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Quantum effects in the kinetics of *He, ‘He, H, and D,sorption
by bundles of single-walled carbon nanotubes

The low temperature kinetics of sorption of *He, “He, H,, and D, gases by bundles of single-walled
carbon nanotubes (SWNT) and the subsequent desorption of these gases from the SWNT bundles has been
investigated. The kinetics of gas desorption was investigated on a powder of SWNT bundles compacted

info plates under P=1.1 GPa.
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A.b. lon6uH, B.b. EnbcoH, B.I'. FaBpunko, B.I. Manxenen,
H.A. BuHHuKoB, P.M. bacHtokaeBa, I.U. Ackoseu, B.A. laHunbyeHko n W.10. YBapoBa
KeaHToBble apdekTbl B kKuHetnke *He, “‘He, H, U D, 3axBaueHHbIX Ny4KaMyU OAHOCTEHHbIX
yrnepoaHbiX HAaHOTPYGOK

Bbina nccnegosana HM3KasA TemnepaTypa KuHeTyka copbuunn *He, “He, H, u D, rasos nyukamu ogHo-
CTEHHbIX YrN1eposiHbIX HAHOTPYBOK (HaHOTPYOOK) 1 NocnenytoLLelt fecopbumm 3TUX ra30B U3 HAHOTPYOOK
nyukoB. KnHeTuky aecopbuumu rasa uccnefoBany Ha NopoLIKe HAHOTPYOOK My4YKOB, 3aNpeccoBaHHbIX B

nnactuHbl nog P = 1,1 IMa.

KnioueBble cnoBa: HaHOTPYOKM, yrnepog, Aecopbums, KMHeTUKa

A.b. lon6uH, B.b. EnbcoH, B.I. FaBpusnko, B.I. Mawxenen,
H.A. BunHukos, P.M. bacHiokaeBa, I.W. Ackoseu, B.A. laHunbyeHko, N.10. YBapoBa
Kunetukaparbi *He, “He, H, U D, Tyitingenren
6ipkabbipFanbl KeMipTeKTi HaHOTYTiKWenepAiH KBaHTTbl 3¢ dekTinepi.

Temenri Temnepatypagafbl *He, “He, H, W D, Tyitingenren 6ipkabbipFanbl KeMipTeKTi HaHOTYTik-
wenepaiy aecopbumsa KyObuibiCbl KapacTbipbiagbl. a3 aecopOumAcbiHbiH KMHETMKACbIH HAaHOTYTIKLLe-
nepaiH yHTafbiMeH 3epTTeniHgi, nnactnHa P = 1,1 ['Tla KbiCbIMbIMEH NpecTenreH.

TyitiH ce3paep: HaHOTYTiKWenep, KeMipTek, AecopOuns, KUHETUKA.

The low temperature kinetics of sorption of *He,
‘He, H,, and D, gases by bundles of single-walled
carbon nanotubes (SWNT) and the subsequent de-
sorption of these gases from the SWNT bundles has
been investigated. The kinetics of gas desorption
was investigated on a powder of SWNT bundles
compacted into plates under P=1.1 GPa. The start-
ing powder consisted of closed SWNTs having two
basic diameters 1.02-1.06 and 1.69-1.72 nm. The
SWNTs in the sample had metallic conductivity.

One of the plates of mass 0.07g was heated stepwise
to 7=500° C in dynamic vacuum (~ 10°Torr) and
kept in it for eight hours. This technique allowed
us to remove the residual gases from the sample
and hence open the ends of the SWNTs. The other
plate unaffected by heat pretreatment was irradiated
with y-quanta of ®*Co with the dose 1.6-107 rad. The
SWNT ends therefore remained closed (c- SWNTs).
The irradiation procedure was performed at room
temperatures in the H, gas medium under the at-
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mosphere pressure. This permitted us to increase
significantly the rate of radiation defect generation
in the SWNTs [1]. The kinetics of gas sorption and
desorption was investigated using the technique de-
tailed in [2].

The characteristic times of the sorption-desorp-
tion processes coincide within the experimental er-
ror. The annealing of the SWNT samples at T=500
C reduced significantly the characteristic times and
changed their temperature dependences. The effect
of annealing decreased at the molecular weight of
the dissolved gas was increasing. The influence of
irradiation of SWNT bundles with y-quanta upon H,
sorption is qualitatively similar to annealing effect.
The lowest activation energy was obtained for He
isotopes in o- SWNTs (186 K). It was higher (212
and 224 K) for H, and D, molecules, respectively.

The highest value (£ =336 K) was measured on c-
SWNTs irradiated with y-quanta of ®Co. This high
E_ characterizes the H, desorption through the bar-
riers at the ends of the interstitial channels of the
bundles in which the tube surfaces have radiation-
induced defects.

The gases desorption rates obey the Arrhenius
law at high temperatures, deviate from it with tem-
perature reduction and become constant at low tem-
peratures. These results indicate the quantum nature
of gas outflow from carbon nanotube bundles. We
have introduced a crossover temperature 7, below
which the quantum correction contributes signifi-
cantly to the activation energy desorption. The tem-
perature 7, is a linear function of the inverse mass
of the gas molecule, which is consistent with theory

[3].
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