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TecamaX SRP (self-reinforced polyphenylene) is a new commercialilable amorphous polymer which
is suitable for use at cryogenic temperatures. It has a taghkile strength (210 MPa at room temperature),
resulting from the molecular structure of the polymer ratian by the addition of reinforcing materials. We
have measured the thermal conductivity between 60 mK andk28@ find that the conductivity below 10 K
is similar to, but lower than, most amorphous materials, #nedmaterial offers a good combination of low
conductivity at low temperatures and high tensile stren@dur results suggest that the material may in fact
have a small crystalline component, which may be a partigllaeation for the low conductivity. Above 10 K,
the temperature dependence of the conductivity is diftdrem most amorphous materials. We are unaware of
previous measurements of the thermal conductivity of thasemal, even at room temperature.
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2 Experimental technigue and measure-

] ments
1 Introduction

The thermal conductivity was measured over the tempera-
ture ranges below and above 5 K in different cryostats, us-
ing samples with geometry optimised for the conductivity in

In recent years, various new polymers have become contach temperature range. In both cases, the thermal conducti
mercially available, some of which are sold as being sugtabl ity was measured along the extrusion direction. (While SRP
for use at cryogenic temperatures. However, informatiomfr s jsotropic, the extrusion process is likely to introducens
the manufacturers is generally limited to properties amnroo anisotropy [3]) The same Samp|e was used for all measure-
temperature, making it difficult to decide if they will be use ments, being cut down in size to Change the geometry as re-
ful for a particular cryogenic application. One such mate-quired.
rial is Tecama% SRP. This is a high tensile strength (210 ~ 11 experimental arrangements are shown in Fig. 1. The ther-
MPa [1]) polymer manufactured by Ensingdsy extruding  ma| contact at each end of the samples was made by a copper
PrimoSpir& PR-120. PrimoSpire is an amorphous thermoplas-Cup which was a tight fit around the sample at room temper-
tic (self-reinforced polyphenylene, SRP) produced by 8V aqre; and by a 4 mm copper screw which was screwed into
High strength is obtained by a rigid-rod molecular struefur e sample. We do not know the thermal contraction of Teca-
rather than by the addition of reinforcing materials such asnay pelow room temperature. However, good thermal contact
carbon fibres, and it is claimed to be the world's stiffest andg assyred by this scheme. If the Tecamax contracts more than
strongest unreinforced plastic [2]. Unlike many high sg#n 6 copper as it is cooled to cryogenic temperatures it wil-c

polymers, it is relatively inexpensive. Other desirable®r- ¢t around the screw; if it contracts less, the cup willtcact
ties include good mechanical performance at cryogenicé8mp 5ound the sample.

atures.

Heater =

While the high strength and good cryogenic performance A e
suggest that this material should be useful for thermally is Thermamese Ty
lating supports in cryostats, a knowledge of the thermal con
ductivity is required for most applications. We are not asvar
of previous thermal conductivity measurements on this mate
rial atany temperature; the section on (room temperature) ther-
mal conductivity in the manufacturer’'s datasheet [1] isnkla
We carried out measurements over the entire temperatuge ran
from 60 mK to 280 K. Thermometer 7, ~ & TR e

Copper
blocks

Sample lenght [
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Figure 1: Set up for the measurements of the samples.
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3.50 0.0145 (e) and high ¢) temperature ranges.
4.00 0.0154
5.00 0.0169
6.00 0.0185
7.00 0.0200 Device) and a NBS SRM 767a fixed point device [4—6]. The
8.00 0.0225 thermometers on the high temperature sample were calibrate
9.00 0.0252 using a commercial secondary calibrated thermometer,avith
10.0 0.0288 expected accuracy of 1%. This was checked at the following
11.0 0.0343 temperatures (boiling points were corrected for presseped-
12.0 0.0391 dance):
13.0 0.0466
14.0 0.0579 — 4.2 K: Helium boiling point
16.0 0.0750 — 9.21 K: Niobium transition in the SRM 767a fixed point de-
18.0 0.0834 vice
20.0 0.0880 — 77.35 K: Nitrogen boiling point
25.0 0.0961 — 273.16 K: Triple point of a water cell
30.0 0.101
40.0 0.111 All thermometers were measured with an AVS 47 AC resistance
50.0 0.116 bridge.
60.0 0.125 Th . . .

e low temperature sample was a cylinder with effective
70.0 0.135 . . .
80.0 0.145 length (i.e. the length over which the temperature gradgent
90.0 0.155 measuredl = (41.85+0.05) mm, radiug- = (4.1£0.01) mm
100 0.166 and geometrical factay = A/L = (1.26 & 0.02) mm (where
125 0.198 A is the area of the sample). The high temperature sample
150 0.236 was a cylinder with effective lengtlh = 5.75 + 0.03 mm
175 0.276 and radiusr = 4.00 £+ 0.01 mm, giving a geometrical factor
200 0.327 g =8.74 £ 0.09 mm.
250 0.431
282 0.492

Table I: Measured conductivity of Tecamax (the mea- 2.1 Low tem-  For the measurements below 5 K, the cop-
sured values are interpolated to a set of temperatures at perature mea-  per block at the bottom of the sample was
fixed intervals). surements screwed onto a copper sample holder in
thermal contact with the mixing chamber
of a conventional liquid helium cooled dilution refrigevat A
opper shield, in thermal contact with the mixing chamber of
dilution refrigerator, surrounded the experiment. €ofar
e heaters was supplied with a four wire | - V source meter
eithley 2601). The NbTi wires leading to the heaters and
thermometers were electrically connected by tiny crimped C

temperatures. The heaters and thermometers were mounted t&pes. Atthe ends of the NbTi wires a four lead connection was

the copper blocks. The electrical connections to the heate adopted.

to the thermometers were made with 25 um NbTi wires for the The thermal conductivity was measured by the longitudinal

low temperature sample and 50 pm manganin wires for the highteady heat flow method. A known powBrwas supplied to

temperature sample. one end of the sample to establish a difference of temperatur
The thermometers on the low temperature sample were calF; — T, along the sample. The thermal conductivity7’) was

brated by means of an SRD 1000 (Superconductive Referenaibtained by differentiation of the integrated power (atstant

SMD (surface mount device) NiCr heaters were used to he
both samples. Each sample had a thermometer mounted at b
ends. The high temperature sample used Cernox thermomete
while the low temperature sample used Cernox thermomete
for temperatures above 2 K and Ru@ermometers for lower
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Figure 3: Measured results for Tecamax (solid line), comgavith other amorphous materials: aluminogermanate ¢#a$%], germania ¢) [7],
silica glass {) [8], beryllia (x) [9], polybutadiene M) [9], PMMA () [9], PET () [9], polycarbonate4) [10], PVC () [11], polystyrene 4) [9]
and Torlon 4203 ¥) [12, 13]; to avoid obscuring other datapoints, the conitgtof Torlon is only shown up to 13 K. The right hand graph
shows the section of the left hand graph enclosed by a dotted The conductivity of most amorphous materials does hahge significantly
from sample to sample, and therefore the single measurerakatvn here can be taken to be representative of each rhateria

To), 2.2 High tem- The measurements above 5 K were made
. perature mea- in a cryostat based around a pulse tube
A [ surements cooler. The pressure in the vacuum vessel

P(h) = L /TO F(T)T, @) was maintained at abowi6—* Pa. As with

the low temperature range, the thermal conductivity was-mea
whereA and[ are the sample section and length respectively. sured by a steady state technique. However, instead of mount
To check that the contact thermal resistances could be néag the sample directly onto the cold head of the cooler, & wa
glected, a second measurement was carried out with a differemounted on a copper platform whose temperature could be con-
geometrical factor (approximately twice that of the idisam-  trolled by a heater. All copper components were gold pladed t
ple). Within the experimental error, the same values of-therreduce emissivity, and thus blackbody radiation.
mal conductivity were obtained in the overlapping tempe&at A cylindrical thermal shield (length 22 mm, inner diameter
range. 12 mm and thickness 1.5 mm) closely fitted the sample, and
There are three main contributions to the relative error inwas itself enclosed by an outer shield. Both shields were con
k(T): structed from gold plated copper, and were maintained at the
— the power supplied to the sample: we estimate that thevelat same temperature as the cold end of the sample.
error of P is of the order ot 0.1%; For a range of platform temperatures, poweyyas supplied
— the measurement of the geometrical fagior= A/L. The  to the sample heater to create a temperature gradiéralong
error in the measurements gfis estimated to be less than the sample of approximately 2% of the sample temperature. Th

1%; thermal conductance at a temperatiireas evaluated from
— the uncertainty in the temperatudd,, due to the accuracy of
the thermometers in this temperature range. A conservative w(T) = P @)
value of (dT")/T is ~ 2% for T" > 1K and~ 1% for T' < gAT’
1K.
Taking into account these contributions, the maximum relaVVith the temperaturé” taken as the mean temperature of the
tive error ink(7T) is about 3%. sample.

Calculating the error budget in this temperature range iemo
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a temperature dependencerofoc T is seen, withn rang-

a '(;"gET:O{% Icrlyls;(;:llilne L ,{ 1 ing from 1.8 to 2, for reasons that are not fully understodd [9
c ng?g’frcyfts(ig'uﬂie * 1 The conductivity in this region shows very small variatios b
+ PET25% cr§stouqne L tween materials. Above 1 kK, shows a decreasing slope, with a
S OPELZ9% coystallne o ’ “plateau” usually located somewhere between 2 and 30 K in
. yeraL 4 * - L .
ERECI S Selns , ak which the conductivity is approximately constant. Hereg th
0.1000 F — Tecomax éscoled) A 3 variation between materials is much larger.
Eoee Tecamax (unscaled) K9 ] L .
== Torlon 4203 (scaled) v ] Our measurements show similar behaviour to other amor-
. 1 phous materials, with the existence of a plateau supposted b
L measurements in both temperature ranges. The condudt@sty
= low 1 K is similar to, but lower than, most amorphous materi-
= AoTEeI | als, and below 300 mK can be represented:tif) = (12.6 +
277 0.2)1037(1:92£0.01) "wherex is conductivity (in WnT'K—1)
S andT is temperature (in K). While various materials have lower
g conductivities than Tecamax below 1 K, we are only aware of
o one fully amorphous material, Torlon 4203, with signifidgnt
g lower conductivity [12] in this temperature rand&his is an-
2 00010k | other high strength amorphous polymer which is used at cryo-
- - 1 genic temperatures.
The conductivity in the plateau region is lower than any othe
/ material we know of except, again, Torlon 4203. Moreover,
the conductivity rises noticeably in the plateau. Such a con
,..% ductivity rise seems to be associated with the presence of a
00001 g 7 crystalline component in other amorphous materials. The be
B Lk 1 haviour of such semi-crystalline polymers has been demon-
i | | | { strated clearly in a set of measurements on PET (polyethylen
e e e e terephthalate) [14, 15], which unlike most polymers caniege p
0.1 1.0 10.0 100.0 . -
Tormeraie () pared with a large range of crystallinities. These resuiés a

shown in Fig. 4, along with the PVC measurements from Fig. 3.
Figure 4: The thermal conductivity of PET of varying degreésrys- Our Tecamax results are also shown, scaled in both temperatu
tallinity (as shown in the key) [14, 15] and PVC of 12% cryktaly ~and conductivity to give the best agreement with the PET re-
(dashed line) [11]. Our measurements on Tecamax are sypesed, sSults in and below the plateau. Such scaling has been shown to
both unscaled (dotted line) and with the temperature andumiivity  be valid for fully amorphous materials [9], though the re@ag
scaled by the appropriate factors to bring them into agreémi¢h the  does not necessarily apply to semi-crystalline materidlse
PET 9% crystalline results below approximately 10 K (sali¢t). The = Tecamax results are similar to both the 9% crystalline PE-sa
conductivity of Torlon _4203 [12, 13]is also s_hown, scale_chisimilz_ar ple, and the 12% crystalline PVC sample. Tecamax is destribe
o ey e i by e manufacturer s fully amorphous. From our measue-
axesi ments, we cannot definitely state that this is not true. Hanev
the results could be explained by some degree of crystsllini
We also show the conductivity of Torlon 4203, scaled as with
the Tecamax results. Here, there is very good agreement with

involveq than at lower temperatures si.nce the effects af the 4,0 fully amorphous PET sample, suggesting that the Togon i
mal radiation must be taken into consideration. The ca4cu|aa|SO fully amorphous.

tion is the same as for previous measurements [13] on Torlon . . -
over a similar temperature range, in which very good agreeme It is clear from Figs. 3 and 4 that the conductivity of Teca-
was found between the measured room temperature conductiféx and Torlon 4203 above 10 K doest follow the normal

ity and the value supplied by the manufacturer. Rather thaR@ttern for amorphous materials, with the results sugygsti
repeating the details here, we refer the reader to our pevio second plateau above 10 K. We are not aware of any other mate-

paper (sections 3.2 and 3.4 in Ref. [13]), in which we cakeula rials exhibiting this behaviour. Since the Torlon measwata
that the maximum relative error in conductivity, considerall ~ Were also made by us, the reader may be concerned that this
error sources, is 5%. unusual behaviour is actually an experimental error. We be-

lieve that this is not the case for the following reasonssthiy

the Torlon measurements above 4.2 K were made in a different
cryostat to the Tecamax measurements, using a different the
3 Results and discussion mometer type (carbon instead of Cernox). Moreover, theywer
calibrated against a different standard thermometer.llzinee

have made measurements on other materials with similar con-

The measured conductivity is shown in Fig. 2 and Table I.
The measurements made in the two temperature ranges appear
to be in good agreement. We compare our results with the ther-
mal conductivity pf other amorphous materials in Fig. 3.dsh 3 Somewhat lower values are reported for various amorphousriala in
been WF,"", established for a number OT years,that the thermal Ref. [18]. However, they are derived indirectly from measunents across
conductivity  of totally amorphous solids exhibits a “univer-  joints incorporating these materials, and thus may suftemfconsiderable
sal” behaviour at low temperatures. At temperatiire: 1 K, systematic error.
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A T L e S L IS 4203 is shown and compared with G-10CR, as an example of a
10°F g;)%"_iﬁ% éoss =0 polymer which obtains high tensile strength (around 430 MPa

F e-eTorlon 4203 e 1 Dby fibre reinforcement. While the conductivity is similartaé

- 1 lowest temperatures, Tecamax and Torlon 4203 are muchr bette
insulators at higher temperatures.

At room temperature (280 K), we find a conductivity of
0.49 Wnt 'K~! for Tecamax. To our knowledge, this is the
first measurement of the conductivity of this material atmoo
temperature.

107"k

1072

4 Conclusions

We find that the thermal conductivity of Tecamax below 10 K
is similar to most other amorphous materials. The conditgtiv
is proportional tal'*-* below 300 mK; above this the variation
of conductivity with temperature becomes shallower, legdo
1 aplateau. However, the conductivity is lower than most othe
- Tecamax — 4 amorphous materials, especially in the 1 — 10 K temperature
90| Lnnal_ 0 nnnnmll 0 0 anneel 0 0 annndl oo range. It therefore offers a good combination of low coniuct
0.1 1.0 10.0 100.0 ity at low temperatures and high tensile strength. The condu
Temperature (K) tivity in the plateau has a significant temperature depecelen
suggesting that the material may in fact have a small cijrstal
Figure 5: Measured results on Tecamax (solid line), compaith the  component; this may be a partial explanation for the low con-
conduct?v?ty of T_o_rlon 42034) [12,_13] a_md G-10CRq) [16, J_.7]. The ductivity.
conductivity of silica glass from Fig. 3 is also shown (dathee). Above 10 K, the conductivity shows unusual behaviour, with
a second plateau being apparent. The only other material we
are aware of that shows this behaviour is Torlon 4203, amothe
dUCtiVity which did not show this second plateau. We CannOhigh strength amorphous p0|ymer_ We are unaware of previous

suggest a physical explanation for this behaviour, but tietle  measurements of the thermal conductivity of Tecamax, even a
it may be a property of high strength polymers. Itis alsorinte room temperature.

esting, but possibly not significant, that at the highes -

tures the scpaled conductivity of both Tecamax and To%ZOACknOWledgementS

appear to be in good agreement with each other, and with an

extrapolation of the conductivity of PVC. We would like to thank Adam Gray for help in compiling the
In Fig. 5, the (unscaled) conductivity of Tecamax and Torlonproperties of materials used for comparison.
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