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MATERIAL SAFETY DATA SHEET

IDENTIEICATION

NAME
HFC-134n

FORMULA
CH,FCF,

MANUFACTURER/DISTRIBUTOR
E, 1. du Pont de Nemoura & Ca. {[ne.)

ADDRESSE
Wilmington, DE 19808

PHYSICAL DATA

BOILING POINT
«26.53°C (-14.5°F) & 736 mmHp

LIQUID DENSITY
121 g/ee @ 25°C (77°F)

YAPOR DENSITY (AIR = 1}
.18

FORM
Liquelied Gas

COLOR
Cnlurlu_s

Datc: 4/34

CHEMICAL FAMILY
Halogensted Hydrocarbon

TSCA INVENTORY STATUS
Reported /Inzluded

FRODUCT INFORMATION PHONE
{800) 441-9450

MEDICAL EMERGENCY PHONE
{(200) 441-3537

TRANSFORTATION MPHONE
CHEMTREC (300) 424-2300

PERCENT YOLATILE BY YOLUME
108

YAPOR FRESSURE
26 poig @ 25°C {17°F)

SOLUBILITY IN WATER
0.15% by wt at 25°C {77°F) & 14.7 psia

APPEARANCE
Clear

ODOR
Slight Ethereal
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MATERIAL SAFETY DATA SHEET

1DENTIFICATION
NAME CHEMICAL FAMILY
HFC-134a Hulogenated Hydrocarbon
FORMULA TSCA INVENTORY STATL'S
CH,FCFy Reported/Included
MANUFACTURER/DISTRIBUTOR PRAODUCT INFORMATION PHONE
E. I. du Pont de Nemours & Ca, (Ing.) (300) 441-5450
ADDRESS MEDICAL EMERGENCY PHONE
Wilmington, DE 19898 (300} 441-3637
TRANSFORTATION PHONE
CHEMTREC (300) 424-9300

.l‘_ﬂw

BOILING POINT PERCEMT YOLATILE BY YOLUME
-26.5°C (-14.5°F) (® 716 mmHg Lo0
LIQUID DENSITY YAPOR PRESSURE
1.21 gfce @ 25°C (71°F) 96 palg @ 25°C (77°F)
YAPFOR DENSITY {(AIR = 1) SOLUBILITY IN WATER
313 0.15% by wt at 25°C (779F) & 4.7 psin
FORM APPEARANCE
Liguelied Gai Clear
COLOR ODOR
Cﬂldrlﬂl;l Slight Etheresl

. E-94933 Date: 4/82
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HAZARDOUS COMPONENTS

MATERIAL(S}Y CAS NO, APPROXIMATE %

Ethane,l,l,1,2-Tetrafluora £11-97-2 100
HAZARDOUS REACTIVITY

STABILITY

Material is stable. However, nvoid open flames and high temperatures.

INCOMPATIRILITY
Iﬁlknli or Alkallne carth metals—powdered Al, Zn, Be, ctc

DECOMPOSITION
HFC-134n can be decomposed by high tsmpearntores {open Flames, glowing metal
surfnces, otc.) forming hydrofluoric acld—possibly carbonyl Nuoride.

POLYMERIZATION
Will not accnr.

FIRE AND EXTLOSION DATA
FLASH POINT FLAMMABLE LIMITS IN AIR, % BY YOL.
WHI not burn, METHOD TOC LOWER Not applicable.

UPFER Not gpplicable.

AUTOIGNITION TEMPERATURE
Mot determined.

FIRE AND EXPLOSION HAZARDS
Cylinders may rupture under fire conditions. Decomposition may occur,

EXTINGUISHING MEDIA
An appropriate for combustibley in arca.

SPECIAL FIRE FICHTING INSTRUCTIONS
Cool aylinders with water spray. Seif-contained breathing apparatus (SCBA} may be
required if eylinders rupture or release undar firs conditiona

TI-NHTSA 018284
E-94%31F Date: 4/AR 2



HAZARDQUS COMPONENTS

MATERRIAL{S) CAS NO, APPROXIMATE %
Ethane,l,]l,]1,2-Tetraflnorn 11972 104)
HAZARDOUS REACTIVITY

STABILITY

Materinl ix stable. However, avold open fiames and high tempearaturas,
INCOMPATIBILITY

Alkali or Alkaline carth metzls—powdered A, Zn, Be, oto.
DECOMPOSITION

HFC- 1348 can be decanposed by high temperatures (open [lames, glowing metal
surfaces, etc) lorming hydrofluorie acld—possibly earbonyl fluaride,

PFOLYMERIZATION
Will not aocur.

EIRE AND EXPLOSION DATA
FLASH POINT FLAMMABLE LIMITS IN AIR, % BY YOL.
Will aot burn. METHOD TOC LOWER Nat applicable. :

UPPER Nat applicable.

AUTOIGNITION TEMPERATURE
Mot determined.

FIRE AND EXFLOSION HAZARDS
Cylindera may rupture under fire conditions. Decomposition may occur,

EXTINGUISHING MEDIA
As appropripte Mor combustibles in aren.

SPECIAL FIRE FICGHTING INSTRUCTIONS
Cool cylinders with water spray. Seli-contained braathing mpparatus (SCBA) may be
required il eylinders rupture or relense wnder fire conditions,

TI-NHTSA 018282
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PRINCIPAL HEALTH HAZARDS

Inhelation of high concentrations of vapor is harmful and may causc heart
irregularities, unconsciousnesy or death, Intentional misuse can ba Catsl. Yapor
reduces oxyaen available for breathing and is heavier than air, Liquid contact can
cause frosthite

Inhalation 4 Hour ALC: $67,000 ppm in rats

The compound it uatested for skin and eve irritancy and is untested for animal
gentitization,

Atuts Toxleity in Animals
The effects in animals from short exposure by inhalation iaclude no toxic effects
observed at vapar concentratlons up 1o 31,000 ppm. Lethatrgy and rapid respimation
were obscrved at a vapar concentration of 205,000 ppm,

Pulmonary copgestion, cdema, and central nerveus system effects occurred at a vapor
concentration of 750,000 ppm. Cardiac sensitizatien occurred in dogy ar 75,000 ppm
From the action of exogenous epinephrine.

Sobckronlc Toxicity in Animals
Inhalatlon: The effects in anlmals from exposura by inhalation for two weeks include
no observablc adverse effects. [ngestion: No adveras effects were dbaerved in male
. and female rats administered 300 mg/kg/day of HFC-134a for 52 weeka,

No acceptable information is available to confidently predict the effects of cxcessive
human exposure to this compound,

CARCINOGENICITY
HF(C-134a is not listed as a carcinogen by IARC, NTP, OSHA, ACGIH, or Du Pont.

EXPOSURE LIMITS

PEL (OSHA):  Not catablished.
TLY* (ACGIH)Y: Not eatablished.

SAFETY FRECAUTIONS
Avoid brasthiong vapor and liquid contact with skin or eyes. Provide adequats
ventilation for storage, handling, and use, especially for encloled aod low Spaces.

*TLY i = rugisbarad Lrademerk of the American Condarancs of Qovernmentel [ndustrisl Hygiealsts.

Ti-NHTSA 018283
E-94938 Date: 4/8%8 3




@ [ iaEnmmRAToy
PRINCIPAL HEALTH HAZARDS

Inhalation of high concentrations of vapor it harmful sad may cause heart
irregularities, unconaclouzness or death. Intanticnal miguse can ke Fatal. Yapor
reduces oxygen available far breathing and 13 heavier than air. Liguid contast ean
cause frostbite

[nhalation 4 Hour ALC: 567,000 ppm in rats

The compound iy unteated Cor 1kin and ¢yc irritancy and i3 unteated (or animal
sensitization,

Acute Toxlelty lu Aalmals
The affects in animala from short exposure by inhalation inzlude no toxic effects
observed at vepor concentrations up to 81,000 ppm. Lethargy and rapid rezpiration
were observed at a vapor cancentration of 205,000 ppm

Pulmonery congestion, edema, and ¢entral nervous syastem efflccts occurred wt a vapor
conceatration of 750,000 ppm. Cardiac sensitization occurred in dogs at 75,000 ppm
from the action of exogenous cpinsphrine.

Subchranic Taxlclty In Animals
- Inhalation: The ¢ffects in aoimals from exposure by inhalation Cor two weeks include
oo obiervable adverse effects. Ingestion: No adverse effects were obscrved in male
. and (amale rats administered 300 mg/kg/day of HFC-134a for 52 wecks,

No aecepiable information is available to confidently predict the e¢ffects of excessive
human exposure o this compound.

CARCINOGENICITY
HFC-134n is not listod as & carcinagen by IARC, NTP, OSHA, ACGIH, or Du Pont.

EXPOSURE LIMITS

PEL (DSHA): Mot extablizhed.
TLY* (ACGIHY Not established.

SAFETY PRECAUTIONS
Avaid breathing vapor and liquid contact with skin or eyes. Provide adequate
veatllation for storage, handling, end use, cspecially For enclosed and low spaces.

*TLY Ll » Pegbilersd trademiiark of the Acwcican Confapimes of Geovammantal Industeisd Hyplsoiss.

TI-NHTSA 018284
E-54938 Dnte: 4738 3 -




HEALTH HAZARD INFORMATION (con’t}

FIRST AID
: Remove ta fresh air, If not breaching,
give artilicial respiration. IF breathing iz difFficult, give oxygen. Call a physician,

1 Immedintely MNush ayes with plenty of water for at least
15 minutea. Call a physicilan.

Flush akin with water after exceszive contact. Wash
contaminated clothing before rouse. Treat For Frosthite if necemsary.

JF SWALLOWED: Ingestlon J5 not consldered a potential routs of gxposure.

NOTE TO PHYSICIANS
Because of possible disturbances of cardiac rhythm, catechoiamine drugs, such aa
cpinephrine, should be conaldered anly a8 & last résort in life-threatening emergencics.

EROTECTION INFORMATION

GENERALLY APPLICABLE CONTROL MEASURES
Mormal ventilation for standard manufacturing procedures ls gonerally adequate. Local
exhaust should be nged whan Iarge amounts are relensed. Mechanical ventilation
gshould be used in low places,

PERSONAL PROTECTIVE EQUIPMENT
Lined butyl gloves and chemical splash goggles should be used when handling liquid.
Undeér normal manulscturlng condltions, no respiratory protection is reguired when
using this product. Self-contained breathing apparatus (SCBA) is required if a large
release occurs,

DRISPOSAL INFORMATION

SPILL, LEAK OR RELEASE
Ventilate area—especially [ow places where heavy vapors might collect. Remove cpen
flames, Use sclf-contained breathing apparataa (SCBA} if large spill ar leak occurs.

WASTE DISFOSAL
Contaminated HFC-134a can be racovered by distillation or removed to 8 permitted
waste dispoaa! fscility. Comply with Federal, State, and local regulatiana.

TI-NHTSA 018285
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HEALTH HAZARD INFORMATION (con't)
FIRST AID
; Remowe to fresh air. I not breathing,

give artificial respiration. [T breathing is diffieult, give oxygen. Call a physician,

; Immediately flush eyes with plenty of water For at least
15 minutex Call a physician.

[N CASE OF SKIN CONTACT: Flush skin with water after excessive contact. Wash

contamlioated clothing before reuse. Treat [or Erostbite if oecessary.
IF SWALLOWED: Ingestion is nat considered n potential route of exposure.

NOTE TO PHYSICIANS
Becauic of pomible disturbances of eardiac thythm, catezcholamine drugs, 4uch as

epinephrine, 1thould ba considerad only ns a last resort in life-threatening emergenciss,

PROTECTION INFORMATION

GENERALLY APPLICABLE CONTROL MEASURES
Normal ventilation For standard manufacturing procedures is generally adequate. Local

exhaust thonld be used when large amounnts are released. Mechanical venotilation
should be waed in low places.

PERSONAL PROTECTIVE EQUIPMENT
Linad buatyl gloves and chemical spinsh goggles should be used when handling liquid.
Under normal manufacturing conditions, no respirntory protection is cequired when
uzing this product. Seif-cantained breathing apparatus (SCBA) iy required il a large

release oceurs.

DISPOSAL INFORMATION

SPILL, LEAEK OR RELEASE
Yentllate area—espocially low places where heavy vapors might collect. Remove open

flames. Use self-containad breathing apprratus (SCBA) if large spill er leak accurs.

WASTE DISPOSAL
Contaminated HFC-134a 2an be recoverad by distillation or removed to & permitted

waste disposal facility. Comply with Federal, State, and loczl regulations,

TI-NHTSA 0182848
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SHIPRING INFORMATION

DOT (172,100}

PROPER SHIPPING NAME
Refrigerant Gas, N.OS,
{Tetraflnorocthanc)

HAZARD CLASS
Nonflammable gas

UN NO.
1078

OTHER INFORMATION
SHIPPING CONTAINERS

Cylinders, ton tanks, tank cara and tank trucks

STORAGE CONDITIONS

Clean, dry ares. Do pot hoat ebove 123°F,

ARDITIQNAL INFORMATION AND REFERENCES

NPCA - HMIS RATINGS

Health
Flammability
Reactivity
Perzonal Protectlon

Fersonal Pratection ratiog to be auppliod by wier depending on use conditlons.

DATE OF LATEST REVISION/REYIEW:
PERSON RESPONETBLE FOR MSDS:

e ) -

ROT/IMO (172.102)

PROPER SHIPPING NAME
Refrigerant Gay, N.O.S.
(Tetralluorocthane)

HAZARD CLASS
Monflammable gas, 2.2

UN NO.
1078

IMO LABEL
Nonfiammable gay

d,/88

K. P. BROWN

Du Pont Co.

C&P Dapt., Chestnut Run-709
Wilmington, DE 19898

(302) 999-3018

138337A

TI-NHTSA 018289 j



SHIPPING INFORMATION

DOT (172.101)

PROFER SHIPPING NAME
Refrigerant Gas, N.O.S,
{Tetrafluarocthane)

HAZARD CLASS
Monflammable gas

UN NO,
1078

QTHER INFORMATION
SHIPPING CONTAINERS

STORAGE CONDITIONS

DOTAMO (172,102)

PROPER SHIPPING NAME
Refrigerant Gan, N.O.S.
(Tetralluoroetbane)

HAZARD CLASS
Naonflammable gas, 2.2

UN NO,
1078

TMO LABEL
Noaflammable gas

Cylindery, ton tanka, tank cars and tank trucks

Clean, dry aren. Do not heat above 125°F.

ADDITIONAL INFORMATION AND REFERENCES

NPCA - HMIS RATINGS

Health
Flammability
Reactivity

Periooal Protection

T ot 0

DATE OF LATEST REYISION/REYIEW;
PERSON EESTONSIBLE FOR M5DS:

Personal Protaction rating to be supplied by user depending on use conditions.

4/83

K. P. BROWN

Dt Pont Co.

CAP Dupt., Chestnut Run-709
Wilmington, DE 15391

(302) 999-301%

TI-NHTSA 018200
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g a I.-"Id haﬂmr Aima.
:; ﬂa’oh'uic Instration applications:
rouits, mator elot liners, magnet

5P bensithia and tubin
I{;P'I‘Qﬂ.t:pu;'lau dialactﬁc

l.md mfuly h applnaﬂnnu at
C} and ashigh um{m " Type H fim can bélaminated, metalizad,
s . or “lmdlthwulnhleasﬂ.a.ﬂﬁ.*l 2, 3 and 5 mil fim.

‘o TKAPT TYPE Vo il pikpass, all-polyimide fim wih & of the properties of Type H, plus auperior
' dmmulalahlw Type V Is avallable In 2, 3 and 5 mils. -
¥ , . KAPTDNTypaF a Type H fim coated on one or both sides with TEFLON™ FEF #luorncarbon resin 10
A 1mpmmaaahulmr,mﬂovIdaamdshnunhrmdbmhmmﬂumbdmdm it a avallable
‘-_f.e_.;-*.*-:'. in & varety of constructions.

“'®  Note: This bulletin provides a summary of typical proparties for all three KAPTON polyimida fime Type H, Type V
i and Type F. ﬁddlinnaldataahuuldheohtalnad From yeur Du Pont Indusirial Division repracaniative
b i~ %Fiag U5 Pat, O,

TI-NHTSA 018292




PHYSICAL & THERMAL PROPERTIES
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KAPTON® Type H Film

25 g (1 mil)

PHYSICAL PROPERTIES

PHYSICAL PROPERTIES 7B E TEET METHOD
Ukimate Tensile  {MO) 241 172 117 ASTM D-882-81
Shrangth, MPa (psi) {35, D00} f25,000) {17.000)

Yiold Poirt {ME) 83 41 ASTM D-882-8{
at 3%, MPa (psi) {10,000 [6,000)
Strees 1o Produes  (MD L1 59 ASTM D-8B2-81
5% n, MPa (psi) {13.000) (8,500) ASTM D-882-81
Uttimate Elongation (MD)% 2 75 0 ASTM D-B82-E1
Toritile Madulus, GPa 3.5 19 1.88 ASTM D-882-81
ND {510,000) (430,000) (260,000)
Impact Strangth, Jrm {kg-cm) 23 (8 :Ju Pnn{ﬁnnmh
mpact
Folcing Endurance MIT 10,000 cycles ASTM D-2178-58
Tear Strength—Propageting (imendor), ¢ | ASTM D-1928-B7
T Rrength—inita 514 ASTM D-1004-86
'mil) {(510)

__Density, gfem? 142 ASTM D-1505-68
Cosffidlant of Fricion Kinedc (Fim-io-Am) 42 ASTM D-1884-78
Ralractive index (Backe Ling 1.74 uﬁndlc Dictionary

) m , vl 1
Polzson's Ratio B4 Ave. & Samales .
. Elangated at 556, 6, 108

M D—Maching Diracion

THERMAL PROPERTIES

THERMAL PROPERTIES TYPICAL VALUES TEST CONDITIDN TEST METHOD
Maiting Peint NONE ASTM E-TG4-B
Zoro Strangth 1088K 4 MPa (20 By Pont
T!l:‘.ipm‘ria {t316°C) lnad for § sLumﬁu] Hot Bar Teet
Caafiicknt of 2.0x10 mAn/K PE9 b A1K ASTM D-608-44
Linaar Expansion {2.0010% InAn~C) [—14*C 1o 38C)

St e
e el fom 015 (3.72%10°) 208K (2 Model TC-1000
(o) {seg) °C) 0.163  {3.B9x10* sk 7 Twin Heatpastar
D178 {4.26x10+ 473K zug-_c% Comparative
0.189 {4.5x1Q* bT3k 30 Tester
Spacific Heat 1.08 (.261) Jiek (caligre D\ferantal Gaborimetry
Rammabil ity 84 VTM-0 UL-B84  {1-24-B0)
Shrinkegs (Sae chart on Page 7] IPC Method 2-2-2-A
Heat Soalabbity Not Heat Geglahle
Limiting Dxygan Index 100H-38 ASTM D-2863-77
Smoke Ganerstion 100H — DM = less than 1 NBS Smake Chambar NFPA-258 pricadures
3lass Transkian A second ordar transition pccurs in KAPTON hetwesn 623K (360°C) and BAJK
Temparaturs {Tg) {#10~C). This i5 aseumad ta ba tha glass iransklon thmpéraiurs. Different mes-

gusament 1echniques producs different results wiikin the above temparature range.

TI-NHTSA 018254



KAPTON® Type V Film

PROPERTY T%m TEET METHOD
m 32
25 pm "9'5 125 um
(1 mé) {2 mll t-."- rnIIII (5 mily
Tansile Strength HFI 208K 172 172 177 ASTM D882, Mathod A
(23°C). Machine Direct ﬂ(ﬁn) (25,000} (25,000 :zs.urm} (25,000)  usingwn Jnstran Tenshe
and varse Diraction Tastar (specimen size: 25
x 197 mm {1" x 5",
m u:l: A mm [2 .r'
W : 50 mm (2¢
mh.alm Avarage of 5 -
g ) o o
_ imcmmumd thickness,
Elcngation, % MD and TD 75 7d 70 70 Same methad as sbave
EhrhMH % MO ang 0.10 RiF 02 L2 8 of 1 mexsure-
Wf after 30 min. m In each dirction
@ 473K (200°T). befare ang after sxpasure
to 473K (200°C) for
&0 min, Rim must be
allowed 1o coma to aquillb-
rium with equivalent
room condilions bafora
_ _ and after exogure.
KAPTON® Type F Flim
PROPERTY TYPICAL ¥ALLES
Film Type*
120FG18 15]:5?& 250F028
Litimats Tenable Strength {MO), MPy
206K [2°°C oth (D) (beh 165 El,ﬂ 117 (17,000 25,000
473K (200°C) 110 (18, 78 (111000 1Il:l 16,0
Yiald Poir at 3% (MO}, MPa (psl)
296K 30 g2 [ ad [l,ﬂ'.lﬂ] o] E1D 000)
473K 38 {5,500 28 14,000 55 (8,000)
S Stress at 5% E!unnumun {M0). MPa {psi) % (12.50) 2 (3,000
473K IZQD“E] 52 fTﬂm 8 Egﬁm;
Utimate Elo (WD}
206K {20 G5 ] a0
473k aHES g6 a5
Tenalls Moduiva, M GPa {pal)
26K Ko 286 [4%5 000 2.1
473K b 148 (215 000 1.18 1?3 mn
Impnl:t Strength at 266K (23°C)
Ki*m'l.fgm -0 EL i
Kg<¢m/ml) 23 (8.0 1.8 {4.F)
Taar Etrangm—Frnpaplhu {Elmendorf} 2
_Hmm {g/mil) 0.39 {10 D53 (13.5) 047 {12}
Tear Strength—Initlal (Graves) 650
ﬂg;_fEm [g!ml] 19 [780) 17 [435)
Waignt % Polyimkie a0 LT i
Waight % FE &0 43 27
Density
Kg/mex 10 1.53 1.67 1.57

*Sinow & rumbser of combinetions of pohyimide im end fluorocarban coating add up ta tha same tolel geuge, 1 is necossary ko delinguish

among them. A three digh system s uned in which e middle digh
first wrad third cigrta rapwasant She ol hickress of ihe coating of

tha nominal thicknaas of #w bass KAFTOK Alm In mis. The
N FEP fuorocaron nasin in mils. The symbaol B i usad to

raprassnt 13 pm (Amil), and 6 1o represent 2.8 2m (1/10 mi). Exampia: 130F818 i » | 20-gauge sinucure conststdng of 2 206 am |1-mil] hass
film with 2 2.5 um | 1- 10 mit) coavng @l TEFLON on wach akde. Soo page 22 for conetrucion sxplanation

TI-NHTSA 018286




MECHANICAL PROPERTIES

Tha usual valien of tensile sirsngth, kenslla modulue, and ultimate elongation at various temperaiures can aa
cbtained from the typical stress-siraln curvas shown below. Such propertiaa umlhmnn?;mdea have
1‘m'l Invarsamrahﬂ:n with hﬁrﬁm' while :Ilnngntiu:i paaks ta a maximum value at about 573K (300°C). Other
arctora such Bg m 838, and [natron eiongation rate ware faund to have a i effact
the shaps of the %G] curve. only & negliatbie o

TENSILE STYRESS STRAIN CURVES
(Type H Fllm 25 pm {1 mif))

au g
— {75
296K | (22°C)
_ L 150
" 373K |(1oo-c — 128
STRESS, BTRESS,
Kpsi 473K)(200°)| — 100 MPa

H

10 BT3K 30y [~ 75

— 30

723K 45&::1 — 5

2 g™

I

o 10 2 2 40 5 60 70 8§ 100
STRAIN, % FLONCATION

HYDROLYTIC STABILITY

KAPTON® polylmide fim ls meds by a condansation reaction; therefore, ita p are affactad by walsr.

Although long-tarm exposure to boling walter, as shown in tha curves Bakiw, will reducs the level of flm properties,
sufficlent tanalle and on reenaln ta Inswns machanical padformance. A decrease In the temperature and
the watar concantration will reducs the rate of KA N property reduction while higher temparaturas and preasures

will inzreass i,

TENSILE STRENGTH AFTER EXPOSURE TO 373K (100°C) WATER
(Typa H Fiim 25 zam (1 mil))

e 178
M
» : | 150
20
TENSILE 5 125 TENSILE
IsTRENGTH STRENGTH
HPI' 15 MPa
100
"
12
10 — 18
0 200 400 600 800 1,000 1,200 1.400 1,800 1,800 2,000 2,200 2,400 2,60C 2,000
HCURS |4 BOILING WATER |
TI-NHTSA 016298



ULTIMATE ELONGATION AFTER EXPOSURE [N 373K (100°C) WATER
(Type H Film 25 um (1 mil))

)
i
L]

&0
% ELONGATION 50

0 200 400 800 800 1,000 1,200 1,400 1,600 1,600 2,000 2,200 2,400 2,600 2,800 3,000
HOLRS IN BOILING WATER

DIMENSIONAL STABILITY

The dimansional stabilty of KAPTON® rmide flim depands on twa factors—ihs normal eoetfficlsnt of thermal
axpansion &nd the reaidual stresses p in the Mk duriog manufachure. The luier causes KAPTON to shrink on
lts firat exposurs to slevated temperalures ae indicated In the bar graphs balaw. Onca the flm has bean expesed,
tha normal vakias for theemal axpanslon listed on Pags 8 can ba expacted.

RESIDUAL SHRINKAGE VS. EXPOSURE TEMPERATURE AND GAUGE

(Tvpe H Fim)

35

3.0

423K {150°C) B72K (400°C)
25
gL 20
SHRINKAGE
(%} 1.5

=]

{1 mil) (2 enll) {5 mi} (1 miy (2 mh) (5 mil)
25 pm 54 gm 126 pm 25 um G0 um 125 um

TI-NHTSA 018287




THERMAL COEFFICIENT OF EXPANSION
(Type H Film 25 wm {1 miD) Thermally Exposad

Il“ﬂ
Tamparatare Rangs mik x 10
206-373K  [23-100°0; 1.60
373-473K {100-200"C) 3.10
473573 {F0-300°C) 4485
STI-673K {300-400°C) 1.75%
206-873K  (23-400°C) 4 B&
CUT-THROUGH AND COLD FLOW
Hme exiibit f thin out under '
WJM K;FTUN' ” Wﬂg pomaa“ o BE AN qmmh?ﬂr:wwnm“ Ewm: Mﬂwﬂs

deacrbgd in ASTM D-8 have been edapiad to flat films to provida the data balow. Stresssa range from an
Infinltaly nigh point laed ta &3 MPa (12,000 psl) at cut-through for a 28 gm {1 mé) Al

gu-r-mﬁuau TEMPERATURE VS. RATE OF TEMPERATURE RISE AND GAUGE
ype

Kr3

240°C)/minute
/—__[1:‘ Potiits a1
isa

B
¥ o m e
- o 8
& &
£ 50 (W C)minute—— 773
E ‘TM\g?mmm @
E 400 e B73 E
—]
E 300 573 %
5 =
20 473 a
100 313
1] 21
() ) () ) )
25 1| ™™ 100 25

FILM THICKNES3—um {mil3)
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RESISTANCE TO CURTHROUGH VS. TEMPERATURE
{Type H Flim—25 pzm (1 mil))

1,000,000
100,000 - j
3
)
+
‘a
10,000
X
%
)
2
I 1.000
¥ —
)
r
%
100
10
1
21 373 473 673 873 FE)
(0) (100) {200} {300) (400) {500}
TEMPERATURE-K {*C}
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THERMAL AGING

KAPTON® polyimide flim k2 subject to owidative degradation. Themifors s usetul iHe I3 a function of both
temparatura and cxygen concantration In the teat environmant. The effect of thesa factors ks shown below.

TENSILE STRENGTH VS, AGING AT 573K (300°C)
(Type H Flim 25 zm (1 mil}}

28
InHeium | [ 177
24
2 | 150
20 TENBILE
TENSILE STRENGTH
aTnBTHm L. 125 MP1
Kl lm Adr
19
100
14
12
— 73
19
0 200 %00 500 500 1.000
HOURS AT 673K (300°C)
ULTIMATE ELONGATION VS, AGING AT 573K (300°C)
(Type H Fllm 25 gzm {1 min)
80
m im Hallum
8
x5
#E a0
E 10
20 in AN
10
0 200 00 50 00 1,000

HOURS AT 573K {300°C}
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TIME REQUIRED FOR REDUCTION IN ULTIMATE ELONGATION FROM 70% to 1%
{Type H Film 25 zem (1 mit)

Esvirmanmant
Tomperature Air Hellum
JEAK  (450°C) ¢ hours 22 hours
698K  (429°C) 5 hours 3% days
67K {400C) 12 hours ¢ Wotka
BAAK  (375°0) 2 days 2 mantha
g23K {350°C} B days 1year
573K {300°C) 3 monthg -
G4BK {275C) 1 year —_—
523K (250°C) B years —_
WEIGHT LOSS AT (3°CHMINUTE TEMPERATURE RISE
{Typa H Flim 25 um {1 mi))
10
20
40 1;
| DRY HELIUM
40
PERCENT t
WHGHT 1] 1
LDAE BRY AIR
60
70
L]
1] “
100

7 4N &3 B3 13 B74 913 1073 1173 127
{100)  (200)  (300) {400) (%00) {600)  (FOO)  (BOD) (900} (100D
TEMPERATURE K {°C.}
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\SOTHERMAL WEIGHT LOSS

ATt Ho |
CType H Flim 25 4 (1 mi) gm tlwm m
| 73K (400G} AIR
| u . 08K (425°C) AR
5 — h 773K (S00°C) He
10 g
15 f

: i \

EJEHT i 720K | \

: @ (450°C) MR

WEBHY 30 o0 He l
BARN

® (575"CMe L L ‘ ‘ 5
o (500°C) AR,
s

g
%
:
5
8
3
3
g
g
g
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KAPTON® Type H Film

TYPICAL ELECTRICAL PROPERTIES
' TEST
PRAQPERTY TYPICAL YALUE CONOMON HTEE%IID
%uhﬁrh mil 2TB v 00 il 60
am m w/mil hartz ASTM D-149-21
EIJ £m % m| 213 vmrn 5,400 vimi ¥" electmdas *
dam Bl \r 4,500 v/l
m (Bm 142 3,500 wmi
Dlulu::h'ir. Dunmm
Sum [Ami 35 1 kiloherz ASTM D-150-21
S0xm (2m 46
7 aml a.r
Lm {5 mil 3.7
gslnslpatiuq Fniﬁnr D025 1 iioheriz
am o iim . ASTM D-1650-81
Shum {2 % 0025
7B 3 0025
125um {5m DAz
Volume Aeslstiviy
E;.un 1ml 1 x10" ghrem 125 voks ASTM [-257-78
#I'I"l Emi 8 x 10" ohmem
2;. 5 x 10" ghmem
5 1240 e
KAPTON® Type V Film
TYPICAL ELECTRICAL PROPERTIES
TEST TEST
PROPERTY TYPICAL VALUE CONDITON METHOD
?umm?“{' " 213 v 2,400 wml Gl harte
Em m N m ASTM D-145-87
JA #m 181 wem {4,600 l.':fnlllli %" alactrodes
125 um (5 mif} 142 wpm (3,600 wm
Eﬂmacm Iémm 3.4 1 kRah
m m . ariz |
5 P iﬂ m 34 ASTM D-150-81
wn (5 m) 3.7
Mssipation Factor
Mum {2mi 0025 1 Miohartz ASTM B-150-81
TBum {3ml Q026
128,am (5 mlly A0
Voluma Resistvity
50um (2ml B x 10" ahmrm 125 volis ASTH 0-257-78
75 3 mlﬂ 5x 10" ghmem
e (5 ma} 1 x 10" phm=m
TI-NHTSA 018304
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KAPTON® Type F Fllm

TYPICAL ELECTRICAL PROPERTIES
PROPERTY 120F518 150F019 250FQ26
Dielctric Etrelwl:h
Total volts 7,500 8,300
volta/um 287 185 167
(voite/mi) (8,800 {4,200) {4,000}
Dialectric Canstant 2.8 3.0
Disipation Factor D02 0014
m”;g’“ 296K ! {23°C) 1.5 10" 10 70
{ohm-cm.} (.5 :; 1u i) {11%1-} @ x10)
hm-m @ 473K (208°C} G x 10 n
?nhm-m% ( (5 : 10') {101y
EFFECT OF HUMIDITY
{Type H Aim 256 am {1 mil}) .
Bacauss the water ocndent of KAPTON® palylmide film can nﬂact its slacirical g, edectrical messuremants

wera meds on 1 mil film aftar axposurs 10 savironments of varying relathve humidities at 296K (23°C).
The reaulta of iheas measuraments ang given balow,

RELATIVE HUMIDITY VS. ELECTRICAL PROPERTIES OF KAPTON

AC
% RELATIVE DIELECTRIC QIELECTRIC DISSIPATION
HUMIDITY STRENGTH CONETANT FACTOR
Viem (Vi)
g 307 (7,800) 3.0 0018
a0 287  (7,300) 34 0021
5O 278 (7.000) 3.5 0025
80 256  (6,500) 3.7 0037
100 44 (6,200) 3.9 0047

For caleulations Invaiving absolute water contant, 60% RH in cur ebady s equal to 1.3% water In the film and 100%
AH uuql..laltozma\ugr the maximum adaurptlnnpuuaibhmpamhmnfmadriwng rca.

TI-NHTSA 018305
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In U.S.A.

Du Pont Company
Elactronica Dapartrant
High Parformancs Fiims Dhvision
Wilmington, OE 18898
(800) 527-2601

n Canada
Du Ponit Canada inc.
PO Box 2200 Streetavile Postal Station

Missi L5M 213

(418) 821-3300

in Europs
Du Pont de Nemours International 8.A.
Electronica Dapartment
B0-52 Houte dea Acacias
CH-1211 Qeneva 24, Switzerland
. (0223781 1
In Japan
Du Fort-Toray Co., Lid.
B-8, Nihonbashi-Honcho 1-chome
Chuo-a, Tokyo 103 Japan
03 245 50E1
In Brazd
Dxi Pont do Braall SfA
Caixa Pastal, 25 — Alphavile
18400 BaruatifSao Palko, Brax

In South East Asla
Du Pont Agla Pacific {Lid.)
1122 New World Office Bulding [East Wing)
Salishury Road, Kowioon

Kong, BCC
734 5277

Worldwids (Except Europe)

Hona & om‘wgervbea
International Customear

¢

Cancord Plaza-Read Bidg.
Wim DE 183848
(302 7726120
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NOMINAL CONSTRUCTION, Type F Fllm

in tha KAPTON® F onder code of 3 dights, the midd
KAPT:IN nﬂ.m.htmdwrdd dﬂ

e ot

Iad ﬂmmnﬁalﬂidqmulﬂmbm
nulm

-ufTEFLON' FEP
poracarbon ragir inmils. The eymbo ihmdmmia m{ﬁnil}andﬂ (*fromil).
Mmmhmﬂﬂmntwmmﬂﬂ Hliﬁmnn-mll}baaaﬂhmma a.ﬁpnm (rmrnl]m ng
o each aide Immmaanmpl Mmumrt-;pumaliuhla
NOMINAL “KAPTON" “TEALON"
ORDER THICKNESS FEP TYPEH FEP
CODE um mils am milg i tnils am mils
. 120R518 30 1.2 25 0.1 25 1 2.8 0.1
L weni e 150FD1S 38 1.8 ] 0. . 25 1 13 %
T R50FN2 &4 25 0 ] 1] 2 13 Y%
STANDARD WIDTHS AREA FACTCR
.oomm mKo
- 3AA-B4 1/8-38 213 104
3.18-814 1/8-36 150 Fid
3.18-914 1/8-36 11.1 49

TENHTSA 018303



KAPTON® Type V Flim
CHEMICAL PROPERTIES

Tplcal chemical properties for Type ¥ film are simiar to Type H.

KAPTON® Type F Film
CHEMICAL PROPERTIES
PROPERTY 120Ff 160R01 400F022
Moksture Ahﬁbrplhl‘l
@ 298K (25°C}, 50% R.H. 1.3% B% 4%
98% fL.H. 2.6% 1.7% 1.2%
Wator Va ! |-
an*-rl:l por Parmestitly 137 4.8 1.6
am 4100 i} (24 hrs.) [ 0.68) . (0.57) (0.23]
tg- 0.44 . 0.35 a.14
m[iﬂﬂ’ﬂ:]{ﬂ hra_md) : ' { 1.0 [0.85) (&.92]
.!{
TINHTSA 018310
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KAPTON® Type H Film

25 pm {1 mil}
CHEMICAL PROPERTIES
TYPICAL YALUES (-26 um (1 mdﬂ
: % Tenslle % n.wuﬂn dwiue TEST
PROPEATY Rataimed Relalned CONDITION/METHOD
Days Immersad at
RESISTANCE TD: Raom Temperatyra
Banzene 100 a2 100 bpe
Taluene 8 gt of 365
Mﬂuml 100 T3 140 345
Areto a7 62 160 365
10% Eodium Hydmida Degrades 5
Glacial Acatic Acld a5 102 34 duys @ 383X (110°C
gal 100 7 102 22 days & 473K
tanzformer Oll 10 180 100 180 days @ 423K [1
Water pH= 1 B5 a0 100 14 days (2 373K [1
pH= 4.2 ] af 100 14 daye @ 373K (1
pH= 7.0 85 2 100 166 days @ 373K {1
pH= 8.4 65 P 100 14 days % 3TK 1
pH = 10.0 60 10 100 4 days @ 373K |1
RADIATION RESISTANCE
Gamma (Savannah River) Still Flexibla Is;
{18° Band) 4,18 x 107 Gy
Ebrctron {Van da GraaHl) Retaines 50% of Exposurs;
: Driginal Elongation Bx10° Gy
Nautron plus Gamma Darkaned but tough Exposure: 10* Gy
{Brackhavan)
FUNGLIS RESISTANCE Inert Soil Burlz!
MCISTURE ABSORPTION 1.3% Type H 50% Raletive Humidity
at 288K {21°C)
29N TyipeHEY Immarelon far 24 hayrs
at 286K (23°C)
HYGROSCOPIC
COEFFIGIENT DF 2.2x 10" m/m/™% 235K [(T2°F) 20%-80%
EXPANSION Aelathva Humidity Rolative Humidky
EPE;:I' MEABILITY ml‘'m?- MPa-day
{cc/(100 in%) {24 hrs.) {atm/mil))
Carbon Dioxida AETM D-1434-63 @
{45} 206K (23°G)
n
Hydropen {250]
Nitragen
IEJ
Oxygen
IEEI
Helium g3
(415)
Water Vapor u!mn*:‘my ASTM E-88-83T
4100 h'gm Ars. ¥mit
A
TI-NHTSA 018311
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CHEMICAL PROPERTIES
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DIELECTRIC PROPERTIES IN GIGAHERTZ FREQUENCY RANGE

(Type H FRm, 1284m (5 mi))* (Typa H Flim, 125.m (S mi)*
3.8
35
5.4 A 010
A
3.3 4 =
008
§ = :
S a E D06 :
3.0 = k
E‘i. ﬁ .'m"
2.8
202
2.7
0 T TR T T, Y S I T
FREQUENCY, HZ FREQUENCY, K2

* mmmmalnmmummmum-ﬂm FH with tha siectria fisid in the plane
of ths sheat B b Ml T R i SarEIOUNG Tl Al it 100G bar 48 héurs,

TRACKING RESISTANCE

A125 um {8 mil) KARPTON® palyimida film, Typa H, has 8 trackdng realstance of 183 seconds as meagurad by ASTM
D-455-B1.(‘I'ha Llurn wia due to frue trecking rather than amern. o, by

CORONA LIFE

Like all arganic matedals, KAFTON Is attacked by corona and will uliimately fail dielectrically when exposed
coniinucusly to corona. At moderate levala of corona exposuns, cavices insulated with KAPTON have
gurvivad up to 3,000 hours, giving reascnable assurance that brisf sxpoaures to corona will nat significantly
aftect the Iife of a propary dasigned insulation system based on KARTORN.

Corona | on valtage and corona inlanalty ars funciions of many parametars, Including insulation
thickness, alr gap thickneses, and device shape. Conault witha mﬂ%t technical repra&ér?mﬂve on the
suitabliity of KAFTON for apadfic applcations where corona may be present.

18 TI-NHTSA 018313




EFFECT OF FREQUENCY

The aliects of frequency on tha vaiue of the dielectric constant and di j
The hobiwy saipation factor at various leatherms

-
wﬁ W VS. FREQUENCY

3.5

a5

3.4 +
208K
93 233K {—40°0) {23°C)
308K (35°C}
3.2

31

OELECTRIC CONSTANT

.0
28
2.8
2.7
Ll in Ll Lk 10 107
FABCHJENCY HZ

DISSIPATION FACTOR VS. FREQUENCY
(Type H Film 25 sm (1 mi)

206K (2
010
273K
{rC)
000
739K
E {—40°C)
= 05
& oqtre)
- -
353K
(-80°C)
373K [100PC)
002 4TI (200C)
™ 10 0 W 10 10r
FREQUENEY, HZ
TI-NHTBA 018314



EFFECT OF TEMPERATURE

As the graphe balow indicates, exireme d\nrﬁua In temperature have relatively litle affact on the excellant reom

temperature glecirical properties of KAFTO

AC DIELECTRK STRENGTH DIELECTRIC CONSTANT
VS. TEMPERATURE ¥S. TEMPERATURE
{Typa H Film) (Typa H Flim—25 zm {1 mil)}
12,000 1.8
l K dam o
E 10,000 -
g <X % mr
S :
E 8,000 - % pm Jam =
= 1 mil} E 3.2
E §.000 =
— 42 E 3.0 10% hartz —
4,000
: ; =3
E o 127 am {5 mil) 10 28 10% hertz
g" 2
=
0
I 17AK 27K AT 473K STUK 173K 7 a7k WK ST
{(—200°C) (—100°G) {0°C)  (100C) (200°C) (300 {=100°C) (0C} (100°C) (200°C) (30C0°CH
TEMPERATLRE TEMPERATURE
DISSIPATION FACTOR VOLUME RESISTIVITY
VS. TEMPERATURE VS. TEMPERATURE
{Type H Flim 25 xm (1 mill)) {Type H Fllm 25 pm {1 mil}}
1% 10
B
08 1 heriz;
06 11
r 10" harlz
ik
E 02 E 110
P T'é
& 008 f 12104
g oos
9 o4 i
005
1y 10w
002 \—“ 8
001 1x10* ]
173 213K STOK ATSH GTIK 273K 37K 473K 573K
(—1007C) (O°C)  (1007C) (200G} (300°C) (*C) L100G) (200G) (300°C)
' TEMPERATURE TEMPERATURE
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CHEMICAL PROPERTIES
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ADHESION TO KAPTON®

KAPTON® pobyimide film, made only by Du Pant, la svailable
i three basic flim types. Type H KKAPTON is 1008 polyimide
flim. Typa F |s coaiad on one or both sldes with 8 TEFLON?
FEP fuorocarbon adhesive and Type V Is a plain polyimids
fim having supserier dimenslonal atabifly . Typleal
porty Information for KAPTON |8 found in Bullatn
-r2087, “Summary of Proparties.” Spectficaiions are found
In Bulletin E-87824, “Industry Speclfications Bulletin
FC-85-2." For flexbla printed eircult epplicaticns the irace
specification IPC-FC-231/8heet 1, applies i KAPTON,

ADHESIVE SELECTION

For some applications KAPTON must be bonded to other
miatoviahe, such & copper Tall, which mequirea the use of an
adhesive, Optimum wdhesion results are ususlily obtained
from commerclally coated KAPTON whioh (s avallable from a
viristy of suppliers such as thoea Neled in Bulletin E-72081,
“Suppliars of Adhasive Coatinga on KAPTON.” Thia listing
upmnnthlm mur;t l:I'.ll' tmb? companlea offering coated
KAPTON but should not be regardad as 8 nomplata lisiing.
Datalled information on the use of these adhealve coated
products can ba oirtaned fram the supplier's bullatine. Spe-
oific requiremants for eoppar laminates prod as sub-
atrates for fexibie printed clroulta ara autinad i trada

epecifioations:
- U IPC-FC-241
— DBritish; BS-4584

- Geman: DIN-40B02

When commevcially coated fiim ja not sultable for an appica-
fion, most vendora offer & dry Bim form of their adhaakea for
uee ma & bonding fiim In laminalions, However, batier adhe-
slon |s nonmally obtained from commerdial solution coatinga
than from the dry bonding fm. The dry film adheshe does
have the sdvantage that it can be cut to shapes which cover
mnpmbnnfhpdﬂmmﬂmmmEhnh

If naithar commearelally coated palyimide fim ner adhaalve
bonding fim & auliable for the apphcalion, the remaining
opticty B & the usee o apply a solution adhesive, Soma
genaric classes of adhasivag which bond KAFTON include
acrylics, spaxies, butyrakphanolics, re, sillcomnes,
uresthanas, fluomcarbons and bianda of theas materiala,

+ Thase formulations sy

Selaction of an adhesive ls wieelly dependent on the proper-
llea required of the adhesive and the demanda ol the applica-
tion. Property conelderationa are tha thermel mting, chanical
resistance, fll and flow charactsristics, flaxibdlity, paal
strength, lammability, molsture rasistance and Inaulation
reslstance. Also to b corgidered la the ease of procesaing,
lamination temperature and whathar the lamination is o be
macks In comtinuous roll equipment or In a platan prees.

ADHESIYE PROPERTIES
Adhesivea used with KAPTON Type H are usually a modgified
weralon of the generio adheelva family (e.g., mod

Listed in Tabie | are severnl ndhesive typea along with infor-
mation on hyplcal lemination and rmaxémum

TABLE 1
Maximum
Adhativa Temparaiuns Tmparntkgn
Types *F({*'C) *F{°C}
Fluorccarbone S50-800 (200-316) to 500
Polyimidea 500-700 {260-370) to 850
Epaxiss 73450 ( 23230} 1o 800 (A15)
Pressura Semithve
Sillconas 73300( 23180} 10 500(260)
Rubber-Phenclics S00-400 {150-205) 1o 500 (260)
Aorylics ABOA7E(176-180) i 550({200)
Polpesten 275-3000 {135-150) 0D 220{105)

Solrtlon forme of most of the sdhesives above are evallable
fram suppders of adheshves 1o the slscironics indusiry, Lst-
Ings of suppllers can ba found in biuyee's guides for eleatmnic
products. Bulstin E-74149, “Supplesm of Adhosfvea to the
Elactronice Induetry,™” provides a representalive listing of
adhaesive suppllera who can ba consulted with for specific
adhaeshma needs,

TI-NHTSA 018318
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Givein In Figure 3 we minimum times & dry laminates of Type
F ta coppar prior to dip saldering. The timea are diffarent then
In Figure 2 due to tha pressnce of the copper foll

FIGURE 3 :
DRYING CONDITIONS FOR KAPTON TYPE F
LAMINATES PRIOR TO DIP SOLDERING
Foe
260
225
200

175
150 S00F13111 ox. coppar

125
100 400F 731/1 oZ. coppar
a 10 20 54 40 50 &0
Minutss of Full Hasl Exposurs

SOLDERING AND PRESS CONDITIONS FOR

TYPE H LAMINATES

The recommandead predrying conditians prior to dip saldering
and platen pressing keminetea based on type H flm will vary
according to typa of tharmoaat adheeive ueed in addition to
factors mentioned for Type F laminetes. The malsiura reten-
ten arnd pamahlity of the film and adhesive must be consld-
wed along with tha impasmmeablity of the copper 101 layem,
Conault your laminate suppiler for recommendsd pradrying
saondltions spectiio to the combination of matenials suppliod.

EFFECTS OF HUMIDITY
ON PEEL STRENGTH

Humidity can have a large eifect on pesl strength with certaln
adhasive systema, and AH cught W be controlled in pesl
gtrength measwramanta. A summary of gur Investigaton inta
this phanamanan is given in Table Il. Resuiis ahow that thase
adhashwes heving functional groups capable of absorbing
wabter yapor wilk promote high peel strangths at high AH and
low pasl strangiha at low AH. Batwesn an AH of 109% and an
RH of 70%6, the sffact can ba ee largs oa § b, per lineal Inch
{10.5 M/cm). Those aahasives which da not hoea i

functlonal groupa are not affectad by RH chanpaa in tar of
peal vplus,

Ovan Temparstum
LR E-R-EER:

TABLE I
EFFECTS OF RELATIVE HUMIDITY
ON PEEL STRENGTH

Pasl Strangth, B.An, (Nfem)
Adhesive Type 10% Flthm:llh " 700% A
Acrylic 6.8 {10, 11.5(20.1
Epoxy-Amkie u?a.g 10.0 E‘?:’.Ei
Epoaxy-Novolac 20( 3.5 2.1¢ 3.7}
Humln-ﬂ:ﬂﬂd 3.8( 6.7 5.2{ .1}
Phenciic-Nitrle 47( 83 43( 7.5)

"Metal surfaces should be

EFFECT OF SURFACE
ON PEEL STRENGTH

The top surtace of KAPTON is refamed to as the “brght” or
“shiny"* side. The boliam side i= “dull" and purpasaly raugh-
aned In the manutacture of the film to improve fim handiing
charactaristics. Most adhesives bond betier to the dull side of
the flim. The affactis genaraly 1-2 bs. par linaal inch {1.8.3.5
Nicm) but can be &3 high as 4 Ibs. per Inch (7.0 Niem) er
negligible depending on the adhesive systam used.
Experience has also shown that pesl sfrength normally
Increases with the ticknesas of the flm. Within & laminate
besed on a given flim thicknases, a range of pasl strengtha can
also be expactsd, which la inhergnt In the film surface, the
adhesiva sysiem and tha test method appliad. Foe axample, a
%hlpﬂﬂﬂmuhmmhrnnmmﬂuwwhﬁm.ﬂn.
.8 Nécm), For $00H this range can result In values as kow as
2 tbe.AIn. (3.6 Niom).
Unlean apacifically recommended by the adhealve suppiier,
the suriaoca of KAPTON should bo uead me recetved. If the film
has besn confaminatad with grease or olls, k shouid be
cleaned wih solvent (such a8 ketona o Takiena).
thoroughly cleangd. For begt adhe-
nicn, they should ba roughenad machanically or by chemical
tratrmerd,
Whan higher adheslon levels are raquired for a given
adhesive nysiem, the rangs of the peal atrangth values for the
faminaie may usually be reduced i the surlace af the fim ia
mechanically or chemically abraded, light pumice scrubbing
or caustic etching. CaLrtion musat ba axaramexd with ey such
reaiment 1o Avald darmaging tha fllm.

EFFECT OF THERMAL TREATMENT

ON PEEL STRENGTH

High thermal treatment of KAPTON will often Impnove bond-
wbity. Temperatures of about 400°C for ga long ae 510
minutas arg required, and etructural changes probably occur,
Stuckan of adherability of typical printed circult edhesives to
hant tregted KAFTON and stendard KAFTON have shown
that heat antment provides an advantage with most
adhyaives. The grasiost adventage was galined with acrylic,
epory, phanolio butyrala and phenolic niirles. iImprovement
ovar gtahdard fim averaged from 40% to 97% for thase
actheslve types.

TINHTSA 018315




KAPTON® Type H Eilm

25 um (1 mif)
CHEMICAL PROPERTIES
TYMGAL VALLUES (-2% »m (1 mil
% Tenslle % Elonpation % Modulus TEST
PROPERTY Retained Ratalmad Ratalnad CONDITIONMETHOO
BESISTANCE TO ﬁ];gt I%nmmngla:
: m Temperzturg
Rerzeng 100 8z 100 -Hﬁgc
Toluems o | 97 385
Meaihanol 100 | 140 5
Acatone 87 &2 160 365
10% Sodium Hydroxida Degrades 5
Glagial Acetic Acd 85 62 102 J6 days @ J92K [110*C
Grasol 100 7 102 22 days (m 473K T200M
ransformer Oil 100 100 100 180 days @ 423K {1500
Water pH = 1 B3 K 1] 100 14 days (@ 373K {100°C
pH= 4.2 B 30 100 14 days B 373K {100°C
pH= 7.0 B5 20 100 166 days% IF3K (1000
pH= A9 1] 20 100 14 days & 373K {100°C
pH=184.0 4 0 100 4 days & 373K {1000
RADIATION RESISTANGE
Gamma (Savannah Aivar) Still Asxible Exposure:
{180° Band) 4,18 x 107 Gy
Electron (Van da Graaff) Retains 50% of Exposure:
Original Ekanpation &3 107 Qy
Neutron plus Gamma Darkenad but tough Exnasure; 10* Gy
{Brockhavan}
FUNGLS RESISTANCE fnert Sall Burlal
MOISTURE ABSORPTICN 1.3% Type H 50% Relative Humidlty
at 288K [23°C)
20% Typa HA WV Immarsian for 24 hours
at 298K [23°C)
hHYGAQSCORC
COEFRGIENT OF 2.2 ¥ 10 mim/% 205K [72°F) 20%:-B0%
EXPANSION Fielative Humidity Relative Hum|dlty
EESRHEABILIW mim*- MPa-day
{cc/(100 In?) {24 hrs.) (atm/mil))
Carbon Diaxice 8.9 ABTM D-1404-83 @
(45) 296K {23°)
Hydrogan 34
ydroge {230
Nitragen 0.8
(25)
Hedlum &
(415}
Whater Vapor mm;:‘day ASTM E-B5-53T
gf(i00 hlé{zd' hrs. ¥mil
l4
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Du Pont Campany
Polymer Products Department
Industrial Fitme Divislon
Wiimington, DE 18888
BC0-627-2601

in Canada
Du Pont Canada Inec,
Packaging Divialon
P.0. Box 2200 Siraetavile Postal Station
Mississauga, Ontario
L&M 2H3
{416) B21-3300
In Europa
[hl Pordt da Nemours intematonal
Polymar Proghucts Dapartment
TB-82 Route des Acaclas
CH-A21 Ganava 24, Switzarland

{02 378N
in The Far Eaat
Du Pont Japan Limited
Kowa Building No. 2
11-39 Akasaks +-choms
Minato=Hu
Tokyo ¥17, Japan
O1-81-3-585-561
In Brazll
DOu Pont do Brasil SIA
Divisaa da Plagtlcaa or Elastomars
Caixa Pogtal, 28 - Alphaville
08400 Baruerl/Sa0 Paulo, Brazil

Worldwide (Excapl Eurcpa)
Du Ponl Company
Intemeational Customar Sarvicea
Concord Plaze-Read Biig.
Wiimington, DE 19896
(302) 772-6120
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KAPTON® Type VFIim

CHEMICAL PROPERTIES
Typleal chemical prapertiea for Type V film are similsr to Type H.

KAPTON® Type F Film
CHEMICAL PROPERTIES
PROPERTY THFG 1H0FEE1E #0002
Maisture Absomtion
@ 2084 (25'C), 50% R.H. 1.8% % 4%
Sa%, Iit.H. 2.5% 1.™% 1. 2%
W?‘mmmmm : 137 B.8 3.6
o A 100 in% (24 hre.) { 0.89) . {0.57) {0.23)
mdeem 044 . 0.35 014
g.fﬁﬂﬁn‘}[zi hra /mil) ' { 1.07 {0.85) {0.52)
1y
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Kapton®
Polymide Film

High Perfarmance Flims
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If you need edditional informatien, pleasa
contact our Customer Services Centar

Du Pont Eleotronics

HPF Custoimer Services

Wiimington. Deleware 19580
Produet Information: 1-800-237-4357
Ordering Information: 1-800-237-2374




Undtad States

Hoackyodrtens

Du Pont Elactronics

Bardey Mi! Plaim

PO, Box BOG13

Wilrsingror, OE 15880-0019
Procke:t Information: 1-800-237-3367
Ordering Infarmation. 1-800-237-2374

Elsctronics Techrofogy Cantar

Du Pont Elmctronica

14 TW. MAexancder Drive |
Rasearch Trangle Park, NC 27708
(910 2485000

Fax: 919 248-5660

Cansda

D Por Caredn Inc.
DyJ Pom Elecraniod
7070 Mianlenayuga Road
Bax 2300, Strectavile
Mipslngagm, Ortaric
LSM 21t Caruncla

(418 2213300

Faoe: d18-021-8000

Latin America
Argenting

Du Pont Argenting 5.4,
Ax. Edusrda Medarn 1020
{11061 Busnoa Airaa
B4-1-212-2011

Fan: 54-111-1328

Branl

Du Pent do Sreall 5.4,

A, Pravidents Kennady, 611
QE900 - Disdermna

Sag HLlu- Brasil
B5-11 -84 5-3711
Fax: GB-11-44E-2052

Mexin

Du Pont, B.A. de G
Homero 208-10

Col. Chapultapa: WMorses
Mmxasa, O.F 11670
b25-253-0033

Fax: 52%-250-3845

- Venszuois

Ou Pont do Vanazualp CA.
Apartado Dol Exte 51882
Camoas t080-A, Vanez i
5o-2-07-9022

Fooe: BE-2-92-5447

Eurape

u Poat de Nemours temnations 5.2
PO. Bax 50

2, chiwmin b Palien

CH-1218 La Grend -Saconnm

Geneve, Swikzerdana

1 22 nehnm

Fee 41 (22} T12-E104Q

Anln Pochic

Jagan

D Pont Japan Lid.

Du Pont Towet, Shin-hkko Budding
18-1, Toramumon 2-chome
Minato-ku, Tokya

105 Japan

81-3-368%-5511

Fax; B1-3-32249963

ASEAN
Du Pore Singapora PTE Ltd,
1 Waritine Squens

07-01, World Trade Cantre
Singapara (408
86273424

Frx: 85-271-6065

Acsiragy

D Pont Aystrakak Lid.
Northaide Gardens

+88 Walkar Stroat

North Sydney, NSW 2050
Aupirally

61-2-823E111

Faw: 81-2938-1217

Hong Keng/China

Du Pont Asls Paciic L,
1722 Mewe Werld Offica Bida
Eant Wing

Swiisbury Road, Kowloon
Hong Kg

e82-

Fax; 862-T24-4453

Korea

Du Pont Kored Lk,

fth Floor, Xyoba Bldg.

1, Crongra 1-Ka, Shongro-Ku
Secul 110-714, Korea
#22-721-5114

Fa: H2-2-732-6540

Taian

Du Pont Tewan Lid.

13th Flogw, Hung Kug Suliding
167 Tun Hwa North Road
Taipal, Tatwan 10690, A.O.C.
Bga-2-719-186%

Fx; B38-2-712-0444
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NOMINAL CONSTRUCTION, Type F Fiim

mmWM'Wmemad its, the middls d rwmn!aﬂunmmmudmubﬂa
KAPTOM in mils. The first and third di ré’pmhravﬁu lckness of the coating of TEFLON® FEP

fluaracarbon resn in mila. The symbol 8 ls used to represent 13 2m (Vs mil) and 610 E.Eiu.m['humlll.
Exampla: 120FS16 is a 120 gauge struchws aunaisﬂn‘ania 26 um (1-mil) basa fllm with & 2.5 zam (1o mil) caalling
of LON on ench aide. Nlustrated are 3 examples of the mary types avallahis,
HORINAL “TEFLON" “KAPTON" “"TEFLON"
OADER THICKNESS FER TYFEH FEP
CODE ©m milg zm mis | mils wm mkn
120FG16 ao 1.2 2.5 0.1 25 1 2.5 0.1
150R04 34 1.5 0 0 25 1 13 Y
250F024 B4 25 0 0 &1 2 13 ¥
ORDER STANDARD WIDTHS AREA FAGTOR
CODE mm inchea m¥Kg FTYLB.
1207816 3.18-914 1/8-16 21.3 104
150015 3.18-914 1/8-36 15.8 7
250FA026 3.18-914 18-36 11.1 44
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In LLE.A.

High Performance Fima Diviion
Wikmington, DE 19859
{800) 527-2601

In Canatia
Du Pont Carada ne.
PO Box 2200 Streatsvlle Postal Station
MississaLga, Ontaria
L5M 2H3
(416) 821-3300

In Buropw
Ou Pont da Nemaurs Intemational S.A.
Electrorics Department
5(3-52 Route des Acacias
CH-1211 Geneva 24, Switzerfand
. 2237 eI N

In Japan
Ou Pont-Taray Co., Ltd.
5-8, Niranbashi-Hancho 1-chome
Chuo-ku, Tokya 103 Japan
03 245 5061

In Brazll
Du Pont do Brasll S/A
Caixa Postal, 26 — Alphavile
06400 Barui/Sa0 Paulo, Brazil

In South East Asia
Du Pent Asla Pacific (Lid.)
1122 Nesw World Office BLIMING (East Wing)
Sallsbury Road, Kewioon

Hong Kong, BCC
03 734 5377

Worldwide (Except Europe)
Du Pont Com
International Gustm%lm
Concor Plaza-Read Bidg.

Wim , DE 15858
{302} T72-8120
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Summary of Propertics

o WD

DuPent High Performance Films

Kapton.....
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General Information

Kapton® palyimide flim possesses a unigue
combination of properties that make it ideal for
a variety of applications in many differem
industries. The ability of Kapton® to maintain
its excellent physical, electrical, and mechani-
<al properties over a wide ternpersture range
hes opened new degign apd application areas o
plastic films.

Kapton® Is symhesized by polymerizing an
aromatic diaphydride and an sromatic diamine.
[t hes excellent chemical resistance; there are
no knewn organic solvents for the film.
Kapton® does not melt or bum as it hes the
highest UL-94 flammabhility rating: V-0, The
outstanding properties of Kapton® permit it to
be used at both high and low température
extremes where other organic polymeric
materials would not be functional,

Adhesives are availabte for bonding Kapton®
ta itself wnwd 1o metals, variovs paper types, and

other flms.

Kapton® polyimide film can be used in &
variety of 2lectrical and elacironic insulation
applications: wire and cable tapes, formed coil
insulation, substrates for flexible printed
circuits, motor slot liners, magnet wire jnanla-
tion, waneformer snd capacitor insulation,
magnetic and pressurc-sensitive 1apes, and
tubing. Many of theae applications ars baged
on the excellent balance of eléctrical, thermal,
mecharical, physical, ind chemical propertles
of Kapion® over a wide range of temperatures.
{t is 1his combinaticn of nseful properties at
temperature exirémes that makes Kapton® &
unique industrial material,

Threes types of Kapron® are described in this
bulietin:

« Kapron® Type HN, all-palyimide film, has
been used successfully in applicetions at
temperatures a8 low as —269°C (—432°F)
and as high as 400°C (752°F).

Type HN film can be lamineted, metallized,
punched, formed, or adhesive coated. [t is
available as 7.5 wm (.3 mil), 12.5 um

{0.5 mil}, 19 pm {075 mil), 25 pm (1 mi,
5G pm (2 mil), 75 pm (3 mil), and 125 pm
{3 mil) Films.

+ Kapton® Type VN, all-polyimide film with
all of the praperties of Type HN, plus
superior dimensional stability. Type VN it
available gs 12.5 pum (0.5 mill, 19 pm
{0.75 mil}, 25 pm {1 mil), 50 um (2 mih,
75 pm {3 mil), and 125 pm (5 mil) fims,

» Kapton® Type EN, n Type HN filrs coated
on one or both, gides with Teflon® FEP -
fluoropolymer resin, impatts heat seala-
bility, provides 8 moisiure barrier, and
enhences chemical resistance. Type FN is
availabls jn & number of combinetions of
polyimide and Teflon® FEP thicknzases
{sea Tahle 16).

Mote: In addition to these three types of
Kapion®, films are available with the follow-
ing atributes:

« antistat

= fhermelly conductive

» palyimides for fine line circuiry

* Cryogenic insilaiion

* COrons Tesistent

» pigmented for colar

+ conformable

¢ ather films tailorsd 1o meet customers”
needs

Data for these films are covered in separaic
product bulletins, which can be obtpined from
your DuPont representative.

The Chemical Abstracts Service Regisiry
Number for Eapton® polyimide flm is
[25036-53-7].
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Kapton® withratanda tha hiersh abamical and physion] demands
an diaplagma iy | automotive ywitohes.

Kapton* is usad in numMeroun sactranie applicatdons,
Inoluding hard disk drivas.
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Physical amd Thermal Properties

Physical and Tharmal Properties

Kapton® polyimide [ilms retain their physical
properties over a wide temperalure range. They
have been used in field applications where the
Environimental [RMpeEAIUNS: Ware A Jow &5
=209°C {—432°F) and as high as 400°C {752°F).

Complele data are not available at thase
exireme conditions, and the majority of techni-
cal dara presented in 1his sectian falls in the

23 10 200°C {71 1> 392°F) mnge.

Table 1
Physical Propertias f Kapton® Type 100 HN Fllm, 25 w (1 mil

Typleal Value ot

Pivyalaxnl Proparty rC mxF WC BEA Tt Mathad
Witimats Tanslls Strangth, MPu (pal) 231 35508 129 [19,004] ASTM D-382-91, Method A*
Yiwld Point at 3%. MPa (peil 8 [10,00) 47 {8300} ASTM O-882-91
Srram b Procues B% Elongatdon, MPa tpali B0 [13.000) a1 (9000 ASTM [I-Baz-11
Ulimats Elangation, % 7k B ASTM D-BiT-51
Ternkila Modulus, GPa {pali 2.5 @A70,000) 2.0 (200, 000) ABTM D882
Impect Strangth, Nom bl 78 {0630 DuPont Pnaumatk: Impsct Tem
Folding Endurmnca (MIT), cyclan 286,000 ASTM D-2170-58
Tear Sirsngth—Propegating (Elmendar®, M i) Q.07 (0.02) ASTM D-1822-89
Tear Strangth—initial (Gravesi, N [bf) 121181 ASTM D-1004-20
Clermity, giee or gfimL 1.4 ASTM D-1505-50
Coefficient of Frictian—Kinatic (Film-to-Flim} .48 ASTM D-18594-50
Coatfichent of Fricion=—3tatic [Flim-to-Fiim) .53 ASTM D- 189490
Rafractive Index (Sodivm O Line 130 ABTM D-542-90
Poissan’s Ratig o34 Avyg. Thrag Samples

Elongatad at 5%, 7%, 1%
Low Temparaturs Flex Life Pasa IMZ TM 8530, Marhpd 2.6.10

TEpr-ime  Topec 25 1180 MM AT A 8 Inl; daw Separmtion: 180 mm (% il Javy Spaad B0 maymin (2 in/ming Ll beats refaras to tha

e A engrh End sdongatian mearured w1l k.

Tabls 2
Thermal Propartiss of Kapton® Typa 100 HN Fim, 26 pm |1 mil}
Thermal Property Typleal Yalus Twwt Corvlitlan Tesd Mathad
Meking Point Nons Kara A&STM E-TO4-85 | 198G)
Tharmal Costiicient of 28 pprC —14 b 3R°C ASTM D-898-91
Linamr Expansian {11 ppmd*F) 7 o 108°F)
Cosffiolent of Tharmat Canductivity, ABTM F-433-77 {16E€7F"
Wm-K 0.12 208 K
:]

cm-sac T 2087 = 1 ba i
Epeolflo Heat, Jfa-K (2alipg-“C) 1.08 10,281} Ditfarential Colorimetry
Flammubility dv0 UL-G4 |2-8-85]
Shrinkages, % 017 30 min &t 150°C IPC TM 850, Method 2.2.44

1.25 120 min wt 0T ASTM D-B214-81

Heat Eaninbility Mot Heal Eanlable
Limiting Coeygan [ndes. % n ASTH D-2883-87
ol dar Float Fass IPC T EI5D, Method 2.4.134
Emoke Canpratman DM = =1 MBS

Bmoks Chambar

NFPA-258

A mcond oooar Innaitian accues in Kiglon® batwaen 307G (G80F mnd HB0°CITD R
Jnd il UM ta be t gl Indilion DM prsturs. Dffersnt mamurement
techniquas producs dibarant caanits within tho ahove epaca tunt FENEL.

Glaas Tranation Temperatura (T,
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Tabke 3
Physical and Thermal Properties of Kapton® Type VN Film

Typiosl Velws for fiim Thicknes
M am 0 um | um 128 um Tt
Prapsrty 11 redll 2 mi) 12 mil| % mih Mathod
Uktimnta Tanuila Strength, MPa 211 238 b | m AETM D-882-01
[paht 133, 5001 fi4, G0y 133, 500) [33,500)
Uttimata Elongatian, & 72 [ H iz a2 ASTM D-882-91
Tuar Strangth—Pronagating [Elmandorf), N 0.07 0.3 03s 088 ASTM D-1323-89
Toar Steangth—Inidal [Gravas), N 1.2 183 5.1 49 ABTM D-1004-80
Folding Enduranss (MIT), = 100 syekan 208 B 5 & ASTM D-2178-85
Cavnity, gles or gfml 1.42 1.42 1.42 1.42 AGTM [-1508-90
Flemmnbilgy B4vD 24y-0 Fdy-0 24v-0 UL-Ba (2-5-30}
Shrinkags, %, 30 min o 150 {202°F) 003 el ) 0.0 0.3 IPC TW B0
Muthodd .2.44
Limiting Oxygen Index, % I L A L ASTM D-2083.597
Tabin &
Physical Propertiss of Kapton® Type FN Fllm*
Typleal Valus for Film Typa**

Proparty T24FNETA 1EAFNOTS THFNOTS
Witimate Tansile Strangtt, MPa | g

23°C [75°F) 207 (30,0048} 182 123,504 20 (25, D30}

2008 (30F) 121 (17,5041 B 13, 000] 115 {17, K}
Yigld Poing ot 2%, MPa (pafl

3°C {73'F) a1t (8000} 3 TG B0 ranl 0y

200-C [302°F) 43 180040} 43 160001 36 (BO00k
Siresn et 5% Elongation, MPa ipal]

230 TR 79 111,500] 5 13,5000 76 {11,000)

200 C (AB2°Ft 63 10000] 47 10004G] 48 {PHI0h
Ultimate Elongation, %

G ITXFI 76 10 as

00°C | ABTEF} a0 5 110
Tenslle Modulus, GQFs (psi!

23C 113*F) 2,48 (360,000 2.26 [ 330,000) .5 1380, 00D}

20T (32F 1.82 (236 000} 1.14 11850001 +.38 [200. 000+
lmpact Strangth at 23°C {T3"F},

N-gm (R 1k TR QOB AE6 IR.81) 18608 (T.18]
Taar Blningth—Propagabling (Elmsndacd),

N (laf i 0,08 102y 047 10310 057 10.13)
Tuar Strangth—inkial [Gravan), M (1] 11.8129) 1120200 17.8 (4.0f
Palyvimida, wib -l a7 72
FEF, wi% 20 i3 27
Dnsiry, giee or giml 153 187 1.57

*Trat maihody for Tabds 4 are tha aame m fov Tebls 1.

"URSEEUM 8 NUMBAF AF GOrmDIn NS Of Db lrm Sad Musroclrbon cosbing S04 up 1o oW JEme Lot Qg il il MDA ErY 0O
dimtingwsh among them. & ihree-digll system |5 used Inwhich s middle digh representa the nommal tickness of the bass
Kaptean® Nk i mbe, The firet and third digHe represent tha nominat thicknaee of the conbing af Tefion® FRP Aucro pokyImer s
in . The wymbol % in usad to represent 13 pm 005 mil and & 1o repraaent 2.5 0 (0.8 mill. Example: 120FNE1S in & 120-cauge

wirueturn conaketing of 8 26 L mil) b limoaih § 2.5 B mb] corting of Tedon® on aech e
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Mechanical Properties

The usual values of wensile strength. 1ensile
modulis, and ultimare elongation at various
temperatures cen be obtained from the typical
stress—ytrain curves shown in Figures | and 2.
Such prapenics ak tensile srength and modulus
are inversely propoctional 10 tempersature,

whereas elongation reaches a maximum value
at about XK°C (570°F). Other factoes, such as
humidity, film thickness. and tensile elongation
rkles, were found to have only & negligible
cffact on the shape of the 23°C (73°F} curve.

Figurs 1. Temlls Streas-Btrain Curves, Type HN Film, 25 po (1 mll

1] 0
a2 239C (13°F}
28 - 200
24 100°C 1212%F)
} {150 i
0 200%C (352°F)
18 g
g 140
12
é = 50
.
0 - !

0
Ba ac 120

Figurs 2. Tenmlls Cresp Propertiss. Typs HN Fllm, 25 um {1 mil}

g~ — 100G (212°F)
8 / 81 MPa (B850 psi
* e
z -
n
.i 1L 26C 190"F)
0.8 | 21 MPa (2590 pail
5 0.8
o4 - m 28°C [BO"F}
g 11 MPa {1810 psi}
0.z - 28°C {33*F)
—’__..--"""'"_ 6.5 MPa 1950 pail
0 - | 1 |
1 10 100 TRK) 10,000
Time, min
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Tabls B
Tims qu.llrld for Reduation In Ultimate
longation from 70% to 1%,
Typa HN Aim, 25 pm [1 mil}

Tamparatiine Adr Envirgrumipnt

{50 {BDF) 2 hours

425°C [B00°F) & hours

00°C (780" 12 houra

375°C J10°F) 2 days

00°C (880*F) & dyn

328"C (820"F} 1 math

300°C 0§ TC*F) 3 months

1TE°C {530°F} 1 yoar \
100 (4B0"F} 8 yanre

Figura 10. lsgtharmal Walght Loss, Type HN FMim, 25 um {1 mil}
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"Electrical Properties

PF* e moat common electrical propetties of
= Kapton® polyimide film of various gauges
shawn In Tables § and 7, Theae values

~ wege measured at 23°C {(7¥F1 and 50%

Elei:trical Properties

rzlative humidity. The effect of such Factors as
humidily, temperiture, and frequency on thess
basic values can be found in Talde 9 and
Figures 11-13.

Tahia 7
Typical Electrical Properties of Kapton® Type HN and VN Flims

Froparty

Fiim Qg Typhaal Vislus Tast Conditlon Tast Methad
Dipctric Yium (kvfnm) ivfnll) &0 M1 ASTM C-148-m1"
36 um (1 enii} am 17700 144 in whetirocies
60 am (2 mill 240 {30 }] 500 Vignt: rlam
T8 um A mill S {S200}
126 pm (8 mil) 154 (3900]
Contari 1kHz ASTM D-160-92
28 um (1 mil a4
60 um (2 mil] 34
TE um [3 mill ia
125 pen (B mibl) ia
Disalpation Facter 1kHz ASTM D-150-82
25 am {1 mil) 00018
B pm {2 mill 0.0
TEum {3 mill 00020
126 pm I8 mil} nixed
Vil Rasiptivity om ASTM D-257-01
26 prrt {1 mll} 1.6 x 10
5O pen (2 mill} L6 = 1007
75 pen {3 milh 1.4 = 10"
128 pm (S mil} 1.0 = 1017
by Table 8
Typlcal Elnctrical Propertisn of Knpton®™ Type FN Fllm
Proparty TIOFNG1E 1E0FND1E 280NN 28
Dlgiectric Strangth, Yaum (Vmdl] 272 19000 187 (3000) 197 (EOQ0
Dialwctric Constant 3.1 7 3.0
Cinrlpatian Fector o.ca18 0.0073 0.0013
Yolurne Aeslativiy, Scm
at 23 IT3°F) 1.4 =100 2.3 %107 1.0 = 10"
&t 200°C {J82°F 40 10" 38 0™ A7 >

I
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Effact of Teamparature
As Figures 1417 indicate, extreme changes in  excsllent roam temperature eisctrical praperties
temperanire have relatively little effect on the of Kapton® polyimide film.

Figura 14. AC Dislectric Etrangth ve. Temperaturs, Typs HN Filkm, 26 pm {1 mil}

g
g

g

25 um 41 mii}

AC Dishactri: Strength, V/um Md//mm)
]
1

100 |- 1;;m_{5mm\
a i | | | 1]
=204 =104 1] 104 200 300
-3 {-aE (33 i212) 3|y 832

Temperaturs, *C ["FI

Fgure 6. Dislectric Conatant va. Temparaturs, Typs HN Flim, 25 pm (1 mill|
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Figure 15. Dissipation Factor va. Temperaturs, Type HN Fllm, 286 pm (1 mil|
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Figure 17. Voluma Resletivity vs. Temperaturs, Type HN Fllm, 26 e [1 mil)
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Figure 20. Dislestric Canstant vs. Fraquency. Typa HN Fllm, 125 pm B mil)*
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Figure 21. Dissipation Factor va. Fraquency, Type HN Flm, 126 pm & mil#
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Corona Life

Like all organic materials, Kapton® is attacked
by a corma dischacge and when expossd
continuously 1o it will ullimately fail
dieiecirically. At modernie levals af corana
exposure, devices insulsted with Kapton®™ have
survived up to 3000 h, giving reasonabie
assurance that brief exposirs o a corona will
not sipnificantly affect the life of a propery
designed insulation system besed on Kapton®.

Corong threshold voltage and intensjty are
funcfions of many parematers, including
insulation thickness, air gap thickness, and
device shape. Consult with 2 DuPoqt technical
rapresentative on the suitability of Kapton® for

speciic applications where a corona may be
pressnt

Flgure 22 shows the life for 25 pm {1 mil)
Kapton® HN polyimide film as a function of
voltage (RMS) ar 60 H2, As the carone starting
level is appeoached, the Kapton® life curve
flatiens, indicating a long life. It should be
amphasized that the superior thermal and
moisture-preaf capabilities of Kapton? insu-
lated magnet wire, wrappers, and slot insulation
ean be utilized without fear of corona in
properly desigred systems. Kaptan® ¢an be
used dlene or in combinatien with ather
insulation materials.

Figure Z2. Valtege Endurance of 100HN Kapton® Palyimide Fim*
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Chemecal Progerhies

~hemical Properties

Typical chemical properties of Kapton® Types  The chemical propertizs of Type ¥N [film are
HN and FN fllms arc given in Tables 10 and 11, simiiar 1o those of Type HM.

Table 10
Chemical Proparties of Kapton® Type HN Film, 28 pm {1 mil)

Typleal Valua
Tusalls Elangation Taut Tant
Property Ratainad, % Autmivad, % Conoiition Mathod
Charriica
{popramgyl Algshal 'L} 9 W mnin m 23C IPE TM-580
Tolusnd M 1 Mmhod 2.2,.38
Mathy| Ethyl Katene M a0
Muthylene Chicride'
Trhch orosthylane (1:13 ;1] a5
2 N Hydroch oz Aoid ]} &
2 N Sodium Hydrpxda a2 i
Fumgers Basbriance MNonnutrisnt IPC TH-884
Mihod 7.6.1
Mo tcire dbarprtion 1.8% Types HN and ¥N S0% MM mt 2570 ASTM D-570-81 (19681
2.8% Typos HN and ¥ Immuaralon for
24 hat 2°C{TI3F)
Hygraacopia Coaffioiamt
ofExpanslan 22 ppm/% AM 23°C 173"Fi, 20-B0% RH
(R mimi 24 b-MPe  ceA10d A2 hatm) 2300 (TA°F), 603 AH  ASTM D-1434-32 (19841
Cartan Dlox|da B840 L
Oxygan Je00 Fo
Hydrogan 38,000 2%
NEitrogan 810 -]
Hellum 63,000 418
Yapor game-24 nl BTN In 24 i) ASTW E-88-82
Water B4 35
_Tabia 11
Chemlcal Properties of Kapton® Type FN Rim
PFropecty 120f 818 1ENDS 4B0FNN 22
Moinura Abyorptian, %
At 22°C {77F), 5% RH 13 0.8 ol
#8% AH L 1.7 12
Water Vapor Parmeabliity,
Biim? 24 W) 1.8 6.4 24
pA 100 in'- 24 hl 1.13 0.62 .16
’ m
. -NHTSA 018346
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Kaptar® It used an primary
insulatfon for trettion motore
bacause of hta cutstanding
aombination of thermal,
machankal, and Hechical

propartisn

Vokoa oodls macks with Kapton® possses suparior
high-iraquendoy sound performancs st operating
temparatures.
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Filhin Type: Infarmation

Kapton® Film Type Information

Tabls 15
Typs and Thickness
Nomin Thicknwes Area FPactor
Typw rm mi m kg Kb
JIHN 1.8 0.3 a3 L1
BMHN 12.7 0.8 1.1 272
T5HN 191 0.7 an 1B
100HN 6.4 14 s 138
200HN 608 24 4 m
SMHN 76.2 30 1.2 [ L]
S0AHN 127 [ X1] 15 27
] 12.7 0.6 .-} 272
7OV 18.1 0.78 7 181
100vN 2E.4 1.0 | 134
200V B0.EB .0 T4 88
VN TE.2 a.0 9.2 45
B0V 127 LA .6 =7
19CFNDER 25.4 1.0 2] 110
120FNE18 0.6 1.2 n 104
1530FNEER - B 1.8 i1} aa
150FND1R m 1.B th T
200FNA11 50.8 2.0 T B
200F M 1% 50.8 2.0 1" B
260FNC 2GS 435 2.5 10 48
ANOFNG2Y 78.2 14 8.4 ap
JOFNE 2 78.2 34 A.q a8
SDOFNOZ2 101.8 (1] Bl 27
400DFNOD1 101.B 4.0 1 *
GOOFN 131 127 5.0 4.7 5
dOOFNO51 152.4 B.A 43 >

Nominal Construotion, Typa FN
In the Kapton® Type FN order code of three
digits, the middle digit represents the nominal
thickness of the base Kapton® in mils, The {irst
und third digits represent the nominal thickness
of the coating of Teflon® FEP flucropalymer

(0.1 mil). Exsmpie: 120FN616 is a 120-paupe
structure consisting of a 25.4 um (1 mil) base
film with a 2.54 Jm (0.1 mil} coating of
Teflon® on esch side. Illustrated in Table 16
aré sevordl expmples of the many film Lypes

resin in mils. The symbol 9 ic usad 1o ropresent  available.
127 pum {0.3 mil} and 6 to represent 2.54 im
Tabls 18
Type FN Fllm Canstructions
Conatruction
FEP MM FEP

Tvpe [TE ) il M il T8 o) mi
T0OFNIH 127 0.6 1.7 .50
120FNE1E 2,64 0. .4 1.00 .54 .10
150FNS5T 12.7 Q.50 ¥2.7 050 127 Q.50
16QFNA19 4 1.00 ir Q.50
NOFNON 254 1.00 254 1.0
H00FNG1Y 11.7 0.80 154 1.00 12,7 0.50
ZEOFNGT B2 .00 R’y 0.50
JOFNGZ1 #0.2 2.00 8.4 1.00
AOFND2D 137 0.60 E0.8 2.00 127 0.80
4J0FNOR2 50.8 2.00 0.8 .00
AQ0FNO3T 7.2 i 25.4 1.00
BIOFN 131 8.4 1.04 a2 d.00 5.4 1.00
BOOFNES 127 5.00 LY .00
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Kapton® bar code labals ara used In the hareh
snvironmants PG boards s exposed to during
saldering.

Kapton® In an axceitent delectric substrrte that
maets the oringemt requiramems of MNexibde
alreuitry-

TI-NHTSA 018349




Safety and Handling

Safe handling of Type HN and VN Kapton®
polyimide films at high temperatures requires
adequate ventilation. Meeting the requiremants
of OSHA (2% CFR 1910.1000) will provide
adequate ventilation. If small guantities of
Kapron® are invelved, s is often the case,
narmal air circulation will be all thar is needed
in case of overheating. Whether or not existing
ventilation is adequate will depend on the
cambined Factors of film quantity, lemperatore,
and expesure time. For sdditional infarmation
on the Teflon® FEP coeting used on Type FN
Kapton®, rafer to the bookls1 “Gnide to the Safe
Handling of Fluoropolymer Resins™ (H-48533).

Soldering and

Hot Wira Stripping

Mnjor uses for all types of Kapton® include
electrical insulation for wire and cable and
other electronic aquipment. dn vinually all of
these applications, soldering is a routine
fabricating procedure, 23 is the use of 2 heated
element, ko remove insulation. Soldering
cperations rarely produce off-gases to be of
inxicelogical signiflcance.

Welding and Flama Cutting

Direer application of welding arcs and torches
can quickly destroy mos{ plastics, including all
types of Kapton® film, For practical reasons,
therefore, it is best to remove all such pans
from equipment ta be welded. Whene remaval
is not possible. such as in welding or cutting
coated parts. mechanical ventilation should be
provided. Because Kapton® can be used at very
high temperatures, paris made from it may
survive at locarions close 1o the paint of direct
flame contact. Thus, some in-place welding
cperetions cen be done. Because the quantity of
fulm heated iz nsually relatively small (less than
| Ib), vertilation requirements seldom exceed

Safety and Hamlbing

thase for normal weiding work. Because of the
possibility of inadverient overheating, the use
of a small fan or elephant-trunk exhaust is
advisable.

Scrap Disposal

Disposal of scrap Kapten® polyimide films
presents no special problem ta the user, Small
amounts of scrap may be incinerated along with
general piant refuse. The incineralor should
nave sufficient draft o 2xhanst all sombusiion
produocts [o the stack. Care should be taken to
avoid breething smoke and fumes from any
fire. Because Kapton® is so difficull (o burn, it
15 often bast 10 dispose of scrap film in s
{andfill.

Fire Hazards

Whether in storage or use, Kapton® is unlikely
to idd appreciably to the hazerds of fire. Bulk
quantlties of Kapton® (over 100 Ib) should be

stared awey from flammahle materials.

In the event of fire, personnel entering the arca
shouid use g fresh wir supply or a respirator. All
types of chemical extinguishers may be used 1o
fight fires involving Kapton®. Large quantities
of water alan may be used to cool and extin-
guish o fire.

Static Electricity

The processing of Kapien® can generate 4
sirong static charge, Unless this charge is bled
off as il forms by using ionizing radiation or
tinsel, it can build to many thousand of volts
ard dizcharge (0 people or metel equipment. [n
dust- or solvent-iaden air, & flash fire or explo-
sion could result. Pracautions for static chargas
should also be taken when removing plastic
films used as protective packaging for Kapton®.

For additional information, users should refer
Lo the bulletin “Kapton® Polyimide Film—
Produsts of Decomposition™ (H-16512).
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United States

Headquarrars
DuPent High Pecformance Films
115, Rt. 23 and DulPant Rd.
BO. Box 39
Circleville, GH 43113
Product [nfocmatioa:
(B0 2374157
Ordering Informarion:
(B0 96T-3507

Canada
DuPant Canada, [nc.
B.Q, Box 200
Siresteville
Miszissawga, Ontario
Canada [5M 2H3
Incpuiries: (903) B21-5603
Customwer Sarvice;

(BN} 263-2742
Fax: (905) 831-5230

Eurapa

DuPont de Nemours
(Luxembourg 5.4.)

Contern

[-2934 Luxembourg

Granad Duchy of Luxambourg
352-34-06-1

Fax: 352-35-55-5000

Latin America

Argeruing

DuPomt Argentina 5. A.

Av. Eduardo Madera 1020
CP1106E Buenos Airss Cep. Faderal
Arpenting

54-1-312-3011

Fax: 34.111-1329

Hrgzil

DuPent do Brasil 5.A.

AL linpecuru, 5056— Alphaville
06454-080 Rarueri, S2o Pavlo
Biasil

15.11-421-B420

Fax: 55-11-421-B886

Mexico

MuPont, S.A. da UV,
Homero 206-10

Col. Chapultepes Momles
Mexica, D.F. L1570
325-T22-1221

Fax: §25.722-1370

Yenenuela

DuPont de Venezuela C.A,
Apartado Del Esie 61582
Camncas 1060-A, Venszuels
38-2-92-6022

Fax: $8-2-92-0442

Asia Pacific

Japan

PuPon Kabushiki Eaisha
Arco Tower

g-1, Shimomegure 1-chene
Magura-ku. Takyo 133

Japan
Bﬁ-ﬂlﬂ-ﬁlm
Fax: §1-1-433-6|9]

ASEAN

DuPont Singapore Pue Lid.
| Marltine Square

07-01, Wirld Trade Conire
Singapore 04049
65-273.2244

Fax: 65-272-6065

Austirglia

DuPon: (Ausmalia) L.
Narhside Gardens

168 Walker Smeet

Narty 5 dney, NSW 2060
Ausralia

61-2-923-6] 1

Fax: 1-2920.7217

Hong Kang/Chine

DuPont Asla Pacific Lid.
DaPosr Chine Lid.

1122 New World Office Building
Easr Wing

Salisbury Road, Kewloon

Hang Kong

E52-T34-5345

Fax; 852-724-4458

Korea

DuPoct Karea Lid.

4/%1h Floar, Asie Tower

#7126, Yeoksam-Dong.
Kangnam-Ku

Seaul 135-082, Korea

B2-2-222.5397

Fax; 82-2-102.5478

Tuivnn

DuPom Taiwan Lid.

7, Teu-Chiang 15t Road
Chungli, Taoyuen. Taiwon
§906-3-4 549204

Fax: 8R4-3-A820674
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Cautlon: Da not use in medical mpplicatisng inrulving permanon! implmtation in the human body. Far dher medicul apiicurion. see
"“DuPum Medicel Camiwn Sialomed.” H-30101

1 NS P in LALA
[Anpapcss” H JE85T1
Raoroer Mo H M-

L

DuPent High Performance Films

TI-NHTSA 018351




S

Tez1

High Perfarmance Flims

DuPont FEP

fluarocarbow flln

Types A, C, C-20, and L

Introduction

This covers FEP fluorccarbon film
sold by DuPant Films.

Hhmhnhﬁdnﬂnupuﬁmﬁmm

of Quorocarbon film spacified by
HM&ﬁﬂum
ASTM D-1368
Type I FEP Type A
Type 1L, Grade 1 FEP Type C
Type II, Grade 2 FEF Type C-20
Type Il FEP Type L

Wheore mimimom or taxinos tolerances are gives,
ondy & small of the film A mujority of the
film will hava properties falling within » nge
nasmower chan that specified.

Current product avallshility is shown in Table 1.

Manufscturing
Muateriai

Copolymer of tetrafluoroethy lons and
bexadlnoropropyme im the form of » filin.

Color
The color of the film is oniform md rnges from
clear 10 translncent depending on the thickuess.

Defects

The material shall be nniform in appaarance and
ahall be suifficiendy free of comamination,
wrinkies, hobes, scraichas, and other imperfoctions
50 1 1o be functonally mxaptabls.

Tefloa® is w repiniered crnderk of DwPonL

arfeotgen Holletin

Coras

Shall be of sefficlont vent collapsing
oo humdling. Sizes 3 in mm]ntﬁln(lﬂ.drnm}
1.D, shoaXk] be specified on orders.

Order Tolerance
The wlarincs for tider o ovenun on pounds
oodered is £10%.

Splices

Dwsaription

Splices for all geages arc batt type and wre mnde
with yallow presmrc-sensit ve tape. Onc sxip in
spplied to each slde of the splice and shall bs 2 in
(308 mm) wide for 200 gaugs snd shove and 1 in
(25.4 mm) wide for belaw 200 gauge.

Frogueney
Sec Tabia 2,

Thickneas and Covarage

The avarage thickness {8 detemined by maasare-
ment of the average weight of the film. The averags
onil weight will mest the tions as shown in
Tshla 3, Section A In no slngle point will
fail ontride the orinimom st meximen Gdcknass
s shown in Table 3, Section B. Point thickness i
distermrined ot Least g g suraments
scroae the width of the film in acoordance with
ASTM D174 Method A or .

Width

The maximurm varistion in f5lm width from that
requiréd oa the order varies with the gaoge and
width of fAlm and is shown in Tahle 4.

Ti-NHT3A 018382
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General A label contxining vimilsr formation is also
Packaging affined sa tha core for rall widdw 2% in (54 mm)

. and above; for rolls less than 2% in (34 mm) wide,
DuPont FEP flnorocarbon film is woand oa 3-in the core Inbel ix in the package.

{76.1-mm) or 6-in [132.4-mm) cores and is

averwingped in polvethylens. The film ia thep
boxed to prevent losa of conténts or dumago ditring m"

thickness, type, mill roll aumber, mdihpph]dm

shipesent. Each conteiner is ibelod with DuPot ot oot » P L8 1o mlee won Sastlo €mDee,

Tabls 1
Avallability of DuPont FEP Muorooarbon Fiim
Geige
Type |60 (100|176 | 200 | 300 | 500 | 750 | 1000 | 1500 |[2600 | 5000 | 4500 | 6008 | 7508 | #4000 | 12600 15000
A - & L] - L ) L ] L — | | — — — — — — —
c - - - - - —_ o — — p— J— — — f— — —
€2 |— = | =] * =] * | =1 =] =—[=1]=1T=1=1=-1T=
L T — | = . — » & 1 | * " » ) ] M
"Avallabe
Mot Spacifications apply %0 gaupes and type svadlable aa Inditrbid,
Teidn 2
Maximum Allowasirs Sploss/Rol
Typex: A, G, and G20 Typw: L
Purr-Up Ao, In
0.0, In Geauge | Sxdlp | 3x11
1n Corma B-in Cerm [ o] 3 3
Qsuge 8 |ern | 7 | o | aap | o | 1 L. = 3
1500 — 3
10 2 2 _ 3 4 2 3 & 000 — o
2 1 1 i 3 i 2 Jd ARo0 —_ 2
00 1 1 i 3 1 F 3 8000 — 1
san 1 1 -2 3 1 2 3 500 — 1
7% 1 |z 3 1 2 A — )
1000 = — — — ] ] 2 ﬁ Mnimum dirtence batwasn
2000 = = — — L 1 i - tha e o & wpi ics and the

Mota: Minimwm distance batwasn iplicas or brbawen & iglce wnd i arld or et of
; ulit rolf ahall not be heea than 100 & for film under 2000 gevon arnd 84 £ for
000 gaug,

D O Btart of 4 wit ol
snal not e ees than 100 &
fior 800, A0 it for 1000,
a0 1t for 2006 1 srvd BGDGL,
J0 1t for BOOOL, and 14 fi for

FOO0L.
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Talva 3
Dufont PEP Fluoroowbon FRim Thickneas Talarance
A [ ] c
Nominal Averaga Thickness Eingle
Nominal Thiokness, Unit Padni Thicknasa® Area Factor, i/l
Gags h Nem. | Min, | Mot 1%Ver. | Min. | Max | Poom. | Min. | max.
Typei A, ©, snd G20
50 00005 nn 2485 3001 | £ | 0.00D3E | 0.00085 | 17697 | 184270 | 198.87
1040 0.0010 Bd.6E 48907 6002 | 210 1000070 {QLOO130 | BA.49 | B136 - Ik
175 0.0017 S6.4g { 9503 106503 | +10 | 000190 (000220 | K114 | 4800 | BA2E
200 " 0.0020 108.12 BEI0) 12003 | 10 J9.00150 {000280 | 4474 | 4087 49.72
00 00030 18958 14738 18005 | 210 | 000226 | 000975 | 2982 | 27.11 .14
E00 0.0080 1280 | XATH| 19180 &7 | 0D0u00 | 000800 1700 | 1472 1925
iz 0.0076 Wh.20 | 350.85 | 43784 Ty 0.0DEXR2 | 000877 199 | 1.8 1283
1000 00100 EABAG | 50740 | BBLIG £ | 0.00860 | .01160 495 8.4 .82
2000 0.0200 | 109t.20 | Y0482 | 1947.58 ¥ 0.01700 | 0.0 .47 418 431
Typa: L
500 0.00E0 TR0 24552| 30008 210 | 00040 | 00080 | 1780 | 1427 1988
1004 o001 SO0A0 | M104| 60018 | 210 | Q.0095 Q0115 8.9 813 B84
1800 10.0015 #1840 | 738648| ©00.24| t10 | 00128 | AT 597 .42 843
2000 00200 1051.20 | 982.08| 120032 | £10 | 940170 0.0230 .47 4.08 467
i 000 | 183880 | 147312 | 100048 | =10 | OARSE | OX£D4b 30 .11 Hd1
4600 00400 | 246520 | 2208.80| 2700.72| 210 | 04383 0.0618 189 1.80 220
#10 Q0800 | AI7EA0 | 294824 | 80024 | 270 | 00540 | 0.0880 1.49 135 1.65
1500 0OFS0 | 92,00 ABB2A| 4BOV2D} =10 | 0.083 | D083 1.19 147 134
SO0 0.0900 4810040 | 470,58 | B401.44 | 210 | 00810 0.0080 0.8 .80 1.10
12500 C.125 S230.04 | S480.00| 718000 | 210 | 0108 0.144 1.72 0.68 076
19000 0.190  110388.00 | S8AK.00 1084700 | =10 | 0.1 o218 .47 045 043

Dnéu-mlnu Iy Laing Kweet and higheot thicknes raadings of 1en massyremamts scross the flim par ASTM BaI74 Mathod A
oFr L.,

Table 4
Roll Width Toleranos, In

Wab Width, in

12-1E18 1-8 Dvar §
50 s VOO 3] 1n6 118
204 thraugh 400 =118 114 1NE
500 through 1600 =116 132 118
2000 Eafal] 116 E3fl-]
Qvar 7000 113 18 18

Note: Yarimion in flim width abaR ted exBasd thaes 10mits.
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Tabio &
Proparty Value, Types A, C, C-20, mnd L re
Fim Gaugs '
Proparty BO | 100 |00 | 30D | 500 | 750 | 18G0{ 1580|2000 Method
Cielactrie Strngth, AD00| 4000 | 240013000 | 2800 | 20001 1800 | 1500 | 1400 | Average of ten sampies testwd
¥imil, AC par ASTM D148 Mathod A Fiat
abawti Int Air plecad babargen
Yein dipmater Dress slsctroces
with Ve in adga radive and
Aub/echd ta 80 Ht AC valtege
riga 5t BOO Vieac o the break-
down voltege.
Clsiectric Conatent 210 ASTM O-180, Raault s svarage
fae 28°C, 1000 Hr) of five teate uning massurad
Max, smpia Weckness.
Dieslpation Factar 0.0003 ASTM O-150, same an shove.
{wt 25*C, 1000 Hz)
Max,
Volume Rewistivity, 11017 ASTM D-267.
ohmermn at 1770°C,
Min.
. Burface Rawistivity, %1018 ASTM D-287.
ohm (par 9q.
35% AH, Min.
Table @
Property Valus, Types A, C, and C-20
Fim Quuge
Property 60 | 100 200| 300 | BOO | 750 | 1000 | 2000 Mathd
Tanslly Sarangeh, 2000 | 2800] 2000| 28001 2800 | 2540 | 2600 | 2800 | ASTM D-852 for <10 mil
pel, 2B, Min. tvcknayg. ASTM D-838 far »10 mill
thickness. 2 infmin teeting speed.
Epﬁﬂlﬂm oiBrani, %, | 178 | 200| 250 | 260 | 280 | 250 | 250 | 250 .| Sama saabove methad,
in.
Shrinkaga, %, Averag of fiv MARSUrAITWITTS an
Max. st 200%C room tamparatura samples bafors
MD =5 H| 8] 2| &2 =2 42 | £2 | and after aachisat Each spdciman,
D 5 H | =8| £2 | 22 x #2 | 22 | 4inxdInfrealy sumpanded in
an oven cantroed o 208°C £1°C,
Expoaurs ima 4.5 by,
Cavnantability Mypa C 1 | 307 TA0 | 800 | 2000 | 2060 | 3000 | — | Usa DuPont adhealva #38040
film onky}, Min peel on AKIng #1200 aluminum shaet
mrangth in gin of width {0.019 In thickness). Peal Tew ot
180° angle at peal rate 12 Infmin.
Melt Tamparure, 50-200 ASTM D-3418 IDTA).
paiting Encotherm
Pank, °C
Dansity, pern?, 23°C 233217 ASTM D-1E0S.
4 TI-NHTSA 018388




Table?

Property Valus, Tyge L
Fim Gauge
Praparty 1m1mmm4m|omrmmu Mathod
Tenslla Strangeh, | 25801 2500 | 2600 | 2500 | 2600 [2600 2800 | 2500 | 2600 [ 2500 | ASTM 0-882 for <10 mil thickngas.
pai, 26*C ASTM D53 for > 10 | thicknusa.
2 iymin taating spaad.
E:nnnlﬂm. %, 250, 360 | 260 | 250 | 250 | 280 | 250 | 290 | 250 |Sama s ADOE mathod,
In
Shrinkege, %, Avgrags of flve messurements
Max. xt 200°C QN room HEmparsiLne spmples
MDD #F | 4+ | 42 | £ | b | 2d |0t [ &l | 48 | 5 | before and aitec sech test. Exch
™ 2 | 43 | 42 | 22 5 4 |0 | Db | 24| M | 25 [epeciman dinx din fresly
suspandnd [n an aven controdlsd
to 200°C £1°C. Exponurs time
0.4 hr.
Malt Temparaturs, 280280 ASTM D438 [OTAL.
Malting Enciotherm
Fapk, 'C
Curaity, 8,
Irc . alem 2.13=2.17 ABTM D-1505.
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Techocal Do

DuPont Films

High Pariormence Films

Teflon® FEP

fluorocarban Rim

Yechniquas for Fabricating Teflon® FEP

Introduction

Teflon™ FEP floococarbon film offers the ootrtand-

ing properties of Teflon® in & conventent, easy-to-

wse fomm, The film iv used “aa received™ in &

oumber of ications, However, in many in-

saricon, the st bo falbricated into a produce

mujtmbla for o epacific spplication. Some etampled

would be:

* Metallizing the film ko produce o mbeteats for
flexible printed circuits

= Scaling the film to produce & bag or pooch

= Melt bemding 1he film to & metal subsirate

* Using the film ns o melt sdbesive @ bond two
pieces of copper mbing

» Adhesive bonding the film wo vinyl theeting
(lsminating

+ Theomcforming the Slm into nsefal shapes
such ap corrosion-resictant labware (funpels,
besalorrs, oic.)

This brochuee will describe the techniques em-

ployed in fabricating Teflou® FEP filous, The

following topics will be cevered:

* Heat sealing

« Hemt banding

» Teflon® FEP film a3 &n adheaive

* Adbexive nminaring

» Metallising

* Thermoforming

Note that all of the information in this brochure is
refased to foc the fabrication of Teflon®
FEP blms. The tachaimea for fabecating Teflon®
PPA film are vary similar to those for Tefloa® FEP.
The major diference 15 in the meling behavior of
these fitms, Teflon® PFA fitm malts about 2§-42°C
(50=75"F) kigher than Tefton® FEP. In il proce-
dures requiring the film ko be in the formable or
melted siute, squipment temperatare shoald be
modified ingly. Procedures riot requising the
Teflon® PFA films $0 be formable or melied woald
be te 1ame xa for Toflop® FEP flima,

Haat S8saling Princliples

In many areas of application, the heat sealability
of Teflon® FEF fluomcasbon film will be of interest
ia wimethod of fabelcation, This scction discosses
sarme of the puethods that may be smployed to ob-
tain haat souls with Types A and L films.

Ganaral

Tefloo® FEP film may be heat ssaled by any
method that haats the contacting surfaces of the
film above the melt lempemtne of the pelyme
atwl, ot the same time, provides infimate contact of
those surfaccs.

A fusion heat seal of Teflon® FEF film is » -
peeling type of seal, wnd a wide s2al aren is pot

nececsary, Better uppearing seals with minimum
dinogtion and packering of the film are obiained
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by loculizing the bast applied to the flm (o as small
at area an in practical, The ose of hot bar or impulss
1caling equipment necessitates bringing the entire
thickness of film to the matting pomt of the polymer
in oxder to accomplish a fusion o at the
film interfaces. With relatively thin Glms, heat
tranafer time is sufficlently short to allow dhic
methad, although thimning oot of the film adfacent
ta the seal occors (0 a grester exteat us fiim dhick-
ness increases, In contimsoun band scaling, this ia
sceomplished by boating only the center portion of
thabl.ndmdhym]mgﬂu:uluduprum Hot
uir sealing redoces thinning cat by allowing the
force of the air flow 1o act ax the pressare medlym
i il plates or giides to keep the majority of
the filn below the distortion: teroperature, Heat seals
made with Type L Teflon® FEP and Type LP
Teflon® FFA tend to be more dumbile,

Because molten Teflon® FEP flucrocarbon flm has
a tendency o stick 1o the juws of a hesl sealer, it i
dealmble to nze a celense agent in the sealing
operations. Kapron® palylngds filn ey akso be nead
a1 a release slip sheet.

Hot Rar Haat Sealing

The use of hot bar sesling cquipment having a
miniowun tempersture capability of 288°C (S50°F)
udlfulnmu]rrﬂlwill]iglﬁdllﬂluﬂ
and be limited 1o a straight seal Becanse itls
diffienit to loowlize or isnlate tha film sal ares 2
degres of puckering rakes place in drinser fifma,
Thinning ont will occur sdimcent to the fusion area
due 1o the jaw pressure when the film is in a fusion
state. Bocause the aguipment dovs oot wawally allow
temperature cycling during the seal cycls, tha film is
taken from the jaws while in & molten state when
film distartion is & & maxjpmimg,

The following grapha illustrate the ti
mmfptenmnhnmhplmhhthu
sealing, Thece genesal relationahips hold wroe for
other beat sealing methods s well.

Tamparature

Figure 1 illusrates the effzct of bar

npon the ceal etrength of 3.mil Teflon™ FEP film
at constant hat pressure and dwell time, Above n
specific har temperamee (310°C [590°F] with this
equipmecn) there Is no significam: changs in te
bond strength of the heat seal

Fgurs 1. Effact of Bar Temparativs Upon Ssad
Stranyth of Teflon® FEF Flm

Prassurs

EAE SPEMGTH I SFk WV
-

- [ J E B ] B ] k-2
AN THWFTRET N - F

In Figure 1, data are plotied for bar pressures of
30 pal and 60 pei with 2-mil film and a conmant
dwell time of % sac. Preasare sppears 10 have no
i g effect apon the bond strepgth of the
fusion heat seals. However, certain qualifications
shoald be made. First, in thicker guoge film {5-mil
and greater), pressure does afféct the minitium
at which a fosion heat sl cap be made,

}E:Epmundmyﬂhfnﬁmhut seulata
lﬁ;htl;fhwhumpuhhl}'dumm

that higher pressores can i the mte of
hmmlkrfmmﬂuhumdbumthuﬂm.mm
pressunes, howsver, cut through and thinning oot
occur. Teflon® FEP film possessss & relatively high
melt viseoslty, wiich is ant pesrly a2 much o
problem na with Iower mek viscosity thermoplngrics.

Rgure2. ENect of Pradiurs Upon Beel Stranrth of
Tellon" FEF Aim

Tine

vl
-
—

L
-

f

- -] [ L] L] ] -]
AR TRMSRRAT Y- &

i

EAFAK STAINOTH LINE - SFin willT

THNHTSA 018389




Figure 3 illurtrates the conalderahle affect hanting Figure 4. Termpersiurs-Tims Anlationship for
both bers va. one bar of the sealer has upon the Obtaining Fusion Heet Benl with Taflon®
temperainre-fime relationchip for obiaimng a furion FEF Rim

beat seal. For example, at 338°C (540°F), it require

3

only 0.2 sec with rwo bars heated to obain a fasion T
beat yeal with 10-mil film, while with culy coc ) :".*'::.‘:—.
heatad bar, 8.1 sec are roquired st this tesspezatare. o
Thaoretically, it sbould require four times & long g
to heat the film interfaces o the fusion temperarues ~ © ., n
from ane side s it shonld from both sjdes, E !
However, lacking perfect inenlation, best losses z e
10 the surrcundings and unheared bar increase this \'\ |
‘ r %IHM
Figura 3.  Effact of Bar Heating Upon
Tamparsiurs-Tims Ralationahip for Hast B r— " ™
Healing Teflan* FF Him 1A Thaws s £
. [ I 1 1 1 | Fiure 5. Tempersture-Time Relationahip for
! e ——— Oitaining Fusion Hast Seal with Tellon®
M MM
W
et
-] IV MR mpe—
IHI-_-'l"*'H
' e
] . p—
WM R MU M M M W R M .
Bal TErpRaLg. ¥ R IL.
Figures 4 and § summarize the data obtained for - Y marewnmer

heated bar sealing of Teflon® FEP finorocarbon

film. Figure o is for use when both bars are beated:

Figure § when coly onc bar is beaied and the other ~ Effoot of Gauge on Heat Seals

one i insulated, In beth figuras, the selection of 4 Figure § indicates the hewt seal strength obteinable

tamperature-dwell tims combination above the with the varioun gauges of Teflon® FEP film.
indicated etwva for  particnl gsngs filem will Becanie & Teflon® FEP film fuwion heat seal doss
result in w fualon heat seal of the selected gange oot peel, the indicated beank strength and &

fllm. is thun of the weakcent ink—the film just sdjacent 1o

. ia . . the sealed aren, In general, this is approximaizly

In geneml, & selection of conditions just slightly in ; . A
excess of the minlmum indicstsd conditions shonld gg::f_thqmﬂﬁ-:ﬂrmglhmduhmmemgm
prove most satisinctory, This should minimize viegn

ing and distortion of the film. The vae of
a different slip-sheet ar different cquipment may
afffect the selection of optimom temperamre-dwell
time conditions.
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Fgurad. Hant Geal Etrength and Hengation

Ortainaile with Taflon® FEF Rim
Comparsd to Virgin Mim
= ! L
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impurise Heat Saaling
Vertrod Corp.* impuolse heat sealing equipment has

besn ased for Teflon® FEP flucrocarbon film, The
hoat sealing in sffeceed by a pulse of electrical
current, which is passed throngh Nichrome®*
fibbong looater in aithar top arlior bottarn jaws.
These ribbots rransfer hear at o vecy high wmpera-
mre for a shoet period of time, By varying the
voltage and time of impylsz with u jaw preasure of
10-25 pei, %20 mil Teflon® FEP fitm may be
sealed, The heavier gaoges will osually require
equipment modification,

The seal area will be the widdh of the Nickroms
ribbons and, ax with the hot bar sealer, will be
limired to a strmight seal Thinning out s the edge
of the c2al will occar due to the thickness of the
Nichrome ribbone and the molten state of the entire
thickness of film when at the oAl Lemperatare,
Because the Nichrome ribbons rupply heat for only
a short period of time, by allowing the seal 1o
remain in the jaws for several soconds adter the
impulse, the sead will be cooled below i maxgmam
distertion tetiperatuge before being removed. Some
becauss the seal ares is not sntirely isolated from the
memainder of the film,.

Shapead 8aal

Curved or toregular sealing configurtiods that e
net possible with bhot bar or impules sealing equip-
ment muy be made by using & heated metal shape
such a1 a ring. However, special sealers for irregular
sbapes are commercially avaiiable. The metal ehape
must be capable of a minimum of 288°C (550°F)
and peeferably capable of higher tsmperatores to

"Vrmod Carp., Brooklyn, NY
saPagiviorad tradcaoerh of Driver Hetris Caopany, Hamison, NI

allow s reasonably shoet seal cycle (considering the
beat transfer e of the flm und any slip sheet that
may ba osed).

Care ghould be mken to engnre thet the metal shape
in pot warped at the dlavated sealing tampacatares,

iming at these temperanares usaily comects
this and allows for an sven pressare and heating
istribution.

In order to localize heat 1o the real avsa oply. cooled
metal or penmetal shapes may be placed in contact
barrier should be placed berween the hested md
cooled shapes,

Sufficient contact time to allow the film intesfaces
to reach fusion will depond wpon the
film thicknesses 1o be sesled and the teraperature of
the seajing mechaninm. Heated motal shapes may be
sed on either ooe ar both aidse, bodh sides giving a
faster heat ansfer tme and thas 2 shocer cycle.

A high-frequency gensrator may ba nndmhut.hy
induction techaiques, & couplex metel shape that
capnat bs beated by the tee of conventional resis-
tance type bester clements,

Mot Alr SBaaling

A ot air sodrce may be used ax » Beat sopply to p2al
Teflon® FEP film. For relatively thick flms {greater
than 20 mil), n hot xir stresmn may be directed at the
inkerfacen of tha flln © be sealad whike applying
minimal presware to provide imtimate contact of
Thnluu.tl’mll. This method provides hest only to
the susfaces to be saslad and kaeps the major portion
of the film below distortion temperainre,

Hlustration A,  Hot Alr Jealing of Thisk Fime

HOT AR
PRERAURE
/

THCK
FierP

N

For thinner films where best tranafer rime is suffi-
riently shott, bot sir may be applied to the ower
surface of the film hoating through the cower film
layer to the interfaces and giving 4 fusion seal. B
such & method is nsed, a metal guide shonld be

[
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cmployed to keep the hot air strean directed to only
the 1ol area, whils the remainder of the fllm area is

not expased, A metal guide of complex sbape will
give a cootour scal ares.

Mustrathon B.  Hot Al Swling of Thin M

HOT MR
BOLACE

Thermopiastic Welding

Thiz uformatios 1s for experieiad operatons with
kuuwhd;udlhmmpllﬂcwnldm;hchqnﬂmd
o general awarensss of available welding sools and
eqEpmeT,

Pablications about welding and fabricating thernma-
plastic materiale muy serve o an additjonal
TEEOMIDS.

Bafety
Teflon® FEP fluorocurbon rosin may undergo eome
decomposition at welding . Adoquats

ismparatarey
vanfilotion st he provided with pojm-of-work
exhaust hoods preferred. Individusl frewh alr masks
mey be neceasary in some nnavoideble enclosed
Epicas,
Further datadls axfety of Teflon® FEP reein
are cootuined in the bulletin, H-48633, “Cuide to the
Safe Handling of Finocopolymer Resing,” svnilable
from DuPont,

Materinls and Equipment

Welding Rods should be extruded vicgin Teflon®
FEP plastic, normally roand, solid, and free of voids
with & minimum diameter of ¥4 in and § maxinwm
of ¥ in,

Electrically Heated Welding Gen with at least a
150-W hesting element capable of prodecing an air
tompegature of ut keast 427°C (B00°F) when mes-
sured a1 a distancs of %4 in from the installed vip.

Inert Gas Sapply axd Premsure Ragulator o
:glvides-ﬁpﬁ:prulmulheﬁpofﬂu welding

l'rlplrlﬂnn
Chningumhmﬂ .Aﬂm;?uu,
inchuding lor
abow £ in beyond the joint, Wuﬂr}m
immediately prior to wekling with a sujable
solvent. Do not wse sonp or deterpents,

* Hevelling of tharmoplaatie in casential
m.mmmmmﬂ
power toals ahould be nsed for Mraighter
mﬂhﬂmgﬁdﬁhuhT

~ Bott Jointe (cingls or doable) &0
- Corners a0
— Fillots 45
- Lape Not required

* The joint must be kept in algnment during
welding by mechanical clamping or wck welding
with a maximum rocl gap of %4z in,

Waiding

1) Start ot gas welder st 343°C (G50°F).

1) Preheat starting edge of joint maerial and rod
until both appear shiny el become slightly
tacky. Hold welding tip abogt % in from wald
jointfrod lndersection.

1) Cur the end of the wekding rod ot a 43° angle,
hold it at a 90° angle 1o the joint, and move it up
snd down alightly in the beat notl it sticks o
the basc material, During cootinnous welding, 2
slight uniform motion of the torch batweey the
ahwet and rodt ik required (the standird Peodu-
lumn Technique ut=d by the indestry).

4) Holding the rod st & 43° angle with the basc
matarial, spply downward pregsure on the rod
of shout 3 Ib foroe, Avaid tension stretching of
the rod, See aketch balow,

FEP

mpdenal mus
ba Makan
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5) Continue welding st & steady and wniform mte
of abont Y4-2 infmin.

6) Temperature, welding spesd. rod pressure,
and gas flow may be sdjusied to vary from the
indicated values as iore skill and proficlency
is achieved throngh experience.

Tranaparent Butt Seal

It has been demonsmatod that an opticdlly clear
burtt geal is poasible by profile beating and cooling
tochniges (ase [llosration C). By selactively
heating and cooling a continucns meatal morface in
coatect with the bun eads of Teflon® FEP fluoro-
carban film, the film will flow and fuse wo iteelf 0
give an optically clear asal. Heatitig the center
portian of the metal whers it 1s in contaet with the
buit ends and keeping the majority of the film on
either wide of the heated wrea cool restricts the
thimming out and distortion of the film.

llustretion C.  Trangpurant Sytt Sast

NELLATION FREBSUAE

To0. I == Hm

'ﬁ_@?—?ﬁ

"
Ll L

_
m

Other Mathods of Sealing

induction Senling
FEP filin can be heat ssalad by indoction heating of
metal or metal oxides ut the bond interface.

With inducticn heat sealing, metal or metal oxide
is introduces at the bond interface. Heat is devel-
oped by mm:m:mﬁmlneﬁnlly excitably
mlt:nllmllltu;h

equipment, 'Ihemap:ucﬁeldmu
films and generates heat &t the

eliminntes mcnudfwhmmﬂuw;hlhc
thickness of the Elm.

Variables affacting the sealing rats are the type of
matal oaed, its mags, and distance fram the induc-
tion healing cail. Magnotic ferrolis materisls sre
best becanse of their intense hysteresls loss. Non-
mugpetic metals like slomisum, copper, tantulum,
and nickel have been induction heated, but highor
power ioput and longer dwell time is required.
Blends or slectromagnetic energy abaorhing moatari-
als and & thetmoplastic of the exme composition
the materinls to be bondad are commercially avail-
abls im tape form or injection moldsd shapes.

The tape or shape in placed between the sections to
be jained {see Figure 7) and magnetically excited,
Coll danigns provids the inwmse magnotic fisld
pesded, The nctual weld i Teflon® FEP. If 2 low
metal coptent is meed, you can 4till obisin & troe
melt bemd betovesn (he two PEP sarfaces. This is

Rgure 7. Lap Wald Spadimen

"TEFLON PEF SEALING MATERWAL
TEFLON" FEP
Haat Ssaling PAaramaten
indostian np e
Max. Fim Thicknoss { 4.544 In or mors &.020 fn
Sxaling Cyale 3 se—00-mil & pac=—20-mll
Apguancs No distortion | Soma cistortion
and thinning®

Pravsurs il 20-40 pi

*Yartrad twed-Fieg (mpulss pystem g amodath deal,
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IMtresonic S$saling

Tefloa® FEF flnorocarbon film may be uhrasoni-

cally sealed Brvalustion of any

ubtrasonic ssssmbly must start with analysis of the

part size, shape, and siracture 1o determine dass of
matching the witrasonic: tooling for efficlent trazuwfer

of the sonic vibration withom soergy losses.

Masteraonics* is oot mumfacturer of equipment

that bas besn effective in ultrasonically ssaling

Teflon® FEP Gilms.

Heat Bonding

Teflon® FEP Fluorocarbon Fliim to
Various Substrates
Teflon® FEP floorocarbon film i melt processibls.
Thevefore, it can ba bext bonded to many sbatrates
{a.g.. metal, glass cloth, snd other high-temperaione
materials) withoot using adheslves. In this way, the
propertica of Teflon™ PEP fllm sxpand the
fonctionality of the sobstrare. The substrate ouseerial
often adds strength and cigidity to the FEF file,

mmhmulﬂltenpmlum

continnous laminsting

purpese Aﬁlmﬁlhuemuubh'lbpﬂ:ﬂln
may be nsed, Bonding is accomplished above tha
mielting point of PEP {sppeximately 271°C
[S20°F]).

Good banding to any substre rogquires intimaw
surface contact betwoen the subsirats and e FEF
film The molien FEP mun flow into the sabatrate’s
sinface. The rabrtrats must be free from meface
contaminants.

Surface Trentsent of Metals

Teflon® PEP in quite viscona in the meh, which can
impede intimate surfece contect with the mbatrste,
Methods of this are: reising the tam-
pevatore of the melt to reduce visoosity or itcrssaing

aminating preqsuce to impeove flow. However, the
xface conelision of a metal subetrate can proatly

scile, 2 metal's sarface is like a monntain range.
These suface roughaning treatments increase the
dirtance beiveeet podks or Widen the valleys. Thus
tire sarface iz “opea” to the viscous flow of the
increased surfeoe area alio enhances bood strength,
Thess iques nanally rea1ove logss oxides,
which, althoagh they may boru t the FEF, bave
poox bond stringth 5 the mwinl itself. Many metals
are processad nxing oily lnbricants. For this reason,
it is wise to degreass the meml surface with sol-
vents, Cortain metals (copper in particaler) mpidly
form oxides at the wemperstnees recommended for
bording. Tha wse of srfsce-tronted sopper is
recoramended,

Some materials, fuch as nickel, gold, and-aluminom,
do not yield mrong bonds to Type A FEP film at
empepures wnder 316°C (§00°F). Howeves,

Type C FEP il does produce pood booda in that
sempacampe range. Indead, o fewr materials will not
bond at all to Type A film, but bond el to the
Type C marface. It is alsc possible to boad Type C
film to some materisle below the malt mnge of FEP.

Typical platen press conditicms and subsirate
trestments are given in Table 1.

Materialy such n1 fiainless ool or vecy thin foils
may not respond readily to physical or cheminal
otehing Excellem bonds can be obtained by
prming soch wrfaces with a iin coating of
fased Tolloo™ FEF flworocarbon dispersion. When
niing the prmen, the following procedhpes are
recommendad;

1. Spray o vecy light coating of 1 mixtare of 50%
TFE Primer—#850-line and 504 FEP Diaper-
sion #120** on the clean metal nurface.

2. Fume the costing in » forsed draft oven st 371°C
{700°F) for 510 min depending spon the mass
of metal involved

Laminatz Teflon* FEP fluorocarbon Slm to dee
prizned surface at 288°C (550°F).

w
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Table )
Typloal Pluten Prass Conditions

imtastaee Dvrell
Toparsturd, Prasdure,  Thtie. Bubwirais Surfaca
Subetrata Ci*h pal min Frenaration snd Trastmant
Aluminum 282 (B4} 00 8 None, i Type C film |5 usad
287 (884} 100 a Farkar Bondarits 700 parigs”
Cappar 2872 (540} 100 3-h Various rastments
St 293-304 (580-580) 100-300 3 Sandblast and degradse, phoaphatized®
Stainkaea mas SO0 (080} J00 5 Nong
293 (580) 0 5 Cisparsion primer of Taflan®—aan
paragraph soove
Tafign®™ TFE J43 ena} 108 3 MNone
Nickel 282 (840} 0o | None, if Type G film is used
ik
Coramics 93 (380} 00 ] Ciwperalon primer of Teflan®
Nichram
Homex® nylon paper 282 1540} 100 ] Usa Typa C Alm
Pra-gry Namex® st 121°C [280°F|, 30 min}
Gl 94 (585} 10 10 SHwre coupling agmnr**
Kaptor® poiytmida fim 282 (840 100 B None, if Type C film g used

"Traxting and phasphating chemictls sre avilsbia from Ouy Metl Industriss, 322 Main 5t Morenca, b 49084,
raland coupling aganty are availabls fram Unlon Carbida Cemoraiion and Dow Coming.

Flatan Frass Laminating

Hot platen press lumineting is the most ootnnion

technique for bonding Teflon® FEP fnarocarbon

film to othee matetials, There are a few fundamental
conviderations that comttibute 1o yaod tenaita

with this technique. These are:

* (rood pluten control atxd distelbution
(£3.3°C [110°F] across the Ilnminming acea),

o Even pressure distribution across the lnmineting
aren. Use a presaure pad (see Flgure §).

+ Compensating pressute conteol. {The selected
laminating prexsure shoukl be mairteinad regird-
less of cxpantion or contraction of the materials
being laminatad.)

» Llse the minimom empertare, tme, snd presare
combination that produce desirsd reaults.

* Coal larminate o of lewst 204°C (400°F) before
relkasing prossure, This may be dooe by quickly
transfersing lamdnate © a cold press or quenching
itin cold water,

Fgure $. Platsn Prasa Laminating
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Teflon® FEP Fluorocarbon Film as
an Adbesive

Teflon® FEP fluorocarbon flm in thought of wasally
as o relesse or antistick material, It is thoughe of
occasionally me an inext from which
varitia parts and shapes of pure Teflon® can be
formed. Rarely is it thought of wa an adhetive—yet
i pu‘furminﬂ]dnuunhﬂemu Equally
outstanding. §t may be muprising to know that, when
mnlhd.'l'dlm‘ﬂmnmllhrbmmuuﬂm
sdhésive for bonding many memrials—matals and
nonmataliics as well,

Few sdbusivas can mstch the hrosd capabiljvies of
Tellon® fllm. It excellont resistancs to hoth cheml-
cals and high temperatures maken possible bonded
mnlmhbkfnrmm wheye
dbesives may not be sqoal 1 the tesk,
Teflon® film ir a flexible adhesive that permits
Inminated reroctares 1 be post-formed, kt ia the ideal
adhesive for Teflon® TFE and produces strang
bonds beiween two surfaces of PTEE or between
PTFE and other subsirstes that can withatand
icmperateres greater than 332°C (630°F) (above the
FTFE medt temperature). Bocause it is available m
films form, on & roll, and in & rangs of thicknesses
feomm 190 mil, Teflon® film iv mors convenient in
bandling and storing than many other adbésives.

Adhsalve Laminating

Teflon® FEP flncrocarbon film extends the DoPomnt
family of filma to those spplications requiring high
temperaiurs ressance, antisticking surfaces, low
coefficient of friction, md resislance to chemical
attack. Teflon® FEP film, Type C, has & specially
trested surface that ils it ko be uped with
conventional adhesives. Type A film is not as
modified, and most sdhesives will not adhere w it
However, the Type A film sudface may be chemi-
cally atched to promate adheslon,

Teflon® FEP flim, Type C or etched, can be lami-
nated ) many beat-sensitive mbatrates (clastomars,
fabrica, wood, plastics, sod papers) nsing conven-
tictsal Laminating equipmosnt. Iregular shapes can bo
fabricated naing adhenive laminaions of Teflon®
FEP film and post-forming tschniqnes,

Many matetinls, by virtue of their edhesive chame-
ter, mry be combined with Teflon® FEP film by
casting or molding directly to the stched surface,
Incladed in this citagaty ire mest spaxy com-
pounds, lastomers, urethans foam, uneured nibber,
and some vioyl plactsols,

In most cases, the hand may be snhanced by a
pretriatment of the substrate, although in the o
of fabeica, wood, wad other panous materials, this is
unnecessary, The specific type of rearment regquired
varied with the sabstrate nsed: thus, while metals
iy be treated with chemiont etches o

ceriain plastics may requise oaly & sclvent wash o
mEmove furince contamination o plasticizer.

As mentioned sbove, Teflon® FEP fluoroewrbon
film, Type C, mamufaetnred by DuPont is medified
with & proprietary suface treatment that allows it to
be bonded waing most commercial adhesives. Pro-
longed exposare of this specially treated suface to
uliraviolat dintlon, moistare, or slavatad

tnp: will adversely affect cementability of the film.

Cementability tasts have besn carried out on un-
opened acchive sample rolls of reased Aime, The
results of theso tosts suggest that the ndvarse effect
on cant be minimized by keeping the
film in its original packs ge or etherwise effect vely
peatacting the film from witraviolet Hght For best
regults, it is advizable sa carvy out camentability
teats on il peior to its we.

Lamsinsting techrviqua varies with the substrase und

adlicaive syrem Hnlllﬂ:mwlupphm

nre familiar with the condition

bmﬁn;Tuﬂm‘ﬁhuwhu:ubﬂnﬁ:ndmﬂ
hawe specifle recommendations, When contacting

adhesive suppliers for mammetdations for

a specific end-use application, it is suggested tat

the following inforoution be nupplied in the ipitial

inquiry:

Procawss Limitationa

* Maxiomm laminsting tempecntore nvwilabls.,

* Maxionm lamieating pressure,

s Maxioum time, hoat, smd pressmes that cup

be applisd to the laminste (drying twnonel, roll

storage).

« Spead of nminstor (If vontinnons process).

v Whether oF ofguric solvent rystems

- Aquecns e ry

= Type of mubmetraie,

* Type of adhesive applicasor (reverss roll, gravure.

flexogtaphic).

TI-NHTSA 018388



End-usa Conditions

* Maxinum coafisuous nee lemperature.

* Maximmm intsrmittent icrapetwtine,

s Depree of flexibility or formability needed.

+ Bond strength peeded (peal or shear),

» Type of atmowphere (chemical, bomidity,
outdoor).

Metallizing

Teflon® FEP flucrocecbon film makes an excallent
sobstrate for vacuum metallzation—by either

thermal evaporstion or magneiron sputtering. Key

propettics re:

v Naghigible moistore content

+ Absence of additives and cligomers to outgas
nader vacunm and procsssmg temperatures

« |pert to chemical reaction while in the metallize

*« Uniform film web thickneas

* Guod dimensional atability (Jow shrinkags)

* Resistance to degradation at metallizer tempera-
vare and proasres

Au in the case for laminating, the film surface may

bava to be treated (Type C or sadinm stched) to

lmprmmfnumerﬂmdmhlnﬂmum

meoul Unn-uud.lml-
deposied particles,

besn applied to Teflon® FEP Glm throogh vacanm
metallization,

Thermoforming of Teflon® FEP
Fluorocarbon

Introduction

Teflon® FEP flucrecarbon film is & rse theemopies-
tic ouderin] that iz readily formable in either vacunm

or pressure-fonming equipment. Because It is
nuﬂahl:mwdh-lﬂﬂnﬂli'oﬂm'm
film can be used in 4 wide variety of applications
from surfacing 1o completely self-suppocted strmc-
nures, Jts formability combined with its release
properties. chemical inactness, and high service
temperaturs make Teflon® FEP film ideal for uea in
variour antistick and comosion-resistant surfacing

14

Cementabis film (restad or etched) oy be
sdversely affecied by thermolotming dos lnl-lrgc

Vaouum Forming
S:m;hwmmfm;lndaquumm
weing %4-, 1-, 2-, ansd 35-mil films_ ]t can
alzo be nsad for thicker filins where the mold iz not
mmMud:ﬁdvmmmm

npmﬂ!delluﬂlmﬁ'nm
the heaters and the complexity of the shape to be
formed. Aa shiremn in Tahle 2, using a bester locased
4 in sbove the film, & 10-sec heating time is opti-
mtim for foroting $-mil film in s 7in x 12in > 2 in
female mold

A radiant benter baviag & watt density of at leact
3.5 kKWift* is required 1 bast the film to the tem.
pexainre where it cun be formed. Most commercial
equipment iz nupplied with heating elememta of
1.7-2.5 kWi,

Molda for vecoum forming 10- and 20-mi] Teflon®
FEP film should bs hewted to 93-149°C (200

Tahle2
Optimum Confittans for Vecuum Forming
Mm Haat
Gauge, | Dansity, | Time,
mi KW' | sea Remarks
1 19 12 Only with raxtad haatar
1 a7 ]
2 37 L)
5 azr 12
10 az 20 | Thick porticn at paint of
inldsl contact with mald

Note: Tha moid used Tor this firs st of data in & vartical
:ﬂrﬂlr 1% In high and 3 [n dlsmetsr. k raprasens &

200% s
i‘?m Ih:':'l“t Tim
il g, [ B
mil uwm' ] Aermaris
ary a

B 3.7

Heatad in formad piecs
throughout tima range.
Heatwd moid neceasary-

10
20

ar
17

Mota: Thiy mold i & pareshaped Sxvity TInx 12 inx 2 in. K
riirdSNtE AN aran incraala of BO%.
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Prassure Forming

Pressure forming involves heating the ¢lamped
film with a contact platen mounted over the mokd,
then evacuating the mold cavity and simnlancously
applying air pressare of 20-100 psi o greater to the
upper nide of the film

1- mzﬂ-mlTuﬂmi'FEPﬂum:bnuﬂmmm

i'rml Z!IE"L' {4‘?5"1?} for 1-mil

LempeTatures

film to 254°C (490°F) for 5-, 10-, and 20-mil films.
Above 257°C (493°F) the film ends to stick to the
heater platen. At thens temperstures, pressun
nqmmwﬁmﬁﬂ-lmpnmm
the thicknees of the film,

Mokds heated to 83-177°C (200=350°F) are re-
quired for preamre 10- and 20-mil Teflon®
FEP film, With 1-, 2-, and 5-mil films, the use of
heated molds widens the forming tsmperainre e
from 32.7 to 5.5°C {£5 w 10°F).

As shown in Tablke J, 2 heating time of 10 sex is
adequats foe 1- to 20-mil film, atthongh shogter
heating time can be nged with thinner filme, The
dwell time after forming is not critionl, provided it is

long enough to eool the film so that it can be
mmwd from the mold withond dirtortion
Tabie 2

Optimum Conditions for Pressurs Forming
Mirmn Haxt | Dwaldl
Gaugse,| Temp., | Time, | Time, | Fressurs,
mil Il | s | mma pai  |[Rematka
1 248 1475 10 8 1]
i 252 (486} 10 B ]
-] 254 (4801 10 -] a0
10 254 (a3l ) 7 B0 Holea
20 264 (RBO)| 10 B 1o

Note: Tha moid for tha firet sat of data W & group of nine 3-in
Squird pogehaa, 1 In desp. i reprasacta An ari
incraasd of sbout 130% in saeh pouch. This motd bap

no henting.
Bm Heat Mold ] Heat (Dwell
Gaugs, | Temp.. | Temp.. | Time, |Time, | Prassura,
mill ‘CIF | "SR [ sen | e pal
] 254 1490 [121 (2500 | 10 a ]
10 254 (490|131 {2601 | 10 g 80
24 254 (490} (149 {3000 10 B 100

Nots: Tha nasd for & haated moid |4 praved by tha use of 2
disk shaped mold 4% in diametar and 1 In dasp heatd
with sirdp hexiér. Ards Incraasa in 8T%

Summary of important Points
Tharmolormabie?

Yes—Teflon™ FEP It a rue thermaplastic material
that is readily formable,

Problenm’

The major problew is when someans has diffl-
colty in (hermolorming FEP flim, most of the
tictw officlent keat & pot avnilable (or ¥ it's
availahle, H's not mads avallable long enongh) to
bring the Obn op to forming tempersturs.
What doss i take?

It takea 3=3.5 KW watt denaity of radiant heat

Teflon® FEP film in very transparent to inframd
energy and doesn’t readily abeorh the energy from
radiant heaters. Ceramic heating elements have been
saccessiul in sdequuicly heating Teflon® FEP film

for thermaforming,

Tha ternpamture of the Beaters ic usoally wbove
B549°C {1200°F) junt to effectively heat tha film to
260-2B8"C (500--550°F).

Whiat doss the FEP film do?

If there is rufficient heat intensity, the FEP film first
wrinkles, buckles npward {aguinst gravity, thermo-
cxpansitn, and relieviog of streapes} and then tends
1o strxighten out wnd fnally fee dovmward and
coatines 1o 2ag.

The FET flim will sag considerably andd becpme
erystal cloar at the peint when Lt shoold be
formed, which ia easily seen in 5-mil md sbove,
Minor wrinkles may cccnr at the first part of the
beating cycle, bwt shonld evan thetastver out
during sag.

One test of mfflclont heat avnilabilivy is that if
heat in lefi on the FEP film, it will sontinue 1o sag
indlefinitely until it breaks from thinting out or
wuches sonyething beneath it.

If it mags 10 & point and continmed heating docan™
causs it w sag forther, heat inkensity 16 macgioal,

Besp Draws

In deep draws, ke advantage of ibe sag of the film.
For instmce, if you are forming a dome ar cylinder,
either form into a famale mold or up aver 1 maje
mold. Forming down over n male mold js more
difficult {but ned impoarible) bacanss you mast Tam
the cag of the film inside-out.

TI-NHTSA 018388
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Datailed Draws

Very good detail in thwe formed part is possible with
Teflon® FEF fluorocurbon film. To do so, the FEP
film mast be pulled tight againet the mold wiile sill
hot (crystal clear),

Shrinkaga

K the formed whape is sri from the mold while
hat, upon oocling seme of the roxidual shrinkage
will be removed Thaa, it will bave less chance of
fitting the mold aguin than if it way completaly
coolad while on the mold,

Webhing

‘Webbing can tsie place st the film is formed. Ttis
relutod to mold deslyn und cansed by eacoss mase-
rlal pot barving & place to go; so it folds over on
itself. This is most common with male molds in
deep draws.

By placing a ring around the mold or amall shapes
at the points of webbing to take wp the excess film,
this foldover can geperally be kept from occurming
in the formed shape.

Mold Matarals _

Matals, Teflon® TFE, and glass are tha most fre-
quernly usad mold materinh. Plaster, wood, and
lower tempernture plastics 2y ba used for sevieral
formed parts. if they arc masked from the heating
cycle, but muy char under contineed use.

Notss on Thermoforming

As iz a molding operation, aftes enoling 1o room
temperanre, thare will be shrinkage of the formed
piace. The amount of the shrinkage will depend
tipon its temperature a1 the time of forming. A
shrinkage allowince muost be built ioto the mald.
In the care of Tefloa® FEP film, the sllowapcs will
be 6~8% depending ot expectsd temparatores of
the filus,

There will alsc be variable stresses i the piere due
1o the elongation of the film during the forming
operation, Theac are not oaually apparent until o

nnrestrained pisoe la sxpossd to i elirvated tem-

ot which tims siress relieving muy distot
the pioce. This clongation Ftress ¢4n Yiry in amount
in different sections of 2 formed piece and can also
vary with different films csed on the same mold.
The flm empermmure/yisld strees relstionship will
nlso have an effect, They can be “nontaliged™ by
using presscre-forming techniques ut » temperatane
abova that to which the restrained plece will be
expowed.

Excemsive thinomg of film, #t times to the point of
Tupture, can ba when forming in molds
with a high natio of depth to widéth of draw. A mdins
on the edges of the mold will belp the fitm accom-
modate itsalf to the draw by making it casier to
“flow™ over & coroer, Thickness of original fllm, its
temperstore, and rate of draw ar Also importaot,

An insalator such s TFE, glase, or wood (va. &
couductor rch we metal) oy offer some advan-
tages in sorface Many limes 2 mamt
will give & finish with optical distortica in it, while
TFE ar wood will give less distortion to the part.
Mold Dasign
H the formed peat hae straight sides, try (o dewign the
modd 5o the formed part may be easily removed.
imo a female mold may offer advantages

in removal vi. the tgit fit of & formed shape over
» mals mald without tapered eldas.

Voouwm Holes

Yacuom boles should be as mpall as practical:

W2 in maximum, Y in prefecable.

Mold design may allow vecnam 1o be drawn
through shits, 2 peeferable method for gaining detall,
Vacutim holes should be located at stratogic spots to
puil the flm in all crevices. Not every low spat or
cTevioe mist have » vaourio hals, bat a mfficient
pnniber should be located to prwvent sny bridging
of the film batwesn high aress of the mold.

TI-NHTSA 018369
12




Most Commonly Used Forming Technigues

STRAIGHT VACUUM FORMNG VACUUM FORMING WITH
FEMALE MOLD PLUG ASSIST
Haatar Plug Heatsd Sheet
m.’mﬂ“ ‘@
Mold
Wiork
table
Vaguum
DRAPE VACLUUM FORMING MATCHED MOLD FORMING
MALE MOLD
Healer Clamp Ram
wp"‘“‘ sheet _ Male form
Mold Seal Trapped airvenis _ _
Y S T ==
Vacuum Female

TI-NHTSA 018370
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Less Frequantly Used Techniques

PRESSURE FORMING w PLUG ASSIST

FEMALE MOLD VACLAIM SNAP-BACK FORMMNG
,l Prassure Heated shesat
forming air Male  Vacuum
Seal . mold
Mol —-I
cavily
Vacuum Vacuum Vacuum box
AIR-SLIP FORMING PRESSURE FORMING - FEMALE MOLD
Blow plaie Hot plate At on
Clamp  Heater Sheet Sheet
M
Male -
Mok Seal

Air sntering Vacyum appisad
BLOWBACK FORMING WITH PHESSURE  Air

Mold Forca

TI-NHT3A 018371
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Unitad Stwies

Imcpririnn: 0582 1-5603
Costomer Sarvics: B00-260-2742
Fax; 905-821-520

Latin Amavrica

Argonting

DuPont Argentina

Ay, Mitre y Calla 5

CF 1834, Beratategni, Argenilan
Peia de Buenos Adres :
54-1-236-241%

Fax: 54-1.319-4451

Brec]

DuPont 4o Braaj}

Al. Itapacury, 506
D45 4-080,

Barued, Sa0 Pilo
535:11-42|-B689

Fax: 55-11-421-B58%

Myzico

DuPont S.A de CV.
Homero 206

Cal. Chapralirpec Morales
Mexico, DLF. 1151}
525.722-11M

Fax: 525-122-3370

Viweniele

DuFoot Vednnisis

Edificin *Loa Frailes™

Calle In Cuarita

Urbanlzation Chame

CP 1060, Carncas, Venezoela
552528347

Fan: 5B-2-91-5538

Europs
DuPoaet e Namors

(Luxsenboxg) $.A4.
Conterns

L-2984 Luxembcnmrg

Goend Duchy of Loxembourg
152:655-5511

Fux: 352-3655-3000

Asla Paclle

Japax .
DwPoot Kalnushits Extshe
Aurco Tower

&1, Shimoesagurs 1-sheme
Mpgoro-kn, Takyo 193

Jspun
41-3-54 345139
Fax: 81-3-5434 6193

ASEAN

DuPom Singwpore PTE Lad,
1 Maxitime

0701 Word Trade Centme
Singapors D253
65-279-3434

Pax: f5-179-3455

Hong Kong/Ching

DriPont China Lad

1122 New Workl Offlce Blig.
Eamt Wing

Snlisbury Road, Ecwloon
Hotrg Kong

B523-2734-5401

Fax: H52-2721-4117

DuPonr South Asis List

“Thee ey ity el Foarth baned o s bt 2y st b u bty inltide, st L Do P gy
o Mrunes o0 Kishikity anising owl of i nee by ofbers. This publicssice it tnis ik w5 Sowes (o oparne mader, o cecommendation 10 ieffage,

ALy Pl

ey 0 WArERn L 4 By or Lsplbed ey to i aocnemcy

Lotz Do ol wan i oeseonl wpylic mtionst Jrvolv ing perntansc irlwieation ix tey bromssn hody. Ior ol medboal applic atiersl, s "D Pont Msdical

Conlry Simarrant, ™ H-5040L

Il JTI0MITH Mindaetdn LA,
Wiy iwown H: BRI
Racwrgigr Ma.: 500051
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Properties Bulletin

MR

DuPont Films

High Parformence Fiims

Teflon® PFA

Husrecarbon film

Description

Teflon® PFA film is & transpareit, thacinoplastic
filmn thet can be heat sealed, thermoformed, vacuom
formed, beat bonded, welded, metallivad, lnminated
(combinad with dozans of other materlals), snd
nawd a2 a1 excellent hor-meh adhesive, This wide
variety of fabrication poesibilities combines with
tha fotlowing ingortant properdas to offer a umigae
halance of capabilities not available in any other
plastic film,

Cheminaal Compatiblitty

Teilem® PFA fikm is chomically inert and solvent

resistant to virtually sl cheticals, exoept molien

slkali rastals, gasscus fuorine, snd certain complex

halogennted wech ms chlozine

triflyoride st elevated temperntures amd pressurss.

» Tefloo® is the moat mvert of all plastics.

» Low permeahility to liquids, gases, molstore, and
arganic vapors

Eleotrical Reliabillity

» Soperior relinbility and retention of propeties
over large aress of film

+ High dickectric over 200 kV/mm for
0.025-man flips (6500 V/mid for 1-mil Alm)

. Nnelam'_icm:kln;,nmmblc.ud
noncharring

+ Very low power fachn and dielectric constant,
only slight change over wide ranges of tempern-
ture and frequency

Wide Thermal Range
* Confinnows servios temperainre:
~240 to 260°C (—400 to 500*F)
+ Melting renge:
300 to 310°C (372 30 390°F)
+ Honl szalable

Mechanical Toughness

+ Saperior amtistick and low frictional properties

+ High rexistance to inpeet and tearing

v Useful phyalcal properties s cryogenic
tenperaimney

Long Time Weatherabillty*

+ Inrrt to cistdoor expocure

» High transmittance of ultraviolst wid all but far
infraved

Asllablilry

v PFA film econtaing no plasticizers or other foreign
matecinls.

« Conventional aquipment and techniques can be
oaed for processing: basic composition and
propertics will not be infloenced.

+ Rigid quakity control by DuPont ensures uniform
gauge, void-fres film.

*Typ © Mo ool recommended Tor AR LIS,

TI-NHTSA 018373
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The oonvenience of Teflon® flucrocarbon {n easy-  an invisiblz sorface treatment is available for

to-nsc film facilitates the dapign and fabticationof  bonding to ons or bath wides with adhesives. This (’
this low friction theemoplastic for all sorts of high-  versatility is sugmented by the suparior propertics of

pecformance jobs, It is tmoaparect and can be Ay & e med-processible Noorocarbon and by the wide

sealed, thermajormed, welded, and hear bondad. choioe of product dimensions available from

Superior antistick properties make it an ideal relense  DuPent.

film for many spplicstions. A cemexzable type with

Tabis 1
Typas and Gauges of DuPant Teflon® PFA Fiim
Bliinga ] L] ] L] r | wm e o (] o 1208
Thicknesy
nll i 1 7 5 745 n o o ] w .
n - £.000% ooty 000 cooe | aoom o | oow | com | aow | LN
- 125 | i 1= 187 54 ") m 1= wn E1F ]
Aoy Facbin
[ ] ] " n 120 ] (1] 3 11 1 07
Wk Him | e | s s [ 1EM | 1e [ ME 1o} s ] o
Kikg ] n ¥ ! 3 ) | b1 1] 02 0.4
w—
nertkPurpein | Avallale | Aviabln | Avuilable | Avitalle (Availahn | Aemiahle | Avatade | Avalianie | Aocalacle |Avuilable |AvmEatl
ELF={Imm
SHM Comnid bt - Aiilally | Adiiable | AwliMElY - - - — - - —_

Flima ara gyvallmbha in the fodloving widthe: 80230 geuge, Yeinto M in svallabis; TED-12800 gaugs, % in o 48 In avaliahla.
S sumrant prioe Vit for widths by spaolfic ghugs and type.
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Tabia 2

Summary of Froparties of Tellon® FFA Mim

Typical Value*
Praparty Taut Mythed 5l Unity English Units
Tenaida Srangth gt Bragk ASTW D-8832 1 Nfmmd 000 pei
n Elongatian at Brexk ASTM D082 300%
imid Point ASTH D-E82 12 WP 1 Ml pa
Elnaic Moduhss ASTM C-952 ABC WP 70,000 o5
imipact Regmanca DuPori 52x1 14 in-lyrmil
PTG '
Impact teate
Foksy Engurinca (MITI ASTM D217 100,008 sycies
Tadr Srrangeh—Iriial IGaan) ASTM [-1004 400 N g
Tadr Strength—Propegetng [Bmandorl]|  ASTM D-1822 07N g
Wl Point Asrlls lg‘?-us -0 G BTEEF
Thasral Conduct ity Csnco-Fitch 0.785 W m K 1.35 Btueinfth434A)
Sosaifc Hest -— 1172 JikgK) 228 Butib-*Fi
D oo il Stabil; 30 min 81 ML = 1% shwirkd
i 150°C (302F) TO .« 19 ohinkige
Oocygin Incax AT D-2882 a6%
[ shortaime, ASTM D-149 200 Evmm GBO0 Vamil
N2 e-.asmmlgl'.fmr athad A
b .78 mm [w i
rogivg, B0 Wz, 500 V/a e of nisa:
} 0 m s :1 ol Ak
ki, ASTM O-15D 20
:aﬂ: l?‘.l"l':l. 'IN Hz to 1 MHx
[1T] A
D Facior, ASTM D=180 0.0002- 0007
w%ﬁ:. 100 He o 1 ME2
Vaolumg A ASTM D-257 1 % 10°F ghim
AR e o
Ioutune AbSOpeion —_ <0.02%
Facmaatlity, Gar ASTM D-1434 A n-amj
Carbon Dixide 1y 1P
Nierogan 20 10°
Chgygen 8.7x 1P
Parrmmbility, Yapors: ASTM E-548 pAmi<l gA100 7224 nl
Vi F] 0.3

T.mn'h nmmmhl inget gnd sohanil reasant 10 vrtullly i chemics
partmin oompin oot COMPaUNGs, Such oy chiprire aHiucrida sl #lwvated e buiees And prssure.

i, sacapr motren gliali mazsly, gassous fluonne, and

Danalty ASTM D-1506 2160 kg | 134 i
Cowthcint of Frigtion ABTH D) B 0.1-03
£inatic (Fim-o-So]
Asiractie (nde ASTM D542 1.360
Solar Trarsmmaion ASTM E-414 E%

*Fer 0.080-mm [2-mi} Aim =t 25°C I77°F). unbeas cehanad se spacifisd

"1 To corviet 10 amA10d int-24 R-strn), mukiply by 00840
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Toquiries: 905-821.5503
Cysomer Service: 300-263-2741
Fax: 905.821-5230

Lutin Amgrica
Arpexting

DuFont Argeating

Aw, Mitre y Calla 5

CF 1384, Barxeategui, Argentiog
Prin de Burnos Adres

S 1-255-2435

Fax: 54131945

Bregi
DuPont do Brasdi

Al Tapecuru, 506
06454-080, Alpbaville
Barved, Sao Pralo
55.11-421-2689

Fas: 55-11-421-3545

Myxica

DuFont 5.4, de C.Y,
Homeco 206

Col. Chapulispec Moraled
Muxico, D.F, L15H
157221184

Fax: 525-TI2-1370

Vanazioria

DuPont Vebezurls

Edificio “Lost Fraijes"

Calle la Qoarity
Urbanizasion Chuao

CP 1050, Caracan, Vensrisls
J8.2.52-A547

Fax: 58-2-91-5638

Rurope
DuPont de Nomours

Luxsmboucy) 8.4,
Comntarn

Graud Ducky of Lon

Duchy of Emuetmboury,
I52-A666-5575

Fax; 351-3666-5000

Asla Pacifia

Joghem

DoPont Xabushiki Katshs
Ao Tower

B-1, Shimomeguro 1-chome
Meguro-ka, Tokyo 153

Tspan
§1-3-3434-6135
Fox: §1-3-5434-5193

ASEAN

DuPoot Singspors PTE Lid.
[ Maritims Square

W00 World Toads Cestirs
Slngwpors 099253
65-179-3434

Fax: 85-270-3454

Hong Esng/Ching

DuPoat Chins Ld,

1122 New Woald Office Bidy.
Esatt Wing

Ealisbury Road, Kowloot
Hong Kong

B51-2734-5401

Fax: 8352-2721-4117

India

DuPoat Sonth Asin Ltd,

503505, Madkave
Bagdra Kurls Commoercial Complex

Bandra {BY

Bombsay 400 051

Indla

01-2 543808554 18256
Fax: 91-22-54 38297

Korsa

DuPogt Ecres Ld_
4/3th Fioor, Asds Tower
#726, Yaoksam-dong,
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General information

Kamon® polyimide film possesses & unigue
combination of properties which make i1 ideal
for u variecy of applications in many different
industries. The ability of Kapeon® 1o maintsin
its excallent physical, shectrical, and mechani-
cal propeniss pver & wide temperahae Aoge
has opensd new design and spplicaten areay o
plastiez films.

Kapton® is iynthesized by palyenerizing an
arsakic dianhy dride and an arometic diamine.
[t has sxcelleat chamical resisiance; there are
na knawn oeganic Solvens for e fHlm.
Kapron® does pot malt ot burn as i has the

il ing: ¥-0. The
smstonding propertiea of perenit it te
be used at both high end low tempenstre
exrEmes Where oiher organic polymeric
marerials woukl not be functional.

Adhesives are available for bemding Kaptom®
10 itself and to meals, various paper cypes, knd
other filma,

IElpwn yimlde film can be used in a

electrical and electronic insulation
lwliml:l.uu wire andl cabla tapes, formead
coil inxolaton, substrites for flexible printed
Gioouits, movor 3008 Libory, magmet Wire maule-

1t is this combination of wsaful propertes a1

ISMPoTaturE exTraires that makes Kepoo® 2

wnjque mdustrial naserial,

Thre# types of Kapion®™ are described in this

bullesin:

v Kagton® Type HN, all-poiyimide fllm has
heen used suceessfully in applicatons st
~mperatueed 38 low 85 —2469°C L -452'F)
w1z high as 400°C (752°F,

patched. fumr.:l.urndl:swem i
available ss 7.5 pm (DA mil) 125 pm 9B
103 mal), 19w (0.75 muly, 25 pm (1 i),
S0 pont 12 mid). Tﬁmtlm:l}.mdl'um
(3 mil} flims,

* Kapon® Type ¥N, ali-poiyimide film wikh
all of the properties of Type HN, plux
supericr dimessional stabilicy. Typeﬂﬁl
availabie us 1 2.5 pm <05 mil}, 1% pm
00,75 mily, 2% 1o 11 milt, 50 uem (2 mil),
25 pm (3 mil), and 125 pm (5 mil) flims,

* Kapton* Type FN, a Type HN film comexd
on one or both sides with Teflon® FERC
fyoropolymes resin. imparts beat ‘selll
billty, provides a moistme barrier, and’
enbances chemical refistanca. Type PN s
avallable in a number of combinations of
paiyinide snd Tefloa? FEP thickneyses

{ses Table 16). :
oypen of NI

Mtz In addiion to Hese thres
Kapum®, filmz arx wvaitable with the follow-
ing adxibules:

* EnKisiat

* thermally conductive

= polyimides for fine line clroniory
cryogenic nsulstion

* o rexiktsnt
pigmenzed for color

» conformabls

v odner e ulored 10 meeL cusiomers”
Doods

Data for thess filmd ace covared in
product bulletins, which can be ]

o
.~

- your DuPomnk repressniative.

The Chemical Abatracis Service Repisry
Number for Kapuon® polyimrude (iim s
[Z3036-53-7].
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Table 3
Phveical and Tharmal Propertisa of Kapton® Type VN Flim

Typdeal Vaiea tor Film Thlsimss

2k um B um Thum 128 um Tast
Pramerty " mil: 12 mill I milt % mill Muihas
Jimain Tentua Stramgin MPa 230 44 F¥ia] 231 ASTM D-8R2.41
1o Y500 + 3. 000 131.800. 3328001
Uiamuts Elgngatian. . T2 221 a2 a2 ASTM O-B5E2-31
Tt Strengm—F-goagatng Eme~goH! o.e” Q.2 2.3f 1E% ARTM DY 220
Tunr Htrengife—nihbl 1 Gravern, W ta 8.0 A2 165 ASTM D 100480
Fokhing Enduranza (WM™ . 10- eycie 2BS EE 3 L ASTH O-2708.84,
Canmly. gioe ar & M 1.42 1,42 1.41 1.42 A8TM 0150550
FlammaBilty iV L V-G qaY O BV LBk (2-B-BB:
Swrinkapy, %, 30 mn 1 1AM [NF) [/E- ] -] b2 oy InC Th 50
artincd 22 Uk
Limiting Cxygen Indez, Y% 1) M ) A AFTM C-2883-TY
Tabls 4
Physical Properties of Kapran' Typs FN Fliim* .
I's |*~15,
Typtal Waluk for Bl Typa ™

Praparty 10PN 1 NG ARBFNETY
Liimans Tonslla Sirange, WP (P}

oG T 20T (20.00H 192 |23,50M 20 139,000

A 1IN o1 117001 B {13,0004 1B (17 00
Tiaid Folet w1 1%, MPa pai)

IpC (T3 21 4 00) 4 7 0001 A o, 0

00 (I 42 dlom 4 (000 o U DO
Abress & IR Elonganan. MPs ipm]

CUTE ™ITLE o (L8091 78110001

200°C (M B3 oA.00d) 41 10041 70000
Uikimeoe Eangation. *s

rC I e ™ L]

200 | IR s} 75 110
Terwds Maxdumin, GPa ps .

T 240 138000 1.4 - 138000 242 1380, 008 e

200°C (W 1,532 1239,000! 1.14 (198.000 1,34 [200,000! m
IMmpact Strengtn at ZXC 7R, .

N e i TH10.88) 5251051 15881 1E
Taar AT zaga —3-Rerwmgge

~ tiran il R - ol
L LTI O R TR N T TR - L 23 411 - 1L B
O3 g g El a- :
SEF - hn A -
Loenmite. 565 &r g L 533 WL t

= Tapl Mo iega o Tabiw & arg LME BET W aECSF TaDR

URSEALEE & PuMMERT 21 CQMOrrEGnE 5 Jtevmde tohe 50 ¢ J3PBCEMDon CRENNG SEA GE SR M IR LT3 3. D

L BT L1 T Ry

QU EPREAG (P & INiee-igd Brolgrm of oRad o RiET (R S Sig (M PEE CPHE IO AR TRigAnER a3l TR Said
Aonon” i im rrae. THE 2P0 40 T 10 A0 PO MR TP RE AR ERENr e B e eoing 2F Tehon® PER iugropoinmar Me -
il The gvmbo § .5 asao g rramant 15 o 08 e and & oo fmoenidnt 2 Wm0 1 i Enpmpig: 1200 NE'S 0k 2gdug
wonuclurg conyigarg ot B 05 ST o o P gen g 25 w0 P e of Tallan on EEcn fa08.
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Mecnanical Eroperties

The usual vakes of wensile swrength, rensile
modulus. and ultimare sloogation at varous
[zmperasurys can be opuained from the rypical
gmess—sTain curves shown in Figures ! and 2,
Such peoperties as i=nsile wcngth and modulus
are inversely proportional 0 emperane.

whereas elongation reaches a maxicoom value
a1 about 300°C {570°F). Chber factors, such as
hurpidiry. film tickness, and tensile alocjation
rates ware found to have only & negligible
effect on the thape of the 23°C (73°F) curve.

L Yol

Figura 1. Tensile Strass-Strain Curves, Typs HN Fim, 26 um (1 mil

# R B K 8

23°C (TN

e 1000 VI

200°C | 33F

8C {B"F

B 100°C (2121
a ./ &1 MPs |B,850 pai)
. Al
1
A
it 265°C (80-FY '
5; ot I:_,__..-—--'-""'_ 71 MPp (2,380 ol :
S LB =
™} 1
04 - 26°C 1B0"F)
l r——" 11 MP (1890 pail
|

6.5 MPe 1950 pui)
TI-NHTSA 018381
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Mydrotyriz Stapiltty
Kapran® poivimude film 15 made by 0 condensa-  mémain 10 £nsure good mechanical perfor-
oA reaction: therefore, its propervies are mance. A dacrease in the temperarure and the
affecied by waler. Although long-teTm expo- water content will reduce e mare of Kaipton®
sure to boiling water, as shown in the curves in - property reduction. whereas higher t=mperatiure
Fipures 3 and 4. will reduce tw level of filen and preseure will increase iL.

properties. sufficiznt lensile and ¢langation #

Figura 3. Tanalle Srength After Exposure 1o 100°C 212°F Wrter, Typs HN Fim,
28 um (1 mil

1
32

T m
. - s - T r
~ - s - . FIC o R - e - = ' . i J wr
. - Ll e

2 P s 24 ' - o T

2%

hiarft., r .-

il memﬁﬁﬁmﬂm.mmm
pm

i LR LT L lun %
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Dimensional Stability s
The dimensicnal stability of Kapton® polvimide  sheink on its first exposure 1o slevaied emp

film depends on rvo factors—the normal tures 4% indicated in the bar graph in FigiE® ¥, 3
coefficient of thermal expansion and the Cnce the film has been expased, the marrnal -
residual ttresses piaced in the film during values for the thermal coefficient of linesr i -
menuiasiure. The larer causes Kapon® 10 eXpansion as shown in Table § can be expecied

Figura 5. Assidusl Bhrinkags vs. Expostrs TeMpersturs and Thixdknwgs,
Type HN and VYN Films

167

| wyiaeg

e 3 vm oo |
1.3 | I HN oo

£
:

]
{

149

0.8

Rim Thiskovess, ym {mit)

*Typa YN shrinkage is 3.09% far sl thichnewss.

Tabia §
T'mnll-lll Him, 18 . {1 mill
- | e “m
i T 7 Thatmally Exposed
) Teamparwiura Bangs, °C {*F} PG
23100 (T3=2T2F 18
1 00~ 200 121239 an
200-300 1992-872) 48
AN (572-T82] 3
23400 (T3=TEL )
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Therma. ~daing 3
The ysetul life of Kapton™ palyimide filmi1sa  time Zzro and 328°C (61 7°F), the wasile
functiom of both tempersnure and cxvgen atrength is 234 MPa (34,000 psii axd the

concentration. [n accopdance with UT-736B elongation is 67%. The results are shown in
test procedures. the thermal life of Kapon® Figures 5-8,
was deterruned a8 variouns temperitures. At

Fgure 8. Tanslie Strength ve. Aging in Alr st 329°C 1817°F), Type HN Bim, 25 um |1 mi|

! 100 -

8
1]

a0 -

I'llln'l ummmnm.hmnmmrﬂ T’ml-llllnn.
N ) 24 um {1 mlll}

100

i ] 210G 400 1] BOC 1000
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g

Figurs 8. Aetained Dialectric Strangth at 325 (17 lor 25 um (1 mill Fim,
Tast Mathad UL-7488

*
]
=
"3 - ' 1
\ .
|- \ |
9% — b . i
: “ Diry v ]
104 - - I W]
%0 #00 300 400 L] [ ] 104 80Q 500 1004
1272} 1384 L (T8 (930! N1 oEn AR R 18328
Tempersture. *C (*T) d..ﬁ..‘.-...._.l -

) .;.]mumn-c ) wiae T Gobrin (il - - MR
9 TI-NWTSA 018386




Tabla 8
Tirrty Raquired for Aaduct!
Elonpation from

on in Utimata

70% 10 1%

Typs HN Fllm, 2% om (1 mil)

Tamparature Al Imvirenmam

490°C [4EF i hours
A2ERC (ACETF # nayra
LaDT LTE0F)| 12 haum
TIPS [T1I0PF| 2 davs
IBQ*C |B8D-F1 B dave
125°C [B2TF) 1 momn
300 [970°F) 1 mamha
IV 1R 1 year

Figurs 10, Ilsathermal Weight Logs, Typa WM Mim, 25 um {1 milj

ETE"C .DET*Fi He .

¥ ) ks \

550°C '1.022°F) Ha

9 -
g C L 12'F Ha
1 N ROD'C 1932°F) Awr
100 = -+ SEANC 1 MAITEL AT

AE0C (B42°F) Alr

400°C {THI"F) Ha
AE0C (B43°F) He
MG (7 527F) Air

0 g 200 3AQ0 400 50O B0 TOD
Tima, min

800 9oo 1000 1100




Elactrical Propariss

The mos! samenon electrical properties of hymidity. The effect of such factors as humid- 3
Kapron® polyimide film of various gauges are ity, iemperaure, and frequency on tese basic
shows in Tibles 6 and 7. These values were values can be found in Table 9 and Figures
measured AL 23°C ( TI%FY and 50°F relative 1-13

Tabie 7
Typical Elsctrical Propartiss of Kapton' Typas HM and VN Films

Praparty
Mim Qauga Typiea! Valua Teat Cosalitian Tupt Mabiend
Dislorwi: Barangih Yiam e mimil [Nl B H: ASTM D181/
28 um {1 mi £ - ] 1T, 704 " wintirodes
W am (T mil FL {1000 00 Yisso nas e )
76 wm (3 mil) ] (8,200 ,
m*m ki T W e SO A s e .
Diwlaceris Carsinat Tz ASTM D-180-02
Hum i mil 4
W um L2 min 14
75 um A mill 15
128 puim 1B mill 1
Fanber 1khz ALTHA Dt .
2% um {1 mil 0.0018 %
80 wm 2 mil 0,002 -
T um (3 mil)
ﬂlum K mil)
_ Mpm {1 mllj--
“Ramitmi
T um o milk
13 o (5w

Trehis 3
. Typlewl Blettrical Proparties of Kapten® Typa PN Rim
Sraparty 120M818 18aWN01E I0MN0RY
Disiscric Hrangth, viem iVamdl 272 (0,508 167 (2.800 197 15,0001
Dinimetries Conpland 21 27 E T} .

. il g o pp— 05013 um:ﬂ

waiu el My ialivify, Gpam.

11 L2 T 1a=1p" 4 = " L
R i - LE NI lF.M" LR
-, : TSA 019387
s uau-m;_.m,.h_ - . TI“NH .

e ' )




S
Effect or mumiorm '
Becgyse the warer cantent of Kapton® poly- varying relanve hunudines at 239C (T1°F,

impde flim can affect 115 alectricdl popenies. The results of these maasurements are thown in

slectmicsl measuremens were made on 25 W Table % and Figurea 11=13. :

¢ 1 mil s film after eaposure 1o ensronasmens of

Talla §
Ruimtive Humidity va. Electrioal rthan of Xa b
Tmhi FAhin, 28 ,:;T' won

HN 1 mili
THabadrd
Axiriive Bwangth (AC] Disbeatric Dot nl part o
Humrlality, % Yiuma [H i Wil Coanriant Fastor
a -] | ] 1D 40018 R
" 4% s b fyedl :
e -5 . M. T g SREsS e
A = 2o TS P | ATE MRS i

“Eqr caleuiptions Involying sbaoiuby weblr oohbedl ST AH In gur sycy is a3udl 8 1.0% et m tha Alm. and
100 B 15wyl ta 255 wELer. tha mssimum soeotpbon paesble regerdiies oF the diviag fense,

Figure 11. AC Disiactric Strength vi- Relative Humidity, Type HN Flim, 28 um [ mil) .

1578 L]
7 oy 0 Bl | gl

RAalativa HumidHy, %
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Fgurs 12. Dimipation Factar vy. Relativs Humidity, Typs BN Fim, 28 um 41 mill

. 004

azt N :
| :
30 i} 40 80 a0 100
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Eflacr o7 Tampararure

As Figures |41 " indicate. extreme changes in  excellent room iemperature slectneal propemes
termperature Rave relatively linde affect on the af Kapron® poivimide fila

Figure 14. A Disaciric Strangth vs. Tampersturs, Type HN Fim. 26 um 11 mil}
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Figurs 16. Diwsipation Facior vs. Tamperature, Typae HN Flim, 28 um |4 mil
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Rifect of Fraguengy

The efect of freguency oo the vaiues of the 1% for Tvpe HW film, 25 um «] milk; and in
dislectric constast and dissipmion facior at Figures 30 and 21 for HN, 125 pm 3 milh, i
varipus isotherms are shown in Figures 18 and

Figurs 18. Dislactric Coratant va. Froquaney, Typs HN Him, 25 pm |1 mil}
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Figure 20. Dislagtric Constant va. Fraquancy, Typa HN Film, 128 um (5 mi)*
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Figura 21. Dhaipstion Factar ve. Frequency, Typs HN Aim, 125 pm |B ma)*

y *Technical n.pmmu.-'rn-rul—cw- A um It.lnnn' " r-mud pnd mussured 38
k - and 45% RH with the stectric flald In the plane of the sheet. Curva B lu the jame mudsLre

zonditioning the Mm ¢ 100°C (312*F) far 46 hourl. Parformanca of S00HN 11 bellaved to Qe !quwl-
ar: e S00H.
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Corons e

Like al] arganic matérials., Kapton® i anacked
by a comna discharge. and when exposad
continucusly @ 1 will ultimezely fail
dislectrically. At moderate evels of corona
exposure, devices insulated with Kapion® have
survived up to 3,000 h. giving reascnable
assurance thnt brief exposure 1o 4 corond will
not significanly affect e lifs of & properly
desigred insulation syiiem baxed on Kagpton'.

Coroca threshold voltage and isiensity are
Functions of many paramesers, incloding
insulstion thickness, air gap thickness. and
device shape. Consult with a DuPonl echnical
repressntative on the sisskility of Kaptoo® for

PR SIS AR A

i

Figurs 22. wlmﬂmnm

specific applicatons where 2 corona may be I
PrEEnL.

Figure 23 shows the iIfe for 23 pm 1| mil)
Kapton®HN polyimide flim as a furcnon of .
voltage (RMS) 3t 60 Hz As the corma SIAMGRE o
level is appeoached the Kapton® life corve 7% N
flatiens. indicanng a long life. It should be -
emphasized thae the superior theomal and :
moisiure-proaf copabilities of Kapon' insu-

Iated magnet wire, weappers. and alot insulation
can be utilized withowt fear of corons in
peaperly designed sysiemns. Kapion® can be
userd alone of in conbination with other
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Lhemmual Propertics

- L
e E L

ap -
P

Chamicai Properiias

Typiculdunﬂu]pmpmiesuflhpmn"rypu The chemicol properties of Type YN f
HN azd FN filmy are given in Tables 10and 11 similar to those of Type HN.

Tabis 10
Chemical Proparties of Kagion' Type HN R, 25 pm 11 mil)

Tymiaal Valua
Temulle iy riagnthamn Taxt Tem
Mraparty Avsnined. ™ Aatpirnl, Saervalirtham Abainaal
* E T Al) mun &k 2370 IPC TR0 i
= g Madhad 238

Fanges Reslytands Norswariant 1PG T =R E
Mewrvod 201 -

1.2% Typaw WN and YN % RH N i ASTM C-BT0-M ¥

0% Typen HN and WH rraraion for
24 b ax 23C (TN

Mointonr Absparpiion

I, 18081 B
13 -1 .3
1B 1.7

LT L Tl T 10PN -
L Tk 1.8 ] :
B TS T LT 1.13 hL. = 276
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Radiation Resistance

Because of ity excellest mdinticn resisiance,
Kapton® is frequantly used in high mdiation
environmant where a flexible icsalating
material is requirtd, ln outer apice. Kapion® is
used both alone @d in combination with ather
matxrials for lpliw.iunl that require radiation
realstance a1 minimum weight, U8, Govem-
men labargrecy et daes rm gamena and
peumron radiation expasure of Kaplon® are
sumnenarized in Tables §2 and 13.

Testing the suitability of Kapton® for auchear
reactors and linear accelermors involves

exposure to an adveres chamlcal environmant
il dtlithn w radlation. For example, Jom of

wmudnﬂunhm
ide, both of which 1md to degrade Kipeon®,

Accordingly, when Kapoon® is usad in puclear i

power systems hat require certiflcation 10
[EEE-313 and -383. snginswrsd detigns that
protect Kapten™ from direct expeayre 1o LOCA
Sprays are required.

The eaceilent ultraviclet resisiance af Kapton®
in the high veaum of outer space is deman-
strated by the dats in, Table 14. In tha earth's
amosphere, however, there is 4 synerglstic
effect upen Kapeon® if it ls direcaly exposed 10
same combinations of ultravicket radiation,
axyjea, and water. Figure 23 shows this effeer
as 3 loss of elongation wiven Kapion® wia
llpudlum_mtpmh.l'wﬂ 12
o

mmmmm

Toode 13

EfMuat of Elsotron Expouurs on

ton® Polyimide Flim Mixed

L IRL 100 &y
B a 10 mautroAkernd Flim Durcanmc Hilm Oackansd
Flux xt 1TB'C [J47"Fy and Tough
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Fulm Typs: Inturmation

Tabls 18
Newmimal koot Ares Furiae R

Tyga um mll L] L3 il
SOHN TE (L] n 85 R
HHN 127 T ] i L
T3HN 181 -Fe, n m
100WN 4 1.4 -} 138
200WM 802 0 T -
2004 Tl 1.8 n2 i
SOQHN 17 5B ag n

™

n

)

onstrootic ; - . . . . .
I the Kaptoa® Type FN order code of thiws (01 nxil}. Exumple: 120FNS16 is 2 120
_ of the base Kapion® in mils. Tha firt  fllm with u 2.54 yam (0.1 mil} ¢
woid thind digits the noption] thickness  Teflon® on sach side. usrated In Table 16 are
of the coaning of Teflon® FEP fluoropolymer several examples of the maay film rypes
m3in in mils, The symbol 9 & uwsed 1o represent  available.
1Z.7 pm (0.5 mil) and & to repressat 2.54 m

Thea 1

Commtrustian
FEP HN FER
Type -’ mil um ] upm =i
TILRN DS 17 0.0 2.} 0.%0
1 2ENB1E 4.54 0.1a 164 1,00 154 a.10
1A0FMESE 1.7 0.50 127 9.8 127 L]
1&IFMOE 184 .00 11.7 0.5
200FMO11 4 .00 N 1490
200FNEE 1.7 0.50 ks 1.00 L5 050
250FNOR 50.8 1.00 127 [N
J00FMm LA 1.00 254 1.00
OCFNEH 123 0.8 500 .0 T 0.50 TI_HHTSA I‘.‘.I'lﬂ&ﬂl
A00FME 2 .00 3 1lpd
m EER




5|u.1||:l'|I and Ildndhng

Ba'l'm nml Handling -
Unheated Kapoa® polyimide film ia Lagti _
mmnmmmmlmudmm_:
sion for wp 40 2 vear, Howaver, Kapton®is. "
dissolved by Kremg acids. skd a8 fuming oiirkc
and concenirited syl foric acid, pnmmlarlrnl
Innn;.uﬂunydmlmbynhhud :;F«
ropschested Famm I

Kapton® Type FM exhibits betier cbemical mad
oaidaive resistance than Types HIN and YN.

Kagean® fllm can be uead safely ot elevated:

"‘"HTSA masg
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hirmation Bulletin

UL

DuPont Films

High Parformenca Filma

Teflon® FEP

fluorocarbon film

Teflon® as Flim

Tefion® FEP fluorocarbon film offers the cutsand-
ing propertiea of Teflon® in & cotvenient, Eary-
to-mse form It can be beat-sealed, thermoformed,
welded, mete]lized, and omnaed to many cther
materials or serve ks & hot ek adbegive.

This combination of naique propertics and easy-to-
une form offets detign and fahrication oppartunities
for a wide varisty of sad kass.

Teflon® s Unique Among

Plastios
* Mot chemically it of il plastics

+ Withetands both bigh- and low-temperaters
=X trames

+ Suparior antintick/low friction properties

+ Qutatanding weather resistance

1 Excelient optical characteristics

+ Suparior alactrion] proparties

* Free of plasticirers or ndditives

+ Excellent processibility with conventional
thermoplasde methods

Teflon® FEP Film ls Offered

v In thicknesses from 12.5-4750 pm (0.5-190 mil)

* In custom slit widths op to 1.2-1.6 m {(46-63 in)
depending on tockness

= In varions sixa rolls wound oo 7.6 cm or 152 am
{3 in or 6 in) cores

Teflon® film affords the engineer/designer 2 wide

range of opportuaities to take advanage of these

properties with minimal and convenient fabrication

technigles,

The akility of Teflon® FEP filti & be amily cut,
temmoformed, beat acaled, and welded parmins
ready spplication ax diaghragms, gasksts, protective
hmings, of thermoformed pouches o containers,
wherever high iemperatnre andfor chemical resia-
nce in requined.
The sxcellent aptical propestics and resistanice 10

ing snd uhraviokt tion bave led to
the uze of Teflon™ FEP film in such varied applica-
tiocta W cavironmental growth chambers, solar
energy callectara, and mdome windows.
Mz superior dialectic properties have boen uead in
flenible, flat cable insnlakion, printed cincojts, apd
tlectronic compenenia for cotpukers and aircraft,
The nonatick properties of Teflon® FEP have found
nse in conveyor balt, process rodl covers, and e
moid release fitms.

Speclal grades of Teflan®™ FEF film offer specific
propertics such us cementability or bigh atreac
crack resistance ander extreme envirormental
conditiorm,

A complete listing of FEP film grades and their
availability in different thicknesses is given in
Tabke 1.

In addition to FEP, DuPount offers films of Teflon®
FFA, for use at temperatares up 1o 260°C (500°F),
andd Tefzel® finoropolymer for incressod toughnese
and resistacs (0 taar propagetion.

Teflon® PEP flim offers mnigae properies in a
eonvenieat form requiring minimal fabrication
Conuider il for your pext project.

For adiditional information, call (300} 237-4357.

TI-NHTSA 018401




Typea snd Gauges

Tabhe 1
Types and Gauges of DuPont Taflon® FEF Muorocarban Rim
Gaugs SR IEIE IR IR RE B A I I I
Thicknwa, mil 3] 1 1] 3 5 (15| 1D 15 ] 1 &0 L. 125 | 18
Thickrnss, m 125|251 30 | 75 | 125 (190 | 26D | 4TS | S0 | 750 | 00 | 2300 | A | W60
Approximute aranfactor, fiNh (180 | 90 | 46 | 30 | B |12 | 8 | &4 | 45 1|14 | 01 | a4
Approdmaissrgafactormifiy | M | 1A 9 | 5 | 4 | EH 06 | 03 | 02 [ DN Q0
Avallskiity
TrmA—FEhpemonbpurposs | X | X [ X [ X [ X I X | X | = | X | = | = | = | = [ =
Type C—FEP, ara xida
camaniabi X[/ x[X| X | X]-1—-—|—-|—-]=|=| =] =1 =
Trpe C-2—FEP, both sides
camgniabis A IX|X|—| X]=-|=|=|=| ™= | =| = | = | =
Trpe L—FEF, high strass crack
reslstance in axtrame - =] == X |—| X X X X i i X 4
amdranmants
Noie:  Ench rail of Tellar® fiem Ly clearly ident/fad
15 raein typs, H thicknew, 400 i type. beasgs T "'

mtmm.

300 guups,

Fhmlmlllnih
Meohanlical and Thermal Dimensignal Stablity
Propartiss There are three componenty (o the property of
Tefkm® FEP films purform well over & wide mnge  dimensional stabllity—hygrescopic expansion,
of temperatures, Teflon® FEP b a comtinuous residual ahrinkage, and thernial expansion.
sTvice temperahers mmge from -240 o 205°C
(~400 1o 400°F), and it can be used in intermittent ?Wmm of Teflon®
seTvice at ns high e 260°C (S00°F). ecause Fure T PEF

merwdmmtcr.d:mmmr:hﬁwhmﬂty

Figures 1-3 show how tensils properties of Teflon®

FEP film vary with temperature, Teflon® filme

retnin useful mechanical properties over & wide

range from cryogeqic to high emperatures.

Flgure1. Tenalls Stress wa. Elsngaton of Teflon®
FEF Film

g E & F 8

TERSA [ STAFSS Pod

Figura 2. Tanslls Proparties of Teflon* EER Mim
wii. T par e

TI-NHTSA 018402



Temslle Swows vu. Blanpgatien of Tellon®
FiP FAim

Fligura 1.

Table 2
Typical Mechanical Proparties of Teflon® FEP FiM*

Rasidusl Shrinkage

Stresses set up in the film during marnfsctaring or
<converting «an canse shrinkage in wnresizained film
wheo exposed 1o high amperstaces,
Exposure of filn to an clevated emperatore, md the
artendant sirimkage, will reliove thic etresz, and no
further shrinkage will ocear at lower temparatures.
Thermal Expacaion

Aftey reniduat shrinkage bus been removed, Teflon®
FEP flin will expand and contract according o ite
pormal ooefficlent of tharmal expansicn {soc
Figures 4 and 5). Note that this coefficient incresses
with emperatare,

Mgure 4. Siwinkege of Tafon® FEP HIOA Mim
v, Temporstura

. R f
W WD W D M W
oM 1N M M1 M 4 W
TEWPERATLNE T
TR ST RE 7

Tabie 3
Typical Tharma! Progertisa of Teflon® FEP Rim*

ARTM Englinh ASTM Hniink
Fropery Mathanl L) Ll Frapusiy Malhad HUnl Umbea
Tumeld rrengh Mult portt O-M1B0TAN  Z90-200° 0-5F
fut il O-AaY 27 MPa 2000 pai Mo o .
Songatian n bragh O-aEa1 a0, no% iyt TmpEHI LIS 0T 00eF
madil D821 WAMPy | TOOMOpE  Zee g™t
El:mm - Damdl | 1ZMFa | 1AD :-i e - 2T Mo
L Spacifio haut 1R NgE | 0.2 Bwik"F
Strasi b Wbduts
% Wren D 17 1N i CoeMolwnt of tharmal yap Bmin
o rtivity LEWRK | " g
Folding mdrence 021480 W0 1000 -
Mt} cyim ayohm ComiScinnt of Hnaar B = x n
ool expansion | DM p—ry F
Initialimar strangth [-1impl -2 [ FY ] 12 —_—
(Braves| Pamwnabikly
Frop po— b 25N ™y araiicrion ANGYUL-M VM- ¥TH-D
[ nirangh -1522-
{Ehnm Crcymen ki p-7oea-r? ] =%
Bursting strangth™ 0-rei-a? MEkPa Y i Dinemiond MO | Dminat | G1% scpenwiod| 078 ¢zpaitkon
(Mutes] suplty 70 |VRCCXEFNTFE wrinkage[2.2% eeinkigs
Dansiey D-1508-A8 2100 iy 134 iy 300 guspE unHmn cthamvies noed
Copifisignt of ifeson =100 pauge 'Hm
. bt | md wrhich 1Hm wuppars o oad ol 014 WPs
Einawe [Nm m e} D181 qs od (38 pall o Bwmc wp
200 Gaudd uHEks Cthivlin noed
*T 100 g b Tibm
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Figora 5. Thermat Expansisn of Tellan® MEP Him

] ] 1 o | ] [
gL ] nr == ] L] Ft
TEMPTARTUAE T
TR RATURE

Electrical Properties

Teflon® fluococathon filie exhibit axcellent electrl-
cal properties over & wite range of frequencies and
tempenatares. Table 4 abows haw initial propertiss

ure retained sven after long-term szposurs to
extreme environmental conditona,
Talrle 4
I Electrical Properties of Tellon® FEP
uorgosrbon Mim 25 gm (1 mil) Thiokness
ASTM English
Praparty Mlathad 5l Salm Unis
Theleci srangh O 1e9A-0Y 100 kvimm 00 Vamll
(B4 mm (L2 In]
wsirods In
i, ) Hal
Oisleeirie sonstart 01611 - ib
{1 Whz}
CHaslpeiinn faciar D1 -1 Dabm 11117
(1 kHz}
Yolume relstivity D-2A1-H | = 10" ohavm 1 1% KMaohmen
Suufann risistivity D-247-TR 110" shm 1% 1" o
{peraqumrs | (par aquars)
Siufana nre .
M tanca D-40l-T1 =16 " >l
*Garnpies malted 10 ars dig noE Sl
Dietactric Strength

Figure & shows how the dielectric mrength of
Teflon® FEP fitm i1 & fonction of film thickness;
thinnes films axhibit greater dinlectric srength.

Mgurs 8, Dinisvtrio Strenith ve. Him Thiokness of
Tollor™ FEP

L L L L
[] EIE 1
T
1 L1 L
[] h @ [
[ - L T

uF et
- N
' &

g
ol -}
ik =t

Disfactric Conmtamt

For Teflon® ficorocarbon film, dielectric consant i
independent of fllm tickness, There is oo &iffer-
enoe between Type A and Type C films,

At constant , [he diclectvic conatant of
Toflon® FEP film dacresses with rise in temperature
due o thermal expansion {see Figare 7).

At a consiant temperaiyre, thedinhmnmhm
falle slighdy with an incresse m frequency abova
10" Hz (see Figure #).

Rgura 7. Dislsotrioc Constart va. Temparsiure of
TaRom® FEF Ml &1 1 KHz w100 kb

1

\

T L L 'l 1 ]
B m 100 il -]
b - m n: 08 E ]
TENPIRATUNE ©
TENPERATURE 7
Figore 3. Distsatric Canstant ve. Fraguenoy

H 3
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Disgipation Factor

Thamnmﬂym h;ﬂhﬂﬂfﬂﬂﬁlm ion factor
OVET & range of tompecature and frequency

makes Teflon® flecrocarbon fitm ideal in spplica-

mmﬁ;::hmﬂhmmhmud{m

At a constans (rmperamare, this dissipstion factor of
Teflon® films vanon sa noted In Figore 18. Absolute
valoes remain low in comparison with meny other
dielectric matecials.,

Fgura 8. Mmrmn.fmmuﬂ

on® MNP Pl
oe
gﬂll
2 oom
E 1MW
aned
W
S
™ » ™ Hi L) - -
Tl ©
TRASERITURE 1

. wtion Fagtor of Talom®
Figure D#h_im e, Frequancy

Monasmenis ot 1.4 LI I, H, v Dol IO

' L L
1 1 n e ]
FRESUTME T, AT

Volumas Rasiativity

Volume resistivity of Teflon® finerocarbon film
decreases shiginly na the film thickness incraases
(sce Figure 11),

Yoluma
it 17°C {3e7f

Fgurs 11.

i

vu. Thickie

[ ]

jF-1H] 1 |

e

] ] iR MM
MIM

k-] m 00 MOS0 TR EDO

1 | | L1 [ |
TPICRMNE B (mm}
Insuistion Raalstance

Even m 200°C (392°P), the inomlarion resistance of

Teflon® film (65,000 megohm-pricrofarad) is higher

than toat oomventionsl dlelectric materiale at room

tempernture (see Figore 11).

Fgurs 12 Insulation Restetencs va. Tanpanstars
[125 0.5 mu TEFLON FEP fifmg
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Chemliocal Propertias

Teflon® FEP flecrocarivon film is chemically inert

and solveat resistant o virually all chemicais

except molken wikali matals, finorine at elevated

temperatures. and certain complex balogenated
compounds such as chlodne wifluordde at elevatad
icmperatures and pressores.

In circumuiances where cnd-nsc

close w the npper service hmtlﬁi“ﬂ{m 0%

sodinm hydeoxide, metal hydrides, alwminnm

chloride, ammonis, and certain amines {R-NH,)
mnylﬂukﬂwfilmmlmlnurmhrmmultm
alkali metolc, Special teating is required whan cuch

extreme meducing or axidizing conditione are

ovident.

With thege

jons poted, Teflon® FEP flnomcar-

bon films wxhibit » very broad range of chenmioal

and thermal serviceability,

Due 1o the many complex arpacts of performmcs
in srvers environments, final miection shonld be
batad on fanctional evalustions or experencs under

The chemical pibstances listad in Table ¥ e
ive of ihose with which Teflon® FEF flom

Tabis b

Typical Chernicals with Which Teflon® FER Flim is Nonrsaotive®

Ablutic wid

Acetlc acld

Acoils anhydrida
Asgiong
Acstophanone
Acrylic anhydrice
Allyl scatuty

Allyt mathacrylate
Aluminum chioride
Ammonia, guld
Ammonium chiorde
Anflina
Beruzonimie
Bermzoyi chlorida
Barzyl nipahal
Borax

Boriz acid

Broming

n-Butyl amine
Butyl scatute

Butyl mathacrylate
Caleium ehlarlos
Carbon disulfida
Catang

Chlorine
Chloroform
Chlorcaulionic acid
Chrom o ackd
Cyclohaxana

Cyclahaxancny
Dibutyl phthelate
Dibutyl sabacts
Disthw| carbonate
Disthyl athar
Dimetird fermamide
Didsobutyl adipste
DimmbyHarmamida
Dimpatryltspdracing,
unymmatriaal
Dloxane
Ethyl scatsta
Ethyl alcohoed
Ethyl srthar
Ethyl auoats
Ethylarns bromige
Ethylene giycol
Ferrlc chiorids
Ferric phosphate
Fludronaphthalans
Flucronétrobereens
Formakdalyde
Formie acld
Furane
Gaalina
Haxachiorathana
Haxane
Hydrazinag
Hydrochloric scid

has been found to be ponrective.
Hydnafiuork: ackd Fhthalic a=id
Hydrogen peroxide Pinenw
Laad Plperidans
Magnesium chiorids Polyacryicnirils
Marcury Potussium sostate
Maih athyl ketone Poremium Fydmascide
Muthacrylic seid Pomsaium
Maihanol PRRTaNGANILE
Mathyl mathacrylate Pyridine
Naphthalems Soap and datergania
Naphthol Sodium hydroxida
Niirle acid Bodlum Mpochiorit
Mirrobenzens Sodlum pardockde
I-Nirg-bytano! Soivants, allphatic
Nitromsathane and aromatic**
Nitrogen tetronids Stannoua chlaride
2Nitra-2.mathyl Suthur
proganal Sulfurlc scid
n-Gecradecy! alcahal Tetrammosthens
Oile, animad and Tetrachlorsthylena
vigutable Trichloracstic asid
Ozone Trichicrethylens
Parchlqgrathylene Tricraayl phoaphmia
Parmagivarg- Tristhanokamine
Danzem ide ¥inyl mathacrylata
Parfluaroxylena Watsr
Pharl Xylenm
Phoaphorus
pantachlarida

*Humird Sr dupurimentt condurted up to th baling polnts of 1he Houids (Ied. Telloo* FEP resitie hive normal saniide
rergErNures up e J05°C (400U FL Absmncs of w spbsifie chamical doss oL maan tThet it [ resdt e with Tafiar® FEP fm.

*Soms hulogenmed ol vanis may causs maodarms swalling.

TI-NHTSA 0184080



Physical Propeartias

Absorption

Almost ajl plasticy abeorh small quantities of cer-
tain materiaks with which they come in contact.
Submicroscopic volds between polymec molecyles
provide for the muterin] absorbed witoot
chemical reaction. This phenomenon is osually
marked by a slight weight incresse and sometimes
by discoloration,

Taflan® FAF fluorocarbon Slms have unnsually low
abecrption pompared with other thermoplastics.
They absorb peactically no common acide or base
at tetnparainres xa high s 200°C (392°F) and
expoyures of op 10 one year. Even the absorption of
solvents i extyenely mmall. 'Weight increases ae
gencrally less than 1% when exposed at clevaied
temperamess for lang pecioda, In general,
solutions are absorbed very Hnle by FEP
film. Molsture abrorption is typicaily lezr thon
0.01% af arsbient temperature and precpire.

Parmeabiiity

Many guses and vapots permeste Teflos® Sime ot a2
ench lower rate than for cther thermoplastica (see
Figars 13). In general, permestion incresses with
temperature, prossure, and sarface contaot ama and
dacroasss with increassd film thickness. Tahle &
Ligte paies wt which varlows gases are imnsoaiteed
through Teflon® FEF finoracarbon Mlm. while
Table 7 lists rates of vapor pernsewbilicy for some
represcntative substances. Noie that the pressmie for
sach mategia] is its vapar pressore at the indicated
tempenature,

Tabie &
Tm: Porraablity Fates of Teflon® FEF
bon Flim, 28 pm {1 mill) Thialnewe
(Tant Method ABTM O-1434 ot 25°C THF)

Permash(ilty Rate*

Gm arn? /ln- 24 h.adm)
Carbon Dioxide FLE BRI
Hytregun 3.1 107
Hifrogan B0 = 10*
Diygan 178 197

*To cornar fa ermiq 100 in24 h-atmn), multiply by 00848,

Figure 13. Watar Vepor Tranamissien fate of Teflon®
MNP Fiirn at 80°C (104°F) por ASTM E-98
adied)

P am
g o
ax
o
E‘ [T ]
i
o
[T,
. 1 Iy 1 L .
0 T 4 B8 & 18 12
¢ & 0o 'K EE O3S M
TrICANERS (ol
THECMERE (um]
Motes: Valiss 2ra avarsgse onby snd e for apec flosson
Surptdid, To corwir! thik pir it ion villud for

108 Inf tothous for 1 mf, mulidly by 18.5.

Table ?

Typhal Vapors Transmisslon Rates of Teflon® FEP Fluorooarbon Rim, 26 um i1 mi | Thickness
(Teat Mathod: Modifled AGTM K-8}
Targeirature vapar Tranermimslion Rete
Bl Linits Enplish Uinits
Vagor . H F (m*di {g 108 Ind-dli
Acip Asid as L] 63 (1Y 41
Acatonn ] ] i 17 X1
Baniang B b 88 .84
Carbon Tatrachloride k] 98 L Y] o3
Ethyl Agatate 16 ] 1.7 078
Ethyl Aleahol k|- 15 0.7 059
Fraon® F-42 23 7a 720 240
Hexane s 95 a7 0.56
Hydrochlorc Acld L) 7 «f.2 <0.01
Kitrrk: Acid (Red Fuming| 5 17 160.0 10.6
Sodium Hydroxide, 80% 15 77 «<0.2 =001
Sulfuric Acld, 93% 26 (X} 2x1 1~ 104
Water nBs 102 7.0 0.40
TI-NHTSA 018407




Optioal Propertisa

Teflon® filma tranemit o high percantaga of oltra-
vioket and vinible ight and we poch p3ore tnspac-
ent to the infrired spectrum than glam (ree Flgures
14-16).

Othwr optical peopertisa of Teflon® £ilms of interest -
e

Teflon® tEpP
Solar Tranamisaion
(ASTM™ E-424) 5%
Aafragtve Indse
(ASTM D-BdI) 1381-1.347

Figure 14. Tranemisalon Spactriam for Tallon® FEF Mim

T

Tl
s % # 2 B B 4 a B B

-]

Vigul gl fumi

Rgurs 15. Tranamittanse st Normal inaldance of

Solar Redletion through Talon® FEP Fima

Fowr Various Thiokysaes
1008

n“ L B 'l 'l A 'l
a 2 1 4 § 1 7 1
M M W W 1B 1R O M

TrocrESS Coff P, |ein)
TIRICKHILEE OF FLLM rem)

Miscsellanscus Praopertiss
Cryopenic Sarvice }
Teflon® FEP has performed satisfactorily in eryo-
gemic service at temperntures below that of liquid
pitrogen. Teflon® flnorocarbon film ia

inert 1o ligquid oxygen (LOX) when tha film ia free
of contamination. pigmentation. or fllers for
reinfarcement,

Fgurs 78. Travamittancs of Soler Radistisn through
25 pm (1 mil} Teflan® FIF Mim lor Verious
Anglas of Incidense

FDA Complia
Clear Tefloa® FEP fluoxoearbon fitm complies with
Burt 177 of Title 21 of the Food & Drug Admin-
istration regulations for safe vee s articles or
componeets of articles for producing, manwfc-
mring, processing, prepaciag, treating. packaging,
traatparting, o bolding food in socordance with
Regulation 177.1350.

# TI-NHTSA 012408




USDA Acceptance Waatherabliity
Cleat Teflon® FEP fuotocarbon Alm is accoptable In contrast to most otber clear thermoplastic films,
as & component of meteciale for nee in slangiwering, Teflon® film remaing essentially unchanged after

processng, imnsporting, o mmdn'nn 20 yaara of outdoos expostre (ses Flgure 17). Thers

contact with mest o poukiry is o0 evidence of discolorstion, uliraviolet degruda-

under federal inspection. tion, or streagth joes, Thic perfirmancs
iz due to the stmctare of the polymer molacule and

Miidaw (Fungus) Rasistanoe is not the regult of chemical addidves.

Teflon® FEP has been shown to be completely ® film .

resistat o midew growth by tesing bot tn WmﬁC#WMWWWWt

ty chamber exposure inoculsted with & :
mixed spoce suspensicn and a soll burial test for tndistion may adversoly affect the treatod smface.
thres months. '

Figure 17. The Effacts of Aorida Weatharing on Teflon®™ FE* Him

[ 2 i ] | ] L} ] L) L] hl.)
ENOEURE TINE (YREL)

Safety and Handiing Additional details on safery in bandling and usc xre
Unbasted Tefloa® fluorocarbon i exsentially inert,  availsble In balletin H-48633, "Cuide to the Safe
Animal tests incicats that Teflon® is nondrritating Handling of Fluoropolymer Resing,” available from
mwﬁﬂ;mmmmmﬁz DuPonu,

curng, grinding, or machining the ooheated . ; .
should be avoided, as with umry other nuissnce dusts Other related litocaturs available from Duban:

that are by OSHA at 15 mgfm’® in sdr Ballstin Thle

(29 CFR 1910:10003 804131  Toflon® PFA Film—Specification

Enu_lhuuldbnuhmmuwidnmmndmﬁmnf Bulletin {TH2-3)

suioking tobdcoo of clgarenies WIth flaofactibf  gr.5g0081  Teflon® FEP Film—Specification
: Balletin (T62-1)

Teflon® film can de processed and vacd at clevated ]
tomuperatures withant hazard if proper ventilstion is  oo00d-1 Eaﬂm_' FEP Eilm—Propertiss
uscd, Ventlation shoald be provided st processing ulletin

temperatures of 275°C (325°F) or above.

TI-NHT8A 018409
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DuPont Films

High Perfarmance Films

Teflon® FEP

{lwococarhon film

Teaflon® as Flim

Tefloa® FEP fluorocarbor film offery the outstand-
ing properties of Teflon® in & convenient, aany-
to-ane form. It can he best-sealod, thermofonied,
welded, metallized, and laminsted to many other
materjaln of serve 22 & hot melkt adhesive.

This combination of nnique propertics and casy-to-
use forn offere derign apd fabrication opportupities
for & wide vedety of end nees,

Taflon? Is Unigqus Among

Plastics

» Most chemisully inert of all plasticn

+ Withsands both high- and low-temperatire
exiTemen

a Superior antstickflow friction progertics

s Cutstanding westher reelstance

« Excellent optiou] characteriatics

* Superior electrica] properties

« Free of plastcizers or additives

« Bxcellent processibility with conventional
thermoplastic methads

Teflon® FEP Flim Is Offared

« In thicknessas from 12.5-4750 pm (0.5-190 mil)

* In custom clit widths up to 1.2—1.6 m (4653 in}
depending on dsickness

* Io varions size rolls wound on 7.6 cm or 15,2 cm
{3 in or 6 in) cores

Teflon® film affords the engineae/designer 2 wide

range of opportunities 10 ke ndvantage of these

properties with minimal and convenlent fabrication

" lechniques,

The ability of Teflon® FEP filin to be casily cut,
ﬂmmsnfnr:_ud_.hul:uhd.nndmldadpermiﬂ
ready application as dinpliragms, gukets, protective
lininge, or thermoformed ponches of containars,
wheraver high tsmpeniure and/or chemical resis-
tance is required,
The excellon optical 'undm:iumum
ing snd nhravioket degradadon bava bad to
the nse of Teflon® FEP film in such veried apoli
thons a) saviroemental growth chambers, solar
cocrgy collsctors, and radome windows,
hs superior dialectic propertion bave been uaed in
Dhexible, At cable inznlation. printed citenits, wnd
electronic componenrs for computers snd aircraft,
The nonstick properties of Tefloo® FEP bave found

uec in conveyor belts, proceas roll covers, md as
mold relowse films,

Special grades of Teflon® FEP film offer spacific
peopertien snch a0 cememtability or high stress
ek resismaved under cxtreme environmental

A complete listing of FEP film grades and their
availakiliry in different thicknesses is given in
Table L

In addition to FEP, DuPont offers films of Teflon®*
PFA, for use a1 vemperatures up 1o 260°C (500°F),
and Tefzel* fluoropolymer for Increasad toughnens
and rewistance to lear propagation.
Teflon® FEP film offers npique propertiss io a
convemient form requining minimal fabrication,
Coosider it for your next project

For additional infermation, call (800) 237-4337.

TI-NHTSA 018411
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Types and Gauges

Tabla 1

Typas snd Quuges of DuPomt Teflon® FEP Fluorocarbon Film -
Gange B |00 | 200 | 300 | BOB (W0 | 10 | THNG | DNM | 3B | 00 | BOM | 11500 1HNN .
Thkrgws, mil L | b S 1 |18 10 13 1] E | | ] 14 | 1
Thicknass, pm 12| M | %0 [ ¥ | 125|100 | 280 | 575 | SO0 | 750 | 1E0O | M | 2% | 4TH
Approcimata aranfactor f8b | 180 | 80 | 48 | 3D | WM |12 | # | ED | 45 | 15 1 .12 | 04T
Approximite arsa faoior, m¥kg | M | 10| ¥ | B {1 J2B| 2 12 1 04 | 03 a2 | 0% { 108
Availabiiy
Typa A—FEP, ansfs-pumnss XX | XIX XX X —_— X - | - - - —_
Typs C—FEP, o 2lda
comamable LXK XX X|l—] =] = - — —_ —_ | =
Trpe C-M—FEF, both siden
Type L--FRP, nigh virasa zrack
ralstanca (n pdrama -l=]=]=1 R |—=] X X & X X X X
hvkOAmants

Nota: Each roll of Taflgn® fllm e clsarty kdertified &

b rein typa, film th ke, and Bim type. £
Hnuhm, -l'
Bl

mm:muunlﬂl
Meohaniocal and Tharmal Dimsnslonsl Stabllity
Propartiss Thert axt thiws coitigdnsats to the propecty of

Teflon® FEP filins perform well over a wide ngs  ‘dimenianal rtabiliry—hy ,'“’"’"’*‘, expankios,
nftmpmmm m.mh:ﬁﬂmm resdual sheinkege, 0d ¥

eTvics tempersture range from to Hygroscapic Expansion
(—4WW4DH'F) and it can be ured in intermjtient Becanss the maisture absorption of Teflon® FEP
sexvice at temipoeatares 8 high a8 260°C (SO0°F). oo v e i ows than 0.01% when totally

See Tables 2 and 3. . in o in relative homidity
Tensile Propertios have linde effect on die film.

Figures 1-3 show bow teanile propertics of Teflon®

FEP film vary with tampeeature, Teflon® films

retain useful msehanical propertios over a wide

mange from cryogenic to high tempémtares.

TEMAEE STRESS Phy

Figurs t. Timally Siyees va. Elongetian of Tellam® Mgura 2. Tealls Feopartiss of Teflan® FEP Mim
FEF Flm v, Tom g riunk
oo i, TR RATE )
0
00
um
P
L
v

N N
N e W

2 TI-NHTSA 018412




Tanelle Stromt vi. Blongatien of Teflen®
MEF Fim

Figurs .

Tabe 2
Typical Machaalcal Propartiss of Taflon® FEP Flim*

Residoal

Strepses st up in the film during manufactoring or
oouvecting can onues shrinkage in meastrainsd film
when oxposed to igh temperatures,

Exposure of film to an elevated and the
antendant shrinknge, will relieve this stress, and no
Tarther shrinkags will ocour &t lower temparaiares,

Thermal Expansion
Aftor retidual shrinkage bas besn removed, Teflon®
FEP film will expand and contract sccording 1o iw
nooyl cocfficient of thermal expansion {sce
Flgures 4 and 5). Note that this coefficient locresses
with temperature,
Fgurs &. Shrinkags of Tefon® FEP Y04 Mim

ws, Tempersture

. e

M M N iU W M M In M M N
HI M M M OB I M O & M
TELME AT N T
TENPERATLIN 7

Tabls 3
Typical Thermal Prapartiss af Teflon® FEP Fim*

ATM Eglieh ABTH Enghish

Propany Wiwaimal N Ui it Propaty Iitinl AlUsin Umica
Tanuda yrangih Malt point DAIOTAY 0ot | BO-meF

It k] M2 11 e 200 i FryT——
Elongriian at krenh D=1 A% A% VA TIpi MY s ANF

Iera et

Barila madulus D 8 MPx T pak “I::ﬂt" oo - o
Yiwld pairt D-mig2 a1 12 MPa YT pal
Siress 1 produre Sproiflc kam 1112 gk 0.3 Bwib*

% sirain Dol 12MPy yop  Corflalantof thermal T

s nuctehy 0.1 WimK W
Fouding snsuranca b2170-00 10 10.000
MITE eYReE =01 ] Bﬂ:‘l‘ldl:tnﬂhnlr S T l'h: F'“‘“" -.-F
it T4a¢ wirength D- 100048 1Y) 1316 S Sipmnalon L ..
|Gravesl Fammabily
Propsgating tanr rength | O-1E21-80 t1.),} Fo] ] Shanfiertr ML VM4 bl
lllIlI'Ih"I'i. ) Orygwnindil C-pedd-17 e "h
Burkhing rirkngth™ D-ra-87 ThkPa 11 Dimprgionel ME | Mminmt | 0.1% sxpennion|31% kpension
ivatieal rabbly 7D |1"C DNPFI 2% shrinkage|22% sheiakage
Dewsity D-IE0E-08 | 2100kgim' | 1341WAF *100 QuuDe unisan cihurwiss natsd
Coaficient 2l frictos 4150 gauge flim
i - muaTy =i wrhich Tim mgs0OM & Kad of 015 MPe

junntis {lim o staal) 0-1884-41 03 0.3 Imﬂe

200 guugi KT OxTe T fecriaed
100 Ghndd WM
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Figwe B. Tharmal Expanslan of Teflon® FEP Mim

Figurs 8. MMH Him Thichonus wf

"w - T“m-
i1} i wm :
5
) i "
2 * |
L] E|l| -
i i
v
1 1 L L J_I“lmI L L1 L.
i n Inl“-?:- e km o M
a L . 1 +
X m o w = om Dielsotric Constant
TEWRERATUA 'C Fer Teflon® fleorocarbon fibm, diclectpic constant is
TELIPRRATLE 7 hﬂapuﬁmtdﬁlmlhﬁm;;;h:umdiﬁu-
ence betwesn Type A and C fAlma
Electrical Properties at tiniect
Tuflun'i‘hnmcnbmﬁlmuhhtuulhnulucm ?&-mmhﬁm“mmp:n
cal properties over a wide range of o gun o thermal expansioa (see Figute 7).

tamperatorss. Table 4 shows how initisl properties
mmﬁmﬂlm;-mmm
extreme savironmentsl conditions

Tabie 4

Typlcal Elactrios] Propurtiss of Teflon® FEF
Fluarocarbon RIm 26 pm {1 mi) Thiokness

MTM Engllsh
Fropany Mlathal 31 Unita [T
Dialmatric: niran gt D 1Ra-0! 200 v frem SE Vi
ot o [23NiR)
Thetrade in
e, &8 1y
Dinlectrio comstam D-130:81 20 in
1 kHzl
Dipsipation mebor D-180-11 000 O
11 kHzl
¥rlume resintivity D-XE-M  (i1xi0%shmm | 1x 10%ghm-am
Surlst s reamthiity O2H-1n 15 107 bhrw 12 ¥ ohm
o aqun! | inersquare)
Surfeceum
rEERMNDS (28] Wl Y T
1 Sarnpiies maltad in aro did Aek mach
Diglsatric Strength

Flgure § showa how the dielectric strength of
Toflon® FEP film is & function of film thickness;
thinaer fitme exhibit greawr dislectric frength.

At a constant temparature, the dizlscivic conetam
falls slightly with an increasc in frequency sbovo
19" Hz (sce Figure B).

Fgura 7. Dislsctiio Constit ve. Temparahars of
Teflon® FEP Fien ot 1 hHz aned 100 kiiz

i3
ik & 10 HEENTE

E?i

L.
] ] 00 1w =
-3 n 1ar H2 e I!

TEIRAATLNE
TR F

Rgura 8. Didwxtric Censtunt vs. Frecquency

E !M%
B ooau
v L 1 M N iy
PoW wm o wWe WA oA wT e IRE IO
FREQUENCY WIATE
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Diggipation Factor

Thnnonmmdym ko valne of the dissipation fuckr
overa of wemperature and frequency
mlkesTuﬂmmmhmﬁhidﬂin:ppﬁu-
tiona where elactrical losses most be miniorized (soe
Flgure ).

Al o constant temperarre, this dissipation Bacior of
Teflon® filma vacics s noted in Figure 18, Absolute
values remain low in comparison with many cother
dielsctric materinls,

Fgura §. Disslprtion Fector va. Tampareture of

Taflon® MIF Mim
e
B L TH
§ oo -
E (L.
[
‘. L 1 L
?m N q [ w0 o = =
u o e ra ] E] -
e ©
TESDUT T

MIl.mmuﬁmmdM#

[ L]

A o 1T, M, e baler

IESRRTIONR Pl I0R

'l 1 'l
- . =
RO NG el

Volurna Reslativity

Volume resistivity of Teflon® fluorocarbon film
decreasss slightly s the Glm thickness incresses
{sze Flgure 11).

Figure 11. Volums Reslativity va. Thicknims
tat 175°C [347'F1)
Tk e r
¥ .
e 8
L | 4

1l'.l'l-=
]
[ 1
[
T
1 1 L | - | 1 .
] | 3 4 AWM I
THICHNERE BILS|
= # i Lo I Mg
1 L ] [ L1
THCRME RS [um)
Impuintion Resistance

Even m 200°C (322°F), the insulation resistance of

Teflon® film {55,000 megohm-microfarsd) is higher

than most conventiondl dielsctric puaterisls at mom

temperature (see Figare 12},

Fgurs 12,  ineulatien Mealetanos va, Tempersturs
{125 pm0.8 mal TEFLON EEP filmy

'Hi,000 Do

A4.000.00
10000
1,500 521

Iy PR
Gs fEEBEE

2D
100
@
-]
e | L L k| L L L
A K T W9 s I im0
T oW M2 o3y W oMW W
TEMPERATURE C
TEMPERATURE F
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Chemical Propertias

Tefloa® FEP floorecarbon Alm is chemically imert
and solvent resistant to virtaally all chemicale
except molten alical metals, fluorine at clevated
temperatures, axd certain complex halogenatad
componnds snch as chlorine wrifluoride at elevated
temperatures and pressures. actnal snd-use conditions.

In cironmytances where end-use lemparabares e The chumical mbstances Lsked in Table S are
cloe 1 e upper iervice it 205°C (400°F), 80%  unqesoecates of tns with ol + e ERP G
sodium hydrencide, matal hydrider, slnminom bas boen found to be nonresctive,

chloride, ammonis, and certain amines (R=-NH;)

may attack the fllm in & manner dimilar 10 moleen

alknbi metals. Special kesting is requited when such

extrome reducing or exidizing conditions sre

evidenl,

With these exceptions noted, Tefloa® FEF Muorocar-
bon films exhibit « very brosd range of chamical
Duoe to the many complex sspects of performance
in eevere snvironments, final selection should be
based oo functional evalustions of expericoce under

Table &
Tyoical Chemicals with Which Teflon® FEF Fim la Nonrsactive*

Ablatk acia Gyclohaxancne Hydrafiuaris scid Phthalic scid
Agatic. acid Dibutyl phthalate Hydrogen pargadde Pinana
Acatic anbydride Dibuty sabacate Laad Piparidena
ASETODY Diathyl carbonata Magrasum chicride Polyscrylonitrile
Acatophsnong Diathyl sther Maroury Fotassium aostate
Acrylic anhydrida Dimatiny formam ide Muthd athd ketane Potmesium hydroxids
Abyl acetare Di-aotutyl adipata Mathacryilc scid Potassium
Alyl mathacryiate DimethwyHormamids Mathanl paMmanganaty
Aiminum chiovide CimettySvwdrazion, Mupthyl mathecrylue Fyridine
Ammoania, liguid unrymmatricsl Naphthalsne Soap and datargants
Ammonium chioride Digxans Naphthols Sodlum hydrowdde
Anlline Ethyl acatatn Mivls aaid Sadiurn hypochiarits
Banzondirlle Ethyl alcohoi Nirobenzarn Sothurm paroxde
Berizoyl chloride Ethyl witwir 2.N itre-butano! Solvarmy, slipharic
Barzyl alconol Ethyl haxcate Nitromethans and sromatio®*
Barex Ethylame bromide Nitrogen tetraxdde Stnnoue chioride
foric acid Ethylena glyeol 2-Nfro-2-methyl Sultur
Bromina Farric thioride propanol Buluric scid
n-Butyl aminia Ferric. phoaphate n-Octadecyl alcohed Tetrabromosthane
Butyl acatata Fluoronaphalene Qily, animal ard Teirachiorathylene
Butyl muthacrylame Fluorpniimbanzens vagutabls Trichiorscatic acld
Calcium chioride Formaidehyds Caanw Trichlorsthylans
Carbon disylfide Farmic acid Farchlorsthylens Tricras phoephshe
Cotana Furars Pantachiarns Tristhanolamirne
Chiorine Qasoling banzamids Vinyl mathacrylate
Chlaratorm Hexachlorethane :""H""'m*"“' Witer
Chiorosulfonic acid Hexana henol Xylane

. Hyrirazk Phasphoric soid Zine chiorids
Chromic acic ydraz Pho
Cyclohexene Hydrochlork: scid punﬂmmulurldl

*Badid &n bparimanis eanducted up 1o the bolling peinty of tha llgwide leted. Teflon® FEP resing hirve Nnovmiat sarvics
IsmEaraturas U p ta 208°C [H00°F]. Absancy of 8 apecific chemical sos not maan that B i raactive with Taflon® FEP film.

**Gama halcgenaed solventa imiy ceuss modecsts swslling.
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Physlosl Praparties

Absorption

Almost all plastice nbsorl small quantities of cer-
tain materials with which they coms in congct,
Submicroscopic vaids betwesa polymer molecoley
provide space for the maierinl absorbed without
chemical reschian. This phenomsnon i neslly
marked by & slight weight increass and sometimas

by discoloration

Tabia 8

Typioal Gas Parmaabliity

Mutaq of Tellary® FEP

Fuorotarbon Fllm, 25 pm {1 mil) Thiclmess
(Teat Mythod: ASTM D-1434 &t 35°C [77'F}

Purrripablitty Amia®
G sm'fim*24 h-atm)
Carton Digxdda 258 100
Fhytrogan 4.1 % 107
Nlirogen 50 % 10
Oroygan MEx 107

Tﬂm'mﬂmﬂmﬂﬂhwmunth
rbiorption compared with other
at \empersiures 21 bigh as 200°C (392°F) and
exposures of op w onc year, Even the aheorption of
solverts is exaemely small. Woight increases are
mﬂyh:m}%mm“w
umpumtu!‘urluu;pono& In gencral,
solations are nhsarbed very Little by FEP
film. Moisture abrorption is typiceily less than
0.01% ot ambisat temparancre ond prassure.

Parmsabliity
Marry gavas and vapons permeata Teflon® fikms at &

eTapotuTe, pridsoe,
decraasas with incpesaad film thickness, Tabla ¢
Lists rates at which varions guses nre irapsmitted
through Teflon® FEP fluorcearhon flim, while
Tahle 7 lintx ratew of vapor parmeabdlity for some
repeseniative sobalanoce, Note (hat the pressere for
satch material is 1ts vapor pressure at the indicated

tetmperature.

*Ta carvwirt 1o arm3y 100 1A% 14 h-wtmy), muttahy by 00848,

Mgure 13. Water Vapor Tranemisalon Rute of Tallon®
EH‘II}tﬂ‘ﬁl‘lﬂ'ﬂlﬁmm

A

4 4 & W 1
100 180 BOO RBS) 300
ThrCrAERE (ail]
THICKNERS: |wret

[ -]
B

MOtes: ViU ani aversni onpy anc not for seecifieet|on
purptusi. To convert the pacmaat on vikiay for
198 ! 1a thows for 1 m®, muitaly by 5.5

Tabla?
Typical Vapora Tranamisalon Rtes of Teflon® FER Fluarocarban Rim, 26 um (1 mil) Thickness
{Tant Mathod: Mocifiad AKTM E-d}

Tamparsiurs Vapor Tranamission Rate
31 Unkts English Unla

Yapor b H "F iefned) g/ 100 kn'.ct
Adatio Acid 36 895 64 041
Acstana s a5 14.7 198
Banzena ’ 3B 86 1.4 a.ra
Carbon Tatraohlorice 3% as 44 a.n
Ethyl Acutate db 96 1.7 0.78
Ethyl Alcohal 35 s 10,7 0.63
Froon®™ F-12 23 73 vLe 240
Haxans a6 oL a.r .56
Hydrochlorie Acid 28 Fr) o3 w04
Nitric Azld {Red Fuming} . 25 L 160.0 05
Sadium Hydroadde, 50% 25 7 <2 <01
Bulfuric Acld, 96 F 4] 7 e 110
Watar k- 1] 103 1.0 .40
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Optical Propartiss Other optica] properties of Teflon® filme of interest
Teflop® Aime tranamit o high percantage of olew- are
viclet and visible light and are much more transpar-

cnk to the infrared specttwm than glass (see Flgures Tellon® WP
14-16). Solar Trenamiseion
(ABTM E-424| I8N
Rafractiva Indax
{ASTM D-B42) 153411347

Fgure 14, Trensmission Epsctrum for Taflen* FEP Mim

0
) ey
"
. A
o |
E..
- 0
]
n
.'ﬂ
: L]
07 of 18 t& 10 22 3aa A8 0 WD 124 X
Wim Laogih um|
Fgurs 15. Teanamitianca st Normal Inoldends of Pinire 18, Transmittanes of Solar Nadistion thrugh
Solar Radistion shraugh Tallan® FEP Rims 25 um (1 mil) Teflen* FEP Alm for Varlous
for Various Thichnesses Angles of Incidencs
1R
gum 100
aosn s ;
LT
a“‘“ Q TERLON M il
* g ;nn
Enm
ass e
Enm om
nm L 1 L L 4 'l
B 1 2 3 4 B @& T &
2 0 ™M 00 25 1% 17 oam [/ 4 L 1 i 1
THICKNES OF ML | e g B3 X 4 B M K
THICMNESS OF FILM iumi AHGLE OF INCIDENCE. DEQAEER
Miscellansous Proparties FDA Compliance
Cryogenic Service Clear Teflon® FEP fluorocarbon film complias with

Teflon® FEP bas performed sasisfactorily inerye- P91 177 of Title 21 of the Food & Drug Admin-
genic service ot temperatures below that of Liquid igtration regulations for safe nse as articles o
nitrogen. Teflon® flucrocarbon flkn U normally components of articles fl:tpmdumng manufac-
inert to liquid oxygen (LOX) when the fitm ja e FNG: Ocossing, preparing, treating. packaging,
of contamination, pigmentation, or fillers for transpocing, of holding food in scoordance with
o s— Rogulation 177.1550.
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UBDA Acceptance

Clesr Tefloa® FEP fluorocarbon film is acceptable
s o compouent of matecialé for wee in shughtering,
peoceszing, tansporiing, or storage Aress in direct

aontact with meat or pouitry food prodnct prepared
nnder federal inspection.

Miidew (Fungus) Resiztance
Teflon® FEP s been siown to be complctely
resistant to mikiew growth by testing both in
homidity chamber exposure inoonlated with a
mixed spore suspension and a sail burial test for
three montha.

Weatherability

In contesat 1o most other clewr thermoplastie films,
Tofkn® film remaicy casonti wfter
2} years of ootdoor exposure {scc Figure 17). There
is no evidence of discoloration, alraviolet degrada.
tion, or eizength 1042, This outstanding pecformance
in dee o the structure of the polymer molecule and
i nuoot the: result of chemical ackditives.

Types C wnd €-20 Trflon® film are not recom-
monded for cutdoot applications becawss nlraviolst
radistion may advecsaly affect the treated mrface.

Hgwe 17. The Bffacts of Flerids Westharing on Tefton® FEP Alm

ELOMGATION, %
B &

Safsty and Handling

Unhested Teflon® finorocarbon is essendally inert
Aﬁmlmhﬁmﬁnm‘hmu&:&
and ponsensitizing ¢ the skin. Dust generated
cutting, grinding, or machining the unheated film
should be avoided, ns with any other nuissnce dusts
that are by OSHA xt 15 mg/m” in air

{9 CFR 1910: 1000).

Care should be taken 10 avaid contamination of
smaking tobacoo or cigareties with flucrocarbon
resinos,

Teflem® film con be processed and used at elevaed
temperatares withowt hazetd if proper venlilation is
used, Ventitation should be provided at processing
temperatures of 275°C (325°F) or above,

Additional detnils on safaty in hapdling and use are
aviitabie in bulletin H-48633, *Goide to (e Safs
Handling of Flucropolymer Reeins,” availabl from
DuPom,

{ther related litersinre available from DoPont:

Bulletin Tikle

E-B4 13-1 Teflon® FFA Hlm—-ﬂpmﬁmum
Bulletin {T62-3}

H-5003-1  Tefloo® FEP Film——Specification
Bulletin (T62-1)

E-55008-1 Teflon® FEP Film—Properties
Bollatin
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Tnquires: $08-821-5503
Custamar Service: BO0-261-2742
Fax: 905-621-5130

Latin Amerioa

Fax: 54-1-319-4451

Brecd]
DwPout do Braail

Al heperurn, X6
064 34-080, Alphavills
Barueri, a0 Paulo
35.11-42)-8589

Fax: 55-11-42E-B586

Mexdeo
DuPome 8.4 de C.V.
Homern 306

Col. Chapalwpec Momales
Mo, ILVF. 11570
5)5.TI-11%4

Fax: 525-T13-1370

Vawpzraly

DulPoiit Venerosla

Ed|ficio “Los Prafles"

Calle ln Guasits

Urbaairation Chusd

CP 1060, Carmcms, Venexueln
3n-292-4547

Fax: 58-1.91-5638

Eurape
DulPont de Nomours

{Laxeimbhourg) S.A.
Comtern

B-1, Shimomegurs ]-cheme
Maguro-ien, Tokyo 153
Japan

B1-3-3434-5139

Fax: B1-3=3834-519]

ASEAN

DuFont PIE Ll
| Maritime

w701 Woeld Trade' Canirs
Sigpeporm (99253
§5-279-3434

Fax: £5-279-3455

Hoxg KoxgiChing
DulPopt Chine Lad.

1122 New World Office Bldg.

Salisbary

Road, Kowloon
Hong Koag
3522735401

Fax: A52-2721-4117

Tha iof i st wex Forih bl o0 Baesd oo G bt haretd 1o ket el bable, hoar tha T Poni
wod asaurmed 0o Wainilicy scislng oot of Mo usery othees. This poblicstien as to e taletn a8 §Rosmpsto nperts wadey, oF Necomasadaion Lo inftogs,

ATy paaol

mankng B WECTROH-S 6206 of irrpllad 2z ks socamcy

Canniborys Do 00 i i Evestic il apypl st ivvolviy oot stopleiss ov i the baorpti oy, Fior ot sisdarsl applicatia, e =DhiFoel adical

Cayoon Baieeol. " H-50103

(LA TR vindi dn U A,
| Mmoo M -MERT |
Frarii Wi, HHERDOT -1
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DuPont Films




SHMIF TOs E.I. DUFONT

P.0. BOX BY

CIRCLEVILLE., OH. 43113 1"
DROF OFF #4C ATTNe: STEVE WUNSCH
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DuPont Films

CIRCLEVILLE PLANT
P.O. BOX &9
CIRCLEVILLE, OH 43113

TO: JULIE POMBO

DARLENE SANVILLE

FKEN ANDRENE

DONNA BUTTERFEELD
CUSTOMER BERVICE REPRESENTATIVE
KAPTON/TENLON FALMS
PHONE: (00) 96T-8407
($14) £T4-0084
FAX: (900} 790481

AS YOU'RB FROBAELY ALL AWARE BY NOW, WE HAVE CHANGED THE TYFE
OF CORES WE'RE USING TO TRY TO PREVENT TEE PROBLEM OF THE PLASTIC
CORES BRING QUT OF ROUND. YOU WILL CONTINUE TO RECRIVE THE PLABRTIC
CORES UNTIL THE PILM ALREADY ESLIT ON PLAETIC AT THE WAREBHOURE EAS

BEEN SHIPFED.

BECAUSE THE NEW CORES ARE 50 BXPENSIVE WEB WOULD LIKE TO HAVE YOU
SRND THE USED CORES BACK TO T8 S0 THEEY CAN RE REUSED. YOUR OREBR-
ATORES MAY USE THE CARTONS THE FILM WAE ORIGIMALLY SHIPFED IN FOR
RETURNING: THE CORRE. WE DO ASK THAT THRY REEP THEE DIPPERENT SIZES
SRPARATE. I AM ENCLOSING ADDRESE LARELE MARKED WITH THE CORR SIZE
AND I HAVE MARKED YOUR FART NUMBER ON THE BACK OF THR LABELS.

IF YOU HAVE ANY QUESTICNS, PLRASE FERBL FRERE TO CALL ME. THANK

YOI
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Befors shutdowm, I had apoken to Tom, Andy and Doug about how TSL
could help you achieve your goals in 98, espeolally in regards to new
preducta. In other words, we would like ta ba more proactiva and lexs
raactiva than ip the past. In rasponsa, Tom hmd nskal for a msme that
ha coyld forward to him =taff since nothing had Lypmediately cams to
mind. REather than detalling what ww do in o em we bhave added a
Capabllities pection to our Web 3ike at http://www-med.mo. 1. com/tal/
in the hopas that thia might ba useful,

At the end of this mamo ix A llat of the major projects that have
already besn ldentified ms of kedng of use to the ABU., If thers are any
cther tasks that would be of usa, we would ba happy to add tham. Wa
wall know that it is difficult to ildentlfy problsms before thay oceour.
In fact, Tom; Coug snd Stevae have nlready noted that the wost valuable
contrilmtion that the Surfaos Lab {(For instance) peovides ix
responsive, accurate problem solving services. The purpose of this neve
iz to see 1f wWe can ba more aware of the needs of the ABY and £y pake
aure that we axe foousing our efforts oo those iltmmw that are mpat
important. We plan on updating you quartscly with our progrers and to
soa If thera ars othar projects that wa should ba conaidaring.

TIL MAJOR PROJECTS IMPACTING ANJ

LAR FROJECT

All Achigwve AZ2LA Accrsditation

Bnvixo Implesent Spectrum Analyzer Kit [CCIS)

| Znviro Computerized monitoring of humidity and themsl chambary

Foviro Craate detallsd equipmsnt usage instructions for major
aquipmant

Enviro Create datailsd TF3cat and CB inatructions for Mil/Customar
acceptance teata

Envizo Implamantation of PM aystam

Spac Proj | Davelop method to diatinguish bstween good and bad lots of
PPS for Kaprten PZ replacsmant

Spac Fro] | Create syatsm to dooutsent for custowers bthe hemitlcity and
gasa compomition of TFatets

Surface Imtarmine feasibility and cost of implemanting APY AJIC
tuse FA capabllitias) then 1lnplenant

Hat Brovide fallure analysis and technical consulting on
resglution of F3 fallursa

| Gage Lab Aeduce owverdus gage percentage te 6.58

Goge Lab | Evaluats, select and start implamantation of new Gage
Control aydtmm. _

If you want, wa could come over for a meeting; altwrmatlvely, phene or
E-mall responsa would ba fina.

Thanks and Regerds,
Al

TI-NHTSA 018827
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“Toiti Tt Furinly Tdiwpoiidol

R Boums

H Farost Sttt

3 7 G,
TEXAS Atfinbos, ki 527050564

INSTRUMENTS 1408 2303064

February 27, 1958

Ma. Doana Butterfiold

E.L DupontDe Nemours & Co.
IS Ronnte 23

Circlevills, OH 43113-0000
Tel: 300-057-5807 X1

Fax 614-474.0659

Dear Ms. Buiterfisld,

Enclosed is Supplier Alert 032450 an T1 part mmber 27225-4, one of tha items we
purchase from your company. Flease bring it to the attention of the appropriate person{s). This
Albert’s purpose is to inform Dupont of & concern thet the PSM group at TT has with this
partieulsr iamws. This is not & request for formal corrective action, however the return of the form
with the questions nddressed would provide our team with the understanding that Dupom is
avaro of the cancern and is acknowledging the conditions.

. Dupont’s prompt responae to the Supplier Abert within 10 days wortld be appreciatad.

Sincecely,
Bon, bouge
Rom Souza
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ROUTE TQ

I |

*9 TExas INSTRUMENTS REPORT OF DISGREPANT i
. HALE Y. DATE -
%‘- j_ﬁ’@nﬁﬂ/“:lﬂ.;ﬂ X P - ol 437g. Suparvigion Review:
oUncE EVIoE PFI2D. 0008 i
v 55 8
meM ATTRRUTEREGUINEMENT AGTUAL anap|AC | RE |sorr
Ll Mapmpp Sepoltd  N\KeDran: —mensmed)
B’ ' = | g ’E_d.azt\ = gy A5
ra B LR NS i G D 25
MATLPROD. CONTROL |
Ewmmnﬂm'r DWEI!
CONMENTS:
PLAER: | evosanTuRe
MRS ENGNEFRING DIBPCSITION |
3 RETURN TO UPPLER COMMENTS:
[ AEwoRst AT T1 p
Ol sormr AT
'Wm
[ DEVIATE (A B
NOTE— F DBP, OTHERTHAN RTS - MRB CORRECTIVE ASTION W9T BE 0OMPLETED Gl eaR
REWORK PROCEDURE: (UPO/ENG. } [ PEWORK EETE |
ESTRUTERYME
AL TURL BTE. HOORE ™ |
[KET | _BERDTON | ToTr | AR Ponun NaEsI Al || 000 PR FEWRNG |
mm _IEF:F[ _-
| MRS CORRECTIVE ACTION | o
n — CHANGE PRAWN GUPEC {OIOECH WURT BE ATTAC CONMENTE:
Si b eirma s swoves B [JA00E SUOBPE I ALGET
— OVHEN (EXPLAM)
BUPFLER  — PROVIOE COPRECTIVE ACTICN WITH FOMMAL RERRCHAE E
— BUERNT NGPEOTION DATA YWTH FLUTURE IPWENTR
~— CONDUCT CAPABILITY STUDY AND SURNET TO ENOINEE RNG
— DFHER (EXPLAN)
RECEMNG INSPRCTION
ARG, | Dl coot | KR AT F AR YO FeavaRT TS
" PEREGT VALIDWTION %
M . DATE SITIAL DATE
PROCUREMENT ASBURANCE | DO NG WNTE B THE LV
COronsroowy - aerLER a
O e car |
L] iy R DMLY - TRTAL O
Ll wvrerre GAR (m}
(W] WANATURE DATE
FORN B

TI-NHTSA 018433




REVIEW

3/11/98
RDIM#032450
Submitted Supplier Alert

to
E.L. Dupont
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TEXAS INSTRUMENTS INCORPORATED,
AUTOMOTIVE SENSORS & CONTROLS

TITLE: FROCESHING AND FLOW OF INFROCESS MATERIAL REJECTIONS DOC. NO. 231

Ron Souza  Mail Stop: 1109

Texas Instruments, Inc.
DATE FREPARED: 272798  SUPPLIER: EI Dupont P.O. Box 2964
34 Forest Street
PART NAME: Select ome PART NUMRER: 27225-4 Attleboro, MA 02703-0964
LOT No DRAWING REV. Tel:  508-236-3988
A A ¥oc:  508-206-3827
RDIM No 032430 attached  QUANTITY: T REEL  E-mait

stached  QUANTITY.

Thsla saciont it ety iamod by O PEM bisparial Ravier Bownd o indooms yeu thel parss inspecied on e dute showa shore wero fomd v
cantain Bewcpiebls: Jianalote aatier couditicos: ooffaied below. Eves foogh oe Rinal sefection hae b iswned, il In snpacied that Yo
will ik YOR AR ar FyRlaECy ) i eydar jo idemtity srite taat will fmpervs the arcaptaialiiny of your prodea.

SPFECIFICATION: No deformities per note 1.

OBSERVED CONDITION: There appeers to be a curvature of the roll slong one edge which apparently
CAUBeS »0MMe jarmnming in our autoinated assembly machinery. Data included for your mformation

SUPPLIER RESPONSE: Please reply to the following inquiries and reply to above addressce.
1) Do you recognize this a3 & discrepancy you may have seen before? L_[Yes, []No

2) Do you currently have a process cantrol mechanism in place to prevent this discrepancy from ocourring?
[]¥es, [ INa

3) Ifyou answered Yes to question (2), why do you think it occumsd again? If you answered No to question
2, what actions, if sy, would you anticipate on talking to grevent recwrrence?

Autborizod Signature: Dt

Plesas respond within 10 days,
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Teaw Toairaaents htportod

Finn Soarw
. 34 Fowl Sarect
b B0, Box 284
Mai Eip 11
TEXAS Attibore, W 027050084
INSTRUMENTS (508 7302

February 27, 1998

Ms. Domwna Butterficld

E.L DupontDe Nemours & Co.
US Route 23

Circlevills, OH 43113-0000
Tel: 300-967-5607 X1

Fax 614-474-06599

Dear Ms, Butterfield,

Enolosed i Supplier Alect 032450 on TT part nutmber 27225-4, ono of the jtems we
. purchase from your oompany. Ploase bring it to the attantion of the appropriate person(s). This
Alert"s purpose is to inform Dupont of a concern that the PSM group at TT has with this
particular issoe, This is not a roquest for formal cormective sstion, however the retum of the farm
with the queations addressed would provids our tesm with the understanding thet Dupont is
xware of the conoern and i acknowledging the conditions.
Bupont's prompt responsa to the Supplier Alart within 10 days would be appreciated.

Sincerely,
Roh Souzs
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In REVIEW

3/23/98

RDIM # 032479
Part # 27225-4

E.L. Dupont
What is status of RDIM?

Jon reviewing drawing note 3 on allowance
of % allowable variance
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Roy
To be signed off

4/13/98

RDIM # 032479
Part # 27225-4

E.I. Dupont

Core is slightly oval
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KIR; Both

Froms; ¥, Beth
Sent: Tusedzy, April 14, 1998 11:50 AM
Tow Soiza, Ron

e Almaiin, Andres; Bu, Ross; Biovarto, John
Subject: TEL # 147337, Compare oid and new lobs of Kapton

Oblactive:
Compars diffsran lote of DuPont Xapton. The new materisl la much darker than material recelved Ln the past.
Confirm Thal 1he New malental B Kaphon and 1hal i has the: same properthes S the oiar Mublerial.

Bawults:

FT-IR spatdroecopy ocirfinms thet both the old and new lota of Kagton strip have the samae chemicisl composilion,
Poth producsd mataiwe with patyimics, with matoh faclons ower 5096,  Visus compeinon oF the: IR Specira Shows
they are the same. | will forward the IR spoctral cata Dy intermal mal,

| hava foewardad ihe semples b the melstiography lab for a tenslls ioel and for thickness measuement. The
remnaindar will go to the speolal projeots lab for thimbila charaoterization. Please oall if you have any questions.

Ragards,

Beth

Ext. 3088 MB10-10 Fmx 1870

Page 1
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