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LATFICE THERMAL CONDUCTIVITY OFNYLONE AND POLYETHYLEN AT LOW TEMPERATURES
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UsingCallaway’smodel,the phononconductivity of Nylone andPolyethylen
hasbeencalculatedin the temperaturerange0.2—5°Kand thedislocations
are takenasthe scaterersof ph’ônon...Good agreementis found betweenthe
calculatedvaluesand theexperimentalvaluesof the phononconductivity.

RECENTLY ScottetaL1measuredthelattice thermal a = 6 X 10-2 Nd b~72

conductivityof Nylone andPolyethylenat thetemper-
b = 0.55Nda~ (1)

aturesbelow5°K.Theyhavenotgiven its theoretical
explanation.In the presentnote,themain interestlies whereb

1 is the magnitudeof Burgersvectors,Nd is
in theexplanationof measurementsof Scotteta!. thenumberof dislocationlinesper unit area,y is the
Previous

24measurementsof the thermalconductivity Gruneisenparameteranda~is thevolumeoccupied
of polymershaveshownthatat low temperatures,the by thevibratingunit in thecrystal.Thusthe combined
boundaryscatteringandstructurescatteringin the dislocationscatteringrelaxationrater~is givenby
amorphousregion aredominantover otherscattering
mechanisms.Lateron ScottandGiles5 measuredthe = ~ + = bw3 +aw. (2)
latticethermalconductivityof Teflon in thetemper-
aturerange0.17—4°Kandthey founda T2-Temper- Accordingto theCallawaymodel,the lattice

thermalconductivityis given byaturedependancebelow1 .2°K.In theexplanationof
their measurements,theyhavepredictedthat,in the kB (kBT\~OfT ~

C x ex(ex— l)_2 clx
latticethermalconductivityof Teflon, the dislocation K = ~ ~ J T~’ + + + ~ C.F.
scatteringplaysa significant role in the determination (3)
of thephononconductivitythan eitherof theabove
mentionedscatteringprocesses. wherekB is theBoltzmanconstant,11 is the Planck

constantdivided by 2ir, v is the averagephononvelocity,
Following ScottandGiles andusingCallaway’s r~1is theboundaryscatteringrelaxationrate,r~ is

model,6the lattice thermalconductivity of Nylone thepoint defectscatteringrelaxationrate,T3~his the
andPolyethylenis calculatedin theentiretemperature phonon—phononscatteringrelaxationrate,C.F. is the
range0.2—5°K.Accordingto Klemens,7therearetwo correctionfactor due to threephononnormal processes
typesof scatteringof phononsfrom dislocations.First and0 is the Debyetemperature.
is thecentralcore of dislocation,whichproduces
scatteringrelaxationrate~ = bw3, and secondly Sinceour interestlies in the low temperatures
thestrainfieldsurroundingdislocationwhich produces i.e. below5°K,it is meaninglessto considerCF. and
scatteringrelaxationrate~ = a w, whereb anda T3~h.At the sametime it is necessaryto statethat
areknown asthe scatteringstrengthof the above accordingto Scottand Giles,dislocationscatteringis
statedscatteringprocesses,respectively.Thesetwo dominatingover otherscatteringprocesses.Therefore
constants,a andb canbegivenby one canneglect‘TB’ andr~ in comparisonwith r~.
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Table1. Valuesofconstantsandparametersusedin the
calculationare givenbelow 2000 -

Nylone Polyethylen 0. 1000 -V

a 5.98 X l0-~ 2.22 X 10-2 ‘E 500 -

b 9.48 X l0~ sec2 1.8 X 10~sec2
v 1.79 X l0~cm/sec 2.1 X l0~cm/sec ES
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FIG. 2. Phononconductivity of Polyethylenin the
20 . temperaturerange0.2—5°K.Solid line is the calculated

curve and circles are theexperimentalpoints.
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~ Temperature T(K) of Nyloneand Polyethylenhasbeencalculatedin the

FIG. 1. Phononconductivityof Nylone in the temper- temperaturerange0.2—5°Kandis shownin Figs. 1 and
aturerange02—5°K.Solid line is thecalculatedcurve 2. Constantsandparametersusedin thecalculations
andcirclesaretheexperimentalpoints, are given in Table1. From Figs. 1 and2, it canbe con-

cludedthat theagreementbetweenthe calculatedvalues
TheexpressionforK canbeapproximatedas andthe experimentalvaluesisgood enoughexceptat

a few temperatures.The dislocationscatteringis found
kB kBT\~°°_x4exK = 2-,r2v (h) .1 (ex — 1)2 (AXT+ BX3T3) (4) to play a dominantrole in thepresentwork in agree-

mentwith thework of ScottandGiles.
0

whereA = a (kB/h),B = b (kB/h)3. Here0/T is taken

as°°dueto low valueof Tandhighvaueof 0. The Acknowledgements— The authorwishesto express
valueofa andb canbe calculatedwith thehelp of his thanksto Prof. V.V. Rao andProf.G.S.Verma

for their constantencouragementduring the work.
equation(l)butdue to thelackof someconstants,
theseare takenasadjustableparame~tersin the present
calculation.
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