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Abstract

Pitch bonded graphites are among the best known thermdhtoss at sub-Kelvin temperatures. At higher temperatures
however, they are good conductors. Graphite supports eaaftire be used to allow a relatively rapid cool-down of ctites
which must be thermally isolated when cold. The low tempeeatonductivity of graphites varies by many orders of magta
depending on the manufacturing process. AGOT graphiteas/krto be a very good insulator, but is no longer commercially
available. We suggest a replacement, and present thermductivity measurements demonstrating its suitability.
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Pitch bonded graphites are among the best known below 1 K. The properties of this material are given in
thermal insulators at sub-Kelvin temperatures, but are Table 1. AXM-5Q1 is similar, differing only in that it
good conductors at higher temperatures. Graphite sup-has undergone an extra stage of purification to remove
ports can therefore be used as a ‘passive’ heat switch,metallic impurities.
to allow a relatively rapid cool-down of a structure Measurements were made using a paramagnetic salt
which must be thermally isolated when cold. AGOT adiabatic demagnetisation refrigerator [5]. A cylindri-
graphite is a pitch bonded graphite which is known cal sample of AXM-5Q graphite with 25.4 mm di-
to be a very good insulator below 1 K [1]. However, ameter and 6.1 mm height was glued between copper
it is no longer commercially available. Finding a re- plates using Stycast 1266 epoxy. The flat ends of the
placement is not straightforward since the conductiv- sample were perpendicular to the extrusion axis of the
ity of graphites varies by many orders of magnitude graphite. One of the copper plates was mounted on
depending on the manufacturing process. the demagnetisation stage of the cryostat. The stage

Thermal conductivity measurements [2] above 5 K
on POCG AXM-5Q1 graphite show a similar, but  particle size Pore size Total porosity Apparent density
slightly lower conductivity than AGOT [3,4], suggest-
ing it as a possible replacement. This material is read-
ily available. We have measured a sample of AXM-5Q

5pum  0.8um 23 % 1.73 gm/crh

Compressive Strength Tensile Strength Elastic modulus

125 N/mn? 50 N/mm? 10 x10'0 N/m?
1 Corresponding author. E-mail: A.Woodcraft@physics.org Tab!e 1 ] ) )
2 POCO graphite, 300 Old Greenwood Rd, Decatur, Texas 76234 Typical properties for AXM-5Q graphite (data supplied bye th
USA manufacturer).
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contains a calibrated germanium thermometer [5]. A

thermometer was mounted on the other plate (the ‘hot’ 12k 'géggg ' ' -55:;«;;@ 4
plate), while heaters (4.7 Niresistors) were mounted o 1l o o i
on both plates. The only thermal contact between the E .';200(9

plates was via the graphite itself, and through six con- = 10 O:od) §
stantan wires (5@m diameter), with a negligible cal- g 101} Ooo@ i
culated heat conduction of 0/ at 1 K [6]. 3 1021 ° |

Measurements were made by temperature control- 3 s 0 e

ling the stage at various temperatures, and measuring 107°r Ooooozogoo' iy
the hot plate temperature as a function of power to the 1041 oon_O°' . . . -
hot plate heater. In each case a linear relationship was 0.1 1.0 10.0 100.0

- . T t K
seen, providing a good consistency check on the mea- emperature (K)

surements. The gradient of this relationship gives the _ )
thermal conductance from the hot plate to the stage Fig. 1. Measured values for POCO AXM-5Q (open circles, below
i p. ) ge., K), showing upper and lower limits as described in the t€kie

Temperature gradients were kept sufficiently small that following results from the literature are also plotted fongparison:

the change in conductance along the sample was neg*0CO AXM-5Q1 [2] (open circles, above 1 K), POCO AXM-5Q

ligible. The heater on the plate mounted on the stage [estimated value supplied by manufacturer] (cross), AGQT [
9 : ; T p g (closed circles, below 10 K), AGOT [3] (closed circles, abov

was used in a similar manner to calculate the conduc- 10 k), AGOT [4] (closed boxes).

tance from that plate to the stage. The conductance of .

the graphite sample alone could then be calculated. Perpendicular to the sample faces.

The conductance thus measured includes the bound-  The results are shown n _':'9- 1. Ou.r measurements
ary resistance between the sample and the copperdPpear to be consistent with those in the literature
plates. Both the conductance through the thin layer for higher temperatures. While not as good as AGOT
of Stycast [7] and the Kapitza conductance at the graphite, the POCO graphite is still a very good insu-
boundary [8] should be negligible compared with the lator be|OV\{ 1K, anq has a conductivity yvhlch reduces
graphite conductance. The measured conductance caPy approximately five orders of magnitude between
therefore be taken to be that of the bulk graphite alone. 300 K and 1 K. It therefore makes a suitable, and eas-
measurements, the plates were pulled off the sample.

Despite the fact that a large force was required to re-

move them, it was discovered that on one side the Acknowledgement
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likely to have been poor. Our measurements thus rep-

resent a lower limit on the graphite conductivity, since

they include an unknown thermal resistance across theReferences

poor contact.
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