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Abstract

The preparation and thermal properties of polypropylene foils, filled with ceramic microparticles,
talc or boron nitride, are described. A slow, linear increase of thermal conductivity with volume
percent of filler up to 30 vol % is detected. Reduction of the foil thickness bellow 200 micrometers
leads to a significant increase of thermal conductivity. Specific thermal capacities of foils are

temperature dependent, they decrease with filler incorporation.
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1. Introduction

Composites, based on polymer foils containing dispersed ceramic particles are promising materials
with desired thermal properties depending on filler amount and microstructure [1-8]. Despite of
the large number of investigations and physical models, giving the dependence of thermal
properties on filler amount, some aspects of the preparation — properties relationship of such
composites remain unexplained. The composites, described here are polypropylene (PP) foils

doped with ceramic nano or micro-particles. As ceramic microparticles talc (T) or boron nitride
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(BN) are used Their potential application is in the field of novel materials systems for heat storage

in Stirling engine foil regenerators operating at relatively low temperatures [9].

2. Experimental conditions

A commercial metallocene isotactic polypropylene HM562P (PP), product of Basell-Polyolefins,
was applied. The molecular characteristics of the used polymer matrix are: melt flow rate MF r =

15.1 g/10min, molecular weight My, = 268680, molecular weight distribution MWD = 2.60.

Commercial grade talc was obtained from the local mark and as filler is a very promising material
because of its low price. Talc is an organophilic, water repellent and chemically inert mineral. It is
characterized as a hydrated magnesium sheet silicate with the formula Mgz Si4010 (OH).. Using
the same experimental setup, PP foils containing standard hexagonal BN micropowders are

produced for comparison.

Maleic anhydride grafted polypropylene Licomont AR 504 (product of Clariant GmbH, Germany)
were used to compact the PP composites in concentrations of 5 wt. % in order to achieve a better
filler dispersion and improvement of interface between filler and PP matrix. PP-MAH has a density
of 0.89-0.93 gm/cm?, a melting point of 161°C and molecular weight My, of about 35000. Prior the
processing, the materials were dried in a vacuum oven at 90°C for 6h obtaining a moisture level
below 0.2 wt % in order to avoid bubble formation and polymer degradation during processing.
The PP / talc composites were prepared by melt compounding using a co-rotating twin-screw
extruder Brabender DSE 35/17D (screw diameter of 35 mm and a length to diameter ratio of 17:1.
A temperature profile of 160-180-200-210°C from hopper to die was imposed. The PP composites
at different filler concentration (10, 20 and 30 wt. %) were extruded at screw rotation speed of 30
rpm. After removal from the extruder (2-mm capillary die), the extrudates were immediately cooled
in water bath and then pelletized. Films with thickness of about 160-200 um were prepared by film
extrusion of different PP / talc composites by means of extrusion line presented in [2-5]. PP/talc
composite pellets were used as feed. Prior processing, the composites were dried in a vacuum oven
at 90°C for 6h. The film extrusion was performed with the twin-screw extruder with rectangular
die having dimension of 1x30 mm. The temperature profile in the extruder was from hopper to die
160-180-200-210°C. The screw speeds and take-up device rates were set in dependence on the

viscosities of different PP / talc composites. For each film, the draw ratio, DR (the ratio between
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draw rate and extrusion rate), was calculated knowing the geometry of the sheet dye and measuring

either the densities of the materials either their mass rates at the exit of the extruder.

The minimum thickness of produced PP/talc foils was of about 220 micrometers due to limitation
of draw rate of take-up device. Therefore, following the microfibrillar reinforced composite
concept the thickness of PP / talc foils was reduced from 220 mm to 160 mm. The preparation
includes cold drawing of the foils with good orientation of PP phase (microfibrillization step),

schematically presented on the figure:

U, 5 PP/Talc foil
160 Lm U,:U;=3:1 @ 250um
stretching rolls tempered

stretching rolls

Figure 1. Schematic of the drawing line for stretching of PP / talc foils

The thermal conductivity of all foils prepared was measured using a C-THERM TCI — thermal
conductivity analyser. Specific heats of the samples was obtained using a Perkin Elmer DSC7

calorimeter [9]. The density of the foils is 0.95 £0.1 g/cm?, obtained using densimetrical analysis.
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3. Experimental data and discussion

In Table 1 are shown the thermal properties of thin polypropylene layers, doped with 30 vol % talc.
Samples 1. (PP_30 non filled a)and 5. ( PP _non_filled e) are non-filled.

Ne Sample name A Cp d
W /m-K J/kg-K um

1. PP 30 non filled a 0.46 +0.19 1840 250
2. PP non filled b 0.4 £0.07 1890 200
3. PP 30wt % c 0.55+0.03 1840 220
4. PP 30 wt% d 0.57 £0.01 1840 180
5. PP non filled e 0.38 £0.01 1890 160
6. PP~30 wt % f 0.51 £0.02 1840 170

Table 1. Thermal conductivity, specific heat capacity and thickness of polypropylene (PP) foils
doped with talc. Specific heats are obtained by independent DSC measurements. The error of foil

thickness is about 5%.
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Figure 2. Thermal conductivity of propylene (PP) foil composites. A comparison between thermal

conductivity of polypropylene, containing 30 wt% talc (T) and polypropylene filled with boron
nitride (BN) is presented. The foil thickness is given.

Reduction of thickness leads to improvement of A, according to our results The composites show
lower thermal conductive properties than expected, despite high concentration of ceramic particles.
A possible explanation could be a sheet agglomeration of filler microparticles with a large distance
between sheets. Thin film reduction leads to contacts between them in the foils. In this way, thermal

conductivity is significantly increased both for talc and boron nitride fillers.
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b

Figure 2. Pictures of thin films containing a) boron nitride (BN) or b) talc (T). Foils with different
thickness are presented. Talk (T) doped films are transparent. Non filled foils (PP) also are shown.
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Specific thermal capacities of the produced materials are given bellow. Two trends are visible: 1)
thermal capacity is temperature dependent and ii) the introduction of fillers decreases the thermal
capacity of the initial polymer foils. Specific heat capacities, density and film thickness of the

prepared materials are in agreements with recent studies [1-3, 9].

Co Co
PP:BN RT~30°C 50°C
[J/gK] [1/gK]
PP 1.89 2.040
PP: 5 vol %BN 1.85 1.980
PP:10 vol %BN 2.02 2.120

Table 2. Specific heat capacity of doped films, PP:BN

Co Co
PP:T RT~30°C 50°C
[1/gK] [1/gK]
PP: 10 %T 1.84 1.96
PP:30%T 1.72 1.84

Table 3. Specific heat capacity of doped films, PP: T



http://dx.doi.org/10.20944/preprints201901.0226.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2019 d0i:10.20944/preprints201901.0226.v1

4. Conclusions
The foil composites produced in this study display lower thermal conductive properties than
expected probably because of a sheet agglomeration of the filler particles. The thermal conductivity
increases linear with the volume percent of the filler. The reduction of foil thickness bellow 200
micrometers leads to a significant increase of thermal conductivity. Specific thermal capacities of
the produced composites are strongly temperature dependent, they decrease with increasing the

volume percent of the filler.
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