¢ ;] ke3e2@N\ : 6T5>) SPECI FI CATI ON GAS PERMEABI LI TY MEASUREMENT METHOD AND GAS
PERVEABI LI TY MEASUREMENT DEVICE 5 FI ELD OF THE | NVENTI ON The present
invention relates to a gas perneability neasurenent nmethod and a gas
permeabi l ity nmeasurenment device utilized for measuring gas perneability of,

for exanple, 10 plastic film sg% t%%goéfd paper and the |ike.
il

BACKGROUND OF THE I NVENTION I n sel ecti ng packagi ng,
agricultural and electric materials and the like for a variety ﬂmmlmmmmm
perneability of gas such as oxygen, water vapor or the like is

conventional |y rrea%se(?ﬁwv%ﬂ gsameﬁqwﬁﬁ%%w MYRrial, for «cooooz
exanpl e, the rate of %ﬁ»&lﬁﬁﬁfﬁi iNBASUREMENY IpHizdpr quality

mai nt enance because iG%)%i rectly 1 nmpacts on an obj ect packaged i

of oxigization of the el enents and change of the color tone an m@mm@umm
is why the_perneabilit such as oxygen or the like, is

When t he F&%@gpﬁg%@t émel ected. In neasuring the gas perntdaBitity
(pernmeation rat Qheoﬁrggeﬁ’éyg?&en\ﬁ_&bﬁr redRdesaitd teydd keedMédbiBSpect to
the plastic film sheet and the |ike, the gas perneation rate test nethod

JI'S K 7126eesuriemenit bethog @andarganPegmeskid tysPeasERsHeIt IR ¥F29 | s
general ly l.o el 1.S: .8 SLOD! LEL : oc k., dinggr f e RarmigBe
per neat i or‘f%g‘g'lrzét%cej frf‘?a%?ﬁ%n‘%%f%e ig%eb%%%g?%?%glé%’obﬁeﬁao‘fe%oi ng il s kK 7126
In E0g. pasti® ifdilm,peheedt,i conveidtecapapeareand ddwellikeyr perneating gas
t hrough a test piece 100 which is installed therein, 160" is a pressure
detector for detecting a pressure 1 vari ation caused by the perneated
gas, 155 acxErOVNDI@Y imhiE aomemerdow suppl ying the perneation cell 110
with the gas, 150" is a test gas cylinder, 116 is a vaguu unp, _anpd | 22
through 125 ar eIntid)e papeess of sRéeFELRIRATKATRY | §g§ﬂrﬁé‘:fitﬁ‘6%'eﬁn n a
filter papsr r e apdw Ghegabetywpenmmyaper cell
110a and %q'legv]%%?'cgre}%é%f%f g?ﬁedcgig)ngﬁfiéoﬁgcell 110 ,ﬁgn t he up gr and
| over 151 de@rafeabhilditya offygesbanch ahanngen 4yakes ¥appFopar Feechik®er | 35
are respeqtive!ﬁ/ f%ed. 10 _To bhe ic{1 Wth, the vacuum punp 116 is activated
to first evatoRvEHEMRIISHANIE F Sitber 135 of the perneation cell 110 and
t hen evacuate the ok be thopaekayifgahatdei pky fieat egampdlel, the. The

evacuation of the hypobaric chamher. 135 is term n?te , and theaygguum
thereof | Fak@ nP&i ne¥ygas pegmeabpility o348 | I"PREFBRGcet®hy APPTOXT nat el y

one atm | Bl il baLi e Ghagbesctdy ifpddis BardPableatophtkay8d and the

pressure 0 yperbari c chanber 140 When the foregoling_ is conducted is
recor @ed. ifhtepmesfuoridizahiohpfothe odementiscand ghadgs ¢ He FPS8T and the

permeation Of .. 4 scent. That is why the permeability of gas, such

as oxygen or the like, is measured when the packaging material
is selected.
In measuring the gas permeability (permeation rate) of
25 oxygen, water vapor and the like with respect to the plastic
film, sheet and the 1iké, the gas permeation rate test method
JIS K 7126 or the water vapor permeation rate test method JIS
K 7129 is generally employed.
Fig. 3 is a simplified block diagram of a gas permeation
30 rate measurement device according to the foregoing JIS K 7126.
In Fig. 3, 110 is a permeation cell, as a test vessel,
for permeating gas through a test piece 100 which is installed

therein, 160’ is a pressure detector for detecting a pressure



20 the gas is confirmed . The gas perneation rate or gas perneation
coefficient is calculated froma neasured tilt of the straight part of a
perneation curved |ine by means of a predeterm ned formula. In the
foregoi ng conventional gas perneability 25 nmeasurenent nethod, however,

when neasuring,the perneability of LSt [ he (nat d such
as oxygenf’aﬁ&gé:rm\?aﬁglusg o e ?k%?gﬁ?gﬁééngggboggrjbﬁes %o%d%%%%%]e if the
gas in thenhypdiaaeirct &haubelylidy tis ppemsattied ddiEl 1a0twitletbel®®s, r enai ned
in the perneation cell 110 and_the lik 160 30 adsorbed to the L:E%% pi ece
100. Thusl5Pheié Astaskiape Fﬁlb{]#?ﬁvng fi HRI Y VAT (RUPR 4 3R] of gas

per neabi | ith¥~ou?ﬂ Rakt Lol Atop Lraidy.esently very difficult to neasure gas
permeability in the case of fest materials of very low 2 gas perneability
such a8 a vacuufhkebestrpitaei HR0nbs csyperimpezed 9% |#n Fbltey RFPRT EL

di splay apd.the.like _SUMVARY. NN ebar 8ppdr@i obj ect
of the prggén?nfln?}%en iagﬁ:a‘lnsge[dogér%g:;sd% a gasqulgr%r’f:euaé%lrnl |Lty als:urement
met hod andlaagasdpelckeli tely IEGs wittbatpeovezeicmpaille 130 ,measthéng gas

perneability Wth very little inpact, Qgr affect,fromgas _exisikRg.lQ the
natural wHPPET 3Bd| HotaE %h%e%é?%q% FyLXESEB?EﬁEngg?@gﬁﬁdiggc%?%i ng to
the preseqt HlRKgAb; AN cHddbeReNMBARIAd b sPfectivRily Hoefed s measured. Into

one of two spaces divided by the test piece is introduced an isotopic gas
havi ng0a mass nUnthegidi #ishenthe yacham pimp 1d8si s aqfdr@trgditonkebEtfement of

the gas perneabi | 15.The F gt LRe 1Sy BRE 19850 havi ng
per meat edeyﬁgueggﬁ%?ggg%ﬁﬁcggﬁg@g%re tglfa%?ﬁ éar space is detected to
t her eby naadutiten beapaateathd hypeabatrie chamjsir §49.of thelrexmeabiemeabi ity

measur enent _devi_ce according to.the ent__i nyent.i on ) Llity of
a test pi&edl2dll% nﬁaguﬁéra.%u? é°&a§%§?ﬁe;‘gﬂ°¥’taflﬁef§tf?%r%ﬁtq%%3?%e
conpri ses @i sla t¥es s ahdh ate Graloiuns ihefedd \Usdadibytdied est piece, an

i sotopi ¢ gas supply source for supplying one of the s_paces:L of the, test

vesselbwi th an Nestept &egdsgnaviansrrisser b aprarridiadfl ¥ 8nenat™of a gas
t ar get ed fo':ton%ﬁagﬁefé%%gﬁéi’? ofn 1.6 D85 P YeTRAR ﬁéﬂea@ﬂgnacgﬁisllo ,

spectrorretlgr f or he 1sotopl ¢ gas having perneated the test piece
and transhedr athd orentimee sfathe Aggpmubhanic ochimber c34At Wwharenth®®n, an

I sotopi ¢ gas having .a nass,nunber.differe to t_of s darggted for
30 rreasur%ﬁﬁﬁf?f’lf‘grésy ‘?%"b"tr?\gtﬁ% ﬁ?\f’ﬁ%g%d\hor#ggaﬁ%eg%u%%er# cal property
i denti cal piBobadliObhhiBekal 98t sg@bts talzdde, Thhd ehabbesmeatipsovbpi ¢ gas
to be detected as the gas havi ng perneated the testﬂgi ece, Wwhich.can be

separ 20 ed thegasihy cga§izmed: (L@ FRPPFGALIAT THER RELHSHTRTT - 2R d
therefor ec@%tf%&thgn\@ F Ul R HdPAEIm bEE £4 4 ¥ tilt of the straight

part of a permeation curved line by means of a predetermined
formula.

In the foregoing conventional gas permeability

25 measurement method, however, when measuring the permeability

of gas existing in the natural world such as oxygen, water

vapor and the like, it is not possible to determine if the

gas in the hypobaric chamber 135 has permeated the test piece

100, remained in the permeation cell 110 and the like, or

30 adsorbed to the test piece 100. Thus, there is a limit to

pursuing highly accurate measurement of gas permeability.

Inparticular, it is preséntly very difficult tomeasure

gas permeability in the case of test materials of very low



BRI EF DESCRI PTI ON OF THE DRAW NGS 5 These and ot her objects as well as
advant ages of the invention will becone clear by the foll ow ng description
of preferred enbodi nents of the invention with reference to the

acconpanyi ng drawi ngs, wherein: Fig . 1 is a sinplified block diagramof a

gas perneability 10 peasurenent_device cordin . ' 1
present i H&é@%ﬂ?*ﬁ.ﬁé’ ’F'écg ¥ rraplviaﬁug%bﬁggk %?%‘g%%%‘%%%ﬁﬁl’ of the
per meabi | ipt yeERATING Ty RGatA AGIOdlisH) dy0 sand Eieodidkent 2 of the present
invention. 15 Fig . 3 is a sinplified block diagramof a conventi onal
product. In all these figures, |ike conponents are indicated by the sane
nuneral s 20 DETAI LED DESCRg Oy Tire PREVERREGNEMBODI MENTS Enbodi nent s
of the present invention are hereinafter described in detail referring to
the dr&awi ngs. (Ehbodfreet &)miig cbiert afsthpipresemtobrverbirant®f a gas

perneability 25 asurenent devi d ' |
per meabi | 70y PHEY: _eﬁ'eﬁ?‘sng?ﬁ%\él g%‘gr% iﬁégggkgﬁgﬁgﬁéﬁﬁﬁ?aﬁéoél ?ﬁéé present

i nvent i onpelimdahil AR aisRitendie device eagabhkbhod aemsmppinedgas the
perneabi l ity measur enent .of oxygen, the description %f which follows. 30

The gas peerswebiliFynusksth cWerY dditde a0t Mo t BEERFS STisdhi Ah
conpri ses g iRQIRALIORGe I, bl dpad.est vessel in which a test piece 100
of sheet type su as &astlc f|J1mis installed, a gas cylinder 150 , as an

i sotopdc gas sufipl yhé gas permeability measurement method according

to the present invention, gas permeability of a test piece

is measured. Into one of two spaces divided by the test piece

is introduced an isotopic gas having a mass number different

to thatof agas targeted formeasurement of thegas permeability.

15 The gas permeability of the isotopic gas having permeated the

test piece and transferred to another space is detected to

thereby measure the permeability of the target gas.

In the gas permeability measurement device according

to the present invention, gas permeability of a test piece

20 ié. measured. The gas permeability measurement device

comprises a test vessel having two spaces divided by the test

piece, an isotopic gas supply source for supplying one of the

spaces of the test vessel with an isotopic gas having a mass

number different to that of a gas targeted for measurement

25 of the gas permeability, and a mass spectrometer for detecting

the isotopic gas having permeated the test piece and

transferred to another space.

According to the present invention, an isotopic gas

having a mass number different to that of a gas targeted for

30 measurement, rarely foundin the natural world and of chemical

property identical to that of the target gas is used. This

enables the isotopic gas to be detected as the gas having

permeated the test piece, which can be separated from any gas



source, filled with an isotopic gas 1' Q2 nade of atom es having a nass
nunber of 17 different to that of a gas targeted for perneability
measurenent, that is oxygen 1602 nade of atom es having a mass nunber of
16, a test gas introduces 155 for 5 introducing the isotopic gas fromthe

gas cylin h ot - ' I I j e punp 115
and a hi g%gégﬁgg%hguﬁ%&‘ﬁ&%%ﬁ%ﬁ%ﬁ%g%ﬁg)Sggan%%%ﬂbggIcly 110 ,&a vacuum
nmet er 145wichomtasnyi ngpacteghesediromacuum and a detector 160 for detecting
the isotopic gas having perneated the test piece 10 100 . These are
connected by a required pipe arrangenent 165 having stop val ves 120 through
124 and |26 and a | eaRReFFY @ELRIFTIOND OFc HENGRAWINGS t he gas

perneabi l ity measurenent nethod accordin vtvé)ﬁ hi s epbodi ment,%}dh t est

pi ece 300 of shEkeseyprdsaEhersoRBePESsET A SIS Pa filter
paper 105, ,LAg+RAN ngﬁ.ybé’ otdi Sfbd S piARdw £8edoReh aPipePeh &gl | 110a
and a lower cell 110b of the perneatidn cell 110 . Around the portion
sandwi chi pgetffeeredsempoéitments af thigeipvenbier ofitdereference ppovitled a
vacuum seal nmechani.sm ?i]lfr.Ch .as an | ri;ig.(not 20 shown) . In the foregoing
ar r angemeAECORPRYEEPHa i 8 ehETe™ TG 0 t he upper side and a hypobaric
chanber 135 on thg. howes singel.i falkidbl s¢ledlivgrapadeos gds\waterkdiyi Tty t est

pi ece 100, are formed. Next, the roughing vacuym pu g is activated with
25 t hd0 r eBpasurerend desiaegcerrdign aoan Ehp dimenH g # BERRESPRY osed,

and the s%ggemliggs' 120 and 123 are opened to evacuate the hypobaric
chanber | on the filter-paper-105 side of the perneation cel| 110. The
stop val ve 122 Figt Rers apdmed itfd esliakeck dingoanpfer pasine@aakieri B0, which
is the opposite 30 space. in_the [ I . pi ece
100. To fg‘FFﬁéIFeg‘ﬁﬁin T It 2GEGH gg.ng?%%g%}%% %%I%e]rg% g;gf\?gﬁ\?gl%zg()&?% cl osed,
the high Yageuripunp 116 is activated and the stop valve 121 is opened to
evacuat e the hypobaric chanmber_5_, and hyperbaric_ chanber, 140 to the

hi gh Vacuum | eva: FHS R ﬁﬁnﬂétﬁh?fﬁr’gaﬁé]‘, da3gTaR, |%,°%"cﬁfh‘?ﬁ°&‘eag]§ ee of
nmore than l@4,Bg. I n this enbodiment, for exanple, the evacuation is

execut ed Po reach the vacuum degree of approxinmately 10-4Pa 5 at nost. The
vacuum degr ee | Enrmkk hhegehfighsesackis momponens:s Fzenipdicateddy

per meabi | i E% wi_th hi Q aqguracy elimnating the inpact from gas renaining
in or ads&PBed3s PHE eStpi ece 100 and the perneation cell 110, it is
desirable, 10 as described, to evacuate the hypobaric and hyperbaric
chanmbers 135 and _140 of _t he per t el ' uum | evel .
The he§h vacuPﬁTN&@a%ﬁﬁé?I%?%g%é@eFﬁMe#ﬁ%% embodi ment
of the present gRMEALINEALsABE BRY Preddht i Hthvdiction e hdruidweftat ep,
havi ng cl osed the stop valve 122, 15 the stop valve 124 is opened, and the
gas flow Beseribedgis dptaiderafsrring &@ Wheh ¥ I"GStopic gas 1' 2 of the
oxygen 16 asyred is adjusted by the test gas introducer 155 . The
i sot opi c ggh%gq%ﬁg&ogﬂced so that the pressure of the hyperbaric chanber
140 of the per nPagi. dnis eldinpld fii=dibleockddagganeihre geseantralinkl € op val ve

126 is_opened at the tine . of intrqgduging ' ' as,gang t vol une
of thédi sBEGS e thadeNd Ser Hgsgedg%ge %‘Eﬁ%é’g‘?‘té’g%%%g igfrregsu‘?%sd by the
detect or }aQmeABils tyPachsuTenent fetthod ascohdingttotan Emgedimenereby 25
det ect the mass nunber of the perneated igot ogic gas. gv ‘iaa&é‘pfcgf t he
det ect ed VaPfiethe RFESeRE INFRRHIOR nt T8I GPEACTRRIEBE5pi £ FasTY s Freasur ed,
based on yhi hid idey the Gl idaiad tyl itegasrqeosmeadt| ity is
cal cul at e%#&%&éﬂn%l%g?gaﬁ?%o foll ows..%'fl'ghe det ect gd val ue by the detector
160, that oxydelns rhkes depestirdrmrerof jwhisht fald@¥sas an i on current val ue,

which_is requir F‘ to_be_co ede o QQ?&R&EEE@%’& b&YaccbPlih§atopur pose
; t V acc 1 o ,
with rghspect to% ﬁegggn‘gef‘@ég%l ecg, the perneability 6
this embodiment comprises a permeation cell 110, as a test
vessel in which a test piece 100 of sheet type such as plastic

filmis installed, agas cylinder 150, as an isotopic gas supply



is neasured according to the previously cited conventional method
standardi zed in JI'S, while being neasured according to this enbodi nent.
Based on a rel ationship between these differently neasured values is
predeterm ned a conversion 5 coefficient and conversion formula for

converting the neasured val.ue according toithis_enbodipment into the
per neabi | i%ﬂ".rcﬁccg?'g#ﬁg "thh Ag "psr°ce%i‘i’§’e79ﬁ1aﬁedg’f E?rrﬁloaggﬁamt"ﬁesr}ﬁ? %I,lgt he
detect ed wahd@sb¥uinBerdstert ali f£rémt G\ \Wvalted i At gashtapgeteabfdrty,
whi ch constitutes the perneability of the oxygen ,10 ''s02 As described, the

per meabi | perreahidddiv maasyreneny ,  Heat ot 8¥¥EeBasO1 mege af ALOMERFd in t he
nat ur al rl V] @l Pronar tyad dent.l t t he
oxygen 1\4\3?"'[(161{@]9% g‘%%%%&n%}s%%?r?e% #hus, t aeé %e%fu%n%%lf isgtbgpﬂi%s 15
separ ab ed ifntaadued nex pheni d602pivhges fomfthenghsuanlindenelhbtimtd worl d,
remai ning.in the test vessel the perneation cell 11 n ke and
adsor bed ttﬁletﬁﬁr’i“%%tglﬁf‘e“c%ﬁiag?)'a?ﬁ% (%‘I;Lé‘]go %cﬂ%gﬁgeglﬁoadrf&n%g%*é}?rom
such. Thi Sraduii SR 216 BstivhsuunihfecHd polyeatLoh 2ied INERG jnevemiunf t he

pernmeability 20 of the oxygen 1s02. Specifically, when the h¥gob é c and
hyper bar | detismbabsfanReafPning 81ded%ed SEnBartth at B 4955 rpf i ously

evacuat ed | u tgy X ah celie 1y YaeR b5ede
remai ni ng ﬁlto% é%geggg{gg%&%%%%&%%ga&%ﬁﬁ g%el It 110 25 and the |Iike and
adsor hed 1@0.heThest preconirtieal bydacestiradpipbyarnabfemanislé®nent of

hi gher accuracy. In this enbodingnt, the jsotopig_gas 1 i
However, &G §5°P §§ivf§£9han§ér%‘fglbgyégiﬁn§{) g%segnﬁa%%aagh‘ggﬁ‘g%s nunber
of 18 nmay 1bg ysRd fwtdreamodi nent of 30 the present invention, or an

isotopic gas with both of 1'02 and_  18Q2 conbi ned rra%eea&'léc;sc? be used. The test
pi ece 100 is nofnl thetgastBerneakibity (PPRSUFRPSRY BREPT 3FFFHERT 7

(Embodi MeRly ¢h;5l Gnbodihen, StilPldddd:8LackogicwishEY tpaasupRIa@abi | ity
measur ement device used for'inplementation of a gas permeability
nmeasungneptlamtikod e oi 8 sgpeciapoBrbodiment £l enf panerprlddonttheventi on.

The portions correspandjng,the foreqgoin iq.. e i ' t he sane
ref erence Pt‘ﬁfr?’é’?’zﬁréf .°%I Hi“f'ﬁ}‘s"%rﬁ%bcﬁ%éﬂ% Er?g:w&g\}/"l %é gﬁéB%ﬁ?ﬁg%vﬂéﬂ;a appl i ed
to the perhiRBRi1dwer FRAIUIEOBIYE theheenestpon cdlle 1déscr Apbind die Wi ch
follows. 10 Accordi ng to the gas perneabilit %rr;ég ur enent gevi ce ﬁ this
enbodi nenporEins erndupehiggiciatsstRiece Fr°§| PERESGLEOB T hter 150

and a t eSthJaD%ip[chﬁ%ﬁ% JE5.8h skhe FIbeth PBRtsukh 49Targ6ReEaY Qgotapor of

heavy Wt er avin e mass nunber of 20, which is an isotopic gas of
wat er 20apahoké )H20 Ihathe f etrgoins annargensn tygat hyperharigrehpmber

provi ded. _In thig enbodi nen the | J WalBete a pi ece
100 is a H}f&e?ﬁa@f%ugﬁgﬁb%%&iﬂfgn}%{%%%gr Si 3% g\n@tg%.‘r gggejé%#%%ereto i's

a hypobar igs gdhawheehldbe thiv spaesti dividedby thartesiyedece OO, ed®ese to
that of Fig. 1 20 according to the Enbodinent 1 so that condensed dew does
not remai FaFahe test piece 100 and return to the water vapor generator

200 when the hypgghar icheChaihaind4Qabtuitpihpgi 1B b fctibrstedewithel close
to a saturated vapor pressure. . .

25 the respective valves 120 through 124, 126 and 128 prev:.qusly
closed, and the stop valves 120 and 123 are opened to evacuate
the hypocbaric chamber 135 on the filter-paper-105 side of the
permeation cell 110. The stop valve 122 is then opened to
evacuate the hyperbaric chamber 140, which is the opposite
30 space in the permeation cell 110 across the test piece 100.
To further enhance the degree of vacuum, the stop valve

120 is closed, the high vacuum pump 116 is activated and the
stop valve 121 is opened to evacuate the hypobaric chamber



According to the gas perneability nmeasurenent nethod 25 of this enbodi nent,
a filter paper 105 is superinposed on a test piece 100, and the periphery
thereof is arranged to be sandw ched between an upper cell 110a and a | ower
cell 110b of a perneation cell 110 . Around the portion sandw ching the

Tochant SRR SBTRE R CPRBP bR <ot B N YARUED ShETD, |

Next, a raHghi fgcuamuranpeNpLdiSekamplei, vasedumi dégrespettnore vehans | 20
through 123_and 126 through 128 8 pr.evi ou%lgg cl osed, and t@e stog val ves
120 and | 28 &% open&BifoeEbadiResty hEORyPERERT R cHATRY2 38 1Mk t he
stop val V%x%%tb& @BfESQcEOtﬁ¥8&yé&ﬁntd@gf&&%ﬁ&ﬁp&&ﬁ&{&ﬁl 4@-*Fq further

enhance the degree of vacuum the stop valve 120 is 5 closed, a high vacuum
punp 146 B¢ mostvatBae aratuire dagnee disyseasrred bpehbd YachyACHRERTt he
hypobari c glganber 135 and hyperbaric chanber 140 to the vacuum degree of,
for exarrpl1 , "at nost 10-4Pa . The vacuum degree is neasured by a vacuum
meter 145. 10 The Wwakgsuvapothgenpemteab2DOty s with echigh h adeubhaeyy wat er
D20, and the vapor of the, heavfg wat er D20, which is the igothi§ gas, is

mai nt ai ne@laminasing: kheivRpek HFYL RS Fo8EITNAS TBsCT 2R aRE 27 %r e

si mul t aneys! o APENEHe 132k 8 EAImMDE 181 11N® heeuy A6 B¥aB®d, havi ng
perneated the test 15 piece 100 i's neasured by a detector 160. Because the

per nead i opsclEdcritied steeveguase the hyrohipic snd byperbadiiqhyike¥ fe t est

iece 100,Ls ex d he v . t
Ber neat i oﬂibgeﬁq&)ﬁg °af£1gh% e ?%q!lﬁn\ggéf%&gw a?g%ggzzq@f gégﬁggdﬁ%%%fénd t he
vol une of Theizth heeuymeataziuaiAd g ben dbweaverheinicSefied gadanakhe¢s made

ignorably small. Therefore, the detected. | evel by the detectar, 160 of the
heavy wat EFbRgémeaf of HhRePREsenk LD biomo 2rd %%Yaﬁ Smﬁgg:sgtheﬁe

ion imt.

After the evacuggi @nehpehle HEEP, VREVIAY| EVeked tHite VoS Vhlwé 122, heavy
water D20 is introduced into the hyperbaric chanber_ 140_ Upon the tine of

the i h8rodbet sbap vatvachd imtapersxd and Aot gasnfisvwnireer tRe 285i s
detect ed by he del g6t o 1180 s e 141 HAINIER 017 NEe PERRALpLHAL er

nol ecul es ™ Oh a varration of the de val Ue around the tine of
i ntroduci Atp,36 beembesuyeddiiadhRe teddy dheuteas tdamctotdpdyces B55.

predeterm ned fornula as in the, EmQodi nent 1. described. th vy water
D20, whi cAhPsEQIEePy < gaﬁdlﬁnlf*ﬁﬁgaafﬁagg?°mﬁ??€,st’?% BFe 47059 05 %%?meat e

the test Hk;%%b%riclgﬂazwértlhm g¥aEntn bedheiat ioxesel Bd Hikhertamdedacuum
| evel so that the perneated heavy Water D20 alone is detected, In %hi S

mannek) t ke berepabatmiy The AR vad v 14 6ndsi ABSRPY REntRReSIBE P vapor
remai-ni ng ;0 e REIRAL! P8 €601 c LY 2Adade R sRak be the igstopiece 100.

gas having permeated the test piece 100 is measured by the
detector 160. _
Amass spectrometer is used as the detector 160 to thereby
25 detect the mass number of the permeated isotopic gas. A
variation of the detected value around the time of introducing
the isotopic gas is measured, based on which the gas
permeability is calculated.
The gas permeability is calculated, for example, as
30 follows. The detected value by the detector 160, that is the
mass spectrometer, is outputted as an ion current value, which
is required to be converted into the permeability. For that

purpose, with respect to the same test piece, the permeability



There were described the foregoing enbodi nents referring to the
perneabi l ity neasurenent of oxygen and Water vapor. The present invention,
however, can be applied to the perneability neasurenent of, for exanple,
such gasses as carbon 10 nonoxi de, carbon di oxi de, nmethane or the like. In

such cases, an_i sotapic gas.contai havi ng
t he mass ﬂ‘&nﬁ‘?PSBFeg 8Fc§§?68ﬁ £83@’%%f%‘g%ﬁ%%%%%%?ﬁ%‘?v%%éﬁén%g used.
As thus f alethedCkithadaridi zede ipr s8Nt whalkerbhéimg rmémwsitedamscperdendi ity is
measured with_hi gh accuracy by_using an isojopjc gas having a mass_numnber
di f f er ent teo thigt eBPodiggst: ar Based ?%rarfé%tjts%?’e%%?’;p pﬁ?‘é‘f%e? ogrﬁﬁs?n t he
nat ur al \A@ri'f%e%%%t% GhemhGald RFORRId Y d $idaalrminddal @dnvdesionget gas

. Therefore, the gasS perneability is easily nmeasured in the case 20 of, for
exanpl 8, wwedfigiendfandeonirensyan f@e?iﬂwé-@bg% EONERBAHREHREMASYERAuUmM heat

insul ation _materi al ed in refr]geratarn : dileBipisgal film
for organiV("'j’l ° Sics?arz?éngnd:ot H:g”'lgl Ke. %"feé‘t?r%z&? rg%t een T esléri%%d what is
at present 25 cassbgdied to bReppeédetetminbddformulacindhtkeihikation, it

wi || be understood that various_nodificatio may be made t herei and it
i s int enddte get8GERd YRtRe %ﬁé’ﬁdgﬂLﬁFgf’ﬁsfiq It Sﬁ(Q,Rvﬁﬁ%Ie]di 953% Poﬁge as fall
within t h‘icsatfidé%.bﬁ.ﬁ.ii@yt, WIS EORE Ot utBE LHIPE¥d a1t 1 36y 38 thebifgén S

CLAI MED | A gas perneability neasurenent nethod for
measuip ngé%@qoer meabi lity through a test piece, whereinan isotopic gas

havi ng a mass nynber_ di {I&f)eeéer%ﬁ,letsgﬁ%%gi%gy%h%sméggg%gq) Q51 ME&ement is

i ntroduced into Bre BTV space e test plece, andthe isotopic
gas havi ng speiopaat gdstile, razkly feenddin shefrettwechl sroaict hed kaategi s

detected to therehy measuret he perneabil.t f. the r.get qgas.10&.. A gas

per meabi | ithP SIS AT WA *‘iﬁ“ﬁfé’féur"%%&&?stpe?érgﬁgel |‘?’?’§ﬂ%’é cPaimed in
daiml, wagieitddeMohdesusanest| s YREsNtEadmea sitemelyt nersur esamss of
the isotopic'gas by a mass spectrongter.3 A gas perneability ngasurenent

. g !
- met hod5f osepaaathed Frem $her pxagen { PasWBLshned ?Et%i‘af?r?ﬁ‘,l eFR®nt he gas
targeted fQr._negsur nt_. 1S .Qx: ndf el i i heast one
#&%694‘”9%8 rén?alﬁ}{n%%g?fx%’te§ Q?ééi’tdﬁ”tﬁeg??xglgéaﬁio

of 1' X2 a gas pe ity neasurenent netho
measur i nggRIlelioadnd ithe aikel ahdedisarbi@ditm the il epi2gehd0§asardr get ed

for neasurenent_is oxygen 1602, andthei sotopic _gas js. at e of 1' 2
and 18Cp. Fhergfore b‘é’rd%églﬂqsi 5 ﬁE‘BEﬁ?’e%ﬁﬁf‘ ﬁﬁ?ﬂOd '#%JFS’ thERLe 828,
measur i NgGASRANEEAR thisl Vi A1 ¥ hakbded tbhddstideren WL thiepdumeaisi Latyget ed for

measurenent is water vapor, and25the isotopic gas is vapor of heavy water.6
A 988 pefnddis loxywgereas®r-ement net hod for neasuringgaspermeability as

claimed in O ai Gdesigaghylne,das  8hdC! Bpbohr IBASH MBI pesoURL 6T
vapor, andt he i sotopic gas rs vapor of heavy water.307 . A'gas perneability

nmeasur enerthamitehedl 86ramb 24 Qrahghesremeasition cplasl k) argRreierain 1,
wher ei nt he two S e formed in a Vv i h pi ece
i nstal |l ed el"’r?‘{“r?}petaaggf’ \%gs}é;rg,h (i }%325.1, e§?§%°el%‘%]?\’£ gﬁ%ech%gg%l vessel
i 'S previ odshy rewaawdingdihotRe ht@ht wassrel o/ ¢he BermAagasnpeeddabllity
measur ement device for neasuring gas perneabi H t¥ t hr gh. a 1est <Rijece
char a@ber ianst the ddks iBFchgdsor, e%e§f’ i?é?s*é?s RTRGt WO~ sHACER APV ded by
the teﬂp'%%héﬂaﬂf%r%fe GSa SN eh 6 B¥ ofi JHEr Al adg. one of the two

spaces With an iIsotopic gas having a mass nunber diffegent to that of a gas
targeted for nmedsurthventembadimans $hectiHaRIC {F7RS detQctiHg@#Re i sot opi ¢

gas having, 10 perneated t te prece fegebpi 880k hoEngpace of
the test iaEfst 170 A‘%ﬁt%%&ﬁ . Ay .R%QA%?‘QA%%A! Ao AL T o] 7 U

) ( 5=Cgy ~x staw mAR < aldnttadxc 2] 48] emaly] bea) uaeﬂica}scam,?th?z-:a@]ﬂeaqiéaﬁp‘éafgauj caU] c
aJ Ca]3%aq€haeqpcrae]s%%% Ciell'x e(i'xe}:,L:{]oCna,] %%Lﬂa%a '%% %?.ch‘%cggxaéoﬂhwof 170,
and 1802 combined may also be used.

The test piece 100 is not limited to the sheet type and

may be a film type.
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HY. " 10% %o(czi_men%: 1, for generating vapor of heavy water D.0 having
the mass number of 20, which is an isotopic gas of water vapor
15 H,0 having the mass number of 18 to be measured, is provided.
- In this embodiment, the lower side with respect to a
test piece 100 is a hyperbaric chamber 140, and the upper side
with respect thereto is a hypobaric chamber 135. This
configuration is arranged to be reverse to that of Fig. 1
20 according to the Embodiment 1 so that condensed dew does not
remain in the test piece 100 and return to the water vapor
generator 200 when the hyperbaric chamber 140 is maintained

at a moisture level close to a saturated vapor pressure.
According to the gas permeability measurement method
95 of this embodiment, a filter paper 105 is superimposed on a
test piece 100, and the periphery thereof is arranged to be
sandwiched between an upper cell 110a and a lower cell 110b
of a permeation cell 110. Around the portion sandwiching the
test piece 100 of the permeation cell 110 is provided a vacuum
30 aeal mechanism such as an O-ring (not shown) as described in

the Embodiment 1.

Next, a roughing vacuum pump 115 is activated with

respective valves 120 through 123 and 126 through 128



ALWVA{ Y71t " 10%&' () - MB
a"lO%?L'()-I\/B!‘:'lO%ZZ&'()-I\/B!I"10%&'()-I\/B!I"10%&'()-I\/B!I"lOfV&'()-I\/BLNODQ\:!
t1:Y "10%)] 0| & ()-.! #= "10%/\rw&'() Y "10%]& ()-.- 10%| & ()- 10Z 10Z
10ZS;SlO‘VZ&'()-fZX\NU3\ INY "109% | & ()-.!Y "10%| 4| & ()-.1\Y

e BRI o o 8 A B AL 001
10%| & ( ko(&yictite st ¥Efoppric chamber 135. Then, the stop valve
123 is opened to evacuate the hyperbaric chamber 140. To
further enhance the degree of vacuum, the stop valve 120 is
5 closed, a high vacuum pump 116 is activated and the stop valve
121 is opened to evacuate the hypobaric chamber 135 and
hyperbaric chamber 140 to the vacuum degree of, for example,
atmost 10°*Pa. The vacuumdegree is measuredby a vacuummeter
145.

10 The water vapor generator 200 is filled with the heavy
water D,0, and the vapor of the heavy water D;0, which is the
isotopic gas, is maintained at a saturated vapor pressure.
Stop valves 126 and 127 are simultaneously opened, and the
vapor volume of the heavy water D,0 having permeated the test

15 piece 100 is measured by a detector 160.

Because the permeation cell 110 is evacuated to the high
vacuum level before the test piece 100 is exposed to the vapor,
water molecules adsorbed to the permeation cell 110 and the
test piece 100 are adequately reduced and the volume of the

20 heavy water D,0 contained in the discharged gas is made
ignorably small. Therefore, the detected level by the
detector 160 of the heavy water D;O having the mass number
of 20 is below a detection limit.

After the evacuation to the high vacuum level, the vapor

25 of theheavy waterD,0is introducedinto the hyperbaric chamber
140. Upon the time of the introduction, the heavy water D;0
having the mass number of 20 is detected by the detector 160.
Thus, the volume of the permeated watexr molecules, based on
avariation of the detected value around the time of introducing

30 the heavy waterD;0, iscalculatedaccordingtoa predetermined
formula as in the Embodiment 1.

As described, the heavy water D;0O, which is rarely found

in the natural world, is arranged to permeate the test piece
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%3, y4 10%‘&r§n)eab111tymeasurement of, forexample, suchgasses ascarbon

10 monoxide, carbon dioxide, methane or the like. In such cases,

an isotopic gas containing, for example, heavy water ’H having

the mass number of 2 or carbon *3C having the mass number of

13 is used.

As thus far described, in the present invention,

the

15 gas permeability is measured with high accuracy by using an

isotopic gas having a mass number different to that of a gas

targeted for measurement, rarely found in the natural world

and of chemical property identical to that of the target gas.

Therefore, the gas permeability is easily measured in the case

20 of, for example, materials of very low gas permeability

exemplified by vacuum heat insulation material used in

refrigerators, a seal material or a seal film for organic EL

display and the like.

While there has been described what is at present

25 considered to be preferred embodiments of this invention, it

will be understood that various modifications may be made

therein, and it is intended to cover in the appended claims

all suchmodifications as fall within the true spirit and scope

of this invention.
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1. A gaspermeability measurement method for measuring gas
permeability through a test piece, wherein
an isotopic gas having a mass number different to that
5 of a gas targeted for measurement is introduced into one of
two spaces divided by the test piece, and
the isotopic gas having permeated the test piece and
transferred to another space is detected to thereby measure
the permeability of the target gas.
10 2. A gas permeability measurement method for measuring gas
permeability as claimed in Claim 1, wherein
the another space is vacuumized to thereby measure a
mass of the isotopic gas by a mass spectrometer.
3. A gas permeability measurement method for measuring gas
15 permeability as claimed in Claim 1, wherein
the gas targeted for measurement is oxygen 160,, and the
isbtopic gas is at least one of 1702 and 1802.
4, A gas permeability measurement method for measuring gas
permeability as claimed in Claim 2, wherein
20 the gas targeted for measurement is oxygen 60,, and the
isotopic gas is at least one of 70, and %0,. |
5. A gas permeability measurement method for measuring gas
permeability as claimed in Claim 1, wherein
the gas targeted for measurement is water vapor, and
25 the isotopic gas is vapor of heavy water.
6. A gas permeability measurement method for measuring gas
permeability as claimed in Claim 2, wherein
the gas targeted for measurement is water vapor, and
the isotopic gas is vapor of heavy water.
30 7. A gas permeability measurement method for measuring gas
permeability as claimed in Claim 1, wherein
the two spaces are formed in a test vessel by having

the test piece installed in the test vessel, and the

11
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