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The experimental setup

The principle of the method consists of measuring the temperature gradient across the glue
layer if one side of the sample is heated, the opposite side is cooled and the value of the
thermal 
ow is known. The measurements were done using a setup with a con�guration
very close to the one used by us for measuring the value of the coe�cient of the transverse
thermal conductivity of TPG ref.[3].

The test sample is clamped between two copper blocks. One of them is equipped with
a heater, the other is cooled by an external cooler. Every block is equipped with 4 ther-
mal sensors (Pt100).The schematic drawing of the setup is shown in Fig.1, its \equivalent"
electrical analog shown in Fig.2. All our measurements are done inside a vacuum vessel at
temperature near 00C at residual pressure near 10�2mbar. We measured the samples of AlN
bars glued one to the other as cross connections as shown in Fig.3 . The thickness of the glue
layer was controlled and adjusted by using the special shims to three values : 50�m, 100�m
and 200�m for both types of glue. The width of the AlN bars was 8mm and the thickness
500�m. The glues layer had a cross section of 8mm � 8mm = 64mm2. Three samples for
each type of glue were tested.

Measurement of Ckt� coe�cient of thermal conductivity.

The value of the thermal resistance Rt of the sample can be easy determinated as slope of
a linear �t to the measured dependence of �T on P , where �T|the temperature gradient
between cooling and heating blocks and P| the thermal power conducted through the test
sample from heating block to the cooling sink. In our measurements we take �T as di�erence
of the mean temperature of the heating and cooling blocks (both values are averaged from
four read-out sensors).

The value of Rt includes the Rinner| thermal resistance of the setup (quality of thermal
contact of the sensors to blocks, thermal resistance along the thermal runway through copper
blocks from the sample surface to the sensors, etc.) and RAlN| the transverse thermal
resistance of two AlN bars. The value of Rinner can be measured by \shorting" the setup
(independent measurement without the sample, when the heating block is pressed to the
cooling block). The coe�cient of the thermal conductivity of AlN bars is known from
independent measurements (185 W

m�K
).

The result of the measurement of thermal resistance is shown in Fig.4 . The dependence
of the resistance of the samples as function of the thickness of the glue layer is plotted in
Fig.5 . According to our measurements the value of the coe�cient of thermal conductivity
is:

ELASTOSIL 137-184: Ckt = 1:79�0:1 W
m�K

ARALDITE 2011: Ckt = 0:87�0:06 W
m�K

The measured value of Ckt of ELASTOSIL 137-182 just �ts to region speci�ed by the
manufacturer. The value of Ckt of Boron nitride loaded ARALDITE 2011 is in good agree-
ment with independent measurement performed by another group in ref.[4].
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Pt100 sensors

The Heat   Flow
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DOW CORNING 340

GLUE

AlN

HEATING BLOCK

COOLING BLOCK

Figure 1: Schematic drawing of the measurement setup used for Ckt-measurement inside a
vacuum vessel at pressure 10�2mbar.
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Figure 2: The "equivalent" electrical analog of the setup.
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Figure 3: Schematic drawing of sample for the test.

ARALDITE RAPID and ELASTOSIL 137-182

Thermal properties

The comparison of the thermal conductivity of ARALDITE RAPID and ELASTOSIL 137-
182 was done using a di�erent setup, di�erent con�guration of the samples and completely
di�erent read-out system. The measurements were done inside of vacuum vessel at residual
pressure about 10�1mbar and at the mean temperature � 10oC. Six samples with three
thicknesses of the glue layers for each type of the glue were tested. The scheme of the mea-
surement and the test sample are shown in Fig.6 and Fig.7 respectively. The sample consist of
two Al bars connected by a TPG bar through two layers of glue. All samples were made with
the same dimensions of Al and TPG bars and the same area of glue connection. The ther-
mal runway along the test sample consists of double the thickness of a glue layer, double the
thickness of the Al | bar (2� 0:5mm) and the TPG|jumper (� 30mm� 10mm� 0:5mm
). In this tests the thermal resistances of Al and TPG|bars are neglectibly small in com-
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50 mkm ARALDITE+BORON
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50 mkm ELASTOSIL 137-182

100 mkm ELASTOSIL 137-182
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-0.01453 + 0.2051*x

0.09855 + 0.9892*x

0.2486 + 1.293*x

0.2871 + 2.24*x

0.3815 + 1.961*x
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SHRTE_A1  Feb. 17, 2000  2:51:32 PM

ARALDITE and ELASTOSIL

Figure 4: Measured value of the thermal resistance of the glued samples and \R00

inner|
thermal resistance of the setup.
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Ckt=0.874 W/mK

Ckt=1.79 W/mK

Corrected on R_inner

Figure 5: Thermal resistance of the glue layer as function of the layer thickness. Boron
nitride �lled ARALDITE 2011 and ELASTOSIL 137-182.
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parison with the resistance of the double glue layers. The thermal resistance of the samples
as function of the glue layer thickness is plotted in Fig.8. This value is not corrected for
Rinner, RAl and RTPG . The ratio of the slope parameters of linear �ts to this dependence
shows the ratio of the thermal resistance of the samples. It is easy to see, that the di�erence
of the thermal conductivity can be estimated as more than a factor of four.

Mechanical property

A series of strength at tension tests for ELASTOSIL glue was performed. The scheme of the
measurement and the structure of the test samples is shown in Fig.6 . Some samples were
irradiated in a proton beam (p = 100MeV=c).

N of sample 11 31 51 6 2 4

Fluence[proton
cm2 ] 1:3� 1012 4:1� 1012 1:3� 1014 2:6� 1014 8:5� 1014 2:7� 1015

The �rst series of the measurements started one day later after gluing of the samples.
Six samples were tested. Every of them broke at the ARALDITE layer. We reglued the
ARALDITE connection, pressed the AlN| bars to Al|bars by using additional external
clamps and repeated the test two days later. Two samples out of three broke by AlN|
ceramic destruction, one of them was disrupted at the ELASTOSIL layer. The other samples
were tested after irradiation two weeks later. All irradiated samples disrupted by ceramic
destruction. We repeated our measurements using three samples with one Al|bar glued to
another Al|bar directly (samples number 10,11 and 12). We tested these samples 1, 5 and
9 days after gluing. The results of the strength at tension tests are summarized in Table.2.
The tensile strength detachment as function of time after gluing is plotted in Fig.9. The
point corresponding to two weeks time exposition is the value averaged from three samples.

color gray

dynamic viscosity at 20oC, Pa � s 300� 400

duration skinning e�. at 20oC, hours, maximal 6

viability at 20oC, min, maximal |

strength, MPa, minimal:
at tension 2:5� 3:0
at shear 2:0� 2:5

electr. cubic resistivity, 
 �m 1 � 1010

electrical ", at 10kHz and 20oC, max 4.8

tg(�), at 10kHz and 20oC, max 0.009

electrical strength, kV=mm, min 9� 11

thermal conductivity, W
m�K

1:6� 1:8

operating temperature range, oC �60� +200

Table 1: MANUFACTURER SPECIFICATION:Technical characteristics of thermal con-
ductive silicon-organic glue \ELASTOSIL 137-182"
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Pt100

20 mm

TPG Glue

Al Al

Thermal conductive grease

Cooling
Block

HEATING
Block

Pt100

Figure 6: Scheme of the measurement. ARALDITE RAPID and ELASTOSIL 137-182
comparison.
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20 120 220 320 420
thickness {micron}

0
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40

50

4.632 + 0.1093*x ARALDITE RAPID

ELASTOSIL 137-1823.011 + 0.02494*x

R_thermal{W/mK}

ELASTOSIL137-182 and ARALDITE RAPID

Figure 7: The thermal resistance of the glued samples.ARALDITE RAPID and ELASTOSIL
137-182 comparison
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Figure 8: Schematic drawing of the sample used for strength at tension test.
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0 100 200 300 400
time after gluing {hours}

0.0

0.5

1.0

1.5

2.0

2.5

3.0

-2.253 + 0.8508*ln x

11 days {REFERENCE line}

the region specifided by manufacturer

F/S {MPa}

stength at tension test of ELASTOSIL 137-182

STRENG  Feb. 6, 2000  3:11:26 PM

Figure 9: The rise of the strength as function of time after gluing.
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N S1 S2 time F1 F2

area area after tensile tensile
of mm2 mm2 gluing strength strength

E A (days) detach: detach:
s L R Kg Kg
a A A
m S L comments
p T D
l O I
e S T no used

I E clamp additional
L clamp

7 64 264 1 6.7 ARALDITE detachment
71 64 264 3 7.0 ELASTOSIL detachment
9 64 296 1 4.7 ARALDITE detachment
91 64 296 3 7.6 ceramic destruction
8 64 304 1 5.2 ARALDITE detachment
81 64 304 3 6.0 ceramic destruction
1 64 304 1 4.1 ARALDITE detachment
11 64 304 � 14 9.8 ceramic destruction
3 64 200 1 4.0 ARALDITE detachment
31 64 200 � 14 6.0 ceramic destruction
5 64 360 1 6.2 ARALDITE detachment
51 64 360 � 14 5.6 ceramic destruction
6 64 � 300 � 14 19.4 ELASTOSIL detachment
2 64 � 300 � 14 13.2 ELASTOSIL detachment
4 64 � 300 � 14 21.5 ELASTOSIL detachment
10 100 no 1 5:0 ELASTOSIL detachment
11 100 no 5 18:0 ELASTOSIL detachment
12 100 no 9 21:0 ELASTOSIL detachment

Table 2: Results of the strength at tension test

Conclusion

According to our measurements:

� The measured value of Ckt for ELASTOSIL 137-182 �ts the region speci�ed by the
manufacturer. The measured value of the thermal conductivity of Boron nitride �lled
ARALDITE 2011 is in good agreement with independent measurement.

� The thermal conductivity of ELASTOSIL 137-182 is more than four times better than
ARALDITE RAPID and it is about two times better than value measured for Boron
nitride �lled ARALDITE 2011.

� The measured value of strength at tension for ELASTOSIL 137-187 :

| is in good agreement with speci�cations;
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| reached speci�cations at � 11 days after gluing;

| does not have a visible reduction of this value after irradiation in proton beam,
p = 100MeV

c
, up to 
uence F = 2:7� 1015 proton

cm2 .

By our experience: the samples glued by ELASTOSIL 137-182 were ready for use about 24
hours after gluing at room temperature.
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