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The thermal conductivity of a sample of polyethylene has been measured in the temper-
ature range below 1'K. The results obtained are inconsistent with previous theories of-
fered to explain thermal conduction in these materials at higher temperatures; a simple
modification to the theory is suggested which is consistent with the current data.

The thermal conductivity of polyethylene has
been measured in the temperature range 1-4.5'K
by several investigators. '~' Their data indicate
that the thermal conductivity in this temperature
range can be fitted by an expression used by
Chang and Jones in their analysis of the low-tem-
perature thermal conductivity of glasses. ' Ther-
mal conductivity measurements have been made
on a sample of polyethylene in the range 0.5-1.4
'K and our results below 1'K deviate from the
Chang and Jones expression, having a lower pow-
er dependence on temperature than would be ex-
pected from this expression.

The measurements were made on a commer-
cial sample of polyethylene of density 0.947 g/
cm' or fractional crystallinity about 65 Vo. A
standard He' cryostat and sample arrangement
were used in making the measurements. The
sample was in the form of a cylinder of length 3
cm and diameter 1 cm. The top of the sample
was attached to a threaded copper post on the
bottom of the He' chamber, and a heater was
wound directly onto the bottom of the sample.
Allen-Bradley +-W resistors of nominal resis-
tance 10 0 were used as secondary thermome-
ters and were inserted into small holes drilled
through the sample at spacings of about 0.8 and
0.5 cm, respectively, for two different experi-
mental runs. These thermometers were calibrat-
ed directly against the vapor pressure of liquid
He'. Figure 1 shows the results of measure-
ments made in the two different runs with the
above sample. Because of the consistency of the
results between the two runs, it is assumed that
the relatively small thermometer spacing had
little effect on the observed temperature gradi-
ents in the sample.

The Chang and Jones expression for thermal
conductivity is obtained by assuming, as suggest-
ed by Klemens, ~ that only longitudinal phonons
contribute to the low-temperature thermal con-
ductivity, and that the mean free path due to
structure scattering is (A/a)k ~, where i, is the
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FIG. 1. Thermal conductivity of 65% crystalline
polyethylene versus temperature. The open circles
and triangles represent the results of two runs on the
same sample. The solid curve represents the fit of
Eq. (2) to the data using parameters given in the text
and the dashed lines represent the separate contribu-
tions to K as given by Eq. (2).
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phonon wave vector and A ja is a parameter with the dimensions of reciprocal length. A constant mean
free path l2 due to scattering from internal boundaries is also included, and a Debye co frequency dis-
tribution is used, yielding the result

2 ~ 4 xKTA xe dx

6w h a Jo (e -1) x +(A/l, )(kv, /KT)
2 x 2 2 2'

where v, is the sound velocity of longitudinal waves and K is Boltzmann's constant; values of the inte-
gral in (1) have been tabulated by Callaway. '

To fit our data below 1'K, we suggest that Eq. (1) may be modified by the addition of a term to ac-
count for a mode of vibration mentioned by %ada' and observed by Barker' in the measurement of
Gruneisen numbers in polyethylene: At sufficiently low temperatures, the dominant vibration process
in polyethylene may be vibrations between polymer chains, the chains themselves remaining relatively
rigid. Viewing these low-temperature vibrators as a two-dimensional array of rigid rods and using a
two-dimensional frequency distribution proportional to ~, together with the same scattering process-
es used by Chang and Jones, we obtain the following modified expression for the low-temperature
thermal conductivity of chain polymers:

4 x 3xTA ) xe dx CKv, B x e dx

6v if a J (e -1) s +(A/al, )(kv, /ET) 4w b (e -1) x +(B/bl, )(hv, /KT)
2 2 2 2 x 2 2 2' (2)

where the first term is due to three-dimensional
vibrations and the second term due to two-dimen-
sional vibrations. The same value of l, is as-
sumed for both two- and three-dimensional vi-
brations. (B/b)k ' is the structure scattering
mean free path for the two-dimensional vibra-
tions, v, is the phonon velocity associated with
the two-dimensional vibrations, and C is a pa-
rameter with the dimensions of reciprocal length
which may be related to the number of planar-
lamellar vibrating systems per unit sample
thickness.

Figure 1 shows a fit of Eq. (2) to our data and
also shows the individual contributions to the
thermal conductivity from the two- and three-di-
mensional vibrations. The parameters used for
the fit were such that A /a=1. 04x10'0 cm ', v,
=2.31&& 10' cm/sec, (B/b)v, '=1.38x 10" cm
sec ', l, = 3.2 & 10 ' cm, and C = 1.39 & 10 cm
In this temperature range, the first term in Eq.
(2) is extremely insensitive to choice of the pa-
rameter A/al„hence it is difficult to attach defi-
nite meaning to the parameters at this time.
Forthcoming measurements at higher and lower
temperatures will be required for an accurate
determination of these parameters as mell as for
a check on the T' temperature dependence pre-

dieted in the low-temperature limit by the modi-
fied expressions of Eq. (2). Measurements made
on partially crystalline nylon and Teflon gave
little indication of the above observed behavior in
the temperature range investigated; however,
since the two-dimensional vibrations are strong-
ly dependent on the nature of the forces between
polymer chains it is not reasonable to expect all
partially crystalline polymers to exhibit this be-
havior under the same conditions.
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