LDPE blend films produced at temperature

profiles T2 and T6 as a function of LCP content : (a) modulus, (b) yield strength and
(c) toughness

(Continue on next page)
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Figure 4.27 Tensile properties of LCP/LDPE blend films produced at temperature

profiles T2 and T6 as a function of LCP content : (a) modulus, (b) yield strength and (c)

toughness
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4.4.3 Barrier Properties

Oxygen barrier properties are strongly dependent on LCP content as
clearly seen in Figure 4.28. Itis generally known that content of high barrier component
is a key factor in decreasing gas transmission rate of the blends. In this case,
increasing content of high barrier component of LCP can result in increasing tortuous

path for gas traveling based upon the more continuous fiber or tape-like structure and,

at two different profiles, T2 and

T6, it is found that films of T6 with ‘contint ﬁture have better enhanced

: e ——
oxygen barrier properties than ble ims . & ining 30%LCP produced at

thus, films’ barrier properties can be Iarg IVmproved. Considering the effects of

profile T6 possess OTR value_gf*= | ‘app tely 3 folds lower than
ower than OTR of film
containing 40%LCP and prod " lis films is approximately

1860 cc/mz.day. Overall obsegationg serve , _ tion on the effect of film

6000
-@- T2
AT LIRS - T6
5000 2 LA S R = N et
3_ 000, docsersmms E ................ m ...........................
N
E
8
5 ] ﬂTJEJ’J ANINT
(@
ﬁ)o ..... f] aqﬂ‘j .............. Nw ﬂ .......... a
1000W : : : -l
0 10 20 30 40 50
LCP Content (wt.%)

Figure 4.28 Oxygen transmission rate of LCP/LDPE blend films produced at

temperature profiles T2 and T6 as a function of LCP content
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Effects of LCP contents on water vapor transmission rate are, however,
not similar to oxygen transmission rates. From Figure 4.29, the data show that presence
of LCP and its content seem to have no clearly effects on altering WVTR. This should be
basically due to a good water barrier of both two components, LCP and LDPE. Slight
increases of WVTR in films produced at profile T2 may be attributed to the presence of

microvoid in the films.
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Figure 4.29 Water sﬁ end| films produced at
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4.5 Effect of Post-Die Drawing

Post-die drawing is applied when films exit the die in common film
fabrication process. It is believed that post-die drawing can improve tensile properties
of polymer films by enhancing orientation as well as increasing aspect ratio in case of

polymer containing dispersed phase LCP system.

To study effects of post-die drawing on films’ properties, blend films of

i i i ional.areg.of a fi ilm, i
1, 1.5, 2, t0 3. The resultineainad — 90, 60, 45, and 30 pm,

s a development of
0 and 4.31. As earlier
me prior to deformation)
depends strongly upon both progés ‘gg [emperatt I'LCP content. While post-die

drawing can enhance fibrillation and N, 0 found that extents of drawing

directly affect final LCP. fibef mo: sl g olends: film containing 10
| erous thin LCP fibrils,

however, further drawing to » hlgher DR of 3 leads to fibril breakage as seen by short

fibers presented m e ﬁ vﬂ ﬂ mFI ﬁier temperature
profile of T6, SEM u }2/ m ib h aspect ratios
and interesting LCP tape -like structure in alf films iﬂ:essﬂu at various draﬂdfﬁs

or el BN EH b il 2 B2 e

ratios are present even at a high DR of 3 (Figures 4.32). In addition, ribbon-like structure

aspect

of LCP can also be observed. Generation of LCP ribbon structure should be due to the
effect of larger LCP content that enhances the possibility of coalescence as previously
described. However, ribbon-like structure in films of T2 is less than that found in

30%LCP films produced at T6.
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(e) DR 1, Profile T6
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(b) DR 1.5, Profilgdf2 4 b (f). DR 4.5, Profile T6
S N T R S

(g) DR2

(h) DR3, Profile T6

Figure 4.30 Optical micrographs showing drawing effects on 10 wt%LCP blend films
produced at T2 (a-d) and T6 (e-h) (200X magnification) (—w100 pm)
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Figure 4.31 SEM micrographs showing drawing effects on 10 wt%LCP blend films produced at T2
(a-d) and T6 (e-h) (750X magnification)
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Figure 4.32 SEM micrographs showing drawing effects on 30 wt%LCP blend films
produced at T2 (a-d) and T6 (e-h) (750X magnification)
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4.5.2 Tensile Properties

Generally, tensile properties can be enhanced by drawing process. This
improvement can also been found in the present study as shown in Figures 4.33 (a) —(c).
Moduli of blend films in machine direction tend to increase when degree of post-die
drawing is increased; only a slight increase was observed in the LDPE neat films. Result
of moduli increment with degree of drawing can be the influences of a numerous high

aspect ratio fibers presented in these films, ever it is also observed that modulus

of 10%LCP/PE film produced at T gh draw ratio of three. This

n the films, as previously

T — . —
described. In the films contaipi oR.0f.30% by weight, post-die

occurrence is explained by

"'H.

drawing can dramatically i asing degree of drawing

> fil nere
from 1.5 to 3 can improve ' Ixiffiate &\} 25% for films produced at

profile T2 and T6, respectively Fi Aoduli "\ LCP/LRPE produced at T2 and

T6 are 3000 and 3500 MPa. i u#!a} r 0%L. »\: produced at T2 and T6
J‘J dd

demonstrate different extent of W‘Je sior Sensitivity to degree of drawing.

¥ e !
These results can be presumab due-Md "if, LCP domains’ size and structure

LY
30%LCP, toughness of SEEn in Figure 4.33(c).

Elongation to break of these-films are merely ~ 50 - 60%. Poor oughness observed in
these films is a crm ﬂﬁ g ackaging. This
point strongly sugges ﬁ Bﬂﬁﬁ ?{ng‘i P/LDPE. Based
on other related works on LCP/PE blendf it has b ﬂ( ghness
ot o8 Bl OIS EMeb P A DAL A Ll
[35-36]. Another interesting work reported by W. Chinsirikul. In her work, low melting
LCP Vectra type was incorporated into PE blend matrix composing of HDPE and LLDPE.
The PE blend was used in order to improve mechanical properties of blend films.
Toughness of 10%LCP film in this system is only slightly lower than that of the matrix

although high aspect ratio fibers of ~100 or higher are observed. This imply PE blend

having a potential to use in improving toughness property of LCP blend film. Thus
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another effort was also made in this study to try and improve toughness property of LCP
blend films though blending of LDPE with LLDPE. Results on such LCP/PE blend

systems will be father included in section 4.6.

5000
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Figure 4.33 Comparisons.of te films as a function of

degree of drawing (a) mg iﬁef-'f-:-,-,'"“"'-‘”-““*i““'"'“':;‘ ess ;Note that Draw
ratios of 1, 1.5, 2, and a_l'-“ : of 89, 60, 45, and 30 pm,
respectively ‘il ' .
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Figure 4.33 Comparisons of tensile properties of 10 and 30 wt% films as a function of
degree of drawing (a) modulus, (b), yield strength ,and (c) toughness ;Note that Draw
ratios of 1, 1.5, 2, and 3 correspond to film thicknesses of 90, 60, 45, and 30 pm,

respectively
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4.5.3 Barrier Properties

Oxygen transmission rate of 10% and 30%LCP blend films produced at
temperature profile T2 as compared to blend films having the same composition
produced at temperature profile T6 are presented in Figure 4.34. Important findings are:
(1) Blend films produced at profile T6 at all draw ratios possess lower OTR values than

those of T2 and (2) OTR of blend films containing the same LCP content but processed

kness sensitive than films produced at

/

In the case of.blead-filin OTik arﬁitive to drawing than the
LDPE neat films. OTRs of 10%L(

at higher temperature of T6 seems to be les

12,

PADPE films prod ~ [2 show higher value than

that of T6, especially at high di ‘ ! These “-.\ gs are presumably the
result of different LCP morpholadies ; y. describe P dispersed phase in
PE films containing 10%LCR%re Mai £e -r - Clure.. Producing these film with
high draw ratio may cause fiber bre u : esulfing i all aspect ratios fibers.
Such a short fibers create less'e tor then gas can faster travel

across the film thickness.

A slight inccementof OTR ‘at high dre of three when LDPE films
O um) could be the
carlier &ntioned, high content

containing large amount o ,‘.’—T ight (film
result of high continuity of L% phase
of LCP possess the more contirauigof LCP phase aag.correspond to increase tortuosity.

M fnings can 8 il YEb P4 el B il o 5 wnere

LCP dispersed phas@! are mainly in the ‘thm ribbon or tape -like with_| glarge areas

obstructing UENAReeY RGAI U UWN ’3 g a t

or WVTR values showing in Figure 4.35, all blend films products have
WVTR values in the range of 0.5 - 1.0 g/ h.m’, the same range as LDPE films. Degree of
post die drawing seems to have no effect on WVTR of blend films in this system. These

could be due to a good water barrier property of the two components, LCP and LDPE.
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Figure 4.35 Water vapor transmission rate of 10 and 30 wt%LCP/LDPE film produced at

temperature profiles of T2 and T6 as a function of post- die drawing
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4.6 Effect of LLDPE/LDPE Blend Matrix

Apart from using LDPE alone as a matrix, attempts were also made to
study effects of blend matrix of LDPE and LLDPE. A major objective of this investigation
is to try and improved toughness of LDPE blends containing LCP. As previously
described, LDPE film containing small amount of LCP (10% by wt) have a poor
toughness property. LCP/LDPE films show a relatively low elongation to failure. One
possible solution to this problem is adding another high toughness material into the
blends. In this study, LLDPE was chose & LLDPE possesses the high
elongation to break of 620% in MD'an 84 & LDPE used has elongation

(N2 i N o

4.6.1  Morphology

Figures 4.3ﬂnd 4.37 show
100 or higher formed. in blend fiims pro %&w rent profiles pf T2 and T6
where the matrix is bucﬂ @ﬁﬂﬁ ).’ ﬁiﬂvﬁfﬁlms produced
at higher processing :ymperature (T6) give'the laﬁr fibefand more or Ieﬁ:ﬁon-like"

stcure a5 ohrired G\ fog lSistoiced 414 ko b

similar to thatqfor LCP/LDPE films, perceived in section 4.1.1. For the LLDPE/LDPE

Dril structure with effective aspect ratios of

ons are

blends containing 10%LCP, morphologies are mainly fibrous structure with vary low
content of droplet. Fibers found in these films produced at temperature profile of T6
seem to have very large aspect ratios of LCP dispersed phase. This may be the result

of viscosity ratio of this system that is appropriate for fibrillation.



10 wt%L(SP in LLOPE/LDPE (30/70) blend matrix

fagnification) (= 100,um)

(a)A40 wt%LEP/L/LD)F2 (D)0 Wi eGPALLMAD)T6

Figure 4.37 SEM micrographs of 10 wt%LCP in LLDPE/LDPE (30/70) blend matrix
produced at T2 (a) and T6 (b) (750X magnification) ( mes 20 um)
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4.6.2 Tensile Properties

Tensile properties of 10%LCP in LLDPE/LDPE blends compared with
LDPE film containing 10 wt%LCP and the neat LDPE and LLDPE/LDPE films are
illustrated in Figures 4.38 (a) - (c). Neat LDPE and LLDPE/LDPE films show comparable
values of modulus and yield strength. When incorporating LCP into the LLDPE/LDPE
blend matrix, increases of moduli and yield strength are also found in a similar manner
reater improvements in modulus and

of LCP/LDPE films. However, it is interesting tg

Wg containing 10%LCP that were

strength are approximately
T—
produced at T2 condition.

0 could be the result of

. presented in fiber and

o dding 30% by weight of
b L[ ) :
ced at both two different

LLDPE into LDPE film can imprgVe foughy
98

-
e

]
b

;@Z{D : faximum mproving is found in film
LLDPE/LDPE film produced at T2 in MD 60%. Adding of LCP 10 wt%
in this film also shows 3 . he toughness value
obtained in 10%LCP/LLDPEADPE - APa"" This value is even

higher than the neat matrix, which has toughness of ~60 MPa. Not only that, toughness

in TD is also improved. nﬂ , i h » ulus and yield

strength impart a pﬁd tu ﬁTﬂﬂﬁj‘Mﬁnﬁness when use

LLDPE/LDPE blend :sll a matrix without ﬁsin ‘of mo n ﬁ in some

condition poﬂsﬁt’ma&mbﬁumlajlm ,a]amif‘ip EJT_CP/PE
q

system whenever blend films were processed under proper condition.
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Figure 4.38 Comparison of tensile properties of 10 wt% blend films with two different
matrices i.e., LDPE and LLDPE/LDPE(30:70)

(Continue on next page)
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LDPE films. Upon incorporations10% by weightiof LCP into the PE blend matrix and

fims were producft] Sl by ALY b P AR oelal Whse resut fim are

approximately 33%1‘(’)wer that OTR of the’ blend matrix.Comparing OTR values of two
o marie) S04 P9 Sk bAAGR WAL L e dve v
produced at%oth T2 and T6. The reduction of OTR for LCP/LLDPE/LDPE blends is more
pronounced for films produced at temperature profile T6. Of all films produced, the
lowest OTR film of 2300 cc/m2.day appears to be the blends of 10%LCP in LLDPE/LDPE
(30:70) matrix. It can be concluded that improvement in barrier of LCP/PE blends films
should derive from contributions of both intrinsic properties of the matrix and developed

morphology of LCP dispersed phase. Morphology of LCP can be the droplet, ellipsoid,
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fiber and ribbon form, however, based on overall investigations “ribbon-like” structure of
LCP in LDPE films produced at profile of T6 is desired feature in enhancing oxygen
barrier. In the case of LLDPE/LDPE blend matrix containing 10%LCP, similar ribbon
structure of LCP is also desirable. Such structure is observed in the films fabricated at
profile of T6 but LCP ribbons seem to be smaller in widths, as compared to LCP ribbons
generated in LDPE matrix produced at the same condition. Thus, it might be possible

that further improvement in oxygen barrier property of these LLDPE/LDPE blend films

6000
] Lore
DPE/LDPE
5000 - | 5\ 10%LCP/LDPE
. S8 10%LCP (LLDPE/LDPE)

4000 -

OTR (cc/mz.day)
3
8

2000

1000 A

Figure 4.39 Compa‘"son of oxygen trangmission rate ef.two different PEAilms (LDPE

and LLDPQDW '@)ﬁ)\%rﬂ @meuwe’;}’}rﬂ (El;t;}oaDHPE and

10%LCP/(LLOPE/LDPE)

The comparison of WVTR of 10%LCP films having different matrices is
shown in Figure 4.40. WVTR values of all films are presented in a similar range of 0.05 -
0.1 g/h.mz. As previously discussed, both PE and LCP are good barrier to water vapor,
then changing of matrix material by adding a certain amount of LLDPE into the LDPE

shows no significant effects in altering WVTR of overall blend films .
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4.7  Prediction of Tensile Property Related to Structure by Composite Theory

Rule of mixture and Halpin-Tsai theory are widely used in predicting
composite properties. In this study, these two theories were used to estimate average
aspect ratios of LCP fibers presented in the blend films. Master curves composed by
using these two principles, following Equations (2.15) and (2.18) are illustrated in Figure

4.41.

25000

15000 -

10000 A

Modulus (MPa)

5000 -

Figure 4.41 Master curves foraspect ratio predigtion by applying Halpin-Tsai and Rule

of Mixture modelﬂu H ’J ‘V] Elﬂlﬁw El'] ﬂli

o d

¢
VAT I AR
temperatureqp ofiles” onto t aﬁ:- i o predic ged Vvalue of aspect

ratios in each film is demonstrated in Figure 4.42. It is likely from the estimation that
fibers formed at given temperature profiles of T1 to T4 possess high aspect ratios of
approximately 100. At profiles T5 and T6, obtained fibers having aspect ratios in the
higher range of 130 - 140 are observed. Increasing LCP content leads to increasing of
aspect ratios, as seen in Figure 4.43 and the estimated value of aspect ratio is shown in

Table 4.1.
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Figure 4.43 lllustration of applying Halpin-Tsai model for prediction of LCP fibers’
aspect ratios of films containing different amount of LCP (10 and 30 wt%)
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Table 4.1 Estimation of LCP fibers’ aspect ratio (L/D) in LCP/PE films by applying

Halpin-Tsai model

Estimated (L/D) Estimated (L/D) Estimated (L/D) Estimated (L/D)
10%LCP/LDPE,T2 | 10%LCP/LDPE,T6 | 30%LCP/LDPE, T2 | 30%LCP/LDPE,T6
DR 1 40 80 40 80
DR 1.5 80 150
DR?2 100 190
DR3 50 300
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