Films/Flexibles/Bags

packaging applications

olyhydroxyalkanoates [PHA] are a lamily of hiobased
ppnfymers that have received a great deal of attention

the last lew decades for certain applications, such as
packaging, medical dewices, and controlled drug-delivery
systemns. PHAs are polyesters, that can be produced by a
varety of bactera from a wide range of renewable organic
substrates. These polyesters are biodegradable as well as
brocompatible [1].

Polyl3-hydroxybutyrate - co-3-hydroxyhexanaate] [PHEHHx]
can be considered as a candidate for replacement of specific
fossil-based polymers, due to its ductile nature and wider
processing window, compared to polyl3-hydroxybutyrate]
[PHB] and  poly(3-hydrozybutyrate-co-3-hydroxyvalerate]
[PHBV|, which are the two mest investiigated PHAs. The
mechanical properties of PHEHHx hawe been compared
to low-density polyethylene, with a possible application
fer packaging. Unfortunately, the crystallization rate of
PHEHHzx = very slow, even at low 3-hydroxyhexancate
content. Therelore, many elforts are actwally devoted o
solve this problem [e.g., by addition of a nucleating agent or
selected microfillers or nanohllers) [3].

IThe doctoral research of Jems Vandewingaarden
at the University of Hasselt [Belgwm]| aimed at the
charactenizanon and modification of PHA for application as
lood packaging material. Focus was placed on the polymer
PHBEHHz with a 3-hydroxyhexanoate content of 10 mol%.
The research, which was performed from 2012 o 2016,
imvalved the effective charactenzanon and pinpomtng
the major positve and negative properties. Several types
of modification techniques were investigated in order to
enhance the applicability of these materials.

Gas permeability properties of PHEHHx

PHEHHx presented a moderate barrer lor oxygen [02]
lapprox. 8 cm®mm-m” day’atm] and carbon dioxde
ICO,) [approx. &0 cm® mm-m?-day -atm '] and a fairly low
water vapor permeability [approx. 1.4 g-mm-m7-day 7 [4].
Slow crystallization 15 an inherent property of PHEHHx
which hinders the industrial processing of this material.
Though the general properties of PHEHHx are promising,
the crystallization must be enhanced lurither for eflecive
application as food packaging matenal. Therefore, a
selection ol additves [nucleating agents|] was tested,
that could passibly also have a benehcl effect on ather
packaging-related propertias.

Effect of ultra-fine 1alc

I the first phasa, ultra-fine talc, with a particle size of
less than 1 pm, was identified as a highly efhcient nucleating
agent for PHBHHxz. An isothermal and non-isothermal
crystallization study showed that ulira-fine talc drastically
improved crystallization, in tested concentratiens of 0.5, 1
and 7 wi%. A maximum reduction of the non-isothermal
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crystallization hali-time at 700 *C of 97 % was achieved by
adding ? wit% ultra-fine talc, as shown in Figure 2.

The gas permeability properties of the talc-hlled
composites remained within the same range of application
as wirgin PHEHHx. In terms of mechanical properiies, the
Young's modulus increased with a maxmum of 13 % at
a loading of 2 wi% of ulira-hine 1ale, whersas the ensile
strength and elongaton at break remained farly constant.
In conclusion, wlira-hne tale displays great potential 1o
enhance industrial processing of PHEHHx as packaging
material [5].

Effect of nanoclay on PHBHHx

In an elfort to further enhance the barmer properties
al  PHBEHHxz, mnanccomposites  with  erganomodified
montmorillonite clay [OMMT] were prepared, with an OMMT
content between 1 and 10wi%. In terms of gas permeability
properlies, the sample containing 10 wi™ OMMT was most
performant, with 0,, CO, and water vapor permeatulity
coeficient reduced by &7%, £2% and 37%, respectively.
This effect is attributed to the increased tortuous path,
due to the platelet structure of OMMT. Unlortunately, using
a concentration this high rendered the nanocomposite
ncreasingly brittle, with the elongation at break reduced by
44 % Taking into account all properties, it was concluded
that an OMMT concentration of 2 wi% could be a promising
compromise between enhanced barmer properties [about
20 % reduction] and a reduction of mechanical properties,
though further research is necessary [4].

Effect of Zn0 nanorods on PHEHHx

A final approach imvolved the preparation of zinc oxide
nanocomposites. Jinc oxide with a nanorod  structure
was chosen, based on promising literature data fer other
polymeric matrices. Two types ol zinc oxide nanorods were
used, unmodified [fnl)] and surface modified [s7n0), In
concentrations of 1,3 and & wit¥%. A TEM [Transmission
electron microscopy] study revealed that it was not possible
1o obtain fine dispersions of /n0 using concenirations
higher than 1 wit%, whereas there were no dispersion issues
for s/n0 at all tested concentranons. The addinon of up to b
wit% =/n0 did nat appear 1o present any significant changes
in gas permeability. The Young's medulus was increased
by only 7 %, whereas the elongation at break was reduced
by 19 %. An important downside of higher Zn0 or s/n0
concentrations is the higher opacity, which increased from
11.5 10 37.7 % upon addinon of 5 wi% =/nl. It 15 however
impartant to note that the addinon of only 1 wi% prownded a
novel UV shielding property, of wavelengths below 370 nm,
1o PHBHHzx, as shown in Figure 3. This could prove to be a
valuable feature lor food packaging matenials as well.

Overall, this doctoral study revealed that PHEHHz
certainly shows promise for use as lood packaging material,
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despite the fact that the selected modifications did mot
make it passible to abtain a high barrier matenal. However,
a successiul implementation of PHEHH: could be realied
by enhancing the negative properties, namely increasing
the crystallizanon rate using ultra-fine tale as nucleatng
agent. The mirinsic positve properties of PHBEHHx shouwld
be correctly 1aken advantage of PHEHHHz has a fairly good
waler vapor barmier and could thus, for example, be used
as protection layer for moisture-sensitive oxygen barmer
layers. A successiul UV blocking can be realized through the
addition of low amounts of zinc oxde [1 wik], as an added
functionality of the material. The addition of zinc oxide in
this concentration range can result in a fast crystallizing
material, which can also protect a moisiure-sensitve
barrier layer [e.g. E¥OH] in a multilayer ilm.
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Figure I- PHEHMx film produced by sheet extrusion

Figure 7- isothermal crystallization halftime 1142 at 70 °C for
PHEHH itra-fine &l compasites
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Figure 3: UV rransmitiance of PHEHHGZnc oxide
nanocoTpasifies
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