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IntroductionIntroduction
• High temperatures in electronic components 

• Heat evacuated through conduction towards radiator(s)

• Good conductivity needed all the way. Adhesive’s conductivity is critical

The aim of the THERDISS project (supported by ESA) is to conduct research in 
nanocomposites to be used to dope adhesives for space conditions. Thus, it is 
expected that the finally selected nanocomposite can multiply at least by a factor of 
3 the thermal conductivity of a standard epoxy solution.

ObjectiveObjective

mK
W21,0Kadhesive =

mK
W106Kobjective ÷=

NANOMATERIALS

ELECTRONIC COMPONENTADHESIVE

q

ELECTRONIC BOARD
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MethodologyMethodology

• MODELLING

How much nanomaterial is needed to reach Kobjective

• EXPERIMENTAL

Real mix of nanomaterials and adhesive. Measurements.

Commercial non conductive Hysol EA epoxy adhesive. K=0,2W/mk

•Commercial conductive epoxy adhesive. K=2W/mk
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1. Mesh the model with commercial software

Take into account the nano-material length

2. Export the mesh topology to an ASCII file

3. Add randomly the nanoparticles to the original mesh trough 
THERDISS in house developed software

According to the weight percentage

According to the properties of the nanomaterials

4. Establish the boundary conditions trough THERDISS

Surface temperatures

5. Solve the case with commercial software

The program calculates the heat flow q

6. Calculate the equivalent thermal conductivity by,

A
d

T
qKT

d
AKq eqeq ⋅

Δ
=→Δ⋅⋅=

Modelling. Finite Element MethodsModelling. Finite Element Methods
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MaterialsMaterials
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Finite Element ModelsFinite Element Models
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Finite Element ModelsFinite Element Models
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Results for fibrous shaped nanomaterialsResults for fibrous shaped nanomaterials
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Experimental Experimental 
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NanomaterialsNanomaterials

CNFMWNT>SWNT>Prize
≈≈≈Thermal properties

CNFMWNT <SWNT <Dispersion

2.5 wt% CNF

CNF

Simulation: Ideal conditions

mK
W106Kobjective ÷=

mK
W21,0Kadhesive = +
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Filler adition technology set up

Epoxy resin mixing casting defoaming Curing

Resin specimen

Epoxy resin DISPERSING casting defoaming Curing

NANOADHESIVE

Nanoparticles

Hardener

Hardener

Mixing
under vaccum

Three roll mill
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Work MethodologyWork Methodology

Manual Premix: CNF (2,5wt%) + Epoxy Part A

DEGBA

Dispersion device: Three roll mill

Control parameters: Gap and residence time

Degassing

Hardener Part B

Aliphatic Amine

H2N N NN NH2

NANOADHESIVE

Curing
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CNF distribution into the polymeric matrix 

NanoadhesiveNanoadhesive MorphologyMorphology
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Thermal Conductivity ResultsThermal Conductivity Results

Mechanical assembly

Guarded hot plate method Termocouple method

Results. Guarded Hot plate

mK
W21,0Kadhesive =

mK
WK venanoadhesi 5,0= ≠

mK
W106Kobjective ÷=

t
Cu 
substrates

Nanoadhesive

Conductivity
Mechanical test

Hot plate- T1

T2
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INFLUENCE OF LACK OF DISPERSION, INFLUENCE OF LACK OF DISPERSION, 
AIR PRESENCE AND NO CONTACTAIR PRESENCE AND NO CONTACT
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Influence of air presence on the thermal conductivityInfluence of air presence on the thermal conductivity
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Influence of lack of dispersion on the thermal conductivityInfluence of lack of dispersion on the thermal conductivity
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Influence of no contact on the thermal conductivityInfluence of no contact on the thermal conductivity

NO CONTACT BETWEEN THE NANOELEMENTS AND THE ELECTRONIC COMPONENT
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Influence of the no contact on the thermal conductivityInfluence of the no contact on the thermal conductivity

NO CONTACT BETWEEN THE NANOELEMENTS
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Boron nitride + fibrous nanomaterials (CNF)

EPOXY+BORON NITRIDE EPOXY+CNF + BN

Strategies to improve thermal conductivity. Synergic effectStrategies to improve thermal conductivity. Synergic effect

mK
WK nitrideBoron 600=
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ConclusionsConclusions

1. A methodology has been establish to predict K for doped adhesives and a FEM 
program has been written.

2. In the fibrous shaped nanomaterials (CNF, MWNT and SWNT), the efficiency                     
depends mainly on the orientation of the nanoparticles, as well as the thermal 
conductivity of the nanomaterials.

3. Good CNF dispersion into the polymeric matrix was achieved using the three roller mill 
device.

4. Thermal conductivity increases to 0.5 W/mk using 2.5 wt% of CNF. This result is in 
concordance with the simulation in which the main condition is that no contact between 
the nanoelements takes place.

5. Adding boron nitride the contact among conductive elements was increased (SEM 
images), therefore the thermal conductivity could be increased.

6. New and promising results are being obtained that assure succesful final for the 
project
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Thanks for your attention!


