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Laser Irradiation Effects and the Isotope Selectivity on the
Gas Permeability through Polymer Films

Kazuhiro Wapa, Yasushi Uendara,* Hiromi YamacucHr** Yasushi Nakasaxi,

Fumio Onmori, Kenshi NisuiMURA and Masaki Yamamoro

Department of Nuclear Engineering, Faculty of Engineering, Kyoto University,
Yoshidahonmachi, Sakyo-ku, Kyoto 606

Changes in gas permeability through polymer films by laser irradiation to excite the molecular

vibration of polymer or of penetrant have been

investigated. Films of copolymer of

tetrafluoroethylene and hexafluoropropylene and of polyethylene were used for the permeation.
With dense films, the permeability is enhanced by cw CO: laser irradiation, while with inflated
films, the permeability is suppressed by the irradiation. Whether the rate of gas permeation
is increased or decreased by laser irradiation, corresponds to the flow mechanism of penetrant
in the film; activated diffusion flow or molecular flow. According to the result of Time-Lag
measurements, the enhancement of gas permeability through a dense polymer film by polymer
excitation is thought to come from the increase in diffusivity of penetrant in the polymer, but
not solubility into the polymer. Small isotope selectivity under laser irradiation is observed in
SFs permeation through an inflated polyethylene film.
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Fig. 4 Dependence of permeability coefficients
on molecular diameter : K (non irradiation) and
Ki (under irradiation) through a FEP film at
298 K.

43(43)

FHEBRE DAL mol/[em2.s-(Pa/em)]=mol/cm+s+Pa
L1525, HFHERE o OMEIRZ, Mason 5Hs8E BIfHE? i
EIE, EHB—DRPERENTVIELRZOHEE,
Fio, BHEOBAERBZN S DFEHER .

Fig. 4 T, Ar XD KRSWVWHFicdd 3 K 8 LU
KiZLbick{E#fizn 3. Ki icB3EROARIZ
KicBg2zhih 0080050 7T, BHBE K/
K(>1) BAFERBKEL KB ICONTHEKRL, XeT
138720 EV0 A fEicts > 7z, He XU Ne icoT K,
BRUOKBE DIKERIY EFicThT5013, FEP
PESFNCHERILLTOT, REVKESTFRIEZRED
AHEFEBT B0 L, He ® Ne DX ITAIWVAF
RIEREDALEOTRHBETESBRBLI Z05THS
EEZONTWVWB®, %72, Pace & Datyner 1354
FHREICIARMMDIH D, NS OFFIEZ OMERIC
bADRD B, BAFHOEHICELT, BHFH
FHIBR 4 1CX4 9 2 MR 12 3 FEEBESHITNE {125
TEEEHLTODE.

BERSFERECB T 2 B EERRRESTER o
PESTFHERI LD RETOEMETELSE. L—F—R
ek 2RBBBOMEDR S CORBTTEDNS &
EZoNBDT, o=d BERHETE K=K L5313
TTH5. 2T, Fig. 4 its¥3 K BXUK e
TEHRBEROREERD THIcE ThH ¢=0.078nm
Lid-fe. iR, BEESTHEROEEL LTHDN
T3 0.1nm TRV, FIEI TR/ & Sic, Ea b o?
WCHBIT 2 E NS ERBIUERAGHZDT, RAIKC
Ki 8L K% o? i U THRAR L TA DS,
Ki=K 135 513 02>0 o&FEiciiskE Stimote.

4.2 BEECEIIFEESEEFRO V- ¥—- RBE

EYES

A TR~k S i, MEESTFRCBY 2584035
B, RANOKASTOWBME, BERNTORKLSFO
LEED T DOERMBER LTS, v—F—RBihick
S TREBBBEEINE DR, BREEEHEOBENZ
NENEDXICEAT 255 ThH 3p%2HBD
T, V=¥ RO NEEEEI RS OIEEEEB
EE (Time-Lag J5E) 275>, L—F—BHTT
SIAMRICEIS 5 Henry OBERIAELD T2 EKE L TR
DK, DBXUS O, v—F—HABEE T B
OHFELT, BERELEA D He B X UKEER
BUKEA®D CHoF it DWW T Fig. 5 38X U 6 &R
. ZhooRML, v—¥F—RBEitick 0 BBIMEE X
NBDIF, & UTHBEBREINEIPOTHBC &8



44(44)

He/FEP*
A0 322K

Kx10'®

Sx10'°

Dx10°

OO IIO 2!0 3I0

LASER POWER DENSITY (mW/cm?)
Fig. 5 Dependence of permeability K, diffusivity
D and solubility S on laser power density for
the permeation of He through a vibrationally
excited FEP film,

CHyF*/FEP T
298 K Kx10"

1 1
00 10 20 30

LASER POWER DENSITY (mW/cm?)

Fig. 6 Dependence of permeability K, diffusivity
D and solubility S on laser power density for
the permeation of vibrationally excited CHsF
through a FEP film.

bhb.
FROEBREBEZEZTITRY, KBXUDORE
BEEE L - - EEE 05 X —2 L LTHXY
77k T K/ LTHEET 2L, Th SOEROS
BEh S, BRABIUCEBROILDOFERL FVvF—DZE
bk 3. Fig. 7 ¥ XU 8ic, CHsF ZFEHGHES
HBAOKBIUDORERE®EZRT. ERODR
BV —¥F —H BB DS IENEL D, Ktk
TRBBOFEM =2V F— (Ea+4H) 13, £/, D
KB LU TREROERIIL 2 V¥ — Ea s, ZHENE

X BISHEEIS (19864£2 1)

1076 323 298 273K

CH4F Y/ FEP

©
a
9Q
5
~N ~17
gw o
~ L 20 mW/cm?
< 8
> 5
0
1078 -
3 4

10%/T(K)

Fig. 7 Semilogarithmic plot of the permeability
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Table 1 Property of membrane and laser irradiation effect on the gas permeability.

Membrane Flow

Laser irradiation effect

Dense polymer film (¢>d)

Infl fi
nflated polymer film (e<d) Molecular flow

Porous membrane

Activated diffusion flow

Enhancement of permeability (Ki/K>1)

Suppression of permeability (Ki/K<1)

I | T [
Partially Inflated PE

10P(16) |
/ |
b

0.05 W/cm?
1. | 4.8 kPa

HeNe Arkr  Xe SFe
0.9 M I Y Y

0.2 0.3 0.4 0.5 06
o(nm)

Fig. 14 Dependence of the irradiation effect
on molecular diameter for the permeation of
each noble gas mixed with equimolar SFs
through a partially inflated PE film.
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Table 2 Theoretical isotope effect in gas per-
meability through a porous membrane (under
no irradiation).

ISOtopemixture Isotope abundance ratio®® gfé(i)clin
H2/D. H: D=99.985 :0.0149 1.414
Ho/HD ” 1.225
14N2/¥N, 14N 15N =99, 6337 : 0.3663 1.035

14N /UNN ” 1.018

BAr[OAr 36Ar: 4Ar= 0.337 :99.6 1. 027

12CHF/'3CH3F 12C: 13C=908.893 :1.107 1.0146

CH3F/CDsF H: D=99.985 :0.0149 1.0432

10BCls/**BCls 0B 11B=19,61 :80.39 1.0043

32SFs/*'SFs 325: 35=095.0 : 4.22  1.0068

25Fe/?¥UFs 25U : 28U= 0.72 :99.274 1.0043
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Fig. 15 Isotope selectivity in laser excitation
for the SFs permeation through an inflated PE
film.

S hicELLTEY, ZOEDEAEZPMELTHS
L, WL RBEL-TH 2~3% 3bB LSR5,
O, STFHTORMAEHE0.7% L I3HER &
V. BE PE BEicD 0 T b RMEAEERERSTH
208, BRI HANTHEBRED 1 HLLNE L, ER
PR#ELZ E DT, WHELHERERTIIE->TW
2.

BEETEZONS, V—¥F—%0H LicEMESEE
fEicEE LOREEFIET S L,

1) BEIT2L—V XKL TERTHE T L,
2) L&D BVIIEES T EROMEMIRG S i

BEWREAL->TNBT L,

3) MHBREISHT 254, AEBAFEELDD

FHhREL BN L,

HLizs.

5. € ¢ U

BATFHICE Y 3R GEEEN L —F —RRBEHick &
D& D ICEEBEZT BICDONT, HROBEMEZ R
T EBRERERE L. BRICKIZT LV —F —REHER
2, BBT BRAROHFEREESFHERE DR
RANEARICE > TEDZVREICELNS T L FEL
wondk. Lhl, TIRESTE®D I 7 o ii#g&idusng
UbIHRETIEL, 2oL BEKEMBICSHETSIC
1, 2K L HBBICHET 2 A THMBOSHPE
AFEOWIFTMFICETEHERE, chd s o
EERADRE OBBREHL S BANIMLENHD. %
fo, RS NIcEBRES FOIRE T 5 v F =SS
TR N, BREHOEICESTE DD
WCOBNFENLEHEDEETHS 3.

TNETIEB SN ANASBRROERE NS 13
HOTH20, RRIHET 3 EBIRAREE/LTHY



BATRIAEBEOV — v — AR (T - LB - (L0 - iy - K% - T8 - 1I0K)

ERDNITSBICE U BB EL, L—YF -0k
BPHN, ROBEPENEOEREHEEESLC K

y,

3

RIS EEBERIN IO TREVAEHREIN

Bi%iC, ZoMERLEMZREMRS X ORYHME

BOPWKICK > T3 Nie, EDTFEMERZL S +0T
B0, SHAMLE ) B L URELR () 2 o Rt
TRl AFERRICIEREEOMIECELKES
HERicE - 7. INEFEBLUILPEBOWEAICR, &
AFECBF 254 BBE LU L —F —%BicBLTZ
BRE0Evk, ZhZhicBBoEE2 KT 2KRET
b5.

1)

2)

3

<

4)

5

N

6)

7

8

=

9)

10)

11)

X [

ME—F, ZFEDH, LR B, LOKHE: “BCl-Xe &
AEKORECBG V- R O 8", L—¥—BF
72, 9 (1981) 676-681.

K. Wada, M. Yasui, Y. Uehara, H. Yamaguchi and
M. Yamanaka: “Laser-induced suppression effect on
the sublimation of BCl;-Xe solid mixtures,” Chem.
Phys. Lett., 94 (1983) 527-530.

K. Wada, S. Yabushita, H. Yamaguchi, Y. Uehara,
F. Ohmori and Y. Nakasaki: “On the mechanism
of laser-induced suppression of Xe sublimation from
BCl;-Xe solid mixtures,” Laser Eng., 11 (1983) 434-
438.

K. Wada, Y. Uehara, H. Yamaguchi, Y. Nakasaki,
F. Ohmori, K. Nishimura and M. Yamamoto:
“Laser irradiation effects on the gas permeability
through polymer films,” Jpn. J. Appl. Phys.,, 24
(1985) L 332-L 334.

N. V. Karlov, I.K. Meshkovskii, R.P. Petrov, Yu.
N. Petrov and A.M. Prokhorov: “Laser control of
permeability of a molecular screen,” Pis'ma Zh.
Eks. Teor. Fiz., 30 (1979) 48-52; translated in JETP
Lett., 30 (1979) 42-46.

V. A. Kravchenko, E. N. Lotkova, I K. Meshkovskii
and Yu. N. Petrov: “Infrared control of the passage
of molecules through a porous crystal,” Pis’'ma Zh.
Tekh. Fiz., 7 (1981) 1197-1200; translated in Sov.
Tech. Phys. Lett., 7 (1981) 512-513,

A.S. Michaels and H.]. Bixler: “Flow of gases
through polyethylene,” J. Polym. Sci., 50(1961) 413-
439,

J. Brandrup and E. H. Immergnt eds. : Pol/ymer Hand-
book, 2nd ed. (John Wiley and Sons, New York,
1975) p. III-241.

J. Brandrup and E.H. Immergnt eds.: ibid. (1975)
p. 111-242, V-16.

T. Shimanouchi: Table of Molecular Vibrational Fre-
quencies, Consolidated Vol. 1 (National Bureau of
Standards, 1972).

H. Brunt and M. Perez: “The v, and v, bands of

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

49(49)

sulfur hexafluoride,” J. Mol. Spectrosc., 29 (1969)
472-4717.

P.K. Cheo: Lasers, Vol. 3, eds. A.K.Levine and A.
J. DeMaria (Marcel Dekker, Inc., New York, 1971)
p. 127.

R. M. Barrer: “Permeation, diffusion, and solution
of gases in organic polymers,” Trans. Faraday Soc.,
35 (1939) 628-643.

W.W. Brandt: “Model calculation of the tempera-
ture dependence of small molecule diffusion in high
polymers,” J. Phys. Chem., 63 (1959) 1080-1084.
A.T. DiBenedetto: “Molecular properties of amor-
phous high polymers,” J. Polym. Sci., Part A, 1
(1963) 3459-3476.

R.J. Pace and A. Datyner: “Statistical mechanical
model for diffusion of simple penetrants in poly-
mers. . Theory,” J. Polym. Sci., 17 (1979) 437-451.
P. Meares: “The diffusion of gases through poly-
vinyl acetate,” J. Am. Chem. Soc., 76 (1954) 3415-
3422,

N. Yi-Yan, R. M. Felder and W. J. Koros: “Selective
permeation of hydrocarbon gases in poly(tetra-
fluoroethylene) and poly(fluoroethylene-propylene)
copolymer,” J. Appl. Polym. Sci., 25 (1980)1755-1774.
T. Duncan, W. ]J. Koros and R. M. Felder: “Permea-
tion of methyl chloride and benzene through FEP
Teflon,” J. Appl. Polym. Sci., 28 (1983) 209-218.

H. L. Frisch: “Gas permeation through membranes
due to simultaneous diffusion and convection,” J.
Phys. Chem., 60 (1956) 1177-1181.

V.P. Budtov, V.P. Vorob'yev and B.I. Sazhin:
“Study of possible mechanisms of gas transfer
through polymer films,” Vyskomol. Soyed., A 16
(1974)2586-2592 ; translated in Polym. Sci. U.S.S.R.,
16 (1974) 3008-3016.

J.O. Hirschfelder, C.F. Curtiss and R.B. Bird:
Molecular Theory of Gases and Liquids (John Wiley
and Sons, Inc., New York, 1967) p. 1212.

O. ]. Sweeting: The Science and Technology of Poly-
mer Films, Vol. I, 11 (Wiley-Interscience, New York,
1976) p. 33.

R.]. Pace and A. Datyner: “Statistical mechanical
model for diffusion of simple penetrants in poly-
mers. II. Applications-nonvinyl polymers,” J. Polym.
Sci., 17 (1979) 453-464.

H. Fredmann and S. Kimel: “Theory of sifts of
vibration-rotation lines of diatomic molecules in
noble-gas matrices. Intermolecular forces in cry-
stals,” J. Chem. Phys., 43 (1965) 3925-3939.

M. Benedict, T. H. Pigford and H. W. Levi: Nuclear
Chemical Engineering, 2nd ed. (McGraw-Hill, New
York, 1981) p. 818.

=% ¥, RLBK, BFE %, EIEW: ‘7o v
81 B KRAMKE KORFERESK O BB LIER, &
IWRZFE MY 57 af%EE v 2 —PFEH 4L, 1(1981) 33-
40.

AARBBHRATREER: 74 Y - 7FE (L,
HE, 1970) p. 817.



