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SUMMARY
1. Presentation of CERTES laboratory

2. Composite materials : polymer matrix / conducting particles
- PP/Cu
- PP/ Al
- PVC / Carbon Nanotubes

3. Composite materials : polymer matrix / insulating/ coated particles
- EVA / glass particles
- EVA /silver coated glass particles
- HDPE / silver coated PA particles

4. Composite materials : polymer matrix/ brass spheres
- Numerical study (calculation of the effective conductivity)
- Thermal conductivity measurements
- Vadlidation (analytical models and Exp. Measurements)

5. Conclusion
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O Characterization of the thermal properties of composite materials

- macroscopic scale
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2. Composite materials : polymer matrix / conducting particles
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- PVC / Carbon Nanotubes
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Collab. Lab Rhéologie des Matieres Plastiques, StEtienne

Electrical percolation point |Og(0' A / O'm) = B(]__ e‘“(”) n

The inflexion point ¢ is identified to the percolation concentration g by: ¢ =¢ = log(r)
a
= PP/Cu (23 um)
e PP/CU (230 um) % ¢ T
230 pnp

10 20 30 40

Cu volume fraction (%)
Fig. 1: SEM micrograph for 30% of Cu Fig. 2: Electrical conductivity of PP/Cu composites
(230um)volume fraction in Polypropylene matrix versus fillers volume fraction
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Non linear raise in the composite thermal conductivity and diffusivity

Kep = 0.23 W.m1.K-1 ap = 1.67 x 107 m2.st
Koy =389 W.mt.K- ac, = 1.14 X 104 m?.s?t
25 *l; PP/C'U o : ' : : : _ 12 4 7.; PP/CL"'(ZSum) ' ' ; : : i
: —®—PP/Cu.. | Bl dmti s S RV

0.0 g | v T v T v 7 0 v T Y T v T v T

9 o ¢,, &WCu () 30 A 0 10 ¢, deTu(®%) 30 40
Fig. 3: Thermal conductivity of Fig. 4: Thermal diffusivity of PP/Cu
PP/Cu composites versus fillers composites versus fillers volume

volume fraction, measured at 25 °C fraction, measured at 25 °C
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= Oxidized Aluminum filler particles
= Electrical / insulator composites, but increase of K
= Opposite effect : thermal conduction is better by increasing the filler size

- J . [ y J ' I ;. I ;
i —eo— PP/A e /Q_
S5O PP/AI(MMm) //

{ -—m— PP/Cu !

(23 pm)

-4+ PP/CU

(230 um)

. .
D encBam® 0 0

Fig. 5 : Comparison: PP/Cu and PP/Al - Oxidation Effect
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Heat conductivity of Composite PVC / Multi walled Carbon Nanotubes :
Collab. Institute of Macromolecular Chemistry, Kiev

1. The thermal conductivity decrease for ¢ < ¢,
2. Minimumfor ¢ = ¢,
3. Linearincrease for ¢ > ¢.: The composite remains thermally insulator

0.165

0.160-

0.1557
=
\ = 0.1501
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0.145- RS (¢<0.05 %),
A 3 0.140 T :' : T b T T T T T T T
r" e AN 0.0 0.2 0.4 0.6 08 1.0
; g : ¢, €nCNT (%)
Fig. 6: Transmission electron microscopic Fig. 7: Thermal conductivity of composites as a
image of multi-walled carbon nanotubes. function of CNT volume concentration.

Journée SFT 25 Septembre 2009 M.KARKRI 10



umvsnsn’ = - S - ey .
paris xuf ~ Numerical and experimental study of the thermophysical

F
C
VAL d eI O i
B Energétigue et systémes e ———
M ARNTENCERTES —

propertiesof composite materials —

SUMMARY

1... Presentation of the laboratory

2., Composite materials : polymer matrix / conducting particles
- PP/Cu
-+ PP/ Al
- PVC./ Carbon Nanotubes

3. Composite materials : polymer matrix / insulating/ coated particles
- EVA / glass particles
- EVA /silver coated glass particles
- HDPE / silver coated PA particles

4..  Composite materials : polymer matrix/ brass spheres
-~ Numerical study (calculation of the effective conductivity)
-- - Thermal conductivity measurements
-+ Validation (analytical models and Exp. Measurements)

5. Conclusion
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Fig. 8: EVA + Si0./Ag 47ym Fig. 9: Electrical conductivity versus fillers
P, = 17%) volume fraction

Journée SFT 25 Septembre 2009 M.KARKRI 12




UNIVERSITE ||
PARIS XII

Centre d'Etudes
V AL d € § .o recherche en Thermique
Energétique et Systémes
M A RNE CERTES

Fig.10: Thermal conductivity of EVA/ glass particles Composite : Silver shell eff

particles

~3. Composite material : polymer matrix / insulating/-coated
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Composite HDPE/ silver cocﬂed PA parhcles
Collab. Polymer Institute, Bratislava

= Most of particles are well covered by silver; however some particles are insufficiently
covered by silver.

= The silver shell The thickness was estimated from SEM measurements as lower than 1 um.

PA core

f
Fig. 11: SEM mlcrographs of Ag coated Fig. 12 : The model geometry of the
PA particles (good coating) coated particle.
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Fig. 13 : Electrical conductivity versus fillers Fig. 14 : Thermal conductivity versus fillers
volume fraction volume fraction
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3. Composite material : polymer matrix / insulating/ metalized particles
- EVA '/ glass particles
- EVA /silver coated particles
-+ HDPE / silver coated PA
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Collab. B. Garnier, LTN
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Comsol
Hexagonal Compact (HC),

Simple Cubic (SC), ‘ We consider four unit cell

Body-Center Cubic (BCC), corresponding to the basic
Face-Center Cubic (FCC), arrangements

omposite
Brass spheres
+ Epoxy
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Figure 17 : Evolution of the ETC versus C et B, CS
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Numerical study : Face-Center Cubic (FCC), arrangement

dY dX === The Thermal Effective Conductivity
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Fig. 20 : Effect of the D parameter on the ETC
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Fig. 21 : Effect of the thermal contact resistance on the ETC (FCC)
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Experimental study : SC, HC, FCC arrangement

Conditioning
modules

Trear I

Second metallic plate

Sample

)

First metallic plate

Tront

W

1
-1
-
an
'
l.
i
%
"
-
‘1
1

g

Microcomputer with

Multifunction Analog/Digital s

1/0 card cooler
Power amplifier
Turbomolecular
pump /'
Rough 6.35 mm
pump : g . =
Model E
ex

Sample (a) 4.93

Sample (b) .85

Sample (c) 9.66 Fig. 23 : Sample (a) and (b), resin +brass spheres of
diameter 6.35 mm (a) and 3.18 mm (b)
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Experimental and Numerical results
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Table 1 : The measured parameters

Model a @ B Ea E. (E..-E.)/E.
ex (%)
(%)
(107m3s°7)
SC : Sample (q) 4.21 +0.21 /49\ 0.031 I 493 | 4.96 / 0.6\
2.93+0.12 55 || 0.022|| 585 | 6.04 3.14
HC: Sample (b)
FCC: Sample (c) | 11.97 +0.66 \57 / ; 9.66 | 9.52 \ 1.52 /
S

The control of @, may be very important to control the composite effective

thermal conductivity
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1. . Presentation of the CERTES Laboratory

2. Composite material : polymer matrix / conducting particles
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- PP/ Al
-+ 'PVC / Carbon Nanotubes

3. Composite material : polymer matrix / insulating/ metalized particles

- EVA / glass particles
- EVA /silver coated particles
-+ HDPE / silver coated PA

4. Composite material : polymer matrix/ brass spheres
- 'Numerical Study : Calculation of the ETC
- Experimental Study : Thermal conductivity measurements
- . Vdlidation (analytical models and Exp. Measurements)
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Effet de la taille et de la forme des charges

* A ¢ constant, k et a augmentent

E Diminution tres importante du seuil de percolation électrique pour des
nanotubes sans augmentation de la conductivité thermique
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Effet de la surface des charges
e Charges métalliques oxydées (PP/Aluv):

augmentation de la conductivité thermique
matériau isolant électrique

E Charges isolantes métallisées :

augmentation importante des conductivités thermique et
électrique

intérét : diminution de la quantité de métal au seuil de
percolation donc une réduction de la masse volumique

Etude Numérique (composites conducteurs )

au-delda de D =107 la CTE augment trés peu.

Influence des parameétres prépondérants (B et C)

alternative aux systemes énergivores
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