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2. Primers and tie-coats

3. Adhesion promoters

a. covalent bonding

1). chemical similarity

c. other forces of attraction — hydrogen bonding, electrostatic, van der Waals

4. Corona and plasma treatment

5. Surface roughening

A. Solvent and co-solvent composition of the coating fluid:

Plastics of low surface energy present difficult surfaces for coating adhesion. Also, as discussed above, plastics
may have a polymer conformation that is not conducive to good coating adhesion. To accommodate these types

of plastics, one approach to promoting adhesion is through careful formulation of the coating composition. In

doing so, significant emphasis should be given to the balance of solvents and/or cosolvents used in the
formulation. Consideration of the demands of environmental regulations, to reduce volatile organic compound

(V. O. C.) usage, presents a significant challenge to the forrnulator.

The primary action that must take place is to relax or partially solubilize the surface polymer molecules, thus.
providing the potential for coating polymer or binder resin to penetrate the plastic surface and form an
interpolymer entanglement. Temperature will also improve this action, especially if the temperature can be

elevated to a point well above the Tg of the plastic without detrimental effects on the plastic or coating
composition. This solvent/temperature action will result in exceptional adhesion of the coating.

In practice, the formulator must consider the solubility parameters of the solvent used in the coating composition

and both the coating polymer or binder resin and the plastic or poiymer substrate. Solubility parameter theory3
provides numeric three dimensional coordinates for solvents according to Equation 4.

502 = 5,12 + 5P2 + 5h2 Eq. 4

Where:

50 = Solubiiity parameter

5d = Component due to dispersive forces

8p = Component due to polar forces

5,, = Component due to hydrogen bonding

It is, however, common practice to use only a two dimensional approach to permit easy plotting of parameter

coordinates according to standard X-Y graphing. The most frequently used parameters used in such plots are the

polar (Sp) and the hydrogen bonding (Sh) according to the Hanson solubility parameter theory3. A solvent will
be located at a specific point according to its parameter value, but polymers will have a range of solubility and

will cover an area within a plot of 8p vs. 831. The center of the polymer solubility area may be designated the
solubility parameter average and may be used to determine those solvents that are most likely to exhibit high

potential for dissolution of the polymer based on proximity to the polymers’ average value.

Also it is important to recognize that binary, tertiary, etc. mixtures or blends of solvents will exhibit a summed

solubility parameter value based on the weight fraction of each solvent in the mixture according to Equation 5.
H H Fl

5 31 ZW, 5diEi+ Zwiajl + Zw,8h,2 Eq. 50 mixture

Where:

Declaration of Robert A. Iezzi, Ph.D.
AppEND|X K_9 Wavelock Exhibit 1017 Page 156

http://www.vtcoatings.com/plasticshtrn 1/17/2013



� � � � � � � � � � � � � � � � � �  ! � " � � '  

Trends in Plastics Coatings Page 10 Of 12

W, = Weight fraction of solvent i

Cdi = Component due to dispersive forces of solvent i

8pi = Component due to polar forces of solvent i

5m = Component due to hydrogen bonding of solvent 1

And: i’)

5 =ZWfiwp mixture

I1

8 fl—Zw@mh mixture _—

will provide the parameters for two dimensional plotting of the solvent mixture or blend. Furthermore, as the
solvent mixture of the coating composition begins to evaporate during drying and cure, the parameter values will
shift in the direction of the solvent(s) having the lowest rate of evaporation. This leads to a very important
realization. The solvent having the lowest rate of evaporation (the last one out of the coating during drying)
should be a very good solvent for the coating polymer or binder resin and for the polymer constituting that of the
plastic substrate. This will promote the best conditions for coating adhesion.

One last concept in the use of solvents is the fact that, as solvent evaporation progresses during drying, the surface
tension of the coating or fluid layer may drift and present problems with uniformity and adhesion. Consideration
of the surface tension of the solvent of lowest rate of evaporation is also important to maintain the optimum

coating performance.

B. Primers and Tie—Coats:

There are many times where the coating chemistry desired will never be compatible with the plastic surface, even
in consideration of the solvents used. Under these circumstances, primers or tie—coats serve to act as an

intermediate layer for adhesion purposes. The basic premise is to apply a coating to the plastic surface that
exhibits good adhesion and will also act as a compatible intermediate surface for the final topcoat composition.

It is often seen that primers and tie«coats can be specific for the type of topcoat composition to be applied to a
particular plastic. “Universal” primers have been claimed with some materials but caution is warranted when
examining them for any application.

Primers may be clear or filled to provide added surface area or roughness for maximum adhesion. Tie—coats are
typically ciear and may simply be an adhesion promoting agent solubilized or dispersed in low concentration in a
particular solvent or water. These will be addressed in the next section.

C. Adhesion Promoters:

Adhesion promoters may be added to either the primer, tie-coat, or coating compositions and are primarily of
three main types, those that bond covalently, those that bond by other forces of attraction, and those that promote
adhesion by chemical similarity (“like—sticks to-like”). In all instances, these types of adhesion promoters use the
described mode of adhesion to the plastic substrate. They all, additionally, possess specific functional groups that
are presented to the coating for subsequent bonding or binding of that layer. In application, it is typical to use a
very low concentration of an adhesion promoter, thus, providing a near mono—mo1ecular layer over the surface of
the plastic. Effectiveness may decrease with greater applied thickness of the adhesion promoter. It is, therefore,
essential to fully discuss and/or review the performance mechanism of the adhesion promoter through respective
vendor communications.

In the use of adhesion promoters, the adhesion promoter must look for chemical functionality in the plastic to
bond or bind to. With thermoset surfaces, the best performance of an adhesion promoter will be when there is a
fair level of residual functionality remaining and available for binding. Polymers of low or no residual
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functionality will remain more problematic to promote adhesion, but nonetheless, there are some options
available.

A very popular class of adhesion promoters are silanes and several are available for specific combinations of
plastics and coatings. For these types of adhesion promoters to find such functionality certain conditions must be
met4. First, the plastic must have appropriate functional groups-. Second, the adhesion promoter must be mobile
enough in the primer or coating composition for the time necessary to migrate to and find the appropriate
functionality on the surface of the plastic. This implies careful formulation of the solvent balance of the coating
composition and an appropriate surface activity in the adhesion promoter itself. Third, there should be minimal
competition between the plastic functionality and the coating polymer or binder resin so that the effectiveness of
the adhesion promoter is not diminished. Fourth, the adhesion promoter must be soluble in the coating
composition and miscible with the polymer of the plastic.

Of the types of plastics available, polyolefins and other hydrocarbon thermoplastics are difficult substrates for

coating adhesion. When dealing with these substrates, polychlorinated polyolefin adhesion promoters5 have been
used to bind the coating to the plastic surface by their chemical similarity. Additionally, being relatively
hydrophobic, they tend to migrate to the coating/substrate interface and orient themselves with their pendant
maleic anhydride and/or halogen groups toward the coating layer.

D. Corona and Plasma Treatment;

Corona and plasma treatment of plastic surfaces causes a change in the chemical nature of the surface through
possible oxidation or possible microstructure formation so that subsequent coating adhesion is made maximum.
These treatments are quite effective for a number of types of plastics and work well for most types of Coatings. In
particular, this form of treatment works remarkably well for polyester, polyolefin, and other hydrocarbon
thermoplastics.

Corona discharge is made possible by high voltage across a gap through which the plastic substrate is passed.
Current passes from an electrode to a grounded hardened steel support surface for the plastic. This hardened steel
support may be ceramic coated for longer use. Plasma discharge is, in simple terms, a high temperature flame
impinging on the surface of the plastic for a very short period of time. The effectiveness is not necessarily
permanent and it is best to apply the desired coating shortly after treatment.

E. Surface Roughening:

As introduced earlier, rough surfaces are easier to coat and to adhere to. Although, the surface tension of the base
plastic material does not change, microscopically the surface has varied angles causing the net contact angle that
the coating makes appear exceptionally low. The increase in surface area coated also contributes to adhesion.
When this option is acceptable in the overall process of producing the plastic article, it is advised to take
advantage of it, especially in combination with other forms of adhesion promotion.

Summary

By no means are the concepts introduced above all inclusive for what the formulator needs to know about plastic
surfaces for successful coating design. There are numerous other concepts and principles that interplay with the
science of coating design for plastics. Obstacles always seem to occur, some of which may be insurmountable. If
the coating cannot be modified to comply with requirements, perhaps the type of plastic can. It is always helpful
to combine a coating formulators skill with that of a polymer or plastic engineer to design the best possible end
product. The plastic coating formulator must always realize that the product is never a fluid composition but
always an article composed of a coated plastic. The coating and the substrate must function synergisticly as a unit
to satisfy the requirements of the final consumer.
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Initial Corona Treatment of BOPLA Film
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"Bump" Corona Treatment of BOPLA Film

Surface Energy Decay Study

—O—0.5 Watt Density/Bare Roll _

fi —I—6.0 Watt Density/Bare Roll
+0.5 Watt Density/Universal Roll ’

+6.0 Watt Density/Universal Roll

}_ \ s a a a

¢O6¢’O¢OOO O O 90 O6 O6

0 10 20 30 40 50 60

Days
Figure 5 shows untreated lngeo film does require more watt density to effectively increase the surface energy when compared

to “bump” treatment, but not an unreasonable amount of watt density is required to be effective.
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Adhesion Properties of

Fluoropolyrners
D. M. BREWIS and l. M/-WHIESON

institute of Surface Science and Teuchnology, Loughooroogn Jnrversrty,
Leicesrershire, UK.

‘l ENTRODUQTEON

Adhesion properties of substrates are determined by the chemical nature of the
surface. the topograph_\-' and the cohesive strength of the surface regions. The
chemical nature of a surface determines two critical factors in adhesion. namely:
the wetting by a liquid component, and the forces of interaction across an interface
where wetting has occurred.

The relative surface energies of the solid and liquid determine the degree of
wetting. In general, a liquid will exhibit a zero Contact angle, Le. will wet a
substrate, when the surface energy of the solid is greater than the surface tension
of the liquid. Surface energies are determined by the nature of chemical groups
(see Table 7.1). The chemical groups also determine the type of interactions

Table 7.1. Surface GCBFQIES and polar and dispersion components of surface
energy or’ some po!yrners[2J
 _

Polymer Chemical ‘,-/3 3/5" 3,;
structure of t_mN.mJ (rnN.~'m) trni\2.’rn}monomer

compared with
ethylene

Polyrtetrafiururoethylene -ll~l replaced la} F 18.6 0.5 l9.l
Polytrifluoroetlrylene 31-I replaced by F 19 9 4.0 33.9
Poly{vinylidene fluoride) EH replaced by F 23 2 7.1 30.3
l’o1v(vinvl fluoride} ll-I replaced by F 31.3 5.4 36.7
Lowvdensity pol_veth_vlene -e 33 2 — '5-37'

lxcy: ;-2:" Dispersion cornpnnent of surface energy: polar component of surface energy’: 3.4 total surface energy.

ilfodrvrz Ffuaropolr-:ne=r‘5. Edited by John Seheirs
iii 1997 .lol1:'; \'Vile}' -‘L Sons Ltd
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The ease in which an adhesive orwets (makes intimate contact) a substrate surface and the work necessary to separate the
adhesive from the substrate can be retated to the surface energies of the adhesive, substrate, and subsequent interface. in an ideal
situation for spreading or wetting, the surface of the substrate should always have a higher surface energy than that of the liquid

adhesive . Surface energyft’ (gamma). is used interchangeably with the terms surface free energy and surface tension _ which ememn,5e

The surface energies of liquids are readily determined by measuring the surface tension with a duNoi.iy ring. A ciean platinum ring is process lmprwemem
placed under the surface of the test liquid, and the liquid is siowiy moved downward until the ring breaks through the liquid surface. memo‘: does your
The force is recorded, and by means of appropriate conversion factors, the surface tension of the liquid is calculated. There are '3°mi33“5‘ U59?
several other common methods described in the literature for measuring the surface tension of liquids.

However, the measuring of surface tension is not as straight fomiard when it comes to solid surfaces. Direct surface tension SD‘ Slgmmeasurements on solids are mostly made near the melting point; however, it is the lower temperature properties that mainly concern
adhesive studies. Therefore, surface energies of solids are generally indirectly estimated through contact angle measurement
methods.

Lean Enterprise} Kaizen

Total Quality Management

In a contact angle measurement, a drop of liquid is pieced upon the surface of a solid, It is assumed that the liquid does not react T”"'~"'>’ °f ‘3°“5‘”"“-*5
with the solid and that the sotid surface is perfectly smooth and rigid. The drop is allowed to flow and equitibrate with the surface. The F [ f I
measurement of the contact angle, 8 (theta), is usually made with a Qoniometer that is simply a protractor mounted inside a "‘9“‘“" m“””'a°‘“““9
telescope. The angle that the drop makes with the surface is measured carefully. A diagram of the contact angle measurement is_ ‘ Business Process
shown in Figure 1. Reengineering (BF!-‘ti

Company's Own Approach
We i'_lon‘t have a formal
enterprise process
improvement rnethod in
piace

 
Figure 1: Schematic diagram or‘ the contact angle and its

sunace iree energy (tension) components

A rather simple method of estimating the surface energy of solids was developed by Zisman2. Zisman proposed that a critical surface
tension, Tc. can be estimated by measuring the Contact angle of a series of liquids with known surface tensions on the surface of
interest. These contact angies are plotted as a function of the l’,_,, of the test liquid. The criticai surface tension is defined as the
intercept of the horizontal line, cos *3 = ‘l, with the extrapoiateci straight-line plot of cos 8 against 1'“, as shown in Figure 2. This
intersection is the point where the contact angle is 0 degrees. A hypothetical test liquid having this "Kw would just spread over the
substrate.  

stay connected
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Figure 2: Zisri-tan plot for lowerierguy
polyethylene Surface with a liquid series

corrirrioiily used by Zisrnan 9

The surface tension value for most inorganic solids is on the order of hundreds or thousands of mJi'm9, and for polymers it is at least
an order of magnitude lower. Solid substrates are often considered to be either "high energy surfaces" (metals, glass, ceramics) or
"low energy surfaces" (polymers). Organic liquids have surface tensions that are in a similar range as solid polymers. in fact, an
epoxy adhesive composition will have approximately the same surface tension in the cured state as it does in the uncured or liquid
state. Values of critical surface tensions for common solids and surface tensions of common liquids are shown in Table ‘I.

Lirggiids
Epoxy resin (DGEBA type)
Petroleum lubricating oil

  64
15

Awione 23
ii-Propariol 24
Toluene 28
Trichloroetriane 25
Methyl ethyl lretone 25
Ethylene glycol 48
Mineral spirits 24
Water 73

Substrates 7 face '?or‘.sio.-.. dg,-nesicrri
Aiuminurn ~50O
Copper 1350
Nickel 1770
Iron oxide 135?
Beryllium oxide 1360
Lead -142
Siiver 890
Glass -10G[l

  ___. . .- Surface Tension, time:
Acetal 47

 

—-.. Acryionitrile butadterie styrene - ABS 35
:; 41

Epoxy - typical amine cure 46
Nylon 616 41
Polycarbonate 4s
Polyethylene lerephthalate - PET 43
Polyirriide 4D
Polystyrene 33
Polysulfone 41
Potyterrafluoroethylene ~ PTFE 18
Polyvinyl chloride - PVC 39
Polyethylene 31
Polypropylene 33
Phenolic 62
S = 24

.._. Styrene butadtene rubber 29
Table 1'. Room Temperature Surface Tension of Several Liquids (Tool and Critical Surface Tension of Various High Energy (Middle) and LowEnergy Substrates (Bottom)
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USING OTHER TOOLING THAN Goniomeber — G6, 20?‘:
posted by Jose Cas1efla:ios..£\r1alyi:cai ia?Joratcr*_,u*Testing at Corivartcam
I am going to study a new laraze material. I want to use other tooling than a Goniometer to make easier and more accurate Contact angle
measurement. i let you know laier it my hypothesis was the right one. Note: I have measure superficial and inierfacral tension on liquids since1990.

 

fascinating and very useful - Apr 29. 201‘:
posted by Steve Striink, Pmdtzciioo. :' i.'iGflLif3CT(ii'ifig at 'l'ele:iyne Fjalsa
Great article. lnsiructrve and very practical method to measure surface energyltension.
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