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Development of Simple Gas Permeability Measurement for
Polymeric Films
—On High Gas Permeability Films for MA Packaging of Fresh Produce —

Yutaka ISHIKAWA®, Takashi HIRATA'*, Yoshinori HASEGAWA***

A simple method is proposed to determine a gas permeability of polymeric films. Carbon
dioxide gas was introduced into film packaging and packages were placed in an air-tight
container. Head space gas in the container was regularly analyzed using gas chromatography. The
initial void volume in packaging was calculated by the equilibrated gas concentration in the
container. The gas permeability of the films was calculated using computer simulation that fitted
calculated gas concentrations to experimental data by a least squares method. Simulated values
were in exellent agreement with those obtained with a conventional manometer. The method
developed is useful in determining the gas permeability of polymeric films because it doesn’t
need to use special equipments, measure the initial void volume of packaging and inject a
syringe into packaging.

Keywords : Gas permeability, Polymeric film, Fresh produces
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1. ¥

ERPOBERFZITO DI, I -
FEPOREEREE EBICHAAREOO S T
O—)VIIEERERTHD. MiBICHEUYRH
ABREEB/SHiEE LT, A &
DEWVWTSIAF v I T74NLERMMAL -
MAP (Modified Atmosphere Packaging)
MEHTH S, MAPIZ. # R Ol diEE
EAEMBIDOH B BEDING AL DE
NOAZREEZI> P O—INTEHEDTH
D, ERMOBENZITFHREFMEEBITT 1
WLDHABBEHENSLEELLD,

IE BLEEAI IC D W T, BN R DI
BEME CECRFRE" ", BEREY, B
# - “ECRFRE - brER S OB &
LTRTIENTEZLDOHENHD. Th
512k 0. MABRERNOH ZMRELE TR
THIEMAHEER ST,

—h. T4 NLOHAEBEL, FUME
DI7ANVALATH>THREPEETOESA
BEA - —DPHEEHFICLDREBZIEN
BEINTNWSE", (> T, HRYMAGLKE
FHETODITIE, REE/MMEHTEZ T4
LDOHABRER G2 OFHETTHRE LT
nidzasizn,

TANLDHAFZBEREG, JISYEE
ASTMTHiZ# OHENREEEL TREINT
NN, WTNLHEAORUERENLET
Hbd, £, MBUEEEL T, T IV LA
BRI ZBLRFESEZEAL, BRNOH AR
EE{LEHAZOY T ST (GC) THMMY
WCHIET 2HE " bHEINTNAM £
BHRZRETZ-DIZ8EKIZETL RN
2570, BUEM 7 4 IV LITHTEES H A8

ROHDL) PRI BTRESRN
LREN LN,

TITAMTIE, HERYWOMA ARITHN
SNBLLEMH A BBEORNT 4 IV LDH
AEBEE, MHITNUETDFEERRELE
DTHET 5.

2.8 [

2.1 MRDVERFE

HAEHALET A NLNEET I VINE
MNICANEHT S, NNENSNTHAGEE
MBHBBPE, 74 NALHEBLEZHAAOBH
MECS. TOHE, +o7aRmgiE%icid
WBANTOHRBEZHFEL <D, EHIRE
IZETS. RENOEER. “ELk#E %
LRI —ETHBIOTRANKILIT 3.
Vi+Pip(0) + (Ve = Vi) Poo(0) =V Po (1)
Vi Pico(0) + (Vo= V) Poco(0) =V P, (2)
Vi Pin(0) + (Ve = V) P, (0) =V P, (3)
SNIC LR E, BERNICEKREHAL
=gE. (1) ~ (3) RigBLE (4) ~ (6)
K& s,

Vl"=. Vc' (021 - Po) /021 (4)
Vp:_—- Vc' Pcr) (5)
V= Ve (078 —P,) /0.78 (6)

t: A EHEZORH

Vi #IREOLANER (ml)

Ve HEER (ml)

Pi,u(t)x Pi.CO(t)\ Pi.n(t) : “ﬁﬁﬁt‘:i’i”‘é
[SNERE, —BILBE, BRSE (atm)
Poo(t)s Poco(t), Poa(t) : BEftIZ BT S
BRNER., _BlexE, EXSE
(atm)

Po. Pe. Py PHIREH, “RLRFE, BF
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5HE (atm)
(4) ~ (6) RIZHEHCO,. O, NAFEZEAR
AT B EICLDYREHFRZRDD LN
A[RETH B,

2.2 74 INADHRBEBE
BIRMNTE A L /NSNIITH R4 EEMN
HBEBE, TNIHBLI=HADBEMNEL
%, BEGIBITHBBNER, “BILRE.
BREFETNTN Vo) Voot V()
ETBE, BNEBAtEOET A ERIT. £
LRZZEHEELUTHETZEUTORTE
TILENTES,
Voolt+ A =Voo) + Ko A+ (Pio(t) —Po.o(D) - At
(7
Vocdt+ AD=Vo e +KeoAr B cold —Po o) At
(8)
Voult+ A =Vea) + Kot At (Pia(t) —Pon(t) ) At
(9)
BRNICBIIZEHANER. &HAKK
EEHABHETHRUZEIZHELNWZD, LT
DATEHEA LGNS,
Pool(t) =Voolt) / (Voolt) + Vocolt) + Voa(t))
(10)
Poco{t) =Vocot) / (Voolt) + Vo colt) +Vou(t))
(11)
Ponl(t) =Voa(t) / (Voolt) +Vocolt) +Vea(t))
(12)
Voo(t) . Vocol(t), Voalt) : KEfEItIZHBIT
LEBNEHK. —HilxFE. EHFEH
(ml)
Kov Kov Kt 74NV ADEEFRE, LK
#, EFFHEBHE (m/m* day - atm)
A 7 4V ATER (m?)
MHRBIC B B EBNBLIUVBENDOEH

ARE. RRMHE. DROBANER. =51
HEHAOBREDEE (7) ~ (9) RITKA
L. fUNRRMEICE S EEEAGIRL TS
EREDEBEHBBROABNOEHADS
Ex2Ial—2ariblENTES,
DELBRNDOH AR EEREDED TR D
MEEFE. —B{LRE, SRICIONWTENTE
NFEL. FINBNERDER. Z#x
¥, BROBBEDOHAGOEEZRBEMBEEL
7

3. RERA &

3.1 RE#HH
HROAAE I ANLELTHNWSNSB T
EDBENEBERYIF L (LDPE. B :
18.0um) ZILDHELTEET 4 NV LE20
X 20cm~25 X 30cm Q& fH 1 XD /NEIZ
RIG L7z BANZRILREZHAREDIC
Bo—)L., EHLE, TNEEE12.83
cm. & E15.49ecmdD7 7 VI BEEAERIC
AN, BEHLUTRERICHELZ (Fig. 1). 72
DIVEAERIZIE, GCHE 7Y LD, B
NAZZZ IS D) o PICEVERL T,

3.2 ARBBEDEE

A ZAE@ELL. Gasperm-100 (HA5)
THEL . REFICLDHEL, ABHIC
EoTRToNE—FHERKEIRRERSE, 5
—HIZMEL 2Bk A L ZENE
EIZEB2HDTH D,

. 3.3 BRI REMDOAE

FI1mloONy RAR—AHZAEEBANDS
hERD, AAZ7O NS5 (B GC-
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Fig. 1 Film packaging within acrylic cylinder
for determination of film gas permeability
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Sk BB, EHADOTCDHRHIRIZKT 5K
B, %100, B#%94.3. ZEL#RFE115.9
EUTRELE™,

4. HEREEE

4.1 MRZGFHOHL
BRBBLITNENOH AR OEAFHE
BAED DEIXSNEM, 3FEOHRBEBE
FIMERE, MRHBBEFEEVIRENS,
— MR, WHNZEBILRFEL NI HAE
bEZRIRL-. MMIIIER. FRICTEIL
KEEZHALRER., ZBLREOBBRICK
NSRRIMNHAL., ARETBETZEDHA
BEMENHETH >/, > T, ZWET
i, NSICZEHER R, BRICEREHAT
B&4ETUTOMEZETo .
BBMNITBT B0 AMRE(L % Fig. 2108
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Fig. 2 Change in gas concentrations within
container at 30°C

@®. A, B : Experimental values
X : Gas concentrations within package

L7z, BNIZZRE KR, BENETIEKTH
iz, BRNOZELRBBEZEML.
SR, BRBREIIET UL, 208 LB
Lictk, RBNAABEEZUELHR. B
#:6.99%., BF:26.65%. “ELRRE:
66.36 % C—EEERLEZD. BANIZH
3N ZANTEEIRBIEL TWEEER
SNz, INEMERTHED. BHRNAAR
EMUEHTHRISEROBL., BRHTAARE
LR, FRNTAMEREZERCH
AR THD I ENHRTES,

BRANOYAA ZHRE L PEEIKEICH
B HAMEE (4) ~ (6) RITRAL, &
OUWERZEREE LU (Table 1), &4 X0
LBEHBHRIIZVPEISDENHHBODIF
ERLCEZERL =,

AIRE TR, FEIREOH A& LT20
FMICA LB ORE @ & 5 7= A%, FEIRIT
I3 7T~SEMBICIXITIFFHEICETE &M
MREINTHO, I SITIERBEG SN FiE
7o EEERIT X D ENIERTTEEIREBICB T
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Table 1 Initial and final gas concentrations within container
and initial volume of package at 30°C

0. N. CO.
Initial gas concentration (%) 20.95 78.08 0.03
Final gas concentration (%) 6.99 26.65 66.36
Initial volume of package (ml) 1304 1329 1328

BHZMREHERNT 2 EMNTRETH S &%
AoNs, R, —EB{LRFBBVEICLOEN
LIRS ERICHRTERICK S5 EMMS
ENEZRLEN. ZHIBIERZICBITS
BRANOHABELLN, BFRIIN52%. =
ML FITH66 % THHDITH L. BFRITH
14% &2 < ., RBBRENKEL BB =D L
Zz25N03,

PR, VIRBEMERET D HEELLT,
KEANBRIEZEHL. KIELICX
DEHTZHEMBEETN TS0 2, T
OFHETHE., BT BEHCKE LR EHE
ABBBOBREICLIDAEMMNNTI DL L
2, kBEabo-=)LiAdhiEksk
W, BlEBSIcAFLEKEERESICRER
ST S EIEEMEATEME TRIE
SREhotz. ThICHLUEFIEIR. RS
AEENT ZHLENNLLS, BENATBE
BOAMSEHBICEDERITRD B L%
afREIZ L 7=,

4.2 HRAFEBEOHE
BERADH AR OERE RS (7) ~
(8) N TROEBBEHED I al—a
REFig. 3ITRLE. ZOBEMS., FHEM
EEMUEELDORIZMARDENHENHD L
WHERINE, PIal—aitkDke

Te & A A FHBE DR E N X% BE R RS
(Gasperm-100) IZ& D RD/={E% Table 2
IR, SHAERE S HITERHERED
EE—HL7%&,

TEMLRE. BRIIURTEEOEBEMN
EFREEERTRORKERBVUWAR SN,
Ihid. BEROBBENSMLOH A OB BE &
HRT/HhEL, BEZFHETIROFTEEMN
MEWkEDHEEZLSNS, LHL. —RICH
REmETANLABELEBOSANBELL
W, ZEMERR. BERICH T/ L. Table
2ITRLEBEOETHNIE,. MAGERE
B+ FIRTETH B EELZSNS,

ped
i

o]
O O O O o © o ©o
&

Gas concentrations(%)
— N w - [&;] [=;] ~

CO2 e
O2
0 &~ Ll 1 1
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Time(min)

Fig. 3 Change in gas concentrations within
container at 30°C
@®. A, B : Experimental values

: Calculated values
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Table 2 Gas permeability of 18.7 um LDPE film
measured by different methods at 30°C

Gas permeability*

Method
N, 0. CO:
Gas perm-100 6380°° = 440 19060 £ 190 73890 + 2500
Simulation method 5480 + 380 18189 + 490 76550 = 2150

* mlL/m?*s day - atm
“*mean = S.D.

AFHEE, BN B BERRIICX
SREHFBICHXRT, MEDEAZD/INTD
E. BRI HAFEALEBZTOE
. KRREHTTORESE. HRPEEITH
LT DBRENRENHTHABRENE 21T
HIEMTER LN FRMNH B, £/, /b
BN, BRNOHZEMBHICEATEIE
CEDHFLEOBEEH T THREBEZNE
GTHIENTED, ROHARAIOT TS
TETI, MROARBRKEGHIZHD ., H
ABEREFICTN I HADOKENH -
., TINIT, BEOE—2 E08EL THIE
TH"EOTRNYLETH DKL,
AFETE, FHRNCTINI L 2EERNT
BibikE, BR, BROREGHRAEZEATS
ZET, PV HADHEEPRT R &
HAETH D, T5IT, ERIT/NRIZHED B
LU SPERLTHOHRAZERT S 0H
MBI, BREBETE{/ICHMNDZ Z <
HETE, XDMHURREETHEIENZ S,

Table 2IZBNTEFIETRD A ER
EOMIE. BBRNIZANSEEMHTO YW K
HOZEERMRSE=0, KKXMFNII0.0784~
0.1383m*, #FELMAHIL 1256~1320cm’D
METLIalb—TarziFn, EHEEL
THABBEZRL . EiEHEMECO..

0., N.ZHh ¥ 2150, 490, 380ml,/m?*-
day - atmT&H 0, #HHEICE X 2R EMMA.
DNFRAEROLEIL, +rEMTRERTEEANT
HDTEMNREEINE, —MBIT. KD ERR
ICHEOBWHEZITO 0IZX. BRAAN
AREDOELHE, BERERETHIHE
MHD, 2D RNRREH. DREEHIZKX
E<THBIENEELNWEEZ NS, =77
L. B8 ERES LIEEARIL. B8BNT
BN ERZRELB2E0ZENRH B &
EAOND-OFEBNRLELRAD,
NEREZEZL TESRNA ABELLZEH
LR, BENBVIEESHABEDE
LHEIIRELS, >Ial—valitknid
SNIHARABEREIIEWEZERLE (Fig.
4), ARETIE. 15~30 COBRERPETE
BEZIaL—2a z2To2E8 Wiho
RECBWTHLBHAZRERBRIBICEHE
WRELFITEWZRLE, SHEERYZ T
AWV LEEL =B OIEP ORNT RER
BRI EEEOEIZEAL TE< OHEND
SN, IFRBEIZDWTIZ30CLATOH DA
EEAETHD'™ ' EHMICSH ZORER
BT THhdEELEASNDZENS, £F
EMA G ORANREERBICBNTY
AN LDHAHEBEREZ A DMATGETH
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Fiig. 4 Changes in gas concentrations within

container
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oo WTENHHAAFEBERBRBICKDHERS
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