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Some Polymer Surface %i'TE
S Modification Methods !

Coating of Pre-patterned Surfaces
Plasma Treatment,
Surface Grafting,

Film deposition under vacuum, etc.

Most of these methods are comparatively
expensive and difficult to apply on a large
scale.




| Polymer blending: A potential %
cheap surface modification method

A polymeric component is blended with another
cheap polymer by using solvent cast method to
modify surface roughness. Possible processes are:
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nolymer-homopolymer blending
nolymer-Statistical Copolymer blending

nolymer-Block Copolymer blending

Statistical Copolymer- Statistical Copolymer
blending
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Polymer Blending Process GYTE
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When a low surface tension polymer is added to
another polymer, it is expected that the first one will
migrate to the air/coating interface during the film
formation by a phase separation process and will
change the surface roughness and free energy
characteristics of the latter cheap polymer.

Polymer mixtures demix during the rapid solvent
evaporation process due to intrinsic immiscibility of
polymer macromolecules within the blend.




= Surface free energy of involved polymers
= Miscibility of involved polymers

= Viscosity of involved polymers at the process
temperature

= Solubility of each polymer within the chosen

common solvent
= Molecular weight (or chain length) of the polymers

= Solvent evaporation rate and its effect on polymer
film forming properties

= Film thickness (the domination of bulk properties
or substrate effects)




Non-Equilibrium %“TE
NwmeloZ  Conditions Dominates -

When an industrial volatile solvent is used to cast the blend
films, the surface is not in thermodynamical equilibrium since
the solvent evaporates relatively quickly and the polymer chains
are mostly immobilized within the film before attainment of a
thermodynamically favorable state.
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@ Definition of Spreading GVTE
MBI Coefficient (S) for Liquids =S

The conditions of wettability for
immiscible liquids is dictated by
the spreading coefficient, S:

Oil spreads spontaneously on the water when S > 0, and it
forms a lens when S < 0. Spreading occurs when a liquid of
low surface tension is placed on one of high surface
tension.




| Use of Spreading Coefficient (S) %WE
E24  Concept for Polymer Blending =

Polymer-1 spreads spontaneously on Polymer-2 when
S >0, and it forms a lens when S < 0. Spreading
occurs when a polymer of low surface tension
(Polymer-1) is placed on one of high surface tension
(Polymer-2), with large surface tension differences.




A numerical example
(UEY) r S application:

For PS-PMMA blends where PS solution was spin
coated on a PMMA layer where “Polymer-2” is PMMA
with y,= 41.2 mJ/m?, “Polymer-1" is PS with y, = 40.2
and their interfacial tension is y,, =3.3. Thus, S= - 2.3

mJ/m? was calculated and PS protrusions were seen to
form on the PMMA layer.




PS/PMMA (50:50) 2 wt. % spin coated on Si-wafer from
different solvents.
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Polymer Concentration Effect %ﬂg
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PS/PMMA (50:50) spin coated on Si-wafer from etyhylbenzene

solution at different polymer concentrations.

m; 0.5 wt. %




m Recent Research in GYTE on  ‘GVTE
2L Polymer Blends

= Surface roughness control by applying phase
separation method to medium surface energy
polymers for foul-release:

Blends of hydrophobic polyolefin copolymer
coatings were prepared.

= Surface energy minimization by using low
surface energy copolymers for foul-release:

Fluorocarbon-acrylate copolymer coatings
which can adhere to the polyepoxide primer
layer were prepared.
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m These crystalline and hydrophobic polymers
are cheap and commercially available

m The surface topology and crystallinity
percentage can be controlled by selecting
suitable solvent + poor solvent mixture and also
by controlling the temperature in the phase-
separation process

m The surface topography can be further
modified by mixing with other suitable
polymers.
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[Ethylene Vinyl Acetate co

aMBI0Z Copolymer (EVA-12) ] =

SEM Images Confocal Images AFM Images

IN SEA
WATER

(strong
moisture

expansion) |’z ! Phasptrake 25

ar: dr = 0.00 nm & = 0.00 pm dy = 0.00 um




Blend of Polymers
[COC (50 %) + PP (50 %)

SEM Images Confocal Microscopy Images
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[COC (50 %) + HDPE (50 %)] ‘GYTE
Blend

Confocal Microscopy Images
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Polyolefin Blends Roughness Control

(Protrusion Size Decrease)

[COC (50 %) +HDPE (50 %)] [COC (50 %) +PP (50 %)]

o




L) Polarity Effects: Blend of %gl-g
[PP (50 %) + EVA-12 (50 %0)]
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Foul Release results of VT
& _ | _ GYTE
Ulva Linza for a thick polyolefin
blend coating
(University of Birmingham)

Chemistry Standardised to
T2 (%)

T2 Silastic 100

GYTE 22a 347.21




CONCLUSIONS:

= Polymer blends can be used to produce large area
micropatterned surfaces and can be applied as foul
release coatings.

= Surface and interfacial tension forces of polymers
play a dominant role rather than entropic forces to

obtain phase-separated surfaces.

= Solvent selection and application temperature is
Important to control the surface roughness.

= Biological evaluation of polyolefin coatings with
controlled roughness seems promising for freshwater
applications. (Poor resistance to barnacles).




