Thermal interface materials

Application note




A broad range of dedicated solutions

Adhesive bonding and sealing of motors, power modules and more

Please visit www.polytec-pt.com to see our thermally and electrically
conductive as well as UV-curing and additional products for other electric
and hybrid vehicle parts like motors, converters, control units, housings

Responding to a strong and increasing demand

in innovative manufacturing concepts for electric
and hybrid vehicle batteries, we provide adhesives,
pottings and pastes with high thermal conductivi-
ties that are customized with regard to processing
parameters, thermal and mechanical properties, as
well as service durability.

Force-fitted and heat-conductive at the same time

In order to build a secure and durable battery sys-
tem, the assembly and integration of single hard-case
(prismatic) or pouch cells requires reliable mechanical
fixing, thermal management, and vibration damping.
Our thermally conductive, epoxy-based adhesives provi-
de structurally strong and durable joints.

Thermal connections that are easy to rework

In case thermally bonded parts must later be sepa-
rated or replaced without being damaged, we sup-

ply paste-like thermal interface materials, either curing
or non-curing. They will securely bridge any insula-
ting air gap, as long as additional mechanical fixing is
provided.

Low-density, low-abrasive, silicone-free

Our specialty is adhesives that offer more than just
bonding things together. All of our thermal interface
materials are silicone-free and mostly cure at room tem-
perature. They feature high thermal conductivities, high
dielectric strength, very low abrasion and low specific
gravity in order to reduce vehicle weight.

Thermally conductive adhesives and pottings

Our epoxies for battery mounting feature good

thermal conductivity, very good dielectric strength,
high mechanical strength, and excellent adhesion to
aluminum. They cure at room temperature or slightly

Thermally conductive pastes and gap fillers

Thermally conductive pastes are easy to apply and to
remove. They compensate for high tolerances, and they
feature a permanent thermal contact to the substrate
surface due to good intrinsic wetting properties. Part

and power electronics devices.

above and they are flexible in order to maintain a good
adhesion even under varying temperature conditions.
Please contact us for product selection and customized
versions.

Consistency flowable .... thixotropic
Curing schedule 24h@23°C...60min @80 °C
Thermal conductivity 0.8 .... 2 W/mK*

Young’s modulus 100 ... 9,000 MPa

Lap shear strength** 5 ... 15 MPa

Elongation at break up to ~20 %

*up to 3 W/mK upon request (compromising other properties)
** on untreated Al surface

of our gap fillers are curable by humidity resulting in
increased resistance against thermo-mechanical loads.
Please contact us for product selection and customized
versions.

Consistency thixotropic

Viscosity @ 40 °C 50...250Pas

Gap width 0.15...5mm

Curing schedule non-curing // curing at RT

Thermal conductivity 1.5 .... 3.0 W/mK

Specific gravity 1.8 ...2.2 g/cm?



Typical performance of thermal interface materials

Thermally conductive adhesives and pottings
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Electrically conductive adhesives are employed Electrically conducting adhesives find use

in integrated circuit packaging in order to in the following fields:

provide a permanent mechanical connection

for joining components and at the same time ® Microelectronics:

enabling electrical contact of the components. chip assembly, circuit board assembly
In many cases, adhesive bonding is therefore ® Automotive electronics:

an alternative to the usual joining techniques, providing contact between various
such as soldering or sintering. current-carrying components

® Smart Cards:
providing contact between the
chip module and the RFID antenna

What is electrical conductivity with adhesives? = Photovoltaics:
providing contact between cell connectors
Electrically conductive adhesives are characterized m Electrical engineering:
by their specific volume resistivity, which serves as shielding of electromagnetic fields
a measure of their lateral conductivity. Typically, the m Dissipation of electrostatic charge
volume resistivity of silver-filled adhesives is of the
order of magnitude of 10 Q-cm. For special applica- Advantages of the adhesive
tions, however, it can be more useful to consider the
conductivity in the z-direction. For applications with In contrast to welding or soldering, electrically con-
lower requirements for the conductivity, less expensive  ductive adhesives can bond difficult material combi-
fillers are used. nations without altering the surface or the structural
conditions.

Applications for electrically conducting adhesives
According to the properties of the product the adhe-

For many years conductive adhesives have offered sive can be applied by dispensing, jetting, silk-screen
proven methods for providing contact between com- printing or stamping. As the adhesives are cured at
ponents. Such applications can be found in both small ~ moderate temperatures or even at room temperature,
batch sizes and in mass volumes. the components are subjected to far less thermal stress

than is the case with soldering.



Electrically conductive adhesives are typically based
upon epoxy resins, which are available as two compo-
nents or pre-mixed and deep-frozen as a single-com-
ponent variant. In order to unfold their optimal conduc-
tivity, these products must be cured at a temperature
of at least 100 °C.

The following overview shows a number of innovative
products including such ones which can be cured at
room temperature and/or are characterized by excellent
flexibility, together with proven standard conductive
adhesives.

Processing Cold-curing
Components 1K 2K
Electronics - EC 244

applications
high-strength

Electronics PU 1000 -
applications
flexible

Solar industry - -

Electromagnetic - -
shielding

Variations and customer-specific developments

Are you missing a product with certain features?
Many of these adhesives are also available with
modified rheological properties or alternative cost-
effective fillers. We also develop custom-tailored
products according to your specifications. Just ask us.

Hot-curing

1K

EC 101 L frozen
EC 151 L frozen
EC 112 L frozen
EC 242 frozen

SB 1227 frozen
SB 1242 frozen

2K

EC 101
EC151L

EC 201

SB 1227
SB 1242

EC 262-2



Electrically conductive adhesives

Product code

Parameter

Method

Unit

EC 101

EC 101-L-frozen

EC 112-L-frozen

EC151L

EC 151-L-frozen

EC 201
EC 242-frozen
EC 244

PU 1000
EC 262-2

SB 1227-frozen

SB 1242-frozen

* Dynamic viscosity at 23 °C, plate-plate, gap 0.5 mm, shear rate up to 84 s, ** shear rate up to 50 s

10:1

Processing properties

Mix ratio  Specific

by weight ~ gravity

PTTM
201
glcm?
2.8
2.7
3.0
2.8

2.8

2.7
53
3.0

1.7
1.2

3.0

2.0

PTTM

202*

Pas

10

8.0

7.5

4.8

4.8

12
20
9.0

15
25

’IO**

30**

Viscosity  Pot life

@23°C

PTTM
702

48 h

48 h

48 h

48 h

48 h

5h
24 h

15 min

0.5-1h

48 h

48 h

*** Curing time depends on substrate and film thickness, **** Sheet resistance
The above listed information are typical data and do not constitute specifications.

Cure
schedule

examples

120°C, 15 min
180°C, 40's

120°C, 15 min
180°C, 40's

120 °C, 15 min
180°C, 40's

120 °C, 15 min
180°C, 40's

120 °C, 15 min
180°C, 40s

150 °C, 30 min
150 °C, 30 min
23°C, 24 h
50 °C, 60 min
23 °C, 4 h***
120°C, 4 h
150 °C, 30 min
150 °C, 2 min
180°C, 30s
150 °C, 3 min
180°C, 30's

Thermal properties

Spec.
volume
resistivity

PT TM
401
Q-cm
1-4 .10+
1-4 .10+
1-3.10
1-4 .10+

1-4 .10+

2-10*
5-10°
1-6 - 107

1-4.10*
4 Q/Sq****

4-10+

1102

Max. cont.
service
temp.

PTTM

302
°C

200

200

200

200

200

150
230
150

180

200

180

Shore Lap shear
strength strength modulus

Glass
transition hard-
temp. ness
PTTM PTTM
501 601
OC _
80 D85
80 D85
75 D82
75 D80
75 D80
<23 D55
110 D85
45 D80
<23 D32
70 D75
70 D85
55 D85

Mechanical properties

PTTM
604

MPa
(Al/Al)

8

n.a.

n.a.

n.a.

13

Tensile

PTTM

605

MPa

34

34

29

32

32

10
34
25

54

45

Young's

PTTM
605
GPa

7.0
7.0
4.7
7.0

7.0

1.0
9.0
4.2

0.2
0.6

8.6

3.4

Elon-
gation
at break

PTTM
605
%
0.5
0.5
0.7
0.5

0.5

8.0
0.4
0.7

1.2
3.0

1.6

5.1
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Thermally conductive adhesives for manual
processing from side-by-side cartridges

When used as a joining tech-
nique, thermally conductive
adhesives fasten components
to create a durable mechanical
connection, while enabeling
heat to transfer from warmer
component to the colder com-
ponent. Thus in many cases,
thermally conductive bonding,
in particular with epoxies is

an alternative to conventional
connection processes such as
soldering, welding or mechani-
cal attaching.

What is thermal conductivity?
The thermal conductivity refers to a specific rate that
describes the heat flow through a sample volume of a

material and is measured in W/mK.

Typical values are as follows:

Thermally conductive adhesives: ~ 0.5 to 5 W/mK
Plastics without additives: ~0.2t0 0.3 W/mK
Glass, ceramics: ~1to 30 W/mK
Metals, alloys: ~ 10 to 400 W/mK

What are epoxies?

Epoxy adhesives are used in a variety of industrial
applications ranging from automotive to electronics
because of their high strength and excellent thermal
and chemical resistance. They allow the connection of
almost any material combinations, even difficult ones
such as metals, plastics, glass or ceramics.

Due to their high mechanical strength, they are
suitable for a variety of different structural bonding
tasks. Epoxies are generally available as one-compo-
nent, heat-curing or two-component, room-tempera-
ture-curing variants.

The processing of two-component systems is often

a challenge in practice. On the one hand, the mixing
ratio of resin and hardener must be kept as accurate as
possible, on the other hand, both components must be
sufficiently mixed to ensure proper curing of the mate-
rial. In addition, the maximum processing time of the
mixed adhesive must be taken into account (expressed
as the pot life in the respective technical data). In auto-
mated serial processes, this is ensured by correspon-
ding mixing and metering equipment. In contrast, the
process-reliable manual dispensing of two-component
adhesives often poses a challenge.

Why side-by-side cartridges?

In order to address the inherent challenges when pro-
cessing two-component materials manually, Polytec PT
has developed a range of thermally conductive adhe-
sives that are available in side-by-side cartridges. Both
components of the adhesive are already filled in the
correct mixing ratio and can be easily dispensed by
means of a dispensing gun. Resin and hardener mix
automatically in the attached static mixer.



The perfect product
for your application

The adhesives presented here are ceramic-filled and
thus electrically insulating, two-component products
which cure at room temperature. If desired, the cure
can be accelerated by heat.

The variants differ in their thermal conductivity, tem-
perature resistance and their mechanical properties.

Matching dosing guns and mixing tubes are of course

also available.

The following table gives an overview of the different material properties

Polytec TC 406

Mechanical .

. rigid
properties
Thermal K
conductivity 22 i
Temperaturestability +
Adhesion to Al ++
Adhesion to
cataphoretic painting i
Adhesion to PA 0

Thermally conductive pastes and gapfillers for
temporary connections

In the event that thermally bonded parts must later
be separated or replaced without being damaged,
we offer pastes and gapfillers with thermal conducti-
vities of 1-3 W/mK and application-specific processing
properties.

Polytec TC 411 Polytec TC 422
flexible rigid
1.4 W/mK 0.8 W/mK
0 +
++ ++
++ ++
++ 0

Variations and customized products

You require a product with defined properties? Many
of these are also available as variants with different
flow properties, thermal conductivities or especially
for automated processing. We also develop custo-
mized products according to your specifications.
Please contact us for more information.



Thermally conductive adhesives

Parameter

Colour Mix

Mix ratio by volume

Pot life at 23°C

Shelf life at 23°C

Consistency

Specific gravity mix

Viscosity mix 84 at 23°C

Hardness (Shore D)

Max. service temperature (continuous)
Max. service temperature (short-term)
Degradation temperature

Glass transition temperature (T )
Thermal conductivity

Young’s Modulus

Tensile strength

Lap sheer strength (Al/Al)

Elongation at break

Min. curing temperature

Curing time at 23°C

Curing time at 80°C

Method
T™ 101
T™ 702
TM™ 701
T™M 101
T™M 201.2
TM 202.1
DIN EN ISO 868
T™M 302
T™M 302
T™ 302
T™ 501
T™ 502
TM 605
T™ 605
T™M 604

T™ 605

Unit

months

glcm?

Pas

°C
°C
°C
°C
W/mK
N/mm?
N/mm?
N/mm?
%

°C

min

Polytec TC 406

white
2:1
0.5
12
pasty
1.9
180
85
-55/+150
240
300
65
2.2
5000

27

24

60

Polytec TC 411

white
2:1
2
12
pasty
1.5
140
38
-55 [ +150
220
280
<20
1.4
n.d.
3
7

1

48

90

Polytec TC 422

blue
2:1
1
12
pasty
1.9
50
85
-55/+160
260
310
65
0.8
7500
44
19
1.2
15
24

60
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Epoxy resin adhesives and potting compounds
for applications in electronics, electrical

engineering, optics and medical technology

Epoxy resin adhesives and potting compounds
are widely used in many industrial applications.
Generally speaking, the materials are characte-
rized by the fact that they are internally very
rigid, adhere well to a multitude of surfaces and
are highly resistant to temperature loads and
chemical influences. The material properties
with respect to flow behavior, curing speed and
flexibility can be adjusted across a relatively
wide spectrum.

Extremely diverse usage and
processing conditions

Epoxy resin adhesives and potting compounds are
generally optimized for specific areas of use and
applications. In addition it is often required that they

can be used in a wide range of production processing.

When deciding the ideal product for a specific appli-
cation certain issues will be important to consider. The
number of components desired, curing temperature,
curing time as well as usage conditions are all part of
selecting the best product.

Applications for epoxy resin adhesives
and potting compounds

Whether products are used in electronics, electrical
engineering, optics or medical technology, epoxy
resin adhesives and potting compounds help to
permanently bond a wide range of materials and

to protect sensitive units from environmental influ-
ences.

® Microelectronics:
SMD assembly, covering units,
potting assemblies
®m Optics:
Positioning lenses and prisms, securing optical
sensors, bonding fiber-optic cables
® Medical technology:
Autoclavable, biocompatible bonding of
medical devices such as endoscopes
® Electrical engineering:
Bonding magnets, potting micro switches

Benefits of bonding

Epoxy resin adhesives enable bonding of almost any
material combination — even difficult ones such as
metals, plastics, glass or ceramic. As they have a low
viscosity, potting compounds even penetrate fine
cracks and openings and thereby protect sensitive units
against mechanical loads and the influence of most
process media such as water, oil or gases.



The following table provides an overview of the various processing and material properties.

Processing
Components

Optically transparent,
high-strength

Optically transparent, flexible

Highest temperature and
chemical resistance

Biocompatible

Biocompatible and
autoclavable

Variants and customized developments

Cold-curing

2C

EP 601

EP 610

EP 660

EP 601

Are you looking for a product with particular proper-
ties? Most of these adhesives and potting compounds
also come as thinner, thixotropic, colored or pre-
mixed and frozen variants. One of the strengths of

Hot-curing
1C 2C

EP 501 -

- EP 642

- EP 630
EP 653
EP 655-T

- EP 630
EP 653
EP 655-T

Polytec is the ability to partner with you to develop
customized products according to your specifications.
Please don’t hesitate to contact us.



Epoxy resin adhesives and potting compounds

Product code Processing properties Thermal properties Mechanical properties
Parameter Mix  Specific Viscosity Pot life Cure Max. cont.  Class transition Shore- Lap shear Tensile  Young’s Elongation
gravity @23°C schedule service temp. temp. hardness strength strength modulus at break
Method = PTTM PTTM  PTTM = PTTM PTTM PTTM PTTM  PTTM  PTTM  PTTM
207 202* 702 302 501 601 604 605 605 605
Unit by glcm®  mPas - examples °C °C - MPa MPa GPa %
weight (AI/AD)
EP 501 - 1.2 16.000 1mon 150°C, 10 min 180 80 D85 31 76 3.6 4.0
EP 601 100:35 1.2 460 4h 23°C, 16 h 200 65 D80 37 65 3.5 29
EP 601-T 100:35 1.2 3.000 4h 23°C, 16 h 200 65 D80 37 65 3.5 29
EP 610 100:50 1.1 780 6h 23°C, 24 h 150 <23 A65 12 6 0.003 60
EP 610-T 100:50 1.1 3.000 6h 23°C,24h 150 <23 A65 12 6 0.003 60
EP 630 100:10 1.1 3.000 24h  150°C, 5 min 230 90 D85 19 63 3.2 29
EP 630-LV 100:10 1.1 1.000  24h  150°C, 5 min 230 90 D85 13 63 3.4 2.9
EP 642 100:5 1.1 10.000  24h  180°C, 15 min 250 150 D85 14 51 1.6 1.9
EP 653 100:10 1.1 6.000  24h  150°C, 5min 230 80 D85 16 62 3.2 2.8
EP 653-T 100:10 1.1 23.000 24h  150°C, 5 min 230 80 D85 17 65 3.6 2.4
EP 655 100:10 1.2 5600  24h  150°C, 5 min 220 100 D80 16 55 29 2.8
EP 655-T 100:10 1.2 11.000  24h  150°C, 5 min 220 100 D80 16 55 2.9 2.8
EP 660 100:17 1.1 1.000  45min  23°C,16h 240 120 D80 19 87 3.8 5.6

* Dynamic viscosity at 23 °C, plate — plate, gap: 0.5 mm, shear velocity: 84 s-1
With the exception of EP 660, all of the two-component adhesives also come as pre-mixed, frozen variants.
The above listed information are typical data and do not constitute specifications.
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Light-curing adhesives are primarily used in
connection technology where rapid curing is
required. These one-component products cure
at room temperature within seconds after
irradiation with UV light. This allows very short
cycle times, even with large numbers of pieces.

The use of purely UV-curing adhesives requires that at
least one of the components to be joined has sufficient
UV permeability or the adhesive surface can be exposed
directly to a UV source. For components that have sha-
dow zones and therefore cannot be exposed complete-
ly, dual-curing adhesives are suitable, which, in addition
to curing with light, have a second curing mechanism.
Here, thermal, anaerobic or humidity post-crosslinking
systems are available.

Different applications and processing conditions

UV-curing adhesives are generally optimized for specific
applications and operational conditions. Therefore, a
wide range of viscosities (from low viscosity, capillating
to non-sag and gap-filling) and mechanical properties
(soft, flexible to high strength) are available. Depending
on the properties of the product, the application can be
carried out through dispensing or jetting.

Applications for UV and light-curing adhesives

UV and light-curing adhesives are used, for example,
in the following areas:

® Loudspeaker assembly:
bonding of membrane and coils
®  Electronics: dam & fill for encapsulation and
protection of sensitive components
m  Electrical engineering:
embedding of passive components
= Displays:
optical bonding, mounting of cover plates
= Automotive:
active alignment of camera modules (CCM)
®  Optics: bonding of field and ancillary lenses,
fiber optic couplers
® Watch industry: bonding of watch glasses in metal
and plastic housings

Advantages of adhesives

UV-curing bonding as an alternative to conventional
joining technology allows for the joining of any — even
difficult — material combinations, such as plastic-metal or
metal-glass connections. Since the adhesives are cured
at room temperature, there is virtually no thermal stress
during curing.



The following table provides a partial overview of various product and material properties:

Curing mechanism Pure UV-curing Dual-curing
Chemical base Acrylate & hybrids Epoxy Acrylate & hybrids Epoxy
High-strength uv 2101 uv 2237 UV 2137 DC UV 2249 DC
UV 2108 UV 2157 DC UV 2214 DC
UV 2133 UV 2322 DC
UV 2195 UV 2341 DC
UV 2144
Flexible uv 2181 ME - - UV 2257 DC
UV 2121
Biocompatible UV 2108 — _ -
UV 2181 ME

Variations and customer-specific developments

Are you unable to find a product with certain characte-
ristics? Many of these adhesives are also available as a
lower viscosity or thixotropic variant. We also develop
customer-specific products according to your specifi-
cations. Please contact us.

UV light sources

Polytec PT UV adhesives can be cured with gas dischar-
ge lamps or UV LEDs. We are happy to offer you suitable
UV LED light sources, from battery-powered portable
lights for laboratories and small series to systems capab-
le of being integrated into production lines.
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UV- and dual-curing adhesives

Description Processing properties

Parameter Chemical Color  Density Viscosity Max. Hard-
basis approx. temperature  ness
Unit glcm®  mPas °C Shore
uv 2101 Acrylate hybrid Transparent 1,1 900 120 D67
UV 2108 Acrylate Transparent 1,1 200* 80 D70
uv 2121 Acrylate Red 1,1 4800 n.b. A20
UV 2133 Methacrylate- Grey 1,8 35000** 160 D80
hybrid
UV 2137 DC  \ethacrylate/ Transparent 1,1 850 120 D80
acrylat
UV 2144 Epoxy/ Transparent 1,1 15000 150 D83
acrylate hybrid
UV 2157 DC  Acrylate hybrid ~ Opaque 1,1 650 120 D68
UV 2181 ME Acrylate  Transparent 1,1 4500 80 A70
UV 2195 Acrylate hybrid Transparent 1,1 7500%** 120 D75
uv 2237 Epoxy Transparent 1,1 1200 150 D80
UV 2249 DC Epoxy Yellowish, 1,1 1500%** 150 D81
opaque
UV 2257 DC Epoxy Slightly 1 300 130 D73
opaque
UV 2322 DC Acrylate/ Opagque 1,1 9000 150 D65
PU-hybrid
UV 2341 DC Acrylate/ Opaque 1,1 800 150 D62
PU-hybrid

Shear rate: 10s™ / 60s™ / 100s™** / 4005 ™***

E

s - (1 =

g Polytec PT GmbH Polytec France S.A.S.

= Polymere Technologien Technosud I Pte. Ltd.
g (Germany) Batiment A

.s_g Ettlinger Strale 30 99, Rue Pierre Semard

S 76307 Karlsbad 92320 Chatillon

'; Tel. +49 7243 604-4000 Tel. +33 1 496569-00

% Fax +49 7243 604-4200 info@polytec.fr

Q info@polytec-pt.de

«&: Polytec PT

Typical applications/comments

Ideal for glass-glass, glass-metal bonding, yellowing resistance,
refractive index 1.50

Very good adhesion to many plastics, biocompatible,
fluorescent, refractive index 1.44

Highly flexible, suitable for applications such as loudspeaker
bonding (membrane-chassis)

Highly-filled, paste-like, high TG (>100 °C), very good chemical
and moisture resistance, thermal conductivity 0.6 W/mK

Ideal for sealing and protecting, dual-curing
(thermal curing from 90 °C)

Very high TG (167 °C), surface-dry,
low water absorption

High-strength for glass-glass, glass-metal bonding, dual-curing
(thermal post-curing from 90 °C)

Flexible, above all for plastic bonds, biocompatible,
refractive index 1.51

Universal product for glass, metal and plastic bonds,
surface-dry, refractive index 1.50

Self-leveling, surface-dry, cures itself with incomplete exposure

Thixotropic gel-like, surface-dry, low outgassing,
thermal post-curing possible

Flexible, surface-dry, very good adhesion to plastics,
thermal post-curing from 120 °C

Dual-curing (humidity post-crosslinking), good adhesion to
glass, metals and plastics, thixotropic

Dual-curing (humidity post-crosslinking), good adhesion to
glass, metal and plastics, low viscosity

Polytec South-East Asia

Blk 4010 Ang Mo Kio Ave 10
#06-06 TechPlace |
Singapore 569626

Tel. +65 64510886
info@polytec-sea.com

www.polytec-pt.com
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