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2 SILATHERM®

HPF The Mineral Engineers is a division of Quarzwerke Group, which is
looking toward the future with the development of innovative and
functional high-performance fillers and additives on a mineralogical

and synthetic basis. Decades of experience in surface treatment of mineral

fillers have enabled us to supply unique system solutions.

With increasing electrification, new fields of activity are opening for
masterbatch and compound producers. Plastics with the appropriate
mechanical and physical properties and high quality requirements are
in demand.

Not only in automotive, the topic of heat generation and its effective
dissipation plays an important role. A targeted heat dissipation is
required for numerous other applications. For example, LEDs are
increasingly being used in modern lighting technology, as good heat
management is indispensable for the service life of the luminaires.

Heat-conductive plastics will therefore play an increasingly important role

in the future, as their use creates a number of considerable advantages.
Therefore the SILATHERM® product family was specially developed to
improve the thermal conductivity of plastics. At the same time, these mineral
fillers insulate against electric current and improve the mechanical proper-
ties.
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Plastic or metal?

Metals are increasingly being replaced by plastics, and not only because
of their higher economic efficiency. Plastic production also offers the
possibility of designing complex geometries and system integration.

In addition to corrosion and chemical resistance, there is also a lower
weight with partly comparable strength. In the long term, these
properties can lead to energy savings, which is ultimately better for the

environment.

Carbon Footprint

We compared a compound made with SILATHERM® with a conventional
aluminium product. The greenhouse effect is 2.8 tonnes of CO; per tonne
of compound while the comparable aluminium solution is 11 to 16 tonnes
of CO; per tonne of product*. This means that in a direct comparison,

a plastic compound with SILATHERM® performs better by a factor of 4 to 6*
in terms of climate protection and greenhouse effects.If the geometry of
the product, e.g. of a heat sink, is optimised, the factor increases to up to
8* depending on the weight reduction.

The comparison of the aluminium and plastic heat sinks with SILATHERM®
(see IR image below) shows that the choice of a thermally conductive
plastic in combination with a change in the geometry of the component

offers a technically and economically sensible alternative to metal solutions.

Details of this investigation are available upon request.
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SILATHERM®

The agony of choice

 Polymers intrinsically have a low thermal conductivity of
approx.0.2 W/mK.

e In order to increase this, thermally conductive additives must
be added to the polymer.

 Heat conduction takes place through lattice oscillations,
the so-called phonons. A phonon is the elementary excitation

(quantum) of the elastic field.

e The movement of the atoms is transmitted from neighbour to neighbour.

e The electrons are firmly bound to the atom and therefore cannot

additionally contribute to heat conduction, as is the case with electrically

conductive solids.
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Typical additives are graphite, metallic particles or ceramic materials.

When choosing the right filler, a combination of properties can be achieved
that is not present in metallic materials because they also conduct the
electric current. Depending on the filler and the quantity, the achievable
thermal conductivity often ranges between 1 and 20 W/mK

S FEHFE | conductivity & resistance

Y

mineral

Sk | magnesium oxide
S 1LE8 | aluminium oxide
KL | boron nitride
KL ER | aluminium nitride
FERE R | aluminium silicate
S LEE | zinc oxide

TRALEE | zinc sulphide

B

electrically insulative

HfthEr

other fillers

i | copper
8 | aluminium

£ | iron

S A== | graphite
electrically conductive SRR | conductive carbon black
R | silver
CNT (BRAKE)
E | silicon

SHE GG
thermal conductivity A electrical resistance
[W/mK] [Q'm]
30 10%°
30 10"
30-L; (400]) 10"
180 10"
14 10"
30 10”
27 10"
SHAE FPEE
thermal conductivity A electrical resistance
[W/mK] [Q:m]
400 1.7 x10°
235 22x10°
80 1.0x 107
150 25x10°
15 5x10°
430 16x10°
6000 10°
150 103

/\ -
HPE Minerals Ltd.



AT SHETRTFUTEE: The achievable thermal conductivity
depends on the following factors:

FRFAR RN REWAE RN

particle shape (additive) surface modification (additive)

HFEE (FF)
filling degree (additive)
MITE
processing procedure

AAERFE RN SHAE

intrinsic conductivity (additive) thermal conductivity

wall thickness

KEDH (A

grain size distribution (additive)
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Influence of the filing degree on the heat conductivity

BRSNS, ERNEMFHEOERAZE. BEENSERE In addition to thermal conductivity, fillers have a strong influence on other

n, SHELLEFMEN. B, SHREMAEMIEEE. B properties, too. With increasing filler content, the thermal conductivity

I, EFESHRENE, RAESHME. ATINIT M. VIMIMEBEFIST  increases proportionally. At the same time, the processability of the thermally

B A Z B S . conductive plastic decreases. Thus, when selecting a thermally conductive
plastic, a compromise must always be made between thermal conductivity,
processability, mechanical properties and material costs.

tbr: BSE

comparison: electrical conductivity

thermal conductivity
HREE
Q e-modulus
N
§
Qo
1 EN
* tensile strength

LB

elongation at break

SARIRN X -s.-:-:

EEE | filling degree
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Available SILATHERM® products at a glance

[l SILATHERM® SILATHERM® SILATHERM® SILATHERM® SILATHERM® SILATHERM®
product 1466 Lite Plus Ultra Next Extra
i =
|
density 36 23 4 23 4 Az
customised
[g/cm3]
RERRE =
|
medium grain size 2-15 5-6 5-73 3-20 23 EI‘E.ﬁj
customised
Dsp [um]
RREE 2 4
Mohs hardness > 65 9 ] 9 customised
RIRE
RARE REAE HE HE HE HE *eFatE
intrinsic color light grey, white white white white light to white
dark white
SHE
e [W/mK] [W/mK] [W/mK] [W/mK] [W/mK] [W/mK]
) aE
E
s Lo
mineral 14 7 30 30+ (400]) S customised
EHRIBMEIRRL
in thermoplastics <25 <15 <13 <6.2 <20 <4.0
HERE LR 230 L -0 g g 220
in thermosets : in progress : upon demand upon demand :
RSkt 3% = = = B
B 20 L . L L L
in adhesives : in progress - upon demand upon demand upon demand
Egﬁll‘iﬁkq: NlE=s M= =
[l <20 M <50 M Mg ~40

in progress

upon demand

upon demand

FrETHNERESEE. RENSAMIRBURTHEEE. T
P R E BRI IR B RIFMRNRARLE,

M.
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All listed values are indicative. The thermal conductivity of a system depends

mainly on the degree of filling, the fineness and the grain shape of the

product used. Detailed technical information is available in form of technical

application notes.
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MALIESE. EMC. CCL
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Key applications

thermally conductive epoxy resin composites

light emitting diodes, sensors

microprocessors, EMC, CCL

thermally conductive thermoplastic compounds

electrical components with high energy density
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Advantages:

e significant increase in thermal conductivity

e increased heat distortion resistance, isotropy and warpage resistance
* excellent connection to the polymer matrix

e customised product adaptations

* excellent processability despite high filling levels

e electrical insulation

* worldwide availability

* good price/performance ratio

Even better properties are achieved by surface treatment tailored to the
polymer system. With all SILATHERM® grades, the surface modification can
achieve significantly better homogenisation. This leads to better mechanics
and even higher thermal conductivities.



\
o
/

—>omZ2—<

A
0]
/

TRE R R K

Silan reaction at the surface of the mineral







