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PVdC —Past and Current Barrier Material
Introduction

One of the ongoing challengesfor today’ s consumer goods and productsisto provide packaging
and protection with enhanced barrier to oxygen, various gasses, water and chemicals.
Polyvinylidenedi-chloride (PVdC) has been used for decades on paper and plastic films and as
extrusionresin. This paper will focus more on the PVdC coatings used in theindustry today.

History

Vinylidene chloride was discovered by the French chemist, Regnault in the 1830’ s and was
carefully described. But no further interest was shown until the 1929, when aGerman chemist,
H. Staudinger investigated the material in pursuit of synthetic rubber and determined therewasno
commercial value. About thistime, Dow Chemical scientistsfelt therewascommercial potential
and spent six years experimenting and eval uating the new compound. A new line of synthetic
resinswere created, called VC Plastics. By slightly altering the molecular structure, new resins
could be made with many different characteristics. 1n 1940 thisline wastrade named as Saran®.
Variousforms of the solid resinswere used from 1942 through 1970, when it was discovered how
to create water based latex of this material, aswell as solvent based solutions. It now became
possibleto enhancethe barrier properties of paper and films by coatings, in addition to extrusion
or lamination. While the chemistry was similar in the two versions, the molecular weight of the
latex was consistently higher. Thisdifferenceresulted in generally higher barrier propertiesin
coatingsfrom latex. Inaddition, thelatex could be manufactured at much higher per cent solids,
allowing economiesin application.

Chemistry

Vinylidene Chloride monomer, C,H,Cl, is a dangerous and unstable materia that must be
handled carefully. It will self-polymerize and copolymerize with other monomers. When
copolymerized, the resultant polymer isrelatively safe and has been approved for variousfood
contact applications.

Pure PVdC is not useful asacoating material. Itisfar too glassy and brittle to be of much value.
Typical comonomers, which might includevinyl chloride, variousacrylic and acrylate and nitrile,
areused toincreaseflexibility, specific adhesion and provide other functionality. Other additives
are used to stabilizethelatex and to serve as emulsifiers, surface tension control, and pH
modification and for anti-foam.

Properties

The main advantage of the resultant PV dC coating derived from thelatex or solution isthe
resistance to permeation of gasses and liquids.



Oxygen permeabilities at 23° C range from 0.04 to 1 cc.-mil/100 in*-day-atm, depending on the
comonomer composition. Thesevaluesarevirtually unaffected by the presence of moisture,
either humidity or liquid.

Carbon dioxide permeabilitiesrangefrom 0.1to 2.4 cc.
Organic solvents also have low permeabilities. N-hexaneis0.0001 to 0.001 g.-mil/100 in*-day.

Water transmission rates of 0.05t0 0.5 g.-mil/100 in*-day at 37° C and 90 % relative humidity are
routinely achieved.

Barrier Comparisons
An understanding of termsisalwaysuseful in discussion and comparisons.

Barrier can be said to be the ability of amaterial to resist absorption, diffusion, desorption or
evaporation of gases or moisture through it.

Chemical resistance is defined asthe ability of amaterial not to be affected by solubilization,
softening or changed in any way when exposed to another material, and should no be confused
with barrier.

Permeability isthe measured behaviour when measuring the ability of liquids, gases or moisture
to penetrate through amaterial.

Permeability = (Quantity of Material) x Thickness
Time x Area x Partial Pressure Drop

PV dC based material s have been avail ablefor decades, being commercially introduced as
coatings inthe1970’s. Thereweretwo main types: solvent solutions and water based emulsions.
Early onintheir introduction, the only competing barrier materialswere metal foilsand exotic
film or coating materials. Astechnology improved, and new materialswereinvented, alternate
barrier materialscameavailable. The creation of alternate barrier technology continues, though
sometimes at acost premium.

PVvdC impartsbarrier dueto the chemical structure. Vinylidene dichloride polymerizes with
comonomersto create abackbone that have symmetrical regions. Thisallowsclose packing inthe
dry state, creating crystallineregions. This isthe dominant factor controlling barrier. Sincethe
polymer isstill considered athermoplastic, the crystallinity can be lessened or destroyed when
temperatures approach the melt point. However, asthe polymer cools, the barrier returnsasthe
crystallinity reforms, re-establishing barrier properties.

At room temperature, thiscrystallinity formsin 10 to 15 days. At 100° C, the process can be
accelerated to reach barrier in aslittle as one to two hours. The better barrier is attained, however,
if the crystallization iscompleted at room temperature (70 — 90° F).

PV dC coatings and adhesives are unique in that they are designed to provide asuitable balance of
propertiesincluding gas, moisture vapor and grease barrier, heat seal ability, solvent resistance,
abrasionresistance, flexibility, and gloss. Other barrier materialstypically impart good oxygen or
moisture barrier, and/or good flavor/odor barrier, but do not impart the wide balance of properties
of PVdC. In addition, many barrier materialsare affected by the environment, with temperature
or humidity decreasing the barrier properties. PVdC isnot affected by these conditions.



PV dC hasinherent anti-combustion properties due to the high chlorine content.

Comparison to Other Barrier Technologies

There are many competing technol ogiesto PV dC latex technology. There are advantages and
disadvantagesto each type of barrier technology. Table 2 below summarizesthe various forms of
barrier technology used in flexible packaging.

FactorsinfluencingBarrier Properties

Theimportant factor for any barrier material isthat in needs to be a continuous layer with no
pinholesor voids. Thisisalsotruewith PVdC coatings. When coating paper, it ispreferableto
apply 2 or more thin coatsto cover any paper fibersthat would act aswicks, from protruding
through the coating.

As the coating weight increases, the barrier improves. Depending on the substrate, therewill
reach a point where adding more PV dC does not significantly improvethebarrier. Of course, the
PV dC should befully crystallized before thetesting isdone. There are some FTIR methods to
follow the changein crystalinity.

Thetype of PVdC used also determinesthe maximum barrier. Some PVdC crystallize more than
othersand the high crystalline PV dC have the better barrier properties. Thereissomeinfluence
of thecomonomer aswell. The temperature and humidity has an impact on the barrier of many
materials: the higher the temperature and humidity, the lower the barrier. Thisisnot the case, for
the most part, with PVdC. Thebarrier remainsfairly constant under varying test conditions.

Application.

Selection of the appropriate latex or solution isdetermined by the end useintended and
equipment available for application.

In choosing the correct barrier coating or adhesive, the converter should consider:

o What thefinal structurewill be. What are the substrate(s)? Will the substrate(s) be
coronatreated? Will the substrate(s) be primed? What isthe primer?

e What end properties are desired from the structure? Oxygen barrier (low oxygen
transmission rate or OTR)? Moisture barrier (low water vapor transmission rate or
WVTR)? Odor, flavor, or grease barrier?

o If theapplication requiresabarrier adhesive, what bond strengths are required?

e If thePVdC coating isto be used asaheat seal coating, what heat seal capabilitiesare
required?

e What isthedrying capability of the coating or laminating line? PVdC laticesare
supplied at 45 — 60% solids, so ovensmust be capabl e of removing 40 — 50% water. A
web temperature of 185° F must be achievable for optimal barrier performance.

e Location and service of the barrier coating or adhesive supplier? Istechnical support
readily available?

Uses

1. Coatingson paper or glassine substratesfor snack foods, cereal liners, dry cake mixes,
and soft drink powders.



2. Coatingsonfilmssuch as polypropylene, polyester, polyethylene and nylon, for snack
foods, meat, cheese, and medical packaging.

3. Heat sealable coatingsthat impart barrier propertiesto the package.

4. Barrier laminating adhesivesfor dissimilar substrates.

Compared to alternative products, films made with PV dC coatings can result in lower
environmental impact throughout the packaging life cycle, from lower spoilage of the packaged
contents, to less plastic waste to be disposed, to other important environmental considerations.

PVDC films help meet the requirements of European Directive on Packaging and Packaging
Waste by enabling less packaging disposal to landfill by reducing the amount of film required to
providethe required protection as compared to other plastic films. PVdC containing filmssatisfy
North American and European national requirementsregarding direct contact with food, with
food migration limits set for additives and monomers.

Handling

PV dC (Polyvinylidene dichloride) latices are water based, with alow pH, These latices are
corrosive because of their low pH (1.0 — 4.0), so certain precautions have to be observed to ensure
optimum results.

1. PVdC laticeswill freeze and become unusableif allowed to cool below 32° F. They must
always be shipped and stored between 50°- 80° F.

2. Theacid nature of the latex will cause corrosion and discoloration if allowed to contact
ferrousor polyvaent metals. All storage and handling should be with 316 stainless steel
or plastic equipment.

3. Latices, by their nature, contain surfactantsthat will cause foam when sheared or
aggressively agitated. Some of the latices have very low amounts of surfactant and can be
described as“non-foaming.” 1t isbetter to handle the latex in such away asto minimize
shear and hence reduce generation of foam.

Application

Thereareanumber of different waysto apply Serfenelatex satisfactorily, including air knife,
Mayer bar, gravure, reverse gravure, smooth roll, and combinations of these. Selection of the
most appropriate method depends on the substrate involved, speedsrequired, coating weight, and
available equipment. In general, an excess of latex isapplied to the substrate and metered off
using either wirewound rods (Mayer bars) or air knife. Theair knife offers advantagesin line
speed and does not physically scrape the coating or damageit. However, it does generate foam
and requires more technique in its operation. Wire wound rods are used with slower line speeds
and are easier to use. The latex can be applied to the web by gravure or roll coating both with the
against theweb direction. Direct gravureisgenerally used in special situations, where problems
can be encountered with plugging in the cellsand foam. Reverse gravureis atechnique that also
workswell. Coating weight iscontrolled by reverseroll surface speed. Smooth roll application,
either with or against the web direction, isthe most commonly used system. Typical handling
instructionsare asfollows:

Coating and Adhesives
Coating aporous substrate such as paper or glassineisgenerally performedin two or more

passes. Thefirst coating acts asahold out coat and the second or subsequent layers provide most
of thebarrier. Typically, coating weights of both applicationstotal 6-12 dry Ib/ream (where one



ream is 3000 ft?) or 9.5 — 19 gsm and are usually split equally between the two or more
applications.

Film coating can be achieved on impervious filmswith asingle application of PVdC, usualy
between 2 and 4 |b/ream (3.2 — 6.4 gsm). However, only specialty laticeswill adhere to specific
substrateswithout an adhesion promoter or primer. To obtain good adhesion, especially under
humid conditions, of alatex to plastic film, it is necessary to apply select primers. The primer
should be applied “in-ling” with the PVdC on the first station of a multi-station coater. Special
primers can be provided whereit ismandatory to prime* out- of-line.”

PV dC can also be used asaprimer for other coatings, sinceit providesavery high surface energy
surfacein thedried state. Invery thin coatings, the barrier islow, but provides excellent adhesion
for top coats of other materials, including metallization.

L amination adhesives can be made of PV dC that provide very good balance of optical clarity,
adhesion and good barrier properties. Dueto the high molecular weight of the latex, the
resistanceto tunneling of the laminationisvery high. With the higher melt point, these types of
adhesives do not need further cure or cross linking, and pass most heat seal conditionsin the
formation of packaging.

PVdC can also be used in spray or dip applications, whereirregular parts need to be coated.
Because of thelow viscosity and fast drying characteristics, superior protective coatings can be
applied to metal and plastic partswhere high chemical exposureresistanceisrequired.

PV dC hasinherent non flammability and ignition resistance. The dried coatings have aUL-94
rating of V-0 (self-extinguishing) and aL Ol rating (Limiting Oxygen Index) of 70 and higher.
Thisindex determinesthe minimum volume of oxygen to nitrogen that will support combustion
(Air has approximately 21 % volume oxygen). Because of these properties PV dC has been used
asacoating and impregnant for textiles, membranes and non woven materials to enhance or
provide non flammable properties. Further, flameresistant wall coatings and paints have
incorporated PV dC for construction and architectural applications.

Summary

PV dC has been used as abarrier material for decades. Though the use has diminished in favour
of alternate barrier technologies, it still maintainsthe best balance of barrier propertiesunder a
variety of use and test conditions. In many cases, it isstill the preferred barrier material and some
market segments are continuing and actually growing. Dueto itsversatility and ease of use,
many converters can maketheir own barrier combinations. Thisleadsto reduced inventory of
other barrier substrates, reduced |ead timeto meet orders and is an economical aternative.
Additionally, PVdC isused in alternate coating application for flameretardency and three
dimensional part coatings. The continued use of PVdC in many applicationswill continue as a
complementary or aternatebarrier technology.



Table 1: Typical Barrier Values of Some Materials

Materia OTR WVTR CO, Nitrogen
PvVdC 0.04-1.0 0.05-05 01-24 0.01-0.2
Polyamide 6 26-3.2 20-25 47-80 02-09
Oriented Polyamide 6 12-33 10 6-8 0.7
PVdC — Polyamide 6 0.2 0.2 14 0.1
Metallized Polyamide 0.05-0.2 0.2
BOPP 50 - 80 05 6- 10 15-30
Oriented PET 04-1.0 1.8-3.0 15-25 046-1
Metallized PET 0.08 - 0.140 0.05
PVDC Coated PET 0.4 0.3
LDPE 250 - 350 10-15 1000 - 2000 180
HDPE 150 - 300 03-04 280 - 600 18 - 48
Polystyrene 300 - 400 2-11 1000 - 1500 40 - 50
EVOH 0% RH 0.01-0.1 - 0.01-05 0.01-0.02
EVOH 100 % RH 0.65-1.15 14-8 8 -
PVC 1 mil 4-5 8-20

olychlorotrifluoroethylene

?PgTFE) Y 7 0.035
Acrylonitrile 1 mil 0.7 45
Polycarbonate 1 mil 160 9
48ga PET-met/1.2 HDPE 2.5 0.60 0.007
oD Real world adhesive
48ga PET-met/1.2 HDPE 1.8 0.96 0.014 laminations
oD
OTR: ccmil/100 in*/24 hours at 73°F at 75 % RH (ASTM D-1434)
WVTR: g-mil/100 in*/24 hours at 100°F at 90 % RH (ASTM D-96)
CO,. cc-mil/100 in?/24 hours /atm. at RT
Nitrogen: cc-mil/100 in?/24 hours/atm. at RT
Conversion factor: ccmil/100 in*/24 hours X 2.54 cc-mm/m? /24 hours/atm.

g-mil/100 in*/24 hours X 164 g-mm/ m* /24 hours



Table 2 — Various Barrier Technologies

Type
Aluminum foil

Metallized films

PvdC

EVOH

SiOx (silicon dioxide)
and AlOx (aluminum
oxide)

Nylon

Advantages

Highest barrier —
comparableto can or
jar

High durability-
second to aluminum
foil, good barrier
properties

Balance of oxygen
and moisturebarrier,
transparent, flexible,
retortable and heat
sedlable

Best non-metallic
oxygen barrier when
dry

Transparent and
environmentally
friendly

Multi purpose,
formable, retortable,
transparent, high
puncture resistance

Disadvantages
Cost, opaque, can flex
crack, pinholes

Opaque, cannot be
thermoformed or
shaped, can scratch
during handling
Difficulty in
application, limited
extrusion
temperatures, chlorine
containing, disposal
Extruded only, poor
moisture barrier,
oxygen barrier drops
when wet

Expensive, can crack
or mar when handled,
sometimesadhesion
issues

Lower oxygen barrier,
some moisture
sensitivity

Typical Uses

Multi layer pouches,
retort containers,
lidding

Snacks and
confectionery, coffee,
light barrier and gas
barrier containers
Barrier packaging,
bakery, chemically
resistant applications

Multi-layer
extrusions, formed
containers, meat and
cheese

Clear retort pouches,
medical and
pharmaceutical

Meat and cheese,
cook in bag, retort
containers
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