Heat Capacity of Silver Paint

A.LeR. Dawson and D.H. Ryan Department of Physics,Centre for the Physics of Materials McGill University, 3600 University St., Montreal, Quebec, H3A 2T8, Canada

Abstract

The heat capacity (CP (T )) of a silver loaded paint has been measured between 3 K and 30 K. It is shown to be ideal for mounting small calorimeter samples for measurements above 1 K or where good thermal contact to the sample is essential.

PACS numbers: 07.20.Fw 07.20.Mc 06.60.Vz

Measurement of the specific heat capacity, CP (T ), of small samples (< 1g) generally requires the material to be secured in some way to the calorimeter assembly. Any glue used for this purpose should have a low heat capacity, to minimise errors involved in the subtraction of its contribution from the total signal. Furthermore, it should be possible to deposit reproducible amounts of the glue to avoid the need for a separate measurement of the glue heat capacity each time. Convenient removal is also essential to avoid a build up on the calorimeter and a high thermal conductivity is desirable, since poor thermal contact between the sample and the calorimeter will cause erroneous calorimetry measurements [1]. One standard glue used for low temperature calorimetry is Apiezon N grease [2,3], however, we have found a silver paint (Flexible Silver #16 [4]) to be better than Apiezon N for many applications.

The paint consists of fine silver powder (¸35% by weight) dispersed in a polymer/solvent binder. We have found overnight drying at room temperature adequate to eliminate the solvent (ethylene glycol monoethyl ether acetate) and yield a reproducible heat capacity. In repeated runs of both calibration standards (¸ 100mg of Au and Cu) and ¸50mg metallic glass samples, no significant background variations (< 1%) were observed in CP (T ) which could be attributed to changes in curing procedures. The glue is thin enough to be painted onto the calorimeter stage, or dispensed using a 10μl syringe intended for gas chromatography. The latter method allows the reproducible deposition of glue and thus a fixed background contribution from the silver paint can be included with the addenda heat capacity. Once dry, a bond comparable to GE varnish is formed. We have found acetone to be a suitable solvent for removing the glue after a run, and have experienced no problems with build up. The silver loading gives the glue a high thermal conductivity and greatly improves thermal contact to irregularly shaped samples. The improved contact coupled with the effective mechanical bond formed on curing has proved essential in the measurement of the heat capacity of metallic glass ribbons, where tens of centimeters of coiled ribbon 1mm wide by 20μm thick had to be mounted on the calorimeter stage [1].

Absolute calorimetry measurements were done using a time relaxation calorimeter [5] described previously [6]. For the purposes of measuring CP (T ) of the silver paint, a large amount was deposited on the addenda stage to form a ¸60mg mass once dried. Fig. 1 shows a comparison of CP (T )/T^3 vs. T for the silver paint, pure silver [7] and one tenth the CP (T ) of Apiezon N grease [3]. The data are accurate to within 5%.

In Fig. 1, we can see that at high temperatures (T ˘ 20 K) the heat capacities of both pure silver and the silver paint are roughly the same, reflecting the dominance of the metal loading in this region. The similarity between the two materials at higher temperatures is an indication that the dried silver paint is dominated by the silver contribution. At lower temperatures however, the heat capacity of the silver paint exceeds that of pure silver, being about 60% greater at 5 K. We attribute the excess heat capacity of the paint at these temperatures to the phonon heat capacity of the polymer binding agent, which freezes out at a lower temperature because of its lower Debye temperature. Below 2 K, where the lattice heat capacities of both the binder and silver are negligible, CP (T ) of silver and the paint again begin to converge, and the electronic heat capacity of the silver begins to dominate the low temperature behaviour of the glue. Since the heat capacity of the silver paint does not accurately follow a simple T + T^3 Debye law with a single characteristic temperature, we found it convenient to simply subtract off the glue contribution with those of other addenda rather than use a fitted correction term. However, to facilitate evaluation of this material for other applications, the following expression for CP (T ) (in μJ/g � K) provides an adequate (� 5%) approximation: CP (T ) ¸ 2.5 � T + 3.84 � T^3 � 0.091 � T^4

It is clear from Fig. 1, that over the temperature range considered here, the heat capacity of Apiezon N grease is approximately ten times that of the silver loaded paint. As a result much larger amounts of the silver paint can be used to mount the samples, or a much smaller glue contribution has to be subtracted. A further problem with Apiezon N is its low thermal conductivity, a feature that makes measurement of its CP (T ) difficult[3]. However, being an electrical insulator CP (T ) of Apiezon N contains no electronic contribution. Consequently, somewhere below 1 K the signal from the silver paint will exceed that of Apiezon N. In some applications, the fact that Apiezon N does not cure can also be used to advantage. The bare calorimeter may be run with a dab of Apiezon N to determine the total addenda signal, and the sample added later. In this way, the glue contribution is included with the other addenda, and can be subtracted off in a single step. Once cured, the silver paint cannot be re-used to mount a sample. It must be removed with acetone and then the same amount used to mount the sample. In our case, the silver paint was dispensed with a 10 μl syringe, to accurately control the amount used.

In summary, Apiezon N grease remains the best choice of calorimeter glue for regularly shaped samples at temperatures below 1 K. At higher temperatures, however, the background from the silver paint is much smaller, and in cases where thermal contact to the sample is a problem, or where a stronger mechanical bond is needed at room temperature, silver paint offers significant advantages.

This work was supported by grants from the Graduate Faculty of McGill University, the Walter C. Sumner Foundation, Nova Scotia, the Natural Sciences and Engineering Research Council of Canada and Fonds pour la formation de chercheurs et l’aide à la recherche, Québec.

References

[1] A.LeR. Dawson and D.H. Ryan, Phys. Rev. B 45, 1034 (1992). [2] Apiezon N grease – available from Apiezon Products Ltd., London, England [3] A.J. Bevolo, Cryogenics , 661 (1974).

[4] Flexible Silver 16 conductive adhesive – available from Engelhard Corporation, East Newark, New Jersey.

[5] R. Bachman, F.J. diSalvo, T.M. Geballe, R.L. Greene, R.E. Howard, C.N. King, H.C.

Kirsch, K.N. Lee, R.E. Schwall, H.U. Thomas and R.B. Zubeck, Rev. Sci. Instrum. 43, 205 (1972).

[6] A.LeR. Dawson and D.H. Ryan, J. Appl. Phys. 75, 6837 (1994). [7] D.L. Martin, Phys. Rev. B 8, 5357 (1973).

Figure 1: Heat capacity (CP (T )) of dried silver paint [4] (2) and pure silver [7] (dashed line) plotted as CP /T^3 vs. T . One tenth of the heat capacity (CP (T )/10) of Apiezon N grease [3] has also been shown for comparison (filled symbols).