Chapter 1

Polyoxymethylene (Acetal)

Category: Engineering Resin

General Description: Acetal, chemically known as
polyoxymethylene (POM), is a versatile engineering
resin. The chemical composition, regular molecular
structure, and high degree of crystallinity give acetals
excellent resi stance to moisture, gasoline, solvents, and
many other neutral chemicals.12001

Processing Methods: Injection molding, extrusion
(rod, slab, sheeting, small diameter tubing). Parts can
be machined or stamped.[2001]

Applications: Aerosol containers, gas caps, chemical
sprayers, soap dispersers, paint mixing paddles, plumb-
ing components, gears, tough and creep resi stance hous-
ings, and wear surfaces.!2001

Permeability to Oxygen and Other Gases: Test
results show that above 10 mil film thickness the

permeability of both Ticona Celcon acetal unfilled and
glass-reinforced grades are approximately the
same.[2002]

Permeability to Water and Other Liquids. DuPont
Delrin has good impermeability to many substances
including aliphatic, aromatic, and hal ogenated hydro-
carbons, alcohol, and esters. Permeability characteris-
tics and strength properties of Delrin make it suitable
material for containers, particularly of the aerosol
type.12001]

Exceptional resistance to long-term exposure to high
humidity and hot water isaprimary reason why Ticona
Celcon acetal is so widely used for many plumbing
related applications. See manufacturer’sliterature for
more detail.[200%

Permeability Data by Material Supplier Trade
Name: See Tables 1-01 through 1-06.

Table 1-01. Cologne, Shampoo, and Hair Spray Through DuPont Delrin Acetal Resin

Material Family

ACETAL RESIN

Material Supplier/Grade

DUPONT DELRIN

Reference Number

201

TEST CONDITIONS

Penetrant cologne

hair spray shampoo

Penetrant Note

various formulations

Temperature (°C) 23 38

23 38 23 38

Relative Humidity (%) 50

50 50

PERMEABILITY (source document units)

Vapor Transmission Rate

(g - milf100 in? - day) 0.6 45

0.8 6.0 2.4 8.5

Vapor Transmission Rate

(0 i day) 024 177

0.32 2.36 0.95 3.35

PERMEABILITY (normalized units)

Vapor Transmission Rate

(@ - mmim? . day) 0.24 177

031 2.36 0.94 3.35
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Table 1-02. Gasoline, Freon Propellant, Motor Oil, and Ethyl Alcohol Through DuPont Delrin Acetal Resin

Material Family ACETAL RESIN

Material Supplier/Grade DUPONT DELRIN

Reference Number 201
TEST CONDITIONS

Penetrant ethyl alcohol Freon 12 gasoline motor oils

90 70 30 20
Concentration (%) with 10% . with 70% Freon 11, with 80% Freon 114;
water with 30% water propellant propellant

Temperature (°C) 23 38 23 38 23 38 23 38

Relative Humidity (%) 50 50 50 50
PERMEABILITY (source document units)

éaPr‘:]’iI/Tlrggsirﬂifjg;‘)Rate 025 15 78 02 054 02 042 01 0
PERMEABILITY (normalized units)

(Vgapgnj;;gsrg;;)m" Rate 01 059 307 0.08 021 0.08 047 0.04 0

Table 1-03. Methyl Salicylate, Nitrogen, Perchloroethylene, Trichloroethylene, Toluene, Carbon Dioxide,
and Oxygen through DuPont Delrin Acetal Resin

Material Family ACETAL RESIN

Material Supplier/Grade DUPONT DELRIN

Reference Number 201

TEST CONDITIONS

methyl nitrogen perchloro- ) .
Penetrant salicylate (@ 620 kPa) ethylene trichloroethylene toluene carbon dioxide oxygen

Temperature (°C) 23 23 38 23

Relative Humidity (%) 50 50

PERMEABILITY (source document units)

Vapor Transmission Rate
(g - Mi100 in? - day) 0.3 0.05 0.2 25 56 0.6

Gas Permeability
(cm? - mil/100 in? - day) 37-50 12-17

PERMEABILITY (normalized units)

Permeability Coefficient
(cm? - mm/m? - day - atm) 14.6-19.7 47-6.7

Vapor Transmission Rate 012 0.02 0.08 9.84 2905 024
(g9 - mm/m2 - day)
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Table 1-04. Mineral Oils, Vegetable QOils, Tar Remover, and Road Oil Remover Through DuPont Delrin Acetal
Resin

Material Family ACETAL RESIN

Material Supplier/ Grade DUPONT DELRIN

Reference Number 201

TEST CONDITIONS

Penetrant mineral oils vegetable oils tar remover road oil remover

Temperature (°C) 23 38 23 38 23 38 23 38

Relative Humidity (%) 50 50 50 50

PERMEABILITY (source document units)

Vapor Transmission Rate 0 0.03 0.19 0.03 0.19

(g - mil/100 inZ - day)

Vapor Transmission Rate 0 0.01 0.07 0.01 0.07
(9 - mm/mZ - day)

PERMEABILITY (normalized units)

Vapor Transmission Rate 0 0.01 0.07 0.01 0.07
(9 - mm/m? - day)

Table 1-05. Air and Oxygen through Ticona Acetal Copolymer Film

Material Family ACETAL COPOLYMER

Material Supplier TICONA
Grade CELCON M90 CELCON M25 CELCON M270 CELCON M90 CELCON M25 CELCON M270

Product Form FILM

Features general purpose high molecular high flow, low general purpose high molecular high flow, low
grade weight molecular weight grade weight molecular weight

Reference Number 210

MATERIAL CHARACTERISTICS

Melt Flow Index 9.0 g/10 min. 2.5 g/10 min. 27.0 g/10 min. 9.0 g/10 min. 2.5 g/10 min. 27.0 g/10 min.

Sample Thickness (mm) 0.15

TEST CONDITIONS

Penetrant air oxygen

PERMEABILITY (source document units)

Gas Permeability 22-32 50-74
(cm3 - mil/100 in2 - day)

PERMEABILITY (normalized units

=

Permeability Coefficient 0.87-13 20- 29
(cm3 - mm/m2 - day - atm)
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Table 1-06. Nitrogen and Carbon Dioxide Through Ticona Acetal Copolymer Film

Material Family

ACETAL COPOLYMER

Material Supplier

TICONA

Grade

CELCON M90

CELCON M25

CELCON M270

CELCON M90

CELCON M25

CELCON M270

Product Form

FILM

Features

general purpose
grade

high molecular
weight

high flow, low
molecular weight

general purpose
grade

high molecular
weight

high flow, low
molecular weight

Reference Number

210

MATERIAL CHARACTERISTICS

Melt Flow Index

9.0 /10 min.

2.5 g/10 min.

27.0 g/10 min.

9.0 g/10 min.

2.5 g/10 min.

27.0 ¢/10 min.

Sample Thickness (mm)

0.15

TEST CONDITIONS

Penetrant

carbon dioxide

nitrogen

PERMEABILITY (source document units)

Gas Permeability
(cm3 - mil/100 in? - day)

144 - 174

22-32

PERMEABILITY (normalized uni

ts)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

56.7-68.5

0.87-1.3
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Chapter 2

Acrylonitrile-Methyl Acrylate Copolymer (AMA)

Category: Nitrile

General Description: Intended primarily for packag-
ing use, acrylonitrile-based resinsare sometimescalled
barrier resins. AMA isaclear, rubber modified acry-
lonitrile with excellent chemical resistance and gas
barrier aswell as high modulus or stiffness.[1%%4 The
permeability of AMA isdependent upon the presence
or absence of additivesaswell asthe chemical compo-

sition with respect to type of nitrile and comono-
mer.[1005]

BP Chemicals Barex is an acrylonitrile-methyl acry-
late copolymer grafted onto anitrile rubber. Barex 210
and 218 are high barrier, impact modified copolymer
resins. Barex 218 contains a high portion of impact
modifier.[2003]

Processing M ethods: Thermoforming, film extrusion,
sheet extrusion, extrusion blow molding, calendering,
injection molding, injection blow molding, injection
stretch blow molding.[2903]

Applications:

» Food Packaging. Processed meats, fish,
cheese, spices, sauces, extracts, andjuice
concentrates.

» Medical Packaging. Pharmaceutical,
transdermal patches.

 Personal Care. Cosmetic packs, mouth-
wash, perfume.[2003]
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Permeability to Oxygen and Other Gases: Barex
resins havethelowest oxygen permeability of any plas-
tic material used for singlelayer packages, frequently
outperforming multilayer structures containing EVOH
and PVDC and doing so at lower costs.

Extended shelf lifeismost often accomplished by seal-
ing in beneficial gases such as nitrogen and carbon
dioxidewhile preventing oxygen from entering the pack-
age. Barex offers extended shelf life, retention of natu-
ral flavors and aromas without flavor scal ping.[200]

Barex resins offer a high barrier to oxygen at all
levels of relative humidity. Barrier performance is,
however, negatively impacted by increasing tempera-
ture.

See Collected Comparative Barrier Propertiesof Plas-
tics and Elastomers, for more information.

Permeability to Water Vapor and Other Liquids:
Water vapor barrier propertiesof Barex resinsare com-
parable to other plastic packaging materials except
polyolefins, which are less permeable for water va-
por. In applications where exclusion of moisture is
critical, thewater vapor barrier of Barex packages can
be enhanced by orientation or lamination to a
polyolefin, giving excellent combination of gas and
moisture barrier.[2003]

SeeCollected Comparative Barrier Propertiesof Plas-
tics and Elastomers, for more information.

Permeability Data by Material Supplier Trade

Name: See Tables 2-01 and 2-02, and Graphs 2-01
through 2-03.
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Table 2-01. Water Vapor and Oxygen Through BP Chemicals Barex Acrylonitrile-Methyl Acrylate Copolymer

Material Family ACRYLONITRILE-METHYL ACRYLATE COPOLYMER
Material Supplier/ Trade Name BP CHEMICALS BAREX
Grade 210 218 210 218 210 218 210 218
Features barrier barrier barrier barrier barrier barrier barrier barrier
prpperties, propertigs, high pr_operties, propertigs, high pr_operties, propertigs, high prpperties, propertigs, high
impact impact, impact impact impact, impact impact impact, impact impact impact, impact
modified modified modified modified modified modified modified modified
Applications packaging
Reference Number 296
TEST CONDITIONS
Penetrant oxygen nitrogen carbon dioxide water vapor
Temperature (°C) 23
Relative Humidity (%) 100 100 0 100
Test Method ASTM D3985 ASTM F1249

PERMEABILITY (source document units)

Gas Permeability
(cm® - mill 100 in? - bar - day) 08 16 02 04 16 16

Vapor Transmission Rate 50 75
(g - mil/ 100 in2 - bar - day) ’ '

PERMEABILITY (normalized units

=

Permeability Coefficient
(cm® - mmm2 - day - atm) 0.32 0.64 0.08 0.16 0.64 0.64

Vapor Transmission Rate 1.99 2.99
(9 - mm/m2 - day - atm)
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Table 2-02. Water Vapor and Oxygen vs. Humidity Through BP Chemicals Barex Acrylonitrile-Methyl Acrylate
Copolymer

Material Family ACRYLONITRILE-METHYL ACRYLATE COPOLYMER
Material Supplier/Grade BP CHEMICALS BAREX 210 BP CHEMICALS BAREX 218
Features barrier properties, impact modified barrier properties, high impact, impact modified
Applications packaging
Reference Number 296

TEST CONDITIONS
Penetrant oxygen water vapor oxygen water vapor
Temperature (°C) 22.8 37.8 22.8 378
Relative Humidity (%) 0 90 0 90
Test Method ASTM D3895 ASTM F1249 ASTM D1434 ASTM F1249

PERMEABILITY (source document units)

Gas Permeability

(cm? - mil/ 100in2 - day bar) 08 0.8 16

Vapor Transmission Rate

(g mill 100in2 - day bar) 55 75

PERMEABILITY (normalized units

z

Permeability Coefficient

(cm3- mm/m2 - day - atm) 0.32 0.32 0.64

Vapor Transmission Rate

(9 - mm/m2 - day) 219 299
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Graph 2-01. Carbon dioxide vs. acrylonitrile content through acrylonitrile-methyl acrylate copolymer.
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Graph 2-02. Carbon dioxide and oxygen vs. relative humidity through acrylonitrile-methyl acrylate copolymer.
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Graph 2-03. Oxygen vs. temperature through acrylonitrile-methyl acrylate copolymer.
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Chapter 3

Cellulosic

Category: Cellulosic

General Description: Cellulosic plasticsare made pri-
marily from cellulose acetate. Cellulose is probably
the best known of the cellulosic films.[1952]

Processing M ethods: Cellophane is cast through a
thin slit spinneret into abath of sulphuric acid to form
afilm. The cellophane formsafilm that isflimsy and
opague. Further treatment including coating with metal
or other chemicals, is required to yield afilm that is
transparent, soft, and plastic. Thistreatment will alter
the film’s permeability to air and water.[105

Applications: Cellulosic film applications in-
clude tapes and labels, photographic film, coatings

for paper, glass, and plastic. Medical applicationsfor
cellulosic filmsinclude dialysis membranes.[1052]

Cédllophaneisthe most common food packaging mate-
rial after paper and cardboard; over 50% of all twist-
wrapped sweets are packaged in cellophane.!1052

Cellulose acetateiswidely used in photographic films,
recording tapes, packaging, and matte adhesive
tape.[1052]

Permeability to Oxygen and Other Gasesand Wa-
ter Vapor: Cellophane is considered a high barrier

polymer.

Permeability Data by Material Supplier Trade
Name: See Tables 3-01 through 3-03.

Table 3-01. Water Vapor and Oxygen Through Coated Cellophane Film

Material Family CELLULOSIC PLASTIC

Reference Number 1005
TEST CONDITIONS

Penetrant oxygen carbon dioxide moisture vapor

Temperature (°C) 23

Relative Humidity (%) 50 100
PERMEABILITY (source documents units)

ﬁna; /fnfrg‘?sz')"%u] 0.1-016 02-12 1-335
PERMEABILITY (normalized units)

E?;Tﬁq‘}'r%%";yﬁ'gm 02-031 04-34 1.96 - 657
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Table 3-02. Water Vapor and Oxygen Through Coated Cellophane Film

Material Family CELLULOSIC PLASTIC

Product Form FILM

Reference Number 268

MATERIAL CHARACTERISTICS

| Sample Thickness (mm) | 0.023 |

MATERIAL COMPOSITION
| Note | PVDC coated |

TEST CONDITIONS

Penetrant water vapor oxygen

Temperature (°C) 40 35 20

0 65 85 100

Relative Humidity (%) 90
Test Method JIS 20208 JIS 71707 ASTM D3985

PERMEABILITY (source document units)

Vapor Transmission Rate 1
(g - mil/100 in2 - day)

Gas Permeability
(cm? - mil/100 in? - day) 0.07 0.26 071 2.06

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm) 0.03 01 0.28 0.81

Vapor Transmission Rate
0.39
(g - mm/mZ - day)

Table 3-03. Various Gases Through Cellulose (Cellophane)

Material Family CELLULOSIC

Reference Number 1113

TEST CONDITIONS

carbon

Penetrant helium hydrogen nitrogen oxygen dioxide H2S SO: H20

Temperature (°C) 20 25 45 25

PERMEABILITY (source document units)

[%;53 '?grrn”)(ec?fs'“zec Hg) - 109] 00005 | 0.0065 | 0.0032 | 00021 | 0.0047 | 0.0006 | 0.0017 | 1900

PERMEABILITY (normalized units)

(PC?T:T?;?::;%EO deah;c-leart]rtn) N/A without thickness
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Fluoropolymer

General Description: Fluoropolymers are a class of
paraffinic thermoplastic polymers where some or all
of the hydrogen has been replaced by fluorine. There-
sult is either is a fully fluorinated polymer such as
PTFE, FEP, MFA, or PFA, or a partialy fluorinated
polymer such as ECTFE, PCTFE, ETFE, and PVDF.
By varying the fluorine content of the polymer, the
balance of mechanical propertiesand overall cost can
betailored for different end use applications.[2004

Fluoropolymersareinert to most chemicalsand main-
tain their properties when exposed to high tempera-
tures. When reinforced with glassfibers, for example,
molybdenum disulfidefillers, their generally low me-
chanical properties are considerably improved.[1004

Table 4-01. Chlorine Gas Through Fluoroplastic Films

Fluoropolymer products;[2004]

Fluorine Content

MFA and PFA Higher
PTFE
FEP
ECTFE/ETFE
PVDF
PVC Lower

Applications: Protective coatingsand linings, extruded
products such as monofilament, rod, tubing, wire and
cable insulation, pumps, filter cartridges, nonwoven
fiber for filter media, and composite |aminates.[2004]

Permeability Data by Material Supplier Trade
Name: See Tables 4-01 through 4-10.

Material Family

FLUOROPLASTIC

Material Type Granular PTFE

Fine Powder PTFE

Reference Number

1069

TEST CONDITIONS

Penetrant

chlorine gas

Temperature (°C)

25

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.25 2.25

4.45 0.25 2.25 4.45

PERMEABILITY (source documents units)

Gas Permeability 1.974 0.358
(g/m? 124 hr) ' '

0.255 5.55 0.369 0.289

PERMEABILITY (normalized units)

Permeability Coefficient

(cm3 - mm/m2 - day - atm) 0.493 0.801

1.001 1.387 0.830 1.286
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Table 4-02. Chlorine Gas Through Fluoroplastic Films

Material Family FLUOROPLASTIC
Material Type FEP PFA ETFE ECTFE PVDF
Reference Number 1069
TEST CONDITIONS
Penetrant chlorine gas
Temperature (°C) 25
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 4.45 0.250 2.250 4.450 0.250 2.250 4.450 4.450 0.250 5.250

PERMEABILITY (source document units)

Gas Permeability
(g/m2 /24 rs) 0.190 1.605 0.569 0.265 1.164 0.254 0.250 0.199 1.018 0.167

PERMEABILITY (normalized units)

Permeability Coefficient

0.846 0.401 1.280 1.179 0.291 0571 1112 0.885 0.254 0.877
(cm3 - mm/m? - day - atm)

Table 4-03. Nitric Acid Through Fluoroplastic Films at 25°C

Material Family FLUOROPLASTIC
Material Type Granular PTFE PFA ETFE ECTFE PVDF
Reference Number 1069
TEST CONDITIONS
Penetrant nitric acid
Temperature (°C) 25
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.25 0.25 0.25 2.25 0.250 2.25 0.250 2.225

PERMEABILITY (source document units)

Gas Permeability
(g/m/24 hrs) 0.397 0.469 0.035 0.072 0.061 0.344

PERMEABILITY (normalized units)

Permeability Coefficient

0.992 0.117 0.787 0.018 0.137 0.086
(cm3 - mm/m2 - day - atm)

Chapter 4: Fluoropolymer © Plastics Design Library



Table 4-04. Nitric Acid Through Fluoroplastic Films at 45°C
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Material Family

FLUOROPLASTIC

Material Type

Granular PTFE

PFA

ETFE

ETFE ECTFE

ECTFE

PVDF PVDF

Reference Number

1069

TEST CONDITIONS

Penetrant

nitric acid

Temperature (°C)

45

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.25

0.25

2.25 0.250

2.25

0.250 2.250

PERMEABILITY (source document

units)

Gas Permeability
(g/m?/24 hrs)

0.395

0.610

1.453

0.037

3.703 0.265

PERMEABILITY (normalized units)

Permeability Coefficient
(cm® - mm/m2 - day - atm)

0.099

0.152

0.363

0.083

0.926 0.596

Table 4-05. Methylene Chloride Through Fluoroplastic Films at 25°C

Material Family

FLUOROPLASTIC

Material Type

Granular
PTFE

Fine Powder
PTFE

PFA

ETFE

ECTFE

PVDF Polypropylene

Reference Number

1069

TEST CONDITIONS

Penetrant

methylene chloride

Temperature (°C)

25

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.250

PERMEABILITY (source document units)

Gas Permeability
(9/m2/24 hrs)

3.85

20.6

2.34

595

8.55 504.2

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

0.962

5.15

0.587

8.275

14.875

2137 126.05
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Table 4-06. Methylene Chloride Through Fluoroplastic Films at 45°C

Material Family FLUOROPLASTIC
Material Type Granular Fine Powder PFA ETFE ECTFE PVDF Polypropylene
PTFE PTFE
Reference Number 1069
TEST CONDITIONS
Penetrant methylene chloride
Temperature (°C) 45
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.250
PERMEABILITY (source document units)
87; ;;mf;b"“y 9.08 60.8 106 1136 634.6 36.06 2250
PERMEABILITY (normalized units)
(F’C%Te;?r':'/%f"degci’t‘;) 227 152 265 284 156,65 9.015 562.5
Table 4-07. Phenol Through Fluoroplastic Films at 25°C
Material Family FLUOROPLASTIC
Material Type Granular Fine Powder PFA ETFE ECTFE PVDF Polypropylene
PTFE PTFE
Reference Number 1069
TEST CONDITIONS
Penetrant phenol
Temperature (°C) 25
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.250
PERMEABILITY (source document units)
g‘;"; zs’gi’ﬂfsa)bi"ty 0.050 0084 0013 0.158 0.067 0.218 0.027
PERMEABILITY (normalized units)
Z%Te;?]ﬂ}%ZCOdegc'ZTﬁn) 0.012 0.021 0.003 0.039 0.067 0.054 0.007
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Material Family

FLUOROPLASTIC

Material Type

Granular
PTFE

Fine Powder
PTFE

PFA

ETFE

ECTFE

PVDF

Polypropylene

Reference Number

1069

TEST CONDITIONS

Penetrant

phenol

Temperature (°C)

45

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.250

PERMEABILITY (source document units)

Gas Permeability
(g/m2/24hrs)

0.247

0.991

0.237

1.562

3.394

0.734

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

0.062

0.248

0.060

0.690

0.848

0.183

Table 4-09. Benzene Through Fluoroplastic Films at 25°C

Material Family

FLUOROPLASTIC

Material Type

Granular PTFE

ETFE

Reference Number

1069

TEST CONDITIONS

Penetrant

benzene

Temperature (°C)

25

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.250

2.250

4.450 0.250

2.250

4.450

PERMEABILITY (source document units)

Gas Permeability
(g/m2/24hrs)

2.591

0.777

0.0335 5.326

0.118

0.068

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

0.648

1.748

0.149 1.331

0.266

0.303
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Table 4-10. Methyl Ethyl Ketone Through Fluoroplastic Films at 25°C

Material Family FLUOROPLASTIC
Material Type Granular PTFE ETFE ECTFE PVDF
Reference Number 1069
TEST CONDITIONS
Penetrant methyl ethyl keytone
Temperature (°C) 25
MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.250 2.250 4.450 0.250 2.250 4.450 0.250 2.250 0.250 2.250

PERMEABILITY (source document units)

Gas Permeabilty 7.726 0.306 0.028 6.882 0.034 0.023 276 0.033 482.1 0.168
(g/m2/24 hrs)

PERMEABILITY (normalized units)

Permeability Coefficient

3 1.931 0.689 0.125 1.720 0.075 0.102 6.90 0.0742 1205 0.378
(cm® - mm/m2 - day - atm)
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Chapter 5

Ethylene-Chlorotrifluoroethylene Copolymer (ECTFE)

Category: Fluoropolymer

General Description: Ausimont Halar ECTFE is a
melt-processible fluoropolymer with a1:1 alternating
copolymer structure of ethylene and chlorotrifluoroet-
hylene.[2009]

Processing M ethods: Extrusion, compression mold-
ing, rotomolding, and blow molding.[2005]

Applications:

« Chemical. Diaphragms, protective lin-
ings/coatings, pumps, valves, hoods, tank
and filter house linings, and non-woven
filtration fibers.

» Food Processing. Additives, contact

with acidic food and fruit juice process-
ing.12005]

Permeability to Oxygen and Other Gases: Barrier
properties are 10 to 100 times better than PTFE or
FEP to oxygen, carbon dioxide, chlorine gas, and hy-
drochloric acid.[2006]

Permeability to Water and Other Liquids: Halar
fluoropolymer haslow permesability to water vapor and
various other gases. Water vapor permeability mea-
sured at 100°F (38°C) and at 90% RH wasfound to be
0.15g mil/100in?in 24 hrs. At elevated surface tem-
peratures, Halar has superior moisture vapor imper-
meability compared to other fluoropolymersat the same
conditions.!20%]

Permeability Data by Material Supplier Trade
Name: See Tables 5-01 through 5-03 and Graphs 5-
01 through 5-05.

Table 5-01. Hydrogen vs. Temperature and Pressure Through Ausimont Halar ECTFE

Material Family

ETHYLENE-CHLOROTRIFLUOROETHYLENE COPOLYMER (ECTFE)

Material Supplier/Grade AUSIMONT HALAR
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.02
TEST CONDITIONS
Penetrant hydrogen
Temperature (°C) 22 25 66 -20 25 67 21 25 68
Pressure Gradient (kPa) 1724 3447 6895

Test Method mass spectrometry and calibrated standard gas leaks developed by McDonnell Douglas Space Systems Company
Chemistry Laboratory

PERMEABILITY (source document units)
Gas Permeabilty 1.19x10%0 | 1.21x109 | 658x109 | 1.18x10%0 | 1.25x10° | 6.65x10° | 1.18x10%0 | 1.23x109 | 6.74x 109
(cm3 - mm/cm2 - kPa - sec)

PERMEABILITY (normalized units)
Permeabilty Coefiicient 104 106 576 103 109 582 103 108 590
(cm3 - mm/m2 - day - atm)
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Table 5-02. Nitrogen vs. Temperature and Pressure Through Ausimont Halar ECTFE

Material Family ETHYLENE-CHLOROTRIFLUOROETHYLENE COPOLYMER (ECTFE)
Material Supplier/Grade AUSIMONT HALAR
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.02
TEST CONDITIONS
Penetrant nitrogen
Temperature (°C) 11 25 71 10 25 72 10 25 68
Pressure Gradient (kPa) 1724 1724 1724 3447 3447 3447 6895 6895 6895
Test Method mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company
Chemistry Laboratory
PERMEABILITY (source document units)
Gas Permeablity 5531072 | 1.29x 1011 | 243x 1070 | 553x1042 | 149x 101 | 427x100 | 6.09x 1012 | 143x 107 | 2.48x 100
(cm3 - mm/cm? - kPa - sec)
PERMEABILITY (normalized units)
(Pcfg‘e;?:]“/%zc"gc'zrt‘r‘n) 0.48 113 213 0.48 13 374 053 1.25 217

Table 5-03. Oxygen and Ammonia Through Ausimont Halar ECTFE

Material Family ETHYLENE-CHLOROTRIFLUOROETHYLENE COPOLYMER (ECTFE)
Material Supplier/Grade AUSIMONT HALAR
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.02
TEST CONDITIONS
Penetrant ammonia oxygen
Temperature (°C) -1 25 65 -18 25 55 -15 25 56
Pressure Gradient (kPa) 965 1724 3447
Test Method mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company
Chemistry Laboratory
PERMEABILITY (source document units)
Gas Permeabilty 3.73x10% | 129x109 | 7.05x10° | 552x10% | 116x10% | 516x107 | 573x10%2 | 11x10% | 526x 101
(cm3 - mm/cm? - kPa - sec)
PERMEABILITY (normalized units)
E%Te;?:'/%f"gc'ea% 226 113 617 048 102 452 05 96 46.0

Chapter 5: Ethylene-Chlorotrifluoroethylene Copolymer-ECTFE © Plastics Design Library
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Graph 5-01. Moisture vapor vs. thickness Tthrough Ausimont Halar ECTFE.
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Graph 5-03. Carbon dioxide and oxygen through Ausimont Halar ECTFE.
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Graph 5-05. Various gases vs. temperature through Ausimont Halar ECTFE.
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Chapter 6

Ethylene-Tetrafluoroethylene Copolymer (ETFE)

Category: Fluoropolymer

General Description: ETFE isarelated copolymer to
ECTFE, consisting of ethylene and tetrafluoroethyl-
ene. DuPont Tefzel resins are modified ETFE (ethyl-
ene-tetrafluoroethylene) fluoropolymer available as
pelletsor as powder for rotational molding. Tefzel com-
bines superior mechanical toughnesswith an outstand-
ing chemical inertness.[2008]

DuPont T2 Films of Tefzel ETFE represent a family
of patented, uniaxialy oriented fluoropolymer filmspos-
sessing a unique combination of properties. In addi-
tion to the benefits of fluoropolymer film, including
high temperature capability and chemical resistance,
thesefilmshave added strength and toughness. Chemi-
cal and moisture barrier properties are improved by
orientation. ETFE filmshave unusually high strength.

© Plastics Design Library

T2 films are uniaxially oriented in the machine direc-
tion.[2007]

Processing Methods: Tefzel, as a thermoplastic
polymer, can be processed by injection molding, com-
pression molding, rotational molding, and extrusion.
Tefzel film can be heat-sealed, thermoformed,
welded, heat-laminated, and coated. Films are uniaxi-
aly oriented in the machine direction (tensiled) and
heat-toughened.[2007](2008]

Applications. Pressure-sengitivetapes, flexible printed
circuits, liquid pouches, and other applicationsdemand-
ing high flex life/crack resistance, exposure to high
temperatures, and wear.

Permeability Data by Material Supplier Trade
Name: See Tables 6-01 through 6-04.
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Table 6-01. Carbon Dioxide, Nitrogen, Oxygen, Helium, and Water Vapor Through DuPont Tefzel

Material Family ETHYLENE-TETRAFLUOROETHYLENE COPOLYMER (ETFE)
Material Supplier/Grade DUPONT TEFZEL
Product Form FILM
Reference Number 205
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.102
TEST CONDITIONS
Penetrant carbon dioxide nitrogen oxygen helium water vapor
Temperature (°C) 25
Test Method ASTM D1434 ASTM E96

PERMEABILITY (source document units)

Vapor Transmission Rate
(g - mil/200 in2 - day)

Gas Permeability

(cm3 - mil/100 in2 - day) 250 30 100 900

PERMEABILITY (normalized units)

Permeability Coefficient

(cm® - mmine. day . atm) 98.4 11.8 39.4 354

Vapor Transmission Rate
(g - mm/mZ - day)

Table 6-02. Water Vapor Through DuPont Tefzel T2 Film

Material Family ETHYLENE-TETRAFLUOROETHYLENE COPOLOYMER (ETFE)
Material Supplier/Grade DUPONT TEFZEL T2 FILM
Reference Number 2007
TEST CONDITIONS
Penetrant water vapor

PERMEABILITY (source document units)

Vapor Permeability

(g/m2-d - mm) 03
Vapor Eermeabi[ity 0.8
(9/100 in2 - d - mil)

PERMEABILITY (normalized units)
Vapor Transmission Rate 03

(g - mm/m2. day)
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Material Family

ETHYLENE-TETRAFLUOROETHYLENE COPOLOYMER (ETFE)

Material Supplier/Grade DYNEON 6235G
Reference Number 1128
TEST CONDITIONS
Penetrant oxygen carbon dioxide nitrogen
Temperature (°C) 20 40 80 20 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.1
PERMEABILITY (source document units)
?Cﬁfs Piggﬁi:’/':g day - bar) 666 1550 6020 3790 5870 16100 217 580 1540
PERMEABILITY (normalized units)
(F)C?;Teﬂ'/%f" deaf;ifizrt‘;]) 67 157 610 384 595 1631 2 59 156
Table 6-04. Water Vapor Through Dyneon 6235G ETFE
Material Family ETHYLENE-TETRAFLUOROETHYLENE COPOLOYMER (ETFE)
Material Supplier/Grade DYNEON 6235G
Reference Number 1128
TEST CONDITIONS
Penetrant water vapor water vapor water vapor
Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.2
PERMEABILITY (source document unit)
éapi’ggjr;”/‘;";‘b'gzy) 103 313 269
PERMEABILITY (normalized units)
Vapor Transmission Rate 0.10 031 269

(9 - mm/m? - day)
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Fluorinated Ethylene-Propylene Copolymer (FEP)

Category: Fluoropolymer

General Description: FEP, amelt-processible fluoro-
carbon, isacopolymer of TFE and hexafluoropropy-
lene. FEP and TFE yield similar properties with the
exception of TFE’s|lower melt viscosity.[1004]

FEP produces a transparent thermopl astic film.[2009]

Processing M ethods: FEPresinsare processed by con-
ventional melt-extrusion techniques and by injection,
compression, transfer, and blow-molding processes.
Films may be thermoformed, vacuum formed, heat

sealed, heat bonded, welded, metalized, or lami-
nated.[2009]

Applications: Applicationsrequiring excellent chemi-
cal resistance, superior electrical properties, and high
service temperatures. Release films, tubing, cable in-
sulation and jacketing.

Permeability: Low permeability to liquids, gases,
moisture, and organic vapors.!2009

Permeability Data by Material Supplier Trade
Name: See Tables 7-01 through 7-06, and Graphs
7-01 through 7-02.

Table 7-01. Carbon Dioxide, Hydrogen, Nitrogen, and Oxygen Through DuPont Fluorocarbon FEP Film

Material Family

FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)

Material Supplier/Grade

DUPONT FEP FLUOROCARBON FILM

Reference Number

2009

TEST CONDITIONS

Penetrant carbon dioxide

hydrogen nitrogen oxygen

Temperature (°C)

25

Test Method

ASTM D1434

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.025

PERMEABILITY (source document units)

Gas Permeability

3
(cm3/m2 - 24hrs - atm) 259x10

34.1x10° 5.0x 103 1.6x102

PERMEABILITY (normalized units)

Permeability Coefficient

(cm3 - mm/m2 day - atm) 648

125 40

© Plastics Design Library
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Table 7-02. Acetic Acid, Acetone, Benzene, and Carbon Tetrachloride Through DuPont Fluorocarbon FEP
Film

Material Family FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)
Material Supplier/Grade DUPONT FEP FLUOROCARBON FILM
Reference Number 2009
TEST CONDITIONS
Penetrant acetic acid acetone benzene carbon tetrachloride
Temperature (°C) 25
Test Method ASTM E96
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.025

PERMEABILITY (source document units)

Vapor Permeability
(g/m2 - day) 6.3 14.7 9.9 4.8

(g/100 in - day) 0.41 0.95 0.64 0.31

PERMEABILITY (normalized units)

Vapor Transmission Rate

(9 - mm/m2 - day) 0.158 0.368 0.248 0.12

Table 7-03. Ethyl Alcohol, Hexane, and Water Through DuPont Fluorocarbon FEP Film

Material Family FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)
Material Supplier/Grade DUPONT FEP FLUOROCARBON FILM
Reference Number 2009
TEST CONDITIONS
Penetrant ethyl alcohol hexane water
Temperature (°C) 25
Test Method ASTM E 96
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.025
PERMEABILITY (source document units)
g/‘rﬁ]‘f Z‘;;’;‘eab""y 107 87 70
g};’g{) Pem de:‘yt;"”y 0.69 056 0.4
PERMEABILITY (normalized units)
Vapor Transmission Rate 0.268 0.218 0175
(g - mm/m2. day)
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Table 7-04. Hydrogen vs. Temperature and Pressure Through DuPont Teflon FEP Copolymer

Material Family FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)
Material Supplier/ Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05
TEST CONDITIONS
Penetrant hydrogen
Temperature (°C) -15 25 68 -13 25 67 -16 25 67
Pressure Gradient (kPa) 1724 3447 6895

mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company Chemistry

Test Method/Test Note
Laboratory

PERMEABILITY (source document units)

Gas Permeability

9.06 x1010 | 441x10° | 1.87x108 | 9.64x 100 | 435x10° | 1.77x108 | 8.77x1010 | 4.4x10° 1.8x108
(cm3 :mm/cm? -kPa -sec)

PERMEABILITY (normalized units)

Permeability Coefficient 79.3 386 1637 84.4 381 1550 76.8 385 1576
(cm® :mm/m?2 -day -atm)

Table 7-05. Nitrogen vs. Temperature and Pressure Through DuPont Teflon FEP Copolymer

Material Family FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)
Material Supplier/ Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05
TEST CONDITIONS
Penetrant nitrogen
Temperature (°C) -9 25 71 -7 25 66 -5 25 68
Pressure Gradient (kPa) 1724 3447 6895
Test Method mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company Chemistry Laboratory
PERMEABILITY (source document units)
Gas Permeabilty 506x10% | 38x1010 | 379x109 | 564x10% [ 3.86x10%0 | 3.85x10° | 6.39x 10 | 385x10%0 | 38x10°
(cm3 - mm/cm? - kPa - sec)
PERMEABILITY (normalized units)
{;i;g"e;ﬂ;g?;:y'“j;;ﬂ 44 333 332 49 338 337 5.6 337 333
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Table 7-06. Oxygen and Ammoniavs. Temperature and Pressure Through DuPont Teflon FEP Copolymer

Material Family FLUORINATED ETHYLENE-PROPYLENE COPOLYMER (FEP)
Material Supplier/Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05
TEST CONDITIONS
Penetrant ammonia oxygen
Temperature (°C) 0 25 66 -16 25 52 -16 25 53
Pressure Gradient (kPa) 965 1724 3447

mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company

Test Method/Test Note Chemistry Laboratory

PERMEABILITY (source document units)

Gas Permeability

331x10%0 | 1.15x10° 6.3x10° | 1.04x10%0  1.33x109 | 516x10° | 1.03x10%0 | 115x10° | 5.31x10°
(cm3 - mm/cm? - kPa - sec)

PERMEABILITY (normalized units)

Permeability Coefficient

29.0 101 552 9.1 116 452 9.0 101 465
(cm3 - mm/m2 - day - atm)

Chapter 7: Fluorinated Ethylene-Propylene Copolymer - FEP © Plastics Design Library



89

Graph 7-01. Nitrogen and helium vs. time after retort through FEP copolymer.
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Chapter 8

Perfluoroalkoxy Resin (PFA & MFA)

Category: Fluoropolymer

General Description: PFA issimilar to FEP but with
higher temperature resistance.[10% Ausimont Hyflon
MFA and PFA are semicrystaline fully-fluorinated
melt- processiblefluoropolymers. Hyflon MFA belongs
to the class of PFA (perfluoroalkoxy) having alower
melting point than standard PFA grades. The unique
chemistry of MFA allowsfor avery cost competitive
product, giving improved economics whenever PFA
type performanceis required.[2012

Hyflon gradesare availablein different physical forms
including pelletsand powder.

DuPont Teflon resinisavailablein pellet or powder.

DuPont PFA film is a transparent thermoplastic
film.[2007]

© Plastics Design Library

Processing M ethods: Powder coating, sheet lining, ex-
truded lining, dual laminate, rotational lining, electro-
static coating and rotomolding/rotolining, and liquid
dispersionsfor coating and impregnation.

DuPont PFA film can be heat seaed, thermoformed,
vacuum formed, heat bonded, welded, metallized, lami-
nated (combined with dozens of other materials), and
used as an excellent hot-melt adhesive,[2007]

Applications: Lined and coated processing equipment,
vesselsand housings, high purity chemical storageand
transport, down-hole components in harsh well envi-
ronments.

Permeability: See Collected Comparative Barrier
Properties of Plastics and Elastomersfor moreinfor-
mation.

Permeability Data by Material Supplier Trade
Name: See Tables 8-01 through 8-05.
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Table 8-01. Carbon Dioxide, Nitrogen, Oxygen, and Water Vapor Through DuPont Teflon PFA Film

Material Family

PERFLUOROALKOXY (PFA)

Material Supplier/Grade

DUPONT TEFLON PFA FILM

Reference Number

2011

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

TEST CONDITIONS

Penetrant

carbon dioxide

nitrogen

oxygen

water vapor

Temperature (°C)

25

Test Method

ASTM D1434

ASTM E96

PERMEABILITY (source document units)

Gas Permeability
(cm3/mz - 24hrs - atm)

14,000

2,000

6,700

Vapor Permeability
(g/m2 - day)

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 day - atm)

700

100

335

Vapor Transmission Rate
(g - mm/m2 - day)

0.1

Table 8-02. Oxygen vs. Temperature, R22, and Chlorine Through Ausimont Hyfalon MFA 620

Material Family MFA
Material Supplier/Grade AUSIMONT HYFALON MFA 620
Reference Number 2012
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05 0.1 0.1 0.1 0.1 0.7
TEST CONDITIONS
Penetrant oxygen oxygen oxygen oxygen R22 chlorine
Temperature (°C) 23 23 40 50 10 50
Test Method Swedish Corrosion Institute
PERMEABILITY (source document units)
(Gcismlnrs;*gms ) 300 270 380 540 36 567
PERMEABILITY (normalized units)
(F’C‘;’]Te;?ﬂ}%zcogc'z?;) 300 270 380 540 36 567

Chapter 8: Perfluoroalkoxy Resin - PFA & MFA
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Table 8-03. Oxygen vs. Temperature, R22, and Chlorine Through Ausimont Hyfalon PFA 420

Material Family PERFLUOROALKOXY (PFA)
Material Supplier/Grade AUSIMONT HYFALON PFA 420
Reference Number 2012
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05 0.1 0.7
TEST CONDITIONS
Penetrant oxygen R22 chlorine
Temperature (°C) 23 40 50 10 50
Test Method Swedish Corrosion Institute

PERMEABILITY (source document units)

Gas Permeability

(cc - mmim? 24 hrs - atm) 380 280 450 570 40 625
PERMEABILITY (normalized units)

Permeability Coefficient

(cm? - mmim2. day - atm) 380 280 450 570 40 625

Table 8-04. Oxygen, Carbon Dioxide, and Nitrogen Through Dyneon 6510N PFA

Material Family PERFLUOROALKOXY (PFA)

Material Supplier / Grade DYNEON 6510N

Reference Number 1128

TEST CONDITIONS

Penetrant oxygen carbon dioxide nitrogen
Temperature (°C) 20 40 80 20 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.1

PERMEABILITY (source document units)

g;ss P‘iggﬁan?/'m’ day - bar) 2740 4910 15100 8650 12600 29400 792 2010 4780
PERMEABILITY (normalized units)

E?;Te;?:}%fofgc'zrt‘;) 211 497 1530 876 1276 2978 80 204 484

© Plastics Design Library Chapter 8: Perfluoroalkoxy Resin - PFA & MFA



94

Table 8-05. Water Vapor Through Dyneon 6510N PFA

Material Family PERFLUOROALKOXY (PFA)

Material Supplier/Grade DYNEON 6510N PFA

Reference Number 1128

TEST CONDITIONS

Penetrant water vapor

Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.1

PERMEABILITY (source document units)

éapl%roi‘i:/“n?ftgg% 0223 102 123
PERMEABILITY (normalized units)

Vapor Transmission Rate 0.002 0.102 193
(9 - mm/m2-day)
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Polychlorotrifluoroethylene (PCTFE)

Category: Fluoropolymer

General Description: Aclar films are crystal clear
films made from fluorinated-chlorinated resins that
demonstrate excellent moisture barrier properties.[2014]
Homopolymer: Aclar Rx series. Copolymers. Aclar
22A, 33C, and Cx.

Processing M ethods: Through the use of conventional
thermoplastic processing techniques, PCTFE can be
molded as well as extruded into transparent film and
sheet,[1004] |aminated, heat-sealed, printed thermo-
formed, metallized, and sterilized.[2013]

Applications:

e Aclar 11A. Industrial and electronics
packaging.

» Aclar 22A, Rx 160, SupRx 900, UItRx
2000 & 3000. Pharmaceutical packaging,
and blister packages.

© Plastics Design Library

* Aclar 22C. Encapsulating film for clean
room packaging and el ectroluminescent
lamps.

« Aclar 33C. Military and industrial pack-
aging as either amonolayer filmor asa
chemical and moisturebarrier inlaminate
structures.

« Aclar Cx 130E. Moisture protection.!2014]

Permeability to Water and Other Liquids. Medium,
high and ultrahigh moisture barrier propertiesare avail-
able ranging from 0.78 g/m?/day to 0.08 g/m?/day
(without samplethicknessthese values can not be* nor-
malized”). Aclar films have an outstanding ability to
prevent the passage of water vapor and liquids provid-
ing product protection. Because of it transparency, these
films permit inspection viewing of the product while
protecting the product from moisture.[2013]

See Collected Comparative Barrier Propertiesof Plas-
tics and Elastomersfor more information.

Permeability Data by Material Supplier Trade
Name: See Tables 9-01 through 9-04 and Graph 9-01.
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Table 9-01. Water Vapor Through Honeywell Aclar PCTFE Film

Material Family POLYCHLOROTRIFLUOROETHYLENE (PCTFE)

Material Supplier HONEYWELL ACLAR FILM

Grade 11A 11A 11A 22A 22C 22C 33C 33C Rx

Reference Number 2014
TEST CONDITIONS

Penetrant water vapor

Temperature (°C) 378

Relative Humidity (%) 100

Test Method ASTM F1249
MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.015 0.0225 0.05 0.0375 0.05 0.125 0.0187 0.195 0.0007
PERMEABILITY (source document units)

Vapor Permeability 0.42 0.047 042

(g/m? - day)

(9/100 in2 - day) 0.027 0.017 0.008 0.022 0.019 0.007 0.027 0.003
PERMEABILITY (normalized units)

Elga."r‘:]rnm'z‘.sgjfio” Rate 0.0064 0.0060 0.0063 0.013 0.015 0.014 0.008 0.009 0.0003
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Material Family

POLYCHLOROTRIFLUOROETHYLENE (PCTFE)

Material Supplier HONEYWELL ACLAR FILM

Grade SupRx UItRx 2000 UltRx 3000

Reference Number 2014
TEST CONDITIONS

Penetrant water vapor

Temperature (°C) 37.8

Relative Humidity (%) 100

Test Method ASTM F1249
MATERIAL CHARACTERISTIC

Sample Thickness (mm) 0.0225 0.05 0.075
PERMEABILITY (source document units)

éf}‘r‘;‘ir.gaeyr;‘eab"“y 0.26 0.12 0077

(9/100 in2 -day) 0.017 0.008 0.005
PERMEABILITY (normalized units)

éa‘:]’;]yrﬁnfj’;‘ﬁs'o” Rate 131 0.006 0.0056

© Plastics Design Library
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Table 9-03. Water Vapor Through Honeywell Aclar PCTFE Film

Material Family

POLYCHLOROTRIFLUOROETHYLENE (PCTFE)

Material Supplier/Grade

HONEYWELL ACLAR FIIM Cx 130E

Reference Number

2014

TEST CONDITIONS

Penetrant

water vapor

Temperature (°C)

25

30 40

37.8

Relative Humidity (%)

60

60 75

100

Test Method

ASTM F1249

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.0325

PERMEABILITY (source document

units)

Vapor Permeability
(g/m2 - day)

0.078

0.155 0.51

0.78

(9/100 in? - day)

0.005

0.01 0.033

0.05

PERMEABILITY (normalized units)

Vapor Transmission Rate
(9 - mm/m? - day)

0.0025

0.005 0.0166

0.025

Table 9-04. Oxygen, Carbon Dioxide, and Nitrogen Through Honeywell Aclar PCTFE Film

Material Family

POLYCHLOROTRIFLUOROETHYLENE (PCTFE)

Material Supplier

HONEYWELL ACLAR

Grade

33C

22C

22A

Product Form

FILM

Features

transparent

Reference Number

138

TEST CONDITIONS

Penetrant

oxygen

carbon dioxide

oxygen

nitrogen | carbon dioxide

oxygen

nitrogen | carbon dioxide

Temperature (°C)

25

Test Note

STP conditions

PERMEABILITY (source docume

nt units)

Gas Permeability
(cmd - mil/100 in2 - day)

16

15

25 40

12

25 30

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

2.8

6.3

5.9

1.0 15.7

4.7

1.0 11.8

Chapter 9: Polychlorotrifluoroethylene — PCTFE
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Graph 9-01. Effect of temperature on high barrier structures (formed blisters).[202%
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Chapter 10

Polytetrafluoroethylene (PTFE)

Category: Fluoropolymer * Dyneon PTFE. Compression molding,
skived film.[1128]
General Description: PTFE is extremely heat re-
sistant and has outstanding chemical resistance. Applications: Pipeliners, fittings, valves, pumps, and
other components used for transferring aggressive,
e DuPont Tefl on PTFE. Granular powders ultrapurefluids.
and aqueous dispersions.
« Teflon NXT. Granular powders.[2016] Per meability to Oxygen and Other Gases: Teflon
NX T wasdeveloped to provide higher permeation re-
Processing M ethods: sistance, aswell as other property improvements.[2016l
« Teflon PTFE. Compression molding and See Collected Comparative Barrier Propertiesof Plas-
sintering followed by machining, ram ex- tics and Elastomersfor more information.
trusion, isostatic molding, and sintering. . _ _
Surfaces are coated by applying disper- Permeability Data by Material Supplier Trade
sion and baking. Name: See Tables 10-01 through 10-10.

* Teflon NXT. Same as PTFE with the ad-
dition of heat welding and thermo-
forming.[2016]

© Plastics Design Library Chapter 10: Polytetrafluoroethylene — PTFE
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Table 10-01. Hydrogen vs. Temperature and Pressure Through DuPont Teflon PTFE

Material Family

POLYTETRAFLUOROETHYLENE (PTFE)

Material Supplier/Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.03
TEST CONDITIONS
Penetrant hydrogen
Temperature (°C) -16 25 68 -17 25 67 -18 25 63
Pressure Gradient (kPa) 1724 1724 1724 3447 3447 3447 6895 6895 6895

Test Method

mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company Chemistry Laboratory

PERMEABILITY (source document units)

Gas permeabilty 17x10° | 634x10° | 188x10% | 163x10° | 59x10° | 1.86x10% | 1.59x10° | 594x10° | 1.64x 108
(cm3 - mm/cm? - kPa - sec)
PERMEABILITY (normalized units)
(P;T;g"e;?g;%f" degfizrt‘%) 149 555 1646 143 516 1628 139 520 1436
Table 10-02. Nitrogen vs. Temperature and Pressure Through DuPont Teflon PTFE
Material Family POLYTETRAFLUOROETHYLENE (PTFE)
Material Supplier/Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.03
TEST CONDITIONS
Penetrant nitrogen
Temperature (°C) -23 25 71 -25 25 70 -23 25 68
Pressure Gradient (kPa) 1724 1724 1724 3447 3447 3447 6895 6895 6895

Test Method

mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company Chemistry Laboratory

PERMEABILITY (source document units)

Gas Permeability 9.46x 1041 | 7.87x1010 | 29x10° | 889x 104 | 7.88x 100 | 2.89x10° | 9.47x 10t | 7.84x 1010 | 2.87x 109
(cm3 - mm/cm? - kPa - sec)

PERMEABILITY (normalized units)
Permeability Coefficient 83 68.9 254 78 69 253 83 68.6 251
(cm3 - mm/m2 - day - atm)

Chapter 10: Polytetrafluoroethylene — PTFE
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Table 10-03. Oxygen and Ammonia vs. Temperature and Pressure Through DuPont Teflon PTFE

Material Family POLYTETRAFLUOROETHYLENE (PTFE)
Material Supplier/Grade DUPONT TEFLON
Reference Number 306

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.03
TEST CONDITIONS
Penetrant ammonia oxygen
Temperature (°C) -3 25 63 -17 25 51 17 25 51
Pressure Gradient (kPa) 965 965 965 1724 1724 1724 3447 3447 3447
Test Method mass spectrometry and calibrated standard gas leaks developed by McDonnell Douglas Space Systems Company
Chemistry Laboratory

PERMEABILITY (source document units)

Gas Permeabllty 471x10% | 173x10° | 862x109 | 527x10% | 255x10° | 538x109 | 455x 1070 | 254x10° | 546x10°
(cm3 - mm/cm? - kPa - sec)

PERMEABILITY (normalized units)

Permeability Coefficient

41.2 151 755 46.1 223 471 39.8 222 478
(cm3 - mm/m2 - day - atm)
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Table 10-04. Hydrogen vs. Temperature and Pressure Through Carbon Filled DuPont Teflon PTFE

Material Family POLYTETRAFLUOROETHYLENE (PTFE)
Material Supplier/Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05
MATERIAL COMPOSITION
Note carbon filled
TEST CONDITIONS
Penetrant hydrogen
Temperature (°C) -15 25 68 -11 25 67 -14 25 65
Pressure Gradient (kPa) 1724 1724 1724 3447 3447 3447 6895 6895 6895

Test Method/Test Note mass spectrometry and calibrated standard gas Ieak;; developed by McDonnell Douglas Space Systems Company
Chemistry Laboratory

PERMEABILITY (source document units)

Gas Permeabilty 395x10° | 134x108 | 353x108 | 451x10° | 127x10% | 342x10% | 417x10° | 123x108 | 332x108
(cm3 - mm/cm? - kPa - sec)

PERMEABILITY (normalized units)

Permeabilty Coefficient 346 1173 3090 395 1112 2994 365 1077 2906
(cmd - mm/m2 - day - atm)
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Material Family

POLYTETRAFLUOROETHYLENE (PTFE)

Material Supplier/Grade DUPONT TEFLON
Reference Number 306
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.05
MATERIAL COMPOSITION
Note carbon filled
TEST CONDITIONS
Penetrant nitrogen
Temperature (°C) -14 25 68 -17 25 71 -17 25 67
Pressure Gradient (kPa) 1724 1724 1724 3447 3447 3447 6895 6895 6895

Test Method/Test Note

mass spectrometry and calibrated standard gas leaks; developed by McDonnell Douglas Space Systems Company

Chemistry Laboratory

PERMEABILITY (source document units)

Gas Permeability

(cm3 - mm/m2 - day - atm)

25x1010 | 146x10° | 528x10° [ 2.34x100 | 152x10° | 532x10° | 2.34x1010 [ 1.42x109 | 4.78x10°
(cm3 - mm/cm? - kPa - sec)
PERMEABILITY (normalized units)
Permeabilty Coefficient 219 128 462 205 133 466 205 124 118

© Plastics Design Library
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Table 10-06. Comparative Permeation Rates for Teflon NXT and Conventional PTFE[?0

Vapor Liquid Gas
Specimen
Permeant Thém‘iss PTFE Teflon NXT PTFE Teflon NXT PTFE Teflon NXT
Perchloroethylene 1 55 2 13 4
2 14 0.1 0.019 0.005
4 0.08 0.05 0.006 0
5 0.055 0.050
Hexane 2 3.4 0.2 234 0
5 0.045 0.015
MEK 2 36.3 23.3 49.4 34.2
5 226 20.8 355 252
HCI (20%) 1 04 0.1
Helium 2 - - - - 93 1
5 - - - - 0.18 0.12

The above information is intentionally published by DuPont without units. For more information contact DuPont.

Table 10-07. Oxygen, Carbon Dioxide, and Nitrogen Through Dyneon TFM 1700 PTFE

Material Family POLYTETRAFLUOROETHYLENE (PTFE)
Material Supplier/Grade DYNEON TFM 1700
Reference Number 1128
TEST CONDITIONS
Penetrant oxygen oxygen oxygen carbon carbon carbon nitrogen nitrogen nitrogen

dioxide dioxide dioxide

Temperature (°C) 20 40 80 20 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.2
PERMEABILITY (source document units)
Gas Permeability
(cm? - 200um/m - day - bar) 879 1557 3550 2405 3653 6698 316 637 1676
PERMEABILITY (normalized units)
Permeabilty Coefficient 178 316 720 487 740 1358 64 129 340
(cm3 - mm/m2 - day - atm)
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Material Family

POLYTETRAFLUOROETHYLENE (PTFE)

Material Supplier/Grade DYNEON TFM 1700
Reference Number 1128
TEST CONDITIONS
Penetrant water vapor
Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2
MATERIAL CHARACTERISTIC
Sample Thickness (mm) 0.2
PERMEABILITY (source document units)
E’Qapﬁmﬂzmﬁ%"w 0.090 0.348 4827
PERMEABILITY (normalized units)
Elgap?]:;;fnnfrz'asj)"’” Rate 0.0045 0.0174 0.241
Table 10-09. Oxygen, Carbon Dioxide, and Nitrogen Through Dyneon TF 1750 PTFE
Material Family POLYTETRAFLUOROETHYLENE (PTFE)
Material Supplier/Grade DYNEON TF 1750
Reference Number 1128
TEST CONDITIONS
Penetrant oxygen carbon dioxide nitrogen
Temperature (°C) 20 40 80 20 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.2
PERMEABILITY (source document units)
gransap%ge;g}ur% day- ban) 1259 2054 4685 3551 4982 8490 437 814 2086
PERMEABILITY (normalized units)
(F’Cf];g“e;?g;%f‘) deg‘fizrt‘;) 255 416 849 720 010 | 1721 89 165 423

© Plastics Design Library
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Table 10-10. Water Vapor Through Dyneon TF 1750 PTFE

Material Family

POLYTETRAFLUOROETHYLENE (PTFE)

(9 - mm/mz - day)

Material Supplier/Grade DYNEON TF 1750
Reference Number 1128
TEST CONDITIONS
Penetrant water vapor
Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.2
PERMEABILITY (source document units)
z’gap‘z’{)gfrrn@‘;fjb"('gy) 0.085 0435 6.01
Permeability (normalized units)
Vapor Transmission Rate 0.0425 0.022 0.30

Chapter 10: Polytetrafluoroethylene — PTFE
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Chapter 11
Polyvinyl Fluoride (PVF)

Category: Fluoropolymer

General Description: PVF isavailable only in film
form. DuPont Tedlar films are available in clear,
translucent, or opague white film and in several sur-
face finishes.[2017]

Applications: Release films for epoxies, phenolics,
polyesters and rubber compounds. Printed circuit
boards, molded parts, resin overflow containment, re-
surfacing of rubber laminating and printing rolls.[2017]

Permeability Data by Material Supplier Trade
Name: See Table 11-01.

Table 11-01. Water Vapor, Nitrogen, and Carbon Dioxide Through PVF

Material Family

POLYVINYL FLUORIDE (PVF)

Reference Number

138

TEST CONDITIONS

Penetrant water vapor

oxygen

nitrogen carbon dioxide

Temperature (°C) 37.8

25

25 25

Relative Humidity (%) 90

Test Note

STP conditions

PERMEABILITY (source document units)

Gas Permeability
(cm3 - mil/100 in2 - day)

3.0

0.25 11

Gas Permeability
(cmé - mm/mZ - day - atm)

1.2

0.10 4.3

Vapor Transmission Rate

(g - mil/100 in2 - day) 3.24

Vapor Transmission Rate

(g/day - 100n?) 13

PERMEABILITY (normalized units

=

Permeability Coefficient
(cmé - mm/mZ - day - atm)

1.2

0.1 4.3

Vapor Transmission Rate

(g - mm/m2 - day) 13

© Plastics Design Library
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Polyvinylidene Fluoride (PVDF)

Category: Fluoropolymer

General Description: PVDFisasemicrystaline, en-
gineering polymer containing fluorine. Some gradesare
melt processible. Atofina Kynar is available as gran-
ulesor powder.[1130 Solvay Solef offershomopolymers
with high crystallinity and copolymerswith high flex-
ibility.[1131 Ausimont Hylar M P series are homopoly-
mers, having high crystallinity, and Hylar FX  and FX

are copolymers.[1132]

Processing M ethods. Extrusion, compression mold-
ing, injection molding.

Applications: Coatings, piping for ultrahigh purity
water and hot concentrated acids, high purity pharma-
ceutical grade chemicals, pumps, tubing, and automo-
tivefuel systems.

© Plastics Design Library

Permeability: The crystalline content of Kynar pro-
videsit with low permeability to gases and fluids.[1130
Solef has average permeability to small moleculessuch
ascarbon dioxide, nitrogen, oxygen, water, and nitrous
oxide.[1133]

See Collected Comparative Barrier Propertiesof Plas-
tics and Elastomersfor more information.

Permeability Data by Material Supplier Trade

Name: See Tables 12-01 through 12-06, and Graphs
12-01 through 12-08.

Chapter 12: Polyvinylidene Fluoride — PVDF
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Table 12-01. Oxygen, Nitrogen, Helium, Carbon Dioxide, Air, and Water Vapor Through Atofina Kynar PVDF

Material Family POLYVINYLIDENE FLUORIDE (PVDF)

Material Supplier/Grade ATOFINA KYNAR

Reference number 1134

TEST CONDITIONS

Penetrant oxygen nitrogen helium carbon dioxide air water vapor

Temperature (°C) 23

Test Method ASTM D1434 DIN 53122

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.1

PERMEABILITY (source document units)

Gas Permeability

(cmd/m2 - day - bar) 20 30 600 100 7

Vapor Permeability 9
(g/m2 - day - bar)

PERMEABILITY (normalized units)

Permeability Coefficient

(e mmine day - am) 196 294 58.8 9.8 0.69

Vapor Transmission Rate 0.196
(g - mm/m2 . day)
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Table 12-02. Ammonia, Helium, Chlorine, and Hydrogen Through Solvay Solef PVDF Film

Material Family POLYVINYLIDENE FLUORIDE (PVDF)
Material Supplier/Grade SOLVAY SOLEF
Product Form FILM
Manufacturing Method cast film
Reference Number 125
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.1
TEST CONDITIONS
Penetrant ammonia helium chlorine hydrogen
Temperature (°C) 23
Test Method ASTM D1434
PERMEABILITY (source document units)
(C;z;]saPeNr/mn?Zabl(;g); ba 65 850 12 210
PERMEABILITY (normalized units)
Z%Te;ﬂﬂ}%fojgc";’t‘:n) 6.6 86 12 213
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Table 12-03. Carbon Dioxide, Nitrogen, Oxygen, and Water Vapor Through Solvay Solef 1008 PVDF Film

Material Family

POLYVINYLIDENE FLUORIDE (PVDF)

Material Supplier/Grade

SOLVAY SOLEF 1008

Product Form

FILM

Features

translucent

Reference Number

125

MATERIAL CHARACTERISTICS

Sample Thickness (mm) 0.1

TEST CONDITIONS

Penetrant carbon dioxide nitrogen oxygen water vapor

Temperature (°C) 23 38

Test Method ASTM D1434 ASTM E96, proc. E

PERMEABILITY (source document units)

Vapor Transmission Rate

(g/m2 - day) 75

Gas Permeability

(cm3 - N/m2 - day - bar) 70 30 21

PERMEABILITY (normalized units

=

Permeability Coefficient

(cm3 - mm/m?2 - day - atm) 7.09 3.04 213

Vapor Transmission Rate

(g9 - mm/m? - day) 075
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Table 12-04. Freon, Nitrous Oxide, Hydrogen Sulfide, and Sulfur Dioxide Through Solvay Solef PVDF Film

Material Family

POLYVINYLIDENE FLUORIDE (PVDF)

Material Supplier/Grade SOLVAY SOLEF
Product Form FILM
Manufacturing Method cast film
Reference Number 125
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.025
TEST CONDITIONS
Penetrant Freon 12 Freon 114 Freon 115 Freon 318 nitrous oxide | hydrogen sulfide | sulfur dioxide
Temperature (°C) 23
Test Method ASTM D1434
PERMEABILITY (source document units)
(Gcf]‘fspﬁf‘nffbgg ba 6.3 10 4 7 900 60 60
PERMEABILITY (normalized units)
(F’Cfrz’?e;zﬂ}%fo(f:f'z‘:n) 016 025 01 048 228 152 152
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Table 12-05. Water Vapor, Oxygen, Nitrogen, and Carbon Dioxide Through PVDF

Material Family

POLYVINYLIDENE FLUORIDE (PVDF)

Reference Number

138

TEST CONDITIONS

Penetrant

water vapor

oxygen nitrogen

carbon dioxide

Temperature (°C)

23

25

Relative Humidity (%)

90

Test Note

STP conditions

PERMEABILITY (source document units)

Gas Permeability
(cm3 - mil/100 in? - day)

14 9

55

Gas Permeability
(cm3 - mm/m2 - day - atm)

0.55 35

2.2

Vapor Transmission Rate
(g - mil/200 inZ - day)

26

Vapor Transmission Rate
(g/day - 100 in?)

1.0

PERMEABILITY (normalized units

=

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

0.55 35

2.2

Vapor Transmission Rate
(g - mm/m2 - day)

1.0

Chapter 12: Polyvinylidene Fluoride — PVDF
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Table 12-06. Water Vapor, Oxygen, and Carbon Dioxide Through Atochem Foraflon PVDF Film
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Material Family

POLYVINYLIDENE FLUORIDE (PVDF)

Material Supplier/Grade

ATOCHEM FORAFLON

Product Form

EXTRUDED FILM

Reference Number

89

MATERIAL CHARACTERISTICS

Sample Thickness (mm)

0.02

0.028

0.04

0.037

0.034

TEST CONDITIONS

Penetrant

water vapor

oxygen

carbon dioxide

Temperature (°C)

38

30

Test Method

NFH 00044

ISO 2556

PERMEABILITY (source document units)

Vapor Transmission Rate
(g/m?2 - day)

34

22

16

Gas Permeability
(cm3/mZ - day)

140

890

PERMEABILITY (normalized units)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

5.18

30.26

Vapor Transmission Rate
(g9 - mm/m2 - day)

0.68

0.62

0.64

Graph 12-01. Moisture vapor vs. thickness through PVDF.
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Graph 12-02. Moisture vapor vs. temperature through PVDF.

Graph 12-03. Carbon
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Graph 12-04. Water vapor vs. thickness through PVDF.
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Graph 12-06. Nitrogen and oxygen vs. thickness through PVDF.
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Graph 12-08. Helium and hydrogen vs. thickness through PVDF.
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Hexafluoropropylene, Tetrafluoroethylene, Ethylene (HTE)

Category: Fluoropolymer

Applications: Pipe, tube, film, sheet, tank lining.

General Description: HTE is aterpolymer of hexa- Permeability Data by Material Supplier Trade
fluoropropylene, tetrafluoroethylene, and ethyl- Name: See Tables 13-01 through 13-02.
ene 11281

Processing Methods: Extrusion, co-extrusion, in-
jection molding, blow molding, film laminating and

coating.

Table 13-01. Oxygen, Carbon Dioxide, and Nitrogen Through Dyneon 1700 HTE

Material Family HEXAFLUOROPROPYLENE, TETRAFLUOROETHYLENE, ETHYLENE (HTE)
Material Supplier/Grade DYNEON 1700
Reference Number 1128
TEST CONDITIONS
Penetrant oxygen carhon dioxide nitrogen
Temperature (°C) 20 40 80 20 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.1
PERMEABILITY (source document units)
(Gcf‘nsf%moeﬂgz day- ban) 801 1540 6990 4210 7400 35900 194 453 2920
PERMEABILITY (normalized units)
(F’C%Te;?r'j}a’]zcodegc'z% 81 156 708 433 750 3637 20 46 296
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Table 13-02. Water Vapor Through Dyneon 1700 HTE

Material Family HEXAFLUOROPROPYLENE, TETRAFLUOROETHYLENE, ETHYLENE (HTE)
Material Supplier/Grade DYNEON 1700
Reference Number 1128
TEST CONDITIONS
Penetrant water vapor
Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.2
PERMEABILITY (source document units)
éaf’%g:rrn”/‘;i?'ggy) 117 2.56 3628
PERMEABILITY (normalized units)
Vapor Transmission Rate 0417 0.256 3.68
(g - mm/m2. day)
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Tetrafluoroethylene, Hexafluoropropylene, Vinylidene

Fluoride Terpolymer (THV)

Category: Fluoropolymer

General Description: Dyneon THV is a polymer of
tetrafluoroethylene, hexafluoropropylene, and vi-
nylidenefluoride. Advantagesinclude low processing
temperature, ability to bond to elastomers and hydro-
carbon-based plastics, flexibility, and optical clarity.
These combined advantages create new opportunities
to make multilayer hoses, tubing, film, sheet, seals,
and containers.

Processing M ethods. Extrusion, co-extrusion, in-
jection molding, blow molding, film laminating and
coating.

Applications: Multilayer hoses, tubing, film, sheet,
seals, and containers. These products are used in a
variety of markets and applications such as automo-
tive (low-permeation fuel systems), chemical process-
ing industry, semiconductor, solar energy, polymer
optical fiber and architectural and protective coat-
ings.[1128]

Permeability Data by Material Supplier Trade
Name: See Tables 14-01 through 14-02.

Table 14-01. Oxygen, Carbon Dioxide and Nitrogen Through Dyneon 500 THV

Material Family

TETRAFLUOROETHYLENE, HEXAFLUOROPROPYLENE, VINYLIDENE FLUORIDE TERPOLYMER (THV)

Material Supplier/Grade DYNEON 500
Reference 1128
TEST CONDITIONS
Penetrant oxygen carbon dioxide nitrogen
Temperature (°C) 20 40 80 40 80 20 40 80
Test Method DIN 53380 Part 4.1.2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.1
PERMEABILITY (source document units)
gﬁi Pfgg”ﬁan?}r'l':i’ day ba) 696 1930 13100 2060 5680 29800 217 675 5280
PERMEABILITY (normalized units)
(F(’fr;gﬂﬁna;'};;yz %Ogﬁ'gﬁn")t 7 196 1327 209 575 3019 22 68 535
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Table 14-02. Water Vapor Through Dyneon 500 THV

Material Family

TETRAFLUOROETHYLENE, HEXAFLUOROPROPYLENE, VINYLIDENE FLUORIDE TERPOLYMER (THV)

(9 - mm/m2-day)

Material Supplier/Grade DYNEON 500
Reference Number 1128
TEST CONDITIONS
Penetrant water vapor
Temperature (°C) 20 40 80
Test Method DIN 53122 Part 2
MATERIAL CHARACTERISTICS
Sample Thickness (mm) 0.1
PERMEABILITY (source document un
zlgalpl%ropfr’nr?;f?gg) 173 738 137
PERMEABILITY (normalized units)
Vapor Transmission Rate 0173 0.738 137
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lonomer

Category: Ethylene Acid Copolymer

General Description: DuPont Surlyn ionomer res-
insarecrystal clear and are used alone or in combina-
tion with other resins.

Processing Methods: Injection molding, extrusion,
foaming, thermoformed or used as powder-coating or
resin modifier.

Applications: Packaging filmsand sealants, glass coat-
ings, and abrasion resistant surfaces.

Permeability: Although Surlyn resinsdo not possess
high gas barrier properties, they can improve the bar-
rier properties of structures containing foil or PVDC.
In structures of paper/PVDC/Surlyn, the ionomer re-
ducesthe number of pinholesin the extremely thinfoil
used in flexible packaging. In the case of foil struc-
tures, Surlyn again reduces the number of pinholes
which appear inthe brittle PV DC layer when flexed.[279

© Plastics Design Library

Surlyn also improvesthe barrier of flexible structures
against aggressive products and chemicals such as
alcohols, sauces, toothpaste, grease, and fruit juices.
Each aggressive product should be tested individu-
ally at normal exposure conditions. For example, a
very aggressive chili pepper/oil mixture could not be
packaged in acomposite of foil/Surlyn but instead con-
tained in a co-extrusion of nylon/Surlyn.[27

Surlynimprovesthe barrier performance of acompan-
ion thin PVDC layer by providing the same flex pro-
tection aswith foil and by improving forminginvacuum
packaging systems. For processed meat and natural
cheese, a forming web of nylon/Surlyn is generally
sufficient and replaces nylon/PE.[279]

Permeability Data by Material Supplier Trade
Name: See Tables 15-01 through 15-03.
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Table 15-01. Oxygen Through DuPont Surlyn Zinc lon Type lonomer Film

Material Family IONOMER
Material Supplier/Trade Name DUPONT SURLYN
Grade 1650 1652 1702 1705 F1706 F1801 F1855
Manufacturing Method blown film
Reference Number 280
MATERIAL CHARACTERISTICS
Density (g/cm?) 0.950 0.94 0.94 0.950 0.960 0.960 0.960
Melt Flow Index (g/10 min) 1.6 5.0 14.0 55 0.7 1.0 1.0
Sample Thickness (mm) 0.051
lon Type zinc
TEST CONDITIONS
Penetrant oxygen
PERMEABILITY (source document units)
(c;:;; /Fi%romlﬁibggl am) 220 180 175 170 185 215 295
PERMEABILITY (normalized units)
f’;};g“e;l;];';%?;jy'ﬂgq;) 174 142 138 134 146 170 233
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Table 15-02. Water Vapor and Oxygen Through DuPont Surlyn Sodium lon Type lonomer Film

Material Family

IONOMER

Material Supplier/Trade
Name

DUPONT SURLYN

Grade

1601

1603

F1605

1707

F1856

1601

1603

F1605

1707 F1856

Manufacturing Method

blown film

Reference Number

280

MATERIAL CHARACTERISTICS

Density (g/cm3)

0.94

0.94

0.950

0.950

0.950

0.94

0.94

0.950

0.950 0.950

Melt Flow Index
(9/20 min)

13

1.7

2.8

0.9

1.0

13

17

2.8

0.9 1.0

Sample Thickness (mm)

0.051

MATERIAL COMPOSITION

lon Type

sodium

TEST CONDITIONS

Penetrant

water vapor

oxygen

PERMEABILITY (source document units)

Vapor Transmission Rate
(g/day - 100 in?)

0.8

0.65

0.8

0.8

12

Gas Permeability
(cm3/100 in2 - day - atm)

265

190

200

165 290

PERMEABILITY (normalized u

nits)

Permeability Coefficient
(cm3 - mm/m2 - day - atm)

209

150

158

130 229

Vapor Transmission Rate

0.63

(g9 - mm/m2 - day)

0.51

0.63

0.63

0.95
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Table 15-03. Water Vapor Through DuPont Surlyn Zinc lon Type lonomer Film

Material Family IONOMER
Material Supplier/ Trade Name DUPONT SURLYN
Grade 1650 1652 1702 1705 F1706 F1801 F1855
Manufacturing Method blown film
Reference Number 280
MATERIAL CHARACTERISTICS
Density (g/cm?3) 0.950 0.94 0.94 0.950 0.960 0.960 0.960
Melt Flow Index (g/10 min) 1.6 5.0 14.0 55 0.7 1.0 1.0
Sample Thickness (mm) 0.051
MATERIAL COMPOSITION
lon Type zinc
TEST CONDITIONS
Penetrant water vapor
PERMEABILITY (source document units)
2/9:;3;; .Trl"’é)”osmgsm Rate 0.75 06 0.7 07 07 0.7 10
PERMEABILITY (normalized units)
zlgaf’;rnmm‘fji‘m Rate 0.59 047 055 0.55 055 0.55 0.79
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