CHAPTER V
CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

5.1 Conclusions

Relationships of structure and barrier properties of PE films containing
LCP as a dispersed phase were investigated. The attempts were paid for

understanding the effects of both processing variables and material influences on film

morphologies and the corresponding iS4 Morphological studies of the resulting

i methods i.e. scanning electron

microscope (SEM) and | ticawI (OM). Oxygen transmission
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rates (OTR) and water va ' ’ s R re measured in order to study

transport properties of | sile properties of the blend
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the first parameter being

used in producing ﬁlmg“ DPE co eight-of LCP. Varying processing

temperatures was carried out by intention of altering viscosity of both components, LCP
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dropletsQa d hig pect ratios of fibers. The resulting llms possessing LCP fibrous

structure with effective aspect ratios (> 100) could be observed in all fims produced at
six different temperature profiles. The LCP fiber diameters became larger upon
increasing processing temperatures. The more or less “ribbon-like” structure of LCP
present together with fibers were observed when 10%LCP/LDPE films were produced at
high temperature profiles of T5 and T6 (temperatures were equally set at the metering

zone and the die = 270 °C for T5 and 300 °C and T6). The resulting OTR values of
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10%LCP/LDPE films produced at T2 and T6 appreciably decreases of 15% and
40%,respectively as compared to the neat LDPE films. The lower OTRs of films
produced at profile T6 could be attributed to the effectiveness of ribbon-like .LCP
structure in enhancing tortuous pathway for gas traveling across the film thickness.
Water vapor transmission rates of all blend films seemed not to be much affected by
incorporation of 10%LCP into the PE or changing temperature profiles. Only a slight
increase in WVTR value over that of LDPE films observed in 10%LCP blend films could

be the result of microvoid pre he two phases of LCP and LDPE,

presumably due to poor a } es. MD modulus of LDPE films
J

containing 10 wt% of LC ‘ showed approximately 800%
increase as compared to the"f: J f ed 2 he same conditions. This is the
result of fiber-reinforcing uring film fabrication. However

of LCP/LDPE films werf€ signi Al g the LC tself. These findings led to
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produced at six different tempéhﬁ:m—p 0 -T6) by using mixing elements that
SR 2 ) N
were placed msnde die adapte"f' The ew ixing~elements was believed to
help enhance dlsp istribution of LCF phase while offering a

control over initial LCP'|d ople with b@er physical appearance and

the smaller diameter of LQPﬁbers presented the 10%LCP blend film produced at low
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improving muxm@l ability at given congmons However the results v&e;e not clear when
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films, hoWever, had no significant improvements upon using mixing elements. In the
case of films’ OTR, the observed low OTR values for 10%LCP/LDPE films produced
without mixing elements at T2 and T6 disappeared when mixing elements were utilized.
These results could be attributed to the effects of lower aspect ratio of LCP fibers
possibly caused by smaller initial droplet size when blend films were produced using

mixing elements. Resulting films therefore had shorter effective tortuous pathway for
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gas traveling. Based on these blend films results, further studies involved films
produced at only two temperature profiles of T2 and T6 and mixing elements were

excluded.

Varying screw speed was another factor that resulted in changing
viscosity of material and mixing efficiency. The LDPE films containing 10% LCP by
weight were produced at temperature profiles T2 and T6 as a function of screw speed of

12, 20, 40, and 60 RPM. The films’ ogies showed relatively fine LCP fibers (in

T /s increasing screw speeds, some of

ssing, increasing screw speed

film T2) and the LCP ribbon st
short fibers could be obs
was accompanied by i
these combined effe er breakages. As expected,

modulus of 10%LCP/ asing screw speeds. OTRs

ameters determining morphology and

properties of mcompatlble bla'@__ uere

various content of 0; Q. —@:-e—‘--;-.---e—-e-e ----- ~weight. The morphology of
' \
~Nucrel, caused the instability

oduced into 10%LCP blend with

10%LCP films showed .-' )

of fiber during fi bnllatn process. Fine fibers with high aspect ratios of more than 100

were obtained ﬂ:ﬁ? rg eases of droplet and
ellipsoid stmc@ﬁ) ?jgam oWﬂ:jeD ire observed. These
morp i eﬁs 6 ﬁ” 0%LCP without
compaﬁiﬁﬁtﬁ qﬁﬁ Fijaﬁg.] trﬁfju‘i ding a small
amount of compatibilizer into the blends can result in lower OTR values. WVTRs also
showed similar trend. These indicated that compatibilizer was helpful in improving

barrier properties of LCP blend film. The optimal content of compatibilizer, Nucrel, was

0.5 wt% for this LCP/LDPE system.
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Film of LDPE containing different amount of LCP varied from 0-40% were
produced using two temperature profiles of T2 and T6 in order to study effects of LCP
content on morphology when produced at different temperature profiles. The
morphology of 5%LCP/LDPE film produced at temperature profile T2 presented in
droplet and ellipsoid structures. Increasing LCP content to 10% or more, fibrous
structure of LCP was obtained. This could be explained by Taylor theory that there

should be a critical LCP droplet size for fiber formation. In the case of small LCP

droplets, possibly found at low L tem, it became more difficult to deform.

In contrast, as temperature in producing 5%LCP/LDPE films,

ribbon-like LCP structur lned‘/vlth of some droplets. Observed

"'.

structure at T6 |mpI|ed might override the LCP content
effect and at the same ti '

results of films produced‘ ‘ pro 1 % higher than that of films produced

film produced at profile igh ; - res e continuity of dispersed phase

that developed in film havi surfac ar, hon like structure.
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development of dls;zﬁrsed phase"rffarpﬁ, N r?ology of finer fibers were

was strongly dependeﬂon degree of drawing (DR=3),

fiber breaking was found :&10%LCP film @duced at profile T2 where LCP initially

presented in rﬁ ﬁﬁrﬂ-lo’ﬂe% B W@Wnﬂag}vﬂ)ﬁewed in 10%LCP film

produced at pﬂhe T2 and 30% f‘lr;)s produced at profiles T2 and T6. The tensile
SN A 01 £ L £ r -
was founid in all films but not for 10%LCP film produced at profile T2 with an evidence of
LCP fiber breakage. Oxygen barrier properties were also improved with degree of
drawing. In addition, effect of degree of drawing were more pronounced when LCP

films containing high amount of 30%LCP.

Blend of LLDPE and LDPE with the weight fraction of 30:70 was used as

a matrix of 10%LCP blend films for a reason of toughness improvement. As mentioned
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before, large decreasing of toughness was found in blend films of 10%LCP/LDPE. This
is a serious problem in order to use this film in some application such as packaging.
The tensile results of 10%LCP/ (LLDPE/LDPE) show appreciable increése of toughness
over 80% which was better than that of 10%LCP/LDPE films produced at similar
temperature profile T2. In addition, toughness of 10%LCP/ (LLDPE/LDPE) was even
higher than that of neat blend matrix itself (LDPE/LLDPE films) of approximately 20%.
The modulus as well as yield strength were cleady improved by using LLDPE/LDPE as a

matrix. Overall results suggeste of LLDPE as a matrix of film containing

LCP based on significa chamcal properties and barrier

s strongly depended on

morphology of LCP di 2 in ._ ble stems. The LCP ribbon-like

vapor transmission rate seemed : e U cted y any parameters because both LCP
= r-_..f..“:"-'»'." J-’
and LDPE were essﬂtlally gooa' ba?'rfe

Significant enhancements of 80€ s when Pﬁﬂlms containing only small
content of 10%LCP reveale&the effects of LE? fiber reinforcement in the LDPE matrix.

Dramatically lﬂ %E'}aq p%%} %ﬁw E}:qLﬂE‘jﬂend fims could be

effectively mpr&’ed by using LLDPE asa matrix component with LDPE
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Extensive studies from this work should be further carried out and

following list contains some of suggestions for future work.

® As it was found in this study that poor adhesion between LCP and LDPE caused
some microvoids that resulted in only slight decreases of OTR values. Using of

Nucrel as a compatibilizer could only slightly improved barrier properties and
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observed poor of toughness indicated that the compatibilizer used in this study
might not have sufficient effectiveness in order to improve interfacial adhesion
between the two phases of LCP and LDPE. Different compatibilizers may be
incorporated into the blend of LCP/LDPE to find the most appropriate

compatibilizer.

One important concern existed, however, that selected temperature profile

Films of 10% LCP with a blend matrix of

should be carefully considere

s as previously described

be a practical approach with

Selecting an e
between LCPE a \\

when the blen - te conditions. Extensive studies

ances and tensile properties

of effects of ma i ~cond \ ¢ interesting as to find the most
appropriate matrix ) | or achieving a full potential use of
LCP blend. "-" é} PReeTS

Incorporatio V‘ : ‘J ch as montmorillonite into
this LCP/LDPEEend film may possibly enhance b@ier properties. Some resent

studies [46-47] show, that incorporating small amount of montmorillonite into

tons o i oiobtd i icoel ine maro o won

onentatlgll and aspect ratios of the LCP di ispersed in LCP/thermoplastic blend
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ll as tensile properties enhancement may be observed in such blends.
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