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Extended Abstract:

In this study, the potential of using hydrophobically modified PVOH (M-PVOH) as aqueous coatings on paper
to achieve very good oil barriers and high oxygen barriers even at elevated relative humidity was investigated.
It was demonstrated that the addition of nano-clays enhances the oxygen barrier of PVOH/M-PVOH coating.

Foam generation during make down as well as during application is a common problem when handling
polyvinyl alcohol solutions. The hydrophobic/hydrophilic ratio of the defoamer is critical to maintaining good
OTR and defoaming performance.

INTRODUCTION

In the paper industry polyvinyl alcohol plays an important role as a carrier for optical brighteners. In the
manufacture of bank notes, it guarantees extremely hard-wearing properties and its use as a creeping adhesive
contributes to high productivity of tissue paper. Polyvinyl alcohol is also well known as a binder of fine particle
inorganic fillers like fumed silica in ink jet papers for high quality photo printing (Finch 1973; Miller 1992).

There is a pull from the market to develop sustainable, novel and convenient packaging for extended shelf-life
foods (Craig 2017). At the same time there is an industry drive to increase the functionality of the produced
paper and board while adding commercial value. This is clearly an opportunity for aqueous PVOH and M-PVOH
barrier coatings for paper and board applications.

Polyvinyl alcohol is a non-ionic water-soluble polymer that is well suited for water-based coating. Polyvinyl
alcohol and M-PVOH copolymers are linear and crystalline polymer that is also biodegradable under suitable
conditions. The hydrophilic nature of polyvinyl alcohol makes it ideal as a barrier against grease and oil
as well as mineral oils (Miller 2006). The hydrogen bonds between the polymer chains together with the
crystalline structure make polyvinyl alcohol one of the best available oxygen barrier polymers in the market
(Schmid 2014; Eval America 2007).
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Current research efforts are geared towards developing water based coatings for the packaging sector. Polyvinyl
alcohol and modified PVOH's are already being used where an oxygen and/or a grease barrier is required. Typical
applications include paper bags for bread and coffee packaging.

Several technical aspects are critical to achieve outstanding barrier properties on paper and board, including the
formation of a pin hole free and closed PVOH film. In this study, the proper defoamers, defoamer levels, and drying
conditions were optimized to achieve the best barrier level on paper and board.

MATERIAL AND METHODS

PVOH and M-PVOH copolymers were sourced from Kuraray Europe GmbH. N - octanol was purchased from Sigma
Aldrich

The various PVOH and M-PVOH copolymers evaluated in this study are summarized in Table 1:

Table 1: Degree of Hydrolysis and Degree of Polymerization of PVOH and M-PVOH.

Label Degree of | Degree of Hydrolysis
Polymerization (DH) Viscosity? (mPass)
(Product Grade Name) (DP) (mol%)
M-PVOH-1
(EXCEVAL™ RS-2117) 1,700 97.5-99.0 25.0-30.0
M-PVOH-2
M-PVOH (EXCEVAL™ HR-3010) 1,000 99.0-99.4 12.0-16.0
M-PVOH-3
(EXCEVAL™ AQ-4104) 400 98.0-99.0 3.5-45
PVOH-1
(KURARAY POVAL™ 28-98) 1,700 98.0-99.0 25.0-31.0
PVOH-2
(KURARAY POVAL™ 22-88) 1,700 87.0-89.0 20.5-24.5
Standard PVOH
PYOH-3 500 98.0-98.8 4.5-7.0
(KURARAY POVAL™ 4-98) s o
PVOH-4
(KURARAY POVAL™ 4-88) 400 86.7-88.7 3.545

@ of a 4% solution at 20°C DIN53015(Chimia 66)

PVOH and M-PVOH solutions were prepared by first sprinkling the material into cold water under agitation and then
heating the mixture to 90 - 95 °C in a water bath or by using of live steam. After 90 minutes of cooking the solution
was allowed to cool to room temperature, before introducing additives or defoamer under agitation to ensure proper
mixing.

The coating composition was then deposited on a PET substrate film for oxygen transmission rate (OTR) measurement.
The barrier layer film was analyzed by MOCON OX-TRAN® Model 2/21 Series.

The PVOH and M-PVOH were coated using a wire-wound rod on PET films (Hostaphan ® RNK 23um) at a coat
weight of 1gsm and dried with hot air at 60°C in a conventional Lab oven.

A laboratory evaluation of defoamers was conducted using the perforated disc beating method (DIN EN 12728). Air
resistance was measured with the aid of a Gurley Densometer 4110 equipped with a Genuine Gurley 4320 automatic
digital timer. Determination of water absorptiveness for paper and board was conducted in accordance with the
Cobb method (DIN EN 20535). Grease resistance test for paper and paperboard was measured in accordance with
TAPPI Test Method T 5509.

RESULTS AND DISCUSSIONS

Conventional PVOH films are hydrophilic and their barrier properties are thus strongly affected by the surrounding
relative humidity.

Fig 1 demonstrates the impact of the hydrophobic modification on the oxygen transmission rate of polyvinyl alcohol
films.

A clear reduction of the OTR level at higher relative humidity can be seen for the hydrophobically modified vinyl
alcohol copolymer (Exceval™) compared to the classical fully hydrolyzed PVOH (Kuraray Poval™) of same molecular
weight.
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Fig 1: Comparison of the OTR at 23°C versus relative humidity for conventional fully
hydrolyzed PVOH and M-PVOH copolymer.

This improved oxygen barrier is accounted for by a reduced
sensitivity of the hydrogen bonds of the M-PVOH to water
vapor. A clear shift of the cut-off towards higher relative
humidity can be achieved due to the more hydrophobic
nature of the M-PVOH compared to PVOH.

PVOH coated paper and films are widely used in flexible
packaging for conserving the aroma and flavor of dry
food. There is a new market opportunity for high barrier
paper coating structure to be used in high end applications
where greater moisture resistance is required. Novel PVOH
hybrid systems including fibers, nano-clays doping and
modified PVOH shall extend the application possibilities
of PVOH coated barrier paper.

In order to reduce the sensitivity towards humidity
of the PVOH barrier coating, several methods have
been investigated. For example, post heat treatments
have proven to be successful in increasing the level of
crystallinity of the M-PVOH and in reducing its affinity
towards water vapor.

Another strategy to reducing the permeation of water
vapor in the coating formulation is to incorporate nano-
clays in the M-PVOH (Corobea 2007; Huang 2017; Kumaki
2014).
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Fig 2: Comparison of the OTR at 23°C versus relative humidity for conventional fully
hydrolyzed M-PVOH doped with several nano-clays.

A closer look at the results in Fig 2 demonstrates that
a significant improvement of the OTR performance at
higher relative humidity can be achieved by blending
the M-PVOH polymer with nano-clays of various aspect
ratio. The higher the surface aspect ratio of the nano-
clays the better the OTR performance at higher relative
humidity (Nyflott 2017).

Fig 3: Impact of surface aspect ratio on tortuous path

The use of high speed coating machine often causes
foaming, which can be detrimental to the integrity of
the deposited coating layer. Defoamers are introduced
into the coatings to address this issue (Frank 2002).
However, the choice of the defoamer is critical to
achieving the best defoaming and OTR performance.
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Fig 4: Foaming behavior of M-PVOH with various defoamers
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It is well known that alcohols like isopropanol is widely used in the film packaging industry as a defoamer. Albeit,
the efficacy of isopropanol is limited and large amounts of it are typically required (see Fig 4). A series of commercial
defoamers were investigated and although their defoaming performance is outstanding their compatibility with the
PVOH solution is very poor. A bad miscibility of the defoamer has a negative impact on the OTR level.

Short carbon chain alcohols have increased water solubility and therefore do not impair the OTR performance.
Longer carbon chain alcohols are more hydrophobic and therefore demonstrate a better defoaming effect. Hence,

it is necessary to select the right hydrophobic / hydrophillic balance to achieve good OTR as well as defoaming
performance.
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Fig 5: OTR and Foaming behavior of M-PVOH with varying amounts of n-octanol

As shown in Fig 5, the addition of n-octanol up to 0.05wt% in PVOH solution yields good OTR and satisfactory
defoaming performance.

A higher addition level of n-octanol provides much better defoaming efficiency but the oxygen barrier is greatly
impaired. This is most likely attributed to the n-octanol lowering the surface tension of the PVOH / M-PVOH solution
and therefore demonstrating a defoaming effect.

The control of the gas permeability of paper is a very complex subject and numerous mechanisms are involved.
Besides the influence of the nature of the fibers that makes the paper, the porosity of the coated paper material is
widely influenced by the chemical nature of the PVOH coating.

Air permeability coated samples using a 70g/m2 base sheet samples was measured. Samples at various coat
weights of PVOH and M-PVOH coatings were prepared using a size press.

Table 2: Permeability and grease resistance of 70g base paper coated with various PVOH

Air Water Grease
Degree of Coat resistance | absorptiveness resistance
hydrolysis | Coating liquid weight Gurle Cobb Water 60 s) | (TAPPI T559

Solid | Viscosity 2 2
Base paper
70 g/m? - - - - 15 47.8 1
9 235 338 210 - 1
PVOH-1 98
1 710 4.6 1,660 25.6 1
9 180 3.0 7,750 2
PVOH-2 88
11 530 4.4 30,000 39.1 2
9 300 3.1 1,940 - 1
M-PVOH-1 98
11 820 4.9 28,300 249 3

As seen in Table 2, the partially hydrolyzed PVOH system yielded superior air resistance as well as grease resistance
than the fully hydrolyzed PVOH system. However, as expected water absorption was greatly impaired. 1t reflects the
higher water solubility of partially hydrolyzed PVOH'’s compared to fully hydrolyzed PVOH's. The M-PVOH system
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showed similar air resistance to that of the partially hydrolyzed PVOH  Table 3:OTR performance of M-PVOH-3 coated on paper.

system. However, the M-PVOH system yielded improved grease and r— —
water absorption over the partially hydrolyzed PVOH system. (g/m?) | @ 23°C/50%RH

The OTR performance of the M-PVOH3 coated on paper was evaluated Base paper 52000 ce/m? day

at 23°C and 50% relative humidity. 70g/m’

. M-PVOH3 3,2 >2000 cc/m? day
As shown on Table 3, a clear correlation of the OTR performance upon

the coat weight of the M-PVOH barrier coating is observed. A coat weight M-PVOH3 50 180 cc/m? day
of 7gsm M-PVOH3 is necessary to achieve the formation of a closed
M-PVOH film on paper and provide an outstanding oxygen barrier level.
Table 4 shows the impact of a pigmented pre-coat on a paper board sample to close the surface of the paper prior
to apply the barrier layer.

M-PVOH3 7 0,5-1 cc/m2 day

Using a pre-coated paper board, a very high oxygen barrier level is achieved at low barrier coat weight with
M-PVOH2.

A prerequisite for obtaining a gas barrier using a
PVOH coating system and for that matter any other
material is to ensure that the sealing layer deposited
on the substrate will be pin-hole and defect free.

Table 4 : OTR performance of M-PVOH-2 on pigment coated board

Precoating | RS-2117 | Heat-seal WVTR, OTR 23/50
coating 23°C/50% | 23°C/50 %
g/m?2 g/m?2 g/m?2 g/m3d cc/m2d
8 e

1180
8

190 0,5

In addition, controlling the penetration of the PVOH/M-
PVOH barrier coating layer into the paper structure is g - 5 70 0.5
critical to achieving an optimum barrier film formation. @ pigment coar sg/m 2 : Gec 40pss; Clay 60ps; 5B Latex s0p1s

All packaging on the EU market should be reusable or recyclable by 2030. Besides imparting a barrier functionality
to the paper, PVOH and M-PVOH as water soluble polymers do demonstrate significant advantages in the paper
recycling process to allow a better recovery of the paper fibers.

CONCLUSIONS:

Hydrophobically modified PVOH are chlorine-free barrier resins, especially designed for the requirements of the
barrier coating industry. They provide excellent gas barriers, e.g. towards oxygen, nitrogen and carbon dioxide even
at elevated relative humidity.

A high gas barrier level can be achieved on paper substrates using hydrophobically modified PVOH coatings in food
packaging applications.

Judicious steps must be taken to selecting the correct defoamer for PVOH to achieve a good balance between
defoaming and gas barrier performance.

The outstanding barrier performance of water soluble M-PVOH allow to ensure the barrier functionality of the
packaging and improve recyclability.
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