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SUMMARY

The SILATHERM® product series was developed to significantly increase the thermal conductivity of
thermoplastics such as polyamides. The degree of filling plays a decisive role in achieving high thermal
conductivities. The higher the degree of filling, the higher the thermal conductivity. In order to achieve
a clearly visible increase in the thermal conductivity of the polymer, we recommend a filler content of
at least about 50 wt.-% (approximately 25 vol.-%). In the present study, a filling degree of 65 wt.-%
(approx. 36 vol.-%) is used in most cases. To achieve a thermal conductivity of > 2W/m*K, a filler con-
tent of 70 wt.-% or more is usually required, depending on the polymer and filler. However, this high
degree of filling has no influence on the electrical insulation, which will still be present.

These high degrees of filling have a very strong influence on other properties - e.g. the colour or the
mechanical properties. The products of the SILATHERM® series offer you a multitude of possibilities to
counteract these influences.

We offer the SILATHERM® in 7 basic variants:

(1) SILATHERM® 1466
(2) SILATHERM® Advance
(3) SILATHERM® Lite
(4) SILATHERM® Plus
(5) SILATHERM® Ultra
(6) SILATHERM® Extra
(7) SILATHERM® Next

m SILATHERM® 1466-600 AST 6,2
® SILATHERM® Advance 1438-800 AST
SILATHERM® Lite 1468-400 AST
B SILATHERM® PLUS 1432-400 AST
B SILATHERM® Ultra 20
B SILATHERM® Extra 1489-731 AST/4
B SILATHERM® Next 1495-800 AST/4

thermal conductivity in W/mK

Z-direction X-direction

Fig. 1: Thermal conductivities of the different functional fillers at a filling level of approx. 36 vol.-% in PA6

016.2_SILATHERM for thermoplastics compounds_EN_01.21 2/17



Hidden inside — Performance outside!

7N -
HPE The Mineral Engineers

A DIVISION OF QUARZWERKE GROUP

INTRODUCTION

HPF The Mineral Engineers, the High Performance Fillers Division of the Quarzwerke Group, has been
developing functional fillers based on naturally occurring minerals for many years. In the field of ther-
moplastics, our products give polymers partly outstanding properties in terms of mechanical strength
and thermal properties (HDT, shrinkage).

Recently, however, new requirements have been added to these classic ones. In particular, the use of
electrical components with high energetic density (processors, light emitting diodes, electric motors,
etc.) requires efficient dissipation of the heat generated while maintaining the electrical insulation per-
formance of the plastic materials used.

The use of thermally conductive plastics creates a number of essential advantages. In addition to the
advantages of lightweight construction, the use of plastics offers the possibility of producing complex
geometries quickly and cost-effectively using injection moulding.

When high thermal conductivity is required in plastic moulding compounds, the use of metallic fibres
or powders is widespread. However, the disadvantage of the loss of electrical insulation must be taken
into account. Mineral fillers are insulators by nature and thus meet the requirement for insulation
against electrical current.

The high thermal conductivity of the minerals cannot normally be maintained in the compound. Thanks
to our many years of experience in the processing and refinement of mineral fillers, we have succeeded
in developing novel fillers that generate a significant increase in thermal conductivity in plastics.

SILATHERM® is a group of functional mineral fillers specially developed to improve the thermal con-
ductivity of plastics. Depending on the requirements and application, the basic material can be selected
so that different SILATHERM® variants can be offered depending on customer requests and specific
customer requirements.

This technical information covers the products of the SILATHERM® 1466 series, the SILATHERM® Ad-
vance, the SILATHERM® Lite and the newly developed products the SILATHERM® Ultra, the
SILATHERM® Extra and the SILATHERM® Next.

The SILATHERM® series can be produced in various finenesses. The grain size influences not only the
thermal conductivity, but also the mechanical properties.

Many vyears of experience with silanised products have shown that additional silanisation of
SILATHERM® enables better homogenisation in the polymer matrix, which brings further advantages,
including improved mechanical properties of the compound.

This technical information presents the results of the SILATHERM® series in the polymers PA 6, PP and
PBT.
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HPF-FILLERS TESTED

The products of the SILATHERM® series are particularly suitable for increasing thermal conductivity.
The products provide very good mechanical properties due to a coating adapted to the customer's
system.

SILATHERM® 1466

SILATHERM® 1466-100 AST SILATHERM® 1466-600 AST
SILATHERM® 1466-400 AST SILATHERM® 1466-800 AST

The SILATHERM® 1466 series are functional fillers based on a natural aluminosilicate and can be pro-
duced in various fineness’s and with coatings specially tailored to the various customer systems..

e density of 3.6 g/cm?3

e hardness of 5 (Mohs)

e chemically inert

e temperature-resistant

e blocky-needled particles

e thermal conductivity: 14 W/mK

SILATHERM® Advance

SILATHERM® Advance 1438-800 AST

The SILATHERM® Advance 1438-800 AST is a functional filler based on zinc oxide and can also be pro-
duced with different surface coatings.

e density of 5.6 g/cm?

e hardness of 4 (Mohs)

e chemically inert

e temperature-resistant

e high degree of whiteness

e thermal conductivity: 30 W/mK
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HPF-FILLERS TESTED

SILATHERM?® Lite
SILATHERM® Lite 1468-300 AST
SILATHERM® Lite 1468-400 AST

The SILATHERM® Lite 1468 series is the designation for surface-treated, mineral fillers with particularly
low density.

e density of 2.35 g/cm?

e hardness of 6.5 (Mohs)

e chemically inert

e temperature-resistant

e very high degree of whiteness
e thermal conductivity: 7 W/mK

SILATHERM® Ultra

SILATHERM® Ultra 1483-20
SILATHERM® Ultra 1483-3
The SILATHERM® Ultra 1483 series are functional fillers based on boron nitride. These have a signifi-

cantly higher thermal conductivity than the mineral fillers and at the same time still have an electri-
cally insulating effect. A surface coating cannot yet be offered for this product series.

e density of 2.27 g/cm?
e hardness of 1 (Mohs)
e thermal conductivity: 30 L; (400 || ) W/mK
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HPF-FILLERS TESTED

SILATHERM® Extra

SILATHERM® Extra 1489 SILATHERM® Extra 1494

The SILATHERM® Extra series was developed to meet the specific requirements of individual custom-
ers. With this series, high thermal conductivities can be achieved with good processability and good
mechanical properties.

SILATHERM® Next

SILATHERM® Next 1495-800 AST/4

The product SILATHERM® Next 1495-800 AST/4 is a functional filler based on aluminium oxide. This
aluminium oxide was specially developed for use as a thermally conductive functional filler in thermo-
plastics. The grain size of the product has been adjusted to ensure good workability with low abrasion.

e density of 4.0 g/cm?

e hardness of 9 (Mohs)

e high chemical resistance

e adjusted grain size distribution
e thermal conductivity: 30 W/mK
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Table 1: Properties of the investigated functional fillers

Product

SILATHERM® 1466-100 AST

SILATHERM® 1466-400 AST
SILATHERM® 1466-600 AST

SILATHERM® 1466-800 AST

SILATHERM® Advance 1438-800
AST

SILATHERM® Lite 1468-300 AST
SILATHERM® Ultra 20

SILATHERM® Extra 1489-911 AST/4
SILATHERM® Extra 1489-821 AST/4
SILATHERM® Extra 1489-821 AST/4
SILATHERM® Extra 1494-911 AST/4
SILATHERM® Extra 1494-821 AST/4
SILATHERM® Next 1495-800 AST/4

Polymer used

PA 6 and PBT
PA 6, PBT and PP
PA 6, PBT and PP
PA 6and PBT

PA 6 and PBT

PA G
PA 6
PA G
PA 6
PAG
PA 6
PA G
PA 6

D10 ds0 D90 p BET
[um] [um] [um]  [g/em’]  [m?/g]
1 9 33 3.65 2
1 5 12 3.65 3
1 3 9 3.65 5
1 2 6 3.65 6
0.2 15 5 5.6 4.5
15 6 19 2.35 3
6 20 62 2.27 3
1 4 17 * 5
1 7 20 * 5
15 10 24 * 5
1 4 17 * 1.5
1 7 22 * 2

0.3 2.5 6 4.0 15

d10: lower grain size (10 % pass), d50: avérage grain diameter (750 % pass) 7
d90: upper grain size (90 % pass); p: specific gravity; BET: BET surface; *: Values on request
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RESULTS & DISCUSSION

In the following, the results of the different experiments are presented.

Results in PA 6

The results presented here show the influence of different parameters on thermal conductivity and
mechanical properties in PA 6 using selected functional fillers as examples.

Due to the large number of experiments in PA 6, not all available data can be listed here. You will find
them in the appendix to this technical information.

B SILATHERM® 1466-400 AST Filling degree: 65 wt.-% 2,205
B SILATHERM® 1466-400 AST Filling degree: 70 wt.-%

B SILATHERM® 1466-400 AST Filling degree: 75 wt.-%

1,421

Thermal conductivity in W/mK

Z-Direction X-Direction

Fig. 2: Thermal conductivity as a function of filling level

The chart shows a significant increase in thermal conductivity with increasing filling level. Using
SILATHERM® 1466-400 AST as an example, the thermal conductivity in the X-direction can be improved
by 80% by increasing the fill level by 10 % by weight and by 50% in the Z-direction.

The following diagram shows the influence of the degree of filling of the product SILATHERM® 1466-
400 AST on its mechanical properties. Here, the strength, modulus of elasticity, elongation at break,
impact strength and HDT were selected as examples. The diagram does not show the absolute values,
but the percentages of the maximum value. The maximum value always corresponds to 100.
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RESULTS & DISCUSSION

Results in PA 6

120

Percentage proportion

—e—Tensile strength
—e—Elongation at break

20 —e—E-Modulus
—e— |mpact
0 HDT A
65 70 75

Filling degree in Wt.-%

Fig. 3: Influence of the degree of filling on the mechanical properties using SILATHERM® 1466-400 AST as an
example

The tensile strength and the HDT show a rather slight increase with the degree of filling. The e-module
of elasticity, on the other hand, shows a clear increase. A significant reduction in elongation at break
and impact strength with increasing filler content can also be clearly seen. However, these properties
can also be positively influenced by the selection of the right grain size and coating.
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RESULTS & DISCUSSION

Results in PA 6

The following diagram illustrates this influence. The dependence of the thermal conductivity on the
particle size distribution is shown here:

B SILATHERM® 1466-100 AST 1,494
B SILATHERM® 1466-400 AST
B SILATHERM® 1466-600 AST

1,106

1,058

0,989

Thermal conductivity in W/mK

Z-Direction X-Direction

Fig. 4: Thermal conductivity as a function of grain size (filling degree = 65 % by weight)

Results in PA 6

Coarser particle size distributions show higher thermal conductivities. This can be seen especially in X-
direction. In Z-direction the difference is marginal and is more evident with even coarser products.
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RESULTS & DISCUSSION

Results in PA 6

The influence of the grain size distribution on the mechanical properties is shown in the following
chart:

120
100 Om——— £
® —0
c 80
ie)
S
o
o
a 60
% —e—tensile strength
5
S 40 —e—celongation at break
(]
[a
—o—e-modulus
20 —o—impact
HDT A
0
3 4 5 6 7 8 9 10

median particle size in um

Fig. 5: Influence of particle size distribution on mechanical properties using SILATHERM® 1466 as an example

The influence of the particle size distribution is clearly visible in the elongation at break and the impact
strength. The finer the product, the higher the elongation at break and impact strength. Tensile
strength, modulus of elasticity and HDT, on the other hand, are influenced little or not at all in the
selected grain size range. This can, of course, also take a different course with significantly coarser
products.
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RESULTS & DISCUSSION

Results PP

The same dependencies as for PA 6 were found in the PP tests. The thermal conductivity can be posi-
tively influenced by increasing the degree of filling. However, the mechanical properties, especially
elongation at break and impact strength, are also influenced by this.

The following table shows the results of the thermal conductivity measurement in PP:

Table 2: Thermal conductivity of various functional fillers

filling density Z-direction X-direction
Products = G A s A
[wt.-%] [g/cm?] [1/g K] [W/mK] (/g K] [W/mK]
SILATHERM® 1466-600 AST ° . L1 00 054 08
. ) ' 70 1.85 1.14 0.7 0.91 1.0
With coupling
75 2.01 1.05 0.8 0.87 1.2
65 1.73 1.19 0.6 0.92 0.9
SILATHERM® 1466-400 AST
. . 70 1.86 1.07 0.7 0.88 1.0
With coupling
75 2.03 1.08 0.9 0.84 1.2

Cp = heat capacity; A = thermal conductivity

An unfilled PP has a thermal conductivity of 0.23 W/mK. The results with SILATHERM® show that a
thermal conductivity of 1.2 W/mK can be achieved. The use of a coupler did not improve the thermal
conductivity. However, this has a positive effect on the mechanical properties.

The following table shows the results of the mechanical properties:

Table: 3 Mechanical properties of the different functional fillers

Filling oM €8 Et au aiN HDT A
Products level
[wt.-%] [MPa] [9%] [MPa]  [k/m?  [kl/m?] [°C]
SILATHERM® 1466-600 AST °> 21 72 2480 o1 86 116
. ) i 70 22 3.9 2730 44 7.0 117
with coupling
75 23 1.9 3140 23 5.3 118
SILATHERM® 1466-400 AST °> 24 L 2740 62 91 116
: : i 70 21 5.5 2900 34 6.8 120
with coupling
75 21 2.5 3150 18 49 120

BIM = tensile strength; BIB = ultimate elongation; Et= e-module; aiU = Izod impact strength;
aiK = 1zod notched bar impact strength; HDT = heat deflection temperature

By using a coupler in combination with a coated SILATHERM® grade, the mechanical properties can
be significantly improved in PP compared to the uncoated variants without coupler.
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RESULTS & DISCUSSION

Results in PBT

In addition to the tests in PA 6 and PP, tests were also carried out in PBT. The following results were
achieved:

Table 4: Thermal conductivity of various SILATHERM® products in PBT (fill level = 65 % by weight)

density Z-direction X-direction
Products G A s A

[8/cm?] [/g K] [W/mK] [V/g K] [W/mK]
SILATHERM® Advance 1438-800 AST 2.54 0.80 1.0 0.67 1.2
SILATHERM® 1466-100 AST 2.19 1.15 1.1 0.78 13
SILATHERM® 1466-400 AST 2.19 0.99 0.9 0.77 1.3
SILATHERM® 1466-600 AST 2.17 0.99 1.0 0.82 1.3
SILATHERM® 1466-800 AST 2.18 1.01 1.0 0.80 1.2

Cp = heat capacity; A = thermal conductivity

Thermal conductivities of 1.3W/mK can be achieved in PBT by using SILATHERM® products at a fill level
of 65 % by weight. If the filling level is increased, it can be assumed, as with PA6 and PP, that signifi-
cantly higher thermal conductivities can be achieved.

The mechanical properties of PBT compounds filled with SILATHERM® products can be seen in the
following table:

Table 5: Mechanical properties of the different functional fillers in PBT

OMm €B E: diu aiN HDT A

Products 8 X

[MPa] [%] [MPa]  [ki/m?]  [kl/m?] [*Cl
SILATHERM® Advance 1438-800 AST 51 2.1 7010 13 3.5 120
SILATHERM® 1466-100 AST 60 2.2 10500 14 2.8 135
SILATHERM® 1466-400 AST 59 2.0 10600 8 3.0 135
SILATHERM® 1466-600 AST 52 1.6 11400 5 3.0 139
SILATHERM® 1466-800 AST 58 1.9 10700 8 2.9 134

om = tensile strength; es = ultimate elongation; Er= e-module; aiu = I1zod impact strength;
aik=Izod notched bar impact strength; HDT = heat deflection temperature

The mechanical properties are strongly influenced by the high filling levels required to increase thermal
conductivity. A significant increase in modulus of elasticity and HDT is offset by a significantly lower
elongation at break and impact strength compared to unfilled PBT. The tensile strength, on the other
hand, is influenced only slightly for the better.
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ANNEX

Test procedure PA 6

Preparation of the test specimens

The results presented in this paper were all determined on 20% filled PA 6 (viscosity number 150
cm3/g). The compounds were produced on a Leistritz ZSE 27 MAXX extruder. The extruder has 11 hous-
ings (44D) with 13 measuring points for temperature measurement. The temperature distribution
went from 260°C-250°C. The venting takes place by means of reverse venting directly at the dosing
points, i.e. when dosing with sidefeeder, air is also introduced, this is diverted to the rear so that no
air cushions form in the melt. The fillers are added to the two side feeders in equal proportions.

The following figure shows the schematic structure:

Figure 1.: Compounding structure

Vacuum Fillers Fillers
Degassing + Venting + Venting

™ 2 N7

The specimens for the mechanical tests were produced in accordance with ISO 294-1.

The following table shows the injection moulding parameters using the example of SILATHERM® 1466-
600 AST at a fill level of 65 % by weight. At higher filling levels, the parameters change as follows.

Table 6: Injection moulding parameters SILATHERM® in PA 6

Specimen Tension rod 1A Rod 80 x 10 x 4 [mm]
Temperature programme [°C] 265/265/250/240/230/40

Tool temperature [°C] 80

Injection speed [mm/s] 45

Change-over pressure [bar] 450 450

After pressure [bar] 79 72

Screw speed [rpm] 200

Cooling time [s] 15

Mechanical properties

The measurements were carried out on freshly sprayed test specimens.
Tensile properties according to DIN ISO 527-1

Izod impact strength according to ISO 180

Heat deflection temperature according to ISO 75

Thermal conductivity

Determination with Netzsch Nano Flash. According to DIN EN ISO 22007-4 Plastics - Determination of
thermal conductivity and thermal diffusivity - Part 4
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Table 7: Technical data of the SILATHERM® tests in PA 6

Products

SILATHERM® 1466-800 AST

SILATHERM® 1466-600 AST

SILATHERM® 1466-400 AST

SILATHERM® 1466-100 AST

SILATHERM® Advance 1438-800 AST

SILATHERM® Lite 1468-300 AST
SILATHERM® Plus 1432-400 AST

SILATHERM® Ultra 20

SILATHERM® Extra 1489-911 AST/4
SILATHERM® Extra 1489-821 AST/4
SILATHERM® Extra 1489-731 AST/4
SILATHERM® Extra 1494-911 AST/4
SILATHERM® Extra 1494-821 AST/4
SILATHERM® Next 1495-800 AST/4

filling
level
[wt.-%]
65
65
70
75
65
70
75
65
70
75
65
70
80
65
65
75
53
65
65
65
65
65
65

oM

[MPa]
99
99
104
104
96
100
105
94
97
98
94
99
103
98
89
92
63
88
82
71
86
82
92

€s

[%]
53
6.8
5.0
31
5.8
5.2
3.2
4.0
3.6
2.8
5.2
53
3.6
4.9
49
4.1
2.2
2.8
24
1.9
33
2.7
8.2

Et

[MPa]
10600
10300
12500
14900
10000
12000
15300
10200
13200
15700
7600

8730

12100
9920

7640

10900
14800
11500
13300
14600
10300
11600
8350

diu

(k)/m?]
58
80
43
24
73
44
26
45
36
24
55
46
30
49
74
48

8
18
12

9
26
17
98

HDT A

[°C]
144
148
161
168
152
166
171
152
166
173
101
127
148
170
117
138
191
163
172
181
153
164
119

[W/mK]
1.0
1.0
11
13
11
1.2
14
11
1.2
14
11
13
2.0
11
1.0
13
1.2
1.2
14
1.8
13
15
1.0

X
[W/mK]
1.2
1.2
15
1.9
13
1.6
2.2
15
1.7
2.2
1.2
13
2.1
1.1
1.0
13
6.2
16
2.2
3.8
2.2
3.2
1.2

om = tensile strength; es = ultimate elongation; Er= e-module; aiu = Izod impact strength; aik= 1zod notched bar impact
strength; HDT = heat deflection temperature; A = thermal conductivity (Z = Z direction; X = X direction); n.d.a: no data

available
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APPENDIX

Experimental procedure PP

Preparation of the test specimens

The results presented in this paper were all obtained on 20% filled polypropylene copolymer with an
MFR (230°C/2.16 kg) of 7 g/10min. The structure of the compounding was identical to that of PA 6.
The temperature profile was 200 °C to 220 °C.

The specimens for the mechanical tests were produced in accordance with ISO 294-1.

The following table shows the injection moulding parameters using the example of SILATHERM® 1466-
600 AST at a fill level of 65 % by weight. At higher filling levels, the parameters change as follows.

Table 8: Injection moulding parameters SILATHERM® in PP

Specimen Tension rod 1A Rod 80 x 10 x 4 [mm]
Temperature programme [°C] 245/240/240/230/210/30

Tool temperature [°C] 40

Injection speed [mm/s] 40

Change-over pressure [bar] 510

After pressure [bar] 65 62

Screw speed [rpm] 210

Cooling time [s] 20

Mechanical properties

The measurements were carried out on freshly sprayed test specimens.
Tensile properties according to DIN ISO 527-1

lzod impact strength according to I1SO 180

Heat deflection temperature according to ISO 75

Thermal conductivity
Determination with Netzsch Nano Flash

According to DIN EN ISO 22007-4 Plastics - Determination of thermal conductivity and thermal diffu-
sivity - Part 4
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APPENDIX

Experimental procedure PBT

Preparation of the test specimens

The results presented in this paper were all determined on 20 % filled PBT with a viscosity number of
130 cm?3/g. The structure of the compounding was identical to that of PA 6. The temperature profile
was 250 °C to 240 °C.

The specimens for the mechanical tests were produced in accordance with ISO 294-1.

The following table shows the injection moulding parameters using the example of SILATHERM® 1466-
600 AST at a fill level of 65 % by weight. At higher filling levels, the parameters change as follows.

Table 9: Injection moulding parameters SILATHERM® in PBT

Specimen Tension rod 1A Rod 80 x 10 x 4 [mm]
Temperature programme [°C] 255/250/245/230/220/35

Tool temperature [°C] 65

Injection speed [mm/s] 35

Injection pressure [bar] 110

After pressure [bar] 60

Screw speed [rpm] 200

Cooling time [s] 25

Mechanical properties

The measurements were carried out on freshly sprayed test specimens.
Tensile properties according to DIN ISO 527-1

lzod impact strength according to I1SO 180

Heat deflection temperature according to ISO 75

Thermal conductivity
Determination with Netzsch Nano Flash

According to DIN EN ISO 22007-4 Plastics - Determination of thermal conductivity and thermal diffu-
sivity - Part 4

All values cited in this technical information were determined and to the best of our knowledge. However, we request your understanding for the fact
that we assume no liability for the results or for the suitability or completeness of our recommendations and cannot provide an assurance that no third-
party patent rights are impaired. We cannot guarantee a later assumption of production for test products. We are at your disposal for further consulta-
tion.
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