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Abstract

Permeation and solution of tritium through/in organic polymers are important pro-
blems for applying these materials to tritium handling systems. In this connection, the
solution and diffusion of tritium in several polymers were studied by means of time-lag
method and considerable abnormal behavior for tritium permeation though polycarbonate
film was observed. The causes of this abnormality were investigated by measuring
diffusivity and solubility of tritium under various experimental conditions. It was observed
that the solubility and diffusivity and hence permeability of tritium was singnificantly
affected by the presence of residual solvent originating from the manufacturing processes.
In addition, the residual solvent enhanced the solution of isobutane contained in counting
gas when the permeation was measured by S-ray counting method using G-M counter.
Both the residual solvent and dissolved isobutane disturbed the diffusion of tritium. The
latter, however, significantly impaired the diffusion of tritiurn. When the residual solvent
was removed from the film in vacuum and the permeation was measured by quadrupole

mass spectrometer, the abnormality disappeared and normal isotope effect was observed
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The extent of the isotope effect, however, differed from that of the classical rate law

prediction.
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Table 1. Diffusion constant (D), permeation constant (KD) and solubility constant (K) of hydrogen
isotopes and helium in polycarbonate film with 279um thickness.

Sample (A) PC before heating in vacuum (B) PC after heating in vacuum

Gas | Dx107/cm?sec™! | KDX108/cm2sec™! K Dx 107 /cm?sec™! | KDx 108/cm?sec™! K

H,* 2.22+0.10 29.91+0.60 1.35+0.07 3.92+0.87 9.23%+0.85 0.24£0.06
Dy* 191+0.24 25.7+1.10 1.35+£0.16 3.78+0.13 9.80+0.90 0.26+0.03
To** 0.06+0.01 0.77+0.17 1.28+0.35 0.08 041 0.50

He* 28.4%2.00 1.44+0.14 0.005=+0.0006 43.6+5.00 1.94+0.04 0.0044+0.0005

* The data were obtained by use of the ionization gauge in apparatus (A).
** The data were obtained by use of the G-M counter in apparatus (A).
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Table 2. Diffusion constant, permeation constant and solubility constant of hydrogen isotopes in

polycarbonate film with 100xm thickness.

Gas Dx107/cm?sec! KD x10%/cm?sec™! K

Hyp* 5.20+092 125+ 0.60 0.24£0.04
D,* 3.78%+0.13 9.80x0.90 0.26+0.03
To** 1.22+0.18 3.76+0.64 0.31+0.07

* The data were obtained by use of the ionization gauge in apparatus (A).
** The data were obtained by use of the G-M counter in apparatus (A).

wWit, BEaaWioEE (B) 28V i3 2 X107 8%Torr $ THATE %, Table 3 i3,
#E (B) 12 ) EEED100pum EHP CHICH L THBLN#EETH 245, Table 20
REMRT DL, BIoKE MR L, DNELERERBPBLNATVWS, THLNH
RITEOFHROBKRELEZRT 5 &, BRI LV ELIIHKERT 213 P CHEBKOEI R
LA, MEEURBUIRE (, BICHEREREENECE B LD LMNENS, %8, Table
SRRLARMERIETHESIEFLHCTHELNLZLNT, 22123 T, DREREFICHL
AT T 4 Y IWRADOHERI U, FLRBEROVELIILAEEWEEZLNS, L
72%> T, Table3 NEIZP CHEBER THOILME VEBDRMEHREERL TVBL DL
EZHNEH, OTNLHEHE, L TFREIND I//MUWICEbL v, T OMEE4Eb%
VBRI Z IR OERIC B W TS ZEHASKLL Ty wZ LIFERICET 3,
Table 3. Diffusion constant, permeation constant and solubility constant of hydrogen isotopes in

polycarbonate film with 100um thickness : all of the data were obtained by use of the
mass spectrometer in apparatus (B).

Gas Dx107/cm?%sec! KD x 108 /cm2sec™! K

H,* 11.0£0.50 4.42%0.40 0.040.004
D,* 9.60+0.17 421+028 0.040.003
To* 9.20x0.22 3.28%£0.02 0.03+0.002

* The data were obtained by use of the mass spectrometer in apparatus (E).

Table 1 (A) Z&HEEIIT 2L, AEMEL 728D Hy RUD, DIEFE R O ERER
H %L (Table 1(B)) i3, BEAZE LABEOELL) LS v, ZHIFERNER

58



P CHEIZ 51T 2 KB RENIEKDEE & HEEK

IS kUL, EEMBEOBICEEINATORERNEY 100um BEOREFICEE N TV
BRIBL VLBV E2ERL TS, ZOBALL T, DT — 3 %2 KT 5 L Table 1

(B) iR L 72 T O¥i#RSH Table 2 TOEL D LEL (/A S WEEIZEFOEHL £
FULEAT T4 IHRBNDL YT I L OMEER, ThbbiEbrFL > OBFE
LENAYT I DEBIREINDLZ 22D LD EEZ LMD, ZHUE, BEEHR
PEBILAMERDBERICE L WHELE 25 &) FEOBEIOICFEL 4w, Fic,
HBRA VT OBEEICEN PV F T LONEIIEL CHEENS, Lr-> THREL
NTw7z b ) F7 LOMBRED BEROBEEIL, BERHIC LN AV 75 nEwrsR
R, TOBERICERLEAYTICICED ) FYLOMBHHREI AL O LR
TES, fMh, BEA Y75 DFEREIE LY F7LOERICTEA CREET, FoRER
FELTREEHOEILAFLAICEBLDTHS, 4B, BRIESII He DiEfEICHL
TRMOBBLE 2 v, HBROMERFEA 22 2h5bnl,

Figdid LEOEE I HETE, G—MAT> =4 AWCHELLZED Y57 L0535
BEBMRICEL 2L THE, PCEICHELL T, 5FIR2ONEBICERET 5, £
DERERBEERNDOTAICL VREC LD BEBRSEL AT T4 > THRFDA Y
TE L DEME LEARES, T, OB zvw LT, BEEHLIMOMER T L LT
BATHDH, BBEAY 7 IHEMRIELICKREL, Z02HG-MA7r 89—

OO . rTritium gas

O I so-butane

( upstream side ) @: residual solvent

Polycarbonate film

O O

( downstream side )

Fig. 4. Schematic diagram of tritium permea-
tion through polycarbonate film in the
presence of residual solvent and counting
gas containing isobutane.
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