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Introduction

Polymer blends are of great interest as an imnmabibn matrix for active components
coatings such as proteins e.g. in biosenddrs.water absorption of these mixtures is esseax
water in the film can influence the properties @hd performance of the active components
significantly. The goal is to describe the wates@ption of multicomponent mixtures with
suitable model. Predicting the model parametelymermixtures from measurements of
component data would greatly facilitate simulatadrwater uptake in mixtures$n this work we
present measured data for sorption equilibria aiffdsibn coefficients of watr in polyme
blends and propose models for their calculatioos fpure component data.

Experimental
Materials

The polymers polyvinylpyrrolidone (PVP) and polyylalcohol (PVA)were chosen to repres
matrix polymers of waterborne coatings. The proteavine serum albumin (BSAgerved a
model protein for the fabrication of polympretein films. For sorption and drying experime
the polymers were dissolved in water separatelythadsolutions of théwo compounds we
combined to yield the desired mass ratio of solids.

Water sorption in polymer blends

Water sorption isotherms for polymer-polymer andyp®r-protein mixtures were measu
gravimetrically. The samples were coated on alumitiaysthat were stacked in sample holc
and incubated in &emperature and humidity controlled climate chamBer automated samy
exchanger placed the samples on a balance in Tuma. masswas recorded automatical
making opening of the incubatannecessary. With this setup sorption isotherm&0o$ample
can & measured simultaneously while weighing takeseplawler controlled conditions ins
the climate chamber.

1
Unpublished. ISCST shall not be responsible falestants or opinions contained in papers or
printed in its publications.



Water diffusion kinetics in polymer blends

Diffusion kinetics of water in the film was studié&y means of drying experiments thvadre
analyzed with Inverse-Micro-Raman-Spectroscopy (8JR1]. With this measurement setup
concentrations within a film can be measured lgcalith a spatial resolution of 142m.
Quantitative analysis of Raman spectraswione by fitting the weighting coefficients ¢
superposition of the pure component spectra tortbasured spectra [2].08centrations can
obtained from themeasured Raman spectra with a calibration from tmpf knowi
composition. All drying experiments were conducte@ temperatureontrolled drying chann
with defined air flow as shown in Figure 1.
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Figure 1: Inverse-Micro-Raman-Spectrometer wittflaiv channel for investigation of film drying.

Results and discussion

The sorption isotherms of the pure polymers andpiteéein were described with the Flery
Huggins model.

n Pw
pw(T)
The concentration dependent interaction paramgtewas fitted to measured data. For poly

mixtures the amount of water in the film was cadted as a weighted sum of the mass of \
in the pure components as proposed by Iglesids [8].a
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As shown in Figure 2 the absorption behavior ofabmPVPBSA mixtures can be w«
described with this approach. This has also beewstior other polymer-protein and polymer

polymer mixtures
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Figure 2: Measured (symbols) and calculated (Jiregsption isotherms of PVP, BSA and thuirary
mixtures at 40°C.

In order to determine diffusion coefficients of emin the polymer films he drying process w
simulated implementingnass transfer in the gas phase, phase equilibrinadnddfusion in th
film. A detailed description of the equations foetsimulation can be found elsewhere h
exponential approach was used to describe the depen of the diffusion coefficient on t
water content in the film.
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The parameters, B andC were fitted to experimental data. Simulation wasealusing an in
house numerical simulation program. The impleme&@RTRAN solver isspecialized i
solving the norinear differential equations occurring in heat anass transfer problems in t

films. In polymer blends the diffusion was consgterquasbinary, i.e. diffusion of wat:
through a homogeneous polymer matrix.

On the left hand side of Figure 3 a drying expentrgf a PVPBSA blend with measured a
simulated water concentration profiles in the fisnshown.The decrease in water content
the shrinking of the film can be well describedhwihe proposed moddfor this system on
small concentration gradients were measured indgad rather high diffusion coefficierdf
water in the film even at low solvent contents.

On the right hand side of Figure 3 the curves Fa diffusion coefficients obtained thrdug
fitting to the measurements are shown. The diffusioefficients of water in PVP and BSA are
compared to the one in the mixtures. As expectecttive for the mixture lies betweeretbne
for the pure components. At low water concentrationthe film the diffusion coefficient is st

above10~12 mTZ which is rather high and supports the observdtimm the drying experiment.
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Figure 3: Diffusion kinetics in PVP-BSA blendglatC. Left: Concentration profiles of water in afRvV
BSA blend at a mass ratio polymer/protein of 2rapdrying with 0.4 m/s air velocityleasurements &
shown as symbols, lines represents simulatiRight: Diffusion coefficient of water in PVP, BSAdats
mixture with a polymetr/protein ratio of 2. The skffusion coefficient of water is shown for refere.

The results show that for the system PVP-BSA-w#terquasbinary simulation approach
valid and may be used to obtain diffusion coeffitseof water in the polymegsrotein matrix. h
the future @riving concentration dependent diffusion coeffitgeof solvents in mixtures frc
their values in the pure components would be a stext reducing the number of experiment:
the determination of diffusion coefficients in polgr blends.

With the knowledge of phase equilibrium and kinetaé water diffusion in polymeric mixtur
we are now able to predict the process of wateoratisn in these systemshib will improve
the development of matrices for protein immobiliaat
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