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Chackapan Ngaouwthong 2007: Development of Prototype Test cell for Gas
Transmission rate Measurement through Plastics Packaging. Master of Science
(Packaging Technology), Major Field: Packaging Technology, Department of
Packaging Technology. Thesis Advisor: Associate Professor Ngamtip Poovarodom,
Ph.D 167 pages.

Permeation properties of plastics affect significantly on the deterioration of packaged
products, especially foods, and become a major factor in plastic selection for a given product.
The determination of gas permeability of plastic requires sophisticated apparatus, normally
expensive. The apparatus are generally designed for the measurements of oxygen permeation

through films.

This research was aimed to prepare a prototype test cell for gas transmission rate
measurement through plastic packaging, according to the isostatic method and using gas
chromatography. The prototype test cell would be suite for samples either film or rigid package

and would be applied for other gas transmission measurements.

The designed test cell consists of two chambers; the lower one is the common chamber
and the upper one is changeable depending on the samples, film or rigid package. Three ways
valve is used to select the directions of gas flow, which are different between purging and
testing. For rigid packages of different width of opening end, it is necessary to add a fixture tool.
To purge gas, it was found that the position of flow control valve was the determining factor for
purging time. This valve has to be located just behind the three way valve. It was also designed
the apparatus for mixing gas used in standard curve preparation. According to the evaluation of
the test cell performance, this test cell could create the condition of gas permeation. From the
measurement of oxygen permeability through three different types of films; LLDPE 20 zm,
CPP 25 gim and NYLON/LLDPE 30 pm, the values of oxygen transmission rate were
8,732+201, 4,363+28, and 1,668+111 cmjfmz.day.atm, respectively. These values corresponded
relatively well to the results from Illinois 8500. The repeatability was also evaluated and it was
shown that the results of 5 measurements of the same sample decreased constantly. This may be
due to the effect of gas saturation in plastic. This test cell can be used for measurements in the
range of 1,500 to 9,000 cm3/m2.day.atm. The test cell was tested with three types of rigid
packages: PE bottle 325 ml, thickness 1.260 mm; PE bottle 250 ml, thickness 0.475 mm; and PE
cup 250 ml, thickness 0.320 mm; the oxygen transmission rate values were 2.36+0.0964,
1.9540.0721 and 3.2040.1800 cmz/pkg.day.atm, respectively. The result conformed fairly to the
expected values of the samples. It would be beneficial to conduct further research to improve
the standard curve preparation and introduce an automatic valves to control the gas flow

directions, either for purging or testing.
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Rubber gasket — |

\ N Self sealing

) injector gasket
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mmaldnunainiimsasnaeu iamdananu@dsuns vl lumsfiuIudasImMIsuEIuL

d‘d %

a Y o < Y 1 A & Y S &
VDNDDNHIAU 1’“11@ﬂ1ﬂﬂ'3111GI)"H"UﬂiﬂiWﬂﬂﬂJﬁﬂnglﬂulﬁuﬂﬁﬁ mumﬂumummﬂmuﬂu

@ =2 0 9 =
aNNCaUA ﬂ@]ﬁ'Ifﬂﬁ“]fi]W"IUﬂ'll!'Jﬂ!IﬂfJﬁlslfﬁiJﬂﬁﬂ 11)

unsteady steady
0,in 0, flow 0, out S state state
in upper =
‘ chamber ‘ R
| i S
| | S
Sample - —= s q
film | | | | | | | kS
Voo vV ; t
Sampling port
time (1)

d’ a a Ay ¥
MW 5 ganaaeuuuu0F lo Tvduadn uazni i lannmsnaaea

n1: aan1lagan Auras and Tanprasert (2002)
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q, slope
Q = = (11)
(A A
0  =9A5IMIFUAIUYDIDDNTIIU (em’/m’ sec)

a 2]
Usasvesunauuduns .
slope = —== (cm'/sec)
ss 1391

A A IS A a 2
A = NunveINauNdurgea T (m")

an a . . 9 L4 = v o A v U Aax
2 35 lo Trauadn (isostatic method) 14ginsainazlivunpumsiuiaaion nuis

a a @ 4 ~ 1 =1 1 v SA o
Mo lo lsauadn anyazuesgUnIsitaasmunni 6 dauiuanauiunAsdnyaems tna
[ 1 1 1 3 a { 1 [ Y 1
vosunaluadiuiosdiuars luadiudd luTasmuannaun luinms lva lundnmsil azdase
] [ [ ] I~ [ (4] { ] a| d
¥ lvaru@erdundaduriu ludesdiuuu Tas lulasnuszdludmutanGurmuildu
1 d' = d' A A Jd & v =K [ d'w Y o ~ o [ ay
lignieslomioiiodmaiziuna duiinminialdnunainihimsasiedon miaazduge

{ o 2 1 A o @ 1 <) 1 A
a\uﬁ@’ﬂ@]ﬁ']“ll@\ulﬂﬁcdﬁuw']Uﬂﬂﬂ ﬂ'liﬂ'lu’Jﬂ!@ﬁiWﬂWﬁ‘?ﬂJW1um@%lﬂﬁ“§uW'luﬂ']ﬂ qauUNIIN (12)

unsteady steady
0,in 0, flow 0, out state state
in upper Fl

‘ chamber

¢

—
&
Sample — — 2 ‘
film | | | | | | | E
vov oy ooV v N ‘
—= —= 3
w w =
| N, flow | |
N, in (':?];?n\’\éeerr N,+0, out t time (1)
to detector
d' a [ A 9
NNN 6 %ﬂﬂﬂﬁ@ﬂllﬂﬂqﬂicﬁﬁlmﬁﬂ Llagaﬂymgﬂﬁ??‘lﬂulﬂi]"lﬂﬂ”lﬁvlﬂaﬂﬂ
nu: aauilain Auras and Tanprasert (2002)
Q — SS (12)
A
o =< 1 W K 1 3 2
O =9 INITHUNTIUUDIUNTBUNIU (cm/m’.sec)
F, =9a51m3 lvanyansd (em’/sec)
tﬂy A & Ao o [ 1 2
A = Wu‘ﬂmmWauwﬁmmmﬁmumu (m")
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NITANIAUMITZIEAATIVABUTAIMITUAIUVB I

o [ ] [ a
Karel ez al. (1963) JAN1N3AT10@0USATINIFUHIUVDIA ADONTIAULAL

4

4 ] a o @ a a S & 4
m3veulasen learuildy Idudnmsnageuunyle Tuauadn Jnszrunalaslfinie
) A A 4 o Y v aad df @ a
ua Insu InnsintinTesnsiviauuumesvaneudnadaludinsnaeudTinag
a AR ad o o Y Hq o =
ponFIUNFUHIUTAY unuAINTHNY tazanuzvesyanado N 1duaasnun i 7 Loy
{ o w Y] o a d
AN 8 ey dnvazvesyanadey eonuuyldaunsatimiasnaeuilayldnaioe
a10819 Tagldyanadounas q yau@enumun Iy 7 Mmiasnaeuliuasuesesngaui
] a o <3 . . @ ' % J a o
Furuilan 1 Tae1ddy (gas-tight syringes) aadodunaludosduais lins iz lag

A a s o |
NI AATIZHLNE 1ATH1 1NN

9 cell in series

cell #1 cell #9

s
|

Gas-sylinge
sampling ports

Back pressure

samping bottles

#

Gas analysis
(Gas chromatography)

H @ o @ ] (2 ] a d ax
ﬂ"l‘l"lﬁ 7 LLWUW\‘]ﬂWﬁ‘V]NWU"UfNGIjﬂﬂﬁTﬂffff]‘]J'fJﬁiWﬂWﬁ@ﬂJWWHT@Q!LﬂﬁWWUW'ﬁll@nll')‘ﬁ
U9 Karel et al.

17: Karel et al. (1963)
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Sampling port

o

Sampling port

UPPER CHAMBER
LOWER CHAMBER

Rubber gasket =

—

Self sealing
injector gasket
Plastic fil

3

d' A A [ = [ [ 1 4
HMNN 8 G]Z@Lﬂﬁ’ﬂ\?i]ﬂﬂi’mﬁf)‘ﬂ’ﬂ@]ﬁ'Iﬂ?ﬁ“]ﬂJWTl!LLﬂﬁWTH‘V\Iﬁ?JSUEN Karel et al.

U7 Karel et al. (1963)

Loudenslagel and William (1970) 1@#33980 U8 a5 1M IFNFIUV0LATRONTAU 1AL

4 Jd .. yax
asvou laeon lod Hun1UzUT5Y (whole-package transmission rate test) 1ag 1475 1o Tasarun

a 1

a s o Yy A a s o Al A o s
AN FIUVDINITUATITHLUN thlﬂﬁ'ﬂ\?'llﬂiW%‘ﬂLLﬂﬁIﬂiN']T“I/IﬂTW\IVIiJLﬂﬁﬂﬂ@]ﬁ?ﬁ]?ﬂllﬂﬂlﬂﬂi

Jd A o 1

% o Aaas am A 9 o [ ] a d o 9
UANBUANAINA aﬁﬂﬂumsmgmawmu"lﬂamsww mlaglenainaaiosns (sample

=) v 1

L. a @ Ay a s v Yy I a
injection valve) TumMsAANANABINITAATIEH LNUMS IHINRAAIDEN NMT 1F1AIRA

[ ] o Y a [ d‘d 9J 1 4' a 4 S A d‘ LY 1 d‘Q 9y
ATDYN %Tiﬂﬂiﬂiﬁillﬂﬁﬂﬁﬂﬂl1@1Lﬂi@\1’3lﬂiHﬁﬁlxﬂﬂilﬂﬁicﬂm”Iﬂulﬁlli’] ﬂ?ﬂ’llﬂiﬁﬁﬁﬂlﬂu
ANUINEIAT ANHAULVDINUAINTINNUUIALAZMTTINNUYDINEIRARIDE1ILTAIAL
AINA 9 5@5”Iﬂﬁ‘%llﬁWU%@QLLﬁﬁﬁWU’Jﬂ!%TﬂﬁNﬂWﬁ 8 Nﬁﬂﬁ@]i’ﬁ]ﬁ@‘ﬂﬁﬁﬁﬂﬁﬁ?uN'TL.!EUQQ

o A s R J o {
undoonguLazas uou laoon lyarunruzussy Tuminaaoslindaininsned 1
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H v ' o a P P
M3 1 #aNINATUNIINIATATINIFURIUVUN AOONFAULALAT VDU InD0n lra

HIUMBULVTTY
Surface  Avg. wall
Test Container Volume Area thickness Test Test condition cc/inz/yr/atm
(mb (i) (mil) s
High-density polyethylene 503 58 33 o, Empty 14.2
High-density polyethylene 503 58 33 Air Empty 14.7 (oxygen)
Rigid PVC 500 60.9 29 0, Empty 2.3
Rigid PVC 500 60.9 29 Co, Empty 7.5
XT polymer 500 60.9 34 0, Empty 53
XT polymer 500 60.9 34 Co, Empty 14.9
Barex 210 500 60.9 32 o, Empty No rate detected
Barex 210 500 60.9 30 Co, Empty 0.3
High-density polyethylene 503 58 33 5 Corn oil, 20% headspace 11.4
High-density polyethylene 503 58 33 5 Uninhibited corn 8.0
Oil, 20% headspace

Rigid PVC 500 60.9 29 5 Corn oil, 20% headspace 1.9
Composite orange-juice can 12 oz. 36.8 Empty 200 to 350*

*Note: Variations due to quality of metal-to-composite end seams.

111: Loudenslagel and William (1970)

o v [4) a
Al-Ati et al. (2003) ﬁ%’wﬂgﬂmaaulumsmaﬂﬁauammwc’ﬁumummgmﬁaaﬂmmu

' ard ' ' a o aw a A s=q Y o ' Aaq ¥
Auilaned e uuaaalumsindunaiiownn gunsainlslumsnaaeudinainnily

agluilvgtiuiisinmmwe 11 dmmziuasduriu (permeant) 1az ANABINS TUMS

=< ] 9 Y ) a =4 .
asvaevUasFuruL Iarate 9 Ysznn 1dun una uaz levesansdunsd (organic vapours)

Y] d' 9 A A a 9 J o v AaaaA 4
wan ¥ lumsesnuunganadounols lo luduaan Tagldinesianoudnaiaamamos

< o Y] a s & d v 1
VYUIALAN (micro-thermal conductivity detector, TCD) ST IUNTUATIEHUNE qﬂﬂimmﬂan

' v
vzgnilaznousIunugANaTel Inensd ANHULVDIYANATDUUAAIAININA 10 YANATDUY

9 Y] =< ] [ a [ o 9 =
#1150 1¥AT 9O VIATINTFURIUVDILNTOONFIVU Lm&mﬁ'ﬂ'ﬁﬂ@ul‘lﬂﬂﬂﬂq%ﬂﬂlﬂ Tagil

O A < 2]
unaaaeuunngn (sweep gas)
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Pressure
Control

¢ @@
o O

Power
Supply

Test Flim #
TCD [

‘ Detector —
Permeation Cell i

Chart

Recorder

Sweep
Cell

Helium Gas

® @ Reference
® ©

4G>:

©
©

Mixing assenbly

Permeant Gas

MU 10 UHUAIYDITSVULANAADUAINITUDI Al-Ati ef al.

NU: Al-Ati et al. (2003)

1 = =) = 1 . . [ ] 1 =
nOUMSNAFeUNMSISeuneu (calibration ) UDIUNTHFNNIU (permeant gas) NI
= VoA 9 A s o o 1 %) 9 [ A a 'd
eumiiotu ldnnglnsaitnsgriund M lasaoganauunsdilaonsany n5eains 1z
o o A [ o = o . o '3
ufd A9 NA 11 RN AN aFURIUINGILNE (gas cylinder) gnuaunu Tagginsainew
(4] { 1 Y] (9 o
uAd (mixing assembly) NANMBUTUIANAAY ANUdUTUVO WA THENIZYNA M UADIN
o A T o o o < 9 o oa P
8a31m3 lraiuana i uvenanLazURaFURIY Alsranmsvesgilnsalimaziuna
A o J o v Aaas q Y = = 1 P Ao Y 1 4]
11399051 IALLUMB TR UANAIA 1omI)Tsuneunanavesnialasc e
Y a A W A @ [ Y] v A @ A A (24 A [ [
$14984 (reference gas) fouAAdReY AUUNTAIDE1 ABLABIREN (LAANT) NHAUN LR ETY
] Aav o v 3 a A .
AU UIVBUBI Al-Ati e al. (2003) 1dMuadas1n3 Inaveanad19949 4.75 ml/min
v o @ g Y Y g Vo > o ) Y1 o o
gaiumsnauuna v uaNuT Ut ULana 1Ay 32999313 Traveadam imiudasims
[V a [ Y =X Y [ = ] ~ Y 9 1 o 09.:
Tnaveaunadedaney 1a1391l5usnsms ImavesudadurmunaNUTuTUaA o (IhnTeay
Y Y o AN Y o ' Ja S W o =R
ANy unanan ldndsninmsmswauae Inaruginssiimsgiung Wudin
1 9 [ 3 4 o
sEUINANUTUT UV WA THANAUAINFI0IN TV (peak height) a1 ANMITNT LTI BT

~ = 1 < 9y =X ) Y v @ [ 14
ﬂ’lilﬂﬁﬂﬂl‘ﬂﬂﬂﬂ’]iﬁimm? ﬁ]\ﬁ]gu']‘lzﬂﬂﬂﬁaﬂhlﬂslﬂfﬁﬁﬁﬂﬁﬂﬂﬂ‘]Jﬁ'JE]EI’I\?Vlﬂ
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Pressure >
» Control ower
@ @ o
o O o
'
He 8l &
5| B
3| = TCD —
= 8 Detector I—
) @ @
Helium Gas
O ® @
I @ @ Chart
Mixing assembly Recorder

Permeant Gas

MNN 11 UHURIUBITZUUNTINGUAT (calibration) VOIYANATOUAINITVOI At er.al.
NU7: Al-Ati et.al. (2003)
o [ AR ] ad 1 [ Y
9313 [auoananaaoUNTUAIUNIUAIUITTHINMINATDY QUNAN 1N
Y oA P o A ) °
"lwamqqﬂﬂimamﬁwmﬂﬁiugﬂgmmmﬁwﬁn mmqwmmwﬂwmu"lﬂ YNNI
=i =1 @ ~ =1 1 [ &’f = [ [ o
nlFeumeunuramslSsumeun Nvaziiuioni 1 maveananageumila A1l
@ ] (%] [ a| d { v ] ) Y]
dasimsFuruveanamuidy Tagaun1in 8 A19819MTAIUINUVDINIITNAADINIOATIAT
=4 1 [ a ] a| d &’f [} 1 dy
FUAUVDWNAODNTAUAIUNAY LLDPE uaadmuiuaousao 11)i
a) HAMINATO B AN B1UANUFIVeINT W IdMITD 14.5 cm

)=} VoA A o [
b) 1T iU Tanugeuens vl 28.9 cm azlionsims lvaveund

(14.5cm) X (0.25ml o, / min)

=0.125ml O2 /min

DDNWIIUININU: (28.9cm)

4 v
o) muadulszansanmldsurinld Tagldaumsn

(0.125ml O, /min) X (7.6X10 " cm) _,  mlem
= =3.3%10

(63.1cm2)(605ec)(76cmHg) cmz.s.cmHg

P

TasN ¢ =0.125 ml O/min, /=7.6 x 10 cm, 4 = 63.1 cm’, AP =76 cmHg
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9 dy [ = ] [ ] a Jd a 1 =
Gl“lf“]g@‘ﬂﬂﬁ@Uu%ﬂﬁﬂﬁ@]ﬁ'J%ﬁl’i]‘ﬂ’é]@]S"Iﬂ'ﬁ“]ﬁJWWH‘U@QLLﬂﬁNWUV‘IﬁN%Uﬂ@]N il STEST

~ [ =< ] 2] ] ad A a o Y a o d
MEVOATIMIFUANUUNTRUNAUNHIUMTATIVAOVIINVTEN Cryovac Co. gwa%ﬂau Wa

NMINAQDIULTAIAIAITIIN 2

a o < o a ¢ S A
A319N 2 NﬁfﬂiGl3'J%ﬁf]‘]JfJGl51fnﬁGlfﬂJNWL!"UE]\1LLﬂﬁ@ﬂﬂ“ﬁlﬂullﬁ$ﬂ1ﬁ'ﬂ@u1ﬂﬂﬂﬂulclfﬂPﬂu‘l’\lﬁﬂJ

Aa o ad A 9}0‘/ o o v o
YOIUTHN Cryovac Co. ttaz Waunldnag ldmsvussgiainma

O, permeability CO, permeability
Material ml.cm/cmz.s.cmHg ml.cm/cmz.s.cmHg
Measured Reported Measured Reported
EZ-Bag, Cryovac Co. 3.632x10""+0.0 3385x10"° 1.046x10°+0.0 1.015x10°
7.6 4m bag, Cryovac Co.  1.557x10"°+0.0 1.451x10" 4.144x10°+0.0 4.352x10"

Dole lettuce bag

Verdelli lettuce bag

9.339x 10" +0.0 -
1.193x 10" £ 0.0 -

2.072x 10" £0.0 -
2.59x 10" +0.0 -

N17: Al-At et al. (2003)

4‘ (% =< v (<4
mmg1u‘vfl%‘lummﬁmﬁauammﬁmummmuna

nasg 15 lumsasaniadasimsdFuriu 14un IS0 15105-2:2003(E) Plastic film

and sheeting determination of gas transmission rate-Equal-pressure method (International

standard organization [ISO], 2003) ttaz ASTM F1307-02 Standard test methods for oxygen

transmission rate through dry package using a coulometric sensor. (American society for testing

4 1
materials [ASTM], 2002) 510821889U0INI@0I1ATFIULAAI0Y TUNIANLIN N (MIATgIURTS

TunIns1iadns1mMIFuFIL)

V1937 1U ISO 15105-2:2003(E) Plastic film and sheeting determination of gas

[ ] 24 1 1
transmission rate-Equal-pressure method 1¥114mM3a351980U8ATIMIFUFIUYB N TA1Y) FIY

ard [ 1Y 1 a 4
Wau TagldmanmInNuAUmI (equal pressure method) #1350 lo Tarauadn TasldinTes

a d =) ) o [24 1 ) a
TN 1asu Inns Wl (gas chromatography) 8113 UNMIATINAOLUNE 1FU LNTOONHIIU

o s s o A a s o = Yy A
Llﬂﬁﬂﬁ‘l]@uhlﬂﬂﬂﬂhlcﬁﬂ llﬁ&!,ﬂﬁklltliﬂﬁlﬂu Lﬂ5?]\1'JLﬂiW%WLLﬂﬁIﬂiNWIﬂﬂiWN%%@fNiJ
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4 @ Jd o v AaAad o o a J .
Lﬂg’ﬂ\i@3jﬁ]ﬂﬂllﬂﬂlﬂﬂiﬂaﬂﬂuﬂﬂﬂ’laﬁ'l‘Viﬁ‘Ufnﬁﬁi'Jﬂll’i]"ll’ﬂ\?ﬁﬂi@l‘!ﬂgﬂ (organic vapors)

1 4 [ o
Uszianaae vz ldnsesnsi3aunumsy le To 1y (flame ionization detector, FID) lun1s

a J @ { a a {
AATIZH UNUASYDITEUUMTNATOULAAIAINAIND 12 ﬂﬁﬂJWﬂiLlﬁuﬁi’]ﬂﬂ“]fl%l‘lﬁﬂi’lfﬂﬁﬂ‘ﬂulﬁ}

o o \ % 1 a d {
U ANNTHAUAR i]3@Jﬂu”lll‘]JﬂWu’JmLWA@@i’Ji]ﬁ@‘U’ﬂ@lﬁ1ﬂ1§“§3JW”I‘L!Wﬁ?J§I13JﬁlJﬂ”lﬁﬁ 3

10*
GTR =1440x DxC x ——x Pa (3)
A P

o =< ] [ 2.
GTR =93 10T BUNTUUDIULNE [mol/(m™.s.Pa)]

[ 2] . 3 .
D = 90313 lraveaunam (carrier gas) (cm’/min)

Y 9 o = ] (4] Aa

c =anududuvesnasuriuluunan laelsuag

dy Ao o [ 1 2
A = NUNTUATUNTFUNIY (m")
p, = ANUAUVITIINANBUDN (pascals)
p,  =anuaumelumyuzussg (pascals)

Key

1 transmission cell with chambers A and B
specimen

test gas inlet

gas-conditioning device

carrier gas inlet

flowmeter

~N oo g B W N

3-way valves

10
1

12
13

test gas outlet (or carrier gas outlet when purging)
carrier gas inlet

sampling loop

chromatography carrier gas inlet
chromatography column

TCD or FID detector

MW 12 URUAIMITINILYRIEAATINADUEATINMIFUATUYBILAAAINIATFIU

ISO 15105-2:2003 (E)
11: 1SO (2003)
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UIMT314 ASTM F1307-02 Standard test methods for oxygen transmission rate through
dry package using a coulometric sensor. (ASTM, 2002) THlumsasreaevdnsimssuriuld
) a 1 a d o 1 4 o ]
mwmmaaaﬂ«mumuwaw%mwzmiq G\'JE)fJ"NL‘ﬂ?E]Qﬁ@ﬂi’lﬁ]ﬁ@ﬂﬂﬂi'lﬂ'ﬁ“?ilNTL!GIIEN
a ~q Y dy Y A 4 a a o 9
a@ﬂcﬂmumhmummgmu "l,ﬂuﬂ INT9990NENI1U (Ox-tran) Nﬁﬁiﬂﬂllﬂel‘ﬂ Mocon, Inc. cl,GIf
o o a 9 a A= ] s Y =
Wﬁﬂﬂ?i?ﬂl!ﬂﬂqﬂi%ﬁu@@ﬂ @]i?%ﬁ@ﬂl!ﬂﬁﬂﬂﬂ“lﬂi]uTI‘*B?JN”I‘L!T@]ﬂQﬂﬂimiUEﬂ@‘aﬂmﬂi
(coulometry sensor) ANHMULVDAUATOIULAAINUNNN 13 HazUNUAIMIINUVUATIN 1Y

o [ % 1 { I~ a| d H
lumsnaaeudmsualoantuway uaasanunIng 14

4 g v v ' ) a
MW 13 115090ATITATATINTTURIUYB N ETBNEIAU (Ox-tran apparatus)

31: Mocon (2002)

4]
Reference Film %

Carrier
Gas

\'Z

7
7 =
L

Catalyst

A

Temperature
Controller

<
-
-

MW 14 upudimatinuresyan e unIsiionsnaeUsaTIMIFuRUYB A
PONFUAUTENAININATIIU ASTM 1307-02

11: ASTM (2002)
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Jdo

9 AAq Yo o (94 A =1 =
qﬂﬂim’i‘ugﬂgaammﬂ%mmuma%ﬁammﬁa@ﬂm%u ummazmﬂﬂclumi
a s &Y a a Ao % 9 o & 1 [ 1
3Lﬂ31$°ﬁLLﬂﬁ@ﬂﬂm%uﬁluﬂimmﬂm mmﬁam3%m'lmzﬂmfimmuﬁluwumumu (ppb)
o 9 a 44 a A= 1 Y IAa (a Y o [
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] [ a d o [ (] a1 3 ) 9)::? "o a
@]3@81\111]'3!,?15”ISTWHL‘IJH%QW'JS’J IBU 15 UINADATI mm’mmﬁuﬂ”lmmagﬂﬂ%uﬂmm
a (% 1 o 4 a o o 1 Qy 1 o w ]
NATNNANIDYI ﬂTﬁ‘VITQTHﬂJ@QLﬂé'ﬂQIﬂEJ‘IJﬂ@lllﬂﬁﬁ?@ﬂ?ﬂﬂgulﬁavlﬂqj']']ﬂu@ﬂ N1ITUINIDYN
o v 1 o Y A a o Yy A a o o '
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] ] [l Jo o [ [ ] a ]
ﬁ}mﬁ}mmﬂmullﬂqqﬂﬂsmiui ﬁmsumimaﬁ]aauamﬁumuﬁuma@ﬂmwNmmﬂmz
9 9 d a d‘ [ 4 a an 1 4
1379 1A ldginsaldoasuannTes anvazglnialidiy tagIsmsdoginiaiudainiy
- A o w v ¢ A Yo
AINN 15 LLAZNINN 16 ATUAIAY ﬂ'liGlGHQﬂﬂim!ﬁiiJﬁ'liJ'ﬁﬂT]ﬂﬁ@Uhlﬂ‘VNﬂ'lG]ﬂlglliiﬂl!llllﬂ\?

sunazuu linagal

Pouch

Package overwrap

sample

21%
Room O,

Hot-melt

E
adhesive poxy or

hot-melt
adhesive
Package
sample

Brass plate

Good
barrier
test

Solder tubes
to brass plate

Average
barrier
test

0, Capped

P S

. .
mwi 15 ginsaitie 1 lumsasnaaeunauzUsT9AINIATFIM ASTM 1307-02

1 ASTM (2002)

test package outer bag
N2 02

N, gas ports

epoxy

o J

Fittings N2

d' 1 d o [ 9 d? 1 ] A A
i 16 MiaeglnialdmivlslunInadoumsuzussgvuzlimiunTodlo
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Upper Chamber for Package
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Upper Chamber for Film
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Upper Chamber for Package
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Injector temperature

Oven temperature UUGUNYTALT
Detector temperature (TCD)
Carrier gas (He) flow

Aux gas (He) flow

Reference gas (He) flow
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5.2 WAMSIASHUBAANINIGIY
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o [ Y A a s Y Y = [ YA Y] 1 I
WNAAIGIATOAATEHUND L IagmIouunanay 1A NNAUINNIANUAUUI TINA

A o Y & A Y = [} A a d &Y
LW’E)VI']GlﬁLLﬂﬁLﬂﬂﬂ'l'illﬁﬁLGU1q@”lﬁ')ﬂﬂﬁ')’f)le‘Ulllﬂi@\ﬂlﬂiT%‘H!,Lﬂﬁ'



, BIAIAANVAU
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) W) (syringe port)
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(ball valve)
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GAS CHROMATOGRAPHY UNIT (Agilent 6820 GC)
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close valve disconnect
vacuue tube

connect open valve
vacuue pump tube
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close valve disconnect
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£

< S o oy y N I S K 2 9 = d
Augaamea niuaumMuInaliga edaunanedmeluiylivua w3 auainaiy

) Y
pon a0 1 1duda lulasnuadlylude wisldufansaewauiu Tase1larensudadainsd
o ' P s Y 9 o W A S Ao 1%
una luTasnunvelngd o Nadudevesdmanuna dandndwna lulasou udaoy
1 [ 1 1 4 9 qy A 1 A [ 1 I~ = ~
Tvarunedinan ddeeunald luanaie laomeantednelunedunal 1w (mwi 71

Y KX A ] Y 19 1 s Y < ~ 1 a 4 Y & 9
9-1) 1A AT eUNOI IR0 NAIA0AINTING D (MNT 71 9-2) Aves 1Wanar ldunddng
o { o o o A ~Aq 1
Aeluda (0 71 v-3) uaa TuTaswuag Tnarn lnausuunaesngnunlase 13uds ms
o ° Yy @ a Yt S o o A 2 P
Tvaveana luTasnuszi liunmnamsneay laasauy seauanusumeludanuiuau 1@
o = . ~ o A v NS ) = P
ANUAUDA 5 psi (MWA 71 A-1) (ANNFUN ISHauune) Tanaidiuun (mwh 71 a-2) 1dd

=2 =2 1 o A
PWAINDUNANATDUDDN (AIWN 71 A-3)



78

@ testgasin

open valve Purge gas in tube 1 min Insert N2 gas tube Open valve smoothly

close valve disconnect test gas tube

f)

] 9
MR 71 sﬁ’umumﬁNmJuﬁ”ﬁeaﬂmwuaﬂuiﬂumu

& 0o Y 1 A a ¢ o A A ¢
5.4.5 GuaoumsihunanaudiginiesiinsziunalasmInmsil ianad
£y Y] A Y o ' S A w ' L. . A A
audne (nmi 72 n-1) Tunawan Inaiud18aaae614 (injection valve) NogUUIAGTO
Aa J o 1 [ J A o 1 1 oy A o [ Y
Ansiziune Uaenoundosnuesnalriadieds guasluiuennunaliodnielugll
4‘ = (7 a oy d' a o 1
(loop) Wetims lnavewnaazinaresoimaluhmasanar (mmi 72 n-2) Tumsitladiedi
1 1 Y 1o ! a 44
1Y (loop) $rausndesldunawan Iva launanisenielugy (oop) Taeilaund lna
Voo A 9 1 [ [ A . A A
Taunandrumelunosuanuanludianaunae 3 psi (MW 72 ¥-1) INMINAABILID
[ o a [ 1 T oY 1 { (B a o
anuanaaas 1l 2 psi hldTdsinannalnlvald laummadiegnou ldnua) Janda
k) 9 Ao [ ~ 3 ~ 1 A
AudeNwauune (MM 72 v-2) tazseaunszn esemendatenonua (nwh 72 ¥-

4 o 1 9 [ 4 a Jd o
3) unaneauzgninegnielugy (loop) nioudmsumsiadunseddnsizvuna Tasin In-
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Y i
A A

F4 [ [
msil i ldasunnduvesanududu awidmuald ihiunldnsfaseaeu1a liudeu

' Y 9 o o & Hdqu 9 @ ~
ﬂﬁ’W‘Iﬁgﬁ'J'N ﬂ'J’]iJL“U?JGUUSUE]\HLﬂﬁV]ﬂﬁﬂUﬂUW‘H‘VIi@]ﬂﬁ’W\l WIDUHUIANULTYU (AIWN 72 A)

sample loop on GC
—

1 @ Mixgas flow to
/

Slope
CF = q/AU

Quantity ()

-

Area response (AU)

f)

d' ) 9 Y A a Jd o =
MU 72 M wnaraudIginIenNzunatazMIeuns g sgIu
= [ U U
5.5 HaNSINIENNREINAIEIY (MenaemsUsuilganlv)

= o ' I A = Y v
mismuﬂawan53:mmmﬁaaﬂcuﬁmua$”luTmmu‘nmmmmu 129, 643, 1607
a Jd &Y (% ~ o 1 A Y =) @
11822571 ppm HAMIAATIZHUNANAUUEAIAIAIT1T 6 1A 1A lilounsvlanasgiuas

7NN 73
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~ di} ~q ¥ 2% J a [ A Yy 9 1
35199 6 funldnsvewnanauszriteongouiy lulasau AanududuaIeg 910

A A s o =
N399I ATIZHUNET 1ATH1 1NN

v Y g ¥
ANUVNVUVBN O, #WuN1An3 19 (Area response)

Ea
PIUIUK
K v v K '
m Y ] Pl
(ppm) wunldns Aundsveanunldns
1 11.5354
129 2 11.4998 11.1175
3 10.3172
1 34.6681
643 2 32.8627 33.5683
3 33.1740
1 81.6866
1607 2 80.0904 813883
3 823879
| 2335585
2571 2 230.0085 231.0412
3 2295567
Standard curve of 02
25711
=5
o
2
c
(<)
(=]
S
:,Z; 1607 .
c
=]
E
=
3
c
o
o
S
g 643-] .
>
x
(@]
129 /o
1154 3448 123.79 233.73

Area response [25 uV*s]

M 73 nsmliioumanududuvesnaesngiou (0,) ppm Tu udaluTasau (N,) fu

Y ]
wunldnsl
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6. wamsisziiulszansmwvesganaaeudunuy

(% = 9 ~ 1 . . 2] ~ 9 Y =X
NANNNMIAT NI 1ine A (calibration graph) YDIUNTNATOULTYVIDYLLAY DY

ganadev linaasslsld ludumahyanaaeuduuuy linaassls uiseenily

6.1 Minagouielsziiua1uieIns s (accuracy) ¥ ganaaouas Ao USATING
= ] [ a ] [ 1 a d =l = (Y = [] [ a
FUHIUVDINTDDNFIUFN LAY TaalTauneun19nT1INTFURIHYB N TBDNTKIY
Ao 9 9 [ A A @ = ] 4 a 1 ard
nialdnnganagoudunuuiunieslons19ao Ut INMIFURTUYDILATOONFUHIUTAY
4 =) C{ $ o % Q 1 d'
(Illinois 8500) tWDAATIZHAMNEIATIVDIYANATOUAULLIY 115 AI0E19N 19 Tums
S ad a A d a g’ = o 1 g’ a J Y ) [
naaed Huilay 3 yia Wauwiiaas 5 61 (Uasudrng1anns) MmslnszHvayadIMsums
) A Ao A ¢ I\ o Y A ¢ ' o ' )
a31un3edleda Tumsinizranuuiud Ismsanizraua1aueand 2 ngu Taeldnis
1 o (Y 1 [ a
ATIAOUANVUANANTDIANY (t-test) Taen)ToReumdnIINIFURILVD N TOONTFIY
{ 4 [ 1 [
ldnnnTedlionsnaeudnIIMIFUEIUVBILAE (Tllinois 8500 Oxygen permeation analyzer)

AUYANATO AU

nanInanedlsyanaasudedailay ligenageudunnuiuidudled
LLDPE #1120 zzm CPP #1141 25 £m 182 NYLON/LLDPE ¥U1 50 1m NA@0UAI106190E 5 e
ARSI 19T, 7,81182 9 AN 74 taaanslueamsasIMIFurUe A Te AT YDA
F081IRIMIAT NI NAADLAT LAY UYEISAT I TUr L Ye A T D NFIO LT

1 ad 1 17 {
Furulay szHINmsnagounna 5 Wi naaanIni 75



M3199 7 NaMIATINABUSATIMIFURUU DD NFIUFUTEN LLDPE 111 20 um

~ = 1 EY A . . = o
Lﬂiﬁl‘UlfVlEJU'i%W'JN“];@ﬂﬂﬁ@U@]HLL‘UU 1uag 1n394 Illinois 8500 N 25+2°C, 0%RH
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VINYANATOUAUULY 910 Illinois 8500
L OTR of LLDPE o OTR of LLDPE
f198°19N . RGIANT .

(cm’ /m’".day.atm) (cm” /m’”.day.atm)

1 9,067 1 9,612

2 8,697 2 9,452

3 8,602 3 9,183

4 8,555 4 9,976

5 8,741 5 9,441

Aunde 8,732 Auna 9,533

manulsilsiu 201 manulsilsim 291.55

4 v 1 a 1 ard
M3 8 wami@15’maauemmmﬁumummaammumquJ CPP 1111 25 um

~ ~ 1 9 A . . = o
lﬂi‘(’J‘]JW]ﬂﬂigﬁj']\r]é@ﬂﬂﬁﬂﬂ@ullﬂu iag 113949 Illinois 8500 N1 25+2°C, 0%RH

ﬁ]1ﬂﬂ£ﬂ1’lﬂﬁ@ﬂ(§l}ullﬂﬂ 910 Illinois 8500
Lo OTR of CPP Lo OTR of CPP
AIDYINN AIDYNN
(cm3 /mz.day.atm) (cm3 /mz.day.atm)

1 4,412 1 4,567

2 4,345 2 4,637

3 4,359 3 4,719

4 4,345 4 4,611

5 4,355 5 4,463
Aunde 4363 Aunan 4,599

amanuulslsou 28 manuualsdsiu 94.22
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AN 9 HAMIATINAOUSATINTFURIUVDIDDNTAURIUNEY NYLON/LLDPE 11

50 zm 3 eUNEUTENINEANATOUAUUDL 1A 1AT04 Tllinois 8500 7l 25+2°C,

0%RH
VINYANATOUAULUY 910 Illinois 8500
o o4 OTR of NYLON/LLDPE o o4 OTR of NYLON/LLDPE
SRRIAN . SRRIAN .
(cm’ /m’".day.atm) (cm’ /m’".day.atm)
1 1,738 1 1,578
2 1,825 2 1,582
3 1,617 3 1,563
4 1,556 4 1,563
5 1,603 5 1,562
ANNAY 1,668 ANNAY 1,570
manuulsdsiuv 111 manunlsdsiuv 9.61
12000
10000 —l~=_
- a—____ __.-" TT-m
*-. bl g
= ST PO o .
% 8000 ---e--- LLDPE (test cell)
> — = — LLDPE (lllinois 8500)
N —a—CPP (test cell
S 6000 (test cel)
= —-%-—CPP (lllinois 8500)
2 Ypomomo—- St i e o= emem g —x%— NYLON/LLDPE (test cell)
o
= 4000 -0~ NYLON/LLDPE (llinois 8500)
'_
o
2000 — —
0 T T T T T
0 1 2 3 4 5 6
Number of sample

] 9
MNA 74 ﬂ"l’éjﬂﬂﬂﬁ“d]);l]N'll!sll’f)\ulfc]vﬁﬁ]@ﬂ?m%uellﬂﬂgljﬂﬂ‘c’JNﬁQﬁNﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂU
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Transmission Rate VS. Time

7000

6000

5000

—>— LLDPE

4000
—0 - cpp

3000 =—/— NYLON/LLDPE

OTR (cc/m2/day)

2000

1000

0 5 10 15 20 25 30 35 40
time (min)

d' Q' dgl [ =2 ] () a [ ] a| d 1
MNN 75 MINVIUVDITATINTFUENUVDUNTDDNTFRUUNATUAIUNAN 52112195

9
ard o 1 % a
NAADUNNY 5 WIN MNNANAIDE19N 3 ¥UA

v v Y
MNNMA 74 naaemsmnTutazlin i gaugavendns IMIFURILVB AN
9
pONFIUAMUTAY 5zHINMINAdoUNNT 5 U1 1INTaNAI0E199 3 ila Ao LLDPE, CPP

o [

iaz NYLON/LLDPE afiataondindndmsuminadon Iagldinasianuuang19uoaa

] v
AA o

[ 1 (%) a [ a d o w < 1
gasIMsFuAuuRgoanFI U LAY N1 g9 nae uazd awday uaasliiiuiiga
a 1 [y 1 () a o
NATRUAUULUEUNT A3 19812 IFINAANNLANA19UDIANUA USRIV AN TDDNFLIU 111
a 1 ) A a . . ) A 1
Tinamssuruven a1y 33 1o Taauain (isostatic method) TSN TIZITUFUHIUIIN
[ =

@ ] o A ] { o 1 o <
@ﬁ‘i?ﬂTiGd]);iJW1uﬁ}@ﬁJ“] ﬂUﬂ‘igﬂﬂilfJ@lﬁ1ﬂ13G]53JW1uﬂQﬁ %WﬂfﬂWﬂQﬂﬁW?ﬂQLLﬁﬂQiﬁLﬁUﬁﬂ

@ ] @ 1 d 1 a o
mmmmmmnaauamwmﬁumwummaﬂNWaumwuﬂﬂu"lﬁ’

lumsisziivanuinesnsaesmnageuduuuy Iaeulsouiioudasinmssy
[ 4] a 1 ard 1 VA 9 [ oA 9 A . .
HIuve LR doanFaUAUTaN 521 19m a9 lannganadounua1N Ida1nATo4 Tlinois
a o 1
8500 Oxygen permeation analyzer JAFITHHANNNA (t-test) T ld 1151031 SPSS 14.0 for

Windows Release 14 11 Tvun Compare Means Paired-Samples T test

WU AMSATIMIFURIUYRILNAEDNFIUAUTEN LLDPE 1Inganadow

Auuuy'’ld 8,732 £201 em’ /m’.day.atm 118291AIAT D4 Mlinois 19 9,5334291.55 cm’ /m’.day.atm
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tanuuanaeseiied Ay (p<0.05) MBATIMIFUFUYB IR TOBAFRUATUTAL CPP 910
YANATOUAULIUY 4,363+28 cm’/m’.day. atm UAZIINATN Mlinois TAA1 4,599:94.22
cm’/m’.day. atm HiAuLanA e elTsd 1Ay (p<0.05) LATAIBATIMTFURTUVB AT
20NFIUHTUNAN NYLON/LLDPE 1nganaaoudunuy’la 1,668 £111 cm’/m’.day.atm tag

[

A . . Y 3 2 1 1 1 A v o
1NLAT 0 Illinois ulﬂ 1,570£9.61 cm /m".day.atm hlﬁJllﬂ'ﬂlleﬂ@‘lN@fJ”NiJufJﬁ”l 3]

1A a 1 o &
Tagsauudmin ldanmslsziiiuvanuiesnsaesganagouduuuy suudeq

a o v = a A o Y A A
llmﬁﬂi‘ljﬂ‘gﬂuﬂhlﬂl C]NﬂfnuNﬂwa']ﬂ"ll@\‘]ﬂ']ﬂﬁjqfﬂgﬂnlﬂ E]'lfluJﬁ’]n’iﬂlu@\nJ’lfﬂ']ﬂ

am = [2) ) % Yy vy ~ 1 1
a) AsMamseNunauIaIgIud U ldaiensifeua (standard curve) Tuea9
2 { 09.: 1 g a 3 { 3 [2)
MIkaNLRanANuIUTULIN Aaua 1600 ppm Yu 1 USuasgegaveudunlnnuuneldne

1 9y 9 1 Y] 1 Y Y (Aa [ a 1 o Yy
2 ml aaNuvuIu luaaananzdedlslsnasvewnaoongauInn 2 ml K lviaog

Y o 1

< Y a 4 :JI 1 Y = 4] A
LﬂULLﬂﬁﬂﬂﬂ%LﬂutﬁfJVlﬂWﬁN 2 A3 ﬁNﬂ‘Ufﬂﬁ!ﬁ]iﬂﬂJLLﬂﬁ'WﬁﬂJﬂﬂ’ﬂML"ﬁjﬂJ"Uuﬁ 330 - 1,600

Y
v A

Y A 2] a o 1 =) < 9y 3 [ = @ 3 A
ppm Gl“lfﬂﬁﬂﬂﬁiﬂlf)\‘ll!ﬂﬁﬂ@ﬂ“]ﬂi]u@nﬂ’ﬂ 2 ml llfﬂi!ﬂﬂﬁl%LﬂlNLlﬂﬁLWﬂﬂﬂiQ!ﬂﬁl’J ANUUNANUY
Yy 9 2] A Yy 9 a ) a A o A A 1
UV UUDIUNTNTUNANULUNVUUIN ﬂiiJWﬁi“ll’é)\?LLﬂﬁﬂf]ﬂGﬁLi}uﬂUWIIﬂWﬁ'iJ’é)ﬁ]llﬂﬁlIWlﬁhlil

Vo 1 A Yo Y A o 9 AN Y » Ay v 9 9 ~ 1
shnuad lag a1l Wodwerdeyan lavimswauunan lugndes I adreanswlifieusn

v
1 A

' < ] o ' ~ A =< o Y Y Y A =
ﬂ'WIﬁgT‘i'J”I\?ﬂ”liﬂﬂﬁi’)ﬂﬂﬁ]gclslfﬂi']wﬂQﬂa']'lﬁl.uﬂ'lﬁlﬂﬁ‘(’J‘]JW]fJ‘]J ﬂ\iﬂ'ﬂﬁﬂ']ﬂ')']lll‘l]iﬁuuﬂﬂ']ullﬂm

oA 1 a o 9 o [ = ] W Aa 9 1
ﬂm”lmﬂumq °m°l‘wmimmmamwmwumumamnﬁmwam"lﬂmam

{ 4 @ [ I~ ard
b) MminaaoulFumsnlasuidulumsnaaon 5 dr0619 udazludduainiu
= v ad =\ [ Y] 09/’ Y A a 1 Y A
@eru Wanazianunun limduaaeanadiu (119991005 UIUMIHAN dima 1IN

1 a ad {
UANANDIAUNAIN ﬂfﬂlll!,‘ﬂﬁﬂiﬁuﬂlﬂﬂwau‘ﬁi%ﬂuﬂﬁﬂﬂﬁﬂﬂ

4 [ ] (9
©) 1309UPATIVEADUBATINTFUHIUYDLAE (1llinois 8500 Oxygen permeation
< A A ~ o Y Y gy A A A
analyzer) 1flunTeslonadouiiiunznumslFaundugaamnssy lildinTosilon

PONUUUTIMTUMINATIEN

1 Y
6.2 Mminageuelsziiuanuauasalumsiad (repeatability) Tagns

~ ~ T @ = ] [ a Aw 9 Y @ A A
Lﬂiﬂ‘]J!‘V]EJ‘UﬂTEJG]31ﬂ1§“lmPﬂWIJ?JQLlﬂ’ﬁﬁlf]ﬂ“]ﬂ"l]u‘]/nﬂnlﬂiﬂﬂﬂgﬂﬂﬂﬁﬁmﬂuL!,‘“U"UﬂiJLﬂiE]QiJfJ

Jd @ 1

o =< 1 4] a ' a o . . ya v = o
A3I9A0UONTINMIFUHIUVDINTRDNTFIUFNIUNAN (Tllinois 8500) TsWaNAIDE1UFLIAGINY
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@ (% ' = o 1 a a 3‘ @ 1 @ 09/’
ﬂumsmﬁ’auﬁlnéfu nagoUAIee NN ANLARZTHA TUAAS 5 B (GI'J’E]EJN!a‘(’JQGlGIQfI’Jﬂ 5A33)
a 4 [ oy a ! . .
AATITHANNENT0 TUMTIAT HosanaInulssiu (standard deviation) U84

Y v v
UINE IUAIDINNRINITNATOU NANITNAFDULEAIAIAITIN 10, 11 tag 12

H " ] a ] a d v
M3191 10 A1PATINMSFUHIUVEIENFIUMIUTAY LLDPE U1 20 £m nl3oufieusgying

FANATOUAUUVL 1Az 11504 Tlinois 8500 11 25+2°C, 0%RH

VINYANATOUAULY 910 Ilinois 8500
s OTR of LLDPE s OTR of LLDPE
NATOUATIN . NATBUATIN .

(cm’ /m’".day.atm) (cm” /m’".day.atm)

1 9,558 1 9,634

2 9,532 2 9,630

3 9,517 3 9,607

4 9,452 4 9,593

5 9,336 5 9,599

Aunde 9,479 Aunao 9,612.6

manuulsilsiu 89.06 manulsilsim 18.45

. @ 1 a 1 ard
Vni"lﬂ“ﬁ 11 Nﬁﬂﬁ@lﬁ’mﬁﬁlﬂﬂG]ﬂﬂﬁ“d]ﬁlWWHﬂIfJQ@@ﬂ“ﬁL%HWWHV‘IﬁﬂJ CPP %111 25 (um)

nlSeuieusenINgEANATEUAULUL 1Az 1AT04 Tllinois 8500 71 25+2(C, 0%RH

mﬂqﬂmaauﬁmmu AN Illinois 8500
OTR of CPP sz OTR of CPP
(cm3 /mz.day.atm) nadeum (cm3 /mz.day.atm)
1 4,415 1 4,488
2 4,316 2 4,477
3 4,264 3 4,475
4 4,203 4 4,464
5 4,133 5 4,464
Aunde 4,266.20 Aunao 4,473.60

Annunlsdsiu 107.66 Anunlslsou 10.06
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M99 12 HANIIATINEDUDATINITUAIUVDI00NTAUAIUNEY NYLON/LLDPE 1

50 zm 3 eUNEUTENINEANATOUAULDL 1A 1AT04 Tllinois 8500 7l 25+2°C,

0%RH
VINYANATOUAULUY 910 Ilinois 8500
N OTR of NYLON/LLDPE N OTR of NYLON/LLDPE
NATOUATIN . NATOUATIN .
(cm’ /m’".day.atm) (cm’ /m’".day.atm)
1 1,745 1 1,563
2 1,752 2 1,563
3 1,871 3 1,562
4 1,886 4 1,555
5 1,857 5 1,550
Aunde 1,822 Aunde 1,558.6
manuulsilsiu 68.03 manuulsdsiu 5.86

ad o 1 3 a 4
HaMINATOUNANAIDE1N 3 FUA mﬂqgﬂmaauéfmmu uazm?m Illinois
VoA Yy Y 09/' dy a A @ :’ Yy o
8500 W‘]J'N?ﬂ‘ﬂ@lﬁ’Ji]ﬁf)ﬂllﬂulll‘lﬂiuﬂﬁﬂﬁi NIt NANBININNMINTINIAT Taeloia

a AA o ) a dy a Jd o @ 09/' @
LﬂiJVIiJﬂTﬁﬂﬂ‘ﬂﬁJlLﬂﬁﬂfJﬂGﬁLi]uGlULuﬂV‘lﬂll M 7D1ULAINT (steady stage) aaiulumsasivia

=

qul 1 %) ) AR 1 a 1 1 ad
AIIND hl'ﬂ UNARONTIUNFUFNIUDONUIAARY MNLTUIATFDIIN (free volume) Yo aw

=) a 1 [ [ 3 dyd 1 Y 9 =
HUNTDDNHIULNITDYNOU ﬂ\iuuﬂ13‘VIﬂ’de“U‘H%Qllll?HZJﬁﬂﬁiqﬂvlﬂﬂ‘]gﬂﬂﬂﬁﬂﬂﬂulmﬂil

v
anvansalumsdadla deslimslsuliaismanaaeu il Tasliiildueeninlieg

U

v Y Y 9
Tuannzisudu (@0 wussenia) nnaseneumsiaginie 11

6.3 ﬂ1§ﬁ1ﬁﬁﬂﬂ1§Sl‘ff}QWuﬂlﬂﬁGlgﬂﬂﬂﬁ@Ugl}uuﬂﬂ Vlﬂﬁ'@ﬂﬂﬁlcﬁﬂ\iéjﬁﬁ']ﬂ'ﬁcdﬁﬂFhu‘llﬂx‘]
S Y} ] Yo d Ao < o
Llﬂﬁﬂﬁ"ﬁﬂiﬂﬂﬁ?fﬂﬁ@‘ﬂllﬂﬂWﬂGIj@VIﬂﬁ@U@]uLLUUIﬂEJ“l‘D'V‘IaﬂJﬂﬂJf]ﬂﬁ'lﬂ']ﬁ“IﬁJW']u‘U@\‘lLLﬂﬁ

A o o D) o Y Y Y NI v A
DONHIAU AN LLEI%EIQ uﬂﬂiﬂf‘ﬂﬂﬁ@‘uﬂﬂﬁﬂﬂﬂﬁﬂﬂ@]uuﬂﬂ i]"lﬂﬂ”lﬁ‘l/lﬂﬁf’]ﬂﬂl"lﬂ@]uwauﬁ’J?)fJNiJ

[ =

Y IR ' ' 32 o MY o d Aa '
@ﬂiWﬂ’]icﬂllW']uagiu%’J\j 1,500-9,000 cm™ /m day atm Vldu"lﬂViW\lmeJ AIINTITHUNIUUDN

s

%] a 1 [ 1 Y 1A
Unaoonyiay L!?Jﬂm‘ﬁ@’1]1ﬂGIf’NﬂQﬂﬁ”l’)ﬂﬂ%ﬂﬂﬁﬂﬂﬂﬁ@ﬂél}ulmﬂ "l@’ﬁm Wau NYLON in

'
=1

' A I 1o =2 | a vq ¥ 1Y)
100 Hm m‘lumﬁm 13 L‘]J‘L!ﬂ”li'i’mﬂ”Iﬂ@]i"lﬂ15%%W1uﬂlﬂﬂllﬂﬁ@®ﬂcﬁﬁlu Vlhlﬂclclf‘i/lﬂﬁﬂﬂﬂﬂﬂgﬂ
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4 [ ] a ] a| d a [
M3197 13 HANIATINTDUDTATINIFURIUVIDOAFUAIUNEY 5 wiia (ISeuNeuszrIg

YEANATOUAULLIL 11AZ 19504 Tllinois 8500

o 1 a 1 a d
amﬂmiéﬁumumm@ammumuﬂau

FATNAY (ANUNUI) (em’/m’.day. atm)
Tllinois 8500 FANATOUAULLIL
NYLON (100 zzm) 109 * ligunsaasnaenla
NYLON/LLDPE (50,m) 1,558 1,822
CPP (25 um) 4,473 4,266
LLDPE (20 zm) 9,612 9,479

* melumanaaen 2 ¥ 1ug

v o 1 d ule = a 1 A
WaﬂWﬁﬁl%}“lg'ﬂ‘ﬂﬂﬁﬂUﬂ‘]Jﬁ'J@EI'NV‘IaiJ FIUMNHUAY 4 FUA A1IINNTITNN 13 §N1TD
Y1 ad Ao = o a = v Y '
ﬁ'ﬁ;ﬂvlﬂﬂﬂf‘lﬁu‘ﬂuﬂﬂﬁ'lﬂTﬁcﬁllFﬂu"llfJ\1Llﬂﬁ'@ﬂﬂ‘ﬂfﬁ]u‘ﬂﬁ’m’liﬂi‘]ﬂ@ﬁﬁﬂﬁﬂﬂhlﬂQWﬂ“quﬂ‘ﬂﬂﬁf]U 32V}
' P
11924 1,500-9.000 cm’ /m’.day.atm FWAANS IFuvDE@NaTOUAULDY YnogNY
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INTERNATIONAL STANDARD 1SO 15105-2:2003(E)

Plastics — Film and sheeting — Determination of
gas-transmission rate —

Part 2
Equal-pressure method

1 Scope

This part of ISO 15105 specifies a method for the determination of the gas-transmission rate of any plastic
material in the form of film, sheeting, laminate, co-extruded material or flexible plastic-coated material.

Specific examples, currently in use, of the method are described in the annexes.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 4593:1993, Plastics — Film and sheeting — Determination of thickness by mechanical scanning

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

gas-transmission rate

GTR :

volume of gas passing through a plastic material, per unit area and unit time, under unit partial-pressure
difference between the two sides of the material

NOTE When the gas used is oxygen, the value obtained is the oxygen-transmission rate (O,GTR)}.

302

gas permeability

coefficient of gas permeability

!}

volume of gas passing through a plastic material of unit thickness, per unit area and unit time, under unit
partial-pressure difference between the two sides of the material

- NOTE 1 The theoretical value of 1 is given by the equation

P=GTR »
where
i is expressed in mole metres per square metre second pascal [mol-m/(m?2-s-Pa)];

© 1SO 2003 — All rights reserved : 1
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GTR is expressed in moles per square metre second pascal [moh’(mz-s-Pa}];
d is the average thickness of the specimen, expressed in melres.

NOTE 2 - Although P is a physical property of a polymeric material, differences in film preparation affecting polymer
orientation and crystal structure will have an effect on the permeation properties.

4 Principle

A test specimen is mounted in a gas-transmission cell (see Figures A.1 and B.1) so as to form a sealed barrier
between two chambers. One chamber is slowly swept with a carrier gas. The second chamber is fed with the
test gas. The total pressure is identical (atmospheric) in each chamber but, since the partial pressure of the
test gas is higher in the second chamber, the test gas permeates through the barrier into the carrier gas in the
first chamber.

The test gas which permeates through the specimen is carried by the carrier gas to a sensor the nature of
which will depend on the material under test and the test gas used.

5 Test specimens

5.1 Test specimens shall be representative of the material under investigation, free from shrivelling, folds
and pinholes, and of uniform thickness. They shall be larger than the gas-transmission area of the
measurement cell and be capable of being mounted airtight.

5.2 Use three specimens unless otherwise specified or agreed upon among the interested parties.

5.3 Mark the side of the material facing the permeating gas.

NOTE In principle, the test should replicate the actual conditions of use, with the permeating gas passing from the
inside to the outside of e.g. packaging material, or vice versa.

5.4 Measure the thickness of each specimen in accordance with ISO 4593, to the nearest 1 pm, at at least
five points distributed over the entire test area, and record the minimum, maximum and average values.

6 Conditioning and test temperature

6.1 Conditioning
The specimens shall be

— either dried for not less than 48 h at the same temperature as that at which the test is to be carried out,
using calcium chloride or another suitable drying agent in a desiccator;

— or conditioned at the temperature and humidity specified for the test for a length of time appropriate to the
nature of the material under test.

6.2 Test temperature

Carry out the test in a room kept at 23 °C + 2 °C, unless otherwise specified.

2 @ 1SO 2003 — Al rights reserved
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7 Apparatus and materials

7.1 General
Figures A.1 and B.1 show examples of apparatus for determining gas-transmission rate.
The apparatus consists of a gas-transmission cell designed to allow a test gas to permeate through a

specimen, a sensor to measure the amount of test gas which has permeated through the specimen, and gas-
conditioning devices and flowmeters for the test gas and carrier gas.

7.2 Testgas
The test gas may be either a single gas, or a mixture of gases.
In the first case, the pressure of the gas shall be equal to atmospheric pressure.

In the second case, the pressure of the gas shall also be atmospheric and the partial pressure of each
individual component will be determined by its concentration in the mixture.

7.3 Transmission cell

7.3.1 The transmission cell is divided into two chambers by a test piece, cut from the sheet of material
under test, to allow permeation of the test gas (see 1 in Figures A.1 and B.1).

7.3.2 The test gas flows, under defined conditions, into chamber A and leaves this chamber through a
suitably dimensioned outlet at ambient atmospheric pressure.

WARNING — Appropriate precautions should be taken with respect to the use, recovery, recycling
and/or disposal of hazardous gases (toxic gases, flammable gases, etc.).

7.3.3 A carrier gas flows through the other chamber (chamber B) of the cell, under defined conditions, such
that the pressure difference between the two chambers is as low as possible to prevent distortion of the test
piece.

7.3.4 The shape of the cell shall be such that the test specimen is swept on both sides by laminar gas flows.

In particular, the ratio of the effective permation area to the velume of each chamber shall be such that the
velocity of each gas is lower than a specified limit, depending on the shape of the cell.

7.3.5 The effective permation area shall be adapted according to the range of values to be determined. It is
generally between 1 cm? and 150 cm2.

The effective permation area of the test specimen may be reduced by means of a mask placed between the
two chambers. In this case, the mask shall be glued on the test specimen and carefully checked for leaks,
which would affect the measurements.

7.3.6  When the cell is fitted with gaskets. the material used for the gaskets shall have a gas-transmission
rate which is negligible compared to that expected for the material under test.

© 1S0 2003 — All rights reserved 3
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7.4 Detection and measurement

Of several different methods available for measuring the amount of gas permeating through a specimen, two
such methods are described in the annexes:

—  Annex A: coulometric sensor (for oxygen-transmission rate);
— Annex B: chromatographic sensor.

NOTE The method used will depend on:

— the permeability of the material to the test gas;

— the sensitivity required.

8 Diffusion conditions

Unless otherwise specified, the test gas and the carrier gas shall be conditioned under one of the sets of
conditions of temperature and relative humidity given in Table 1.

Table 1 — Conditions for diffusion

S ol Temperature Relative humidity
conditions o0 %
1 23 0
2 23 50
3 23 60
4 23 75
5 23 85
6 10 85
NOTE 60 % is the relative humidily normally used for conditioning when using a test gas at 0 % RH and a carrier gas

at 100 % RH.

9 Procedure

9.1 Remove a test specimen from the conditioning atmosphere.

9.2 Insert the specimen in the cell.

9.3 Inspect the specimen for visual defects such as creases made during insertion.
9.4 Connect the cell to the sensor.

9.5 Using the two valves immediately upstream of the cell, allow the carrier gas to flow through both
chambers, A and B. The gas flow rate is generally set at between 5 ml/min and 100 mi/min.

9.6 Inspect the apparatus for leaks, then purge the apparatus completely, taking into account possible
desorption from the specimen. Continue to purge the apparatus until a constant signal is received from the
sensor. -

o=
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9.7 Once a constant signal has been obtained, record this value as the zero value.

NOTE The time taken for the apparalus to stabilize may vary from less than one hour to several hours, depending on
the material under test, its thickness and the test conditions.

9.8 Allow the test gas to flow into chamber A, under the specified conditions of flow, temperature and
humidity. The gas flow rate is generally set at between 5 ml/min and 100 ml/min.

9.9 Proceed until a constant signal is obtained. Record this signal.

9.10 Repeat with the remaining specimens.

10 Expression of results

See Clause A.6 or B.7, depending on the method used.

11 Precision

The precision of these methods is not known because interlaboratory data are not available. When inter-
laboratory data are obtained, a precision will be added at the following revision.

12 Test report

See Clause A.7 or B.8, depending on the method used.
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Annex A
(normative)

- Method for the determination of the oxygen-transmission rate using a
coulometric sensor

A.1 General

This method is used to determine the amount of oxygen permeating through the material, using a coulometric
sensor which measures the amount of oxygen which has permeated through the material and been carried
out of the cell by the carrier gas

The sensor generates an electric current proportional to the amount of oxygen flowing through the sensor per
unit time.

A.2 Apparatus

Figure A.1 shows a typical apparatus.

Valve 12 bypasses the sensor (9), thus avoiding the cell (1) being swamped with air when the test specimen
(2) is being placed in the cell. The valves (7) immediately upstream of the transmission cell allow either carrier
gas or test gas to be passed into chamber A of the cell. The catalyst bed (11) is intended to eliminate any
traces of oxygen which might be present in the carrier gas.

NOTE Any other suitable means of removing oxygen from the carrier gas is acceptable.

A.3 Carrier gas and test gas

A.3.1 The carrier gas shall be a mixture of dry nitrogen with 0,5 % to 3 % by volume of hydrogen. The
volume fraction of oxygen in the carrier gas shail not exceed 100 pl/l.

A.3.2 The test gas shall be dry oxygen containing at least 99,5 % by volume of O,.

NOTE For materials with a high permeability to oxygen, a mixture of nitrogen and oxygen, such as air (21 % oxygen),
may be used. It is also possible to decrease the effective permeation area of the specimen by means of a mask as
indicated in 7.3.5.

A.3.3 Gas-conditioning devices (see 4 in Figure A.1) shall be placed upstream of the cell in order to achieve

one of the sets of conditions given in Table 1. Devices for monitoring the humidity of the gases may be fitted in
the carrier and/or test gas circuits.

6 ® ISO 2003 — Al rights reserved
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L
7
13
11 L
10
Key
1 transmission cell with chambers A and B 8 oxygen outlet (or carrier gas outlet when purging)
2 specimen 9 coulometric sensor for measurement of O, in carrier gas
3 oxygen inlet 10 carrier gas outlet
4  gas-conditioning device 11 catalyst bed, to eliminate traces of O, in carrier gas
5 carrier gas inlet 12 3-way valve
& flowmeter 13 carrier gas outlet when purging the chambers
7 3-way valves

Figure A.1 — Typical example of apparatus for determination of oxygen-transmission rate using a
coulometric sensor

A.4 Calibration
It is recommended that the sensor be checked periodically against known reference materials.

NOTE The oxygen sensor used in this method is a coulometric device that yields a linear oulput as predicted by
Faraday's law. In principle, the sensor produces four electrons for each molecule of oxygen passing into it. Considering
that the sensor is known to have a basic efficiency of 95 % lo 98 %. it may be considered an intrinsic standard that does
not require calibration, and this method can thus be used as a reference method. However, a sensor may be damaged o
may become depleted to the extent that efficiency and response are impaired.

® 1SO 2003 — All rights reserved 1
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A.5 Procedure

A.5.1 Insert a test specimen, conditioned as indicated in Clause 6, into the transmission cell as indicated in
Clause 9, and adjust the test conditions to the values applicable to the material and the specification.

A.5.2 Purge both chambers (A and B), setting the carrier gas flow rate at the following value:

5 ml/min to 25 ml/min for 30 min.

For materials of very low permeability, increase the purge time, setting the carrier gas flow rate at the following
values:

25 mi/min to 50 ml/min for the first 3 min to 4 min;

then 5 ml/min to 25 ml/min for the next 30 min.
A.5.3 Inspect the apparatus for leaks.

A5.4 The eiectric current generated by the sensor is measured by passing it through a shunt fitted in
parallel with a voltage-measuring device. Wait until the sensor signal stabilizes and record this value as the
zero value.

A.5.5 Reset the two valves (7) immediately upstream of the cell to allow oxygen to pass through chamber A
and wait until a constant signal is obtained. Record the value of this signal.

While some thin films with high transmission rates may reach equilibrium in 30 min to 60 min, thicker or more
complex materials may require several hours to reach a steady state of oxygen transmission. Record the time
required in the test report.

A.5.6 Repeat the procedure with the remaining specimens.

A.6 Expression of results

A.6.1 Oxygen-transmission rate
The oxygen-transmission rate is calculated using the following equation:

kU -

0,6TR =+ =Yo), Pa
A ro

where

0,GTR is the oxygen-lransmission rate, expressed in moles per square metre second pascal
[mol/(mZ2.s-Pa)];

U is the voltage for the specimen, expressed in volts;
Uy is the zero-valu.e voltage, expressed in volts;
k is the calibration constant for the apparatus;
Pa is the ambient atmospheric pressure, expressed in pascals;
Po is the partial pressure of oxygen in the test gas, expressed in pascals;
A is the effective permeation area, expressed in square metres.
NOTE In practice, the voltages U and U, include the calibration constant for the apparalus.

2
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A.6.2 Oxygen permeability, or coefficient of oxygen permeability

The gas permeability, or coefficient of permeability, » is a physical characteristic of a polymer material, only
depending on the test gas and the test conditions.

The theoretical value of P is given by the equation:
P=0,GTR x d
where

e is the oxygen permeability, or the coefficient of oxygen permeability, expressed in mole metres
per square metre second pascal [(mol-m)/(m2-s-Pa)];

0,GTR is the oxygen-transmission rate, expressed in moles per square metre second pascal
[mol/(m2-s-Pa)];

o is the thickness of the specimen, expressed in metres.

NOTE 1 O,GTR is generally expressed in cubic centimetres per square metre 24 h [em3/(m2-24 h)), the volume of the
gas being converted to standard conditions.

NOTE 2 P is often expressed in cubic centimetre millimetres per square metre 24 h atmosphere [(em®*mm)/(m2.-24 h-atm))

NOTE 3  « used lo be expressed in millimetres.

A.7 Test report

The test report shall include at least:

a) areference to this part of ISO 15105;

b) all details necessary for identification of the test apparatus used (make, manufacturer, etc.),

c) adescription of the test specimens, including:
— adescription of the sample from which the specimens were taken, i.e. film, sheeting, laminate, etc.,
— the method of preparation, i-2. cast, blown, laminated. etc.,

— identification of the two sides, if they were different. and a statement as to which side was facing the
oxygen,

d) the number of specimens tested,

e) the average, minimum and maximum thickness of each specimen;

f)  details of test s;aecimen conditioning;

g) the effective permeation area;

h) the temperature of the specimen during the test:

i) the barometric pressure at the time of the test;

i) the partial pressure of oxygen in chamber A, and a statement as to how it was determined (see A.3.2);

k) the rate of flow of the carrier gas during the test;

® IS0 2003 — All rights reserved i 9

108



109

ISO 15105-2:2003(E)

the time taken to reach the steady state after introduction of oxygen into chamber A of the transmission
cell:

the value obtained for the oxygen-transmission rate (and also the permeability P if required) for each
specimen tested;

m)

n) the date of the test.

10
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Annex B
(normative)

Detection by gas chromatography:

B.1 General

This method is used for the determination of the gas-transmission rate of various gases or mixtures of gases
using a gas chromatograph with columns suited to the nature of the gas or gases concerned.

B.2 Principle

Gas molecules which permeate through the test specimen in the transmission cell are carried by the carrier
gas to a sampling loop which allows the total contents of the sampling loop to be injected repeatedly into a
gas chromatograph.

The peaks in the chromatogram obtained are compared with a calibration graph prepared from
chromatograms produced using calibration standards.

NOTE Automatic injection valves may induce a pressure back-up and hence an overpressure in the transmission cell.
In such cases, il is necessary to compensate for this overpressure to avoid the test specimen being distorted.

Figure B.1 shows a typical apparatus.

B.3 Chromatograph

B.3.1 General
Various gas-chromatographic columns and detectors are suitable, depending on the test gas involved. Some

arz described here. Other columns and detectors may oe used for specific test gases or to ensure the
required sensitivity.

B.3.2 Packed column used with thermal-conductivity detector (TCD)
This equipment is applicable to:
— 0, CO, andfor Ny;

— mixtures of these gases or other gases.

NOTE Gas cond.itioning (see Table 1) may be carried out upstream of the transmission cell, but it is not advisable to
condition the carrier gas when using a TCD sensor.

B.3.3 Packed column used with flame-ionization detec}or (FID)

This equipment is applicable to:

— CO, where high sensitivity is required, the chromatograph being fitted with an upstream methanization
oven;

— various organic gases.

® ISO 2003 — All rights reserved 11
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g
s,
8
7
5
— =1
Key
1 transmission cell with chambers A and B 8 test gas oullet (or carrier gas oullet when purging)
2 specimen 9 carrier gas outlet
3 testgasinlet 10 sampling loop
4  gas-conditioning device 11 chromatography carrier gas inlet
5 carrier gas inlel 12 chromatographic column
6 flowmeter 13 TCD or FID delector
7 3-way valves

Figure B.1 —Typical example of apparatus for determination of gas-transmission rate using
gas-chromatographic detection
B.3.4 Capillary column used with ionization detector (FID)
This equipment is applicable to high-molecular-mass organic vapours, such as odours or aromas.

In such cases. care shall be taken to avoid condensation of the vapour as it passes through the transmission
cell and the chromatographic column and detector.

12 © IS0 2003 — All rights reserved
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B.4 Carrier gas and test gas
B.4.1 The carrier gas shall be compatible with the detection equipment.

‘B.4.2 The concentration of each gas in a mixture of test gases and the purity cf-the test gas shall be known
to within + 1 %.

B.4.3 Gases shall not contain impurities which may affect the measurements.

B.5 Calibration graph

B.5.1 General

A calibration graph may be obtained for the chromatographic column using one of the following methods.

B.5.2 Method A

B.5.2.1 Order, from specialized suppliers, gas cylinders containing gas mixtures with known
concentrations of the gas of interest and covering a concentration range straddling the expected values of the
future measurements.

B.5.2.2 Connect each gas cylinder in turn upstream of the sampling loop, and record the chromatogram
for each under the same conditions.

B.5.3 Method B
B.5:3:1 This method is applicable to gases which are not present in air.

B.5.3.2 Prepare diluted samples, diluted for instance with air, at different levels of concentration in
septum-fitted glass bottles.

B.5.3.3 Using a volumetric syringe, inject a known volume of each of these diluted samples directly onto
the column and record the chromatogram for each under the same conditions.

B.5.4 Preparation of calibration graph

For either method, the chromatograms recorded can be used to produce a graph relating the detector signal
to the concentration of the gas of interest in the carrier gas.

B.6 Procedure

B.6.1 Carry out the procedure described in Clause 9, feeding the gas which permeates through the test
specimen to the sampling loop and injecting samples onto the column in accordance with the chromatograph
manufacturer's instructions. Monitor the detector response for the gas of interest, continuing until the detector
signal has reached a steady value. Record the time required in the test report.

B.6.2 Using the integrator of the chromatograph. determine the area of the peak in the chromatogram
corresponding to the gas of interest.

B.6.3 Determine, from the calibration graph prepared in Clause B.5, the concentration of the gas of interest
in the carrier gas.

B.6.4 In parallel, using a calibrated flowmeter (e.g. a soap-bubble flowmeter) determine the flow rate of the

carrier gas through the column. This measurement may be performed at the carrier gas outlet (9) after
diverting the gas from the column by closing off the sampling loop (10) (see Figure B.1).

©1S0 2003 — All rights reserved : ; 13
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B.7 Expression of results

B.7.1 Gas-transmission rate

The gas-transmission rate is calculated using the following equation:

4
GTR =1440x Dx Cx 2 x 22
A

where

GTR is the gas-transmission rate of the gas of interest, expressed in moles per square metre second
pascal [mol/(m2-s-Pa)];

D is the carrier gas flow rate, expressed in cubic centimetres per minute;

(c is the concentration, by volume, of the gas of interest in the carrier gas, as measured from the
chromatogram;

A is the effective permeation area of the test specimen, expressed in square metres;

Pa is the ambient atmospheric pressure, expressed in pascals;

Po is the partial pressure of the gas of interest in the test gas, expressed in pascals.

B.7.2 Gas permeability, or coefficient of gas permeability

The gas permeability, or coefficient of permeability, # is calculated using the following equation:

P=GTRx
where
P is the gas permeability, or coefficient of gas permeability, expressed in mole metres per square

metre second pascal [(mol-m)/(mZs.Pa)];
GTR is the gas-transmission rate, expressed in moles per square metre second pascal [mol/((mZ2-s-Pa));
o is the average specimen thickness,.expressed in metres.

NOTE 1 GTR is generally expressed in cubic centimetres per square metre 24 h [cm3/(m2.24 h)], the volume of the gas
being converted to standard conditions under a pressure of one atmosphere.

NOTE2 P is often expressed in cubic centimelre milimetres per square metre 24 h atmosphere
[(em®mm)/(m?-24 h-atm)]

NOTE 3  Jused lo be expressed in millimetres.

B.8 Test report

The test report shall include at least:

a) areference to this part of ISO 15105;

b) all details necessary for identification of the test apparatus used (make, manufacturer, etc.);

c) adescription of the test specimens, including:

——

B
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— adescription of the sample from which the specimens were taken, i.e. film, sheeting, laminate, etc.,
— the method of preparation, i.e. cast, blown, laminated, etc.,

— identification of the two sides, if they were different, and a statement as to which side was facing the
oxygen;

d) the number of specimens tested;

e) the average, minimum and maximum thickness of each specimen;
f)  details of test specimen conditioning;

g) the effective permeation area;

h) the temperature of the specimen during the test;

i) the barometric pressure at the time of the test;

j) the nature of the test gas or, if applicable, the composition of the mixture of gases together with a
statement as to how the composition was determined;

k) the rate of flow of the carrier gas during the test;

1) the time taken to reach the steady state after introduction of test gas into chamber A of the transmission
cell;

m) the value obtained for the gas-transmission rate (and also the permeability 7 if required) for each
specimen tested;

n) the date of the test.

© 150 2003 — All rights reserved 15



il
(ﬂ %" ) Designation: F 1307 — 02
!

INTERNATIONAL

Standard Test Method for

Oxygen Transmission Rate Through Dry Packages Using a

Coulometric Sensor’

This standard is issued under the fixed designation F 1307; the number i diately foll

ing the desig indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers a procedure for the determina-
tion of the steady-state ratc of transmission of exygen gas into
packages. More specifically, the method is applicable to
packages that in normal use will enclose a dry environment.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1434 Test Method for Determining Gas Permeability
Characteristics of Plastic Film and Sheeting’

D 1898 Practice for Sampling of Plastics®

D 3985 Test Method for Oxygen Gas Transmission Rate
Through Plastic Film and Sheeting Using a Coulometric
Sensor?

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method*

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 oxygen gas transmission rate (O,GTR)—as applied to
a package, is the quantity of oxygen gas passing through the
surface of the package per unit of time.

3.1.1.1 Discussion—The SI unit of transmission rate is the
mol/pkg-s. The test conditions, including temperature, oxygen
partial pressure and humidity on both sides of the package,
must be stated. A commonly used unit of O,GTR is the
cm’(STP)/pkg:d, where 1 cm*(STP) is 44.62 X 107° mol, 1
atm is 0.1013 mPa, and one day is 86 400 s.

3.1.2 oxygen permeability coefficient (PO, “}—the pruduct
of the permeance and thickness of the barrier.

! This test method is under the jurisdicti
Barrier Materials and is the direct
Methods.

Current edition approved May 10, 2002. P 1 July 2002. Originally
published as F 1307 - 90. Discontinued June 2001 and reinstated as F 1307 - 02.

* Annticl Book of ASTM Standards, Vol 15.09.

* Anmul Book of ASTM Standards, Vol 08.01.

4 Annual Book of ASTM Standards, Vol 14.02.

of ASTM G F02 on Flexible
ibility of Sut i F02.30 on Test

3.1.2.1 Discussion—The permeability is meaningful only
for homogenous materials, in which case it is a property
characteristic of the bulk material. This quantity should not be
used unless the relationship between thickness and permeance
has been verified in tests using several thicknesses of the
material. The SI unit of permeability is the mol/m's-Pa. The test
conditions must be stated.

3.1.3 oxygen permeance (PO, y—the ratio of the O,GTR to
the difference between the partial pressure of O, on the two
sides of the package wall.

3.1.3.1 Discussion—The SI unit of permeance is the mol/
(pkg-s\Pa). The test conditions (see 4.2) must be stated.

4. Summary of Test Method

4.1 This test method employs a coulometric oxygen sensor
and associated equipment in an arrangement similar to that
described in Test Method D 3985. Oxygen gas transmission
rate (O,GTR) is determined after the package has been
mounted on a test fixture and has equilibrated in the test
environment.

4.2 The package is mounted in such a way as to provide that
the inside of the package is slowly purged by a stream of
nitrogen while the outside of the package is exposed to a
known concentration of oxygen. The package may be exposed
in ambient room air which contains 20.8 % oxygen, or im-
mersed in an atmosphere of 100 % oxygen. As oxygen perme-
ates through the package walls into the nitrogen carrier gas, it
is transported to the coulometric detector where it produces an
electrical current, the magnitude of which is proportional to the
amount of oxygen flowing into the detector per unit of time.

5. Significance and Use

5.1 Oxygen gas transmission rate is an important dctcnm-
nant of the protection afforded by barrier materials. It is not,
however, the sole determinant, and additional tests, based on
experience, must be used to correlate package performance
with O,GTR. This test method is suitable as a referee method
of testing, provided that the user and source have agreed on
sampling procedures, standardization procedures, test condi-
tions, and acceptance criteria.

6. Interferences
6.1 The presence of certain interfering substances in the

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 18428-2959, United States.
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carrier gas stream may give rise to unwanted electrical outputs
and error factors. Interfering substances include free chlorine
and some strong oxidizing agents. Exposure to carbon dioxide
should also be minimized to avoid damage to the sensor
through reaction with the potassium hydroxide electrolyte.

7. Apparatus

7.1 Oxygen Gas Transmission Apparatus, * as diagrammed
in Fig. 1 with the following:

7.1.1 Package Test Stations, providing a means for the
intreduction and exhaust of the nitrogen carrier gas stream
without significant loss or leakage.

7.1.1.1 Experience has shown that arrangements using mul-
tiple package test stations are a practical way to increase the
number of measurements that can be obtained from a coulo-
metric sensor. A valving manifold connects the carrier gas side
of each individual test station to the sensor in a predetermined
pattern. Carrier gas is continually purging the carrier gas sides
of those packages that are not connected to the sensor. Either
test gas (100 % oxygen) or normal room air (20.8 % oxygen),
whichever is appropriate, contacts the outside of the package.

7.1.2 Diffusion Cell, consisting of two metal halves which,
when closed upon the film used for system calibration, will
accurately define a circular area of that film. Typical diffusion
cell areas are 100 cm? and 30 cm?. The volumes inside the cell
above and below the enclosed film are not critical; they should

* The sole source of supply of the suitable apparatus, such as that embodied in
several OXTRAN models, known to the committee at this time is available from
Mocon Inc., 7500 Boone Ave. North, Minneapolis, MN 55428, If you are aware of
alternative suppliers, please provide this information to ASTM International
Headquarters. Your comments will receive careful consideration at a meeting of the

bnical :

!, which you may attend.

FIG. 1 Arrang: t of Comp ts when Reference Film is Used
to Calibrate System for Package Testing

be small enough to allow for rapid gas exchange, but not so
small that an unsupported film which happens to sag or bulge
will contact the top or bottom of the cell. Mecans shall be
provided for the measurement of cell temperature.

7.1.2.1 O-Ring—An appropriately sized groove, machined
into the oxygen (or test gas) side of the diffusion cell, retains a

The test arca is considered to be the arca
established by the inside contact diameter of the compressed
O-ring when the diffusion cell is clamped shut against the test
specimen. The area, 4, can be obtained by measuring the inside
diameter of the imprint left by the O-ring on the specimen after
it has been removed from the diffusion cell.

7.1.2.2 The nitrogen (or carrier gas) side of the diffusion cell
shall have a flat raised rim. Since this rim is the sealing surface
against which the test specimen is pressed, it must be smooth
and fiat, without scratches which may promote leakage.

7.1.2.3 Diffusion Cell Pneumatic Fittings—Each half of the
diffusion cell shall incorporate suitable fittings for the intro-
duction and exhaust of gas without significant loss or leakage.

7.1.2.4 It is desirable to thermostatically control the diffu-
sion cell. A simple resistive heater, attached to the carrier gas
side of the cell in such a manner as to ensure good thermal
contact, is adequate for this purpose. A thermistor sensor and
an appropriate control circuit will serve to regulate the cell
temperature unless measurements are being made close to
ambient temperature. In this case, it is desirable to provide
cooling coils to remove some of the heat.

7.1.3 Catalyst Bed, a small metal tube with fittings for
attachment to the inlet of the nitrogen gas pneumatic fitting
containing 3 to 5 g of 0.5 % platinum or palladium catalyst on
alumina® to provide an essentially oxygen-free carrier gas to
the diffusion cell and to each package test station.

7.1.4 Flowmeter, a flowmeter having an operating range of
5 to 100 mL/min_is required to monitor the flow rate of
nitrogen carrier gas through each test station.

7.1.5 Flow Switching Valves—Two or more valves for the
switching of the nitrogen and test gas flow streams.

7.1.6 Oxygen-Sensitive Coulometric Sensor, operating at an
essentially constant efficiency is employed to monitor the
quantity of oxygen transmitted.

7.1.7 Load Resistor—The current generated by the coulo-
metric cell shall pass through a resistive load across which the
output voltage is measured. Typical values for load resistors are
5.3 ohm and 53 ohm. These values yield a convenient
relationship between the output voltage and the oxygen trans-
mission rate as expressed in terms of cm*(STP)/pkg-d.

7.1.8 Voltage Recorder—The voltage across the load resis-
tor is measured and recorded using a strip-chart potentiometer,
data-logger or other suitable device. The instrument or system
should be able to measure a full-scale voltage of 50 mV. It
should be able to measure voltages as low as 0.10 mV with a
resolution of at least 10 uV. An input impedance of 5000 ohm

* The sole source of supply of a suitable catalyst known to the committee at this
time can be ot d from Englehard Ind Division, Chemical Dept., 429
Delancey Street, Newark, NJ 07105. 1f you are aware of alternative suppliers, please
provide this infe to ASTM | ional Headquarters. Your will
receive careful consideration at a meeting of the responsibl hnical ¢ ittee’,
which you may attend.
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or higher is acceptable.

8. Reagents and Materials

8.1 Nirrogen Carrier Gas, consisting of a nitrogen and
hydrogen mixture in which the percentage of hydrogen shall
fall between 0.5 and 3.0 volume percent. The carrier gas shall
be dry and contain ne. more than 100 ppm of oxygen. A
commercially available mixture known as “forming gas” is
suitable.

8.2 Sealing Grease—A high-viscosity silicone stopeock
grease or a high-vacuum grease is required for sealing the
calibration film in the diftusion cell.

8.3 Oxyegen Test Gas—The test gas shall be dry and contain
not less than 99.5 % oxygen (except as provided for in 14.8).

9. Technical Precautions

9.1 Extended use of the test unit with no moisture in the gas
stream may result in a noticeable decrcase in output and
response time from the sensor (equivalent to an increase in the
calibration factor, Q). This condition is due to drying out of the
SENSOor.

9.2 Temperature is a critical parameter affecting the mea-
surement of O,GTR. Careful temperature control can help to
minimize variations due to temperature fluctuations. During
testing, monitor and record the temperature, periodically, to the
nearest 0.5°C. Report the average temperature and the range of
temperatures found during a test.

9.3 The sensor will require a relatively long time to stabilize
at a low reading characteristic of a good barrier after it has been
used to test a barrier such as low-density polyethylene. For this
reason, materials of comparable gas transmission qualities
should be tested together.

9.4 Back diffusicn of air into the unit is undesirable. Take
care, therefore, to ensure that there is a flow of nitrogen
through the system at all times. This flow can be low when the
instrument is not being used.

9.5 The gas-permeability characteristics of some barrier
materials are altered by exposure to water vapor. If a package
is to be exposed and tested in normal laboratory air (20.8 %
0,), the ambient relative humidity should be monitored to the
nearest 3 %. This may be accomplished using a sling psy-
chrometer or other method of comparable accuracy. Report the
average and range of relative humidities measured during the
test.

10. Sampling

10.1 The sampling units used for the determination of
0,GTR shall be representative of the quantity of product for
which the data are required, in accordance with Practice
D 1898.
11. Test Specimens

1.1 Test packages shall be representative of the population
and shall be free of non-typical defects.
12. Calibration

12.1 General Approach—The oxygen sensor used in this
method is a coulometric device that yields a linear output as
predicted by Faraday’s Law. Since this sensor has an efficiency

of 95 to 98 % it is almost an absolute “yardstick™ that does not
require calibration. Experience has shown, however, that under
some circumstances the sensor may become depleted or
damaged to the extent that efficiency and response are im-
paired. For this reason, the method incorporates means for
periodic system calibration. This calibration is derived from
measurements of a known-value “Reference Package.”’

12.2 The reference package is essentially the lower-half of a
diffusion cell (Fig. 1) in which a sheet of reference film of
known O,GTR has been sealed and clamped. This creates a
“package” into which oxygen will diffuse at a known rate.

12.3 Assembling the Reference Package—Ensure the sensor
is bypassed to avoid swamping it with air, that is, no flow to the
sensor. Unclamp the diffusion cell and open it. Apply a thin
layer of sealing grease (see 8.2) around the raised rim of the
lower half of the diffusion cell. Insert the reference film in the
diffusion cell and place it upon the greased surface, taking care
to avoid wrinkles or creases. Lower the upper half of the
diffusion cell into place and clamp both halves tightly together.

12.4 Purging the System—Start the nitrogen carrier gas flow
and purge air from the upper and lower diffusion cell chambers
using a flow rate of 50 to 60 cm*/min (as indicated by the
flowmeter). After 3 or 4 min, reduce the flow rate to the desired
value between 5 and 15 cm®/min. Maintain this configuration
for 30 min.

12.5 Establishing Zero Level of Reference Film—After the
system has been flushed with nitrogen for 30 min, with the
sensor bypassed, divert the nitrogen carrier gas flow to the
sensor. At this time the sensor output, as displayed on the
voltage recorder, will usually increase abruptly, indicating that
oxygen is entering the sensor with the carrier gas. The most
likely sources of this oxygen are (/) outgassing of the sample,
(2) leaks in the system, or (3) a combination of (/) and (2). The
operator shall observe the recorder trace until the sensor output
current stabilizes at a constant low value with no significant
trend in either direction. Note the observed deflection of the
strip chart recorder at this time and label it E;.

12.6 Once the zero level (£,) has been established, switch to
a flow of oxygen on the test gas side of the diffusion cell.
Nitrogen will continue to flow on the downstream side of the
cell.

12.7 Establishing a Steady-State O,GTR—The sensor out-
put, as displayed by the strip-chart recorder, should increase
and gradually level off, approaching a constant value (£,).
Record the observed final steady-state value of E_.

12.8 Temperature of the Reference Film—It is desirable that
system calibration should be conducted at the temperature for
which the reference film’s O,GTR is cited. Apply an appro-
priate correction to the rate that the temperature differs from
that value. Temperature shall be obtained by monitoring
thermometers or thermocouples placed in the thermometer
wells on both sides of the reference film. The film temperature

7 The sole source of supply of a suitable reference film known to the committee
at this time is available from Modem Controls, Inc., 7500 Boone Avenue North,
Suite 111, Minneapolis, MN 55428. If you are aware of alternative suppliers, please
provide this infi to ASTM 1 ional Head, Your will
receive careful consideration at a meeting of the ible technical ittee!,
which you may attend.
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may be assumed to be midway between the two values.

12.9 Standby Procedure—At the conclusion of system cali-
bration, but when it is expected that package tests will be
performed soon, the instrument should be placed in a standby
condition by taking the following steps: (/) stop the flow of O,
test gas to the sensor, and switch to nitrogen carrier gas on the
test gas side of the diffusion cell, (2) turn off the oxygen supply,
and (3) reduce the nitrogen flow rate to less than 5 mL/min. It
is desirable to maintain a slow flow of nitrogen through the
instrument when it is not being used in order to reduce the back
diffusion of air into the system.

12.10 Establish System Calibration Constant—Determine
the exposed area, A, of the calibrating reference film (see
7.1.2.1). Using the permeance value furnished with the refer-
ence film, determine the O,GTR through a film of that area (A).
Use this value to determine the calibration constant, Q:

0,GTRX R,
Q=" E-E) C
where:
0,GTR = oxygen transmission rate through a film of arca
A, as calculated from data supplied with the
reference film,
R = value of load resistance (see 7.1.7),
E, = observed steady-state zero-level before oxygen

gradient is applied (see 12.5), and
E, = pbserved steady-state voltage with oxygen gra-
dient across test film (see 12.7).
Repeat the calibration using additional sheets of the reference
film until the confidence interval for O defined by the mea-
surements is within acceptable limits. When operating an
instrument with multiple diffusion cells, it is desirable to keep
a sheet of the reference film in one of the diffusion cells to
ensure the reliability of the rates being measured.

12.11 In principle, each molecule of oxygen that enters the
sensor causes the transfer of four electrons. Experience indi-
cates that production models of the sensors achicve efficiencies
of 95 to 98 %. Any significant drift in the calibration factor O
should, therefore, be investigated as to its cause and corrective
action should be undertaken.

12.12 The value of Q will be a function of the units in which
the resulis are to be expressed. If it is desired to change units,
Q can be transformed to its proper value in the new sct of units
using the appropriate relationships between base units (quan-
tity of matter, length, and time) in the new and the old sets of
units.

13. Preparation of a Package for Test

13.1 The method by which a package is prepared for
attachmen! to the instrument for testing depends upon the
package shape, type, and test objectives. For a majority of tests,
the package may be exposed to ambient air (20.8 % O,). If the
package is an extremely good barrier, however, it may be
helpful to increase the test gradient by immersing the package
in 100 % oxygen. This is accomplished by securing a plastic
bag or other container around the package and flocding the bag
with oxygen as shown in Fig. 2. This will increase the
transmission rate by a factor equal to the rauo:

100% O

Pouch
Overwrap

Package
Sample

Hot-Melt
Adhesive

Brass Plate

Solder Tubes
to Brass Plate

NzT Ozf
In Qut
FIG. 2 Typical Method of Attaching a Plastic Bottle or Tub

GOOD
BARRIER
TEST

100%_4 2
b7 @

Whenever 100 % oxygen is used to establish the test gradient,
the operator should use care not to pressurize the oxygen-
containing structure. (Oxygen partial pressure should be equal
to the prevailing atmospheric pressure.) Pressurization may be
avoided by providing a small vent and by injecting the oxygen
at a low rate on the order of 10 to 20 mL/min. Bottles,
thermoformed plastic cups, and tubs are usually mounted as
shown in Fig. 2. Flat pouches and bags may be mounted using
some variation of Fig. 3. In attaching a pouch, it is important
that the copper tubes first be connected securely to the fittings
and then bent to the desired angles. Corners of the pouch may
then be snipped off to provide openings just large enough for
the tubes. After the package has been slipped over the tube
ends, a fast-curing epoxy or hot-melt adhesive is carefully
applied to seal cut openings.

= 21%
i ‘l.f X Room Os

" I

i \

I \ E

i \ poxy or

|'l N — Hot-Melt

I Ry Adnesive
Package Y /
Sample - ':

AVERAGE
S AppAC BARRIER
= TEST

Nzt + N2
In Out
FIG. 3 Attachment Method for Flexible Pouches
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13.2 The detector output is governed by Faraday's Law, and
the calibration does not vary with temperature. It should be
noted, however, that the oxygen transmission rate of most
plastic materials will vary 3 to 9 %/°C. Since the package test
attachment does not provide means for control of package
temperature, it will prove advantageous from the standpoint of
data reproducibility to locate the instrumcnt in a drafi-free,
constant-temperature environment.

14. Package Test Procedure

141 Preparation of Apparamus—If preceding tests have
exposed the apparatus to high moisture levels, it will be
necessary to outgas the system to desorb residual moisture.
Water must be removed from nitrogen and test-gas bubblers.
The system can then be dricd by slowly purging overnight
using dry carrier gas (sensor bypassed).

14.2 Attachment of the Package—Ensure that the sensor is
bypassed to avoid swamping it with air. Each package test
station consists of three fittings in a triangular array, or two
adaptor fittings in a lower cell half. The package shall be
attached to the two carrier gas fittings with brass or nylon
ferrules. Egrrules should only he used once. When the test
gradient is to be established by immersing the package in
normal room air (20.8 % O,), the third (oxygen supply) fitting
should be capped. In making the copper tube connections to the
fittings it is important that a good seal be achieved.

14.3 Purging the System—Start the nitrogen gas flow and
purge air from the package using a flow rate of 50 to 60

/min (as indi aintain this rate for a
period determined by the volume of the package:

Volume less than 100 mL = 30 min (3)
100to 200mL = |h
2000 S00mL =2 h
500to 1000mL =3 +h

®After the package has been purged for the appropriate period,
redu rate to a v, i intai
this in (sensor bypassed).

14.4 Establish Package E.—After the system has been
flushed with nitrogen for 30 min at the new rate, divert the flow
of nitrogen carrier gas to the sensor. At this time, the sensor
output, as displayed by the voltage recorder, will usually
increase abruptly, indicating that oxygen is entering the sensor
with the carrier gas. The most likely sources of this oxygen are:
(/) outgassing of the package, (2) system leaks, (3) initial
permeation of gxygen into the package, or (4) a combination of
all three factors. The operator shall periodically observe the
recorder trace until the sensor output current stabilizes at a
constant value with no significant trend in either direction. The
sensor output current, as indicated by the strip-chart recorder,
should increase gradually, ultimately stabilizing at a ccrstant
value. Packages may require several hours, or days, to reach a
steady value of diffusion equilibrium. During this time, the
sensor should be bypassed except for brief intervals when the
equilibrium level is being checked. When consecutive sensor
readings begin to yield the same value, the operator should
record this value and label it £ (package).

Mote 1—If, after attainment of an apparent steady-state condition, any

doubt exists as to whether this is a true steady-state condition, perform a
check as follows: (1) stop the flow of gas to the sensor (sensor bypassed),
(2) allow the package to stabilize for an additional period of time
(minimum of 6 h), and (3) restart the flow of gas to the sensor. Observe
the voltage as displayed by the recorder. If the value rises to the same level
as before, this is indicative that steady-state (cquilibrium) has been
achieved. If the value is substantially different from that previously
observed, the operator should repeat (1), (2), and (3) until satisfied that a
steady-state condition has been achieved.

14.5 Establish Package Zero Level (E }—After steady-state
conditions have been achieved and the value E, has been
recorded, put the sensor in bypass once again. Remove the
package from the package fittings and install a stainless steel
“perfect package™ loop between the carrier gas fittings. After
10 to 15 min, divert the flow of carrier gas to the sensor.
Maintain this configuration for 30 min, or until the sensor
output current has descended to a constant low value. Note this
value and record as Ey(package).

14.6 Standby and Shutoff Procedures—At the conclusion of
a test, but at a time when it is expected that other tests will be
performed soon, place the instrument in a standby condition by
taking the following steps: (/) stop the flow of gas to the sensor
and switch to nitrogen carrier gas, (2) turn off the oxygen
supply, and (3) reduce the nitrogen flow rate to less than 5
mL/min. These steps will economize on carrier and test gases
and will minimize the danger of ruining the sensor because of
a film or package failure while the instrument is not being used
for testing. It is desirable to maintain a slow flow of nitrogen
through the instrument when it is not being used in order to
reduce the back diffusion of air into the system. When it is
expected that the instrument will stand idle for a long period of
time, the electrical power may be turned off.

14.7 Tests at temperature other than laboratory ambient may
be performed by thermostatically controlling the ambient air
around the package within an environmental chamber, pro-
vided that the temperature of the carrier gas does not adversely
affect the operation of the sensor.

14.8 Testing Poor Barriers—The maximum oxygen trans-
mission rate can be measured using the coulometric method is
on the order of 2 cm®(STP) per package per day. Depending
upon wall thickness, some packages may have rates in excess
of this when immersed in air. Typical cxamples include

1 ethylene r d
polystyrene, High oxygen concentrations in the carrier gas, as
encountered when testing poor barriers, aill tend to produce |

tor_saturation. One way to avoid this problem is to
immerse the package in a test-gas mixture that provides a lower
concentration of oxygen than is found in air. Any subsequent
data conversions will require that the O, partial pressure of
such a test gas be known.

15. Calculation

15.1 Determine package oxygen transmission rate as fol-
lows:
(E. — £)

O,GTR = =g ==X 0 @)

where:
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E. = steady-state voltage with oxygen gradient applied to
test package (sce 14.4),
E, = steady-state, zero-level voltage (see 14.5),
= system calibration constant (see 12.10), and
R, = valuc of load resistance (see 7.1.7).
15.2 Determine the permeance (PQ,) of the specimen as
follows:

_ OGTR

PO,
P

(5)

where :

p = partial pressure of oxygen in the test gas. The partial
pressure of O, inside the package is considered to be
Zero.

16. Report

16.1 Report the following information:

16.1.1 A description of the test package and the location of
the specimen in the lot of material of which it is representative,

16.1.2 The barometric pressure at the time of the test,

16.1.3 The partial pressure of oxygen in the test gas and a
statement as to how it was determined,

16.1.4 The rate of flow of the nitrogen carrier gas,

16.1.5 A description of the pre-test conditioning procedure,

16.1.6 The temperature of the package during the test (to the
nearest 0.5°C) and the method used to measure the tempera-
ture,

16.1.7 The relative-humidity environment in which the
package was immersed (average and range),

16.1.8 The calculated values of oxygen transmission rate
and, if required, permeance and permeability coefficients,

16.1.9 A description of the apparatus used including, it

applicable. the manufacturer’s model number and serial num-
ber,
16.1.10 A statement of the means used to obtain the
calibration factor, 0, and the value of calibration factor @, and
16.1.11 The time to reach steady-state equilibrium after
introduction of the oxygen test gradient.

17. Precision and Bias

17.1 Precision:

17.1.1 The repeatability and reproducibility given in Table |
are in accordance with the definitions of these terms in Practice
E 691 using the E 691 Interlaboratory Data Analysis Software.
These values have been caleulated for test results obtained as
specified in this test method. The values arc bascd on an
interlaboratory study involving six laboratorics in which cach
laboratory made two determinations of the package oxygen
transmission rate on cach of three package types. For cach
package, the total number of required test specimens for all
laboratories together were taken from single lots and random-
ized before distribution to the laboratorics.

17.1.2 The precision, characterized by repeatability, Sr, r,
and the reproducibility, by SR, R, has been determined for
following materials in Table 1:

17.2 Bias:

17.2.1 The bias for this test method has not been determined
because there is no known reference available.

18. Keywords

18.1 coulometric; oxygen transmission rate; packages; per-
meability; permeation

TABLE 1 Precision Statement

Materiais Average -l SR® = R?
Boltle 23 0.116280 0.006856 0.015455 0.019196 0.043275
Bottle 25 0.124300 0.013138 0.015831 0.036786 0.044327
Cup 23 0.002983 0.001718 0.002948 0.004813 0.008256
Cup 25 0.000750 0.000094 0.000394 0.000264 0.001103
Pouch 23 0.035050 0.002500 0.008731 0.007000 0.024446
Pouch 25 0.026613 0.0010986 0.003656 0.003068 0.010236

ASre R R 3 Deviati

# SR = Rep ibili o

€ r = Repealability Lir;'\u'l (2.8 times Sr) or 95 % Probability Level.
[ = Reproducibility Limit (2.8 limes SR) or 95 % Probability Level,

ASTM International lakes no position respecling the validity of any patent rights asserted in connection with any itern mentioned
in this standard. Users of this standard are expressly advised that determination of the validily of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible techni; and must be d every five years and

if not revised, either reapproved or withd Your ¢ are invited either for revision of this fard or for additi
and should be addressed to ASTM i Headgquarters. Your will receive careful consideration at a meeling of the
itafe hnical , which you may altend. If you feel that your comments have not received a fair hearing you should

make your views known lo the ASTM Committee on Standards, 3t the address shown below.

This standard is

by ASTM

, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,

United States. Individual reprints (single or multiple copies) of this standard may be oblained by conlacling ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@asim.org (e-mail); or through the ASTM website

(www.astm.org).
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GREMILY

unn 1 : msa%”wm;@L@ﬁaaﬁamaauﬁmwnﬁmﬁumamﬁ”a WUD KU GTR TEST CELL
BN I N ettt e et e et e ettt e et e e e e et et e e et et er e e en s 3
WANMIYINNUVITANAFEL.KU GTR TEST CELL....omvvvvveeeeecssececceeneeen 3
duuﬂizﬂawaammaau ................................................................................... 4
izuma'«aiﬁauﬁ”mmmﬁwad‘q@maau ............................................................. 5
UNN 2 : AUANBULLANIZTANAFOL.KU GTR TEST CELL.....ooiviiiccicrrcc B
unNn 3 : MIAAAITANAROU.KU GTR TEST CELL ..o 7
UNN 4 : ﬁ'umaumsmaaué’uamﬁ\lﬁuﬁamg@‘n@aau.KU GTR TEST CELL.................. 8
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VR el 1 8 Ve T Ea RTINS 12 T C ) F T 11
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R AR 1t R E R a2 T 14
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uni 1 : uni

AR

[ 1 [24 . u A a o As 1

DATINITHH WV DIUNE (gas-transmission rate) A@ e IasnAgNTUHIY
ﬁg‘ a a < nﬂq’ t:ll ' 1 a [ o 4:{' 4:{' v A 1
WWaUDINARAN AatluNundaniIana I@]Elllﬂ"ﬂﬁ]ﬂﬁﬂﬂﬂmﬂ'l“llﬂ\‘l A AIULLANA

FAINANUABVBILAFNIFDINITDIL WA FAN

wan ﬂ’l‘iﬁ']d']%?.li]d?!ﬂﬂﬂﬁaﬂ

TANaFay KU GTR TEST CELL Lﬂu*’g@m@]aaué’mwmmaulﬁuﬁ”aaan%muﬁu
HAIRATUUITINAEAN Uszian WAdw wia vranwanadn Tagldwannislalasuadn
(Isostatic method) §wTuULATadaluy KU GTR TEST CELL §nannivinas lagsinian
L [ tﬂl v 1 té =a @ | = 1 g: [
mamamaamsmaaula‘lummaau salanumetduaaasen I@wmamaﬂuagma

g; 1 27 a =) Q( ] v 1 v
nag nuuddesuizeandiauuignd (99.9%) i lnasuwdn luluduvasddunu
amenrana1sazUaaslwudalulasianlvariin gnzinaliiiaanusdiinnuautay
PYIWNRDDNTLAN ‘ﬁagjiszmnmﬁmﬁhaLLa:ph@T’muu RINALALAFDANTLAWT U H
G208 19NADINIINAFAUINNHIGTIBLHRINETINIGIUEN AUGIaeIuTaNDNH1WRINT 11

di a 6 3 % =1 s = 1 & 2 A
aTaFaulasiaIesdtansinis Tuiinnaonsn1sBuE1wilu co/m’/day 738

.2 ° o A ° [ &
cc/100in" /day §1IUNAN LAz cc/package/day §RIUNTULVIINUUIL

unsteady steady
0,in 0, flow 0, out state state
in upper Fs
chamber ’ ‘
~
’ ! 2
Sample — — X
film I e A I N S
vVovo v vy v N
— —= 2
¢ ¢ B
N, flow ‘
. in lower .
N, in chamber N,+0O, out ¢ time (1)

to detector

dl % =Y > d. v
MWN1 wannThalrauadn LazansmenIIWA ldann1Inasad
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dmisznaua I’J\‘J‘fqﬂ‘i’lﬂﬂaﬂ

sulsznauvasganasauiiag 4 #u Aa 1) T3 % 2) thawiudau 3) gadudae
Py ° @ & o ' A o '
T 4) thiawiunsuzsndugl 5) Madaduwiuidy uaz 6) dadiduiie
URAIAININN 2

MWn2 muﬂizﬂawaa"q@maau
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I2ULNIIND Llﬁlﬂllaz'ﬂi{?ﬂﬂ\‘lqmﬂﬂﬂaﬂ

Naimaaq@maauﬂi:naﬂﬂﬁawg@sh AUBILRZVIATUIA 1/8” ANHHSIIDT

LRAIAININN 3 mnaJLa"uﬁwﬁ'mﬁwa\‘r’q@ﬂ@aaummws URAIAININN 4

Upper Chamber for Film

* N

Film Package Package Film
Test CVQZJest Test CVQ3> Test

Fel %{ FC2 Sampling
port
V1
TestD$ Purge
system
¢ / © Ly = Flow control valve (FC)
Regulators
@ =3 - Way valve
0,
Test N,

gas

AMNN3 Stll‘].l')d‘ﬂiﬂ’ii“(iaLLﬁﬁLLﬂZ’J’]Eg’J%aGﬁ@ﬂ@ﬁQU

MWN4 AUNBLETENLINRIAN 9 VNTANAFOU
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UNN 2 : ANANHUSIRNIE

YWIALALN A
TRAVDILA . - ¢ o
A (cm) | @wN9 (em) | @au@En(em) | 19NN (kg)
NAFaY
TaWau 18.5 48 28 10
£
q@nwmu:mugﬂ 40 48 28 12

Max hight = 40 cm

Depth = 28 cm

Width = 48 cm

ANN5

\ %ﬁ@uj \\

mmmaaﬁgmmaau
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uni 3 : MIRAART

NIfalTaNIANAFBUNUNIUNE (Gas cylinder)

WvauNguwIa  1/8” ‘ﬁﬂmﬂﬁwu%ﬁaa@agjiﬁ'uaﬁt?amaaﬁaLLﬁ”aVLuI@sLau RS
2ONTLAN @iaLﬁﬁﬁ'wg@mamﬂ@Ulﬁ‘ﬂ'amﬂﬁ'\‘]LLﬁaaaﬂ%Lau@iaLﬁﬂﬁmﬁa FC1 uaz6iayia
INDILAR M LATIAUGDLITINUINAY FC2 GININN 6 arulatuvianisaanuaduiia blas-

o ' = ) ° . @ ¢ & o . a A & o @ P
LAWARINTANAULAR ¥ lUdanUNaILALAaL19UWAIBIILATIZR AR @GE‘UY] 7

Cylinder

NZ
Cylinder

AINN 6 ms@ia"g@maauﬁuﬁmﬁa

N2

Cylinder

AN 7 mwiem'avmaamtﬁ"awnﬁw;jmﬁuﬁué";amamaal,ﬂ%aﬁl,m’]:ﬁlﬁa
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Uni 4 : Managaunualatlan

41 NISLATINADLNY

- fhagheflsuiildasdoteaen sandun souWy 3 (Pinholes) wasflanunund
i vwnavasRsuaaaunIng 8

- Fuedeananafifnesisusuisudani ULt soandiamn

- RURSuluan1Iz 23°C £ 2°C uaz 0%RH 71 24 121w

136 mm

A o e o A6
AN 8 VWARINIUAANNY
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¥ 1 Al € %
4.2 msﬂs:ﬂa‘umaamavslam%nuqmnmaau

dhuudmsuiduy

4.2.1 Warhdawsudavaan

4.2.2 gagmadnvasuia N2 fwiy
maauﬁ‘ummu:msq Taet

gnIvasausy
L] L] U

4.2.3 MATinuLiaaandLawn

VI HUALVBITAI W
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4.2.4 RSUNHBNIIAIBNITIUSaE
LA WMILUTATIN T Tat R
Aanein

4.2.5 Ta lagldldasanuifasvas
FIUEUA19 TuanINIEGELR

LLibih

v2)
FILM TEST FILM TEST

0

PACKAGE PACKAGE
TEST

v3)

4.2.6 MYUNAD V2 Uaz V3 (e
anadinuwndinn) lhaglu
@R FILM TEST

TEST



4.3 n13laanidanglnszuy (PURGING) d1usun1snagauilas

[ o 1 3 1
- annmmazmme'a'\a'm'ﬁwaaw%ﬂa B’lﬂ’lﬁi%i&ﬂﬂ

Auaanibidunyle LLﬁ”aaaﬂs'fnﬁmﬁagjmUluizuuaanmeﬁauﬁnmwmaau

lagiRsudunitsnaraunie V1 luduniis Purge System fusatiatadina V1

NI ﬂ"livLE‘l' 2INFNN Ul‘uﬁz‘UU LRAIAININN 9

Upper Chamber for Film

—= N,

A

Film Package
Test V2 Test

i N, out

Package Film
Test V3 Test

V1

Test&’ Purge N

system
® /T
Regulators
0,
Test N,
gas

N, N, out
to GC
—=
Sampling
port

Purge system

~L4 = Flow control valve (FC)

Q@ =3 - Way valve

MNN 9 93T TleamMeaneluszuy (PURGING) swsumsnazauiau

149



150

- il'uma%msﬂ%’m{mnﬂaaua‘im%‘um{l&immﬁmsfl%sztufu

4.3.1 mgumﬁa V1 Iﬁaglu@mmm
PURGE

4.3.2 1Ta s uwiIuna lulasian
USuaNuaUUaI regulator 1w

1éauan 0.1 MPa

4.3.3 9377937 unglulasianas lva

! NI DIT UL WLRZAWRAN b
Sasms o 35 Ui M7 FC1 uaz FC2 quanT
N o o
. N7 IARNI U BIF L LA
yiner MUENMUIIAY UTUaaIINg
lwalwlea 35 I/min 7000313
— Tnaneulargvasvianiaan
N

NIFDI ﬁag’ﬁmwé’waaq@

naxayu lault bubble flow

4.3 .4 Uaasliunazlulasiawlva 30
A A e A o
e lauiaaandian (wWiw

naxay) sananszuulinrua
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4.4 nINadaua1og1INaN

- ANBEUAZAN meiama"ﬂ%s:uum‘mﬂaanﬂ E{&l

& & & A o ' & | o '
AuAaniunImasay lagilaaud1urianNaIIuNIg V1 luagml,mm Test
FURUIVDINEY VIR IRTUNMINAFOL WRAIAIAINT 10

Upper Chamber for Film

v —~
o)
2 N, ¢02 0, out
 —_ =

Film Package Package Film
Oz¢ Test V2 Test Test V3 Test
%
N, N,
0,+N, out
FC1 X FC2 ) Sampling

port

N L
Testo)é/f Purge N,
o system / o T

Test system

Regulators

~L1 = Flow control valve (FC)

Test N,
gas @ = 3 - Way valve

AN 10 293TMINaday (TEST) MRTuNInazauiay




N

N 2
Cylinder

N

N

Cylinder
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& (Y ) [ ard
- ?.l%@lﬂ%ﬂ'liﬂiﬂ’l!ﬂﬂﬂﬁﬂﬂﬁ'\ﬂiﬂﬂ'\i‘nﬂﬁaﬂwaﬂ

Cylinder

-

Cylinder

.

4.4.1 %gu’nﬁa V1 (Ransenada

wiinm) Ihagludunis TEST

4.4.2 \ToaNaIUnn LA llasian
LazLAFaaNTIAK USuANuaL
U regulator Ildanuan
0.1 MPa

4.4.3 UNRDONTLAH ﬁ)zvlmalfﬁﬁgiﬁaa
Muun lasaasnsraaziian
WINNUAATINT IAa2ad
Tulasaufiduwiasdnnun a0
msasluasinsn

4.4.4 S2AIINMINAF IR TN
@28819 (syringe) LALA2BENS
WiaH % sampling port 11w
3229 e lAleneilasiaias
a € o o K& 4 AN o
AANzALAR Uuinanle ms
NAfBIIEUFALlaNaNATI
gaula lim sl asuulas

(steady stage)
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uni 5 : MINAdaUNUAIBENNIBUSUITDUR

5.1 NSLAIYNAIDLNI

- é’haahaﬂwu:miﬁ;wmaaﬂﬁi‘*ﬁ%ﬁmﬂﬁﬂmﬂ JouL% TOUNWL uaz3 (pinholes)
- mﬂ%mmsmﬂlunwmuzua'iﬁgiﬂﬂif%é’ﬂﬂﬁl,muﬁﬁﬁ
- Lﬁunwmmﬁﬂuam’sz 23°C + 2°C Wz 0%RH 7 24 T 1u9

5.2 N133U ﬁﬂmﬁuzmsqwmaﬁnmgﬂ L??I/’]ﬁdﬂigﬂﬂﬂﬂaﬂ

JluuTaIM TR LI RAAAnasgNanIalEiuganasey & 2 uuy fa 170
(bottle) LazTIY (cup) MIEANBILNINMEMNALANGAINWINIRNNTILEAd8819NT 2

LULGIIN WAL I@ﬂl%qﬂnmiﬁ'uﬁ@ﬁ'sasm AININA 11

]

@

P fo R o '
2NN 11 Qﬂﬂjfw‘ﬂUU@@naﬂqﬁ
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5.3 msﬁmé’oqm%’uﬁﬂﬁaaahadﬁﬁ'mgmﬂﬂaau

Usznaugadudadhiugagiu ﬁ@ﬂ:@m.hmwnmﬁwﬁuangng WinAUTagI%
i TaoldBasudwludailasiumssveuds snwamIlnaureiuiadiatng
Lﬁﬂﬁuqﬂgmua@d@"ﬁmwﬁ 12 TuaeusaImssuiadiatsazutsaanidu 2 & fio

5.3.1 M3ldraduianumauzuITIwanaanadllzinnig

5.3.2 nMiltraduianumauzuITInanadnasgllzinndas

i 12 anaensdzneureiviadmadnadnnuregw
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¥ o KR [ a
5.31 m‘s‘lmgmu ElﬂﬂiJﬂ'l‘ﬁ%ﬁJii%qWﬂ’lﬁ@lﬂﬂ\‘lgﬂﬂ‘itlﬂﬂﬂ')ﬂ

uflundenduanuge

voufa N2 19 (910) Voufa N2 900 (fu)

yadudadedn

L

o
Fagwihnia

angeg

o '
FAYNLNY

1. amé‘dqﬂmrﬁ@nwﬁﬁé‘ué‘dgﬂ aa

Yiouwa 1/8” gadLdn Ao viodu
Lazvias mmgwaaﬁagu
fa 3 cm UATANNFIVBITIAELT)
lﬁ’fﬂmmmﬂmmgwawm
Mhumasay (@1edasnTaU
vise lalas ldsuria) iouvie
FaFaILE HU3899887191N
276 aaluﬁ_iwaaaﬂglm:g 1ag
ViaLﬁum’;Lﬁﬂulug N2 auene
() ﬂaLﬁuézuLﬁﬂu‘lug N2
AUV (28N)

Y = s a
) mgiw,l,ﬂumamﬂimmumm

golﬁa Q‘lmzé’ulﬂﬁ A9

ﬂ')']&lfﬂd"ll 29119 NINNNaFaL

. nenHwmsUsuRAY

= o o D A a o
Suuasnsn avauvianzoyls
’mlﬁmnmaammu:msquuu
o A

nuoagIvUINYIa

4. TuanFIULULN 9 Lo

PIQ F2I9DENVWNINLAKEIINN
Twaradatnafanie e

ABENILFIREY
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L4 ] [ A U
5.3.2 ﬂ’]‘ﬂ‘ﬁigﬂ%ﬂ ﬂﬂnum?mzmi'gwmamnmgﬂﬂ‘szm‘nmﬂ

' '3 o
nound N2 900 (au)

-1 U (% e K %
1. MYIVBATY I@U‘l‘*ﬁ“q@ﬁmmm
LG ﬁﬂ@mﬂﬁmuqﬂmnﬁi fa
inFagnstnuaaaan waa

yadudadied

A & A ' o
LRSI WDALNWINITDIN LY

2. ﬂguLLﬂuLﬂaﬂaﬂ§u53é’Uﬂmu

gﬂﬁa g’lm:é’ulﬂé’ GG

m’mgwaaﬁa aNiINNagay

yadudaded
3. TUENIAUUHILN g LWaRan
018 29981 TRUINLAKENTN

1% dhadatnadonyla

4. Yae lawldliassnuidiosvas
udnuan Tuangnesadali

Lhibih




5.4 nmslaainmdnglnszuy (PURGING) §1%3UN1SNAR0 LAWY

U333

- ANHMSIUAZA LL‘I&‘Irl:\‘i'Tlﬂ('J‘l%iﬁJ‘lJﬂ'lTﬂﬂﬁaﬂﬂ’]“}j%$ﬂii‘i}i

AuaanibliunInasay lagilfauwd1uriingIzIunig V1 Iuag;@hl,mm Test

fURUITBIMET VI SIRTUMINATDY URAIAINTWN 13

Upper Chamber for Package

—

=
\Ji}/\mz

W
N\

A N2$

Film Package Package Film
N, T Test %}Test Test%mgt
N, N,
N, out
—

FC1 FC2 sampling

port
ale

Test& Purge ’%2
© system o
_—— (1) Purge system

N, out

Regulators

Test N, =k = Flow control valve (FC)

gas
@ =3 - Way valve
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AN 13 asmstaenmeaneluszuy (PURGING) fWILMINATDLDTUSUTTIAITY
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- il'uma%msﬂ%’mgﬂﬂﬂaafuéﬁw%’um{l&immﬁmﬂ%szuu

v2)

TEST

Cylinder

FILM TEST FILM TEST

{0 O

PACKAGE PACKAGE

(v3)

TEST

) ¢ @ J
Wanarnwna N,

!

N
Cylinder

5.4.1 USUGILRUI MRIRIUNG V2
uaz V3 lufanianasaunmme

U339a931 (Package test)

5.4.2 AYWIA V1 Tudunig
PURGE

5.4.3 1TAMAILWDIUAR LTI
USuaNuaUUas regulator 1w

1éauan 0.1 MPa

5.4.4 31N937 WA wlasianas lna
HUABIA UL ULRZE AT b
&1 FC1 uaz FC2 AuaAT
MT ARHIURBITIULULRE
AUBRINANIIOY UTUaOINNT
Tnal#lé 35 Umin Jaans
Inafieularsuasrianisean
Hagad ﬁag}iﬁm%é’waaﬂg@

nagayu lault bubble flow
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; %\\ 5.4.5 Uaasliudalulasianlva

dl v [23 a A 1

WWa lwARaandLan maaaglu
o A '

wuutasfiga (anlumsls

- S
2INFNN Ell%iz‘]J‘iJ‘IJ%E] %Jlﬂ‘lJ

ﬂ%&l’]@]i“ﬂﬂdﬂﬂ"ﬁ%:‘ﬂ‘i‘i‘g (28EN

a3197 1)
A1319% 1 nanlumslaemealuszuy (purging system)
U3n1a3 (mL) Purging Time
<100 30 min
100 — 200 1h
200 - 500 2h

500 - 1000 >3h
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o &£
5.5 MINAdaund Hﬁdﬂﬂﬁ%tﬂﬁi%ﬂ%gﬂ

- ANHMSIUAZA LL‘I&‘Irl:\‘i'Tlﬂ('J‘l%iﬁJ‘lJﬂ'lTﬂﬂﬁaﬂﬂ’]“}j%$ﬂii‘i}i

PUAAWHIUNIINAROL 1ALl FIUGILRUIIMRIRINNIG VA sl,uag]'@‘hl,mm Test
FURUIVDINEY VIRIRITUNINAROL WRAIAININT 14

Upper Chamber for Package

i~

N
F

—

0,

OZT o

f
P
uij/\wo

|
0,

< N, ¢ 0, out

Hiw,

Film Package Package Film
0, T Test C%Jest Test % Test

N, N,
0,+N, out
—
FC1 X FC2 X Sampling
port
%) |\ L
TestO)g/o Purge Ne
» system W T
\ Regulators / @ Test system
©: skq = Flow control valve (FC)
Test N,
gas

@ =3 - Way valve

AN 14 19ITMINaFaU (TESTING) fWILMINAROUMN TUELITINITY



N

N,
Cylinder

N

N>

Cylinder
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- ﬁuma%msﬂ%’m{mnmaaua‘hw%’umsﬂmaaum%mmsq

Cylinder

N

Cylinder

N

5.5.1 mu’na"; V1 (Reaneanada

wiinm) Ihagludunis TEST

5.5.2 Wanauunduiabulasian
LazLAFaaNTIAK USuANua
U regulator Ildanuan
0.1 MPa

5.5.3 WNRDANTLAU azvl,ml,ﬁw;jﬁaa
Muun lasaasnnsraaziian
WINNUBATINT LRa2ad
lulasiauiinuiasdnun 910

M3A9lATINTA

5.5.4 S2RINIMINARDIVLTULAL
#2889 (syringe) LNUAIBENY
wAsH% sampling port L%
sz WaldAienehlasiaias
a 6 e o N 1 p.l' (%
NATIZHUAR VUANAIN b N1T
maawz%quﬁawaﬁ
A319801 ba LN Tl R e

(steady stage)
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unil 6 : MIATUNUNFANIATZIN

wIsddtanzAuialannnn? (gas chromatography) &8I0 EILATIZALAR b6
nigumuuazliana neulfiaasdasrimaminauaainaveduda (retention time) 7
IINABINMIATIINEY  UWALRINNTININIBUAT  (calibration graph) aasuianasay (LA
gandiaw) WaltiSouifsudivesuiseanansmeyinmInasay  (unknown) 713
Pnmvasufanasovvmenurila leseouudannaigin  anmInsuuds  (mixing
gas) =wiuAanasey (Wizeandau) nuwdawd (wiwlulasiaw) Aanudutues
ufanageuuand1ent nndSanmies 9 lduin dhudsnsundazaladedadneies
Ianeruta TuindSunaenudutuuesuizgeandian aLEAINA (retention time)

& A o w AN o A . & A

uaz AUNUIAIN (area response) Wdanaf ldidounmunazning Aufluaasna (Wnu X)
U YT Aa NN NT WU aIUAENAROL (LN% Y)

nanMIasdumIaeIsaLiaNIaIzIRIzinnMId I sSumuisaanGiauile
Wounndsiemeaindemanuds  uadhudandasnmsnauiih lunanlunseilosnay
uwis nalunsndsudalulasau

fmdbuisuasuwluwnulddnd dosassulintannaspuianuauuinniiaiy
[ A a o o 1 A A & o ' v & a 9 o
auusinme  esnszuufeudmdngieissiiansiuialdldlfidulunsia  udld

¢ a @ \ X & Kaa v A o
JTUUNRIAAGIBE19 (gas sampling valve) Uselomiuasrzuvitnaniimslsidniands
A a Y \ Aa o . A @ & a &
AetSinmasdmadinfadhginiasaziiunnasilasaiuquiinnasvesuialasgy
o , A o A . & v A 2 A o
@at9 (sample loop) MuNWN 15 ufianaziangnarazdesiimilng Jadungides
widpaufsuasgulifionuauannitenuauussema iwavldudsfanisinacing

e o % & = A e =~
Qﬂﬂiﬂkﬂ@]ﬂdlﬂi LLﬂt"ll%@la%ﬂ'ﬁL@]iUll&l(ﬂG@]E]vl,llu

Lif’lgj Column L“fl"];j Column

I3 E ° '
MAaNUIIBAIUHUY

wAa He 91nLATas GC wia He 91nLATa9 GC

EHZR RN
(Sample loop)

o891 et
fAaa81908n Alag1908n
6 [ 1o % 1 ¢ o [ = Y 1
')’]a‘ﬂ%(ﬂ'll,l,‘lﬁ%\‘liﬂﬁl‘)a 1M ] 'a'm'ﬂuml,mumama g19
(Loading the loop) (Injection the sample)

AN 15 ANHIUEATHIUVBINAIAAADEN
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aunsalfily

- nyetladAULARNAFAL

Test gas

- N3t INRUUNR

=3 a 3 A 6 A A
- EydaunRLUYNMaILYatazla

- UARNFININAROY LAZUAR ILATLA%
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Turn ON

Test gas
Tank
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6.1 LBUAULEIVVLAIFNARAL

6.1.1

Taglanyztlasiiuunanasay lag

@imiamnﬁ&lqtyrywmﬂ g
funsztlas Wailulwvinem
waLtanaduuUes
nyetlas selranuaulln
gyl 5 Wi

(FILNAANNAKINNLNA)

YR IUUIN WAIGITIe

gIMdaan

6.2 LRRE! LLﬁﬁﬂ@ﬁ@UL“ﬁ]@jﬂizﬂ AN

LARNARDL

6.2.1

6.2.2

6.2.3

6.2.4

wWawdganns a1danaans
3alnd 9 NRINUVN

dl 1 (24 1
WWalauAzmaluria
szanos 1
Lﬁﬂwiavﬁﬁgm&ﬁwﬂmu
3957

1 a 6 2 %
Aog 9 ITanarduanla
Ll,ﬁ”m“fl"];jmzﬂaa
saananuawmelunszilad
19 5 psi ua139Taan

AUV
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6.3 nsawIne YSunans

Calulated volume of test gas 4 o o
from ppm to ml compare with NARDUNAINNULVNDW

volume of mix Tank

WANAIINY 37N ppm IATln

mi I@ﬂLﬁUUﬁUﬂ%NW@]i Vv

nyziloINgNID
Volume of test gas (ml)

= [concentration (ppm) x volume of mix tin] / 106

6.4 (Z;]G]LLﬁvﬁE] anaNNIzladmw

USurasanundimwiosly lag
v & = 23 a 6 =)
lHdusauiauuuiinanile

=) e tﬂl (22 v
uaztla %mﬁnﬂw@mmavlﬂ
USu1aenudaIns litle
MABITNLRIRaUAIaan

nnyzilag

6.5 launanazauadlyes
Ny oINRNLAR

6.5.1 deviannidugyane wn

nunszdlay Wailuldvinen

v A 6 v v

usdanseausn 1ol
anuaudugygime

Vi gas Uszuno 5 WAl (F9Lna

AMNAKINLNI)
6.5.2 tanaa

6.5.3 ﬁﬁLﬁuﬁg@LLﬁ”ﬁmaauﬁ@
Lﬁﬁg&ﬂizﬂawauuﬁa Kifo
Marnduunzmeluduay

v + . P
VLWR yil| qﬂﬁ:ﬂ BIRIBAU
Mix gas
Tank

Mix gas

Tank lasgynme udauim

Lﬁwlﬁqma%mlﬁaﬁuﬁwaaﬂ
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6.6 WNAINNIFUAFNAFOUAI
lduan dalilausalulasianasly
TunsetlaInNgNuAs WNa LALARNEY

Awlana

6.6.1 LTauisannd Londanuaie
' o & A '
Wdalng 187 e la
wAgneluvia Uszunos 1
=
w1N

6.6.2 Lﬁﬂuvial,ﬁﬁ;jmtﬁﬁﬂum’;ﬂ

ALAINIIAIN

6.6.3 dagq anaiauynli
LLﬁ”avl,uImevLmLiTﬁgj
nyzilod

6.6.4 I9IUANALAN alunyzdad

19 5 psi L& aNa
AUV

Mixgas flow to
sample loop on GC

6.7 ilandrdudielwunan
% 1 6
NEULAD IARHIWINEI0A
#2889 (injection valve) 91
aguwAIallaTAufs
Uaavianunzaanldinie
é’aﬁ'ﬂuﬁ"alﬁa%imﬁlugﬂ
dll a 6V
(loop) Ladim T lnauania
aztnanasameluin
ARAALIAN




Quantity (q)

ix gas
Tank

Slope
CF = q/AU

_—

Area response (AU)

6.8

6.9
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Tunmaidasnagaliriugy
(loop) F9uINGaIlALAR
nawlnaldudaidang
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uialwanisananusulu
nyzilasnaadinie 3 psi W
Tansdutradinszilas
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Wosonmeilasvianua
uwiawawazgninagnely
a1 (loop) WiaNEMATLNNS
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