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I ntroduction

For some demanding applications, the peculiar properties of polymers, as lightweight,
flexibility and chemical resistance, need to be enriched with additional characteristics that
are intrinsically associated with metals, such as thermal and electrical conductivity,
barrier to fluids, high hardness, tribological resistance and reflectivity. Applications,
requiring this coupling of different properties, include flexible electronics, barrier layers
and alternative energy (1-3). For these applications, a layer of metal (whose thickness
depends on the application), on top of the polymeric substrate, is sufficient to assure the
required properties. The main concern for these multilayers is the level of adhesion
between the two materials that is related to the low surface energy of polfiners (

To overcome adhesion issues between the polymeric and metallic layer, several dry
and wet processes have been proposed (5-7) that imply the utilization of expensive
equipment or aggressive and hazardous chemicals. Chemical etching of polymer surface
usually improves adhesion of the metallic layer, deposited by electroless process, due to
mechanical interlocking; the growing metal penetrates in the highly crazed and porous
surface of etched polymers thus increasing the adhesion between the two layers (8).
Plasma treatment is being more and more considered as a viable alternative to wet



etching of the surface. This is due to the possibility of inducing chemical modification of
the polymer surface without affecting bulk properti@sl(Q); roughness variation can be
minimized or enhanced depending on treatment conditions.

Plasma modification is particularly interesting when considering fluorinated polymers,
due to their intrinsic chemical inertness. For this reason a two steps process is considered,
based on plasma treatment of HAIdECTFE surface followed by conventional
electroless deposition. Plasma treatment is fundamental to increase wettability due to the
introduction of polar groups, thus allowing the deposition of a metallic layer with good
adhesion to the substratehel possibility of exploiting this process to produce flexible
concentrator mirrors for solar thermodynamic is being explored. For this purpose some
preliminary studies were performed on reflection properties of copper coate8 fiiaisy
obtained with the proposed process.

Experimental

Hc_sllar® 500 (ECTEE) films, with a thicknessof 50um, were supplied by Solvay
Specialty Polymers. Betore plasma treatment, surface cleaning was performed with cloths

soaked withisopropyl alcohol in order to remove grease and contaminations. Electroless
metallization was performedwith commercial electrolytesbasedon three steps:(l)
activationwith a PdCh basedsolution, (I1) reductionof adsorbedPd’* ions to metallic
palladiumandfinally (lll) copperautocatalyticdeposition. Dippingimes,in the copper
deposition bath, were varied in order to obtain continuous and flawless metallic deposits
and ranged between 1 and 3 minutes with an average growth rate of 200nm/min.

To obtain sampleswith higher thicknessof copperdeposits,electrodepositiorwas
performedon the electrolesdayer of metal using acidic copperbathwith soluble Cu-P
counter electrode and current density 15mAlcm

Characterizatiorwas performedon the plasmatreatedECTFE inorderto determine
variationin wettability and surfacemorphology. Contacangleand surfacefree energy
measurements were performed with Kruss DSA 25 instrument in static sessile drop mode.
Determination of surface free energy was performed using water and diiodomethane with
the Fowkes model. AFM measurements were performed on different areas, ranging from
4 un’® to 50 un?, using a NT-MDT Solver Pro instrument in tapping mode.
Characterizationwas performedon the metal-polymerbilayer in order to determine
adhesiompropertiescross-cutestingwas executedn the metallic side of the assembly,
respecting the procedure reported in the ASTM 3359. Bending test was performed on the
samplesusing BYK cylindrical mandreltesterISO version, respectinthe ISO 1519
standard.

SEM imagingwas performedboth on ECTFE/ electrolesCu (250nm)samplesand
on ECTFE/electroless Cu (250nm)/ electrodeposited Cu (3um) samples with hefeiss
Supra35 field emissionmicroscopejmagingwas performedon the surfaceandin cross
sectionto determinemetallic depositstructure and homogeneity.Finally testingwas
executed in order to determine properties for the possible application as solar
concentrator mirrors. Studies were performed measuring the evolution of light
transmissiorpropertiesof films of Hala® ECTFE with ageingunderQUVB conditions.
Reflectionpropertieswere determinedusing Perkin EImer Lambda2 spectrophotometer
in reflection mode with integration sphere;measureswere performed using incident
radiation on the polymeric side of the sample. Collected data are relative to the reference
sample of BaS®



Results and Discussion

For sakeof clarity, discussionis divided betweencharacterizatioperformedon the
Hala® ECTFE film and characterizatioron the polymer-metalbilayer. Thishelpsthe
discussionkeepingin mind the two stepsof the process;distinction is indeed done
betweentest on the polymeric substrateand on the final bilayer after electroless
metallization.

Characterization of Hal®ECTFE

Contact angle measurementsevealedthat after plasmatreatmentan increasein
surfacefree energyalways occurs. Thisis mainly due to the polar componentwhile
dispersivecomponentis almostunchangedihe purposeof plasmatreatmentis indeed
introducing polar groups on the surface, with the aim of increasing wettability with water.
The entity of the surface energy increase depends on the plasma treatment conditions and
is relatedto the amountof incorporatedpolar groups. Itis well known in the literature
that polymers, treated by plasma to increase surface free energy, are prone to
hydrophobic recoveryll, 12), for this reason ageing studies were performed in order to
determine time scales and mechanisms governing this phenomenon.
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Figure 1. Water contact angle studies performed on plasma treated samples®f Halar
stored in different conditions.

Ageing studies were performed monitoring the behavior of surface free energy and
contact angle for plasma treated samples stored in three different conditions: under
vacuum at room temperature, under vacuum at low temperature (-20°C) and at room
temperature and pressure in air; the values reported for contact angle are averaged over



five measurement®n individual drops. The results, reportedn Figure 1, show the
decreasein contact angle after plasma treatment(from 85° to 52°), moreover no
hydrophobicrecoveryis observedfor the samplesstoredat low temperaturevhile the
highestvaluesare observedfor thosestoredat room temperatureunder vacuum.This
confirms that hydrophobic recovery is mairggverned by physical processes, related to
chain reorientation to hide polar groups, grafted during plasma exposure, from the surface
to the bulk of the polymer. Hence lower storage temperature implies lower free volume in
the polymer and therefore lower chain mobility.

Untreated Treated

Figure 2. AFM measures performed on untreated and treated samples 8f Halar

AFM measurements, performed before and after plasma treatment, revealed no
change in surface morphology and roughness for several plasma treatment parameters. In
the example, shown in Figure 2, it's possible to notice that morphology isn’t affected,;
moreover average roughness is almost unchanged and varies from 56.4 nm for the
untreated sample to 56.8 nm for the plasma treated one. This confirms that plasma is
suitable to modify surface chemistry and wettability without altering morphological
properties of the sample. This is fundamental for some demanding applications where the
thickness of the metallic deposit is low and the roughness must be strictly controlled.
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Figure 3. Reduction in light transmission for HAIBICTFE under QUVB accelerated
ageing.

Finally QUVB accelerated ageing, associated to light transmission tests, confirmed
the high weathering resistance of HI&CTFE, with a reduction in light transmittance
below 4% after 9,000 hours (Figure 3). This is essential since the application of this
material in solar concentrator films is being considered.

Characterization of Polymer-Metal Bilayer

Cross cut tests, performed on several samples showing homogeneous and continuous
copper deposits, revealed that the level of adhesion between the polymer and the metal is
excellent. After executing the procedure reported in ASTM 3359, in which six adhesion
classes (from OB to 5B) are defined depending on the amount (in %) of coating removed
during the procedure, no metal was removed; therefore the samples can be classified in
the highest adhesion class, i.e. 5B. Bending tests, done in compliance of the ISO 1519
norm, revealed that the polymer-metal bilayer is able to undergo deformation with a
radius of 1mm (the lowest value available) without cracking and delaminating.
Considering that AFM revealed no morphological modification, these results imply that
chemical modification induced by plasma is sufficient to guarantee a high level of
adhesion, between the partially fluorinated polymer and the metal, without mechanical
interlocking. Moreover, such outcomes suggest that applications where adhesion is

required to be maintained also during bending, as flexible electronics, are accessible
using this technique.
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Figure 4. SEM image of electroless copped deposited for 3 minutes on plasma treated

SEM imaging shows that the Cu layer, grown for 3 minutes by electroless, is
continuous and homogeneous with a grain size of about 80nm and thickness of about
250nm. Homogeneity in grain size and continuity of the deposit confirm that palladium
adsorption, during the activation step of electroless process, is homogeneous on the
polymeric surface (Figure 4). Consequently this is a proof that also chemical
modification obtained by plasma treatment is homogeneous on the polymer surface.
Reflectivity measurements (Figure 5) show promising results considering the application

Halar®.

of the proposed technology for the production of solar concentrator mirrors.
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Figure 5. Light reflection properties measured on the polymeric side of: bar€ Halar
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Reflectionpropertiesare improvedwhen a thicker layer of copperis used.The low
reflection properties at high photon energies (low wavelength) are tygicapper; this
limitation canbe overcomeby usinganothermetal asreflective layer. Silveris a good
candidatefor this purpose. Itshould be noted that, in the near-IR, reflection values
measured for both metallized samples exceed 100%. This is due to the higher reflectivity
of copper coated Hal@with respect to the reference material (BaSO

Conclusions

Surface energy of Hala® ECTFE samplesavas successfullyincreasedby plasma
treatmentwithout inducing morphologicalmodification of the surface. Thisallowedthe
executionof electrolesscopperdepositionon the plasmamodified surface, obtaining
good results in terms of deposit adhesion and homogeneity. The possibility of exploiting
this processto producesolar concentratormirrors is being investigated;preliminary
results show thatHala® ECTFE is suitable for this purposedue to its excellent
weatheringresistance. Moreoveteflective copperlayers were deposited.lt should be
considered that to produce samples with superior reflection perform@opger should
be replaced with a metal owning higher reflectivity.
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