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B4,

I am & design engineer in Dave's groop. He has glven me tha responsibility to finish off the
Kapton apes. Bawically [ have put the spec, e discussed between yourself and Dave, on a T1 print.
Could you give it & once over, nothing has changed. I includad a copy of the agread upoa spec for
comperison. Fleass ket me know if I may close this issue o if you want to discuss any further changes.

Thankxy,
Keith

TEXAS INSTRUMENTS INCORPORATED * PO ROX 2364 * 34 FORESY STREET * ATTLEBORO, MA $2703
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Toxss Instrostents Makecial Specification fer Eapton'® Fikn

18

SCOPE
This specification dedines machanicsl property, quatity and inspection requirements for
DuFont Type 300HN, S00HN and $00FN13] Kapioo® and Tellon® lominged Keptoo®

Mm supplied & Texzy Instraments, Thils apeciBication wpplies whea 1t ks referenced on the
Ixint for the muaterlal or finished component.

TRACEABILITY

Maierisl rupplied fo this specificatian must be traceabls 10 the origine] pili roll. A odil
rofl Jn dafined ax & rofl that in 50-80 inches wide and oo longer than 10,000 foet. Forthe
purpose of cortifyleg strength snd dlongation, & oew ordll rofl should be deslgnated after
Ay process chunges that mey affect the certified mislotn. strongth ind elongaios valuss.

PROCESS CHANGES
Process chemges that could adfect the simngth, ulimue elongation, or physical appesrance.
of the Sm Dot hieee price revlesr ond sppoovad by Texm Insinooentz,

STRENGTH AND ELONGATION CERTIFICATION
41  Types 300HN and S0MIN Kapaon® Fim

Teaalle teat speclmens are 10 ba inksn fronn Incremests sloog the s off the rall including
locations st both ouisr ecdges o the cantey, A mdninen of 10 spacimens ane t be tomtad -
1 in the machine direction (MD) and 1 1n the treneverss directicen (TTY) foom sech of 5
Toosticas acies the width of the mill rofl. The certified minlmem pirengtindy i be e
mintmom valoe recorded for ol of the test specimens. Tenslle tecting L €0 be conducted
upon sart-up of 1 production ron, then on every other mill rall. 1t 1= DyPort’s
respomsfbilicy to increags the frequency of inspaction if thers ans procens changes or other
factors within  production run thut ey segult In grength or slongstion vwhees that are
Iower than thoss cartified by the test spocimens.

Minkomn YVl

Tiheais Teoells Sirength Typs 300HN X S00HN
Mnchins Diraction (WD) 000 pal ool idbrywem
Traoaverse Divectlon {TD) 24000 pal minkomm
Tiiimade Rlongaiion

Mschios Direction (WMD) 50% mitinro
Tranaverse Piroction (1) 50% miniouom

. Tenting to be contucted per the latext revislon of ASTM D352

TI-NHTSA 017688




Typs 300FNL] Tellov® laminxted Expioud

Teaglls eating of SOOFN131 film ig s recpived prowided the S00EN Kaptond subetrate,
film Bae been testen] aned oeetifled 62 meet the minimssn srength snd slongation vatues.
The rensoning by tha o.) the mechanical properties of e SO0FN131 file: are derived mere
frowm thes S00HN subwtrats filrs euthesr than tha Tefiond lominete snd b.) the Tellon®
Laminsting procaw acoonding ¥ DePont dony oot nagativaly affect strength o slongation
propértied,

It s DuPoni's reepoasibitity %o et Type SOOFN1I1 fim if aithar &) the 300EN
cortificstion dete is cowvallahls or b.) tham b seascn to haleve the lamination process mey
hapwe pffctnd fhe cartified mintmers valase of the J00HN mbetreie. In this caes it
accepiable to first remove the Teflon® Alm fron the Eipton® sehatnihs to got & aons
accurade and repeaizble tenalle ioet. The nklvtmnon seength snd slongetinn vahws for The
Type 300EIN fllm shall spply.

DEFECTS (All film typas)

Materis] suppiied to this specification xust e 100% tpacted for dafacts inchudfing
tubbics, plohcles s Inciusions. The costrol plan toct tnctnde » means for perigeically
veyifying thet the iospection equipment is capable of locating defects.

Criterin:

A Iopection in nequined 10 detect holas and bubbics in all S00HN and SO0HN film,
an wedl 8 the S00EIN wasd aa the: subetrais for SOOFN13] fhn uaing mm oo Hos camess
{nepaction sywest, Holey of gy tive are not adospishie in finished prodect shipped 1oTT,
sl thuwwfire naady 1o be addrssen thremgh spproprists Prevestion controls in the
mutefaetre of e flm. As o practies] Dewection control, the symem osst be sble to
deect holeg and bubbles of 025 or groater, and material foond #0 hive holes o Subbles
of tiile slze is not accaptable,

B. Topeceicon i requtoad o detact inchusions: of forelgn matter fn a1l J0EN and
S00HN film, ag well aa the XNETN used as the sabsiree for SOOFN131 8im using an on
e camaxn inggeection system. Inchusions of 025" ar groster st be datectahle by the
Fysem vl are ook allowed in Anished prodoct shipped to T1,

CERTIFICATION AND DATA RETENTION
Whens the print specifies that masacial certifioation i required, the suppiiar cevtifia that the
muberial wea prodoced in acoocdanse with this specificstion.

All strength test dets and specimens a0e 10 be mpintsined by DuPoct for n minkanam of {5)
yeawy from the date of mamstactare,

TI-NHTSA 017689



LEVICE #87P8 TnE '
e l MATERIAL SPECIFICATION A 75951 SH. 1

FOR KAPTON (R) FILM

1.0

79831 SH. 1

2.0

3.0

1.0

15T 1S90
5-19-95, OCFF
CRMTga 7

SCOPE
E&ﬁ:ﬁcﬁécﬁéug IIJEF.Ir ETWIC& FHI:F?T';ET. DLINIT%}"I' AND 10N
TEFLON LAMINATED KAPTON FILM SUPPLIED TIJ: :TE:us I fm
TRIS SPECIFICATION APPLIES IT 1S REFERENCED ON THE PRINT FOR THE
MATERIAL OR FINISHED COMPOMNENT

TRACEABILITY

I PLIED TO THIS SPECIFICATION MUSY BE TRACEABLE TD THE DRIGINAL
MILL ROLL. A MILL ROLL IS DEFINED AS A ROLL THAT IS S0 - 80 INCHES WIDE
AND NO LOMGER 10,000 FEET. FOR THE PURPDSE DOF CERTIFYING STRENGTH
AND ELONGATION, A NEW MILL ROLL SHOULD BE DESIGNATED AFTER ANY PROCESS
EHLMLIEEEE THAT MAY AFFECT THE CERTIFIED MINIM.M STRENGTH AND ELONGATION
PROCESS CH

OF TEXAS INSTRUMENTS,
STRENGTH AMND ELDMGAT]
4.1 TYPES 300HN

9
:

&P

:

AND
TENSILE TEST SPECIMENS TD BE TAKEN FROM INCREMENTS ALONG THE WIDTH
OF THE ROLL INCLLDING LOCATIDNG AT BOTH OUTER EDGES AND THE CENTER.

OR ELONGATION VALLIES THAT ARE LOWER THAN THO

SPECIMINES.

MINIMUM YALLES

LLTIMATE TENSIL STRENGTH TYPE 300HN § SOOHN
* MACHINE DIRECTION (MD) 24000 PSI MINIMM

TRANSVERSE DIRECTION (TD) 24000 PSI MINIMM

WLTIMATE ELONGATION

MACHINE DIRECTION (MD) SOF MINIMUM

TRANSYERSE DIRECTION (TD) 508 MINIMUM

TESTING TO BE CONDUCTED PER THE LATEST REVESION OF ASTM DB32

R
E|A
k')

[ I T T__T i I

ﬁ.ﬁ‘;

|
FLELRANT %-15-2% @ Tm,“ﬁmwﬂs E‘-:&ﬂ“ Et “_"75951 SH. |

QIVISIM

FOE [RCMT s e an
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DEVICE #B7PS TRE  MATERIAL SPECIFICATION
PROJ. #3423 FOR KAPTON FILM

> 8

75951 SH.2

4.2 TYPE SOOFNI31 TEFLON LAMENATED KAPTON

ENSILE I SO0FN131 FILM IS NOT REOUIRED IDED_THE 300HM KAPTOMW
SUBSTRATE FILM HAS BEEN TESTED AND CERTIFIED TO MEET THE MINIMUM

TRENGTH ELONGATION YALUES. THE REASONING IS THAT

A.) THE MECHANICAL PROPERTIES OF THE EOH-'HIEI FILM DERIVED MDRE FROM
THE 3D0HN SUBSTRATE FILM RATHER THAN THE TEFLDN LAMINATE.

B.) TI-E TEFLI:H ﬁ LAMINATING PROCESS ACCORDING TO DUPONT S NOT
STRENGTH OR ELONGATION PROPERTIES.

IT IS DUPONT*S RESPONSIBILITY TO TEST TYPE S00FNL3A1 FILM IF EITHER
A.) THE 300HN CERTIFICATION DATA IS UNAVAILABLE OR

B.) THERE IS REASON YO BELIEVE THE LAMINATION PROCESS MAY HAVE AFFECTED
THE CEHTIFIED MIMIMUM VALLES DF THE 300HN SUB TE. _IN THIS CASE
IT IS A TABLE TO FIRST REMOVE THE TEFLON FILM FROM_THE
KAFTD SUBSTRATE TO GET A MORE ACCURATE REPEATABLE TENSILE
TEST, MINIMUM STRENGTH AND ELONGATION YALUES FOR YHE TYPE
300HN FILM SHALL APPLY.

5.0 DEFECYTS (ALL FILM TYPE ]

HhTERIhL EI..IFFLIED TEI THIS SFECIFIChTIﬂ\I MUST BE 100% INSPECTED FOR
EFECTS LES NHOLES TONS., CONTRDL
HELI.I'..‘E PERIDOICALLY VERIFING THAT THE INSPECTION

E’DLIIPFEHT s CHFJ'.BLE DF LII.&TIHE DEFECTS.

CRITERLA:

A. [NSPECTION IS REQUIRED TO DETECT HOLES AND BUBBLES [N ALL 300HN

AND SO0HN FILM, AS WELL AS THE 300MN LSED AS THE SLESTRATE FOR SOOFN131
FILM USING AN DM LINE CAMERA INSPECTIOM SYSTEM. HMOLES OF ANY SIZE ARE
NOT ACCEFTABLE IN FINISHED PRODUCT SHIPPED TO T.I., AND THEREFORE NEEDS
TD BE hﬂ:ﬂEESED THROUGH APPROPRIATE PREVENTION CONTROLS IN THE MANUFACTURE
OF THE FILM. AS A F'RA.CT]C#L DETECTION CONTROL, THE SYSTEM MUST BE ASLE
TG DETECT HOLES AND BUEBLES .025° OR GREATER, AND MATERIAL FOUND TO
HAVE HDLES DR BUHBLES DOF THIS EIIE 15 NOT ACCERTABLE.

B. INSPECTION 15 REQUIRED TO DETECT INCLUSIONS OF FOREIGN MATTER

IN ALL 300HNM AND SOOHM FILM, AS WELL AS THE 300HN LUSED AS THE SUBSTRATE
FOR SOOFN12] FILM USING AN ON LINE CAMERA INSPECTION SYSTEM. INCLUSIONS
OF .025" OR QREATER MUST. BE DETECTABLE B"f TI'-E EYSTEM AND ARE NOT
ALLOWED IN FINISHED PRODUCT SHIPPED TO T

6.0 CERTIFICATION AND DATA RETENTION
WHEN THE PRINT SPECIFIES THAT MATERIAL IT.'EI'\‘TIFICJ'LTIIJH 1S HEI]..IIHEIJ 11-E
LIER CERTIFIES THAT THE MATERIAL WAS PRODUCED [N ACCORDANCE

SUPP
THIS SPECIFICATION.

ALL STRENGTH TEST DATA AND SPECTMENS ARE TO BE MAINTAINED BY DUPONT
FOR & MINIMUM OF (S) YEARS FROM THE DATE OF MANUFACTURE.

72351 5H.2
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Eryer - 33

Moyer, Jon

PFrom: Czam David

Te: Dagus, Bryan

Ca: Mayer, Jon

Subject: DuFond visll - 7/24N6

Db Morciey, July 24, 1096 2:58PM

Bryan, Tom Clyds of DuPort oulisd me this moming sbout their vielt hers Monday. I's my undarstancing that
Tom hascds up the High Perfomancs Fima Businsss Unll, ﬂlﬂmmﬁuhhm Tom called ne
becauss | had been In disamsion with DuPont in the pest about 1. helium permasbillty issusa with AC selishes
and 2. the nead for belier impieoiytic slebilly for bnales swilch applicadions. 1 & recent ousMer slirvey | agein -
poinied theae oyt as 2 irprovement anibd.

Purposs of this message s to recommend & coupie of things ko dlscties &t the mesting. Cusrenlly, | don't plan 1o
be ihare but can be I nesded.

1. Al Amore did eiot of He permeabiily tesiing with the curmrenl GOOFN TS fim, s well s 20Me AT
muiaciais suppliiad by DuPont.  This wes at the direct requesl of Harrison.  infact, § wee Harvieon wivs worked
directly with DuPant {not with Ed MolKenzie of Tom} 1o get the melerial we lested. The lealing did nat show
significant impeovemnant, and I | recall aorrecly the material wes not very duciie a2 tharn was a congem aboul

welting and daphragm Ne. | think Al wrots a report on this or st leest summartzed tha indings In & leiber in Gl
1mmmunﬂmuwmﬂmum-m“dwmmum
intarme of lsak mts with hellum.

2, Relative to hydrolytio stebily, ssversl months ago DuPont sampied ue with 4 few ehaets of material from thelr
Tmrl. lthii:lhqul-dlt.lPM ol e why thay devalopad & The material was marpinally
of retainad strength after scposurs to hot waler, | recall. 'm not sure T we ever cid any ieeting.
I'd recommend wa look into whal we've done (f enything: I I lums oul we dkint do any testing, perhaps we can
giva than a tine wble of when wa @paect some results. MMIHHMMuwm
wﬂm“mumnmuummmnanMbml
saal

hnrumlﬂ-mmwmhwwumummmm

Mwmmimh“dmﬂ | think we héve an 1o reiniryoe thet thass e
careabouts That woulkl wamant & mom jocusad affort on their pen. their spproach his baen 1o

m um snmpies of materiale they've developed for somm offvr ned.
Gall I you want 1o discuss srwihing further.

Aagaxia, Deve

Page 1

TI-NHTSA 017694




Licmep STV OER %74
PEEXLY UpDR7e
;) /?ﬁ:wm e D.--paﬁm.. M .2;'_'

~ St wsn :5'?7:.-:-.;-'- 4 Nm:a&/w - ﬁ&'?-g-yi Chune 7~
J? M/f, SErCrul g Figns e 7‘§- ﬁ&fﬂw?‘

— 25 S Fhae /!sap:) Lo, iy Jﬁﬁm? A Fer~

P oo, Kophes Sz, (o)
8 ﬂ:‘,af..-. Lo X P O/ F
a fl 'ﬂ /3#“#

o FEELR  (Thirn 2o ) W
A PEEA  DPres have pradisac Oy sm i 2o T Chamges
wf At grer The. ((Emdrinbe nyar ez bt ?)
7

E=

A8 PS5 Swwirskec v Cycler € renany, hery st !

ﬁ?!w;:ﬁf ¢ Oircw laform ot Ll bor ¥ orwlorcat naglgecme. /-
Pl 2.2 whc ftat e,

\ ?) ?ﬂ A Seoy Faker A ave ben, //MJM ¥ rhsves
\ M el e Ap fopu o

\ C e premo @ nam,

/) »
_Z—g#m £ o /?h#?_ 2t )‘LH"?‘Q& ‘?M.zﬂ&;uf

C?/ﬂrq..-ﬁ'g )f/..,
v et 5 75;— FNCreass & _cfmm__ pr

L‘} f*’ﬂ#ﬂf

TI-NHTSA 017898




27225 - I/ 2.

ID: JUL 31 "9n (i U, Uha rowe

Tirgni flam
UL Mok 200 Doltort Pt
IO o bl

i, IFH MG
(m TaL M ST

DuPont Pilma

July 33, 18

Attlaborxo, Hh Q3703
DA . Mayer,

W Pilus wers used mlwoat
axulus gn.‘w as -:l.-nh}.n:tu Asalbtions £oF Wotors and BADIE.
tlrt 1 nm.-ﬂg th snuﬂm:x; dhli togdl}
b 15 L o | Wt vy 3
inozeassd.’ As the ' Bpatate and Taes
hava hmmmm,n!mhhmmu
diffarantis htu-n than and foous on lu filn
m:.-umh s aach. This urnhl:l¥
of th- modt rassnt veralen hs TI
l“ﬂlflﬂltlﬂl for Kapten® filma.

II- l Yadfult of ﬂ.ﬁ;ﬂtlﬁlllrﬂ with TT wul:‘ll‘lltim

to dentley road L)
FH T ley mmr. for TI7s uwe in
!lbrin.um ot m n -u:- wwitches. S0OFN131L meats
all ©hs l!nh:h-\il of J00FMN1:, wnl Featiiras t.l.mr
;miﬂnt ona than Cilm pyoduced for elegtxicnl laxionm.

™ lpnn.'l.t tiunl inoluds strangth batWmen the

and Taf i lavars, oocurrence of defeckts much s

hn:lﬂ, bubbles, ar debria.

To adwint us in this effort, wve would ask Taxes
Inscrumsnts to begin ordering 5 mil P lasinate ax:

Kapton® SPOFELILL.

This nama changs will sllow DuPont to fully im'-i!nu the
product nkec in our syrtans, apd ‘install oémtrolo to
:win-w srgregnte type MA13L laminates by the intenmded snd

Plaass let ma know if bava B usaticnm, or 1f 1
oan ks nf frther Iuw T q !

Sinoaraly,
e G
Bdwara C, il
* DuUPFent REagistared Tradasark
I L P sy Moy it EXtay & m::-:-m

TI-NHTSA 017686
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General information ...

Physical and

Thermal Prapertiss ...
Mechanical Properties .ocmeerennn.
Hydrolytic Stability ....occooeeecveeceeeee
Dimensiﬂnal smhi]it}l ANFF{dINdNNNRumuumd N IR ]
Thermal AZIng .co.covmeeirmminsrscarnes

Elactrical Properties ..............

Effzct of Humidity ...
Effect of Temperature ..o,
Eftect of Frequency .............

Corona LiFe .....oeocvice e

Chemical Proparties ..............
Radiation ResiStaNCe e rmnacnini

Kapton® Flim Typa

Informatlon ...
Nominal Construction, Type FN

Safety and Handling ..

Soldering and Hot Wire Stnppmg

Welding and Flame Cutling
Scrap Disposal ...
Fire Hazards.......coovecnimeimnimmeennisennenines
Static Electricity e
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Kupton® Is yyed in
sppHoations suoh me
the soler srcay and for
thenmal manegament
im the Unhted Gtaten
WpAGE program.
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Gansaral Information

Kapmn® polyvimide film passesses 1 unigue
cembinalion of properties that make it ideal for
a variety of applications in many different
industries. The ability of Kapton® to maintain
irs excellent physical, electrical, ang mechani-
cal properties over 4 wide lemperature ranpe
has opened new design end applicalion areas to
plastic films.

Kapton® is synthesized by polymerizing an
aromalic disnhydride and an sromatic diantine.
1t has #xcellent chemical resisiance; thare are
no known arganic solvems for the Glm.
Kapton® does not melt or burn as it has the
highest UL-94 flamyoability rating: ¥-0. The
outstankling peoperties of Kapton® permit it to
be used at both high and low temperature
extremes where other organic polymeric
materials would not be functional.

Adhesives are available for bonding Kaptan®
10 ilzalf and o mesals, various paper types, and
other films.

Kapien® palylmide film can be used in a
variety of electrical and elecironic insulation
applications: wire and cable tapes, formed coil
insulation, substrates for flexible printed
circuits, motoe slot lineys, magnet wire insula-
tion, transformer and capecitor insulation,
magneiic and pressure-sensitive tapes, and
wbing. Many of these applications &ne based
o the excellent balance of elactrical, thermal,
mechanical, phyeical, and ehemical propesties
of Kapton® aver a wide range of temperntures.
[t is this combination of useful properties at
lemperaiure exiremes that makes Kapton® s
unique industrial material.

Three types of Keapton® are described in thia
budlclin:

» Kuplon® Type HN, all-polyimide film, has
been used successfully in applicationa at
Lemperatures as low as —266°C (-~ 452°F)
and us high &s 400°C (752°F).

Type HN film can he laminated. metallized.
punched, formed, or adnesive coated. It is
available as 7.5 pm (0.3 mily, 12.5 pm

(0.5 mil), 19 pm (0.75 mil), 25 pm (1 mid ).
30pm (2 mil), 75 pm (3 mil), and 125 pm
{5 mil} films.

« Kaptoa® Type VN, all-polyiniide film with
all of the proparties of Type HN, plus
superior dimensional stability. Type ¥N is
available as 12.5 pm (0.5 mil), 19 pm
{0.75 enil}. 25 ym {1 mil}, 50 pm (2 mily,
75 pm (3 mil), and 125 pen (5 mil) films,

« Kapton® Type FN. a Type HN film coated
on ane o both sides with Teflon® FEP

fluorapolytmer resin, imparts heal seala-
bility, provides & moisture barrier, and
enhances chemical resistance. Type FN is
available in 8 nurnber of combinutions of
polyimide and Teflon® FEP thicknesses
{sec Table 16).

Mote: In sddition to these three types of
Kapton®, films are available wilh the follow-
ing anttlbures;

*  mmtistal

» thermally conductive

= polyimides for fine line circuitry
» cryogenic insulation

* Corona resistant

+ pigmented for color

= conformabla

= othar films 1ailored o mect customers”
needs

Dara for these films are coveted in separate
product buliering., which can be abained from
your DuPont representative.,

The Chemical Abstracts Service Repisity
Number for Kapton® polyimide film is
[25036-53-7].

TI-NHTSA 017700




Kppton' withatands the harsh shemloal and physlcal do
on diaphragms usad In automotive switches.

Kapton® i used In numarous skectronic applicetions,
Including hard diak drives.

1+

TI-NHTBA 017701




Physical and Thermal Propertlas

Kapion: polyimide fiims retain their piysical
properiigs avar 3 wide iemperature renge. They
have been used in field applications where the
gnvirannientul Temperaiures were as low as

-269°C (-452°F) and as high as 400°C {752"F).

Physical and Thﬂl‘hlﬁl’r ks

Complere datu are not available a1 these
extreme conditions, and the majoriry of techni-
ral data presented in this section falls in the

23 to 200°C (73 10 392°F) ranpe.

Tubla 1
Physical Properties of Kapton® Type 100 HN Fiim, 26 um |1 mil)

Valus st
Physionl Proparty 25°C (759 moe (3e2°F Test Mathad
Utiimate Tanslla Sirength, MPa (ol 237 (33 500} 133 {20,000} ASTM D-BR2-91, Mathod A*
Y¥iald Polrt nt 3%, MPa ips) #0 {10,000} 41 (8000} ASTM D-g82-p1
Stresa to Produce 6% Elongmilan, MPa {pail an {13,000 B4 {3060 ASTM D-BB2-81
Unidmais Elongation, % 72 <] AS3TM D-BE2-81
Tenalle Madulus, GPs [pell 25 370,000 2,0 {280,000 ASTM D-AR2-51
Impaet Btrangth, N-camn (K1) T8 {D.58) OuPant Freumetic Impect Test
Folding Endurance {MIT), cyclas 25,000 ASTM 0217580
Tanr Birangth—Propagating (Elmandort|. W (Ibf  0.07 10.02) ASTM D-1822-89
Tear Strongth—{nival Eravaal, N iibf T2 118 ASTM D-1004-00
Denaity, gice or g/mlL 142 ASTM D-1508-90
Coatfialani af Friotion—RKinetk (Film-toFEm} 048 ASTH D=1334-30
CowfTicimrd of Friction—Statc [Fllm-1o-Fiim) L= ASTM O-1384-80
Retrmitlve Irdex (Sodlum D Unet 1.7 ASTM D-542-90
Palasan's Astin .34 Awgy. Three Samplas

Elun?utld Bt B, T, 10%

Low Tamnpersturs Fex Lif'a Pawk IPC T 850, hiathad 2.8.18

*Spocimen Blzp 76 x 184 mm {1 = Bin]; Jow Sepanston: 100 mm {& In]; Jew Spead: S mredmsn (@ Rk Ltimaok ralece Ta the

tarwlia airangt wnd alongwtion messered o breek.

Tabla 2
Thermal Propecties of Kapton® Typa 100 HN Fibm, 28 um {1 mil}

Thermal Proparty Typloal Valus Text Candition Taat Mythod
Malring Point Nona Mana ASTME E-T94-B5 [ 198%]
Tharmal Coafficient of 20 ppmf°G -14 to 38°C ASTM D-098-81
Lingar Expansian {11 ppmF) 7 to 100°F}
Cowfficiant of Thermal Corductivity, ASTM F-433-77 [vea7Y 1
Wi X 0.12 HEK
cal

cm aec- <L 2.87 w10~ 23°C
Spacific Haat, Jig-K (ealig-"C} 1.09 i.261} Differamial Celorimatry
Flammabifity HavA LIL-34 12-B-BHE|
Shrinknga, % 0.7 20 min at 160°C PC TV B0, Mathed 2.2.44

.25 120 min at 4002 ASTM 0-5274-87
Huat Senlabillty Mot Hoat Sealsble
Limiting Oxygan Indsx, % a7 AETM D-2883-07
Sabder Floal Famx IPC TM 863, Mathod 2.4.134
Srmoke Gansration DM = 21 NEE
Smoka Chamber MFFA-2ES

{3lpsa Transitlon Temparmiure Ty

& sveond ordar irangldan ogeurs in Kagtan®™ baleeen A 1807 F| and 4140 C 1770 £
And = aeaued (3 ba e pleas transllion emparatucs. Difacent oaaburerman
Ischnigquas prodocs diarent raglis withbn e nban Termparaiure renge.
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Tabke 3
Physlcal and Tharmal Properties of Kapton Type VN Flim

Typlcel Value for FIm Thichnams
25um Bpum 78 am 126 gm Tt
Praparty 1 mh 12 mlf) 2 mell} & mii| Muthad
Ultimate Tensite Stranglh, MPa 23 23 21 2 ASTH D-BA2-0
lpsl} {23,500 (24, 0007 138,500 {33,500
Uhimala Elongation, " 7T [.H a2 52 ASTM D-842-81
Toar Sirength—Fropegating {Eimendorf), N .07 .21 0.38 D.58 ASTM D-19232-89
Tesr Birength—Iniilal [Gravas), N 7.2 143 4.3 48.8 ABTM D-1004-98
Fold|ng Endurancs [MIT}, =« 107 cyclas 86 b5 a B ASTM D-2178-89
Dansity. pfee ar géml 142 1.42 1.42 1,42 ASTH D- 160560
Flammabiliy By-0 V-0 Bve | BiVD LL-0% 12-6-85)
Bhrinkage, %. 30 min at 150°C 1302°F) a0a 0.9 o3 acs IFC TM 850
Method 2244
Lirmitieg Oxygen Index, % 14 b 45 43 ASTM D-2863-87
Tabie 4
Physical Properties of Kapton® Typs FN FAm*
Typlaal Vakisk for Alm Typa®*

Froparty TMOFNELR 160FNE1E IBDFNDT2Y
Litimads Tansile Strangth, MPa (pai)

FipHrr L] Z07 (30,000t 182 (23,8000 200 (29,0001

200C [382F) 121 117,500 €39 {13,000} 115 {17000
Yiold Point at 3%. MPa ipsi}

2FC I73F) 61 (a0) 4B {7000) BB {B5M)

206G (282°F) 42 fE00) LER] ] a5 {5300
Straxs At 5% Elongation, MPa (pal

23C IT3F) 11,8050} BS 10 504 7B 111,000}

200°C (M2°F) 85 (0! A% (B000; AE (7000)
Ukimete Elongation, %

FCOYR L ™ Bt

200°C (202°F) B 75 110
Tenalls Moduius, &Pa (psl)

I3CA°F) 2.45 | 300.000) 2.28 330.000) .82 1380000

200°C (32°Fy 1.82 (338,000} 1.14 (186,000) 1.6 {200,000
Impect Strangth at 23°C (FA"F),

[ Bl AT T8 .58} GB.A (0.51] 158.8 {1,798
Tear Strength—Fropagating (Elmendarf),

N {IBf 0.08 {&.032} 04T {D.11] 0.ET {0.13}
Taar Srrangth—nitial {Gravas}. N {6 11.8 {2.8) 11.5 2.8} 17.E (4.0}
Polyimids, wit% Ao E? FE]
FEF, wi% 20 43 n
Danwity, gfoee or !fl'hL 1.3 1.87 1.57

* Tl mthvcdl for Tab e & &rd Hed Sl aa Todf Table 1.
"*Bocawa n numbar of combinellans of pedyimilda Hm and fygrocarison coallng sdd up to the samea tatsl gEugs, K in necsaeary 1o
disinguinh among Ham. A three-tigh pyswem (= usdd in which 1he middle digl rgpresants the nombnal thickness of (e ez
Kapion® filn n ol Tha firet and third dighs repreasnt tdw nominal thicknes of ihe coaling al Teton™ FEF Rugropatymer resin
In il Thay pymbaol @ pp waed o rearasyot 13 pm (0.5 mil} gnd 8 o represand 2.6 pm (0.1 mill. Ezsmpde: 1HFKE16 B 3 120 puauge
#ructure aowedanting of & 25 w11 mil besa film eith & 2,6 g 4001 mil] cosiing of Teflon™ on sach gheis.
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Mechanical Propertias

The usual valuzs of tensile strenpih. [znsile
modulus. and ultimate elongation at vanous
temperalures cep be obtained from the typical
stress—steain curves shown in Figures 1 and 2.
Such properies as wngile strength and modolus
are inversely propartional to temperature,

whereus elonpatiun reaches a maximum value
a1 about 30EC (3T0°F 1. Other Factors, such os
humidity, film thickness, and tensike elongmion
rates, were found ta have only a negligible
effect on the shape of the 23°C (73°F) curve.

Figurs 1. Tomils Stroxs—Straln Curves, Typa HN Fllm, 26 pm {1 mil|

ag 250
91 3390 (73°F)
b1 y
24 100°C [212°F}
'; =160 %
0 200°C (392°F|
§ o !
100
2
8 - 60
&
1] | | | | | 1 | | o

i 19 20 30 40

&0 FLy =0 0 100

Struim-Elongation, %

Agure 2. Tanslle Crasp Propartiss, Type HN Flim, 26 um (1 mil)

g |- 100°C [212°F)
8 f &1 MPa (9850 oai} ‘
‘ e
2 |-
& :
g r
i 1R 26°C I80°F) :
058 b m - 21 MPa {2980 pai) [
g ool |
0s L — 26°C {30°F) !
s 1% MPa {1610 psl) ‘
02 |- 26°C {B0°F) i
| 6.5 MPa [930 psi) :
o ! 1 t 1 !
3 10 100 1000 10,000
Tirma, min
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Tuble &
Time Requirad for Reduction In Ukimata
Elongation from 70% to 1%,
Type HN Film, 25 pm {1 mil)

Temparature Alr Environment

450°C (ALGF 2 haurs
425-C |a00-F) § haurs
400%C (TBOFI 12 houry
B75°C (T10°F) 2 duyn
350°C (880°F) Edeya
325°C {820°F) 1 manth
300°C (5T0F) 3 monthe
278°C (530F) 1 yasr
250°C (ABOF) B yrard

Figurs 710, (sothermsl Waight Loss, Type HN Flim, 26 um (1 mil}

Weight Loss, %

5

v 500°C (932°F) Alr

______________ m‘c (7562°F) He
‘x\d.ﬁn"c i842°F) He .
400"C 752"F) Alr i

500"C {F32°F) Ha

4350°C (842°F| Adr

575°C [1087°F) He

EB0°C (1022°F] Ha
800°C {1112°F) Ha

*F} ﬁur 1 L ]
300 400 B0 600 OO EW QDﬂ' 1000 1704
Tirea. min
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Electrical Properties

Electrical Properties

The most commoen electrical pl:nperﬁzﬁ of relative humidity. The effect of such factors os
Kapion* polyimide film of various gauges humidity, temperature. and frequency on these
are shown in Tables 6 end 7. These values bzsie values can be found in Table 9 and
weme measured at 33°C {73°F1 and 30% Fipures I1-13.
Tabla 7
Typical Elactrical Propecties of Kapton® Type HN and VN Fllma
Property
R Gauge Typloal Virlue Tast Cend thn Tast Mathod
Waam (KM ) Mimil} 80 H: ASTM [-148-81 ¢
26 pm {1 mill 303 1770 154 in olocirodan
50 um (2 mil 240 10 BG0 Viswc risa
75 pm {2 MK} 1 R0
126 pm (i mil] 184 (2804)
Constart 1kHa ASTM D-160-.2
26 pm (1 milt 54
G0 pm 12 mill 34
T8 sm {3 mil) 30
128 g (6 mill) 1.6
Facter 1 kHz ASTM O-150.02
28 wrm 11 mil) 0.0:018
50 um (2 mil) 0.0020
78 um [3 mil) 0.0020
125 km IS mil) 0.0025
Vaksrs Reshstiviy (zam ASTM D-257-41
8 um 1 milt 15107
20 pm {2 mi) 18 =197
TBpm (A mli 14 x 107
126 pm 16 mil) 1.0 104
Tahbia 8
Typlcal Elactrical Progertiss of Kapton® Typa FM Film
Proparty 120FNE10 160MN010 2EO0FNLXS
Dimlectric Strength, Yaum ivimill 277 16900) 157 [BE00] 187 160001
Diakegtrlc Constant 31 27 io
Diselpaticn Fector 09018 0.0013 0.0M3
Yoluma Razistiviy, L-om
arzZsCiTaFr 14 = 10" 23100 18 10"
at 200 Cr3edF) 44 w10 RS [ ATrx1o+
11 TI-NHTSA 017708



Effact of Tamperaturs

As Flgures 14-17 indicate, extreme chunges in

mperature have relatively lictle effect on the of Kapton® palyimide film,

excellent room lemperature electrical propertics

Figure 14. AC Dislectrio Strength va. Tamperature, Type HN Rim, 26 pm {1 mill

g

AC Diolectric Strength, V/pm (kV/mm]
2
T

e

12,000

L3

25 ym 1 mil)

) —| 4000
100 |- 127 um S mil)
o] 2004
] ] 1 1 | 1]
=200 =10 ) 104 200 300
(-328) |-14B) {32) 212 282y {72

Temparstura, "C I°F|

Flgura 15, Melactric Canstant ve. Tampératurs, Type HN Flim, 22 pm (1 mil|

Ninlettrit Conwimnt

3.8 -
A
3 Y
4t \
32 )
a0l ;'.\
\f-\_._ 1P He
28| a5
1051
28 | | | |
=100 1} 100 208 Jco
B 31 Z12) (992} (57

Temparatura, °C I"Fl
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Figure 13. Dissipation Factar ys. Temparature, Type HN Filin_ 25 um {1 mli;
. m
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Effact of Frequency

The effevt of trequency on the values of the and 19 far Type HN film. 25 go (0 mil. and in
dielectric constant and dissipation factor at Flgures 30 and 21 for HN, 125 pm 15 mil}.
various isolherms are shown in Flgures 1R

FAgura 18. Disactric Conwtant ve. Fraquency, Typs HN Alm, 25 pm {1 mill

a6
1 [ — 0°C {32°F)

20°C {73°F)
34 | “A0°C {40°F) |
33 = AOFC (212°F)
3z -

29

; 31 !
|
Y [ 200°C (392°F) |

250°C 4B2°F)

2.8 300°C (572°F}
27 ! i :
0 1 W 10 ';

Fraquency, Hz

FAgurs 18. Dislpation Factor vs, Frequenoy, Typse HN Fllm, 26 pm (1 mil)

0°C {32°F)
260°C {482°F)
0.010
23°C (73°F)
_ poms ~40°C {-40°F}
!
- ﬂ.ﬂﬂﬁ/ |
1 100°C 212°F)
J _ 200°C (392°F)

1] | |
102 103 104 108

Fraquancy, Hz -
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Figure 20. Dlelectrlc Constant vs. Frequancy, Type HN Flim, 125 um (S mil}*

i
|
3.8 .
Eas !
N |
4 - . |
g
33 | C -~y '3'..\
Doaman,
B O 0
32
3.1 _ | |
0’ 10° 10° e "
Fraguency, Hz

Figure 21. Disalpation Factor va. Fraquancy, Typs HN Film, 126 pm {& mil}*

a.810 "
A /D"
p.008 |- ~ .
E C"'_'D/ H
# i
b
0008 |— !
oo
0004 | 0
0.002 | | |
“}'.I' 10! 10‘! ,.m'lﬂ 101 1
Fraquency, Hz

— I

* Tachnical Auport AP -TR-22-00—Curve & i B30H Kaptan® s recaivad and miisuned at 25°C (77°F) and 4%% AH with the
alncinic fials i che plana OF Tl sl Curve B B e M messursrmant Sieer cond|nionng ine iy ge 100°C [212 F| [or 44 b
Performance al S00HM is balivved Io be wquivalant 1o 300H,
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Corona Life

Like ali arpanw materials, Kapion® is antacked
by a corona di-charge and when exposed
conlinuously o it will ultimately Fail
dielectrically. Al moderate levels of corona
exposure. devives insulaied with Kapion™ have
survived up 1o MO0 h, giving reasonable
dssurance that brief expasure 1o 8 corona will
not sipnilicanily affect the life of a properly
designed insulation system based on Kaplon®,

Corone threshold veltage and imensity are
funclions af many parameters, including
insulation thickness, ir gap thickness, and
device shupe. Consult with a DuPont technical
representative on the suitability of Kapion® for

specific applications where 2 corona may he
Present,

Figure 22 shows the life for 25 pm (! miby
Kapton™ HN polyimide film as a function of
voliage tRMS) at 60 Hz. As the corona slarting
level is approeched, the Kapton® lile curve
flantens, indicating a long life, It should be
emphasized that the superior thermal and
moisture-proof capabilitics of Kaptor* insu-
lated magnet wire, wrappers, and slot insulation
can be utilized without fear of corona in
properly designed aystems. Kapton® can be
used alone or in combination with other
insulation materials.

Figure 22. Vehage Endursnce of 100HN Kapton® Palyimide Film*

2000 ; . — : '
T E L ' ! :
- P fo L
& el 0 1 - i
g 100 el : L e I
£ 3 e =y —— —
i i —— e —h
5 : 4 _"Hu.—__ L
i Ll [ lesw /0o A wARE
i A N
E a Ill i .
| (| i R
2 L | i Pl
1 2 3 4 spTsEN 8 3 4 B gTRIWM 2 3 & B 67agiia
Tirmnas to Falkws, b
*Carara Blnting Vohage IC5V] = 428 V
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<hemical Properties
Typical chemical properties of Kaplon® Tspes  The chemical properties of Type VN film are
HN and FX films are given in Tables 10 and 1. similur to those of Type HN.

Tabla 10
Chemical Propartiea of Kapton® Typa HN Fllm, 26 pm |1 mil|
Typlcal Valus
Toneila Elangmilen Tant Tamt
Praparty Aatsined, % Rataived, % Conditlon Mathod
Chanricy Rasistances
Isoprapy Alachol L 4 10 min af 23°C IPC TM -850
Taluena B Bt Marhad 2.2.3B
Mathyl Ethd Katone L B .
Mathylens Chioridey
Trlchlumuﬂ'l'rhnﬂ:il ﬂ :E

2N Hydrochloprie Asi
Z N Sodium Hydroxide g2 B4
Fungus Resistance Monnutriant IFC Thi-as0

Methad 28.1
MoisnoeAbsorption 1.8% Typae HN and YH 50% AH at 3°C ASTM D-570-81 ;1988

2.B%: Typed HN pnd VN Immerslen for
Mhat23C173F
Mygrosaopic CosMolent
ofExpwrsion 22 ppm/™: RH G {73, 2080 RR
FarmaabRity
G mimt ZE i MPa ooV I M hatm]  ZC?A°FL 0% RH ASTM D-1434-82 (1888 *
Carben Dinxida B840 [
Orygan 3800 25
Hydragen XA 000 250
Mitrogen 910 -1
Halium 53,080 415
Yapor gim? 24 h) PATO0 in 24 B} AETM E-06.02
Y/atar 54 4.5
Tuhla 11

Chamical Propartias of Kapton® Type FM Film

Property 120FN4G1 6 180FH013 4D0FND2S

Maigture Absarption, %

a1 23 2 73-F), 50% RH 1.2 0.8 0.4
9% RH 2.5 1.7 1.2
Warer Vapar Permapgsiiny,
gAM° 24 h 1.5 9.5 4
an10q in® 24 hi 1.13 Q.82 0.8
TI-NHTSA 017712




Kapton® i usad as primanry
inguiation for e¢tlon motors
bacauss of s outstanding
combination of thermal,
maschanical, and alaztrizal
propartles.

Voics colls mare with Kapton® poscese suparler
high-frequancy sound performance it cpareting
Wmperaturss.




Filit Type Information

Kapton Fiim Type Information

Table 15
Type and Thickness
Nominsl Thizknaas Aras Faatar

Tyme pm mill by H2 i
A0HM 16 0.3 k] 1)
50HN 1.7 0.5 IR 7z
TEHN 19.1 a.75 a7 181
10CHM 25.4 1.0 28 135
200HN 5{.B 2.0 14 1.
J00HMN 4.2 3.0 9.2 45
BOOHN 127 5.0 %] 27
S0 12.7 (LN} ..} 2
TEVH 8. 0.78 7l 181
100N 25.4 1.2 25 138
J00VN S0.8 2.0 1l BH
AnAVM 14.2 a0 8.2 5
BOCVN 127 5.0 5.5 27 __
100FNOSG 25.4 1.0 i ] 110
1HFNE1B 0.6 1.2 4] 104
18PN k.1 1.5 14 &a
150FMOTE 381 1.8 18 7
oFNOI 50.8 HE 7" -1
200FNE1T E0.4 10 1 B4 :
I80FNO2 a3 2.6 10 49
F0OFNO1 T6.2 30 8.0 k- |
I00FN9S 76.2 3.0 8.0 39
400FMoz2 : 101.8 44 g5 27
400FMND3 1m.B L K] 8.1 an
B00FMN131 127 5.0 a7 23
ECOFMEBT 162.4 80 4.3 n

Nominal Construction, Type FN

In the Kaplon® Type FN order code of three {0.1 mil). Example: 120FNS16 ix a 120-gauge
digits. the middle digit represents Lhe nominal structure consisting of a 25.4 um {1 mily huse
thickness of the base Kaplon® In mils. The first  film with a 2.54 pm (0.1 mil) coating of

and third digirs represent the nominal thickness  Teflon® on eech side. Niustrated in Tahle 16
of the costing of Teflon* FEP fluoropolymer are several examples of the mary film 1ypes
resin in mils. The symbol 9 is used 10 represent  available.

127 pm (0.5 mil) and 6 1 represent 2.54 pm

Takle 16
Type FN Flim Constroctions
Canstrugtion
FEF Hiv FEP
Ty g il Hm mif urr o
100FMNDSS 127 i:l-ﬁ;:l' 127 0.50
120FNE1E 2,54 0.0 8.4 1.00 2.54 0.0
16EFNESS 12.7 0.50 12.7 .60 12.7 0.50
1aFNate 264 .00 127 0.50
F00FMNO11 26.4 1.00 264 1498
20OFNBYS 12.7 0.ED 254 1.00 12.7 0.50
25AFNDZR B0.3 2.0 127 0.50
300FMND2 1 Ko .00 254 1.00
300FNBZa 12,7 G.68 LUK | 2.00 127 0.50
AODFNO22 K38 7.00 b4 .. 200
4DGF M1 762 3.00 20,4 1.00
BOOFMN131 . | 1.00 78.2 3.00 nd 1.04
GOFNO5] 12t 5,00 254 1.0
1
TI-NHTSA 017714
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Kapton™ ber oocde labaly sre used fn tha heesh
snviranmints PC boards are sxposad ta during
soidaring.

Kapton® i+ an axcellent dislectric subetrate that
meets the wtringent raquivaments of flexible
alreubtry.
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Safety and Handling

Safe handiing of Type HN and VN Kapton®
polyimide films at high temperatures requires
adequate ventilation. Meeting the requirements
of OSHA (29 CFR 1910.1000) will provide
adequate vontilation. If small quantities of
Kapton® are involved, as ig often the case,
normal air circulation witl be all that is needed
in case of overheating, Whether of not exigting
ventilation is adequate will depend on the
combined factors of fllm quantity, temperature,
and expasure time, For additional information
on the Teflon® FEP coating used on Type FN
Kapton®, refer o the booklet “Guide to the Safe
Handling of Fluorcpolymer Resjina” (H-48633),

Soldering and
Hot Wire Stripping
Major uses for afl types of Kapton® jnclude
electrical insulation for wire and cable and
othet electronic equipment. In viewally all of
these applications, seldering is 4 routine
fabwicating procedune, s ix the usp of 2 heated
element, to remove insulation. Saldering
operations rarely produce off-gases to be of
toxicological significance.
Welding and Flame Cutting
Ditect application of welding arcs and tarches
can quickly destroy maost plastics, inchsding all
types of Kapeon® film. For penctical reasons,
therefore, it Is best to remove ali such parts
from equipment s be wekled. Where removal
is not poasible, such a3 in welding or cutting
coated parts, mechanical ventilation should be
provided. Becanse Kapton® can be wsed at very
high temperatures, parts made from it may
survive a1 locations close to the point of direct
flame contact. Thus, some in-place welding
can be done. Because the quantity of
film beatad s usually relatively small (leas thar;
| 1b), ventilation requirements seldom excesd

Salety and Handliag

thoss for nommal welding work. Because of the
puossibility of inadvertent overheating, the use
of a small fan or clephant-tnmk exhaust is
advizable,

Scrap Diaposal

Dispasal of scrap Kapton® polyimide films
presents no special problem to the user. Small
amounts of scrap may be incinerated along with
geoeral plant refuse. The incinerator should
have sufficient draft to exbaust all combuztion
products 1o the itack, Care should be taken fo
avoid breathing smoke smd fumes from any
fire. Because Kapton® is sa difficult to burmn, it
is often best to dispose of scrap flim in &
Landfill.

Fire Hazards

Whether in storage or use, Kapton® is unlikely
to add appreciably o the hazards of fire. Bulk
quantities of Kagton® (over 100 Ib) thould be
stored away from flammable matetials.,

In the event of fire, personne! entering the area
should use a fresh air supply or a respimator. All
types of chemical axtinguishers may be used to
fight fires involving Kapton®. Large quantities
of water also may be wsed to cool and extin-
puish a fire,

Static Electricity

The processing of Kaptom® can generate a
strong static chacge, Unless this chacge is bled
off as it farms hy using ianizing radiation or
tinsal, It can build to many thovsand of volts
and discharge to people or metal equipment. In
dust- or salvent-feden eir, 2 flash fire or explo-
sion could result. Precautions for static charges
should also be taken when removing plastic

films used as protective packaging for Kapton®.
For additional information, users should refer

1o the bulletin “Kapton® Polyimide Film—
Praducis of Decomposition™ {H-16512).
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United States
Headquarers
DuPont High Performance Films
U.5. Rt. 2] and DuPont Rd.
P.O. Box 89
Circleville, OH 43113
Product Information:

(800) 2574337
Ovdering Information:

{8004 967-5607

Canada

DuFont Carnada, Inc,
P.0. Box 2200
Streemville
Mississsuga, Crmario
Canadn LM 2H3
Inguiries: (905) §21-5603
Cusiomer Service:

(B0 263-2742
Fax: (90F) 821-5230

Europs

DuPont de Neémours
iLoxembourg 5.4.}
Coniern

L-2984 Lizvemnbourg

Grand Duchy of Loxembourg
J52-36-bb-1

Fax: 352.36-66-5000

Latin America

Argenting

DuPont Argentina S.A.

Av. Edusrdo Madarn 1020
CP1106 Bucnos Aires Cap, Federal

Arpeniing
54-1.312-2011
Fax: 54-111-132%

Brazil

DuPont do Brasil 5.4

Al Ttapecuru, 306—alphavilke
164 54-080 Berueri, Sao Paulo
Brasl

£5.11-421-8429

Pax: 55-11-421-B52%

Muaxico
DuPenl, 5.4. de . V.
Homerm 206-10

Col, Chapaltepec
Mexico, DLF. 1E570
5157221211

Fax: 525-722-1310

Venezuela

DuPont de Venezvels C.A.
Aparodo Del Egte 61582
Caracas 1060-A, Veperusls
58-2-92-6022

Fax; 58-1-92-0442

Asia Pacific
Japan
DuPont Kabushiki Kaisha
&1 Shimen

+ Shi 1-chome
Hﬂgum—hl.mankyn- 153
I

apan
8135446109
Fax: 81-3-3434-6193

ASEAN
DuPowt Singapors Pie Lid.
1 Mexitlme Square
0701, Warld Trade Cemire
Silg’ 409
G65-273-X244
Fax.63-2726063
Austridia
DuaPoat {Australiny Led.
Morthadde Crandens
L

A el
Aurirabis
&l-2-923-6111
Fax: 61-2-929-7217
Hong Koag/Ching
DuPoet Asis Pacific Lid.
DuPoeat China 1.rd.
1122 New World Office Building
Eas Wing
Salisbury Road, Kewloon

Hong Kong

B52-734-5343

Fax: B52-T14-4456

Korea

DuPant Kores Lid.

4i5th Floor, Asia Tower

#1726, Yeoksam-Doog,
Kangnem-Ku

Seoul 133-(H2, Korea

82 2.-252.8307

Fax: 82.2.222.5476

Taiwan

DuPont Taiwan Lid,

1, Tsu-Chieng 15t Road
Chungli,. Taoyuan, Taiwan
885-3-4549204

Fux: 886-3-4620674
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"TPoat Madical Coution Sisenest,” H-53102.
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DuPont Films

High Parformance Films

Teflon® PFA

fluorocarhon film

Daacription

Teflon® PFA Elm is & thermoplastic

film thet can be beat sealed, thermoformed, vaosem

formad, heat bondad, welded, metallivad laminsted

{combined with dnrens of other materlals), and

ueed as an excelient hot-mek adhesive, This wide

varicty of fubriewtion possibilities comibines with

the following important properties to offer & uniqee

balance of capabilitics not availsble in any other

plastio Gk,

Chemical Compatibility

Teflon® FFA film is chomically inest and solvent

rexigtant 4o virtually All chinicals, sxeept molwn

halogmaind compounds, mch as chlodne

trifiuicwide ol alevasd temperitares and presrures,

+ Teflon®ia the maost inect of wll plastics.

» Low permeability o liquids, gases, moisture, and
Drganic VApom

Elsctrical Raliability

s Suparier reliability snd retention of properties
aver Lirgs aresn of fila

» High dielactric over 260 kV/mm for
0.025-mm Hlm (6500 V/mil for 1-mil filmn)

* No electric tracking, nonwettable, and
noncharring

* Yery low power factor and dislactric consumt,
valy slight chamge over wide ranges of tempers-
nare and fregusncy

Wide Thermal Rangs
= Continvous service temperatnre:
~240 to 260°C (-400 to 5300°F)
» Melting range:
300 0 310°C (372 v 0°F)
» Hout seulable

Mechanical Toughness

» Superior antistick and Yow frisdonal propertios

* High ruistance to inmpact spd toering

» Uselul physical propertics st eryogenic
tompensteres

Long Time Weatherabliity*

* Inent to cutdoor exposore

» High trsrwmikance of ultravicle: and all bt far
infoared

Rallablity

= PIA film comains no phuticlzen or other forsign
matczials,

+ Canventianal squipenetit and taschmiques can be
wied for processing:, badc composition and
proparties will not be infivenced.

= Rigid quabty coatrol by DuPont ensures gniform
goge, void-frea film,

*Type C Alm not moanmended for aoidoor nes.

TI-NHTSA 017718



The comvenience of Teflon® fuorocarbon in sasy- an invisible surface treatment 15 avuilable for

to-use film facilitatny the design and fabrication of  bonding to ooe or both sides with adherives. This
this low friction thermoplastic for all sorts of high-  versatility is angmented by the supetior propezties of
pecformance jobs. It is tansparent and can be Aear  true melt-processible floamentbon and by the wide
ssaled, thermaformed, weldad, and heat bonded. choice of product dimenyions availsble from
Superior antistick propertics make it an ideal release  DuPont,

film for many applications. A cemermably typo with

Tabie 1
Typas and Gauges of DuPont Teflor® PFA Film

g N 1N b o L e e o -l ) -
Thickoaas
] ¥ 1 2 1 TR | xa ] ] 1] 15
In D000 [ 1] a.om DS LnRs [T LT i)y o oD at%
m 125 » 1] 125 wr =0 500 m | 1) e TE
Arsa Fusier
th m " 1] L] 1B jk L] [ ] 4B 1 16 | a7
L] 1Y 1200 v LE0 1,658 1,280 ] an Fal -] |
mikg n " 1 4 3 2 1 od ol o2 ']
w—
m&m fyniable | Avalbible | Avafiable | Avalable Lioraitshie | Syniisble | Avaliable |Avafiahle | Avaiable | Arsilable |Aealabis
1o el
Comuminbla _ Avainldy | hyoflably | altelle | — - — ~— - —_ -_

FAmp ara avaliabia in the following widthe: 50-500 gaupa, T In &5 60 in svalabie; 750- 12800 géups, ' in bo 48 In awelabls.
Een curem price Nt for widthy by spacific gaupe and typs.
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Talile 2

Summary of Proparties of Teflon® PFA RAim

Typical Valua*
Proparty Teat Methed 8i Uinits Engiish Units
Tarile Strength ot Brsak ASTM O-B82 21 Mjme 3000 g
Erongation 41 Brask ASTW D-852 300%
Yiwnd Point ASTW O-BEZ 12MPa 1700
Elmab hdoauius ASTM D82 480 MPa T.000 pal
[ Rasstanca OuPom B2 10 Tdin- [
MBCt o in-by
Impam tester
Fokding Erdurance (MIT) ASTM D-2178 100,000 Gyt:laa
Tear Strangth—inithel (Gl ASTM Dn1002 A0 N 600 g
Tear Strength—F ropagatind |Elmangor] AETM D-1022 0.74 M 75g
Mak Poim ASTH D-3418 HE-N0C s -89 F
OTA)
Thairmal Conductivity Canoo-Fien 0188 WIm-K) 1.35 Biu-ngh 418 F
Spacific Hen — 172 Mg 0.2 Bt F)
Cimansioral Biahi 30 min at MDD = V5% ahrinkags
"y 160°C B302°F) TD = 1% alvinaga
Crrpgan Inche AETM D-2283 -]
e lectric &WH short-4mas, ASTM D-148 280 k¥ AE00 Wimil
nears 23| .38 mm (M nl Nathod A
dametw slactrada, 0.79 mm (s in}
vacna, 60 He, 500 Vs rete of fes:
0,024 rom (1 miilm
] Cangtart, ASTM D-180 20
284 [T 1 He o 1 e
» Facar ASTM D180 0.0002-0.0007
ztﬂ:rrﬁ. 100 Fr w1 MHx
Volurre R r ASTW D-257 =1 x 10" ohmom
=40 10 240°0 = 454FI
It re Abaorption -_ «0.02%
Parmashlliry, Ges: ASTM D-1434 _CAmi24 ramg e
Carbon Dioxida 1da 100
Rtrogan 20x10@
Ceoygan &7 x 1
Parmesbiity, Vapon: AGTHW E-0B gimig) i 100 int2d k)
Yenbar 2 013
T in ; i vl ehl Lt t0 Wty @il aharmicals, moen alkall metaly, e Inug, and
nm:mmwl CoTOUndS, Juah -ﬂllnﬂnl” munmm Tempaitura mmm .
Dansity ASTM D-1B05 2150 kg | 154 lofe!
Coefficenm of Ficton ASTIV DH Gl 01403
Kinatit (Film-to-Steal
Asfoctive Infsx ASTIM DoBa2 1.380
Solr Tranamiasion ASTM E-iZa 8%
*For 0.080men (3-mij flirm st 285C {FT°F wikisd othirwing spaciled
o porpt b0 GTAR100 ind24 haom), multiply by 90048
TI-NHTSA 017720




Linked States
PuPont Purformance Films

F.O.Box

Hows 23 South wnd DuPont Rdad
Chrelorille, OH 43113

Ordaring Information:

BOO-967-34807
Produc Inforw ation:

BOG-237-4357
Pax: 800-879-4481

Canads
DuPont Canada I,
F.0. Box 2200, Strastxviile

Misslssugs, Outarlo, Canads
LS 10

Tneuairies: 905-821-5603
Cosionser Sacvice: S00-253-1742
Pax: 905-821-52%0

34~ 1-255-2435
Prx: 54-1-319-4451

Braed
DuPout do Epsadl

Al Especorn, 504
05434-080, A lphavills
Hwruaci, Sae Puky
55-11-421-8580

Fax: 55-11-421-8586

Mo
DuPont 5.4, de C. V.
Homare 106

Maorale

Col. Chapultepec
Mexico, D.F. 11570
J28-722-1134

Foa: $29-722.1370

Venrouithe

DuPont Venenala

Edificio "Lot Frales”

Calls ln Guarite
Lirhaninadcn Clhuaa

CP 1060, Caracas, Venwmuels
58-2-020-0547

Fax: $3-2.91.5818

Dulfost de Nemaours
{Luxembourg) 8.4,
Luxsmbourg
L2984
Grand Dochy of Licketstioury
352-3666-5575
Pax: 332-3665-3000

Hoxg Esng/Ching
Dufont Chine Lid. -
1122 MNew World Office Bidg.
Easi Wing
Hing Koy

|

Fax: 852.2721-4117

b

|
{

The inFornusiam st fari ol n ia sl oo et balirved o bu relinkils, bt the Dalfam Costgay sualiene warraniisc sy
i natnmed 50 Eabality aeinicg vat of its mee by others. This paliiatiog i oo B be ikao i o Hest i oparas wpley, o soaesndaio i bafeinge,

o

arimphied st snowrary

Camtingi Do motmas (o madical appdivalions Imrol vieg prossceot sl siwtion i s haspsn Ty, Foealbar modied sppifiontloos, we'Talfont Madicel

Crtlog Btuiant * H. 4002

AN NN Pl s PEA

[Pphuam: H-REY
Ptawroled biek| H-OAXEE-1

DuPont Films

TI-NHTSA 017721



VL)

DuPont Films

High Parformanca Films

Teflon® FEP

Teflon® as Film

Teflon® FEP flncrocarbon film offers the outstand-
ing properties of Teflon® in a coavenient, eary-
to-nas form, It can be heat-sealsd, tharmoformed,
weldnd, mesnllived and Inmimatad o muny other
tsterinls or sarve oo & hot mait adhesive,

mmﬁudmmm“r%
eee form offers and fabdcation opportumition
for n wide vagiery of end macs.

Teflon® Is Unique Among

Plastics

» Mot chemically inert of all plastics

» Withstande both high- snd low-tempecsiare
cxireines

*» Superior antistick/ow friction propertics

+ Outstandang wenthar resistance

* Bxceltant optical characteristics

= Superior electrical propetits

» Free of plasticizam or additives

» Excellent procesuibility with convemtiomal
thermoplastic methods

Teflon? FEP Flim la Offared

¢ In thickoswmes from 12.5-4730 i (0,5-190 mil)

+ In costom slit widihs vp to 1,2-1.6 m (46-63 in}
depending on thickness

* In various sim rolls weand on 7.5 am or 152 om
{3 in or 6 in) cores

Teflon® Rlro affords the engineer/designer & wide

of opportimities 0 take advantage of these
mmmﬂmﬂmmhm

techniques.

The akility of Teflon® FEP film to be ensily cm,

The excellent opticsl mnd resivtance o
and ultrmviolet ion have led to
the nee of Teflan® FEP film in nich varied applics-
tions a8 enrvironmental growth chambers, saler
energy collactors, std radome windows.

Its smperior dislectic propectios have bean naad in
fexible, flat cable insolation, prioted ciccnite, and
electromic componects for compew s and sircrafl.
The nonstick properties of Teflon® FEP have found

use in convevor belta, process roll covers, ind as
mokd releans fibma,

Speaiul grades of Toflon® FEP filin offer apecific
propestiss mch ss cementabllity or high strees
environmegial

. orack resistanos onder extreme

ocondi tlons,

A complens Listing of PEP flim grades and their
availability in different thicknesses is given in
Tohle 1.

In sddition to FEP, DuPont offers fitma of Teflon®
FFA, hmnmwnﬁﬂ“cm
mwwmhmm
and resistance & ler propagation.

Toflon® FEP film offers unique propertisa in o
ooyrvenient form minlrma] Enbrication.
Comrider it for your next project.

For sdditional information, call (800} 237-4357.

TI-NHTSA 017722
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Types and Gauges

Table 1

Types and Gauges of Dulont Teflon® FEP Auorpearbon Alim

Sange o BRI IR AR A IRL ARL BE B 1R IN . T RET A
Thicknuss, mil #8123 5 (45| 10 | N0 X | m L] a2 | 1%
Thickness, m 20| & (50| 715 | 13 (190 | 260 | 375 [ 500 | 7% ) 1600 | I00 | 328 | 4
Approximate arad facter, féflh |8 | & | W) 17|12 3 1 | | 11 1 AT} | 07
dpprovimwte armafacior,mifkg (38 | 1B | 8 | B | 4 |25 2 14 1 06 | 03 | 02 | 9.9 ;004
Aovnllnisl iy
TeA—FtPgemmmbpurpose | X | X | X | K| % [ X | ¥ | — | X R - — _ | =
Typs C—FEF, ona akie
comanrahble X (X X[R]| X |~]—~]~]- —_ | =~ _ N
Typs E-B—FEF. hoth skl ea
camantabia X (XX — X | =~ e | == _ - — N
L—FEP, high strems crick
mn:lhlg'lﬂl - | === X |—=| X X X X K X A X
smdronmeTts
Nowm:  Exch roll of Telon™ Mim é clearty identf fed
ummmmumam.- Imtvpl..' :' _

i thicknmya,

S gaupe, Bl

Fhwnumhhnﬂl
Meachanical and Thermal Dimansionsl Btabliity
Propertiss Thare are thres componots ¥ the property of
of tatpoestares. Teflon® FEP bas a continnous revidual shrinkage, and thermal expansion.

secvice temperature rangs from 240 wo 205°C Hygroscepic Expansion

(—300 to 400°F), ndltmbeuedinmm B the moist of Teflo® FEB

service al temperatures a an 260°C (300°F).
See Tablew 2and 3. e

fnorocarbon film is lcas than 0.01% whea totally
immecsed in water, changes in relative humidity
have lLittle effact on te film.

Figora 2. Tenslls Praparties of Teflon®* Alm
w. Temperwiyrs
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Figure 3. Tansila Stresa va. Elongetion of Teflon'
FEP Alm

Restdual Shrinkage

Stresscs sat up in the film during manofacturing :«
converting can cause shrinkage in unrestrained film
when expossd ta high semperatures.

Exposere of film to an elevated tsmperatire. and the
witendant shrinkoage, will relieve this stress, and oo
further shrinkage will occnr at bower temperatures.

Thermal Expansion
Alffter rewidual shrinkage has been removed, Teflon®
FEP film will expand and contract acconding to it
normal coefficiont of thermal expansion (see
Figures 4 and 5). Note that this ooefficiont increnses
Wwith tempensture.
Fgurs 4. Ehrinksge of Teflan® FEP 1004 Mim

va. Tempersturs

]
BN H Wb W 10 W 1K W IN M M
PO I HF e B MO e M oN W R
THEERRTUNE T
TRMAERATLAE ¥
Tabig 2 Tabls B
Typlcal Maschanioal Propertiss of Teflon® FEP Aim*®  Typical Thermal Propertiss of Teflor® FEP Flim*
AT Englink ASTM [T
Fropey Wit Hinin Uity Prapary Mathad L] inina
Tansile sirengh Mt pumt D-MIS(CTA} Ma2oeef | DO-ST
[k rwak D-2-a 11 NPy AN pui PTI
Bangation i braak D=1 A1 ) N sanina WmparTrs o A00F
Elavio moduiue ghegl | @oMm | AE0pd  Zea ewgh™
M Perp— DeAl | 12NA | g e e ki
prampep—— Spasila hast 1Rt | D BayhoF
E% sirnin D2 A1 12 P 170 gl Cauilal nt of thoitateal L5 Ry in
Foliing sndaancs pome | mbmo | ram ooy Likwmk hA2E
M yolem o Coaluinm of lnaw B4 x KH (L] 14 v 100 n
[ —— D-100448 KIN 121 thermal arpunson | D-808-2 anl o
(Eraveal Flammarlity
Propagating tear virmngth | D-1822417 23N 260n i aton A bl ying
(Errmort] Durygem Inden D237 ¥ ™
Burating rirength™ L-TH 47 TE\Pa Hmi Dlmasalonsd MG | Wwkw | 0.7% spension |0.7% sapariinn
{Multen) sulifey 0 |'0OC OOy o arimuage[22% inrinage
Danyyiey D18 | 2EDhgin? | M4 M =200 BRrgE Ut HIIrWINe Nirind
Coufislent ot iriwtan "::'m '"—:'Ilh:t which fim & load of i1 d MFa
ik (Mmmakgl} | D-18M-81 03 [} gt 1 suppots
OO0 fpkiigger P iaiom i e OB
700 gruge Am
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Figure 5. Tharmal Expansion of Teflon® FEP Fim

Electrioal Properties

Teflon® fincrocashon fllma exhibit excellont electri-
cal propertes over a wide range of frequencies and
tempecatures, Table 4 shows how initial properties
are retzined even after long-erm expownre to
oxtreme environmental conbtions.

Table &

| Electricel Properties of Teflon® FEP
worcoarbon Fikm 25 pm (1 mil]} Thickness
AITM Emglish
Py Matied $ linits Usim
[isdeetri: drangth D- 151 20 kN S50l
(B4 mm 028 ) -
Hatroi In
ak, WHa
{Nwimairia 9 mgmnt 0=150-41 F1| io
1kHz
Diwel pation Tavior 0-1R1 (1] a0ag
(LF]
Volume rasdriiviyy O-257-78 1310 alvm-m {132 109 olweom
Serfuse rermivity 0-rw-m 12 10" ohwn 13 10" gilwn
(por square) | {per seware)
Saficewe '
reslrants 0-48-T3 i 1
15pmpies matted In o did ot ok,
Distactric Strength

Figure § showa how the diclectric strangth of
Teflon® FEP film is a function of film thickness;
thinner films sxhiblt greater diclecric mrength.

Fgurs 8. Dislsctric Btrangth va. Fin Thiokriess of
Tellon® FEP

i

Dielectric Constant

For Teflon® flnorocarbon film, dislectric conatant is
of film thickness. There is no differ-

ence between Type A and Type C filme.

At a constmnt frequency, the dielectric omtetant of
Tafloa® FEP film decressss with rise in t¢ipersture
due 1o thavmal sxpansion (see Figure T).

Al w cotwtant tetmperature, the dielectric consany
falls sliginly with an incveasy in frequency above
¥ Hz (scc Figure §).

FAgurs 7. Disiecirio Constant va. raof
Tallon® FEP Mim 5t 1 kHz snd 100 kHz

| 3

:
L

\

1
) u ®
-8 = E Hd E )
TEWFERATUNE T
TEMPERRTUAE T
Fgrs 4. Dislootris Constant wvi. Frigquancy
m
i e
! !mﬁ
i ]
m s . L
] W e W W e 0 W e W
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. Diseipation Factor
The consistently low valus of the dissipation factor
owvet u broad renge of temperature and frequency
mnkufdim‘fhormubmﬁlmrﬂullnlpphu-
tions where plactticul losses muost be minimired (see

Figure 9).

At a caratant this dissipation factor of

Teflon® films varica a» noted m Figure 18 Absolute

values pemadn Jow in comparison with many other

dielectric materials,

Fgus 3, Disslpation Factor va, Tempersturs of
Tallan®* FEP Fim

*

L L "'l 1 L L
um ] - K ™ = ]
-] E = nr - = 4
TrEUNE '
TMTLE T

Fgurs 11. Velume Reslwtivity va. Thisknesss
(m 175°C |34}

L1 1 1
a A W WK

W | [']
1 E )
THICKHEDY (ML)

a's

] e 180 JNESn 37 S0
1 ] | N I T
THICKHESS (wn

Insuiation Resivtance

FMgure 10. mﬂu Fastor vs. Frequency of Teflm®
mr

o

i, 6 17 T, I, e i LI

Even at 2XPC (392'F), the insalation resistance of

Taflon® film (65,000 megohm-microfarad) 1 higher
than mogt coaventional dislectric materisls ot room

tempeantare (scc Flgore 12).

Figurs 12. nsuletion Resistance va Tempersture
125 wmi(.5 mil TEFLOM FEF 1limj

100000
4000008
20000
| Az
100,080
L1 ]
[
Inea
41000
24000
1000 r—
00
200
— [T | 1 A ] 1
B OB O W A 1 A 3
T W ha M SR M Ok
TENPERATLIE ©
TEMPERATLRE F
Tl_HHTEhn"TT“



Chemical Propertiea

Tefion® FEP flacrocarbon film s chenxically inert
and sclvemt resistant to virtually all chenricals
except molten alkali metals.-flworine at slcvaed

temperamres, and certain complex halogenatsd
compounds such as chiorine thifluovide ot elevated
temperatures and pressnres,

In circumstances whese end-nss temperatures are
close to the upper service Jimit 205°C (400°F), B0%

With these excaptions noted, Teflon® FEP flnorocar-
bon films exhibit 4 very broad mnge of chemical

and thermal serviceability,

Dus to the many complex apects of performance
in severe povironments, final selection shonld be
based on fanctiodal cvaiuations or experience under

sctunl end-use conditions.

The chemical subatances Listed in Talile S are
ive of those with which Teflon® FEP film

Tins been found to be nonresctive.

Piihallc acki
Finana
Piparidena
Palyacryionitriis
Potastium acetaly
Potssslum hydroudde
Potazium
PATMBNGAr AT
Pyridina
Sanp and datarganty
Sodiwm hydraxia
Sodiom hypochlone
Sodium pargxide
Sotvants, aliphuatic
and aromatc*®
Stennous chioride
Sulfur
Sulfuric acia
Tatrabromoathana
Tetrachlormthylane
Trichloracatic acld
Trichlorathylans
Triersgyl phogphate
Tristhanolaming
Vinyl mathacrylate
Winter
Xylane
ZInc chlorica

sodinm hydroxide, metal hydodes, abiminnm
chloride, ammonia, and certxin amines (R-NH;)
mny attack the film in a manner similar to molten
alkali toetals. Special testing is reqwired when ruch
incing ar oxidizi Jitions are
evidernt.
Tabis B
Typlorl Chamkala with Which Teflon® FEF Mim s Norreactive*
Al achd Cyclahaxanon Hydraflucrke ncid
Acetk aoid Dbyl phrhalaca Hydmgan paroxics
Acetic anhydride Diburyl sabacme Lend
Acetons Distind carbonate Meagnsalsm chiords
Acatophenons Disthyl sthar Mercury
Acryllc anhydrida Dimethyt formamnide Mathyl stinyl ketone
ANyl scetate DHaobutyl scipate Methaerylic acid
Ayl mathasorylatm Dimethylicrmam|de Marhamol
Alminum chioride Dimsthythydmzine, Mathyl methacrylate
Ammonda, llguid L yrrmaitrical Naphthuiene
Ammonium chiorde Dicxana Naphthols
Anlina Ethyl acaini Nitrie acld
Barzonitrilg Etiryl sicahal Nitroberzsna
Banzoyl chicelde Etivyl athar 2-Nlrg-butanal
Benzyl slcahol EtivAl haxoats Nitromethane
Borax Ettwiana bromids Nitrogen tetroxdde
Bork: acid Ethyhar ghyeol 2-Nltro-2-methyl
Bromineg Fasrit chilorida propsnol
n-Butyl sming Farric phaaphais n-Oetpdocy alcahol
Buiyl acatnte Fluormnaphrhalans Olln. animai and
Butyl msthscrplats Flucroniivobanzans vagainble
Calclum chioridy Formaldehyde Ozone
Carbon digutide Formic acld Parchicrathylans
Catang Furind Partachlong-
Chiorine Gasoling barmamide
Chioraform Heuschionethang Parflucraxylsnt
Chiorawifonie aeid Hexane Phanol
Cheomis said Hycrazing :ﬁ:ﬂ"”
Cyclohiang Hydrochlons acld panmchiords

*Baaad On aparimuns concutssd up to the balling poinm of the |lgulos llsted. Tellon® FER reging Bave normal siewics
e eni e up to 208°C (400°F|. Abserma of 4 spaciic chemical doey ot maan that § I3 raective with Tellon® PEP film,

=25orma halogerated Sahvarms m iy causs mocersi swelling.
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Physlcal Properties
Absorption
Almost all plastios absorb small quantities of cer-
tain makriale with which they come in contact.
Submicrascopic voids between palymer molecules
chemical reaction. This phenomenon is nmually
marked by g slight weight increass and sometimes
by discoloraticn.
Teflon® FEP flucrocarbon films have unusually low
absorption compared with other thermoplastics.
They ahsorh practically no conmon acids of basos
at empemtures a5 high ag 200°C (A92°F) andd
expasures of up 10 one year. Even the abeorption of
solventa Is extremely smnall. Weight increases o
loes than 1% when ut elevated
for long peviods. In geaersl,
wotivicns e shecebenl very Litle by Toflous FEP
film. Moismure absarption ix npically lesy than
0.019% at amblerni tamperature and presrure.

Fermeabliity

Many gases snd vapors permeste Toflon® films st s
much lower e than for other thermoplastica (sce
Figure 13). In genenl, permestion incresses with
temperature, preasare, and swrface contact ares and
mmmmmnms
lists ratoe at which varions gusss wre
dmgthﬂm'FEPﬂmnbnnﬂm.wﬂe

for some
representative substances. Note that the pressuze for
ench material ia its vapor proasam af the madicated
temperatore.

Tabla 8
Typical Gas Permeshillity Rates of Teflon® FEP
Fuorocarbon Fim, 28 pm [1 mil) Thickness
(Test Method: ABTM D-1434 ot 25°C [TT°Fit

Parmesblity Rats*
Osa o fim*24 h-stm|)
Carban Dioxioa 259 x 10*
Hydragen 3.1 ¢
Mitrogan B.O x 17
Choypan 1.8 x 101
*To convert to crn?{ 180 In?. 24 h-atm), multiply by 00848,
Fguwrs 17. Water Vapor Transmbsslon Rede of Teflon®
FEP Fllm &t 40°C [104'F) por ASTM E-50
Modifisd)
g Q40
i -E
am
[ -
i am
an
L]
[
' 1 L L L
a 2 | [ | | I B F
1 30 W0 1 BN MY XD
THCRHEDS irsda)
THICKME {um]

Notes: Valust sre 2veragee onby and not for specificaion
purposss. To comeart the parrmastion valuss for
108 In! tothoms for 1 m", muttily by 18.5.

Table 7
Typleal Yapors Transmission Astes of Teflon® FEP Fuorocarbon Flkm, 26 um |1 mil} Thicknsss
(Test Mathod: Modifted ASTM E-341
Temparshre Yapor Transmiselon Rate
A1 Unibta Ulrilbs
Yapor 4 H r g/ i) 1g9/100 Int.d)
Acatic Acid i 1 &3 041
Acetone 35 95 4.7 J498
Reruana 35 9% -1 ) Q.64
Curbon Tetrachioride 3% 95 48 a3
Ethyl Acatate = 9% 1.} a.78
Ethyl Alcohol ] 98 0.7 0.88
Frpon® F-12 23 73 2.0 240
Haxana 35 B ar 0.58
Hydrochlonc Add . 7 <02 <0.01
Nitric Acid [Red Fuming} 75 77 180.0 10.5
Sodlum Hydroxdda, B0% 5 7 wll 2 <{.01
Sulfuric Asid, 8% . ] 77 2x10 1% Hy?
Whater L1 ) 103 74 04D
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Optical Propertias Other optical properties of Teflon® flms of interest .
Teflon® filma rransmit a high perocntags of nlira- At
violet and visible light and are pmch more transpar- -

it to the infraved spectrum than glasa (see Fignres Tallon* FEP ‘
14-16). Sodar Tramymiglign
{ASTM E-424) %
Refractiva Inchex
(ASTM D-542) 1.341-1,347

Fligure 14. Transmizslon Speatrum fer Tellen® FEP Aim

Hb
)
»
n
aa
]..
& [ ]
20
a
L |
0
Ly 1 14 . | I [ [T ] M HEB ¥ K
W Langih famy
Fgiws 15, Trenemittancs st Normial incidencs of Fgurs WL Trastisnittands of Solar Aadirton thrsugh
Soler Radintion through Tellon®* FEP Fione 25 pm {1 mil] Tellon® FA® Rim for Vartous
for Varfous Thicknassdd Angiis of Inckdines
1.000
s;—: 'mﬂ
L0 s
i
éuu ; . THELON Fumwt Bl
FToe gw
ani
e %
-] M
m L '] 1 L L 1L ']
g 1 2 3 4 8 9 T 0 Ly . X o
N B 1 i 1 3 1M|m a
THICKNDNE CF PR, ! I % E @ & T =
THCKNESS OF PRM (um) Ak OF INCIOBNCE. ORGABEE
Miscellanacus Propartias EDA Compliance

Clear Teflon® PEP fluorocarbon filh complien with
Wmmﬁm satisfaciorily in cryo Part 177 of Title 21 of the Food & Dreg Admin-
gocic secvice af temperammes below (aat of Equid ~ (7arion myulation for safe wae aa articlea or
nitrogen. Tollon* fuorocarbon film is normally components of atticles fot producing, muniifac-
iummmhm.m i 'mnh{ jon, the ik is fzee Wumm'hmﬂm'
of contamtnatico, pig o fillexs for Regulation 177.1550.
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USDA Acceptance

Clear Teflon® FEP fluococarbon film is accepiable

s 4 componant of muserials for ase in sleughtering,

processing, Taeporting, o storage areai in dlrect
cootact with mest or poultry food product pregeaed

ader federal inspection.

Miidew (Fungus) Resistance
Teflon® FEP has been shown 10 be completely
resistant 1o mildew growth by testing both in
humidity chambes sxposure inoculmed with &
mixad spore suspension and & 3cil burial test for
thres monthe,

Weathersbililty

In contrast 1o most other clear thermoplastic flms,
Teflon* film remaine esseptially unchanged after
20 yeara of outdoor exposurs (scc Figure 17). There
is 00 evidemoe of divcolomtion, vitraviolet degrada-
ticn, or strength loss. This pefonhance
is dus to the structure of the polymer moleculs sand
ia met the result of chemicn] additives.

Types C and C-20 Teflon"® film are not recom-
mendad far outdoor becuase nlravioket
rudistion may adversoly affect the tested wdface.

Figura 17. The EHfests of Rorida Weathering on Tellon® FEP fim

Safety and Handling

Unheatod Tellon® flacrocarbon is casentially incst,
Animal tosts loclicate thet Teflon® is ponirritating
and nonscasitizing to the skin. Dust genaratad by
cutting, grinding, or machining the aohested film
should be avoidad, s with sny other muismce durt
that are by OSHA at 15 mg/m? in sir

(29 CFR. 1910:1000).

Care shoukl be taken o avoid contamination of
smokitg tobecos or cigirettes with flnorocarbon
tesins.

Teflon® film can be procossed and nsad wt elevased
temperatures withomt hazard if proper ventilation is
mvmﬁmmuwummh;
temmperatures of 273°C {525°F) or shove.

Additional details on safety in handling and usc are
available in bulletin H-48633, “Ouida to the Safe
Handling of Flooropolymer Beging,” avadlable from
DaPost.

Dther ralaind litersture avuilable from DuFont
Bulletin Title

E-3d13-1 Teflon® PFA Filn—Spedification
Bulletin (T&2-3)

£-55003-1 Tellon® FEP Film—Specificution
Bulletin (T62-1)

E-55008-1 Tellon® FEP Filim—Propesties
Bulledin

THNMHTSA 017720
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lnbirmation Bulletom

DuPont Films

High Perfarmance Films

Toflon® FEP

flvorecarbon flm

Teflon® as Film

Tefion® FEP fluccocarbon film offers the outytand-
ing properties of Teflon®™ in 4 convenient, easy-
to-uze fort. Te can be heat-scaled, thermoformed,
welded, metallized, and laminsted to many other
materials o perve an & hot melt adbesive,
Th!mhmhmcfuuqu:m&uly-m-

use Torm offers desiga and fabrication opportanitics
for a wide variety of end nea.

Teflon? ia Unique Among

Piasatios

» Most chemically inext of all plastica

» Withatands both high- and low-temperator:
CXicmes

+ Supevior antistick/low friction properties

* Outptanding weathar resistance

# Excellont optical charsotavistics

a Superior electrical properties

+ Frec of plasticizars of additives

» Excellamt processibility with conveational
thermoplastic methods

Taflon? FEP Film Is Offerad

» In thicknesses from 12.5-4730 o (05190 mil)

« I cussom slit widths up to 1.2-1.6 m (4663 in)
depeading on thickness

» In various size rolls wond on 7S om or 15.2 com
{3 In. o« 6 in) coree

Teflon® film aifords the enginceridesigner & wide

rnge of opportunitics to take advantage of these
proparties with minimal snd conveniem fabrication

techniques.

Mabihtyome'FEPﬁlntohaunhrm
thermofarmed, beat zealed, apd welded permite
ready application as disptragms, gaxicets, protective
tinings, or thermoformed poaches or contalners,
wherever kigh temperamm andfor chemical rosis-
tance is required.
The excelicn: optical ics apd resistance to
ing and witraviolet degradation have led to
the use of Teflon® FEF film in such varied apphica-
tions as enviroamantal growth chambers, sclar
energy collociors, and radome windows.
Hr mperiar dialactic properties have been wsed in
flaxible, flat cable irisolatiom, printed cireoits, and
clectrovic componenns for compiers and airerafy.
The nonatick propertion of Teflon® FEP have found

usa in conveyor balte, process roll covers, and a3
mold releasa filma.

Mﬂ:&ﬂwmm&wﬁc
properties camenta ot pimtss
- wmmul

" crack rexistance onder extreme

comafitions.

A complete listing of FEP film grades and their
availability in different thickpesses ia given in
Tahble 1.

In addjtion to FEP, DuPont offers filme of Teflon®
PFA, for nae ut temperwtares up to 260°C (S00°F),

md Tefzel® fluoropalymer for incressed toughnem
and resistanos b iSar propagation.

Teflon® FEP filin offars nniqoe propertics in
couvenient form requiring minimal fabrication.
Coorider it for your next projecs.

For sdditionsl information, call (300} 237-4357.
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Types and Gauy.as S
Table 1
Types and Gauges of DuPont Teflon* FEP Flugrocarban FAim

Gaugs 50 (190|200 {200 | BOR |60 | toee | 1608 | 2000 | M | weee | Same | 12000 [1e0W 1 -
Thichnems, mil a5 |1 | 23| 5 |M|wm| 5| x| 0| M | 15| 1w
Thickness, um 125 (2 | % | 75 |15 (180 | 250 | X125 | B 0[N0 | 2N | NS |4
Apprecimate arnafactor, fiib [ [ 90 (4 ) 20 | k|02 | 9 | w0 [ 45} 2 [ 15| 1 | o a2
Approsimate area faetor, wifkyg | M | 1B | & | B 4 |LE] 2 12 1 a8 | 02 02 | 4 | A
e Bak iy
TraA—FF . generalpurpaee | X | X | X | X XX X —_ % - | - —_ S
Typs C—FEP, o4 ilda
camaninbin X | X|X|X|[ X[ [=|]=|=]=]=]=] =] —]—=
Typs C-28—FEP, bath nided
carntabla X|X]|X]|—| X]|=| =] =] =] | =] = ==
L—FEP, high siriint oriak
:I'l'i.mnnhn?nm —_——_—]—= = X |=] K 4 X X X X X X
smdrnments
Note:  Exch rodl of Taflon® Nim [x elearly identified 1o -.-..,.-
m resin type, flim thickness, and Alm type

Hhﬁﬂnm.

B0 s, bl

Hmﬁnuulﬂhﬂlulﬂl
Mechanical and Tharmal Dimensional Stabliity
Properties There are threo componerts to the property of
Teflon® FEP films parform well over a wide ange  Simemsional vinbility—hygroscopic expansion,
of tempesatures. Teflon® FEP has 2 continnous resicual ahrinkage, and thermal expension.
servies temperuiure rage from =240 to 205°C H ool

{—400 ta 400°F), s it can be ased it nterniittrnt . :
A ; Because the moistiee absorption of Teflon® FEP
forviee s weotpesuies 4t ligh m 26°C GO0F). orocarbon Blm it less than 0.01% when totally
Tables immersed in water, changes in ralative humidity

Tenslls Properties have lintle affect on the film,
Flgnres 1-1 show how temsile propertics of Teflon®

FAgare 1. Terolie Strems vo, Elengation of Tellan® Fgurs 2. Tendle Propartiss of Taffon® PEP Fllm
FaPl Rim ] va. Temparsturs

-

L
(R L T

-a

oMM e @ moar m w om w
MWLM T
TiNBRITUNL F
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tuslé Strasm vo. Elongation of Teflom*
. STHIm

Agure 3.

Table 2

gﬁidullﬂlrlnhle

bresses ket up in the film during manufacturing or
converting can canse shrinkage in uestmined film
when exposed to high temperatures.

Exposure of film to an elevated temperature, and the
attendant shrinkage, will relicve this stress, and oo
ﬁmlluinhgtwﬂl ocour s lower temperatures.

Thermsl Expansion

After residual chrinknge has been removed, Teflon®

FEP film will expand amd contract according wo in

normal cocfficient of theral expansion {(sce

Fllll'ﬂ'hndﬂ Note that this cocfficient increases
with temperaiure,

Fpura L. Ehrinkags of Teflon® FEPF 1004 Him
5. Teamparaturs

3]
asr

Table 3
Typical Tharmnal Proparties of Teflon® FEP Flm”

Typlcal Machanical Praparties of Teflan® FEF Fim*®
ASTM Eaglink ASTM Englizh
Fropery Wt $lntn Unite Fropeny [ N Sula Undtn
Tenule wirngih Mkt paint D3R OTAY 23aWT | WOEF
{ut brash) D-eia 41 i W N gl o
Bangation it brash, o-aezs 0% o 1anvios mpETLE F g 400
Elariic muluhs o-aezat 450 Mea ™ 000 pel oo strempi ™ —
Yied ol nEAl | ENPa | @ Wemperare T rF
Stram 10 prodice Sposiin bout 12 Mg E | 02 BwhF
% sinaln D381 2 MPr fM0psl  CosfMolent of thennai 1 D
r':#}q P E— bzmas | am :‘m ""'":"m 218 Wim %
o ta_ Coutiommt TPy L e
e gE——— Duwes | 3IN T M Sipiasion | DHee-N 2L '
Ermet} Asmmubiby
Fr— R — TN g clesaific ation ANSJULM|  vTMe VTh
|Eimen Ouwyyms ndinn 0-pa3- 77 "y %
Burring it pin™ T4 MkPa 11pd Daniiaadl  MD | Twina | L% expansisn| 9 M wagunsizn
o Ty T [T oy e 7% s
Deachy D-1E0688 | 2160kg | 1w Y200 gaUgs YTHeEE Stherwies B0%d
Coefficimt of fricton = 57000 guiang i+ Py
m fﬂﬂh |I||+,'p D—1“-ﬁ] ﬂ_‘l_ nl “Wﬂl‘ll‘m [ ] nppore & o of 018 MPa
12 pal] for G meo
=X guups urnises athenvime noted
=100 gauga Alm




Agure 5. Themal Expsnsion of Teflon* FEP Fim

Electrical Properties

Teflon® flaorocarbon films axhibit excellent clectri-
cal propertios over & wide mnge of frequancies and
tenuperatnres. Table 4 shows how initial properties
are retainsd even after long-texm axposume to
extrems environmental conditions.

Tabls 4
Typical Electrical Froperties of Teflon® PEF
Ruoratarhon Rim 26 um (1 mil} Thickness

MM Emglinh
Fropary Mathed N Vala Usits
Delnctre siraniph 18841 2 e ) Yimi
A w2 b
vhecirode in
air, 1 By
Oiniecirio concant D-100-01 a0 0
1hHI
Divwipation fesir 0-15-i1 oz apony
{1kHd
Veluma re bty 0--1n 1 10% abwmn | 1 o 1™ ghremm
Surfece rewisiny -1 1% 10™ ohm 1% H™ o
Iporaquare) | [por snewrw)
Surfeos s
it D-4n-1a 1. 1 »
“Samplea skt In s d i wot ik,
Distactric Btrangth

Figure & shows how the dislsctric strength of
Teflon® FEP film ja a function of filn thicknsss:
thinner filma exhildit gronter delectcls srength.

Fgure 8. Dislsotric Strangth va. Flm Thicknem of

Tellm* FEP
1 c ]
[T ]
fam -
1
s . L]
]
i
a T =
| o L 1 F [ F | 'l L "
L ] r 1 * 1 1« " =
THEGD
| 1 i L | L LA |
L ] » ] n L | LB ™ .
MR T
Dislactric Constant

For Tefloa® Moorocerhon flm, diclectric constant 15
indepenient of film thickmeas, There is no differ-
ence betwasn Type A and Type C fllms.

Al a constant frequency, the dialectric conptant of
Teflon® FEP film decresses with rise in temperatire
due o thermal expansion (soe Figure 7),

At a cangtant lompecature, the diclectzle constant
fulls elightly with un increase in frequency wbove
107 He {sz= Figure §).

Fguee 7. Disleclri Conetant ve. Taermpersture of
Tallan® FEP Fim at 1 kHz and 100 ks
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Diggipation Fac:

The comsistently low value of the dissipstion factor
over 4 broad tange of lempemtare and frequency
makes Teflon® flnorocarbon film ideal in applica-
tioms where slectrical losses nmast bo minimized (soe
Figure 9).

At o conrtant tempersture, this dissipstion factor of
Teflon® films varics ae noted it Figare 1§, Abeclute
values romain low in comparison with many other

FAgurs 3. Diwipation Factor vi. Temparsture of

Tellan®* FEP Rim
o 1
|
™o 4
; ;
onoa
i 1u
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TREATU T
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Pigura 70, Dissipaiion Faster va. Fraqguency of Teflon®
MR MM

" TR U R T

Yolums A
st 175C [247'M)

Rgurs 11, ve. Thishnasa

Ll ) e
a a
L] ]

insuilstion Raalstance

Evea at 200°C (392°F), the inenhtion reejptance of
Teflon* film (65,000 megohm-microfarad) in higher
than most coaventional disleciric materiale ot o
emperature (sos Figure 12).

Figure 12. insuletien Rasistanss ve. Temperasturs
(125 wm/0.5 mil TEFLON FEP im)
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Chemiocal Propertiss

Teflon® FEP huxocarbon film is chemicaily inert

and solvent resistant to virtally all chemicals

except molten allcali metaks, finoeine at elevated

temperatares, and cortsin complex

compounds such gy chlorine mifloorids wt clevated

tempecatures and pressurcs.

In circumstainces where end-use
close 1o the upper gervice imit 205°C (400°F), 30%

With thes2 exceptions noted, Teflon® FEP flaorocar-

bon films exbibit a very broad moge of che mical
serviceability,

and thermal

Duc to the many complex aspects of performance
in severe environments, flasd selection showld be

based on fimctional evaloations of eXperience ooder
actual end-use conditions,

The chemical mubstances isted in Table 5 are

reproscniutive of thoss with wiich Teflon® FEF film

mtilmhyd:mdu,mmlhydnﬂul,ahm has been found 1o be nonrescive,
chloride, ammonia, md certain amines (R-NH3)
may attack the film in & manner similay to moteen
slkali metals. Special teating i required when mch
extrema reducing or oxidizing conditions are
avideqt,
Tabls §

Typical Chemicals with Which Teflon® FEF Flim i Nonreactive*
Abistic scid Cyolofeainon Hydrofluerke acid Phihaflo acid
Acatlc acid Dibutyl phthalsts Hydrogen parcudds Finane
Acatls anhydrida Dibutyl sabacats Land Fpwidane
Acetors Diatind carbonate Magnashsm chiaride Polyscryionhirila
Acwtophenons Distiryl ether Marcury Patastlum scetase
Acryllc anhydrida Dimathyl formamids Matity sty ketone Potssalum hydronide
Allyl seatate DHaobutyl adipata Mathacrylic acid Potesslum
Allyl mathacrylate Cimathylfcrmamids Mgthenol parmangsnata
Aluminum chiorlde Dimathylhydrazine, Mathwyl methacrylate Pyridine
Ammonia, llquid uneymmatrical Naphthalens Soap and detsrganis
Ammeonium chioride Dicyscpne Naphthols Sodiuwn hydroxide
Antling Ethyl acetais Nhtrie acld Sodivm hypochlor e
Berzonitrlle Ethwl sicohol Nlroberzene Sodium perqxide
Barxoyl chioride Erhy! athar 2-Nitro-butsnal Solvanta, siphath:
Barzyl sicohol Ethyt hexoate Niromathans and sromatic® *
Borax Ethylena bromida Nitropen tatroxice Sannous chioride
Borkc ackd Ethylans glycol 2-Niro-Z-meti Sulfur
Bramina Ferric chlarica proganct Sulfurc acid
n-Butyl smine Farric phasphata n-Dotedecyl aloohal Tetrabromoathara
Butyl acetsts Fluaronaphthalana Qilg, animal and Tetrachlorsthvians
Butyl methacrylata Fluaronitrobaraens vapwtabls THehloracatic acld
Calclum chiorkia Formaidatryde Crone Trichlorethylene
Carbion disulfide Formie sold Parchlorethylense Tricresyl ghosphate
Catana Furang Passiac N org- Triethanalaming
Chioring Qanciine - banzermide Vinyl methscrylata
Chioraform Hexachlorethans Parflugroxylens Water
Chiorosulfonic ecld Huoesne Phanol Xylens
Chrownic seid Hydrazing Fhosphork acid Zine chioride
Cycichexana Hydrochioric acld plrmhl;llll:rldu

"Basd oN SxPAriments concuctid up o thir Boling polrs of tha lquids Fated. Teflon® FEP rasing hive nonsl denics
tamprsturid up ta 208°C {400°F|. Absanen of & apacific ahemical 4ol not masn that i &8 regct e with Teflor® FEP fim.

=*Eoma RlOGanEtad Bolvinitd My Sdudi Maderite bwaling
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Physical Propearties

Absorption

Aloeast all plastica wbsort wmall quantities of ca-
tain muterials with which they come in contact.
Snbmicroscopic voids between polymer molecules
cheamical reaction. This phencenenon is namally
marked by a slight weight incresse and sometimes
by disooloration.

Teflon® FEP flnoracarbon films have mumnylw

at emperarures &8 high as 200°C (392°F) and
sxpokures of up o ona yaar. Even the absarption of
salvemts s extromely amall. Weight increases are
gencoally l2ss than 1% when exposed at elevated
wh“ﬁﬂhw
solutions ace sbsorbed very Hitle by FEP
filn Moishev abtorphion is typicelly lesy than
0.01%: at amirient t2mperoture ond pressure,

Permsabliity

Many gases and vapore parmeate Teflon® films atn
mnch lower rate than for other thermoplastics {(soe
Figure 13). In general permestion increases with
tempeeature, pressure, and sarface contact areq and
decresses with inoreaced fitm thickneas. Tahls &
KEimts razes at which various gases are transmitied
theough Teflon® PEF fluaocerbon film, while
Table 7 Lists tates of vapor permeability for some
represcxtative substunces. Note that the pressure for
each matcrial i its vapor prossurs st the indicated
CMmpEINTIS.

Tabled
Typital Gus Permaability Rates of Teflon® FEP
Suesrgoarbon Film, 25 jimn {1 mil} Thicknes
{Toxt Mathod: ASTM D-1434 & Z5°C [T7°F))

Pyrmaabllliy Rata*
Gua s A 24 h-atn)
Carbon Dloxide 259 w19
Hydrogan 1107
Mitrogan 5.0 x 107
Theygon 118 10#

*To cafrnirt T cm {100 InL24 h-rtm}, multiply by 00848

Figurs 13. 'Wrter Vapor Tramemissien Rete of Teflon™
R Wm wt 20°C [104°F) por ASTM E5S
Molmaifiac )

BREE 3

o1l §

TRANSMETRON FTE. o i00 ko s

B3

NOTSE VAN Ars erngsl Bhly end not for dpeaTication
mmpoees, To comyvart tha perneton valuss for
100 I b0 thow for 1 mi, mustiply by 188,

Tabis 7
Typical ¥Yapors Tranamission Retes of Telton® FEP Auorosarbon Flm, 28 wm (1 mill) Thickness

Tamparaties Yapor Tranemission Aate

N it English Units
Vapar b L lgfm3-d} b/ 100 bn*d)
Acatvc Acid 35 95 63 D41
Acatone k. ) .7 Das
Banzgra n %% 8.8 0.54
Catbon Tatrachiarits 38 b L) Ly} oA
Ethyl Acqmatq 35 9k 11.7 0.78
Ethyl Alcohol s 95 10.7 0.68
Freon® F-12 3 3 2720 240
Haxana 38 a5 8.7 0.66
Hydraahiaric Apld ] ] T 0.2 <001
Nitrio Acld {Red Fumsng) -] 77 180 105
Sodium Hydroxida, 5% 75 T 0,2 00
Sulfurlc Acld, 98% 25 T 2 %10 1% 1
Wiater b1 10% 14 d.40
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Optical Properties Other opt | properties of Taflon® filma of interest
Teflon® films transmit a igh percentage of ultra- are:

vialet and visible light and are moch more transpar:

mmummmmmmm Teon* FEP

14-16). Solar Traramizakon

(ASTM E-424) 9%
Aafractive Indax
{ASTM D542} 1.341-1.347
Fgure 14. Tranamission Bpeotrum for Teflon® AE® Aim
m
"
o]
®
l..
& %
X
b ]
L
n—l—l—l—l—l—l—l—l—l—l—l—l—l—l—l—l—hﬂ-—h—l—l—l—ﬁ.ﬁ.l.l—l—l—l—l—
iz o0& 1& 4 14 L¥ ET-] LY [N T ] ua 3 ¥ K
Winay Langth L]

Agurs 16, Transmlitanos at Navmal insidence of Figure 18. Transmittanss of Soler Radistion tiraugh
Eoler Redintion through Tellon®* FEF Fime 25 um {1 mil] Teflan® FEF Aim for Yarious
for Various Thicinsssss Angles &f Incldence

1000
15 1.08
wow 5 om ;
am . TRALON W el
1820 Eu.lu
iy
.1 0
7] aim
n“ 1 'l 1 L 1 'l
g 1 2 3 4 8 8 F @ L L .
& A If 100 18 M 1M 2 ]
THICKNESS OF ML, i) | ] L ] = L) a0 ] K
THICKMENG DF FLU (it ANOLE OF MNOIDENCE CEQMEER
Miscellansous Proparties FDA Compliance
Cryogenic Service Clest Teflon® FEP flnorocarhon fllm complies with
. .- Part 177 of Titde 21 of the Food & Drog Admin-

Tetloa® FEP has performed awisfactorlly In . ;oo regulations for safe une a3 anicles or

mﬂnmrnmmmhﬁhlswufiqmd of articles for - fac-

nifrogre eflon® fluorocarbon umrmni.:ljr components o ¢ prodacing, . g,

inert to hqu:do:rpnﬂ.ﬂﬁ}vﬂuntheﬁl;r fros mnung, F.““""“’oﬂ ]F“'mm"h"“mlpmm

WI pigmetation, ot fillers Regulution 177.1550.
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UBDA Accaptance
Clear Tefkm® FEP fluorocarbon flm is acceptable

of materiaks for
utummt - mw
mmﬁMmpunhryfmdpmdlupnpud
under fadenal inspection,

Mildew (Fungus) Resistance
Teflon® FEP has been showm to be completely
resistant to mildew growth by testing both in
humidity chamber exposire inocnlated with a
mixed rpore suspension and 2 soil burial teet for
three months.

Waatherability

In contrast to tost other clear thermoplastic films,
Teflon® film remaina unchanged after
20 years of outdoor exponure (scc Figure 17). There
iz no evidenoe of discolomion, ultraviolet dagrads-
tion, or strongth loss. This ing perfcrmance
ir duc to e structore of the polymer molecule and
ie pot the result of chemical additives.

Types C and C-20 Telkon® fllm are not recos-
mended for satdoor mppli beceuse ultraviolet
radintion may sdversely affect the meaed surface.

Fours 17. Tiee Effects of Mecida Westhering on Tefton* FEF Fim

il

and nonsenwitizing to the skin. Dust generated by
cutting, grinding, <o machining the unheatad flm
should be avoided, us with any other nuisance dusts
that are regulatad by OSHA st 15 mg/m! in it

(29 CFR 1910:1000).

Care should be taken to avoid contamdnstion of
smoking tobscco or cigareties with flworocarbon
romns.

Teflon® film can be proceasad and wsed st elevated
temperatures without hazard if peaper ventilation ix
nsad, Vantilstion shonld be providad at processing
temperatres of 275°C (525°F) o abave.

L] tF 1L o bl ]

Additional details on aafety in handling and ne sre
availahle in bulletin H-48633, “Cuide to the Safe
Handling of Fluoropolymer Resina,” avpilable from
DvPos.

Oiher reluted Hiterapate nvailable ot DuPont:

Balletin Thtle:

E-80413-1 Teflon® PFA Film—Specificetion
Bulletin (T62-3)

H-35003-1 Teflon® FEF cation
Bulletin (T62-1)

E-35008-1 Teflcq® FEP Film—Properties
Buoll=tin
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Canada

DuPont Canada, Inc,

F.(). Box 2200, Sreetavilis
Misrisasugn, Ontaric, Canacln
LI 2H3 :
Inquirles: 905-821-5601
Cusiomer Service: B00-21571-2742
Fax: %5-811-5230

Latin Amarica
Argenting

DuPoat Argettion

Av. Mitre ¥ Calle 5

CF 1884, Berazatogwi, Axgentine
Fcin do Bosncs Alre
$-1-2565-2435

Fax; 34-1-319-4451

Bl
DuPont 30 Brawil

Al, Especurn, 505
0OG454-080,

B, San Paglo
5%11-421-8589
Fax: 55-11-421-28686

Mexico
DoPont SA de OV,
Hoeeco 206

Col. Chapuhepec
Mexico, DF. 11570
528 7X-11%4

Fax: 325-T22-1330

Vanuzngis

DuFont Vienenusk

Edificia “Los Frailes*

Calls ka CGuarits
Tirhanizztion Choao

CP 1060, Carscas, Venerueln
£8-2-02-8%47

Fax: 58-2-01-5538

Europs
DuPont de Nemowrs

(Lixeygbourg) 5.A.
Contern

L-2584 Luxemboury

Granud Duchy of Lixerobomy
J50-3845-2573

Fax: 152-3555-5000

Asln Pacific

Jiapen
DuPomt Esbosblld Katsha

Ao Tower
#-1, Shimomeguro 1-choms
disgure-ls, Tokyo 153

Japan
B1-3-5434-6139
Fax: B1-3-5434-6193

ASEAN

DuPomx PTELaL
1 Mixtitime

#G7-01 Wodd Teads Cantre

i

Fax: 65-219-3456

Hozg Kong/Ching
DuPoot China Lad.

1122 Naw World Office Bldg.

Eant Wing
Salisbury Road, Kewloon
Hong Kong
452-2734-340]

Pax: 852-2721.4117

Tha iformati on set Sorth b 5 s ory dete by iareesd o by relinkis, bet the DePost Compeny meles waTamibee wrprads of iomplind | - -
o e v Hﬂur*ﬂldh_uh othews. This palebicsiion v ol b Dl s l.ll.u:“ “qMﬂ e infinge,

Ty paial

Cawtian: T pod m-uﬁimmm-ﬂ:Hh i Bt 1 boudy, ot oty mmendical mpplicationn, see*Du Poml kadlosl

Cantion Stalotsent. ™ H=50103.

MBS 4l Prinkad (m UL
]

[
Racrar Mi.: HEHE7-1

QPO

DuPont Films
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Tevtmeal Data

DuPgnt Films

High Performance Films

Teflon® FEP

fluorocarbon Him

Techniques for Fabricating Teflon® FEP

intraduction

Teflon® FRP flocrocatbon filin offers the sutstand-

ing properties of Teflon® in & convenlent, say-to-

mfu‘m.'l‘hﬂhniuud'umdvad“inl
pumber of applicadions. Howewver, In many in-
stances, the Glm must be fabricwted inso 4 prodoct
switabls for a specific upphication. Some examples
would be:

* Motallizing the film to prodnee a pbsitate for
Hexible printed circtrite

v Sealing the film to prodoece & bag or pouch

» Meit bonding the film 50 4 metal subvirawe

. L[linlﬁmﬁmuupnludhuiwwbundm
pitces of copper tubing

« Adhesive bonding the film to vinyl sheeting
(aminating)

* Thermoforming the Glm mto neefol shapm
sich e copmion-resistant Inbwere (famels,
beakeri etc )

Thix brociurs will describe the chniques cm-

phoved in Inbricating Teflon® FEP filra, The

following sopics will be ooweed:

Heat sculing

Heat boncling

Tefion® FEP film sa an adhesvo

Adbvesive laminating

Mstalliring

Thermoforming

Nota that all of the information in tris brochnre i
relased to i for the fabrication of Teflon®
FEP fibma. The techniques for fabvicating Teflon®
PFA filin are very similar to those for Teflon® FEP.
‘The major diffepencs ic m the melting bebavior of
these filma. Tefion®™ FFA fiim melts sbout 23—42°C
(50-75°0) higher thap Tefloa® FEP. In all proce-
dures requiring the film 1o be in the formable or
mdmmmmﬂb:
modified accondingly, Procadures not the
'Mhn‘PFﬁﬂhulub:tumbkurmhedmmld
be the same as for Teflon® FEP filma,

Heat Ssaling Prinoiples
In many arces of application, the heat scalability

" of Teflon FEP fluorocarbon fil will be of intereat

2 a mathod of fabeiowtion. This section discnsscs
some of the mathods thet owy be eampleyed to ob-
tain heat seals with Typee A and L Glms.

Ganeral

Teflon® FEP film may be heat ecaled by any
method that heats the contacting surfeces of the
film abhove the melt temperatore of the polymer
and, xt the same time, provides ingimate cortact of
those sufaces.

A fusion heat seal of Teflon® FEP Glm is » non-
pncin;typnufml. and & wide scal aq is not

appearing seals with minimum
:i.m::nandpni.mdthﬂﬁlmmnbmnd
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by loculizing the heat applied to the film to as sall
&0 A0 uE 14 practical. The vse of bot bar or impalse
thicknesa of film to the melting point of the polymer
in order to necornplish & fasion emperatire at the
film interfaces, With relatively thin files, hest
transfer time is sufficiently shoret to allow this
method, altoogh thinning cut of the flm sdiscent
to the saal occura to @ greater extent s film thick-
nnlinnmcnhmlnmbmdlﬂling.ﬂl_ilil
accomplishad by heating only the center portion of
ths band and by cooling the seal under pressure, Hot
aiy sealing reduces thinning cut by allowing the
force of the air flow %0 sot as the proasure medium
wnd metal plates oc guides to keep the majority of
the fllm below the distortion temperature. Heat seals
made with Type L Teflon® FEP and Type LP
Teflan® FPA tend to be more durable.

Becatse molten Teflon® FEP finorocarbon film has
a tendency to stick 1o the jawe of o beat sealer, it is
dewirable to nse 2 relesse agent in the sealing
operation. Kapton® polyimide film may alzo be wsed
an a relesse slip shest,

Hot Bar Heat Sullnc

and be Himited 0 & straight seal. Bocwme it is
diffioult to Joculize or isolate the film seal arca, 1
degroe of puckering takes place in thinner films,
Thitming out will occwr adjacent to the fusion arew
doe to the jaw preesare whon the filo is in e fosion
state, Becanse the equipment doer not ureally allow
tempeeaturs cycling doring tha seal eyele, the film ia
taken from the jaws while in a molten mate when
film distortion iv &t & maxisnm,

The following graphs illustrate the time/e gyperi-
Tare/pressure relationships encounicred in hot bar
scaling. These genecal relationahipa bald true for
other hewt sealing methods m well,

Tomperaturg

Figare ll:llu:mulhuﬁctuthnm
upon the wcal strength of $-mil Tellon® FEP film
at constant bar pressure and dwell tims, Abovo &
specific bar temperature (310°C [390°F] with this
equipment) there is no significant change in the
bond steength of the heat scal.

FHgurs 1. Ekffect of Bar Temparsties Upon Easl

Strangth of Teflon® FEP Fim —
Proasure '
. | [ 1 1 |

§.

b,

' [ "8, 1 4 -]

z 3 n'-ln_:m

E IOTH BARE OF ERALEN WD

T

L E L] N W N =, W
AR Pt RaTey- F

In Figure 2, duta are plotted for bar presseres of
30 pai and 50 pri with 2-mil film and a constant
dwell time of % soc. Prossure agpeara 12 have oo
significant effect wpon the bond strength of the
faxion best senls, Howeves, certain qualifications
shonld be made, First, in thicker pauge Gilm ($-mil
and greater), pressuye does affect the mnimnm
ot which a fuxion heat seal can be made,
tend to vield » fosion heat seal & a
slightly lower bar tempamtars, probably doe to the
fact that ighie preesures cha imgwovs e tate of
heat tranafer from the basted bar to the film. At high
prossures, bowever, cut through and thinndog ont
occur, Toflon® FEP film posasesss & relatively high
meht viscosiry, which is not nearly as mnch a
pEoblem s with lower melt viscosity thermoplastica,

Fgurs 2. Efsot of Prewure Upon Seal Strangth of
' Teflon® FEP MM

Tima

M M R W Wk B N M N

AR T AT I F
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PFigure J illngirates the considecable effect heating
both bars va. cne bar of the sealer has upon the
lemperatiire-time relativhship for obtwining & fusiot
heat aeal. For exnmple, 2 338°C (G40°F), it requires
oaly 0.2 sec with two bars heated to obéain & fusion
heat seal with 10-mil filen, while with only one
heated bar, B.1 sec are required wt this teqperature.
i , it abould require four timica as long
to baat the film interfaces Lo the fosion
from one side as it should Gom both sides.
Howevesr, lacking perfect inenlation, et losses
to the mroandings and pnheatad bar inoreass this
diffarsnce,

Fgured. Effact of B Hnﬂng Upan
Temparature-Timaé Relatiensiip for Hast
Baaling Teflan® FEP Mim

| I I I |
TR R LY MU o
RO o LD i e AR

Figures 4 and 5 mmmarize the dats obdained for
beased bar scaling of Teflan® PEP fleorocarbon
filtn Figure 4 is for nse when both bars are hented;
Figurs § when only cne bar s heated and the other
one is insulated., In both the selection of &

indlicatsd curve for & particolar geuge film will
result in a fuslon beat seal of the pelectad gougs
film, .
In geneml, & sclection of conditons just slightly In
mummwmm shaoald
mont satisiactory, This should minimize
uwhuunglnddimrﬂmuhhﬂﬂh.l'hamd
a differest slip-sheot or diffevent aquipment may
affect the gelection of optimnm temperstare-duell
tima conditions.

Figuwa 4. Tempersturs-Tims Aslstdonahip for
mg Fuslon Heat Baald with Teflon®

-y || 1 1

—“ﬂ*m

[

Hfeat of Gauga oo Hent Sanis

Figure § indicates the heat seal strength obteinebls
with the various gauges of Taflon® FEP Hlm.
Becsmse n Teflon® FEP film fusion hest seal doss
not pael, the indicated break strength and elongation
ia tha of the weakest link—the film just adjacem w
the scaled area, In genemm), this |+ appocime:
Mﬁﬂ::mh#m;ﬂlndnlhmn:olm:“mm
of the virgin film,
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8. Haat Baal md
et e
Comperad o Virgin Fim

»
£
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impuise Heat Sealling

Yertrod Coxp.* impulse heat sealing equipment has
been usod for Teflon® FEP fivorocarbon film, The
beat sealing is cffocked by a palse of cloctycal
current, which is passed throogh Nichrome®
ribbons located in elthee sop andfor bottom jaws.
These ribbons tranafer beat at a veey high sempera-
tmee for w shoet peclod of dme. By varying the
volings and time of impulse with 4 jow pressure of
10-25 pai, ¥i=20} mil Teflon® FEP film may be
sealnd The heavisr ganges will mmally require
equipment modification,

The seal aroa will be the width of the Nichrome
ribbons and, us with the hot bar sealer, will be
limited to & stright scal, Thinming oot st the edge
of the seal will cocur due to the thickness of the
Nictuome ribbons and the molten state of the eatire
thicknass of flm when at the sea]

Beecanse the Nichroms ribbons heat for only
a short period of time, by allowing the seal to
remadn in the jaove for several moords afier the
impalse, the seal will be cooled below ity maxitrm
dinonicn teryperatnre before being removed. Soma
becanse the seal arca in oot eatirely isclated from the
remaindar of the film,

Shaped Seasl

Corved or irregniar sealing that are
not possible with hot bar or i :l:fnqnp-
ment may be muds by teing » shape
siich as 1 ring. However, special sealem for irregular
mummdamdmm{m
und prafenbly capahis of higher temperitarsa to

*Yorwed Coep., Brockiyn, NY
**Ragintend trademark of Deivor Haerls Company, Hvison, NJ

allow » rexsomably short seal cycle (considering the
heat transfer time of the film and any slip sheat that
may be nsed).

Care should be taken to ensuce that the metal shape

in not warped at the elevated sealing temperatures.
Machining at these temperatures nysally cocects
this and allows for an cven prossure and heating
distribution,

In onder to localize hent 4o the seal area only, cooled
metal or nemmein] may be pliced in contact
with the film sres not being sealed. An insalation
barrier should be placed batween the heated and
cooled shupes.

Sufficient comact time to allow the film Interfaces
to reach fuslon will depend upon the
film thicknesses to be sealed and the of
the sealing mechaniom, Heated metal shapes oary be
used on sither ons or both aidas, both sides givitg a
Enster hoat iranefer tinee and thus & shorter cycle,
Aﬁmﬂcymm:hu need to heat, by

Induction techniques, n complex metal shape that
canoot ba heated by the nee of conventional resis-
tance type hester olements,

Hot Alr Sealing

A hot alr soarce may be nsed 28 2 best mpply to aeql
Tellon® FEP film. For relativaly thick films (greater
than 20 wil}, & bot air strewm muy be directad xx the
itterfaces of the fiim o be sealed while applying
nnnimal poessure so provide intimate contact of
those susfaces. This method ides hext only to
ihs rurfaces to be seaisd and keeps the major portion
of the fllm below distertion temperature.

Sustration A.  Hot Alr Besllng of Thiek Rime

HEOT AR
BOURCE

| /

] -

For thivmer filma where heat teanafer ime iv soffi-
ciently short, hot sir may be applied to the outer
surface of the film hesting through the cuter film
layer to the interfeces and giving o fosion seal If
such a method i used, s metal guide should be

TI-NHTSA 017748




| cmvloed oloep e bt o e et oy ners G Supply ot Premare Roglaartc.
res, ™ area the bip of the i
not cxposed, A metal guide of complex shape will sooi, e waetp
Eive A contour seal area, . p ration
Elunmgumhn Mlnlrflnu.
Niustretion B.  Hot Alr Sesling of Thin Fims " : wl
abnutlmhymdﬂ:ajnim.lhnuldhnhmud

immedintely prior to welding with a smitable
solvent Do not wie sotp or detergents.
HOT A Befoﬂmgufﬂlrmhlﬁcedpuumnﬁalm
S0URCE chtain a satisfactory weld,
pmnmh-hulklhnmudhr Nﬂu
SLOTTED Usst thees bevel snglo guidabines for FEP
METAL BAR theet:
T i — Butt Jeintx (single or double) s0°
HOT AR — Comemn &0

-~ Fillata 45°
— Lape Not required
* Ths muit be it alignment during
E% ﬂTﬁy wei or tack welding
with s maximatn root gap of Y% in.
Walding

This information is for experienced oporston withs, 2} Prolsel stating edge of joiot material gnd rod

knowledge of thermoplastic wekfing techninnes ad unytil btk sppewr shinry sod booome slightly

n general awarences of available welding tools and tacicy, Hold welding tip about ¥4 in from weld

Rl pment, jointirod intersaciion.

Publications sbout welding and fabricating thermo- 3} Cut the 2ad of the welding rod at 1 45° angle,

plastic materials may serve wa an additional hokd it at.a 90° angle o the joimt, ad move it up

Teacmre, o xnd down slightly in the heat nntil it sticks wo
the base matorlal. During continnoas welding, &

Safety alight uniform motion of the tonch betwnen the

Teflon® FEP fluorocarbon resin may undecgo soime sheet wd rod is required (the standaxd Penda-

ition at welding tempemmres. Adequate lum Teclmique used by the Indusiry),

ventilation most be peovided with point-of-wock 4} Holding the rod ot 2 45° angle with the base
exhant hoods prefeered., Individual freeh wir masks maberial, ppply downwitrd presstae on the rod
may be nocestary in some voavoldable enclossd of about 3 Ik foroo, Avold mosion stretclting of
FpaCEs, the rod. Seo skoich below,

Prarther detsils regaoding safety of Teflon® FEP resin
e confaiaed it belltin, H48633, *Ghide to the
from DuPont.

Matarials and Equipmant

Welding Reda shonld be extruded virgin Teflon®

FEP plastic, normally roand, solid, and free of voids

gﬁ:ﬂmm&khuﬂluﬁmum
in,

Hoated Walding Gun with at least
T50-W heating slament capable of producing e sir
temperature of at least 427°C (B00°F) when mea-
sared st a distynca of ¥ in from the invsllad tip.

TILNHTSA 017746
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%} Coniinue welding u & stesdy md wnifoom rate
of abont %2 infmin.

6} Temperature, welding spaed, rod pressre,
and gus flow may be adjused w vary from the
indicated valoes as more akill and proficiency
is achueved throngh experiencs.

Transparent Butt Seal

It has beeq demonatrated that an optically clear
Tzt meal is possiblas by profiie heating and cooling
tackmiques (see Dincration C). By select valy
beating and cooling a continnons metal smface i
coatact with the butt coda of Teflon® FEP flworo-
carbon flm, the film will flow and fase to el w
give an optically clcar scal, Heating the center
poction of the metal wheee it i in contact with the
bastt encds and kseping the majority of the film on
aither side of the heated srea cool restricts the
thinming out and distoetion of the film

Blustration C. Trenspsrent Butt Seal

Other Mathods of Seailng

induction Banling
FEP flm can be heat scaled by indoction heating of
meinl or metel oxides at the bond interface,

Wilh induction heat matal or metal oxide
hmmgp.wm.nmnm-
cquipment, The magnetic field passen Grough the
films and goncrages heat st the bond Inteeface, Thi
eliminates the need for beat tranefer through the
thickness of tw Glm,

Variables affecting the sealing rate ar: the type of
matal used, its mass, and distance from the induc-
best hecause of their insense hysteresis logs. Non-
magnetic metals like slominom, copper, wntatug,
and nicke] have been indnction heated, bat higher
power input and longer dwell fime is required.
Blends or slectromagustic ety sbsorbing materi-
als and n thertmoplastic of the same composition as
the materals o be bonded mre commercially avaijl-
able in tape Form or injection molded shapes.

The taps ar shupe is placed between the scctions to
hmd@h?)mdmmdnﬂym
Coil deslgns provide dis intense sagnetls fiold
peeded. The notos] weld iz Teflon® FEP. If 5 low
meial coatent iy used, yom can still obinin o tros
malt bond batreen the two FEP surfaces. This is

extremely important for chemical applications.

Figare 7. Lap Wald 3pecinmen

“TEFLON' FEP SEALING MATERIAL

o Pl

"TEFLOW" FEP
Hemt Sauling Faramiten
Imdaction Impaise
Max. Aim Thickness | .500 In or more {020 In
Sealing Cyole 7 vao—80-mll # sag—20-mil
App HranCE No démtorion | Soma distortion
and thinmng*
PraEsura Heml 2040 ped

yarrod two-rep impules Eyehem glves srn0oth wanl.




UHhirasonic 3saling

Teflon* FEP flnorocarbon film may Be nltrasoni-
cally scaked, Evaluation of any applicaticn for
witrasonic assambly Tust start with analysis of the
part size, shape, and strocture w0 determine ease of
matching the ultmsomc tooling for efficient transfer
of the sonic vibration withoot enerpy loases.
Mastersonica* is ope manufacturer of cquipment
that haz been effective in ultrasonionlly sealing
Teflon® FEP films.

Haat Bonding

Tefion® FEP Fluorocarbon Flim to
Various Substrates
Tefkm® FEP fluorocarbon film iv melt processible.
Thevefore, it can be bheat bondled % many sobstrates
(u.l.mnh glass cloth, and other
m}mm;m In this way, the
of Teflon® FEF Blm the
fonctionality of the substrase, The substrate material
often adds atrength and rigidity to the FEP film.

Laminates cun be produced in a platen press or oa
continoous lanineting equipment. The genecal-
parpoase Type A film or the cementable Type C fllm
may be need. Bonding is accomplished above the
melfing poimt of FEP (approximately 271°C
[S20°F]).

Goad bonding to any sl A
mxface contact between the substrete and the FEP
film_  The molien FEF must flow into the sobsinite’s
surface. The subatrate rnust be free from sorface
contaminamts.

Surface Treatmant of Matals

Teflon® FHP i1 quite viscous in the melt, which can
impeds intimate sorface contact with the aghatrais,
Methads of overcoming this are: mixing the tem-
persture of the melkt t0 redoce visoosity or increasing
Lamiénating pressore w0 improve flow. However, the
n:ﬁmnmdiﬂmdnmnﬂmhﬂ:hmpﬂy
influence bondng snd dictate termperstore and
prearnre condilions. Sandblasting, chomical etching,
or rough increasas the effactive murface
area and “cpens up” the rrface. On & microseopic

scale, a metal's surfice is like & mountain range.
Mmﬁummmmmmeﬂm
distance between peaks ar widen the valleys. Thus
the surface is “open™ to the viecons flow of the
wolten FEP, facilitating intimate coatact, The
mﬂudmfaum:huuimmhmd:mth.

These techniques usuadly remove boose oxides,
which, although they may bond to the FEP, bave
por bond strength o the metal itself. Many manlk
it iz wise to dagreass the matal surface with sol-
vents Cﬂ‘hnmﬂnh{mpparhpmmhr}m
form oxcides af the temperstores recommendrd for
bonding. The use of wurface-trested coppet is
reccmmwended.

Some mstovialy, such as aickel, yold, snd aluminem,
do mot sirong bonds to Type A FEP film at
tempecateres under 316°C (600°F). However,
TmCFEFEhdulmFudMnm
temperstare range. Indead, » faw materials will not
bond at all to Type A film, but boad well to the
Type C surface. It is also poasibie to hond Type £
fitm w0 some materials the mek range of FEP.

Typical plawen presy conditions nd mbsoraie
trewtments are given in Table 1.

Teflon® FEP Fluorocarbon
Disparsion Priming of Motals
Matcials such as stainleas steel or very thin foils -
mynutmpnnduﬂhbphyunlnrnhmnd
etching. Excellant boods can be obtained by
piming such mzfaces with a thin coating of a
fosed Teflon® FEP flacrocarbon dispemion. When
recommended:

1. Spnjumhdnmldmnflmmdm
TFE Primer—#850Hline and 30% FEP Disper-

riam #1207 on the clean ntal serface,

Foee the costing in & forced draft oven wt 371°C

{T00°F) for 510 min dependling npon the mass
of metal involved.

Lamtinate Teflon® FEP fluorocarban film to the
peimed wirfece st 288°C (550°F).

Ll
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Table 1

Typical Pluten Press Conditions

. imerlsos - Dwall
Tampersturs, Pressurs, T, Subetreta Burfaes
Bubstrate - ) [ ] min Preparation and Trastrment
Alumimemn 282 {540 10 | _MNone, i Type © film it ussd
264 (560 108 [ Parkar Barderie 700 zaries*
Cagpec 262 B40) 100 35  Varouy meatments
Stoel 293304 {S80-520) 100-300 B Sandblast and degraase, phoaphatizad®
Stalniass stesl 360 (980 300 B Noms
203 {580} 00 B Dizpersion primar of Teflon®-—sea
pamgraph sbova
Teflon® TFE 343 (860) 100 B Nons
Nickal 202 {540} 100 3 Nona, it Type C film Is used
Nickel
Cerarmics 293 {580 k[ 1] B Dispersion primar of Tellon®
Nichrome
Momax® nylon 282 (540} o . Lipa C fim
Ayian paper Pm-dtr":rpr:mu' (et 1217 [260°F]. 30 min}
Qlase 206 (5851 10 1 1+) Sharm coupding agemi**
Kapoor® pobyimicie film 287 (040} 100 [ None, if Typa CAIm n used

*Traating and phosphating chamicaly &rd gvailihle from Oy Mstll Induiiriss, 222 Bsin 8. Monsnc, M1 20068
*vSllane caupliog agents ace svallsble from Linlon Carblds Gorparstion snd Dow Caming.

Fiaten Press Laminating

Hot platen praas is the most common
mmm-mmm
flm bu&n-mmuh There are n f=w Iondamentsl

* Good platen seaperature control and distribution
{15.5°C [+10°F] across the minating area).
* Even pressure dsribution acrom the laminating
area. Uso a pressore pad {wee Figure 5).
+ Compenasting predsure coutral. {The selected
Fumlhunldhl-inulnadmd-

losx of expansion or contraction of the masrial
being lantinated.)

» Use the minimwin tempeestun, times, aod pressme
comtibintation that prodoce desired resulis.
* Cool lnminste to at least 204°C (d00*F) before
r=lemsing presstre, Thin may be done by quickly
taanfercing laminate so a cold presa or guenching
it in cold water.

Mpure §. Muten Pross Laminniing

N ——

2350 mi] thiok Back-up Fiste
ol Chrome-

Plidad Boil or Bries

Frlemms Bhaat of Kaplon®

Teflon® FEF Film
Sabacra
Ryloay Jhest

Back-up Plate

Praewy Pad of
hhﬂulmlﬂwl'

S4valnbin from the Imemitions Steal Wos Corp,

NHTSA 017749



Teflc »® FEP Fiuorocarbaon Flim as
an Auhasivse
Tefion*-FEP flnorocarbon Gim is thougie of naeally
a8 & releass or antistick material. It is thought of
occasionally as an ineet thermoplastic from which
vanious pants and shapea of pure Teflon® can be
formed. Rarcly is it thoaght of &5 an sdbesive—yet
its performance in all three of these areaa iv equally
. It may be surprising o kmow that, when

Fow adhesives can makch the broad capabilivies of
e i g pparoirs e posee S
cals and high temperatures meakey
stracteres ruitabls for service in where
ovdu\n:m“mlrnmh s 1o the taek,
Teflon® film is a flexible adhesive that
lnminated nroctures 0 be post-formed. 1 is the ideal
sdhesive for Teflon® TFE and produces srong
bonds betwsen two surfaces of PTFR or between
PTFE and other subsizates that can withstand
temperatures grester than 332°C (630°F) (above the
PTFE melt wemperatore), Becanse it is available in
film form, on a roll, and in & tange of thicknesses
from %190 miL Teflon® fim is more convenient in

Adhesive Laminating
Teflon® FEP fluceocarbon film axtends the DuPomt

famlyufﬁhn:mtnnappﬂnﬂmrqnlﬂum
temperatnre Pesistance,
meﬁnmtdheﬁm.ndmmmhmm
anack. Tefion® FEP film, Type C, had » specially
reated purince that permits 1t to be o) with
convmtional ndbiewives. Type A film [s not as
modified, and most adhesives will not adhere to it
However, the Type A film surface may be chemi -
cally etched w0 promote adhesion.

Teflon® FEP film, Type C oc ctcbed, can be lami-
nated o many heat-sennitive subateates (slastomen,
ﬁbﬁu,mod.pluhu and papers) nsing conven-
lmmﬁngeqdpmm.h:qnlnahlpumu
fabricatad using adbesive laminstions of
FEP flilm and post-forming techniques.
Many materiale, by virtue of sheir ndhosive charac-
ter, may be combined with Teflon® FEP film by
casting or molding directly to the etohed surface.
Included it this category ke MOt SpoXyY com-
pounds, elasiomers, urethans fosm, uncared robler,
and soine viny] pinstiscle,

In most cases, the hond may be enhanced by &
pretresament of the qubstrate, wthough in the case
of fateics, wood, and other porous materials, this is
urmecessary. The specific type of geatment requived
varicy with the substratz nyed: thu, while mewls
oy be treated with chemical etches or sndblasting.
certain plastics may require only » solvent wash w0
remove yurface contamination or plasticizes,

As mentioned sbove, Taflon® FEP fluorocarbon
flm, Type C, manufactured by DaPont is modified
with a proprieiary surface treatmeent that allows it 1
be bonded osing moss conitmercinl adhagives, Pro-
longed expostire of thie specially treated surface 1o
vlraviolet esdiation, malsture, o elevated tempens-
ture will advecsely affect comentability of the filn,

Cementahility tests have been curried cot on un-
opeoed wrchive sumple rolls of teated filma, The
renubis of these tosts suggest that the adverse effect
on comantability can be minimized by keeping the
£lm in ite original peckage or otherwise effectively

the film firemn nitmviolst light. For best
restilts, it is advisable to oury out cementability
tests on files prior © its use,

Laminating technlque varles with the substrate and
adhesive aystem Most adhesive suppliar
sre familiar with the condition when
booding Teflon® film to various sabetrates and will
it in ruggested that
ﬂufoﬂnmhfm-hmhuupphedinﬂwhmﬂ
inqulry:
Prooesa Limitations
« Maximtm laorinsting tsmperature available.
v Mazimoom lamiosting pressore,
» Maxionm time, heat, and preasare that can
ba sppliad 1o the Laminae: (drying tarmal, roll
ntornje).
« Spead of laminator (if continnous process),
v m“.u—m'gm'm
are prefored.
* "Typo of mbatrata,
. Tfpeuflﬁ@_ﬁa;.iw:ppliuu(ummu,gﬂwn,

TI-NHTSA 017780




End-use Conditians

& Maximnm continucus 08¢ (SHHECATITE,

» Maximnm intecmittent tempemture.

* Degrea of flexibility or formability needed.

* Boud strength needed {peel ar shear).

* Type of stmosphers (chemical, homidiry,
ouldaor),

Matallizing
Taflon® FEP flnomcarbon film makes sn excelleat

« Negligibls meisture content

* Absence of additives and oligomen to cunigss
under vacuiii and processing temperatnyes

* Inert 1o chemical reaction while in the metallizer

= Uniform film web thicimess

+ Good dimensional stubility (low sheinkaga)

* Resinance 0 degradation at metallizer tempors-
e and presmice

Aj in the casr for lamimating, the film marface may

Bbave to ba treased (Type C or sodiem etchad) to

mmwlﬁmmﬁmo{h

mﬂﬂmmrhmmﬂindfnr

depending upon the specific

mulnddnpummmmcom alnmi-

mum, milver, gold, end semne metellic oxides have

been applied i Teflon® FEP fllm tdwouagh vacuum

metallization.

Thermoforming of Teflon® FEP
Fluorocarbon Film

introduction
Teflon® FEP flnorocarbon film is & tve thermophss-
tic matcrial that is readily formable in sither vacwum
or preysure-fotimng Becanss it ia
availablo in thicknesses of Y4190 mil, Teflan® FEF
film caty be used in @ wide variaty of spplications
from surfacing to completely self-sepported stroc-
tares, Its formability combined with its celease
make Teflon® FEP film ideal for nse in
variou &ntistick and comosion-reaistmt surfacing
applicationm,

Cementable film (trested or etched) omy be

adverzely affected by thermoforming due ta large
area increanca (streiched) and prolonged heat.

Vacaum Forming
Struight vacuum forming is adequatc
applications using '4-, 1-, hmﬂi-mdﬁhu It can
ahnbeu:lfnrﬂmhrﬁlmwhlnth:mnﬂ:uﬂ
too inicate, Modified vacuum fooming tecimiques
wuch as drape forming, mes of a heaied plag aseist,
and mapbeck forming ame . The
ﬂmadupudlnpunﬂuchlmdﬂﬁlmﬁnm

the heatera and the complexity of the shape to be
formed. As shown in Table 2, using & beater located
4 in above the film, & 10-sec heating time ia opti-
mam for fornving 5-mil Glm ine Tmx 12 mx2in
female mold.

A radisnt heater having & watt Jonsity of at leant
3.5 KWit! is requoired o0 heat the film w0 the tem-
peratnre whore it can be formed, Mest conmmercial
equipment is suppliad with heeting elements of
1.7-Z.5 kWA,

Molds for vacoum forming 10~ and 26-mit Teflon®
FEP film should be bemied to 93-145°C (200~

for meowt

Tabie 2
Optimum Conditions for Vacuum Forming

Hamt

o’

1 18
1 3.7 B
2 3.7 10
]
1

i arich
Only with rasted haatar

a7 12
D a7

20 Thick portion at point of

Initie! contact with mold

Note: Tha mobd ussd for thie firet set of data [ 8 wertical
cylinder 1% In hiph and 3 In dismater, k reprassnts a
200% araa Inoraess.

Fiim Haat
Oeugs, T,
il iﬂm 200 Reminrice

2 3.7 a
B 3.7 i)
10 ar —_
20 a7 —_

;:"-dhln fnanud placs
roughout e range.
Hanied mald macesgary.

Mote: Thismpld ls n pln-lhlpudulmrrinuwln x2in K
FRQMESSILE AN Ared Inareass of




Prassurs Formiln.

Pressure fonming involves beating the clamped
film with a contact platen moanted ovey the mold,
then evaciating the mold cavity and simuitaneously
applying it pressmee of 20-100 pei or groster to the
upper side of the film.

Good conformity mnd detsil arc achieved with

1- to 20-mil Teflon® FEP fluoroeatbon film in nach
pressure forming equipment, Optitum placn
texnperatures cange from 245°C (475°F) for 1-mil
film to 254°C (490°F) for 5-, 10-, and 20-mdl films,
Above 257°C (495°F) the film wnds ko stick to the
heater platan. At thege , [ressure
requirements vary from 60-120 psi depending upon
the thickness of the film.

Mokds heatod to 93-177°C Q200-350°F)} are re-
quired for presyure forming 10 and 20-mil Teflon®
FEF film, With 1-, 2-, and S-oi] films, the vse of
heased molds widens the forming tempersture range
from +2.7 to 5.5°C (5 1o 10°F),

Ax shown in Table 3, s beating time of 10 sec is
adeaqaate for 1- o 20-mil film, althoagh shortec
bearing time can be nsad with ihinner filme. The
dwell time after forming in not critical, provided i Ls
long enough to cool the film 5o thet i can be
removed from the mold without dimartion.

Toble 3
Optimum Conditlone for Pressurs Forming

Mm Haxt | Dwall

Gauge, Tnn% Tims, | Tima. | Préssurs,

mil | A | M0 pol  [Aemwrke
1 248 476) 10 [] a0

2 242 (4€5)] 10 ] 80

5 204 (490)| 10 [ a0

10 254 {480 10 7 80 | Holas
0 [254i00) W [ 8 100

Note: The mold for the flest wet of date is & group of rine 3-n
IGUSCE pouthid, 1 in deep. K rapressnis an irng
inoraase of abaut 130% In sach pouth. This rold haa

7o heating,
Rim Hest Mold | Haet [Dwwell
Oeuge, | Temp, | Temp,, | Time, [Tima, | Pressurs,
mil CiF | "CI'Fl | wec | wat pal
B 254 {480} 1121 A%0)| 10 -] 1]
10 284 (4900 {121 (2600 10 & ao
b ] 254 (490 1149 (300} 10 f 1

Nols: The nesd for & hestad mold In prenvard oy tha vas of a
clisk shapdd mold 4% In diameiar anc 1 in deep hexted
WALH SCrAD hBatar. AR it riodh & 8T

Summary of Important Points
Tharmolormable?
Yes—Tafloo® FEP is 2 true theemoplaatic material
that is readily formable,
PFroblems?
e s Bt
maost of the
thoe sufficlent hent is not availuble (or If #t's
avaliable, it’s not made available long enough) to
bring the fikm np to forming temperstore.

What doen it take?
bt takes 3-3.5 KW/ watt deneity of radiant het.

Teflon® FEP film is very tranaprent to infrared
encrgy and doasn”s readily sbwarh the energy from
tadiant heaters, Coramic beating elements have been

siiccegeful in ing Teflon® FEP Ajm
e sccquately heating

The estiperature of the heasers is sbove
S49°C (1200°F) just to effectively heut the flm to
2650-288°C (300~550°F).

What dosa the FEF flim do?

H thege is sufficient heat intonsity, the FEP fllm first
w:ﬂeqh&hwmﬁmmﬂq,imm-
exparmion, A relieving of strezses) and then tendsy
to preighten, out and finally free dovmward and
ot 1o a0y,
The FEP fiim wii gag considerably and becomie
erysial clear s the point when It should be
mmtuﬁlythﬂnﬂqhm
Minor wrinkles may occur st tha fimst part of (he
heating cycle, bot shoqld even themsalves out

g

One test of safficicat heat availability i that if

- boat in left ont the FEP film, it will contiome 4o aag

11

indefimitely until it breaks from thinning out o
souchen eomadhing beasath it

If it saga to » point and continned hesting doem™t
caue it 1o sag farther, heat intensity is marginal.

Daap Dravwe

In deep dawws, take advantage of the 1ag of the film,
Foe instance, if you are forming » dome or cylinder,
elther form into » femule mold or np over 2 male
makd, Forming doam aver a mak mold is more
difficult (but not impossibie) becanse you muet tum
the aap of the £ilm inside-ont

TINHTSA 017782




Datalled Draws

Yery good detail in the formed part is possible with
Teflon® FEP fluorocarson film. To do so, the FEP
fiim womet be priled tight againet the mold while sill

bot {crysta] clear).

Shrinkags

T the formed shapa it atripped from the mold whilk
Bot, wpon cooling some of the residoal strinknge
will be removed. Thas, it will have fess chance of
fining the mold again than if it was completely
cooled while on the mold,

Waebbing

‘Wabbing cen take place as the film is formed. It is

wloed to mokd dewign and caused by oxcoss mae-

tial not having a piace to go; so it folds over on

itself. This ia most common with male molds in

docp dows,

By placing  ring around the mold or small shapes

at the points of webbing to taks op the excess film,
i oun generally be kopt from occunring

in the formed shape,

Maold Materiale

Metals, Teflon® TFE, and are tha most fre-

qmactly nzed maold » Flaater, wood, and

Jower (emperstare plastics may be nsed for sayeml

formad parts, if they are musked from the heating

cycls, bat may char nnder continned uss.

Notes on Thermoforming
A in s mwiding operstion, sfier cooling
Rmpechitire, ere will be shwinkage of te formed
plece. The amount of the shrinkape will depend
upon its semperatore at the time of frrming. A
shrinkage

o oo

allowance must be bailt into te makd,
In the case of Teflon® FEP flim, the sllowance will
be 6-B% depending on sxpectsd temperateros of
the film,
There will also be veriabie streases in the plece due
to the slongation of the film doring the farming
operation. These wre not wenally appareat until an

nnrestrained picce is exposed (0 im slavared tem-
petature, ¢t which time stress relizving may distort
the piece. Thia clongation streas e vary in amount
in different ssctions of & formad piece and can akso
mﬂﬁﬁﬂhﬂﬂuuﬂmlﬂmmﬂ.
The film Siresis will
also have an effect. They can be “normalized” by
using presnuze-forming technigques at n temperatore
above that to which the mestrained piecs will be
exposed.

E:mwtmn:nfﬁlm.uﬁmumhpuiuuf
m
:fmu.hmutmu width of deaw. A cadins
on the edgm of the mold will help the film sesom-
modats itvelf i the dew by making it sasier o
“flow" over & comer. Thickness of odginal film, its
temperature, and rate of draw are also impaoetant.

An Insulmior swch sn TFE, glam, or wood (v, 2
eonductor sach s metal) mey offer some advan-
h;ulnm’fmm Many tinees & metal
dimortion in it, while
TFE or wood will give less Simortion w the part.

Mold Daslgn
K the forrned part han stenight sides, try to design the
mold so the formed part may be easily removed.

Forming into a fertale mold may offor sdvantages
in remaoval v. the tight £it of a formad shispe over
a male mold withoit tapivid mdia,

Vaouum Holes '

Vacuum holes shonkd be we soaall s poactical:

Yo in muximnm, ¥ in prefersbie.

Mol design mxy allow vacunm to be dovem
through slita, & prefersble mathed for ghining detuil.
Vacoom holes should be locatad at strategic spots to
pall the film in afl crevices, Not every low spot or
erevice most have & vacoum hole, but a mfficient

number shonld be locxied o prevant any bridging
of the film between high aremw of the mold,

TI-NHTSA 017753



Most Commonily Used Forming Techniguss

STRAIGHT VACULM FORMING VACUUM FORMING WITH
FEMALE MOLD PLUG ASSIST
Heater Shesot Heated Snem
ﬁcmmp sh“t
Female
moid
Work
table mbla
Vacuum ‘.’a:uum
DRAPE VACUUM FORMING MATCHED MOLD FORMING

MALE MOLD
Healer Clamp
w ,Plastic sheet *
Male form
i&Eﬂ Trapped air varlts e erer—reear—

Viacuum

TI-NHTSA 017754

13



Lews Frequantly Used Technigues

, r
PRESSURE FORMING w PLUG ASSIST
FEMALE MOLD VACUUM SNAP-BACK FORMING
l Pressure Heated shee
forming air Vacuum
Seal R _
Mold
cavity
Yacuum  Vacuum bax
AIR-SLIP FORMING PRESSURE FORMING - FEMALE MOLD
Blow platu Hot piate Air on
Clamp  Healer Sheet
Air antering Vacuum appliad vec. o priare
B8LOWBACK FORMING WITH PRESSURE  Air
Glamp ﬂ @ -
Moid Force
TI-NHTYSA 017786
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United States

Fax: 905-821-5230

Latin Amarica
Argenting

DuPont Argeating

A, Mitre y Calle 3

CP L8R4, Bevayatogni, Arpentine
FPein de Busnos Aines
54-1-236- 2435

Fax: 54-1-319-4451

Braell
DuPont do Brail

Al Espacurn, 304
06:454-080, i

Barner, Sao Paalo
35.11-421-B489
Fax: 15-11-421-B586

Maxico

DuPont 5.4 de C.V.
Ronssro 206

Cal. Chapulingec Morales
Mandco, DF, 11570
SI5-T2L1 104

Fax: AM.712-1370

Veneraeia

DuPont Vienuzusia

Edificio "Los Fruiles™

Calls In Guarits

Urbanization Chvso

CP 1060, Caracss, Venwzuala
$8-2.02.R547

Fax: 58-1-91-5538

Europe
DuPont de Nemours

(Luxembomy}) 8.4,
Costeny

L2984 Luxecibxrrg

Cieand Duchy of Laxetvhoury
35236565571

Fax: 352-3666-2000

Asle Pacific

Japun .

DuFont Ksboshiki Katyla
Arco Tower

A-1, Shimcomeguro 1-chome
Magaro-ku, Tokyo 152

Tapan

B1-33434-5109

Fax: B1-3-3434-6193
ASEAN

DuPoit PTE Led
L Miaritimn

#0701 World Trade Ceatrs

f )

DuPont South Asin L.

503-508, Madbuvn f.-
Bendes Kurla Commecial Complex h
Banérs (E)

Bombay 400 05t

Indin

91-22-6418255/0438256
Faaz 91 22-54 18237

Karax

DulFont Korea Lod

4/5th Floay, Asje Tower

#7256, Yecksam-dong, Esagnam-ku
Sean] 135083, Korea
$1-2-222-7398

Fax: 82-2.222.547%

Teiwan

DnPont Taiwas Lid.

7, Tew-Chlang 1a Road
Choagli, Taoyumn

“Tht imfonussilon et Forth bvwwiloy i et oy duf Bk vond] 4 buo roltiakie, nal o DuPosl Cassperyy sl 30 warrent b saxyess ovioptied s 1o e socercy
i etk Py By aeriniveg out ol i i oy ctbien. Thint palstiotl om tr st 10 b Eale ax 5 Hommes 10 operait teder, or meessesdation o afkings,

xy paswai.
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DuPont Polymers
KAPDO2 Reviesd 14-FEB-1904 Printed 7-MAY-1005

"KAPTON" POLYIMIDE FILM, FLUOROCARBON-COATED
(EXCLUDING: T102-FILLED TYPES)

CHEMICAL PRODUCT /COMPANY IDENTIFICATION

Saterial Identification
Kapton im o registered trademark of DuPont.

Corporata HSD8 Numbar DUODE4 14

Tradenases and lynnnyll
“KAPTON" F, FN

"KAPTON" HRN
KAFTON" HRANS18ES
KAPTON" XP
KAPTON" ZN
KAPTON" 1100FCOB1-B
Company Identification
mﬁmnznmzmn:nm

DuPont

"Kapton®/"Teflon" Customer Sarvice

P.0. Box 89
Ciroleville, OH 43113

PHOME NUUBERS
Froduct Information 1-800-237-4387
Transport Emergency 1-800-424-3300
Madical Emergency 1-800-441-3837

COMPOSITION /DIFORMATION ON INGREDIENTS

onsnts
Meterisl GAS Nusber %
INERT POLYIMIDE FILM 100

Coated or leminated with:
POLYFLUOROCARBON 28087-11-2

(Caninusc)

Printed an Racysied Pager TI-NHTSA 017757
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RAZARDS IDENTIFICATION Contruea)

compoungda can cause Severs sye, sSkin and respiratory tract
irritation. Inhalation can cause shortness of breath and
othar respiratory effects and symptons nay be delayed.

Carcisopanicity Inforuation
Nons of the Ccomponants prasent in this material at concantrationa
equal to or greatsr than 0.1% sre listed by IARC, NTP, OSHA or ACQIH
as a carcinogen. :

First Aid
INHALATION

If expossd to fumas from overheating or combustion, mova to frash
air. Consult & physician if symptons persist.

SKIN CONTACT

Wash with scap and water after handling. If skin irritation
develops, consult a physioian,

EYE CONTACT

Flush eyea with plenty of water. Consult a physician if synptomsa
phrsist.

INGESTION
Not & probable routs of exposure for filws.

Flamabls Propertiss
Mot a fire or explosion hazard.

Tha flammahilit{ charatteristic of polyiside film is
raported a3 "solf-oxtinguishing".

"Kapton" chara but dosm not burn in air. Coated types of
"Kapton" will byrn in an atmoaphare of 956% oxygen whan an
ignition source ig presant. Combustion products include
carbon monoxide, h{drnunn {fluoride, carponyl fluoride and
possibly perfluorolscbutylena,

The progesaing of “Kapion® palyinide filna can causs the
gensration of static charge. Precautions for static charges
should also bs taken when removing plastic filme used as
protective packaging for "Kapton',

(ConEmed)

Puge 3 TI-NHTSA 017789




EXPOSURE CONTROLS /PERSONAL PROTECTION Cominus)

Exposurs Quidelines
licafila oaure Limits

LYFLUQ BON
PEL ﬂﬂHAa Nene Established
TLY ACBIH) None Establishad
AEL * (Dufgnt) 10 mg/m3, 8 Hr. TWA, total dust
5 mg/md, 8 Hr. TWA, raespirable dust
DINETHYL ACETAMIDE (realdual in filng
PEL O8HA 10 ppu, 35 ng/n3, & Hr. THA, 8kin
TLY AGAIM) . 10 ppm, 38 ng/md, 8 Hr. TWA, Ekin
!:ticl of Intended Changea [1895-1884)
AEL * (DuPont) 10 ppm, 8 & 12 Hr. TWA, Skin
POLYIMIDE POLYMER (a8 nuisance dust)
PEL D8HA) Nane Entablished
TLY gﬁnﬂlﬂl None Established
AEL * (DuPont)

10 m,fna. B Hr. TWA, total dust
5 mpgind, 8 Hr. TWA, resplrabls dust

* AEL is DuPont’'s Atbaptabls EXpesurs Limit. Whers FRESRtAlLY ispaEmd 88 tionel &xpadute
limite whioh are ].HII‘FEI'II.H tha AR are 1n sffect, such limits lglll taka wmmn.

Physical Data

elting Foint None
% Volatilas 1™ max
S8olubility in Watear Insoluble
Qdor NO odor

Form Traneparsnt film
Color Light ambsr
Specific Gravity >1.4

STARILITY AND REACTIVITY

Chemionl ltlbilit!
8table at nornal temperatures and storage conditions,

Fluarocarbon coatinge rsact with fingly divided wetial
powders and flworine and related compounds (e.g. chlorine
triflugride).

Decenposition

'ngton' flurocarbon coatings may dagrada at temperuturss

$?E g;u C producing hydrogen Tluoride and carbonyl
uoridae.

{ Conlinuad}

Page 5 TI-NHTSA 7764




The data in thia Material Safety Oata 8heot reletes only to the
specific material deaignated herein and does nat ralate to uge in
condination with any other material or in sny grocess,

Responsibility for MSDA "Kapton® Customer Service

Address DuPont
Circlevilile, OH
Telaphone §00- 207 - 4357
End of NSDS
Page7
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HRF C5C T 180087944581 GH73I0/98 12:59 ¥ :01/0 MG 254
508 - 236-3)3/

THXAS INSTRUMENT

uPont Grder No. FHNPIA21A DuPont Itew No. _N/A.
Cutemer Urder No. 500142114 Gouge & Type  _JOQMAL

Kapton® polyimida shipped on this order im rcertified to conform to
Dufrnt Qenersl Fpoocifications Bullatin GB-88+7. This material is
almn eartified to nest the raguiromentm of Military Specificetion

H1L-P-4BL1ZR(MR) .

Date ~—=U0-30-80

aDuPont regletwered tradanark
GG
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DuPont Clirelesville

Mr. Alan Armuim

Texps [nstruments [nc.

3 Fores Stremt, MS 12-27
Atibeboro. MA 0270309564

Novamber i1, 199
Dear Al
Thank you fr your contimed interest in Dupom prsducts. Enclossd are samples of 1. 2, 3 nod 5 il
Eapton* kat hrve besn stuminized oo cas side by Dunmoes Corparaicn Dupost doet nol provide
meinllization sorvices. However. 1 fuove enclosad a L of relexrals shbduld vou need production quantities

of ol lized Kapion* in the futare. Plense ke me informesy as you evalumis che eltecchveness of theas
sampkes in reducing the heliom permeability chrough Kapon® fllma.

Ifamy mher question aniee, plesce do not hesltate to give me a call.

Kxadigah Fladger
Somor Markeling Rep.

* Reginared Trademask of Dupont

<1 U0 O T A OO '@' Prmunon Recremd Mo
e
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Eapton® Metallizers

Agton Technalogies-fim Rusnock
Pittsan, PA
76542410

Courtanlds-Skip Cax
Martipgville, VA
H3-629-1711

Dunmere Corparmion-Terry Carmoll
Mewiown, PA
115968442

Maotalllzed Products-lel Seurges
Wincheser, MA
&17-129-8300

National Matalllzing-Iack Wilson

Cranherry, NJ
69-5 534004

Sheldshl-Terry Shepler
Marthficld, MN
507-663-8000

Sputhwall Technologies-Bob D Aquists
Fato Alta, CA
$13-962-9115
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High Performanca Films

DuPont FEP

fincrocarbop film

Types A, C, C-20, and L

introduction

This covers FEP floarcarhon filn
sald by DaPoat Films.

Film types incinded in this specification mest
moquirements of fnarocarbon film spocified by

ASTM D-3368 as follows;

ASTM D-1368

Typel FEP Type A

Type 1L, Greds | PEP Type C

Type II, Grade 2 PEP Type C-20

Type 1 FEF Type L

‘Where minimum of puaxineun tolerances are given,
only a smal] portion of the film. A majonity of the
film will have propertios falling within » range
amrerwir than that specified,

Camrent product ayailahility i1 shown in Table 1.
Manufacturing

Matsrial

Copolymsr of Toae and
hexaflaccopropylens in the of m film.
Color

The oolor of the film is sniform and ranges from
cleer 10 translvcent depending on the thickness.

Dafects
The materinl shall be wiform in appessanos and

Tellon® iy & ragisiaved radasark of Dol

Tz

Cores

Shall be of nufficient strongth o prevent callapeing
oo handling. Stres ) in (76.2 mm) or 6in (1524 mm)
1D, showld be specified on orders.

Ordar Yolaranoa

The tolecanos for nisder or ovexTan on
ordered ix 3105, poonds

Splices

Desoription

WﬁllﬂﬂﬂlﬂIHMlmunde
pressuro-sonzitdve tape. One frip s

lppkdhuduidaufd:uphnmdllﬂlhnﬂn

(50.8 mm) wide for 200 ganpe and shove and 1 in

(234 mm) wide for below 200 gange,

Fraguenoy

See Tahle 2.

Thiokneses and Coverege

The avarage thicknews {s detormined by measore-
Gt ek gt il et spocifoatioms a s o
anit meat an

Takle 3, Soction A. Tn sddition, no single polot will
fall ontside the mininien sad maximom thickness
» shovn in Talkde 3, Scction B, Poimt dickness i
datermined ot keast icn moanoments

ncroas the width of the filn in sccopdances with
ASTM D-374 Mothod A or C.

Widith

The maximom variation in flm width from thet
required on the acder varins with the and
width of film and in shewn in Table

TI-NHTSA 017788



General
Packaging
DaPopat FEP finorocarbon film & wound on 3-in

(76.2-tan) or 6-in (132.4-mm) cores and is
overwrapped The fllm is then

A Iabel coraining similar information is also

affixed to the oore for roll widthe 2% in (54 mm)
and sbove; for rolls less thast 244 in (%4 mm) wide,

the core label is in the package.

Assurance

Statistical samplimyg techniques are ysed to ensare
specified propertics in the following tables oo met.

Toble 1
Avallabiity of DuPont FEP Fuorooarbon Fim

Gauge
Typs |50 |108| 175 | 200 | 308 | 500 | 780 | 008 | 1800 |2000 | 2000 | 4508 |#000 | 7500 | w000 [12800 [1e000
A - ] - - - ] * - — - — — — —_— _— -— —
E . [ = - - — » — — — - — — — o —_
E,z.n e o | o - - » - — — — — —_ —_ —_— — — —
|__ — — ] — _— _— * — ] L] - ] * * L) - - »
*Avliabie

Noln: Epecifications apply 10 gaages arid type avalnbie s indicrted.

Tabls 2
Maximam Aliowabis Splices/ ol ;
Typox A, C, and C20 Typei L :
Put-Up Al In
0D in Gauge | 3x9a | 3xm
3-in Corem Hin Cores a0 3 3
Gayge 6 || 70 | 0n |4 | W | 1 1 = 3
] — — — -— 2 L) 7 2000 - 2
100 2 2 3 4 F] 3 Fl 3000 — .
200 1 1 2 3 1 2 3 800 — 2
200 1 1 2 3 1 2 3 2000 - 7
00 1 1 F 4 3 1 2 3 ¥ —
780 1 1 2 2 1 2 3 ﬁ — :
1000 — 11T : : 2 Nowe: Minkmum dista
2000 — ] = — L 1 2 the nn:rzl' [ mzm
arml oy miart of & st roll

ete: Minimum distancs batwean Spilaes or Bitwiin & aplice and tha wnd or
& ol rol sal not b lees than 100 Tt for S urnder 2000 gaugs wnd B0 & for

atart of

T-NHTSA 017769




Table7

Proparty Value, Type L
— Fm Gauge

Proparty !mhm1mmmm*lm1mm1m ]

Terala Strength, (2800 2600{2500 | 250¢ | 2500 [2800 2S00 12500 | 2500 | 2000 | ASTM D882 For £10 mil thicknesy.

pw, 26°C ASTM D-838 for > 10 mit thickness
2 infmin taxting spead.

mmt gsa | 250 { 250 | 280 | 260 | 280 (250 | 230 f 280 | 280 |Ssme w 2bove mathod,

ﬂmu&ﬁ, Averag s of five masturimants

Max, ot 200°C N room tam g Bamplad

MD 22 |22 |2 |22 || H]| W] 6] |befowed anth tast. Esch

D 2| 2| 22|22 04 12 |26| Dl | 5 |45 Jepecimen, d inx i intenty
suspandad i wy oven sontrolied
to 200°C £1°C. Expaaurs fime
0.3 hr.

Mailt Temperaims, 280-280 ASTM DA4IE {OTA).

Maiting Endotharm

Pank, °C

Damlty, gem?®,

FE s 213217 ASTM D-1586.

5 TINHTSA 017772



Tabia3

DuPont FEP Fluordtarhon Fim Thickneas Tolerancs

- A [ ] C
Neminal Avarags Thisloam Single

Nominsl  |Thiskness, Unit Puint Thickness*® | Arsa Faater, i
Geupe n Mom. | Min. | Max. [%Ver.| sEn. [ Max | Mom. | M | maax
Tyoa: A, G, snd C-20
5 oncos | 2728 | 2455| 30.01 | tro |o.00c3s fo.000es | 17897 (18270 | 15€.67
100 0.0010 | B458 | 49.10| 00.02 | £10 | 000070 1000130 | 89.49 | 8135 | 9943
178 00017 | 9648 | m303| 10003 | 110 |0.00130 |0.00220 [ 81.14 | 2800 | 6435
200 00020 | 10912 | 08.20| 12003 | z10 |0.00160 |000280 | 4474 | a0d7 | amy2
20 00030 | 15388 | v7x1| 18005 | 10 |o0.00220 [o00mrs | e | 2ra1 | M
50O 00080 | 21280 | 263.70| 29180 | 7 |o.00400 j0.00800 | 1790 | 1872 | 1925
TS0 00078 [ 40020 [ B80.85| 43784 | 7 |o.o0622 |oooErT [ 1193 | r.a8 | 1288
1000 00100 | 64580 [ Bo7.40| 58379 | 37 |owuss0 (001160 | B9s | eas | s
2000 00200 109120 } 1074.87 (116768 | 37 |0.01700 (002300 | 447 | 418 [ 489
Typs: L
500 00080 | 27280 245.52| 200.08{ +10 | 00040 | 0.0060 | 1790 | 1827 | 1000
1000 00010 | S4580[ 491.04| 800.98) +10 { 00083 | O011E | 235 | £13 | o84
1000 00018 | B1840| 730.58| 90024 210 | 028 | 00173 | 897 | 842 | em
2000 00200 | 105120 sez.o8| 120082 21 | 04t | 05230 [ 447 | 408 | LT
3000 00300 | 163850 1473.12| 1800.48| +10 oo2ss | oomas | 29 | 271 | am
4500 0.0400 | 245620 2209.88 | 270072| +10 | 00331 | 00518 ) 199 | 180 | 220
8000 00600 | 3273.00 | 2848.24| 2000.24| =10 | 00Bd0 | comea | 148 | 135 | 158
7500 00780 | 40azoo| seB2e| 450120 210 | 00838 | coess | 198 | 107 | 1m
BO00 0.0000 | 4Q10.40| 4415.38 | K401.44| #10 | o0810 | 00980 | 099 | 090 | 110
12800 0128 | se20.00 | 848000 | 718000 10 | G108 | 004 0¥2{ 088 | 078
15000 0.190  |10968.00 | G885.00 [10847.00| 210 | 0181 | A28 047 | 048 | 049

n-gmmwuﬂnn vt and higheat thickrbes MeScinge of B MeSSUrsMmvits across th film per AETM D374 Mathod A
ar )

Tokle 4
Rall Width Tolaranos, in

Wab Width, In
Omige 12-18H4 1-§ Over
50 and 100 118 1718 1116
200 through 400 /18 *1/16 +1/16
O Hwougl: 1500 +118 /32 +1/18
2000 £ V18 1718 +1/18
Crver 2000 +14 18 +18
Nota: Yarlsion In film width shall not sxcesd theae .
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Tabie §

Property Value, Typas A, G, C-20, and L
Mm Quuge
PFropariy B0 | 410 | 208 | 20| 500 | 7RG | 1003|1500 | 2008 Mathod
Distactric Strangth, 4000 | 4000 | 3800|3000 2500 | 2000| 1800} 1800 | 1400 | A of tan BAMptes testad
Yimil, AC n-mun'uammiunn
shepta In e placad bawean
"W In dlseninter briks sisctrodm
with Y in adge radius and
ubjected to 80 He AC voltapa
rina ag BOD Visec w0 the braak-
down voltags.
Ciglectri; Conytant 2.16 ASTM D=100. Aaeutt bs averaga
lat 25°C, 1000 Ha) of five bets uslng me Brursd
[ mumple thiciwesy.
Digs] n Fahor 0.0003 ASTM D-150, sama an sbhave,
far 25°C, 1600 Hx)
Max.
Valuma Aealativity, 1 %1017 ASTM D257,
ohmrom i 170%,
Min.
E:rh{:' H:.}ﬂ:?a'-c; 11008 ASTM D-157,
ohm
3% AH, Min.
Table 8
Proparty Value, Typas A, C. and C-20
Fim Gaugs
Proparty -] 100] 200 300 $00 | 754 | 1004 | 2000 Mathad
Tamila Strangth, 2000 | 2600| 2600¢ 25600 | 2600 | 2600 | 2500 | 2600 | ASTM D897 for £10 mil
pal, 26*C, Min, thicnese. ABTM 0-838 far »10 mdl
thicimasa. 2 n/min kting 1pesd.
E'Fnﬂmlﬂrﬂtﬁ. 175 | 200| 250 | 250 | 280 | 250 | 250 | 250 | Bara ss abave mathod.
n
Bhrinkage, %, | Average of flve maasuramanta on
Max. ot 200°C O0m tempatature shvpies befora
MD o | 5| 83| 2| &2 | 2 | £2 | 22 | snd after sachiast. Each mpatimen,
TD - ] | 2| 2| 22 2 | 32 | ik din ety suspanded in
N ovan cordroled 10 200°C +1°C.
Exposurs tima 0.5 Ir,
Camentablity (Typs C 170 | 00| 780} 800} 2000 1 2000 | 3000 | — [ Lles DuPont sdbvehee eat0
i onlyl, Min. pasl on Aldine #1200 aluminum shest
mrangth in gAn of width (0.018 in thickrees). Pesd Tost ot
180" pngle axt paal rate 12 Emin,
Msit Temparature, 250-300 ASTM D-3418 OTA).
Maiting Endotharm
Pk, "C _
Darlty, giem?, 29°C 213217 ASTM D-1508.
TENNTSA 017774
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Tabla 7

Property Value, Type L
- Mim Gaugs
Property Isoo heao 115e0[2000] 3000 |40 leoool 7800 ] s000 Method
Tamlls Stranglh, |2500| 2500 | 2500 | 2600 | 2600 m}wm 2500 | 2500 | 1500 [ASTM O-BA2 for £10 mil thivknass.
pul, 25 ASTM D53 for »160 mA thickness.
2 Infmin tameing spawd.
Elonpstion, %, | 250 ] 250 | 280 280 | 280 (230 | 250 | 280 | 250 |Same asabove mathad,
Min,
Shrinkage, %, Average of five massurgmgrnte
Max. st 200°C N IDOM (emparatung EAMpies
MD 22 ) 28 (122 | 22 | Bt | el [2d | 4| 2b | 25 | bedors end aftar sach test. Each
T 32 ) 43 [ 42 | 42 | kb | dd [d | ) 2K | #5 Jepacimen, & Inx dIn frgly
:n ﬂhé.mmm:muud
w Ly, )
0.5 hr.
Malt Temparmurs, H00-280 ASTM D-3418 DTA).
Muiting Endotherm
Pask, G
Da , glem?,
33;:' iy 2.13-2.17 ASTM D-1808,
5 TI-NHTSA 017772




34-1-256-2433
Fa: 5d-1-3 194451

Braii
AL Dapoc, 05
(65454-D80,

San Filo

35-11-421-8689
Pax: 55-11-421-8686

Mexice

DaoPoat S.A. da C.V.
Hotmaa 205

Col, Chaptiitopac Mouilos
Maxdco, D.F. 11510
2RTR-11R4

Pax: 325-122-1370

B1-3-3434-5199
Fax: B1-3-3434-6193

DuPont PTE Lid
#0701 Workl Trade Contre
s v

Faox: 63-279-3456

Hong Kong/Chixg

DuPont China Lid.

Eﬁl#;:ﬂ'ﬂdﬂﬂﬁumdg. (\
Sallsbury Rosd, Knwloon
Hong Kong

852-2734-3401
Pax: 892-2721-4117

Vit indenraadlows ool Erarth bnnrain da Dasmec] oo slinka haBarved b oy sollabla, bad v D Pow Clopagmety
and sasersen 0o Hebllity sciing out of Ha owe ey ot This pelificion L ot ia e bk me:a e i apenid wndee, or seossoossditben i inltisgn,

any puant

il 50 Wl Xt & eyl e 00 ibs BaCERtY

Coamtion Donci s inameSol spplications fovedving peruras ol s on i t eren mady, For ather madic sl applications, s Tic Pt Modosl

Cantion. Sneame, ™ H-W10-

il phisbine  Frinded in UA
aplassx H-Rhinx-1
[eanaa M - H-REEE-X

([

DuPont Films
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Test Properties of Kapton 500 PN 131 v.s. Kapton 500 PA 131:

PN Designates PFA laminated Kapton HN (Solvent Cast onto Healed Diram )
Cimlkeville, Ohin

PA Dezignatcs PRA laminated Kapton HA (Same Chomjatry, Solvent Cast oato Polished
Stainleas Steel Belt - Diffarent Curing Procoss)

Hxyport. Texas
Property Units 00 PN 131 X0 PA 131
Elongation %
MD 97 98
™ 100 . 108
Tegaile Strepgth  KPSI
MD 24.2 199
D 24.3 176
Thickness Mils 485 4.85
Disfectric
Strength Volta/Mil 3,763 3,529
Cald Peal Grama/Inch
side 1 average 534 381
side 2 average 454 381

e

Note: _
-mmmmwmmnﬁmmw ¢

- Typical FN Cold Peels: 250-350 Grams/Inch _
e o , TI-NHTSA 017774




Tabie 1 Typical Properties of ““Torslina” and Other Films

Tatls 1 companss Tha Mulkor proganies of TTomking” with cther fima,

Propwty Linka “ormlina™ Foiyimids Bm
TG, prOORS higlt Esruion, Soluwon,
b orimr—cr POM-Ormntalan
Daraiey . L T 142
Muaghanion™
Tarnils srangh i 028 wa
Livaie elongiliery ] anmo b i)
Torwlls mockius gmm? P 200000
Irii Naar-utrirvaah ] ] 7
Toaratrinn DIOCRENGN gmm N0 o
mpact g Igperminwn ‘m LS -
mm < a5 Nong [np mating)
Gl ENElon RGN < a8 F':'I
Thermal sparsion goeticent o L~ T F 1T
oLty it 'C LTS ETET
Long4an eirvios W LI TN
(opect] TCheruii ] 0 [t or k) XN (Tham Gr thiciee
Elsowioal {aperoved thickrmm < xn o g !ﬂman‘um
Fammabiity :
UL e -{aposcves! thie sl riewa WAl (ESam or Nk W (TEam O thickan
Mo sbmrplon ST a0s FE]
MyQroNSenio SECElier crulitun [ TT A B
Cranmical A0l
a Exmiant L 3T L
Orgeric st Sdart ulen
Eecrionl

Digecr - Wamm 0 s
Velune On Sa" o
Dighowic cormire -

1 iz 20 - = ) 18

1 e NG . 20 4
Ehasipaion iy ]

ot -

1 (e, NG ‘noots -

'W

TINHTSA 017778




Chapter 2

Physical and Thermai Properties

This chaipter dascribas same of ths basic chanmcterisdcs  crystallinity and ity aromatic stucture, Forron® PPS

of Fortron®
Fropartiea cecusssd e, AN SOwT In Tabia 1, are
dust 1 shont-teem testing. Lang-tenm tharmal propertes,
such s ime=tempensiure affacts both without kad (heat
IMM;HIM{MMLH-MHH

The redicier i Sncouraged to revisw sactions of thia
MBNUA hat desl with the thermai stabilty of Forsron®
PPS products, as wel an sactions that show how
dimentianal dcouracy depanda on theamal changes
Finuly, & general revisew of Chageer— 4 of Designing with
Figsvic: The Fundamenials (TDM-1) mary heip the
devigrar del with the tharmal sequineminta of an

Taie 1 Thavwml and physionl ssourian of Foren® peg

—"

% Mimersi
PFropary Uniin Gess Ghes UsBies
[ Fp——. 1 1.9 1
M St ot W U wm im
i L
Crymnlivaten
Tampuuire (Pumi) = fd
M v m w wer
Al Tampiratare < m o ue
T i T W e
Tharme Consumiviey o
axc (1] -
& urc aE ' e
. e am ==
o XWC ans am 0

e L T T T L Ty r—p
AT YOI M & S A A T
Do e T

m“-mmmmm
of beth umorphoos and regione. The orygiak
line regions of newmt 3 acoount for 80-05%

unm.mum&-m@;-d e mait emperiun.

PPS and it sharmal capapility. The thermal exhiaits @ high mait mperaturg of 205°C (345°F), The
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saan in Tabie 1. From e meit. ecrystalizaton aleo
ocours rapicly a1 213=220°C, amo 3aen in Tabis 1.

Giass Tranwition Temperature {Tg)

The giass tranaition lemparaiyrs, Ty, la the mparatune
a which the amorphaus regions of the palywner Dicome
mobite. The significance of this vaius is that sbove Tg
(mbout S0°C for Fortran® PRS praduces), the load-
bearing capability is raciced. This is Fustrated by the
resuita from a dynamic mechanicat thenmal anaivels
(DMTA), a powerful lechnique usad 10 indoats the
atiffnaes of & molded part as a function of moerare
and load. Aesults from the OMTA covar 2 range of loads
and tempenitured.
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1. Mechanical Properties R
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Forirart? =75 Frocesibng ama Trouaesndatny

Warpage
Anisatropic aifacts on dimentions (warping) can os

caused by & numbar of factors. inciuaing the
fallewand:

v Moid tarreratra.

» Norwndom part thicknass.

* Nonuniform cooling.

+ Sl ypsions.
» Ociprimtion af Mer.

* L ocation of dimensions with regosct
o the pa.

* MOlGed=in Amaaes.

= (3a18 9izs.

Ta deacribw the effects of anisstropy in peomesncaly
complex pasa, & SATIR Bt cormaining a vacery of
shapes waa designed. Fgure 2.7 shows the specifi-
cations for this warpige samgle. Figure 2.8 shows e
MEASLNSO potts Caad o obtan e AL SPhown in
Figurat 2.9 - 2.12, which compans M Largest dimen-
sional differencas of 40% giete-reinforced ang 85%
minaral/giays-reiniorced PPS products with
respact 10 Natwes (Figure 2.5), rouncrees of 4
cylinder (Figura 2.10), rouncress of & hole (Figure
Z.11), ang bowing angle (Fgure ﬂ.ﬂl
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aua to the ot that thia matarial uses less giaas than
Mier his 3 woudher ASRct ratio than glese Abem

Annsallng

Whan srocesssd at a mold mgeratrne of

275 130°C) or greater, pars mokiad of

PPE ara able 1o huly crysiallize. and thersfam, show
vy liths contnuas snrinkhgi w RN Deogad i
temparaiures 2 Mgn as 450°F (232°C) for 24 hr A
study of the alfects of annesling PPS proa-
Loy showed IMe fallowing additonal snrinkage valuss
for tha flow direction. uaing 1/8-dn, Mick sampias:

A0% Glass-Asinfarced:
= (.0009 inJin, atter 2 hr. annsaling.
* 0,001 infin. afear 24 hr. annealing.

85% MinsraVGlass-Reinforcad:
« 0.0 nJn. after 2 hr. annealing.
= (.0012 in.An, afver 24 hr, annesaling.

Thue, thars is very itle acvanmgs in anneaiing B
sampis makded ai or above 278 {1.30°C) fer more
than 2 hr. 1o cbhiain hather snrinkagse.

Farwon® PPS can ba mokded 5t lower Mol tempers-
tures at the expere of reduced thanmeiioad proper-
e, i.8.. mmwmm
1hat have been mokied a1 iower lemPAAILAS lesa

han 275'F (130°C) will nCrasse the losd-Saaring
capabliites of those part, Sul such practice mey
CRUM WAITEDS: thus. strict cars (9.0., fxiiring the
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Gas Permeabilitv and Moisture Absorption

Gasi  Pl(Kapton I\  PP§

Helium 63,080
Oxygen 3,800
Nirogen 910
Cerbon Dioxide 6,840
Hydrogen 38,000
Molgture Absorpton;
0% RH

75% RH

100% RH

* Toray Torelina Dats

Haeogme

Units
6434+ ml/m2 * 24 b * Mpa/0.1mm
503 »
81 *
2.299 »
N/A
Bl (Kapton FIN) EES
1.8%
229" 0.05%*
2.8% %
'*’:'r
e
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Talle 1 Chasmuea raguptancy of 40% gilts-rerviorced Formn® PPS
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Aty .
Hydrochions Acd (10%) | @ o | A ;A | A ] |
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—
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DuP:}nt Films

May 1, 1997

Dear Valuad Custrsner:

Far moce than 30 years, we hava had a clear vision for our polyimide businesses; 12 tmo gy
leadership, induwnry leadership, and sustaioable bosinees healih, Cur focus o these arons bay
remained wnchanged, sod han served ws o foundation for uoprecedented growth in recant year to
the industries we serve, Over the et decads, our industry beadevship mod technology leadambip
have been driven truugh extensive proceas, product snd market retearch and development.
Smatainahle bumitess heglth had regulted from coet gtewnndabip, improving menufactariog
eficiencies s investing in technology and capacity enhancoments.

Whilo aggresive cost stewardabip rirmiegics haye allowed ua to mainmin relative price riabilisy
simce: the early 1980", ew materinl price increused, the oeed to underwiite Dt capacity through
lovestitnars totaling mures then 5175 milllon, and nflstionary pressures have causad ougding
srutzgies for sustaimable bosiness heatth to be madequate.

As a result, sifhotive hme 1, 1997, prices for Kapton} polyimide films will be incraasad globally
Fve pevcent. Further details will be avuilable through your Marketing or Custeaner Service
Repressntative Ax we stxtad in our costnenee satisfection survey brochure, s nunsher of initiatives
have belped fuel an aleeady vigorous demand for Kapton), Wa belivve the lmvestment mads
possible with this jocresse will ensble us 0 conrnue W expand our panideuriog and
tachoological capabilition to mueet this denmad, thareby protecting the bealth and Dexihility of both
off our businesses.

We greatly valos your usiness and out ralsionshlp with you. We balleve this prics increass will
hedp us contimue cesting thw techaology wnd valee-addad products thet strengthen the health aed
Jongevity of our neepactive crganizations. We ook forward o muteining our mutasily profitahie
wth opportendtics well iftdo the next cottary.

Siacaety, |
<7 P Mot

High Performance Filon

B e nggd an Macygied Fpar

E 1 o Banpm Senguim g il ooy,
M. DA, B
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fromx Arnatruda, Andy

Sant: Thiuredicey. Novwemiter 08, 1997 208 P

Tee Boewall, Dexbat Wasywic, Joht Sellbe, Matthew: Vemos, Geonge; Prola. Shephen: Cutler, Darin; Haynes Johng
Hodiga, Michaak: Laa, Stavan

O Pachonis. John; Homok, Ston

Subjeck: Eupont visk o clecs e Kopton iaues

The dirsot addreseas met with Ed MoKenzia, Teohnicad Spaciafist fram Dupont, Wa reviewed the our Kapton
appicetion In the Presaure Switch ae wall as our Kepton Haat Steking process. Thie discusaion led o our pamneived

moua of Kapton failure and an inspection of Kapion diaphragms from various stages in our aspambly procede, We
amvad et savaral kay chsarvations which 1 have summarnized below:

1) Wa arg using 2 pioces of a .0005%/.002" 0005 TatlondKapwonTeflon produst As for as we know this reiatively ow
gauge Kapton product is net uasd on ather Preasure Swilches. A .001".003%.001" product in usad as 1 of mara

\ayors e typical.

2) The critical test wheve we obaerve failure (omcldngeaking) of the Keptan e o 260K cycle tost held at an slevatad
tempaeratuns of 150C and cyrded batwean 0 and 1500 pal. 1n Whis eal devices with 2 placs dinphragms which vam
Heat Staked together had faled, What we also found during this decuselon wes that in some caees the Kaptan

wih no Heat Staking falled as well. When the diaphragme were pufied apart for sither case dalamination
batwaon the scdacent Tetlon layers wars noted.

3} The inkiation ol the delamination appears to have & fevored oriantation; perpendicular to the maching draction,
Kepion is anksoopic and can ba weaker In tha tinsverss direction, howeviar Ed fait the diftarences In strangth were.
amall. Our applicaticn of Kapton In "clroutar flecdng” appication |2 not typloal and thus Dupont doss nol have & ot of
infeermation on typical aliue modes for thia loading. The idea of potantially strengiwening the overall diaphragm by
orienting the 2 Kegrton diaphragma 30 degrass to sach othay was Gacuasad, but wis not falt to be u key contributor
to #he problem.

4) The metting point of Taflon ranges from 486 10 525F. This lands Heol! wakt to our Heat Staking pracasa whers
presaure and S20F heat Siaking Albe ans uesd.

B) The center of ihe Kapten diaphvagm gets as hol as 400F for 5 seconds. Dupont's expectzion in ihat this exposire
to temperative and tiine la not detrimental o the physical propertiss of the Kapion and doss not enhanca the aurface

nckivity of tha Teflon susface. In fect Duponts sperence dupgests that expomure to heat would actually dagrada the
surlace activity of the Tellon while Increasing the bond strength between the Teflon/Hapton layers. Examination of

the Heat Blaked! and blanksd diaphragme belons ssssmbly Into the device show no Sendoncy of the Taflon layers
banding to each ather outaide of the Immadiata staked zana.

8] The individua] layers of Kapten and Tellon are “Corona” treated to acthate thelr aurfaces before laminating. This s
required fo achleve The desired cold pesl strenpgth valuss betwesn the Knptan and the Teflan. Howsver, # bath sldee
of the Tellon layer are reeded |t atyn faollates bovyfing of the Tellon surfaces 1o aach otiner. LHimatsiy the
Tefion'Taflan bond ls sironger than Tellon/Xapion borvd if soposed o the sama conditions.

71 Procassing of the Kapion mataosl tands to deactivaie the Carone Treatad "G Suiaca® on tha Tefion surdece
laysrs. Dapanding on the amourt of processing the suriaoe sotivity can degrade difierent dagrees.

8] It |a faasibie that a Tellon *C Susfaca” whiah has nat been significantly degraded could Bond with another Tefion
"G Surface” at & ternpansiure Well bedow tha Teflon Multing peint provided sufficlent prassurs wes appiled. The oyole
tast la run at 150C with & 1500 pel peak, bl In the area of e Trvwsier Pin local prassuras tar excoed thie valua,
Dupont has no axperiance with "aminetng” presaures that high a0 can not comment on bhow Rkely & le that the Teflon
surfaces of the 2 diaphragma are bonding at this temperature and pressure,

9) Thara i no procesy 0 "deaoivate” a C Surlace, however not both aldes of the Teflon aeed 1o have this reximent.
Dupont can and does produce Taflon/Kapton/Tefion laminatss whese tha outer Teflon sunfaces ara not Corona
traatad. In imot the very successhidl .001%003"/001" materdal ueed for moat other Pressure Switches in multiple layars
does not have thie surface freatment on the outer Teflon surfacesl Thia wan confimed by & simpla ink marke)

Page 32
T-NMNTSA 017794



wotlolity test, -

Sonclysions

The Heat Staking may have itts o no impazd on the e of he Kapton diaphragma. |t appaars that he posekility of
the 2 adjacent Teflan dyan bonding under emparature and tima ls more fkely. This coukd acour dus to the more
artive surlacs on this product relative to what we have used historically. With the adjacant Taflon surfacs banded the
diaphragm could ect lke & wingle .006" diaphregm with 2 weak aress, namealy e 2 Kepton/Teflon Interfaces.
Buiticlant faigus due to cyoling coukd cause thw delamination of thase layers, laadhyg to uitimate disphragrn fallm.

Tha random variation in surface aciivity due to meochanioal handiing of the Kapton oould be responsibls for the
somewhit Inconeistont results aohisved In systamedic teats.

Bassd on the above information the Team deoidad to mvestigete the IMluence of untreated cuter Tellon swrfaces on
diapheagm [Ke by

A) Evaluating standard 001'.001°.001" Teflon/Kapton/Teflon meleral (no Corona treatmant)
B) Evaiuats sample platsn mads .0006%.002°/.0006" materiai with no Corne traskment

Sampiey of thess mutariak wil be sant to me and | witt contact the approp©ate peaple ke conduct b ata, 1 Sxpect
to receive thaee samplag aarty next weak. | will alsd ba recelving Kapton technical Iteraiure and will maka coples of
the Taflon Irformatlon Ed ledt for ua.

E

From: Chexboneau, Tom

Sant: Frickony. Noveamber 07, 1997 207 AM

To: Dogus, Bryan; Amatuda, Ancly
Subject P Dupont viit to discuss Kophon ssues

Tom

Fraime: Pachonis, John

Sant Frickary, Nowarnioar OF, 1907 7:35 AN

- Chuybonodls Thons

Mubjeok. i Dupont vislt 1o et Kegrton euet

T, far your infu. We aru trying to drive thisa isasus to closurs mo va con get the
right process in placa.
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Armormads, Ancly

Thusdiety, Nowamber DG, 1997 H0 P

Bodwial, Do Wezowicr, John; Sellers, Motthes: Vadios, Gooigs; Proio, Stephen; Cutiern, Dorn; Hoyme, Jotn;
Hodges, Michoa! Lies. Stewan

Pachonls, Jobry Homol San

Crupord vt to ciscum Kapdon (sues

The direct addresses maet with Ed Mci(enzle, Tachnical Speclalist from Dupont. 'We reviewad the our Kapton
application [n the Presoure Swiich ae well us our Kapion Hoat Staking procass. This dincussion Igd o our percalved

moda of Kapton fallure and an Inspection of Kepton diaphragms fram various stagea (n our asaembly process. We
amved at several key observatiorm which | hawe summarized below:

1) We are using 2 pieces of a 0005/.002°.0005" TelloryKepton'Teflon product. Aa far a3 wa know thia relalivety low
gaupe Kapton product |s nol weed on gther Prossuns Swilchea. A 001770007001 product in used sa 1 or more
tayers is typical,

2} Tha crifical test where we obearve Talura (crackingAeakdng) of the Kapton (s 8 250K cycle best held at en alevated
tsmparaturs of 150C and cycied betwesn O and 1500 pel. in this test daviosa with 2 plece diaphragma which wem
Hoet Stwkad Wogether had iafed. What we ateo found during this ciscussion wan that In some cassa the Kepton
dlaphragms with no Haat Staking fafed as welk. ‘When the diaphragms were pulled apari for either cess delaminaton
betwaen the aciacent Teflon layars were noted. '

3) The initlation of the delamination appears to have a favared orlentation; parpendicular to tha maching direction,
Kapton s wrilaciropic and can be weaksr in tfw fransverse ginsotion, hawever Ed felt the differenoes in atrangth were
amall. Our application of Kapion tn "alrcular flexing ™ appication la not typicsl and thus Dupont dosa not have & lot of
informadlion on typlcal fallurs modes for this loadng. The idea of potentially etrengihening the overal diaphragm by
orienting the 2 Kapton diaphwagma B0 degraes to aach other waa diacusaod, but was not folt to be o key conirfbutor

to the problam,

4) Tha maling point of Teflan rangas from 495 to S25F. This lends lisall wel to our Heat Staking process where
presaurs and 520F hes! Staking Ribe wra used,

5) The varvter of tha Kaplon diaphwagm gets as hot aa 400F for 5 ssconda. Dupont's expectation (s that thia axpoaure
o temparature atvd tima i not datriments] to the physical properiies of the Kapton and does not enhance the aurface
activity of the Tefion surtace. In fact Dupont's axparience suggests that exposung & hast waould scitusly dagrads the
Burfaca alivity of the Tafion whiks (ncreasing the bund strangth between the Teflon/Kapton layers. Examination of
the Heet Staked and bianked diaphragms haefors asgembly Into the device show no tendency of the Tallon Eyem
borkling to each othar outslde of the Immediate staked rons.

8) The indhidual layers of Kapion and Tellon are “Corona” treated o setivale thelr sufacss bafors laminating. Thes ia
required to achieve the desired cold pesl sirangth valuss batwean the Kapton and the Tellon. However, if both wides
of the Teflon layer are trmated [ aleo faclitates bonding of the Tollon surfecesy @ sach pihar. Lilimatsdy ta
TetiorvTefion bond ia strongar than Teflon/Kapton bond | exposad to the same condlitiona.

fr 8|

7) Pracaasing of the Kapion metaria teris to deantivate the Corona Treated "C Surface” on the Taflon auiace
iayers. Deponding on the amount of processing tha aurfane sctivity can degrada different degnees.

8) 1t \u fesalble that & Teflon “C Surface” which has not bean significantly degraded could Bond with another Teflan
" Bwitace” at a temparaturs well balow the Teflon Melting point providad sufficlont presaurs was applliad. Tha cycla
test ks run at 1500 with & 1600 pal peak, but in the area of the Tranafer Pin local pradaured far excedd this vake.
Dupait has nd experience with “laminating” pressures that high 8o can not comment on how likaly # is that the Taflon
aurtaces of the 2 diaphragms are borviing at this temperaturs and prassura,

9] Theare |a nc prooess 10 "deactivele” & C Surface, howsvar not both sides of the Tellon nead w0 hava thie treatrnant.
Pupont can and doss produoe Teflon/KaptorndTeflon laminaies whers the auter Taflon surtaces are not Corona
treated. In fact the vary sucteiehul 001003 001" matarial usad for mast othor Pressae Swhches in multiple layar:
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' doas hat have this sECs treetmant an the outer Taflon aurfaces! Thie was confimead by & simple Ink marker
wathollity teat.

Tha Heat Staking may have iitke to no Impact on the fife of thw Kapton dlaphragms. I appeara thet the poasibllty of
the 2 adjacent Tafion layers bonding under temperature and #me e mam Rkaly, This could oocar due to the mons
active auriana an this product relative to whet we have used historisally. Wih the ackacant Teflan surface bonded the
diaphragm could sct ke a aingle 005 daphragm with 2 weak areas, namely tha 2 Kapton/Tedlon inteduces.
Suficlent fatigus cs to oyeling could nauas the delamination of thees loyers, ading to ultimaks diapheagm alkme,

The rendam variation in surface aothity due to meohanioat handling of the Kepkan could ba reaponale for the
somawhat inoanalstent resutta achieved In eysternatio teets.

Baned on the above information the Team decided to investigate the inftusnce of unireated outer Teflon surkaces m
dephmgm Ite by

A) Evaluating standard .001*/.001"2.001" TeflonAapton/Taflon materal (no Corona treatment)
B) Evaluxte sampls platen made 0005"7.002°/.0005" material with no Corons trastmaent

Barrplea of thess matariala wil be sent ta ma and | will coniact the appropriaie people o conduct he ety | oxpect
ko mCaive thime samples aarly naxt weak. | will aleo be racetving Kapton technical Rarature and wil make coples of
the Tellon indormation Ed left for ua.

E

From: Ichiro_Nihimura®@rs.toray.cojoBMTP:ichino_Nshimwo@nte tonay.co.k)
Seni; Tuaaday, November 04, 1997 8:55 PM

Tos eduloc@emal.mc. ilcom

Col bdagua@emdal.mc.t_com

ubiect Re: Reels for roled Material

Ichiro Mighipmra @ TORAY
87711705 10:B5

1. We recaivad your rsal (cora) saoples and are meating with core supplier
this weak Etao obtain cost information . The macarial of core locks like ABS
which 18 very sxpangive. Can ve usa 1 gize of core for all the different
film widchs to mininize tha cost? If we can, pleasa let pe kpow daalrabla
coxe alzm{width).
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I; L = R I

Materials & Controls
Supplisr Corrective Action Reguest
m-
NQiE: YOUR  CORRECTIVE] Lecraine Horoun MB: 1111
ACTIVE RESPONST 1§ UL 18 Tess Insirumanty Incovparstad
WORKDAYS AFTER AECEIFT OF HECElvEg MFwwt . P.0. Pox 3964
THIS RIQUEST AT  YOUR Adtichnre, Ma.
_FACILITY. NOY 07 g7
FREFARATION DATH: SEPTEMBER 24, 1997 a
FHﬂEUErr"Em y
. £ .

) SUFPLIEN: E | DUIONTDENEMOURS & €0 | - BART NUMBRR: 272151
ATTENTION:  EDWARDC MCKENIZE U chois ORWDNE 031089

PLEASE ADDREESE APPROPRIATE CATECORIES BELOW! * INOWCATES SUPPLIER TO ADDRESS
Y. A) TERAS INFTRUMENTS INCORPOILATED MEA MEMPBBAS & APMIOPRIATE MANACERS

BUYER; . HII]-IH ] ME
L ME: < -2 ] ME:
L s ME s & M3

* L. b} SUPPLIER IDENTIFIED #UB-TIER SUFPLIERS: (WRITED NONE, IF NONE




a - e TR

% PERMANLNT CORBECTIVE ACTION: SOLUTION THAT ADDAESSES CORRECTIVE ALTION, DATE TOEZ
DMPLEMENTED, AND DATE CORRECTED PART TO 5 SHIPPED OR POCESS 7O BE FOLLOWED.

.T"'.L'TH‘“"I"!_” Rl oMS K D
T Wt-'m'—un-mm;mmiu

mmm:wé_.q_g;_ s, TectcpuSPeiMsT”

AGENT'S SIGRATURE: PATE COMPLETIDN I”‘T/f'?

NSTEUMENTE INCORFORATED FOA & ) ]
O XIS SLPPLIER CORRECTIVE ACTION RESPONSE HAS AEEN APPROVED BT PROCUREMENT (JUALITY ASSURANCE,
AND FAS BEEN DISTRIAUTRD TO ALL IDENTIFUED IN SECTION La

w&-lwkﬁ—-ﬁlﬂ-ﬂ

POA TNTTIALS & DATE:

TI-NHTSA 017799




Mueterials & Controls
Supplier Corrective Action Reguesi
. RETURN TO:

NQIE; YOUR CORRECTIVE Torralne Heroes “MB: 11-13
ACTIVE RESPONSE I§ DUE 18 RECEIVED Teaas Instruments lncorporated
WORKDAYS AFTER RECEIPT OF | M Forest St P.O, Box 1964
THIS REQUEST AT  YOUR Attishero, M,
| FACTLITY, NOY 07 W37 927838964
FREPARATION DATE; mninzl. 1997 BoOCUREMERT ASSURANGE
SUFPLIER: E | DUPONTDENEMOURS & 0O~ . PART 27228-1

R 5': e, :.‘;';; e
ATTENTION EDWARD C. MCKENIZE * 1 0a1089

. P s“f{w X [ o
_ PLEASE ADDHESS APFROFRIATE CATEGORIES BELOW: * INDICATES SUPPLIER TO ADDRESS
1. A) TEXAS INSTRUMENTS INCORPORATED MRD MEMEERS & APPROFRIATE MANALIERS
soves, [N 500 o MG:
» MS:
* MS;
* 1. b,) SUPPLIE
NAME:

"2 PESC)

ATTRIBUTE &9

3. CONTAINMENT: SHOR! TERM PR PROCTEN, TR0

“4. DEFINE AND YERIFY ROOT CAUSE: ANALYZE AND MROPOSE SOLUTICN

TIFORM NO. POA 123 REV. C. FAOQE |

TI-NHTSA 017800




] 11/06£97 16:58 (3 102705 NO:852

| .
Memo

Te  Lomaive Heroux, Tems Instrumens
Prom B McKanzle, DuPont
L -] <ahn Hayres T1, Kwclish Flaciger, DuPont

Dalm  Nowernber 7, 1907
W Comeolive Actiors Ky Qut OF Round CGores

Asohwd b our Comeoivs Aclion lor DM 8 031089, Ovar the paat T year or 8o, wit have seen simfer

oompinils for coree out of ound. DuPost hes MNpisokmen! corss on asvenl -
ocossions, and we have it rols on e rew conss Pew of charge 0 Tl for eveluslion hvite.

As The sxlelirg conkl e ot slftng ARaLgN & mainialn thalr ghaps 100% oF B e, wa Wil contiesl

o eve syections B e on ocousion. Whily Sy e infacaand, It ie e coneuming and costly for T

ardd DuPont i lmep Wling out GA'n oy e e s,

11ape T1 2an elir anprove he new ypa corse quicily, or We on come 1o sgrasmant i accesional
ool Wil biy oukt o round, and o DuPont for rework, without the need for comaclive aclion and

PEperwoiL
Thank youl for your businees and conlinued Inismet in DuPont High Parkmmanos Fime.

2

1.1

TI-NHTSA 017301




4 14706/97 16:58 (3 :03/05 NO:832

Muerials & Controls
Supplier Corvaciive Action Request

Sk  VOUR  CORRACTIVE
ACTIVI RENFONIZ W BUE 15
WORKDAYY AFTIE EECENT OF
THIZ REQUEST AT YOUR

PREPARATION DATE: SEFTEMBER 24 , 1997

* 1. b} SUPPLIER IDENTIFIED SUD-TTER SUMLIERS: (WIRITED NONE, [F NOMNE

NAME: _SQM1Q ¢ 2y Coad S peLicn ADDABSS (IF APPLICABLEY:

Frll:, :|r

ST Rt Vinierh  AJEW (e

"??"’ "F'f"!}_'

l'mmﬁrn.wm.”mwww W T
ARt ArE RMAT S1.<I0T. ARoLT S, 490%% "

TI-NHTSA 017802




) 11/06/97 16:58 (Y 106705 m0:85¢
3. PEAMANENT CORRECTIVE ACTION: BOLUTION THAT ADDRUESIES CONRBCTIVE ACTION, DATE TO BE
IMPLEMENTED, AND DATE CORRECTED PART T BE SHIFPED (R MROCESS TO BE FOLLOWED.

Al TYRE CPHEES  — SANFLES  DJVRMIIEDN T Sl — AFrTRIC

*5. YERIFICATION: DEVING TBAT /| ANAL YIS OF ROGT CAURE TO BNEURE CORMECTIVE AUTK

e

SUPPLIER'S AGENT: Z(«.M_‘Iéﬂ..z;__ s, Tecnich - SPEAIST

AGENTS SIGRATURE: BATE COMMLETED: H!‘?/f?

| TEEAN INSTAMENTY INCORFORATIE PUA & MAD REVIEY:
8 THIS SUPPLIKR CORRECTIVE ACTION ABXPONSR HAS AEEN APPROVED BT PROCUREMENT QUALITY ASTURANCE,
AND Hi8 BEEN DISTRIDUTED TO ALL IDENTIFIED IN SECTION |La

Crapabibon lo o poipon fn K aamuphbmant
PQA INITIALS & DATE:
o SUFFLIER ACTION ABSFONEE HAS NOT BREN By
ASSURANCE, BRECALSE: QUALITY

TLNHTSA 017803
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| 19/06/97  16:58 105405 NO: 852 J‘*
R Tows iNsTRUMENTS Ao crommaT NG 031089
[J sellhew - Spervinien Aeview:
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UNDERWRITERS LABuURA JRIES INC.

{

b

| | oo ! . |

E.l. du Pont de

Nemours and Company

Kapton - Teflon® Piant
P.O. Box 89 |
Circleville, OH 43113

Underweiinrs Leborsioriea incd (UL} heues this cartificete jo the Firm ramed above, afr sessssing
the Fima's quisity syeinm and finding I in complancs with

ISO 9002:1994

EN |80 8002:1984; BS BN |30 5002:1994; ANBUASQC Q00021994

for the folowing scops of nagisireiion

2821 (U8} : Plastica Maderials, Bynthetic Resins and Nonrvalosnizable
Hastomars

Tha manufacture of a vange of polylmide arnxl fluorocarbon resin flims
marksted under the trads nanmes KAPTON and TEFLON Inciuding laminatss

of the shove.,

This queilly systern megisiration is included In UL"s Directory of Regiviered Fimm and appliss \o the
provision of poods andior sivvicsd &3 spadiled in the sops of aglelnition from the sodnys(os)
shoun sbove. By svance of ihis carilficoste the: firm represats fust i wdl maintain i Tegizinetion In
sosordanc with tha appiiceble requirements. This cerificete Is not tansferabie and ramsns e
propaty of Underwrilers Laborsiories Inc. &,

Fila Numbar: A2174

Voluma' 1

lssus Dain: Movermnber 29, 1601
Rawision Dats. Decamber 6, 1908
Aenawal Dats: Noveambar 29, 1967

= W

5. Jos Bhatla
Vice President

TI-NHTSA 017806
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May L, 1997

Dear Valued Customer:

For mare than 310 yescs, we have Bad o chear viason for our polyimide busmssses: technology
leadership, industry leadenshiz, ackd sustnitable business bealth. Our focus in theee aress has
remained unclunged, and has perved 21 2 foundation for unprecedented growth in recent ymrs o
bave becn driven through extenrive process, prodect e market ressarch and development.
Sustainahle business health has resulted from cost stewwndshipy, impttrving manufacturing
efficiencies and investing in techmmingy and capacily snhancements.

While aggreitive ooxt stewardakip steategles have allowed us o mainodn relative price stability
since the early 1990°, raw material price increxsss, the meed to underwrite pew capacicy through
investments tméaling more than £175 millioa, and inflationary pressure save caused pagoing
sirategios for sestainsble business heatth oo be madequase.

Az a renlt, effioetive June 1, 1997, prices for Kapton) palyimide filma will be increased giobally
five porcent. Further detuils will be available twough your Marketing or Customer Service
Represcotative. Ax we stated in our custnaer satlofsction survey brochure, s number of intiatives

hawve helped fued an alivady vigoroos demand for Kapton). 'We believe the invertment mads
possible with this incrense will amable us 0 cotioos th axpand our menufachiring snd
techmalogical cepabilities to meet this demand, theesby prowcting the health and fexibility of both
of Ouf businessss.

Wa greatly valuc your busioess and our relationship with you  'We believe this price incrosse wiil
belp wa continue croating the ischnalogy and value-added products thai strengthen the health and
longevity of our respactive ompandzatinas. We look farward to sustaining cvr martually profesble
growih opporninities wall into the mext century.

Sincerely,

AP Pl flee—

F. Tim Reens
Worldwide Businesa Director/Plsm Manager
High Performance Films

TI-NHTSA 017806
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KAPTON® Film 2 ont
‘o : Electron.
General Specifications
® Bulletin GS-92-6
High Parformance Fims
August 1992 wi ;‘~§.-'-::-'-‘- P
INTRDDUCTION Typa HN Fllm Type YN Film
D Pont Elecironics manufactires KAPTON Type HN is a tough, KAFTON Type VN is the same touj
and sefls a varjety of high-quality aromatie polyimide fim, exhibiing polvim!de film a& Tyge HN Film,
plastic Gbm products. mmw exhibiting an excellent balance of
chemical, and 3 mpertin phyescal, chetnlcal, and electrical
These specifications describe over a wide temperature range:. propertien aver a wide temperature
the values and tolerances for Sl parumln-lntunmnmhlgh range, with superiar dimensional
N'ﬂmﬂf o atahilty st elevated temperetures. T
KAFTO! Where necessary pnlrmdepuhrmmkeuphme product ie avalable in 50, 75, LOO, 2
thorvugh understanding, test methods  yamlt of a polycondeonstion reaction 300, and 500 gauges,
and procedares have been Included. mﬂmm%mﬁd
t Ficubin er. KAFTO Certiflcxiion
ﬂmmm HNﬂmillh'E] mﬂmgk mna%gdmhmmme
lartfication ncusaed r requinements military
. :.-rlm mmmnfhﬁ? Pont 400, are avallable by special  gpacification MIL-P-4E112 B (MR-2)
Electranics. Inlddlﬂmtuﬂmiunmmvemdhy
FN Film mbﬂﬁ':ﬁ‘:mﬁ
Type confirmation is ava th ear
““I!EEUFWFDIMDE mﬂﬁnﬁﬂm“%‘m delivery upon request,
grade that recalne the unique
D““'nmmwm“ﬁ“ 4 mdmﬂqdm Tablei, KAPTON FN Flim Types
VN are uped most commanly, mm:ﬂﬂmwmhinlng Construatien (i)
H.F, and V are altecnative, ‘Type HN with Du Poot TEFLON® FEFP Dualgnation PEF HN FE
Typea H, F, md V are fuorocarbon rexin in & carposite 120FNATE @10 100 O
mmmw sbruchure, Table I Bate the combinations | 120FN0718B 015 100 ad
bulletin sppty to them s well, In that 2re commercially available at this 100FNNGEE &0 GFf
idition. Du Poot manufeciures ather,  1me. Other combiations are avaliable. 150FNGEY BEd B QF
mare ape types such i FPC, ~ Comsult your Du Poot Electronics 150FMOTB 100 Df
PST, TAB, and flms containing !“mgm“mhm N0FNYS  OS0 100 Of
various fillera, For%nﬂnnm infarmation. 00PN 100 1C
thewe types, please co youy . £
Du Fort Electranics representative o e 1e
nr:hecustmn:rmmenﬁneneareﬂ R 100 00 >
you. 3D0FMEIS 0.50 200 QF
4DOFNO22 00 2C
SDOFNOST 30 1L
ADOFV1 27 100 200 1L
EOOFN131 100 3 1(
BOCAMDET 5.0 14
TI-NHTSA 017807
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PROFERTIES OF TYPE HN FILM

Tatde Il. Machanicsl Properties af HM Film

Pragarty Value
FIm Thicksess Imelnd

Froparty [ E ] 0. 50 1.0 2.0 .00+ 00" Mathad

Torsbs Stangth pai, 18,000 20,000 24,000 24,000 24000 4,000 ASTM D-882-88, Mathod A usrg

8 23°C. Machine a0 Irestron Teeidde Tamtar (apecimen

Durscuan (MO) s, oidw; ArTx 5% jew seCAnItion; 4°,

TWI‘IH'IIII_I Dwrection v Epd; 2 ¥mind. Caloudate the

(T, iMiremum) avarags of fe specimar Dased
ot angairel magrured thckaess,

Eiongabon, % MD ard Fy k|3 40 45 50 L Semin g3 ebova,

TO tvlirmrmn)

Shwinkage. % MD and 40 40 25 25 75 156 MIL-P-28112E (MA-2|. The parcent

TD m1 4000 hWpximumy shrinkmge tx obcarad for gilber 1he
MDD or TO uaing the: rversge of
thrgs Avgsdarprrenta in alther
CHrBChon brfore and e
Conditioning. Price to maasuremant,
e B¥%"x 11" spagimen is
conditioned by eaty suspendng it
far twe houne' in an ocvan controlled
1 MR

holxmure atesrpricen, % 40 40 40 44 4.0 43 AETM O-E70-B1, uning 24-hour

{daximum} immarsion st Z2°C. Avmrapa of
thram spacimans.

* Mo mpplea 1o Typa VN

1 7 tour bor 30 and BO geuge B

Telda lll. Elwctrical Properties of HN Him
Valug
m-u i}

Froperty 0.3 o 1.00% 2.an" 1L00% B Kby

Dislpctric Strength, AC 3000 3,000 8,000 B, D0 4,800 3,000 ASTM D-145481. (Avewraga of

vohs/mil. IMinimuml ten apacavwyre) Flat sheats in air
plscend Batwoen W diametar
iwabd ducirodes with Yo "edpe
redium subjacted to 80 cycles AC
yoltugi mt BO0 volts/amc rate of
rive 1o the breakdown voltege.

Volina Renlstivity, abm- 1047 1o 10 101t 104 L) AETMW D-357-78

Gt 2000C [Mnimum)

Digsetricc Snalant ot 4.0 4.0 ag aa 3.6 an ASTW D-160H81. Una condudting

1 kHz iMadmum} Siver piinTL eleCiodem, eacrte sl
SPRHNT of MARILIYSNE Bt
atanciard congligions. A s i
b On o wuprdin of fve tarts
whing rrsmsunid thicknese of
Apanmans,

Dizipation Facter a1 4.0070 00080 0035 0.0036 0.003% 00038 Sorma we sbove.

1 kH2 (MEwm)

* Alng wpphen 1o Type VH

TI-NHTSA 017808




THERMAIL DURABILITY
The thermal durabillty of RAPTON?
fllm depends on the #pvironmental
conditions under which it is agred and
tegted, Its fetime depends on the
criterion of fallure. KAPTON g
routipely tested at the manufacturing
gite in the following mamer:
Sheets of film 8,5° % 11 are frecly
susperrded in an oven at 8 perature
of 400° C 22*C. monitared with
thetTiocouple 1o enare ALTUracy.
Sheets are remioved after two hours
{one hour for 30 and 50 gauge Blm)
and tested on an Instron Tensile
Tester as described in the Mechanical
Properties chart for Type HN. The
eiongation of the film at 23.5°C
ghoudd it be lens than 10% after
this aging at 400°L, This conforms to

Howr 400~C* ri.'qument (Tuble ID.

Underwritera Laboratories, Ine. Esta
2 thermal index of 2000 C to 220°C
{depending on gauge ad type) for
mwmmm&cm}
depending on guuge type
for electrical properties, under their
flle number EA0505 for KAPTON

polyimide flim.

hetween the costed sides of both one-
and two-site-coated KAPTON {n
determioed na folows.

PROPERTIES OF TYPE VN FIL.M

Seals are made {11 8 jaw sealer at
350°C, 20 pa=i, with & 20-second dwell
time. After cocling, the seals ave cut
Into 1-nch {25 mm) wide srips uslng
g Thwing-Albert JDC sample cutter or
it equivalent. The sepl sirength ia
measured with an [netrondype tenade
texter. Seal strength is defined us the
peek |nsbintaneosns srength acourring
io each seal. Five specimen values are
averaged.

The mioimum pael strengih between
the coated sides of one- or twi-aide
coated KAFTON film will be 600 g/ln
except for 120FNE18, which will e
450 g/ln. The minimum pee] atrength
betwasn the toated and uncoated mde
of one-side costed KAFTON will be
450 2/in.

Fitm-in-Coppar Secls
The ability of FEF film to adhere to
copper ls messured using the same

heat seal pes] strength techpique as
desctibed In “Flim-to-Flkm Seale”

The pesl strength is measumed with
120FNG16 sealed to the untreated side
of 1 cadl (25 pm), % ox GT coppet inil;
It will be & minimum of 250 g/in.

As-Feceivad Strength {Cold peel) of
Bowds Briwsm KAPTON Tope HN
and TEFLON Layen

The bond hetwreen the KAPTON
Type HN and TEFLON® fuorocarbon
resln layers an all type FN produets
exrept [20FMNE16 will have 2 minimum
peel atvength of 225 2/1n, meanead
uslog an Instrop-type tensile tester
and g 180-degres peel.

Table V., Weshenka! Proparties of VN Fim

0y
Q.10

Proparty

Shrinkage, % MO and
TO at 2000 IMEximumi

0.50
210

Tt Mathwl

Yalygp
bolunesn {milal

L0%
0.10

Film
1480

[ E -
0.1

The parcent shrickaga otvtained for sitrar the MO or TD by using the mvarags of Thies
ITHNRSN, T BTSN &ither diraction bafiors and shar concitioning. Tempamtuna sxposure
200F +2°7; for ong hour. Mansurames miat by mady a1 the LI tempenione ind
hurmidity conditions bafors and sfter conditioning, To sasure samglasamibiant sl beium
baderd ared attar conditioning. specimans shoukd ba gxpoaed for 1Rree Nows.

Table |V, Dislectric Btrength o

Typs FN Fibmz
% Minkmurs 8rsakdom
an [voita Sl
1 20FNG1E 400
1 20FHE158 4000
1 D00 FNDES oo
1 SOFMSES 3000
TEDFNDTE 3500
M0OFNA1E 3000
HDOFNDT 30040
2ROFNDIT 2500
JOFM0ZT 1500
MOFN1 T 2000
00FMOZE 2500
ANOFNM2 2000
400031 2700
AO0FMY Y E00
BOOFM1 21 1200
SO0FWE1 200
Tast Mathod
Avaraga of 180 Ipacimene teated par
AETH D-148-81, Flat shaats in air pleesd
betvvgen Y"1 mm] diarmatar s
slactrodes with Yo' 1.8 mm) edgn adiue
Subjectid to 50 cyclal AC wiktege. Rize
SO0 voltn/sac to thas breakdown voitage,

TI-NHTSA 0170800




GENERAL A"LD. = 3.0827£0.,008" Slit Width Range Tolerance

Materiain (7741 £0.2 mm) 24 ]

d (22 mm) or lesy 17 mils
mmﬁﬂl.. N and Type VN 61D, - 6.028"20.010° Universal or StepPac”  (0.18 rmm)
form of a Gilm, (153:11 025 o) :’;dmﬁ mm) or leas 15 miks

Core material will be plastic for 371D, Rolls
KAPTON Type FN film is 2 combing  corec lens than % (16 mam) wite, 038 mon)
tion of Type EIN film with TEFLON® 1% (27 mm) ta 4" £30 mils
FEP fluorocarbon resin on ane or bith  Core moaterial will be fiber for 3* L0, {102 mm) Pad Rolls (.76 mm)
mides. cores wider than %° (16 nam) and
for 6 LD. cores. Asplit 3" LD, fiber ~ 3¥"oc wider +60 mila
Uniformity core iv standard for all universal and P Raolls (1.5 mm}
oty O S —
that impair yeeability aod/or If these carea are not suitable, further  +14 (13 mm)
appearance in proven applications. information on other optlons may be
obtaiped from your Du Pont
Coven Electrunics repressntaiive.
Cores shall be of suliclent strength
to prevent collapsing from handling. Width m
Standard core internal diameters gre 11t maxinum varistion in fllm width
(76mun and 152 mm) with the be a5 follows:
following specifieations:
Table V1. KAPTDN® Min Spaeifientions
'Whdth Ranpe
Type Noming! Thisknses Minbmrum Mmximum Arag Pactor
iy pm . mm n {am D eihg)
F0HN L ¥ 48 BT 1) £ e
5OHN 06 13 MW 48 52 I1: 277 56
Y0GHN Woo» Yo 48 0 .2 138
Z00HN 20 Bo Ya 44 B0 62 B 4
S00HN 30 T ¥ a8 B 162 & B2
SHOHN 30 128 Yo 4B B0 B2 27 E5
BIVH .k 13 % 52 132 m B
FEVN 0% W % 22 T w37
100N 10 2% W22 1R 35 28
200N 20 B0 W a8 152 |
IOVN W W2 8 152 & 92
BOIVN B0 128 n oo g 152 727 65
100FNOES 16 3. w 22 ®s 9 ng
120FNB1E 1.2 30 w =2 ¥ M 14 A
120FNB1EE 13 33 % a2 ® "
1R0FMGES 1.E 3 % a2 38 & -] 14
150FNO1S 15 98 W 52 ]/ 9N 7 .
200FNO+1 20 GO Y - S B4 1
200FND19 28 Bo ¥a 48 el B
2B0FNOZD 15 B w32 ® 9 & W
200FN021 ag 7 Yo 4B B/ oo B B0
F00FNT1 g 76 W 4B ® g
B00FNEZE ag s Yo 4B x| 6 @ Al
AD0FNOZZ 40 100 Y 48 w5 27 5%
ADGFNOT 40 100 Y 48 3% B o 8
4DOFN1ZY an 00 Fa 4D LTI
SHOFN1D 50 126 e 4B ;| o 3 47
EDOFM0EY &0 150 % 13 36 ] bl | 432

The Lol carensaors of ped rolle aem 3 1.0 by 7or 8700 for wasdityd up 10 4" For wicer rols, I vausl Gamsnsns s I'I.nhﬂk'«n'n.ﬂ.hmwm
and Sep-Fuc™ rolg, Ihe dimamsons me 3710 by 3767 ar 12700, If s domensona sne not suilaie, mfornalion on ol Solons it seailabie inm youl Du Fom
Elpcimmnict lhchvechl 0 CLBtOMTUlr S0 8 NN LIVE,
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Roil Types Splices On 2FNE, 2 byl splice is ma
’ WIEN‘“ﬂlm is supplied in three Description uai:{g AEFE;EIEE; the joining rar
types of rolls; pad, universal, and Three types of splice are avallabls. applied on the surtace. The |
Step-Pec™ wind. splice is oriented with the 120FN
1. MYLARY polyester film-based @pe an the top of the Glm as it
L . Fad Roll Specificrations yellow tape (standard}. unwinds from a universal put-up,
L Core width will be the flm width 2. KAPTON® polyimide fim-based % ﬂu: bottom as it unwinds from
+4* (+3.2 mm), -0. tape (specisl requiremnents only). Overlaph |
. 2at senl splices ot two-:
2. Core edgen ahall not project more 3 Heat seal splice, 12¢ (305 mm) or FEP ca ' i
| mpogites are orterted with
q ﬁ;{%&mﬂnﬂwmemﬂ lese In width (Type FN). leading edge of the new film on 1f
Splices will be ceatered on the Jointtp  Cocom o wliversal puups and;
3. Core shall not be recessed on #ither 24" (6 mm). Thay will he emaoth and put-ups. put-ups of one-sile
side. wrinkie-{ree o avoid distortion afthe  gor o e e e leading edge
4. The outalde snd starting ends of the adjcent film Layers in the roll,
film shall be mstened in & manner Tape Splicer Shlice Flacemen!
i prevent unwinding. . Tahle VII shows the minimum len
Tape splices are stunlard on all between splices, and the minim
5. *Dishing” or “cupping” may not guuges of HN and VN film and oh % 2 aplice from the bes i
exceed %" {L6mm), measured Al gaugen of FN flm move than 12+ ST to 2 apllce from the beginn
ith a miraiphtedge acroms the {305 mm) wide. € end of a roll, for most roll:
::I. o g However, na aplice is allowed afte
Ametee " Tape wpliced are made with the butt rutl has reached the minimumn out
tape. Two-inch wide splicing tape = Maximum Splices Por Slit Roll
1. The difference between the lengthe  used To calculgte the maximuwm numbe
of the projecting core on each nide apGoes in a roll, divide the nomina
shall not exceed %" (4.8 mm). Heat Seal Spiices fm'ml.lbyttmmi:ﬂmumwmge
Heat seal splices are marde op all fime,  1ength betweer: aplices and subira
L oy proectromthe  except 250FN0R, with an overlap that  On€.
4" (3.2 mun). in a minimum of %* (9.5 mm) wide,
. 3. The putside and starting enda of the
film shwfl be fastened in & manmer
to prevent nowinding.
4. Roll fsce depresaion, the difference
between the highest and lowest
points of the roll, unstrensed, shall
it exeaned 35" (4.8 mn).
Table VIl. Spiios Data—HAPTON® Palyimide Pim
il Avarip Byplion-From Losgth Fant}
EE - - e e et R TR T
) {al - (T
P o ™ N M W B N ™ W W OB WM N XN Om s w0
OB oM - - Ml s &% W M & ® W D M W MM TR im0
’l'lm-ur"———u:m——mmlu—-mmmnnM—
B g ] T e—
o ™ - WM I ™ ™ W — 0 e @ e M
PV oM - — m o owm o W W o— 0 — o W M W A 9
. ’.,'zm———mmmunmuummlam———-
Notes:

" To 501270 rwe wanm Fov JOHN, B2 (1221 ¢ ke
Bt widn I mm) B To 10°L5T mm] wide. Far wadthe grom s

T OBCTITEPA e vk
¥ To &% K2 mmiwnda

LG "te M52 i 20 mmwide
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Averin e Tolarances
{Lnit Welght!

Test Method aniu mipling Procedure
Cut test specime .5 that are equal to
the width of the z1it roll and not less
than 0.5 meter long, Weigh the
specimens to the nearest .10 gram
oG & torsion balance.

To confirm the average thicknesa
tolerances, eample 2 minimwin of

one gpecimen from each of several
rarlcmly selected sli* rolls & follows:

Minlmum Namber
of St Bolls to he
Sempled
25 divided by
slit roll width {r)
Feur

SHe Rofl
Width

Under 6 (152 mm)

8* {152 mm) and Ower

Tt Medhod

Make the followmg measuremets to
oonfim that Alm from 2 single wllt rall
mestn the micrometer folerances:

1. Meagure in sccordance with ASTM
D-374-88, Method A, C, or D.

2. Obtala the average of ten randomly
selected readings from a minimum
ares of 12 in? {7.7 mY). Recheck
before rejecting any slit rall. Ab-

P b Ao parsies ot st
e o Juat B Or apot
surface mperfections. IHacard such
readings, aa they wili adversely
affect the accuracy of avernge
nlegaUrements.

Tabls VIR

Typa H Fim Unh Walght [%ﬂﬁ]
[ ]] um XHYRIN
) [«] ] 144
.50 140 a0
o 218 32.6
1.00* az.7 »=7
.00 1] 718
1.00° e 116.4
E.00" 158.6 1825
* Applers 10 Tipa W img alya
Tuble 1X.
gy & Conatriatian i 2 T
130FNE1E 1 ]
120FNG1ER LY 54
100FNOES 37 ]
1 SR &1 B4
18GFNg IR o i
200NN bk L)
20001 7 104
250FNOZR Bt 13
S00FMN021 11 142
SoOFN111 134 158
S00FNI 28 111 14¢
ADOFNOZ2 183 200
A00FMNEN g 14
A30FN1.21 [« 100
BOOFN1E1 198 230
BOOF MO nr 2668
Tabla X,
'l'?ﬂll Nomina | Thiglenaan Toders nees mis)
g Thickeass (] i Masimum
n 230 0.24 i ]
" {80 [ JEG
75 478 0.80 050
100" 1,00 0.5 1.18
200" .00 1.76 .28
300" 3.00 273 328
sonr 5.0D 4,85 B35
*Apgiien & Type YN i s,
Tahis XL
1?- 2] Nominal Thiviovess Tolaranoms Ginlia)
g Thickmews (ritiel W e Mpodknume
120FNB1D 1.20 1.10 1.40
1I0FNE16B 1.30 1.20 1.E0
1DFNDSA .00 0.6 1.26
1 BOFNSEE 1.60 1.20 1.B80
TAOFNG1B 1.60 1.25 1.76
OOFNG1B 2.00 1.1 230
200FMN011 2.00 1.10 2.30
250FNO2B .60 234 163
JOFMN2T 3.00 280 3.4
0aFN1 11 2.00 230 3.70
IOFNE29 00 250 340
A00FH022 4.00 1x 4.70
A00FH0AT 4,00 160 4,40
ADOFNT121 4,00 am a0
BOOFNIT 5.00 gy 5ED
BOCFNOET 800 B.AD 5.80
8
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Gauge Depression Rall depressian is the difference in Table XII lists the maximum allowabk

To reduce web hagdling difficulties, diann;ﬂer heh;ﬁ:n thl.le ham and demmﬂ for most pad rgua&'@ere i
which would occug, if flim represencing  softest part of the roll or ifference 70 gauge depression standard for
thicknass extremes were shipped in between the undepiressed and universal wind since that rol] is lnite.
the game roll, a2 gaugs depreasian depressed (Gnger pressure} diameter  to 2 maximum of %" (22 mm) wide.
standard is applied. at the softext part, whichever is
RBrenter.
Tubie MIE KAPTON® Polyimide Fim Gauge Depression Gisnderde=-Pad Rolls
i mem allcwabls cepression n Ya™ Incremants O 0.7 0 mml
Purt-Lip Foll Whaithe {imahas)
LD. OD. 2
lini iln. Yol B BT BN B1Pe 1313V 1-TB 18YTMG TR Z0-20M 2121 BR-03%. & Wider
3 ]
3 3 3 & E 5 7 7 7 Fi ] g g
1 8%
a
) E 7 a a a B ] 11 1 13 13 13 15
8 1 :
3 13
- a 8 q 11 1" 13 13 15 16 15 17 %
8 &
PACEAGING AND MARKING
Packaging Marking Arrangements for special markings
KAPTONS fllm ahall b sdequately EAFTON ip identified, as shown can be made (such as part or
packed o prevent loss of conteota In Table XIT, to sllow complete apecification number). Consult
or damage during shipmnent. traceability back to the raw materiale ~ With your Du Poot Electronics
and processing conditions. technleal or customer netvice
All film will be wrapped with a nom regresentative for detmifs.
. fibrous material.
. g Table XIIL Fackage Maridng
h I Comn
Panicags Lmhwai*
Scheduiad Date X X X
Coiwmar Ordae Murhber A X ¥
Du Pord Order Number X X X
Cougs ¥ . H
Type X X X
Wickh | X X
Numbser of Aol per Container X X
Mgt Wiight | X
Acne Foompe X
M| Roll Mumber X X X
10, snd O} ] X
Mo

* Affeca! 1 tHe conk o ol Sorws, 2257 BT won] wide dndd oo, ciuted vt e packige on 3l cons
bkl Tt 2 25T A walcle.

T Inuisls demader af come and norrinsd oulmde: damater of rall
# Avpelgble ior up 15 12 chamctars.
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L

DuPont Polymers
KAPODZ Revigped 14-FER-1904 Printed 7-MAY-1998

"KAPTON" POLYIMIDE FILM, FLUOROCARBON-COATED
(EXCLUDING TIO2-FILLED TYPES)

CHEMICAL PRODUCT /COMPANY IDENTIFICATION

Material Identification
Kapton is a ragictersd trademark of DuPont.

Corporate MSDS Mumbar DUOOSE 14
Tradenamss and Synonyns
"KAPTON" F, FN

]
"KAPTON® HAN
"KAPTON" HANG1GES
"KAPTON" XP
"KAPTON" ZN
“KAPTON" 1100FCG51-6

G Tdemtification
mmunimnmmmumn
DuPont
"Kapton®/“Taflon" Customsr Bsrvice
P.0. Box 89
Circleville, OH 43113

PHONE NUNBERB
Product Information 1-800-237-43%57
Transport Emergency 1-000-424-5300
Medical Emergency 1-800-441 -3637

COMPOSITION /INFORMATION ON INGR
onents

tarisl CAS Number %

INERT POLYIMIDE FILM 100

Coated or laminated with:
POLYFLUOROCARBON 2E087-11-2

{ ey i reunet)

Primed on Reoyziac Fapar



HAZARDS IDENTIFICATION Contirusd)

cnnguundi can cause mevers eye, skin and respiratory tract
irritation, Inhslation can cause shortness of breath and
ather respiratory affects aAnd symptoms may be delayed.

Carcinogenicity IsToraation
None af the componants prapent in this material at concentrations

equal to or greater than D.1% are likted by IARC, KTP, O8SHA or ACGIH
as a carcinogen.

FIRST AID MEASURES

First Aid
TNHALATION

Ir txg:sld to fumes from overheating or combustion, move to fresh
air. Conault a physician if symptoms peraist.

SKIN CONTALCT

Waeh with sosp and water aftar handling. If skin irritation
davelops, consult & physiclen.

EYE CONTACT

Fluah gyes with plenty of water. Consult a phyaician Lf symptons
parsiat.

INQESTION
Not a protable routs of exposure for films.

Flasssble Propertiss
Not a fire or axplosfon hazard,

The flamnahilitI characteristic of polyinige film is
reportad ag "self-axtinguishing".

"Kapton" chars but doss not burn in air, Coated types of
'Kl{tnn' will burn in an atmosphere of 95% ox¥gan when an
ignition source is presaent, Combustion prooucts include
carbon monoxide, h!drngin fluoride, carbonyl fluoride mnd
poseaibly perfluoralsobutylens.

The processing of "Kapton® poalyiwide filme can cause the
ganeration of static charge. Precautlons for static charges
should also be taken when remgving plastic films used as
protective packmging for “Kapton".

Fage 3 TI-NHTEA 0178156




EXPOSURE CONTROLS /PERSONAL PROTECTION Continunn
Exposurs Quidelinas

lisilt Eprs cme

PEL OBHA Mons Establishad
TLY ACQIH) None Establithed
AEL * (DuPont} 10 mg/m3, 8 Hr. TRA, total dust

6 np/ma, B Hr. TWA, reepirable dust
DIMETHYL ACETAMIDE (residuel in f1ilm

PEL. SDBHA 10 ppn, mg/m3, 8 Hr. TWA, 8kin
TLY ACGIH) 10 ppn, 26 mg!na, 8 Hr. TWA, 8kin
Notice'of Intended changes (1995-1996)
AEL * {DuPant) 10 ppa, B & 12 Hr. TWA, 8kin
POLYIMIDE POLYMER (&8s nulsance dust)
PEL D8HA None Established
TV ACGIH) Nons Established
AEL * (DuPont) 10 mg!na. H Hr. THA, total dust
& mgim3, 8 Hr. TWA, respirable dust

o AEL in DuPoht’s Acceptable Expoiyrd Limit. Whirs Arpdentally imposyd ocsupational sxpoaurs
Limits which ars 1uutrnthln the AEL are im #7Teot, tuch liwmitiw lglllpglll prlu:dlﬁnl. pod

PHYBICAL AND CHEMICAL PROPHRTIES
Fhysical Data

plting Peint None
% Volatiles 1% max
Solubility in Water Insoluble
Odor No odor
Farm Transparent Tilm
color Light amber
Specific Aravity »1.4

STABILITY AND REACTIVITY

Chenical Itlblllt{
Stable at nornal temparatures and starape conditions.

Fluorocarbon coatings react with finely divided metal
gunﬂnrl and Tluorine aend related compounds {(e.g. thlorine
rifluoride).

Dacomposition
" ton* flurocarbon coatinga may daﬂraue at temperatures
»>350 deg C producing hydrogen fluorids and carbonyl
fluorides.
{C o]
TI-NHTSA 017818
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The date in this Material Safety Cata 8Sheet relates only to the
spacific meterlal designated herein and does not relate to use in
combination with any other materiasl or in any process.

Rasponeibility for M8DS& 'K:ptun' Customer Sarvice
n

Addreas DuPont
Girclevills, OH
Talephone B00-237-4357

End of W8DS
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T

DuPont
Elastomery
Fluoroprodacts
Packaging & Industrial Products

Polymers

Pear Customer:

Enclosed are DuPont's Material Safely Dlmshutifﬁrmepmductayuu
have purchassd or inquired about,

Our Material Safety Data Shecta (MSDS) communicate imporiant
informmation about the handling of DuPont products, recommeénded
protective meanures, and health hazard information in compliance with the
Occupational Safety & Health Administration {OSHA) Hazard Commurication
Standard (29 CFR 1810.1200), and staius under certain Federal, Staie, and

foreign regulations,

Our MSDS also includes the TSCA inverttory status of product
ingredients and lists that are on the Taxic Chemical List, and the
concenirations at which they are preasnt in ¢ with the Superfund
Amendments & Reauthorization Act of ] D86, I (SARA), SecHon 313.

Aa part of DuPont's longsianding commitment to product safety, we
provide M3D8Ss for all products. both hazardous and nonharardous. An MSDS
is sent to all customers with thelr inittal order of & product, ard with ther next
ovder after a MSDS is reviged with significant new information. I you do not
purchase ditectly from DuPont, your supplier should provide the MSDS to you,

You ahionld provide the information contained in the enclosed MEDS (o
your einployees, agents, cantractors, disgtributors, and customers who handle.
use, purchase, or otherwise may be exposed to the DuPont products described.

If you have questions this Material Safety Data Sheet, pleasc
contact the person named on the last page of the MSDE. If you need a MSDS
for other DuPont polymer products, please contact our MSDS Coordinator.

Sincerely,

DuPont Polymers
MSDS Coordinator

302-2889-4588
P. 0. POX 80713
Wilmingion, DE 19880-0713

12793
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From Dubsa, Erin
Bant: Friday, Dacormber 08, 1067 10:43AM
T Haymea, John '

Gubject: Dupartt Prica Hike

John, balow i My Gk 10 e, infsiming whosvar you daam neodisary o the saverity of this price Increass and
‘!Hmm n fire under some buity to get things dane. Whet dio you Whink?
n

Friends, Romana and Counirymaen,
Thin Is war...

Tha phone message that we recakved from Dupont will aohsdan dself as 0 uge price Increzes. Here is
the damags report

200AN- from 589,60 o $84.04 par pound sn 6% Increase to the peny. Thia maerial gosa inta part # 74224-1
which goss o 57P0s, 77P8s and 67PSs io the tune of about S5 Dbs u yaar. Transkadion, $2 674 Increasa.

SRy irorn £56.85 1o #5484 par pound an 8% increass o the panny. Thia matacke] goss imo pert ¥27228-4
m“-mnudﬂm (85, 80, 67 mnd 88}, o the tune of shout MM & yerr. Transition,

rom $36.28 to $68.54 per pound an 10% Inresse (0 e panry.  This metorial goas imo part $27295-5
gowa Info the 38£8 family at a thankhulty small tns of about 200 per yesr. Transiation, $1,487.50

inaraasa,
250l

SOFNGES - iram SP-0F 10 $81.00 par pound an 4% inorssss. This malerdal goes irto part $27220-3 which gosa
Inta 01PSe, 92PBa, and §3P5s to the sver growing lune of sbout S0lbe per year. m.lgm
Fa

EETEIREEH from $80.28 10 $67.50 per pound an 6% inomass to tha . Thiy maberkel goes inko part $27225-1
and 27225-2 which go Inio svarvihing 1o the wne of (NS par year, Traneletion, $44,374 Inwrease, .

| sarved the beat for eat. The Tinal damege par ysar [ closs 1 381,000.50. This coss ot Mckude the prios
inoreaees that we Wil sussly ba recsiving from inauifal who Bisys om Dupont and ian gives us sinsady oul parte.
T ththod - 0939 - ithe [y ta,950.9

Iq?jf. “.-..I.M—u-

- | lhs z it
L-S'.Ja&"ﬂ i) deun HAl b0 /‘1!" a%}ﬂ'.ah
Tury o 134 o /497 S
s ool i
He, 3¢ oo
——r——

52 il co
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Kapton® Polyimide Flim

DuPont High Pecformancs Fibne
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DuPont High Performance Films
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Kapeon” palyimade film possesses 1 unigue

<ombinauon of propertes which Maxe (L 1deal
for a vamery of applicausns in many different
wnduntries, The aliny of Kapten® 1o magntun
113 axcellent physical. electncal aod mecnani-
cAl propeHiey over § Wi HemesrariTe (unge
hed opened new design and application areas o
plastic films,

Kipiog is symthenized by paivmenting an
arematic disihvdride ond an aromanc diamme.
It hma exceliem chemscal resisiance: there are
na known ocganic sal veres faor the Film.
Km'dnﬁnmu:ilwmmlthulhc
higheat UL-54 ﬂmmhd:n :mnf V-0, The
outztanding perntil it Lo
b ead 2t both high lnd Im\r EeMmpemoTe
exoemes where other ofganic palymeric
maskrials would aot be funclional.

Adhasives ae nveilable for bonding Kaptan®
to isalf and 10 matals. varioos paper Types. and
oubar fims,

Kepeon® film can ba used 1o &
varlery of elocirical and slectromic izslation
: wire and cable tapes, formed
ol Insulation, setwtreces for flexible peinged
circwim, mymor slot Hners, magne wirs inrn-
ont, tratukfonnier and capacitor mxabition.

cn the excelient talance of elactrical. thermal,
machanical, physical, and chansical properties
of Kapton® over 2 wide ruage af tecperanures.
[t ia this comnbinmion of oseful propettics ot
Iemparacrs extiomes that makes Kapton® o
urdgue industrial meterial.

Thwee tvpey of Kapwn* are deacribed in thia
bulletin:

* Kapiow* Type HN. all-polyimmde film ho
been used succestully 1o applicatoas or
IEMPpLrFUTES 35 low oy 1504 - - L1
ind s high as 400°C 7527,

Tvpe HN Mim can be laminared. medllized,
punched. formed. or adhesive coaced. It 15
Jvailable a5 7.8 pm 83 maly. 125 tm

W35 mady 19 pm 00,75 muly. 25 e i1 milo.
Hum 2 mib), 73 o 13 mil. and 124 um
(3 mil) R,

r Kaprant Type YN, sil-palyimide film with
all af the propersies of Type HN, plua
superiar dimenyianal stablity. Typs YN is
avaiiabile as | 2.5 pmo 0.3 midi. 19 m
00,78 mils, 29 o ! wady, 50 pm (2 milh,
15 e 1 3 mild, amed 125 pm o4 mily flma,

» Kapiog® Type FN. a Type HN [lm coacad
am one or both sides with Teflun® FEP
flyaropolycoer resin, imparts best 3aals-

bifiry, provides a moiswire bacrier, dhd —
tm:dm:-II.M|m Typa FN L3
avuilabls in 2 marober of combinations of
polvinide and Teflon® FEP thick e
(3ee Table L6Y.

Nobe: [n sddition oo thes: due types .
Kapron?®, ﬂlmml\ruhhhmmm% ; o~

g s

v marhecm

* thermally condactve
* cryogenic iamistion
* CONOAS nRdisiamt

*  pigavisied for color
»  conformabls

»  odiver Elimx ailowed 10 meeT customen”
oaads

Dumia For thety films are cavered in tepares
product bulledn, which can be obained from
your DuPont representagive,

The Chemy=al Absiracls Service Regury
Mumber for Kapran® poly itide 1ilm i3
[13036-53-T].
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4-.,‘.. -~ - - .- L 1w om amm
P - . . b - = a

Kapten# pul:rmud: films retan e oRssical
PECPErUEA aver 2 wide (amoeraiure range. Thay
nave been ugad (o feld apprcations where the
ENYIMAMENLI EMpPErdures wen is 0w 25 2w
=269°C i—=52"F) and a= high as H00°C (75 1°F

Complere daca are nor as aulapie al thess
exureme conditians. wnd (he maoniv o eonn-
<l data praseneed n this secieon falls in the
200%C 1723% o 391°F ange.

Tabls 1
Phwyeical Properties of Kapton- Typs 108 HM Flim, 25 um (1 mH)

- Typionl Valee m

Fryaioal Fraparry HEMTITM EC 1 Tawt Matheal

Liiviste Tengiln Scrangrh, MFa (o 31 1L THY 120000 SETM D352, Mathog &°

¥|iie! Paene &t P, MPa DM/ 251 14.000) 41 18,000 ASTM O-EZ-11

Gtrany 10 Froduocs §% Elgngaion, MPigs) 3 150001 0 oy AFTHV -8R0

\Niavaay Elngsnon, % 72 m AXTM D-miz 51

Tarmiia Maduius. GFa Iow LM 2.0 (780,01 ASTM D-00247 °

Impwet Strangin, K-¢m ih 1o 7 13.30 Dugne Pbumii Impec Tess

Poleing Ensuranca (WT), FYcile 205600 ASTM D-2775-80

Taar Spangth——rrepagmmng (Eimarocd). M ik .07 (043! AETM™ O- 115248

Toar §ivan g rtin) [Graven, N ih Lzl ASTM O-1004-20

Dnowiry, groc or gami 1.k ASTHW D- 1008 .-

Coofalans of Fricson-—&ineric [Fim-o-fim| 4.4 ASTM O- WIS mrdrem -

ComMciart of Frishion-=Sisio iFim-ta-Fimi o5 AXTU D- 14

Faiicve i | Sadiet D Line) 1.4 ATTM D-Sd2-08

Fatapnon’s Rt oM Avg, Thrin Bdraphid
Hiarepmind ot P, T, HTE

Low Tampargtury Al Lidy Fan INC TV 80, Muthod 1.8.18

o TR TR Y d“llm TOR w14 e Junve B B minuweet 13 | mfwieyi; Lol nithid TN

Mvialshl Sirb T iw] albrelabiec Araldemanddd Dbk,

Table 2
Thermul Prepartieg of Kapten- Typa 100 HM Film, 24 um (1 mill

Tharrel Fraparty Typlasl Value Tant Camsitan Tart Methed
MeRing Paint Mo N AETM E-Toa-M (11
Tharmal Cowfficlan: of 0 ppmG =149 HEG ASTM D-2-11
Linaar Enpanson 111 pgrme ™ I7 1o 190*F!
CoaMiciem of Thanmma Conouepvicy, aSTM F-43377 1T
wWmEK IR F) M K
=8l

R TT i 87 x 0™ 13c
Spaerfic Hoan Jig K oavg C g il 2811 Diieranna Calarirehy
Zharmmubilily v UL 3 A
ShracAgE, ™ a1 N man 4t 1538°0 PFC TH EED. Mathpo 0 144

)] 120 rmin ar 4Q0PE A5TM D82 1a. 3
st 5emabiiy Mot Mgar Suaute
Leffing Qaygen indga, s ” AT D-2383-81
Soider Fioat Pa 1T T 850, Moo 1.4.134
Smoke Oendratian M =< NBE
Srnokd Chamber NFPA-I58

4 SEONE QTOET IF RN OCCUE I Kapon  Sereen JI0MC (SI0 gAg 4| O°C i TIUNE
AN e 0y D 1 QLA 1P P it M- O Ferar e
'SEMIELSS SFOTUEY BHASTENT MRLE WITHH el IR DY e O

st Trantsan Temparacure (T

3
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Tabls 3
Physioal end Tharmal PFropertiss of Kapron' Type VM Film

Typical Valus fov Filan T

Mum B um 70 umn 128 um Tomt
S— (1edll 2 mh 13 vl Mathad
witr iy Tanawa Exrgngrs. MFa FER] e m ASTM D-RE2.41
pml F=B [ELE. -1 E -3
Lyt Biong Sbn. " L] B2 az AEZTH O-BR2-Bt
Tuir Smangit—ropagenng Eimendes), N 507 021 4. ASTM D1
Taar Serangifr—indinl (Grinain), & T2 103 FL*) ASTM D- 100400
Fokiing Enduranca IITH < 17 cyrem b L o] [ ATTM O-21710-2%
Ty, e or grmk 1.43 1.3 143 ATTM O- 150889
Flpm maigaicy Y0 -0 v Wi 12980
Shrinkaga, %. 30 mm g 1T C302°F) i e 003 I THA 390
Ntk 13k
g O mypien e % a7 [ ] L] ASTM D 20537

Tabls 4
PFirysical PFroperties of Kapton® Type PN Fiim*

Typlal Vales for Pl Typyt* i
1N AL

Prapeviy s — v
Uinirvwie Tarale Birangth, MPy ipall

2 WY 0,000 it 1L T ERL BN

200°C FNTY 121 (17000 (Ao 115 F17.800¢
Yiakd Fointl st T%. MIRg Woai)

T T #1 8,000 & 17,0001 & 0L

200°C 133" 41 ¥.0001 41 IR0 i 05,000
Etro o % Rlongaien, Mt ipeil

- n At ] TR0 M (B0 {11000

DFC 1 B .00 41 ILBDDY & {7,000
Uitirupty Blongeton, %

o5 L T H

L (R ) by 114
Terails Modubha, QP ipsl

T 140 13,080 220 (330,000 2.42 {285.0001

200°T (3RIF 1,02 (130001 1,14 1 INEO00 1.3 L3200 0001
MDA SAREN A 1L [T,

Nm el kLt -] Ak 1540 108
Tear Strenger—PFropegitreg {Elmamoortt

N i 0,04 10020 YR RRT] .57 00
Taar Strangie—rnedial iQrivieal. M HbE 1.0 2.8l 11128 178 1kl
2 g, Wt % H n 3
EEM 3, k1| 41 27
Caraicy. g8 or gL 1.4% 1.87 1.§7

* Tt Mugtrachl *or Tabis & ari By S g loe Tanig 1.

= Bammuny 3 Nyt g1 sombrgngns of poinaeader T S Mo MAEMTOON Gldteng Sl LG T H S8t Tolal RN, K (1 MCEERY T
ILETAguERY WTIENY WalT A TN Nt M e o wieDh Wl Mindd bl 1 rinlemlni il ridv bl Bhcreas of e buas
Faotond fim m i Tha Ane s T dgubl Sl T 0 N Shaingts of M0 a0y of Tefen ' SEF fuomoohrnee e
1 i T eyl B o oppd by PO iRand 13 umn (D el pred 8 10 rpewsant 1.3 um (0.1 ma Boamoss: THENETE & 4 120-gawgr

T B ml o 3w £ o B B ey 308 et 00 el u kel of Tofln= oa paah e,
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The ugual values of wensile sirengil, ensle
maduius. Ind wlumare shnguon au v oo
emperdlures can be oblned frorm the vl
ALreas-4trRin cyrves shown (o Figures | and 2.
Such propenies os tenside sten gth and mcdulus
are 1nversaly praportionzl o EmpeTamure.

WRerEas < [CRGLION MIheEs 3 AL UTU » dlue
at acaut 00 1 5T0°F 5. Other racuors. sugn 4s
numidiy. film thiekness. and wnaibe =longanon
tates were found 1o have anly 2 negligibie
etiect on the shape of the 23°C (T3'Fr curve,

Egure 1. Tensis Strass=5train Curves. Typs AN Flilm, 25 um (1 il

1 ::i,-

. (TR

l“|

24 / ) 100°C (3123
1 10 - / 1. ‘ - -
I . el

TG (HEF

12
[ | g
g
.‘ '.‘
& 1 ] | 1 L 1 L a

MHgura 2. Tenalle Lrsap Properies, Typs HN Firm, 28 pen (1 mil]

LY 100°C L12°F| | t
ol e 81 MPa (8,050 psil : —
1
i
4= ' i
i
1
2l ! '
. :
{ 1 L 25°C (BOFI
08 = 21 MAPE {2 980 pui)
508
ol - ' 26°C (&0°F!
11 MPe 11.610 pa)
a2 - 18°C (RQ*F)
e 4.5 WPy (D80 pai)
o . ) , i
| 10 100 1000 10,000
Tumee, min
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Kapion  aomvumide 1Tim 1y made D3 g cunoenxa-  rEMmaEN o emsure pood meEcnamcal peror-

Liwd r2aCTIOn: (REnEtOre. s properies dlfe MENTE A eCrease 1N Ut LeMBErLNre and the
Jitected by water, Although loRg-1erm eapo- WIKET conlent wiil feduce ine raie of Kapon
SUPE 0 DOINGE hGUET, I AT T I IR TURES I RFODEMY RSN, W RERtus MIEReT Iemparir.
Figures 5 und 4. wil! reauea tne leve! of film and pressure will 1 nerease 1.

prope. s sU fficant wensue and 21 nganon
Figurs 3. Tansils Strength After Expayune ta 100°C (212°F) Water, Type HN Rim,

Hum 11 milk
3 : 250
a2t
Prgn =M
3 2% b
! -1 158
FLR _ i
" E
1+ |
-
o %
‘ =1
ﬂ L] | ] | | | | | | L ! ] u
0 O 04 04 OF W0 13 14 18 18 30 12 z4
Tirvw b Bolling Wetey, 2 1P h

Figurs 4. Uitmate Tlongatlon Aftar Exposure 13 HO'C (272°F] Wetar, Type HN PFilm,
Dpum 11 b

E

YT T

‘s £ 84 3 8 B

1 g atvon, %

m!_ ——

0 02 04 08 OB 10 12 4 V5 LB 0 22 24 2B
Tina in Gedlsg Water, x Y03 p
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The gimensional siobilicy of Kapton - pols umIce M0k o 1 TRt EX005URE (o dies 3Lk lEmpera.

film agpends on lwn raglors-—the nomal tutes us indicated in, the bar 2rapn in Figuee 3
<oericEnt of thetml expansion 2l e nee i 1im Nas Been e yposed. tne normal
rexiduad stresses phdeed 10 whe film dunng s dlues for the thertul coelFicient ot iinear
manutacturr The louer causes Kapton - w expansion o8 shawn i Table 3 con oe expested.

Fgunw 5. Fasidusl Shreek un. Exposurs Temparstues and Theokness,
Type HN and VN Filma

THr
148
. Owemwrn AL
Td - [ v izrer
| ! 1on | O] ner | 120
|
: 12 B

:]

s

+

 Typicat Shrinkage, %
= —
[ -3
| i |

a4~
02} LW i
F 1] [ 1] TN 15N
Fim Tivsknaas. Jm imil
"Tyr ¥ ik m 0.00% for il Unckrreal.
Talsla B
Typs HN Fiin, 23 b 11 mil) -
RN
Tharmally Exposed
Temparaturs Rangs, -C ppay'C
2308 {TE-0n 8
100-200 1213-292) 11
200-100 [182-6731 18
i 00400 1572752 B
21~400 L7A-782) [*;
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The userui e of Kaplon* palyumde Tiim s .
fupetion of Doth temperatune and oKy gen
<nneengabon. ln acooedance with L'L-7468
(et pracedures. the ihermal life of Kabwn*
wuk JAErMIDed 3 VaFIous LEmperaiures. Al

ume zena and 12570 b | ™F). Lhe tensue
sirength 13 24 MPa ¢ 34,000 psi and tie
£IOnganaan 15 675, The resuits are sHown 16
Figures 6=R

Figure B. Twnnile Strengih vs. Aging in Air st 3Z5°C (B17°F), Typa HMN Flim, 28 um {3 mil)

100

—_——

Then vz XHC AT

L L 1000

Mgurs 7. Vitmate Gonpgativn va. Aging in Al st 226°C ({17°F); Type HN Fim,

28 um 11 mil)

100

g =

Elonga Fon Relsbnel, %

W~

40

Tima at 135°C |01T*F), h
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Flgurs . Awtained Dlalectric Strengon m 325G (517°™ for 25 um 1 mil Film,
Tant Mathoa UL. 7488

122

1oe -

Malecwis Girangth Axisined, %
3
1

f
W -
h ! | T
.auI- ‘
! g ! ' | | ! I
i [ =00 1,000 - o -
Thms ot 333°C 177, b ) —

The kidls: of Kapeon® polyimede flm & bigh wid & keamt an order of mageinas grester thas
wmperanne it sijmificantly sutendad in u low-  bw air. Using » DuPom 1090 tGurinsl atlyzer
unviromnent. Kapoe® in subjecr 10 syshiztt, the weight joss charscrerigtics of
lve degradation. Hesce, whes it wia Kapton® in air and halism s clevod onipoon-
tetsed in & helinm snvirgoment, i ossfol ife  owes are shown in Figuns 9 asd 10,
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The most commeon =iectncal propemes or

Boupcon » polvimge 1ilm or vanous JIuEes are
«own i Tabled & and =, These L2iues »ere

Teasured aL 230 T F ang 300 pajabive

e T

fumadity The effect OF Such tacir ag hurud-
v, lemperature. A0d Freaudncs on hese basie
Jiues sun oe touna 0 Table v ing Fgums

11=i3.

Table 7
Typinal Electricsi Propartias of Kapton- Types HN and VN Flima

Froperoy
LT Typigal Valm Towl Comuition Toat Mvispd
Nelanric 2 WILITY (N yiml} & M ASTM D-1ag-17"
MM i il ot 11,70 14" arichrotes
30 pm 13 el 240 14,1001 30 Vipac ngn
T un 13 mil) 0% 15 4K
12% um & mli H 13 11,9001
Diplpmirly Comper ¥ by ABTH D-193-93
dhum (1 mih 14
W um i b 14
T am (3 mli N |
129 prm ol mill 14
Cianlnatn Fasior T ASTM O-180-02
:m i1 mull E- 1))
gm L min D080 -
TEpm (A min LT -] ST
1“ 1T, ] “ “ a0 _m: -
Yolume CHam AMITM D357
a1 mill 15 10"
9% wrn 0 il 185w 10"
T pmi 81 milll FYR
1% um E miD 1.3 107
Tabls §
Typiesl Eectrical Propertes «f Kapton- Type FN Fim
Prigpurty 110PNG 1R 18P ABOPNETE
Disbasarie Strangth, Wam ivimll 172 (500 197 B.500) 197 00N
Dighiitrs; Comstant E R Hi 14
Digmipation Faotor a.ons 0.001% 0.5011
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o i frrh R el "gw g
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CLECITIEDL MSasUreMEnL:  ore made on 13 um Table v and Figures i 1-13
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Tabia 3
Ralative Huini wi. Elscineal Propavtise of Kepion
ernve B f.:: HHN Flim, 28 ut {1 mil.
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Figurs 12. Oissipation Factor ve. Axlative Humidity, Typs H Fim, 25 um 11 miil
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Figurs 15. Disslparion fettor va. Temperatyry, Typs WM Flim, 25 um o1 mil)
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The effect of frequency on the vilues of the 19 for Type HN filbme 25 um L1 il and in
dislecrne consiant and dissipalron Facwor it Figures 20 and 21 for AN, 125 gm (3 mil
varous isgtherms are shown in Figures 13 and

Figure *§. Disbagiric Constant vs. Frequangy, Type HN Fim, 25 um 17 mil}
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Figurs 30. Diglectris Constamt va. Fraguenty, Typs HM Fim. 128 um 08 mi)*
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Like all organic materiais. Kagran* 15 anacked
by mcorana dhicharge. and when exposed
continuous!y to i will ultimately fail
diglecrcally. Ar modersce levels of corons
expasure. devices insulaied with Kapeon® have
survived up 1¢ 3,000 h. givins reasonabie
asaurance thal orief expasurs 1o a corone will
ual significantly affecr e life of a properly
deaigned insulation system based oa Kagon'.

Corona threshoid volisge and iniengity are
funcuons of many parameters. including
insulaion thicknass, air gap thickness., and
device shaps. Consull with w DuPaat technical
represeotstive on the soirsbility af Kapeon® for

specific applanons whete 1 corom may be
pEsenl,

Figure 22 shows the life for 23 um i | mily
kapron - HIN palvimide film as g functen of
voltage { RMS1 21 50 Hz Ak the corona siaring
lewsiis aoproached. the Kapion® life cuive
{lanens. indicating a lang life, It should be
emphasized that the superios thermal and
maiature-aroof capabiliies of Kaproon® msu-
loted mAgnet wirs, WHApPers, and sjof insolatan
com be wtilized withoul fear af caronn in
proparly dasigned dysiem. Kapon* cun be
used alome or in combination with other
inmuinzicn mutecials.

figuna 12, Vokage Endursnos of 108HN Kapton® Palyimids Fiim* L 1A - Ul
"] T | !
4 et 1 | i i lj
I'-Ui . _
L B ] i
g == £
! . T
3
11 1 1 4 047000 2 1 4 DIa7maxE EE R T
Tima a Pallern, b
“Covew Liintrry Volegh 10 = A0 Y
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Typizal chemical properdas of Xapton® Types  The chamical progertss of Tvpe ¥N film am
HN and FN filris ace given in Tables LD and 11, similar 1o those of Tvpa HN,

Chamical Froparties Ifﬂlpﬂl"!rur"m FAm, 28 pm {1 il
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Because of its excellen mdistion resisiance.
Kapton® 15 frequenily used in high radiacon
enviroomens where a fleaible insulaung
marenal is required. In cuter space. Kaptom® is
usad btk alone and in combinanon with cther
materials for sppticarions that require ediabon
TeKiELANCE M mirimum weight. U.5. Govern-
ment boraory rest dwa on garmms and
asutron radintion exposure of Kapton® ars
summarized in Tablas 12 and 13,

Testing the suitability of Kapron® for nuchear
reacton and linasr ncosleramTy involwey
cXpogues t0 an adverse chemical envionment
o sfditiem v radistion. For example, loss of
coolans sccident (LOCA) o for quallfiesron
i coarainoest srces in ouclesr powst placis
exposa the symien w0 weam and sodium rydrox-
ide, bath of which tend to degrade Eapton®.,

Accardingly. when Kapton® is uxad 10 nuciear
power svsierns thar require certification w
{EEE-123 and -133, engiceered dasypns thar
protect Kapton® from direci exposure 10 LOC A
SFTRYE M requined.

The exc_llem ulzaviokst sistance of Kapion®
in the high vecunm of outer space 15 demon-
utrmied by the daa in Tabls 14. {n the earth's
atmaphere, howevar. theére is 4 synergastic
afTect upoa Kagon® if it is directiy exposed 1o
1émoo combinatdons af ultavio ket radiation,
oxygen. ind warer. Figore 13 chows this effect
as a lows of edongation when Kapion® wi
axpased in Florida lem panels. Figuee 24 shows
the Leat nf slongation a4 » fusetiom of saposure
s in = Atiss Weatharometer, Design con-
sidermions should ecogmize thds phenomenon.
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Tabia 14
Efiect of Ultrpviclat Exposure on Kegton- Polyimide Fim*

1880 h Eapanury
Tanmis Sirangan, % of Ininal ¥ Retnga 1™
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Figurs 21. EMaat of Flarlda Aging on Kapton= Folyimide Film
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In the Kspm® Type FN order cixde of twwe 0.1 nail), Exmviple: | 20FNG16 1 & 1 20-gougs
digils. the middle digil reprasests the nominal  siricters consistimg of & 2.4 [dm (! Sil) basa
thickneas of riye kase Kaptoo® tw mils. The fire  Rlm widh a 354 pm (0.1 mil) couring of
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iarery inc Hancling
Unhestad Kaptan® pol yimice film is igsajuble
i mast common organic salvents after Lonmer-
sion for up io & yeer. However. Kapina® is
dizsalved by serong aceda. such as fuming nitric
and concentratad suifimic acid, panticularly an
hesting, and is Aydeolyzed Sy alkall wad
superhested siaam.

Kapuorr® Type FN exhibits bemer chemical and
oxidative msistance han Types HN sad V.

Kapwon® Al can b used safely at clovabd
CeTpATALILES With peoper venrilatise, Al
niavnind tsenporenares. Kaptan? can relesse
sl amaounns of NoV-dimathy lacaramide
residual solvent. Adecgaee venslluion n
ncooedance with O3HA (29 C'R 19

will provide safe handiing and ose,

For ndditioot] mformtasion, users
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* TEXAS AL Bow V1B
INSTRUMENTS Aiwbor bk 017 713 OO0
(5 2383400
March 12, 1998

Kurt M. Landgraf
Execudve Vics President

E. I. du Poot de Nemoors and Company
1007 Mizket Stroet
Wilmingson, DE L9898

Dear Mr. Landgeaf:

TI's Automocdve Sensor’s & Conwols Business and Dufont have anjoyed & motually
beneficisl relationship for a number of years. 'We purchase over 10,000 pounxts of Kwpton
per year, and am on wack 1o spend close to $900K with DuPoat's High Performance
Fllma buginasg this year. The purpose of thiz leter is o highlight 8 contsrn [ have over
tha direction our relatonship with your High Performance Filis business is procesding.

Dhuring a recont meedng with Tom Clyde, the Marieting wnad Development Manager for
the High Performance Films business, we discussed the current state of the ansomotive
markesplace. Our business is being driven to rexfuce conty every yaar by 00 Costome:
bage. Aswe presaated 1o Mr, Clyde, our customness sre requinng axsvwesl cost reductions
ranging from 3 - 5% per year. During thic more period we bave seon sohatantinl mcyesees
in our basiness with DgPont. Pressure Switch oeders for Kapton have incressed by 2006
over the Laat zix vears and Pressure Swich Manifold orders bave increasad foom O in 1991
to over 2000 pounds in 1958, Unfortunately, the same titme period has seen price inGIRaes
from DuPont of aver 10% on our high yolume Kapton products.

within oo Presquoe Swisch degigns. These iovestigations have been oagoing over the past
seversl years i have regulted in the idensification of 4 viabls, lower cost materinl which
we st qualifying for our products. Cur message for Mr. Chyle wan dant if DuPont ingists
on raiting prices, it would drive us to the glemadve material. Mr. Clyde i
DuPont's poxition, that it required additional price mcreszes to fond fixiure expanaion and
that be wonkd be ymabls 1 agyee to any pricing asgosiations to retain thiy bosiness,

I beliave the result of our meeting with Mr. Clyde was ungatiefactoty for both sidas.
DuaPont High Pesfiormance Flilms is moving toward losing s long tevn generaily satisfled
cugtomer, and Texax Ingtromenits is making preparstions to move its endrs film type
busineas elsswhere. In addition, we are looking mors clossly st TI's other business with
DuPont, TI currently purchases or consumes over 300,000 ponnds, of Zywl (6/6 nylon)
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rmoding compound. This meserial comes o wa via rew compound from DuPont, its
distribtora, and w molded parts from TT agppliers such as I[TW, Capsonie, Tomeo and
others. We control the materisl specificatione and therafors selact the rterial sppier,
In ackdition, we are a large consumer of Mylar and gther prodoces which sdd valus to the
overall relaticnabip.

I understand thae Mr. Clyde's limited anes of control may ba foreing hith ) nenin
inflexible on pricing adjustrmengs ta TT. Fs made i clewr that i ability to scxuine
additlonal fumding for reguired expindion programd in his plaat, was tied to maeting
corpomis goals for growth and carnings. Prom an oversll perspective, however, 1t may be
in DuPom's best intereat to meinmin & healthy relationship with o given that our growth,
pticuloty within the: astomative sens, continues 10 be very grong. The progaceks for
the fature iz excollent, and we are looking fior compeniss who wish to share in dr
growsh. It has always beon our assumpdon dist DaPoat would de one of those
companies. Whils it is true that Hee within the nmomotw basieosy can bs very

chalinnging, the rewands for those companies which cae succestfully compes am
excellent.

I finnly believe there are opportunities for TT and DuPont 0o work togather. We havs
enjoyed & long aod positive association, but we mast find 2 way to Both win in this
relarionakip, or it will not remaio inect. Befom heuding imevocably down the peth of
disengagement, I want 0 malke zure that DoPont’s mp menagement coderstandi the entire
situation. I you feel tiage iy soomant in DuPont’s organization who woold be betier
suited tn address the larger picturn I wonld b very intereyind in mwaring with them, T
would aleo welcoma the opportunity 10 disciiss the sitsation with you, and look forwant
to bearing fram you in this regard.

Very troly yoxrs,

ot | ONe

Edward J. O'Nedll, CPM

Supnly Process Manager
Automotive Sensor & Controds

cc: Jakn Haynes
Toen Clyde, DuPor
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Oufert High Parformanca Gims
U5 Aowe 23 & DuPant Aomd
F.0. Boa i

Circhvilm, 0H 43113
Tal. (01 4740724
Fax [ 474-0000

DuPont High Performance Films

May 1, 1998

Mr. Bryan Dague

Texas Instruments

34 Forest Street

MS 23-04

Attlsboro, MA 02703-3261

Dear Mr. Dague:

We are pleased to enclose our istest brochure for Kepton®, Ownsis®, and Cirlex®
This brochure describes new capabilities and 2 wide variety of new applications.
We hope you fnd it hetpful

New Kapton® applications ame also described in detall on cur new website:
httpo/fanwr. kapton-dupont .com.

Pleass contact your DuPont representative, Khadijah Fladger, for further information on
my of these new epplications.

We appreciate the opportunity to be of service Lo you.
Sincarcly,

Thomea E. Clyde
Market Development Matager

Enclosure

TI-NHTSA 017858
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'Kapton® FN is Kapton® HN fllm casted or lamlnated oa nne or
hoth aldes with DuPnat Teflon® FEP to impart heat scalability
arxd 10 provide & moisture barrier and echanced chemicat regis-
tance. It 1s avallable lu a variety of cocstructions,

Kapion® BCL-Y eliminstes the need for thick opeque costings. It
offers the thermal and electrical dusability, #s well as the chemical
rasistanca of Kapron® HN, along with axcellen: surface refloctivi-
ty and bar coda label coutrast.

Kapton® KI 12 2 heat-sealahle polyimide film wsed for high-
tomperanure add bigh-performance toatetial constructiona. It
maintaing excelleat adbesion well nbove its glass ransition

tanperuhee,

Cirlex™ adbesiveleas manofactured all-polyimids laminat= con-
siruction materinl complements DuPont Xapron® polyimide films.
Avyilable in sbeets from 9 mil {223 pm) o 60 mi {1,300 pm),
Cirlex" provides an expmdoed ranpgs of thickness optlane, whils
affering the exsellent chemical, physical, thermal and efsctrical
peoperties of Kapron®. It in resdilty modified by laser cutting,
drilling, mechining and chemical stehing,

Oasir* campasite film iz hest seelable nod 13 made wsing
DuFont polylmida Ain and DuPont Tgfflon® fluoropolymar.

Dasis™ compasiie Ailm has #xcellent electricat. thamal,
moechenical and chemleal resistance properties.

DuPpal Kapron® polylrmide film can be laminated, costed s
otherwiac converted to maet a broad rm;u of high-perfarm;
operating requlremsnis. Thiz outstapding versatilicy allows
Kapton® to be custom-tailored to fit An almost endless vari
of spplicatlons.

These high-quelity performence flma aze supported by 30
yoars' experience, and we ar® commiited to remalning the »
Ionder in the manufacture and divecsification of polyimide
product offerings. Our signlficant investments in meaarch,
development and aquipment in ragponse to yone neads som
to help us design products thar cen insulate ar conduct ele.
tricity, as well s pigmented and bent conductlve films, an
naw adhesdve dystems.

'DuPont also offers custom-tailored products and programs 1

meet your special design reqoirements, whers appropriats. 1
more information, please call 1-800-297-4157.
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High-performance DuPont Kapton°® stands
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Haat Siek Pasle. YWhen used in heat Spooler Coils. Kepion® HPP-FST and

sink pats, Kapton® MT {ilm pravides HPP-BT filme piovide putstending
impraved haat transfar compared glectrical and tharmal irsulgtion

to Kapror™ HN, while maimtain- for spaaker coils. Kagror™
Ing dlelactric strangth for . roalsty diakartion at hgh ager-

interface nd cut- gling tamperatures, pHers
through protactan. superkiar dimanslonal atability
¥ Bnd maintsins excellant adhe-
gion with other matarials usad

i Epeaker manutachire,
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to both low and high temperature extremes.

f heat and rovidor oataleeding elsotiical nd teenmal
inel realet dixtortion s high sperating wlnm_”
i IR =

Type TE., » black pakyimi :|".;? I
thws the thermal conduetivity of

Hnll In the |desd Insalatfon watirial Wi Uss bu spaca applicadons. | apaceeralt Wankots, Xapton®3
. sy liigh l_ﬂ h\vw wik e roa|xininimy wupwrier dinkecirhc strangth, durablliyy and fexlhiir

-

. Bar Code Labals. Xrplon® BGL-57 fAm

- provides ideal surfaca chare cterstice

— mpanua coatings. Kapton® BCL-Y
film affars aucallant surface refec-
tivity and contrast. Both fims keve
outstending temparatra and
chemice! resistance
’ for bar coda labaks for

fimxihle printad circuit

boerds and odver hiph-temparature,
harsh environment epplicadons.

Fibee Cptics Eahla. Using Kapron® HN
film, fiber optics cable cen
be made ameller and

lightar, allowing a much
highar count canductor.
Tha tharmei resistance and iow
Aeme propagetion of Xepron®™ HN
help enbles gtznd up ta tha UL* 1666
biurn test. Keptan® HN is alsd hon-
porous, making it idenl far edooroutdoor
cable apmications.
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DuPont Kapten® polyimide film opens up your desig
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Phexible Circuit Kapor® R, . Pin Brids. As & pin grid arrey, Kipaor® HN
EN, und KN fiima offer excalerd i Rim allows insertion of all
banduhility to copper with various Ly T plng indo B circuit hoerd
wihaeives. Type EN has tha highest ' L3NE7 In a single, bigh-spead
madidus, Typa KN has a mid-range
medwug end Type FPC s will-suited far
traditional apphicatsans. Adhasivey wark
endramiely wal with thaza films end sl and alkows visual inspaction of
threa can withatend acldar tamparatunss, complated connections. After
Kapion™ EM |a will-suitad for use in goldermy, Xapton® HN can aither
#pplications rafuiring axeaptions! te paeled eway or leftin place as
dimanzional stability. edditional support far pine during
furthar processing and handling.
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‘possibilities with its outstanding electrical properties

" Nt of tha woeli's el arn powersd by AC o DG Caiipndet
ave bann rafiwey staples for wmrtX e T

*

Premspre-Zsacitiva Taps. Whethar it's
used ed prataction for printed ircuits
dwring the manufacturing process,
or BE & repairfutility tapa far

high-parfarmanca slectrical
insulation applications,
Kageoer® PST flim provides
high-temperaiure capabiliy,
dimenaional atabllty, resistance
ta sdlvonts and campatihiity with
many typas of adhesvas,

Inslaton Teblag. [0 tubing
usad for alactrical mapdetion
pretaction, Kasfon® HN, MT
and HPF-ST films have exsallant
diglectr(e and therma| ingulation prop-
ertias and can withstand tamparateras
of 200"C |392°F) or highae Thess films
al+o maintain geod ghysical propertles
and bandabilty for menafacture af this
spiral wound, high-temperetura tuhing.

TI-NHTSA 017861
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Autamative Diaphragms. Autamative Smsars. Ksaien® KN

Althaugh thin and Jig htweight, and FN filme ara u=ed in 2utemativa
Kaptor® HW and BN fims can kehsor davices haceuwss hey are
withstand 1laxing withaut deval- fiexibla, highly processaply &mi

able 1o withstand the axtreme

tem paratura changes that soeur
urdiar the hood. Thees ifims s
hava sxcelient durailiy end
ProvEn resistance Lo BUtometng
gafvants, oila and foels.

apinp crackes or tedry, which are
typlcal probiame ancaurtered with
rubbar sad other common matarials.
Krptor® anables disghragms and
other parts tg waork “m movement”
unsdar high prassure and retain fe-
ble snd funetianal, whiks performing
far u half-millian plug cyches.

TI-NHTSA 017862




_—_“

emicals, solvents, lubricants and fuels,

Eschad Applications. Kaptor® is ptoh- Erching Cowtrallabillity. Kapson® Hic)

abiu and can ba wall controllad within - film i mede from laysrs of

tha etching process, resuiting In x fine Kapion® HA end KJ fitm, which

line capubility and high quality of R Sy o Pava boen bonded togathar,
siching, Althugh Xapton® HN or P -l in this sppAcation, the

HPP-FST fikma ure mant fraquently ) ; Kaptoq® HA fim has bean
trsed for chemical atching, apweral L atrhed through, nhilke

othar types of Xamon® have sico baan o leaving the Kepion® K.

succassfully etchad. ' < polvimidé adhogiva intaos
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DuPont Kapton® polyimide films and Oasis® compo

Lund Frarme Tupe. Usad to
sgcwre chips to cirewt baerds,
lend freme tApe mada
from Kaptor™ EN and KN
films remains stabi
et high tampers-
tures and prowidas the
seme thermal coafficimmt
o axpansion £3 copper.

b—

Kaptow® HN and FN films
erg spoxhfiad for use in
automdative manl-

they ara njila m
withstand temperatura
Exiramas, machenica! arass
snd cantact with organlc wof-
vaitia, Thase films gra
ummeszhed for thair nesls-
tanca %2 fusls, fiuids wnd other
harsh chemicals.

TI.NHTSA 017884

Ehins of Diplax®
Cirfex™ 1s an

adheiveless
all-pabyimida
Ismingte construchio
matenel thet pasaeEsas
tha 52 me thermal and phys

lcal properties a5 Kapron™
palyimide tims. A thicker
aliemative to Kepton®, Cirlex
helps aliminate weak points
in adhesie construction end
can be Ueed ag shima,
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“ilms are proven strong, tough and abrasion resistan
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Aircral! Sbimn. Keptor® HN i
Hghtar then matal, and
more compatitle with
the advancsed com-
pasite materinkt now
usad in eircreft
vayambBas. The tutt-
leyer shime can be sasily
pealed o fill the gap.

Spuskar Cones. Kapton® JF fim pro-
viges impravad acoustics
und longar life for
precisian-formed
lowdepoakar conas
Kapton® JP flim
muintains a highor
atlifnatz-ta-weighl
ratitt than comeanticnal
Epeakar part muterials,
displays superior eiecrical propertias
and withstands high watteges.

Boldor Muak Framay. {zad
soldur stynzila for printad ¢
cuit honrds, Kagton®HPP-
{shown) end Cirfex!
naintain through-
hola definition,
dentk rasEancs an
longeuity hatior then
siminluss staal, Sidfex? al:
offers B smaother sureca |
mers atticiant disburseriar
of =alder paste,
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North America

Chired Siares

DuPont High Performance Films
PO. Bag 19

Rowte 23 Soirth and DuPort Road
Circlaville, OH 411113

Ordering Information:

Tel: (ROO) 967-5607

Product Informaton:

Tel: {800} 2374357

Fax: (800) 8754481

Carada

DuPonl Canada, Inc.

PO Box JHN), Srrastevills
Mizgscuiga, {mtaria, Cangds
L5M 2H3

Inquirica: (905) 821-5603
Customer Service: (500) 163-1742
Fax: (905) B21-5230

Latin America

Arperiina

DuPnm Argénting

Av, Mire y Calle 5

CPF 1884, Beyurawgui, Argentina
Peia d= Buenon Ajres

Tel: 54-1-256-2435

Fax: 54-1-319-44%|

Bragil

DuPrwret der Brusil

Al lopeciru, ¥

064 54080, Alphaville.
Barueri, 520 Paule
Tel: 35-|1-421-868%
Fax: 55-11-421-85686
Mexico

BuFont 8.4, d= C.V.
Homere X6

Coal. Chapulteper Morales
Mexica, D.F. 21570
Tel: 525T723-1184
Fax: §25-722-1370

¥orazuain

Pt Yenezeela

Edificie "Las Fojles™

Calle la Guarita
Urhanization Chusa

CP |70, Caracas, Venezuela
Tel: 58-2-02-8547

Fax: 5E-2-91-5438

(Luxembmog) 5.A.

Bac Général Pation

L-2984 Luxembourg

Grand Duchy of Luxembaurg
Tel: 153-1806-3573

Fax: 352-3666-5000

Communiry of Independent Siatea
TuPont de Nemours [nil. 5.4,
Represenotive Difice-Corponaie
B. Palashrveky per. 132

LO3 104 Moseraw

Bunzia

Tel: T-095-956-3430

Fax: 7-935-955-3053

Deiteckland

DuFent de Nemaurs {Demtachland)
CmBH

DuPont Strade

D-51343 Bad Homburg ».d.H.

Tel: 42-6i72-67-2790

Fax: 49-6172-87-2930

KFremee

CuPont de Nemours (Fraoce} S.A.
ZA. de Courtaboeul

1 Ay, du Capinda-B.P. BS

F-41943 Lex Ulia Cadex &

Thl: 33145982 54 76

Fax; 31-1-59-32 54 78

lealy

DuPont de Momuowrs {lcaliana) 8.p.a.
16, ¥Vin A, Volla

[-200%3 Cologmo Monzess (M)

Tel: 39-2-2%.302 126

Fox: 39-2-15-433110

Uirltad Kingdom
DuPom (1K) Lid
Myl Averue
GE-Hamel Hempstand
Hexis P2 TDF

Tel: 44 1442-21-8637
Fax: 44-1447-2]1-4539

Asla Paclf:

Japun

TuPonl Kabushiki Katgha
Arco Tower

¥-1. Shimomeguro |-chome
Mepum-ku. Tokya 153
Jupan

Tel: H]-3-34M-4130

Fax: BI-3-3M-£193

Himg Kong/Ching

DhiPoeit Chore Lid.

1123 Nesw World 4fTice Bhdg.
Fast Wing

Salisbury Road, Kowloon
Hong Keng

Tel: B32-2734-5401

Fax; 852-1T21-4117

Jrndic

DuPont Seath Asia Lad.
303-503%, Madhava

Bandra Kurla Commercial Camples
Bandra (E)

Bambay 00 03]

[ndiz

Tel: 91-22-5434255

Fax: D1-22 6438747

Korea

DuFoni Kores Lid,

4/5th Floor, Asis Tower

¥716, Yeoksam-dong, Kangnaro-ku
Seoul 135-D8:. Ko

Tel: 82-2-222-179K

Fax: 82-2-222-5475

Hagapore

DvPorit Singapore Pie Lid.
| Manitime Sgusrne

W7-0L World Trade Contre
Sidgapare 093251

Tel: 65-279-2414

Fax: 65-279-3454

Tajwean

DuPent Taiwan Lid

7, Tsu-Chiang 15t Rosd
Chungli, Teeyoan
Taiwan, ROC

Tel, S66-3-4545204
Fax: 360-3-4620678
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5. GENERALINFORMATION

= KAPTON \da fllm posssases a uhique combination of properties previously unavaliable amang
polymarlc mhr:ﬂmduh. abllity of KA ko maintain ks excallant physical, electrical and matﬁnr_iw
M,

! ) Gpenec naﬂmfﬂ

Y KAPTON is synthosizad by & polycoidensation feaclion bistween an mmmatic dlanhydride and an

- arometio diamine. Thara I8 no krown o moivent for thé film and it Is Infusiie and flame reelstant. The
outstanding propisties of KAPTON It it i be usad &t both high and low temperature axtrermas where
other onganic materlala would not be functional.

Adhesives are avallabis for bonding KAPTON toitself, to metals, to papars of various types and to other films,
Apphcations for KAPTON polyimida fiim Include a varisty of slectrics! and elecironic Insulation applicationa:
wire and cabile tapes, formed coll insulation, aubstraiss for fiexible printad circuits, motor slot liners, magnet
wire Insuiation, transformers and capacitor insulation, magnetic and pressure sensitive tapes and tubing.
Many of these applications are based on the excellnt slectrical properties of KAPTON, such as distectrdc
sirength and dissipation factor, which remain nearly conxtant over a wide ranga of temparature and
frequensy. Dﬁlaraﬁﬁ:qaﬂum maks usa of the film’s radlation reslstance or chamical resistance at elevated

* temperaturse. it le this combifietion of wseful properties et extremes In temperatures that makes KAPTON &
unigue Indl.mrlnl mited | = i
Du Pamnt F._I:.l oy KAPTON:

H, ah apurpose alk-polyimida firm that hes been Used euccessfully In applicaiions at
temperatured i low an 4K (- 260°C) arxt as high as 673K (400°C). Type H film can be laminated, metalized,
punched, fofffiéd or achesive coated. It is avallable &s 0.3, 0.6, 1, 2, 3 and 5 mil flm.

* KAPTON TYPE ¥, an ak-purpone, al-polyimide fim with afl of the properties of Type H, plus supedor
diransional stablity. Type ¥ ls avallable in 2, 3 and 5 mia.

* KAFTON Type F, a Typs H fim coatad on one or bath sides with TEFLON® FEP fucrocarbon resin x
impart heat saalabifty, ¥ provide a moisture bamier and %o enhance chemical resistance. it lu avallable
in a variety of constructions.

Note: This bullgtin provides a summary of typical properties for all three KAPTON potyimide flima Typa H, Type ¥
and Type F. Additional data should be chtained from your Du Pont Industrial Filma Division representative
for opacification purposes.

*Reg. V.8 Pat, ON.
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KAPTON® Type H Fllm

28 pr {1 mil)
PHYSICAL PROPERTIES
PHYSICAL PROPEATIES mﬁ% HF TEST METHOD
Litimate Tenslia  (MD) 241 172 17 ASTM D-842-81
Strangth, MFa (psi) {35,000} {26, 000) (17.000)
Yiakd Poim (MD) i 4 ASTM D-ba2-81
# 3%, MPa (psl) {10,000} (6,000)
Stress to Producy (MO} Bl 50 ASTM D-282-81
__5a, Elongatian, MPa (ps) {13.000) {8,500) _ ASTM D-882-81
Wikiraie Elon gation (MO)% 2 75 90 ASTM 0-882-81
Torgle Moduls, GPa 35 3.0 1,86 ASTM D-382-81
(MD) {psi} {510,000) £430,000) (250,000}
Impact Strengt, Lmm (kg-cm) 2 (8 Du Poni Preumatic
Impact Tesd
Folging Endurance MIT 10,000 cycles ARTM D-H78-60
_Tear Strngth—Propagating {Eimandor), g B ASTM D-1922-87
Thar Strength—inktal 510 ASTM D-1004-66
(Greves),  (g/mi) {510)
' 1.42 AGTM 0-1505-88
Cosfhent af Friction Kinetic (Fim-o-Fn) 42 ASTM D-1884-78
Redractive indax {Backa Line) 1.78 m&@uﬁn?m
Polgson's Flatio M Mg, 3 &n:h:
Elpngated 2t 5%, 6, 10%
MO —Machine Direction
THERMAL PROPERTIES
THERMAL FROPERTIES TYPICAL VALUES TEST CONDITION TEST METHOD
Makting Poirr NONE ASTM E-7TB4-8
Zara Strangth 088K J4MPR (20 pa) Du Pomt
Temperatirs (815"} ioad for 5 saconds Hat Blar Test
Coetficlent of 20010 m/m/K 258 ig 311X ASTM O-898-44
Linaar Expanslan {2.0¢10™ inAn,"G) (—14°C tn 38°C)
ey
G MEaEn BER o
fem?) faec) (%) 0178 4Zzaunu-*j i {E& Comparitive
0.188  {4.51x10° AT3K  (300°C) Tesgter
Specific Haat 1.00_(.261) JpK {ealigiC) DiManential Calorimedry
Hammuability 84 VTH-D UL-8d  [1-24-80)
Shrinkage {Soa chart an Page 7} IPC Mathod 2-2-2-A
Heat Seatub Mty Hot Heat Sealabla
Limking Oxygan Ingdex 100H-38 ABTM D-2883-77
Smake Generation 100H — DM = las than 1 NBS Smoks Charnber HFPA-258 procadums
Q=g Transition A sacond arder iranaltion pceurs in KAPTON between 833K and 883K
Temparsture {Tg) {41PC}. This la asyumed to ba the gleas iranaltion ta . nt mad-

suramant tachniquas produce differént reuits within tha abowa lamparature range.
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KAPTON® Type V Flim

PROPERTY Tw TEST METHOD
2% 50 5 125
Gmil @mh_ amh 5o
Tensile Strength MPa (psi} @& 256K 172 172 172 172 ASTM D-882, Mathod A
{23 l‘GE‘I mﬁ' rr(?ﬂ) (25,0000 (25,0000 {25,000) 25,0000  using an ingtron Tensike
l:l verse Diraction Testar {apacimen size: 25
x 137 m:ln 1= X 5'Li
IHJIJ'IM H '
ed: 50 "
E;:IHM : u";:gﬂ'l Ih—
. inplf measured thicknesa.
Elongaiion, % MD and TD 75 70 70 ! Sama mathad a= abowe
Shrinkage, % MD and 0.4 a2 02 02 AVAra0e of 3 Messure-
D oiar 60 min. rrunr?h each direction
@ 473K {200°C). bafors and aftay muwrl
1o 473K Ln
B min. Him must hu
alkowsd to come to equilib-
rium with equinateni
foom cond befom
~ and after exposure.
KAPTON® Type FFilm
PROPERTY TYPICAL VALLES
FH a
120F516 1?:1 § 250F129
“mﬂ:‘“?r’%"’ Stranatn (WD). MPa (pe]) 185 uz ar
473K ) 110 ﬁ:%} 76 11:%1 11u im 000
?zgﬂpnga-'ﬁ“ (M), MPa (pab 82 50 (7,900 88 (10,000
473 38 E%; 26 ﬂ:mn] 15 mm}
Straes. o1 5% Elongation (MD), MPa {psl)
DOEK 86 {12.5um luouo]
473K 52 (7 38 {5,500
Ultkmata Elongatian (MD)
208K, o 85 BO
473K % 95
Rl s D G v wewy 72
473K ([ZDT!]:I 1.48 1215.&13{ 1.19
Impact smg:n u]m (2'0) . 0
b Sy 25 Gn 5 Gn
Taar Struruih—Fmpagaﬂng {Ekmendarf) o0
_Emm (jgmil) 0.39 (10 ¢.53 (13.5) 047 {12)
Tear Strengih—inital (Graves] 850
Sum (g 1§ (750) 17 {43
Waight % Polyimede 80 57 73
Walght % FE 2 43 27
Dansity
Kg/max10r 1.53 1.87 1.57

*Since & rumber pf comisinaciong of pabamide MM and ALorDcatan conEng & Up K 1 savvl lolal geloge, § ln neasssary io disinguish
mong tham. A three digiht syetam (s used in whtich the middle diglt repressnia tae corminel ticknass of tha basa KAPTON fimin mils. The

Tret And hird Sgee " NoMiInG! Mickrees of he

oasting ol TEFLON FEP fuorocarbon rean in mile. Tha aymbol 8 usod it

ropiesant
raprasar 13 xm [Yamit), and & to represam 2.5 an (140 mi). Exampls: 120F844 ia 8 1 20-0auge sruciure consisling of 2 25 um (1-mill bace
Him wilh & 2.5 um (1-4]) mil} coaling of TEFLON on each sice, See page 237 hor congtrudtion apisnalon. -
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MECHANICAL PROPERTIES

Tha usual vatues of tansile strength, tenslle modulus, and ultimate slongation at varioua temperatures can be
obtalned from the typical streea-etraln curves shown below. Such proparti=e as tensile strength and modudus have
an Inverse relation with temperalure, whila slongation peaka to a maximum vaive at aboul 573K {300°C}. Cthar
factors such as humidity, Nm thécknesa, and kngtron slongation rate ware found to have orlly a negiglble sffect on
tha shape of the 288K [23°C) curve.

TENSILE STRESS STRAIN CURVES
{Type H Film 25 zm (1 mil})

0 — 200
% - 17
295K | (23°C)

[+ — 150

8 373K {1 — 195
STRESS, STRESS,

Kasl y 473} {200°C)| — 100 MPa
10 TIK t:!\‘.‘.\lll'l‘.:!1 — 75
6 — 50
7ZAK jasorgy — 26
‘P
0 0 20 30 4 & S8 0 80 90 100
STRAIN, % ELONGATION

HYDROLYTIC STABILITY
KAPTOMN® polyimida flim la mada by a condensation reaction; thevefaore, ita ars afectad by waler,

Although long-term expoaura ta ny witer, as ahown In the curvea balow, will recuce the level of | pmperﬁiu

sufficlant twnelle and elongation remaln to Insurs mazhanical parformances. A dacraase In the tempenbure and

m watsr wﬂ riration will reduce the rate of proparty reduction while higher ternparalures and prasauras
increasa it

TENSILE STRINGTH AFTER EXPOSURE TO 373K (100°C] WATER
(Tyra H Flim 26 am {1 mil))

TENEILE |4 —126 TEMBILE
[ETRENGTH STREMGTH
Kpel 4 10

0 200 400 800 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800
HOURS N ROILING WATER
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ULTIMATE ELONGATION AFTER EXPOSURE IN 373K (100°C) WATER
(Type H Film 26 am {1 mil))

% ELOMBATION

g8 5 B2 38 2

—
L =]

0 200 400 600 B00 1,000 1,200 1,400 1,500 1,600 2,000 2,200 2,400 2,800 2,600 3,000
HOURS [N BOILING WATER

DIMENSIONAL STABILITY

The dimensional etability of KAPTON® polyimide fim depends on two factors—the nomal ccalficiont of thermal
cupansion and the residual siresses placed In tha im duritg manuiaciura, The later caugas KAPTON to shrink an
ita first exposure ko slsvaied mperatures &s indicad In the bar graphe below. Onoe the fim has bean sxposed,
the nomal vakuee for themmal expension livked on Pege & can by expected.

RESIDUAL SHRINKAGE VS. EXPOSURE TEMPERATURE AND GAUCE

{Typo H Flim}
38
34
| 423K (150°C) 673K (400°C)
2.5
I TYPICAL %0
. L] SHRAINKAGQE
%) 1.5
) 10
5
' O B
(1 mil) eml) (Sm {1 mK) {2 mil) {6 mil)
25 um 50 um 125 pm Ham 50 um 125 um

TI-NHTSA 047873




THERMAL CONEFICIENT OF EXPANSION
{Type H Film 25 um (1 mil)} Thermally Exposed

Tompacaturs Rangs m/meK ¥ 1+
208-373K  {23-100°C) - 1.80
a73-473K (100-200°C) 3.10
473-573K (200-300°C) 4.85
573-873K {300-420°C) .75
206-B73K  {29-400°C) 4 55
CUFTHROUGH AND COLD FLOW

Moat argarie filma axhibit a tsndency to flow or thin out under hmgmpm Firazans, especialty at elevated
res. KAFTON® polyimide film possesses #n exiremely high resistance to such sirasses, proceduras
daacribed in ASTM D-878-81 have besn adaptad to fied films ko provide the data below, Streasss range from an

Infinitely high palt load in 83 MPa (12,000 pel} at cut-through for & 25 wm (1 mif Mm,

%.I'ptmﬁllﬂ'l TEMPERATURE VS, RATE OF TEMIPERATURE RISE AND GAUGE
m

209 1073

(240"C/minute
700 Temparature 973
//—-Eﬁ:;
| a7

5‘ E
s "
: . P S — — -
500 (eCHml 73
E i m}araturl E
= 400 59 67
2 :
= 0 w1 E
5 5
2 a9
100 an
0 2m
() (2} ) 4 (5
25 50 ] 10 125
FILM THICKNEBE—cm (mila}
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RE. ..TANCE TO CUT-THROUCH V5. TEMPERATURE
{Type H Fitm—25 gm [1 mil))

1,000,000
100,004 1
)
) )
%
“l
10,000
—%
- v
%
: ]
%
1,000 ;:
X
X
5 W
L )
100
10
3
273 373 473 573 673 T
{0} (1001 {200} (300} {400} {500)
TEMPERATURE=—K [*C)
actual A
oxtrapolstar mm . e -
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THERMAL AGING

KAPTON® polysmide Bim ia subject I oxidative dagmadabtion. Therefore its uaeful lite (s s function of both
tomperatuse and cxygan concarmiration In tha teel environmemi. The effect of these factors i shown below:

TENSILE STRENGTH VS. AGING AT 573K (300°C)
{Typa H Fllm 25 um (1 mil})

In Helium 17

24

22 =150

2 TENBILE
TENSILE STHENGTH
STRENBTH _ 1-125 MP1
Kasl o AT

16

— 104
1

12
10

— 73

0 20 a0 600 80d 1,000
HOURS AT BT2K {3HPC)

ULTIMATE ELOMNGATION VS, AGING AT 373K (300°C)
(Type H Fllm 25 um {1 mil))

10 Helium

In Air

Ll

g 200 400 & 80 1,000
HOLRAE AT 573K (380°C)
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'?.
TIME REQUIRED FOR REDUCTION IN ULTIMATE ELONGATION FROM 70% t01%
(Type H Flim 25 um {1 mi)
Emvirpament
Tomperatare Mr Hallum
123K [450°C) 2 hours 27 hours
EOBK  {426°C) § hours 3% days
573K (400"G) 12 haurs 2 weRict
G4BK  (I7C) 2 days 2 mentha
823K (350°C) B days 1 yaar
573K  {300'C) 3 mantha —_
548K  {275°C) 1 yaar _
523K  (250%C) ' B years -_
WEIGHT LOSS AT (3°"CHMINUTE TEMPERATURE RiSH
{Type H Flim 26 wm {1 mil})
10
20
30 o |
[ ! BAY HELIUM
) i
PERCENT ]
WEIGHT 5
LD88 DRY AIR
&
]
% t
" 3
100 L ¥

a7 413 &1 613 T & 9| 01 s 1i
(00 () (300) (400)  (S00) (MO {700}  (8O0)  (90C)  (1DOD)
TEMPERATURE K {C.)

1
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% aE
ar
ISOTHERMAL WEIGHT LOSS
{Type H Film 25 am (1 mif)
- B73K [400°C) He
5§ - 723 (450°C} H
G738 {400°C) AIR
10 - BRBK {425°C} AR
773 (G0CPC) He
5
20
25
ws‘n‘ém 30
73K z
LOSS | (BOCC) H 500 AR
35 Bk
{575C)He
0 773K
(500°C} AIR
! 45
] 50
| ”
|
: D 160 200 %0 400 500 A 0 TO0 800 500 1000
' TIME {MBUTES)
i
i
1
| i
i
|
12
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KAPTON® Type H Film

TYPICAL ELECTRICAL PROPERTIES
TERT TEST
PRAOPERTY TYMEAL VALLE CONDITION METHOD
Dislectric Strangth
25 pem (1 mil 2re vium (7,000 wmil 80 hertz ASTM D-149-81
S0 um {2 mi Hawam (5,400 wmil %" plpctrodes
75 Imil 10 w;um 4, 600 /il
125 am_ (5 mi) 142 wiem (3,600 wml
Diedectric Canstan
25pum [1m 3.5 1 kilchariz ASTM D-150-81
S0pm [(Zmi 4.6
FApem (@mi 3.7
_125um  (Sml) .7
Dissipation Factor
Hum (Imi 0Es 1 kiphertz ASTM D-150-51
Sam 2mi JES
7hum {3ml 6025
12 5 mh) 002
Volume Resistivity .
29am {Im 1t x10'* ghmm 125 volts ASTM D-257-78
am [5 m| A x 105 ohmem
?g;m mil 5 10"* ghirem
1 (5 mi) 1x 1 ghmm
KAPTON® Type V Fiim
TYPICAL ELECTRICAL PROPERTNES
TEST TEST
PROPERTY CONDITMIN METHQD
Dieleatric Stre
80 g le Hd vum smwmi 8 hertz ASTM D-145-81
75 3 mi 1&1 w 4,500 vmil %" slactrodas
125 :m (S M) 3,600 wm
Diplectric Canetant
EDpm (Z2mi 3.6 1 klipheriz ASTM D-150-81
78um (3m ar
_125um (Sml) a7
Dlasl ation Fastor
EL‘I um Yi 0025 1 kiphartz ASTM D-150-51
3 mi SR2G
{6 mi) 0027
\.'alum Aealtivity
Eﬂpm 2 mii B x T0% ghwiern 125 valts ASTM D-257-78
m (3m 5% 10'* ghmem
am {5m 1 x 107 pheem
14 TI-NHTSA 017380




KAPTON® Type F Film

TYPICAL GLECTRICAL PROPERTIES
PROPERTY 120F816 150FG 250F020
Diedactric Strangth
Total volts 7,50 6, 30
volts/um b7 165 157
__ [voxts/mi) [5,800) (4,200} (4,000)
Olelectric Congtant 24 3.4
Dissipation Fagiar 0022 0014
Yolume Resisthdty
ghmen & 206K  {23°C) 1.5x10" 100° 7% 10
fahm-cm.} {1.5x10") 1110'? {Tx10mM
h 473K {200C G0
?uIIITnTﬁE} ] (5x10 (101"
EFFECT OF HUMIDITY
{Type H Fim 25 z2m {1 mil}}
Because the water comtént o1 KAPTON® polyimice fim can atfeci its electrical prnm’tles. Blactrical maasuremants
wara mada an 1 mil film after sposure to environments of varying relativa hurmidities at 288K {23°C),

Tha reaulis of these measuraments are given below.

RELATIVE HUMIDITY VS. ELECTRICAL PROPERTIES OF KAPTON

AC
% RELATIVE DHELECTHIC IMELECTRIC DIZSPATION
HUNIDITY STRENGTH CONSTANT FACTOR
Vam  (Wmil)
0 307 {7.600) 3.4 0016
0 %87  (7.%0) 3.3 0621
50 276 (7.000) 8.5 0025
80 258  (B,500) 3.7 0037
100 244 (8,200 3.4 0047

For calculations Imeglving abaoluts waler contant, 509 AM In our study m
RH i equal to 2 9% water, the maxdmum adsorption possibla regardless of

TI-NHTSA 017881

ual & 1,39 water In the fllm and 100%
8 driving jorce.
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EFFECT OF TEMPERATURE

As the grapha beiow Indicate, extrema cha
temperature slecirical praperties of KAPTON.
AC DIELECTRIC STRENGTH
VS. TEMPERATURE
(Type H Fiim)
1!1“ L
il = 400
é 10,000
3,000
m 300
& o 1 rﬁu] ]
E &.000
+ 200
E .
a
127 (5mil) 10
2 2,000 o

(~2000) (100G} (PE)  (100°G) (200°C)  (300)
TEMPERATURE
DISSIPATION FACTOR
VS. TIMPERATURE
{Type H Flim 25 um {1 mil}
A
08 107 hertz]
5
04
8 10 hertz
g
E
1
E 008
B e
00
002 b
i )]
173K 27K GRK TR 57K
(—100°) (0°C)  (100°C} (200°C) (300°C)
TEMPERAYURE

18

]
Tk 173K TE JrK 47X ITHK

B8 in temperatura have ralatively little atact on the excellent room

DIELECTRIC CONSTANT
VS. THMPERATURE
{Typa H RIm—25 am (1 mil))

* a-L
§ 1.4 5"
E‘ 3.2
E a0 1R herz —
; S
2.3 " hartz
2

173K £k K 4T 73K

[—100°C) (00 (00%C)  (200°C) (300°C)
TEMPERATURE
VOLUME RESISTIVITY
VS. TEMPERATURE
{Type H Film 25 um (1 mil)
1x10™
1x10w
1210
1x10=
110
1z
ri] JHK 473K LTE |
(@C} [1D¥C) (20°C) (300G}
TEMPERATURE
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EFFECT OF FREQUENCY

Tha sffecta of frequency cn the value of tha diglscire constant and dissipation fector at various |sotherms
£ré ahown balow.

DIELECTRIC CONSTANT VS. FREQUENCY
(Type H Fllm 25 um (1 mil))

3.0

i .

. 223K {—40°C) 550

' 306K (35°C)

3.2

11 l ! — 2K (50°C)
| ﬁﬂ?“ 100°L)

28 523K IEED‘"E}

24

2.7

0 o 1 U 100 o
FAEQUENCY HZ

DISSIPATION FACTOR VS. FREQUENCY
(Type H Fiim 25 zm (1 mil))

206K 2
010
373K
]
s 209K
{(—40C)
= D06
203K
g Tn
5 0 TR
{—~8rC)
373K (100°C)
002 473K [Z00°C}
W T 10 0 T 0
FREQUENCY, HZ
17
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EFFECT OF FREQUENCY

The affects of frequancy on the value of tha dialactric constant and dissipation factor at various isotherma
are shown below.

DIBLECTRIC CONSTANT VS. FREQUENCY
(Mypa H Fifm 25 xm {1 mil))
LN.]
LX) :
34
9.3 233K {—40°C) {%.
) 303K (35°C)

3.2
3.1 | ; - _‘—-Izﬂax (50°C}

373K (100C
10 m‘ | : [ﬂm(m%
28 523K (250°C)

&y

1@ 1 10 n 10 1
FREQUENTY HZ

DISSIPATION FACTOR VS. FREQUENCY
(Typs H Fiim 25 zm {1 mi)}

010

273
{0°C)

239K
(—40°0)

paik] ¥
(—70"C)

004

3K

TFIK (100°C)
062 475 (200°C

1w [l " L e [y
FRAEQUENCY, HI
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EFFECT OF FREQUENCY

The effacts of fraquency on the vale of the dielectric constant and dissipation factor at va rous s iwIms

are shown bakne,

DIELECTRIC CONSTANT VS. FREQUENCY
{Type H Fiim 26 xm {1 mil)

1.8

15
34

233K (—40°C)

13 hmn (35°C)

3.2

a1 I mm&c (soen)— |
2.0 2

73K [100°C)
2.8 -

§23K {250"C)—

2.8

2.7

— e

10+ 10 Lt Ll

DISSIPATION PACTOR VS. FREQUENCY
{Type H Film 25 um {1 mi})}

e

DISSIPATION FACTOR
g 8

e i 1
FRAEQUENLY, HZ

10"

TI-NHTSA 017886
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DIELECTRIC PROPERTIES IN GIGAHERTZ FREQUENCY RANGE

(Type H Fllm, 125.m (5 mi)}* {Tvpe H Film, 125.m (S mil))*
3.8
3.5 '
a4 A Q10
- A
34 B .008
3.2
g R .008
g 10 k
a 23 094
2.8
002
2.1
107 w10 100 3o¢ 10° 1™ 10° 10 1
FREQUENCY, 12 FREQUENCY, HZ

*Technical Report AFML-TR-72-33—Curve A 3 S00H KAFTON a3 recsimd and meas ured af 25°C and 45% AH with the aisciric feld in t1he plane
of the shesl. Curva B In the: ssmsr mead onsment afar sondiioning e Tim s 100°C for #8 hows.

TRACKING RESISTANCE

A 125 pm {& mil) KAPTON® polyimida flim, Type H, hae a tracking resketance of 163 secanda as measured by ASTM
D-495-61. The fallure was dua %0 true tracking rather than eraalan, aic.

CORONALIFE

Like all grganic materiala, KAPTON is atacked by corona and will ulimately fal dalectrically whan expoaed
continuously to corona. At moderata kevels of conona expogure, devices Insulated with ON have
survived up fo 3,000 hours, giving regsonable assurance thet brief axposures to corana will not significantiy
affect the fife of & properdy designad Insulation systemn based on KAFTON.

Corona Incepion voltage and corona Intenslty are fumictions of paramsters, Including ineulation
thickneas, air gap thickniess, and device shape. Consult with a Du Font technical represantative on the
sultabéity of ON lor speciic appiications whers corona may be pressnt.

18 TI-NHTSA 017585




DIELECTRIC PROPERTIES IN GIGAHERTZ EREQUENCY RANGE
(Type H Film, 126.m (5 mi))* {TypeH Fim, 125.m (5 mil))*

a6
35
14 A : 010
A
3.4 . 008
3.2
31 E-mﬁ -
a0 o"f
59 E'“‘“
3
B 002
27
107 10° 10 10" g0 107 100 10 wae o
FREQUENCY, 12 FAEDUENCY, HZ

*Technical Repor! AFML-TR-72-30—Corve A bt 300H KAFTON i racaiasd and apdiuned it 25C ] 4%5% RH with the slsciric held in the plarm
o e e, Curvi 8 {8 the sieme massursmaent aher condiioning the fim at 100°C lor 48 hours.

A 125 um {& mil) KAPTON® palimkia film, Type H, has a tracking rasistance of 153 weconds a9 measured oy ASTM -
D-485-41. milure was dua ko b tracking rathes than eroalon, e,

CORONA LIFE

Uks all arganic malariala, KAPTON |2 attecked by corona and will ultimately fall disiectr when axposed
cortinuoualy ¥ corong. At modarate levels of corona expoaurs, devicea Ineulatad with KA hava
survived urtuﬂ.uﬂﬂ hours, giving reasonabila assumnca that brief ex red to corana will not sikgrificantly
affect the llls of a properly desaigned imulutinnarahmhuadnnKAP%ﬁ

Corong Incaption valtage and corona intengity ars functions of panamstars, Including Insulation
thickreaa, air gap thickness, and device shape, Consult with a Du technical reprasentative on the
sultabiltty of KAPTON for apecific applications where corona may be present.

18
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In Europe
Du Pont da Namours [rternational S.A.
Elactronics Department
50-52 Boube dea Acacies
CH-1211 Geneva 24, Switzarand
(022) 37 8111

in Japan

Du Port-Toray Co., Lid.
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Chuca, Tokyo 103 Japan
03 245 5081
in Brazi
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NOHINAL CONSTRUCTION, Type F Fllm

inthe KAPTON® T Fudarnudeufadglu I'lnl.'ll11|r.'h‘.ls&ﬂﬁal manuninalﬂ-lldmmntmehm
KAPTON in mile, first and #Il ntthen ckness of the coating of TEFI.\\‘.:.'II"nl'I FEP
ﬂuurnnlbnnlﬂlnhnils.Thumbu I3 used to repregent mil anda

gem (vamll) o {‘fmmﬂ
is of A
wﬁ%ﬂl 18 uﬂ?lmm ruet nonﬂdkg uEEpmﬁ-mll}hauaﬂlm EEEM ]oouku

the many typad &
NOBMNAL “TERLON" “KAPTON" “TERON"
nnnlsn THIGKNESS TYPEH FEP
[~1]]3 am am milg pm mis pm mika
mm 30
. -._.l-. > v M

ﬂllﬁﬂ
TRl E e

: TI-NHTSA 017891
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® Type V Flim

CHEMICAL PROPERTIES
Tplcat chemical properties for Type V fim ara simAar to Type H.

® Type F Flim

CHEMICAL PROPERTIES
PROPERTY 120FNE T50F0N oFE2
Molstira Ahsorption
H. . A% 4
@ 2K 125700, S EH Z5 {.7% (2%
g w . 137 84 3.6
wﬂlﬂﬂ i) (24 hre.) ( 0.88) , 0.57) (0.23)
0.44 - 0.35 0.14
gmh LML In")24 hrs./mil) Coo{an (0.85) (0.92}
\

TI-NHTSA 017392
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KAPTON® Type HFilm
25 um {1 mil)
CHEMICAL PROPERTIES
TYPICAL VALLIES l—!li pm [1 mit
'ﬁﬁlllll * Elon us TEBT
PROPERTY A thll'll CONDIMONMETHOD
Days Immersad at
RESISTANCE TO:; Aoom Fga‘gnmurn
Banzana 100 52 100
Toluene ] 9 a7
Mathanol 100 73 140
Acofone : 67 g2 160 365
10% Sodium Hydroxide Dagradea 5
Glacil Acetic Acid 85 B3 02 35 daye & 182K
%-gaal:l , 100 Fid 102 22 days % £73K
sfarmer Oil 1060 100 109 180 days & £23K
Water pH = 1 85 30 100 14 days & 37K
pH= 4.2 85 1} 10  deys @ 373K
pH= 7.0 65 20 100 155 daye %w
pH= 489 G5 100 14 dayg & 370%,
pH =100 80 " 100 d{ days @ 37K
RADIATION RESISTANCE
Gamma {Savannah Rhver) Snll Fadble e;
{180* Band) d.16% 10" Gy
Elsctron da Ratalng 50% of Exposurs:
(Van do Great Orighra) B gation Bx 107 Gy
Nautron plos Gammia Darkaned bt toogh Expotum: 10° Gy
{Hrookhavan)
FUNGLS RESISTANCE Lnert Soll Burial
MOISTURE ABSQRPTION 1.3% Typo H S50 Ralathe Humidity
at 205K (230)
2.9% e HE VY Immersion far 24 hours
at 286K {23°T)
HYGADGCOPIC
COEFHCIENT OF 2.2 % 10 mvm% 205K [72°F) 20%-B0%
EXPANSION Relatve Humidity Relative Humidity
vt —
{ec/{100 Inf) {24 hrs.) [atmdenil})
Carbon Décxide ABTM D-1434-8 &
[45! 290K (23°C)
Hydrogen [2 El}]
Nitrogen
owygen [ﬁJ
Halium [%lg}
{415}
Watar Vapar wm;‘my ASTM E95-B3T
106 iny {24 hes. )2mil
v
TI-NHTSA 017893




CHEMICAL PROPERTIES
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DIELECTRIC PROPERTIES IN GICAHERTZ PREQUENCY RANGE
(Type H Fam, 125:m (5 m))* (Wpe H Film, 125pm (5 mi))*
3.8
35

A
3.0 o
a3 A

]

Vs

31
3.0
29
2.8
2.1

INELECTIIG COMSTANT

DISSIPATION FACTOR
g8 8 § 8

107 0 10 10 10 o7 10° 10" 0 10
FREDUENCY, HZ FREGUENCY, HZ

* Taotnionl Report AFWML-TR-72-30—Curve A W S00H KAPTOM ia reowiid Snd Makiieonid af 957C nrad 45% FH with the slaoine Maid in the plane
of the sheet. Curve B is w same messurement afier corcdiioning the im at 100°C- for 8 hours,

A 126 ym (65 mil) KAFTON® polyimide film, Type M, has a tracking resistance of 1873 saconds a¢ meagurad by ASTM
D-495-11. fadiurs wis dus o s iracking mither than arotion, ein.

CORONA LIFE
Like all organic matsiale, KAPTON la attacked by corona and will ultimataly fall dielectrically whan exposed
cortinuously to corena, Al moderate kel of corona exponure, devices insulated with have

gurvived up to 3,000 hours, reesonable asourance that brisd 1 corana will not significant
MMMH;W%MMMMmW 9 y
Corona Inception voltage and corona intanalty mre funciions of meny paramasters, including Inadation
thicknoes, mmmmmwmnm%wmmmtm
sultabliity of N for specific sppiostions whera corona may be present.

18
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EFFECT OF FREQUENCY

Tha effacts of frequancy an tha value of the diaksctri: Constant and dissipation factor Al valricye il
are shown below.

DIELECTRIC CONSTANT VS. FREQUENCY

(Type H Film 25 um (1 mib) _
3.8
15 -
34 | E
R 233K (—40°C) )
: R e

3.2
E y MEE&K 50t

3.0 373K (100°C
2.9 523K {2500 —1-
2.8
2.7
1 0 10+ i o o

FREQUENCY HI

DISSIPATION FACTOR VS. PREQUENCY
(Type H Flim 25 um {1 mil)}

DISEIPATION FACTOR

e L'y L i 1
FAEQUENCY, HZ

17
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EFFECT OF FREQUENCY

The eflects of frequency on the value of the disfactric constaryt and digsipation factor at various isotherms
ame showry below.

DIELECTRIC CONSTANT VS. FREQUENCY
(Type H Fllm 25 2m (1 mil))

.5

3.4 :

8.3 3N (—4rc) {ﬁu
’ -‘130“ 5]

3.2

2.4 ! ! _|——[393K (S0PC)—

2.8 523K (250°C)

DELECTRIC CONSTANT

2.7

10e 1» 10¢ 10" 10 0
FREQUENCY HZ

DISSIPATION FACTOR VS. FREQUENCY
(Type H Alm 25 am {1 mil})

2 (2T
010
13K
{I°C}
o= .08 ST
E . A
008
209K
E (=70mC)
5 004 =
{—BT]
73K (100°C)
e 773K
10 b1 10t e 14t 0

FREQUENCY, HZ
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ADHESION TO KAPTON®

KAPTON® polvimide Fim, made onty by Du Port, la avaable
In thres baalc flim types. Type H KAFTON ia 100% Ide
fim. Type F i& coated on one o both sides with a TEFLON®
FEF fiuorocarbon adheatve and Type V is & plain palyimide
fiim having supedor dimensional stabillyy propertes. Typlcal
proparty information for KAPTON ls found in Bulletin
E-72087, “Summary of Properties,” Specifications are found
in Bulletin E-&6T824, "Industry Speciflcations Bulletin
FC85-2." Far flexible printed circult applicetions the trade
spocification IPC-FC-23¥5heat 1, apples to KAPTON.

ADHESIVE SELECTION

For same applications KAPTON must be boided o other
mitariats, euch a4 coppor kol which requires the use of an
adhashe. Optimum adhasion results are wsusily oblained
from commerciedy coaded KAPTON which la evallable froma
wariaty of suppliens such as those listed In Bullefin E-72081,
"Sxippliers of Adheslve Coatinga on KAPTCHN." This listing
raprasents moat of those compenies offering coated
KAPTON but ehauld not be ragarded as a completa Rsting,
Detaled Information on the use of these aheshe coglad
preducts ¢an be oblainsd from 1he supplior’s bullsting. Spe-
cific requirernentd for coppear larinates produced s sub-
atrgtes Ior Nexible peinted alrouits are outlined In trade
apecifications:
- USA:

IPLC-FC-241
- Britiah: BS-ARR4
+~ Oerman: DIN-4DB02

Whan commarcially coatad film la not sutabla for an applica-
bon, moét venders offer B dry film Sorm of their adhashes far
user a5 & bonding fim in lemingfons. However, batler adhe-
slon ks narmally obtained from commeraial solulion coatings
than trom the dry banding fim. The dry film adhesive does
hava the advantage that it can be cut o shapes which cover
only that portion of the polyimide fim whare adhesiaon s

If nelher commerclally coated paiyimide film ner adheshwe
bonding film iz auitable for the application, the ramalning
option in for the user o apply a solution adhosive. Some
ganeric olesses of adheshvas which band KAPTGN include
aorylics, epoxies, butyral-phenalics, polygsters, sllicones,
urathanss, fluorocarbons and lends of these materials.

Salection of An edhesive is usually depandant an the proper-
ties required of the adhesive and the damands of the apphca-
tian. Property consicieretions ara the thermal rating, chamical
resigtanca, flll and flow charaeterigtics, flexibility, pag!
ptrength, flamemability. molsture resistance and ingulation
rasistancs. Also 1o ba corsidered 3 the ease of procassing.
lamination jamperature and wheather the lamination (e i be
macs In continuous rell eguipment of in a plalen presa.

ADHESIVE PROPERTIES

Achesives usad with KAPTON Type H are usually & madified
warsion of tha generic adhesive family (e.g., modified-aponyd.
Thess lormutatione are proprietary to the suppliers of coated
KAPTON and require specific processing conditions o
achieve the maximum bond sirongth. Aivays usa the sup-
plisr's recommendad lamination condiions for the specific
adhagive you aolact.

Listed I Table | ate saveral adbesive types along with Infor-
metlan on typical laminalion lemperatures and maximum
operating temparaiuras (short tarm axpesurs). When using
an epoxy adneeive, anhydrida curing agenta & prafarrad. i
an amine curing egent must be used, evoid an exoass of
cwing agent aa the frea alkalne meterials can degrads the

palyimide.,
TABLE 1
Maximurr
Lamination Oporaiing
Anhasiva Ti Temperatune
Types °F(°C) *F(*C)
Fluxooarbons 60800 {200-316) to 600 (380)
Polyimides 500-700 {260-3 70} o 850 (345§
Bpoxios 73450( 23230 to 600 [315)
Prasaure Sanaitive
Silicones ¥3-300{ 23-150) e 500 [260)
Aubbarfhandalics 300-404 { 150-205) 1o 500 (260
Acrylica S50-376 (176-180) 10 550 (290}
Polyasters 276-300 (135-150) ta 220 {105)

Salution forms of mast of the adhesives above are avallable
from suppliers of adhasives to tha slectronics indusiry. List-
Inge of suppliers can ba found in buyer's guides o slectronic

Bulletin E-74149, ‘‘Suppliers of Adhasives to the
Electronics Industry,” provides & raprasantatha listing of
adheshe suppliers who can ba consulted with for specific
adhasive needs.

TI-NHTSA 017300
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Given in Figurs 3 are minimum timee lo dry laminates of Typs
Fto copper prior to dip soldering. The times are differant than
In Figure 2 due to tha prasence of the copper il
RGQURE 3
DRYING CONDITIONS FOR KAPTON TYPE F
LAMINATES PRIOR TO DIP SOLDERING

F
G

g

100 SOOI oL, coppar
v}

Minuies ol Full Haat Expasurs

SOLDERING ANT PRESS CONDITIONS FOR

TYPE H LAMINATES

The reccmmendad pradrying conditions pricr o dip soldering
and plien pressing laminates basad on type H Al will vary
#cowding o type of tharmosset adhasive used in addidon o
faciors mentivnad for Type F laminetes. Tha molsturs reten-
tlon and permaabiity of the fim and acfusabw mut be conskd-
ered along with the impsrmesbility of the copper loll layem.
Consut vour [aminate suppliier for reconmandsd prsdrying
cancitions specific to tha cambination of materials suppiad.

EFFECTS OF HUMIDITY
ON PEEL STRENGTH

Humidty can have a large eflact on pesl atrangth with certain
adhative systeme, and AH ougit 10 be controlled in pes|
sEength measursments. A summary of our invesligation ko
this phanomenon s given In Tabla lIl. Rasults show that thase
waker will ri; peal eirengtha dmnu-rg
vapor will promote al
ow pasl strengths at low AH. Between an RH of 104 and an
RH ol 7096, the alfact can be s lange i & lba. per [ineal inch
gn,suun}.mmmmmm
grougs are nat affected by RH changes In terme of

pool valuex

TABLE I
EFFECTS OF RELATIVE HUMIDITY
ON PEEL STRENGTH
Paal Strength, b.fn. (Micm
Adhesive Type JOWAH 70% Hji
Agrylia 6810 11.5{20.1
Epex-Amida i on H 3
Phenallo-Butyral gﬂ 3'52 E'y :’?
Phenolic-Nitrie 4.7( 82) 4:sE 7:511

EFFECT OF SURFACE

ON PEEL STRENGTH

Tha top surface of KAFTON & refirred o &= the “bright” or
“shiny” side. The bottom aide is “dul” and purposaly rough-
oned In the manufacturs of the Sim & lmprove Am handing
chamcierisfics, Moal adhesives bond batier o the dull side of
tha Nim. Tha aflect lo 1-2 e par inggl inch H.8-3.6
MNicm) but can be an high as 4 [ba. per inch (7.0 N'em) or
nagiigible dapanding on the achasive sysiem used.
Experience has also shown thet peel atrength nommally
Increases with she thickneas of the fim. Within a taminain
Eaaad on 4 given fim thickness, a of paei sirengthe can
8ls0 be axpectad, which is inborond In the flim surfacs, tha
sdhestve sysiem and tha beat method spoled. For exampls, 8
pael strength range- for an acrylic achesive is B lba./In.
MNom). For 100H this range can rogult In valuas s low an
2 bafin_ {3.6 Nicm),
Unieas specifically recormemended by the achashe supplier,
the surtaos of KAFTON should be used a8 recaivad. If the Hm

Whan higher achesion levala are required for & givan

adhasive gyawnm, the ringe of the peel atrangth valuas for the
or pu acry

or caustis aiching. Coaution mast be exsnciasd with any such

trewtrnart to mvoid damaging the Kim.

EFFECT OF THERMAL TREATMENT

ON PEEL STRENGTH

High thermal reatment of KARTON vl often Improve bond-
mbilty. Temperatures of about 400°C for as long as 5410
minuies am required, and struchural changes probably ooour,
Studies of sdhambility of typlcal printed circuit adhesias to
haat traated KAPTOMN and stsndard KAPTON have shown
that heat trestment provides sn advantage with most
mm%mwpmmM|mwn'
POy, m
over shindard fim everaged from 4084 o mpr:rumim
adhasive types.

TLNHTSA 517904
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KAPTON® Type H Flim
25 um (1 mil}
CHEMICAL PROPERTIES
TYPIGAL VALLIES (- Epm [1 mil
% Tonslle % El TERT
PROPERTY Rlalned nH Hmlnull CONDITION METHOD
Days Immersed m
RESISTANCE TD: Apom Tem
Bsnzens 100 B2 100
Toluane -] ) g7 385
Mettanol 100 A 140 385
Acetone &7 82 10 K| 3]
10% Sodium Hytdrosdde " Dagrades 5
Glackl Acetic Acd 85 G2 102 36 davs & 343K (110°C
ol 108 i 102 22 daya @& 473K E'D'G‘
nstormer O 100 100 100 180 days @ 483K (150°C
pH= 1 65 30 00 14 days @ 373K {100°C)
pH= 4.2 65 30 100 14 days @ 373K {100C)
pH= 7.0 65 20 100 1Hdmg$?ﬂlﬁ 100°C]
pH= 4.8 B85 at 100 14 days @ 373K (100°C)
gH = 1¢.0 60 10 100 d days @ 373K (100°G
RADIATION RESISTANCE
Gamme (Savanneh River) Sl Rexibig :
{180° Bend) 416107 Gy
Electran (Van de Aetzins 50% of Exposure:
( Grasl) Original Elongation § :D'I:ﬁ" ay
Neriron plus Gamme Drankened bul tou Exposura; 10" Gy
[Bmulduﬁan] "
FUNGUS RESISTANCE et 50il Burig!
MOISTURE ABSORPTION 1.3% Typa H gﬁ!&ﬂ&lrtm ?umldity
2% hpeHEY Imvmarsion lor 24 Hayrs
at 26K [27°C)
WYGROSCOPIC
COEFRGIENT OF 2.2x 10" m'm™ 85K [T2°F) 20%-B0%
EXPANSION Ralativa Hombdity Axiathas Humidity
Efuﬂusnm LITY exbimt- M-y
(ect{100 in?) t24 hrs.} [ltﬂh’mlll}
Carban Dioxide: ASTM D-1434-63 @
by fgl 208K (23°C}
rogen
M tﬁﬁg}
trogen .
a8
Oxypan .
(20)
Hallum 63
(#15)
Water Vapor m'ma'idnr ASTM E96-83T

pA100 IIFL[E‘ hrs. e

20 TI-NHTSA 017902
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Polymar Products Dapartmant
Inchrstrial Fiims Division
Wilmington, DE 12808
BO0-B327-2801

In Canada
Du Port Canada Inc,
Packaging Divigion
P.O. Box 2200 Stroatsville Postal Staton
Miasizsaign, Ontario
LEM 2H3
(4189) B24-3300
In Europs
Du Pont de Nemouwrs imtemational
Polymet Products Department
TE-82 Houte dos Ananint
CH-1211 Gangva 24, Switperiand
{02 3781

In The Far East
Du Pont Japan Limited
Kowa Building No, 2
T1-38 Akasaka 1chome
Minato-Hu

Tokyo 107, Japen
O11-81-3-585-561

in Brazd!

Du Ponl da Brasd S/A
Divisao da Plasticos or Elpstomen
Caixa Poutal, 26 = Alghaville
08400 Baruerl'Sac Pauwlo, Brax|

Worldwids {Exoept Europe)
Du Portt Compary

Imsmational Custamear Sonices
Concord Plaza-Fead Bldg.
Wimingion, DE 19898
{302} 772-8120
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KAPTON® Type V Film

CHEMICAL PROPERTIES
Typlcal chemical propevties for Type V fllm are simifar o ype H.

KAPTON® Type F Flim
CHEMICAL PROPERTIES
PROPERTY 1206 130118 {Q0Fn22
Maokstura Absorpton
K. . % A%
SRR i P =
e & oot Permeaodhy 13.7 8.8 1.8
o100 1n%) (24 hve.) (0.89) . (05 (0.28)
bkam Y e 0.35 0.14
A ( 1.07 (0.5%) (082)
1\
TI-NHTSA 017004
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Kapton®
Polymide Film

High Performance Fima
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i you nead additional information, please
contact our Custamer Servicas Cantar

Du Pont Electronics

HPF Customar Services

Wiimington, Deisware 19880
Product Informatdon: 1-800-237-4367
Ordering Information: 1-800-237-2374




Qroering kmformation: 1-800-237-23 74
Elpcironics Technology Cemter

Du Pont Electronics

14 TW, Alaxancar Drive |

Phbhaiinl

Ageniting

Du Pont Apamine 5.A
Ao, Ecuardio dadend Y020
(1 106! Busnos Ares
S4-1-313-2011

Fax: Bd-171-1323

Braxk

Du Pont da Brasd 5.A

M. Prasigents Kannady, 811
000800 - Cladens

San Ppulo - Braal
BE-11-445-3111
Faoc: BE-1 1-A4 53882

Maxico
DuPont, S.A deCW
Homarc 08-10

MWM
Mumi, D F, 11670

8252800043
Fuc K18280-3545

Hampnaeis

Du Port da Venazuela C.A.
Apartad Cwa| Este 51562
Carscus 1080-4, Venezuola
68-2402 8032

Fax 5E-2-02-9442
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P.Q. Bax 0 5

2, ahamin du Pavlien 9

CH-1218 La Grand- S8y ras
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Asla Pusific
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Dy Pont Japsn Lid.

Du Pont Towar, Shin-Nikko Building
10-1, Torangerun 2-choms
Mlinurta-ku, Tokyo

105 lapan

B1-3-505-6611
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NOMINAL CONSTRUCTION, Type F Fiim

in the KAPTON® F ondar code af 3 digits, tha middie dgll

KAPTON in mils, first and bhird raprasant the na ickneas of the coating ufTEFI.ﬂM'FEF
n.nmrbunmlnhm'lu.Th-m B In upad in repregent 13 am (Ve mil} and ma

m 1
P 120FN16 Ia & 120 Biruciure nunds&gnuﬂﬁpm {1-mill) buuﬂhnn‘i‘ha!.ﬁ,wﬂ rEi':in
of mmuohalda.lluaﬂmdmamnﬂ avalabla.

the nominal thicknesa of the bass

NOMINAL “RAPTON" “TERION
DRDER THICKNEARS FEF TYPEM ;5
cODE win Is B miy Eam miky am mils
1206614 3 1.2 25 .1 -] 1 2.5 0.1
160F016 | 1.5 0 0 25 1 13 ]
250R020 a4 25 0 51 2 13 *®
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KAPTON® Polyimide Film DuPont

Technical Bulletin , Eectromics
Suppliers of Adhesives to
the Electronics Industry
High Ferformance Bubstrmtes
and Mrtarials

sepamer e _

Aremco Praducts Inc., Osslodog, NY ... oo civiinaninnnnannnaiaas 914) THE-DESS
Assermbly Systerms Inc., Providence, BL .........cccocvvverincnnes (401) 2319154
Bacon Industries Ine., Watortown, MA .........cc.cccciiemunniaasd {517) 9262550
Bostlk Diy. {Emhart Corp) Middladeny WA .....oovvviinienr v B1N 70100
Coaap Inc., Olean, NY ....... i manarrinn Rt AR aaat (718) 3723600
Crest Products Co., Seymta Ans CR ....oovviiaaremaensnenciana (T1E) Se0-8087
Dolph, John C, Co., Monmouth Junetlon, NJ .cvoovivvcniaianiinn, (201) 529-23399
Dow Cernlng Corp, Midlaad, MI ......ccoovvmimimnnmnanniiiaas (517) 468-4000
Epory Techmology buc., Billeries, M4 .........conv v v (504) 887-3505
FenwalIne, Ashland, MA .......c¢cc0nemnierrmnerrariacenass (506) £51-2000
Gwslmnrrmmr..wmm ..... saREELERTITEETIAe (518) 287-3%30
B. F. Goodrich Adheslves Div., Akran, OH . ...cci-vannanaansnsns (216) 3742000
Hurdean Ine., Ballewllle, N . ... .0o0vivannianrimmem e mniminnens (201} T%1-3000
Hystl Divialon, City of Industry, CA . ..ovvrvnnsarnrmnisenseinns fa18) 9688511
Ingchemn Prodocts Co., Lincoln, RI.....ccccveniinannanninnans Gi01) T23-2100
Loctite Corp., Newlogton, CT . ... ivveirnnaisansesiaciiiaas (203 246-1229
Hextry Mann Ine., Hurtingden Vallap, PA. ......ccueueeuenrnnnns (215) 2557200
Opelda Electronic Mig. Inc., Mesdvllle, PA...........cc000r0 000 (B14) 3362125
PTM&W, Santa Fe Soriogs, GA. .. vivviananciiiininrsirnsnnnas (213 sdo4511
Symplastics Foe., Montrons, CA . ..o..vvvvurrevncecmeionnenans (318) 249-7810
Tech SprayInc., AmErillo. TX. .. covvnarrrassianansrasans snnes (805) 3723523

Technl'Tool Inc., Plymouth Manting, PA . ...... 000000 veeeas .. (216) 5264980

Thermalloy Inc., Dalles, Ta....ccvcauiiniianiiimsmmamnassiinn. (214} 249-1321
Thermoset Plastics Inc., Indmnapalia, IN . ....... cccciaaeriannne (317) 269-4161
TraConlnc, Madfond, BMA . ... ...oniviiiiir e iammsnanaaaas {617y 391-5550
Yiger Co., New York, NY .. v oo n e A2LT) BOT-SE45
wmmm&‘wumm . .(513) E-4E12

Thin st In bedlavad to b complete s of the date of publication. Thens may be omans nat cwn
1 us, who manuiachurs skmiler products cased on EAPTON pelimida film.

<[]
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INQUIRIES
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in Europe
Du Pont de Nemours Intsmational 5.A.
Electronice

Departmant
B0-52 Route des Achcias
CH-1211 Ganava 24, Switzeriand
. o237 M

In Japan
Pu Pont- Co., Lid.
&ﬂ.%ﬂﬂﬁtﬁm
Chuo-ku, Tokyo 102 Japan
03 245 5061
i Brezil
Du Portt do Brasi S/A
Calxa Postal, 28 — Alphavile

Du Pant Asis Padiic {Lid.)
1122 Now World Office Buiiding (East Wing)
o ong, BOG

o 754 Barr
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KAPTON’ offers inherent heat and flame resistance

and excellent thermal performance.

For all of Lis ou prop-
ertles, KAPTON k beat
knowmn for its abllity to “taka the
heat! With a UL mting of VO
for Aarmability — tha bost pos-
siblz — KAPTON polytmide fllm
will not sustain or propegate ﬂamn.
Nor will # melt, drl
wdgnlﬁmnt urhmex-

Haudatzdﬂ'ﬂﬂnrmnﬂnm
service, KAPTON can atill func-
tion after exposre to temperahures
up te 400°C for brief pariods.
Best of all — [t retalns Ks high
diglectric strength even at alevn
ted temperatures — 2,500 volts/
mi at 300°C.,

These outstanding thermal

out distortion: and, when used
in combination with inorganic Insu-

Inting tapes, high-performance
cables will conttrue to operate In

direct expesura to flame

KAPTON polyimkle film Ia
compatible with a sumber of
high-temparature Impregnating
varnishes usad in modern elec-
rical equipment marufacture —
including polylmides, esterimides,

m'gmn-umcm:l M e
and 2s. Magnet
wire marde with certain combina-
tions of polyimide film and var
nishes has a [EEE #57 thermal
stability rating of 260°C.

But flame and heat reslstance
aren’t the only thermal advan-
tagas of KAPTON. It also per-
forma very wel at the cther end of
the terperature scale. KAPTON
filrn rotaina tts Sexibility at -265°C
withoct embrittiernent or aignifi-
cant kss of other properties.

Keaping paople and squipment
Ill?lullln.l KAP'I.!&JMnm,

Nghtwaight, Rexibla lammaind shest, it
cas b used b Ineulnie and o
badded hestar vwires for diverss
appiicationa ns car sant or sd-bift chair
haaters, alreraft wing daleers, engine
wortnars, hot trags i elecirie blankets

7. A sirip of KAPTON Type H fim ks
posltlened oy the pins In thds JC
socket to pravent wicking during wave
saldering. The etrlp alee provides n
diaksctric barzier betwesn the leads and
prirtad clrout.

h: A stesl ;ﬂnl;lnmhuﬂetl 3,000 axtra
BAPMCTINEE the zame siza maotor
thanks to ax tha coll
Insulation. The motor manwacturer
raports that insulated windlngs of
KAFTON last aa much as 50 imes
loryger at the 200°C rated operaiing
temparahers versun thoaa with
previously usad nmulatkona,

9. Used ax Insulation in rotor and stator
windiregs, KAFPTCON reduced the weight
of traction m:# aih. woddh hg:
traln . na heipad re
motor praducon costy and
harsspower.

13. The kw smoks properties of
Irsulntion of KAPTON perrit Iia use
as & cabla Jacket for planum cable,
& Iménatheg tha rwed for oxpansive
matal condult.

11. Az a pin grid array, KAPTON
;lmh:;' Insertion u{id pina Inlo & -cll:lu;i
In a single, highepead cpara
Ragistration Is petfect, and tha need far
expenshv loading rmachinery Is
eEminated. KAPTON withatanda the

high remperaturea of weve
and allows visual

completed connections. Aftec solderdng, -
KAPTORN can sither be pecled suag of

lait n ploce ny ld:li‘ﬂwllumrthl

pira during further pmam"

12. PC boards are idertiied for II-IH!F

control ond fmeeniony purpodes
mdnhhdlulmmnwrh'ﬂf
KAPTON, Since KAPTON can

withstand the tamperatures of Wave
goldering withow significant :h:lnluai
ar distorticn, It can bu uiad for
laballing on the undersids of
clrout boards where apaca is not at
a pramium.

TI-NHTSA 017812




KAPTON’ has superior strength
abrasion resistance and workability.

gistanca to cut-through and abra-
sion make It aspecially vseful as
insulation for aerospace com
. munleations wire and cable
where it can be pulled through
even the tightest routing.

Since the ocutside diameter of
a wire or coble insulsted with
KAPTON [s smaller than con-
ventional whring extruced
insulations, mare cables can ba
run through a given size conduit
or plenum. Siripping and termi-
nation ane easler, too.

The strength, taughness,
ﬂm:i‘hﬂltynﬂr?d;nm;gmmenf
KAPTON are Ireg to
greatwnumbeuufmﬁmm
applications as well. Apphcations
such as drive belts, pressure

switch diaphragms, wear strips,
washers, and szals,

As a matarial for use In epace, KAFTON
has virtually no bndtations. Desigoers
sirendy anvision huge Inflatpbla s
hures that eould by uead for a variety of
Pupcsss, Inchuding apace sation e
pitirs, energy collection and ranamis
son, and temporery protection ol
urassembled squipment comporsnts,

, toughness,

13. Flodbly wrcults of KAFTON can be
bant, codled, folded or twistad — and
remain that way for the Hfe of tha
product — without Impalring choult
btegrity whila offering additional
freedom.

i4. KAPTON protects plenum cabien
{roen danaga by abraslon, hinking and
mnaaaing during lnxtallailon when | s
“Habed™ ower sharp places bn plenums
and through ducting and eandult.

15, Autornotive sarsing
mliches usa for the
diaphragm bacausg It s fexitie, sasily
Inbricatad and withatands the dramatic
tarnperature changes undar the hood.
KAPTON alsa rasists moal crganke
solvanis, ot snd gremss.

16. KAPTON & an keal mataral foc
tractar balts on high-spasd computar
printers. Becausa of 1ty axcalem
toughnus, dimenslonal stability and
thetral propertes, KAFTON stands
up to tha shock of sbaupt start and
stop opesation and the hest of highr
speed opemtion. The trector balt teeth
are Inlection malded direcily ke
KAFTOM Him.

Ti-NHTSA 017014




KAPTON"® has outstanding electrical properties.

Mext to Itz thermal properiies,
KAPTON polyirmida film is sp-

lected by designars most fre-
guenty because of itz excellent

digleciric dieleciric
copstant, and disslpation factor.
The dickeciric of 1 mil

ey constant,
weight and dimensions of a
coll, stator or rotor can be

stantially reduced.
In flaxihle circults, the h
dieleciric constant of

and low dissipation factor coemr
bine to reduce signal loss to a
minimum at relatively low operat-

ing voliages.

KAPTON film will a major rods In
tha worlds largast [inaar particls aecl-
w"ﬂ“ tnsultion tor
tha Edrumants nupececnduc-
1lve maprat wirg, KAPTON b the only
material — rapeat, the cnly cataclnl
— Hut can provide the extramsely clace
toherances, waceflent daleciric xivength
and roslstares ta tha Aquld heluen tam-
puratures that are required for this

17. This elachk locomotiva, aquipped
with 3,000 volt DC tactian motors,
usan KAPTON F as an Insulation
o1 it matar Ings. Tha KAPTON
pernitiag an 8% Incrensy In powsr
cwar the canventional nsulstion
material it replaced.

1B. A thin, etreular barsd of HhPTﬂ
olltwian sloctrical
f R o et e e i
raquancy “super-hwestar” voloe coll.
KAPTON reylaty distarilon &t high
oparating temparaiuras, snd # fully
camgmtible with the apoxies, restos and
painty usad I speaker manufacturd.

19, ‘The elangation of KAPTON
polyimide fEm lv such that mageat wire
Insulated with KAPTON Type F
sealsbls flim can ba easlly bent to the
daalvad shapa without creating alr gope
th tha ingulstion, which could kead to
dlelectric filure or “hol apota™

20, By utlizing KAPTON an the col
winding of iha slecitic wilkty [bw trap,
the abe asd weight of the davica con
be reducad 30% — & significant

ad vantage for substations In locationd
where real gataia 13 at a preinlm-

Ti-NHTSA 017915




KAPTON?" has outstanding resistance to most cheﬁicals,
solvents, lubricants and fuels.

KAPTON I3 an ideal material
for uze in demanding eriviran
ments In which a combination of
hoatle elements such as chamk-
cals, gassas, radiation and high
temperature Is present. No mat-
ter whether vou're talking about
the motar windings nmllnumh
Dl ofgaa o s 20,000 fok
pit of gas
"“"“““L,,w“"‘“h.““{:;uﬁm
protectve B
sarwor wubmerged In an organic
solvent, or In a pressure switch [n
the cooling syatem of an auto-
mobile — KAPTON can inka the
punishment and stll delpver relt
abla performance.

Inn flexible cireultry, comduc-
tars bonded betwean byxers of
KAPTON polyirmide film are pro-

radiation. And, although it La
unaffected by most organie
chemicals, solvents, fuels and
lubricants, KAPTON can be dis-
solved by certaln strong bases —

s moblla resesrch vetticles beava the
hoatfiz snvironmants of dirtant planets
and trovarss their surtaces

gmlmrlnanmﬁu nhh.ﬂwud]l

KﬁPI'DNﬂh'l lnippﬂ mnnlrg

froma wice and cahle iguistion to sur-
ince peotection — Enom tractor balle ta
:ﬁh !nhnl:ﬂ-ﬂurﬂillﬂhb:ﬂrl Lrongsm;

- v i [l
more reyistant to chemicals, radistion

E:I.ITh'hﬂ,Eﬂﬂ‘Mﬂ rubmarsblx oll

pump vaes KAFTON pelyimida
fibn. i the megnet wire ard slot bner
insulotion system. Motars of this

often oparata at dapthy of 20,000

or moea In hostils, -ternperature
avvirdEenls conitain hring,
patrochemicols and sudfiche.

Manufacturers report & Improve-
mant In ssrvice [tfe using motoes
Insulsisd with KAFTOM.

22. Specialty conductors metalized
butwreen shasin of KAPTON compriss
2 highly reliable wng accurats
muwbomotive slectrotharmal fuel laval

' sonsor developerd In Germany by VDO,

in additian (2 iy cutsianding tharmal

and diolocirie propartizs, KAPTON can
be directly immersed In » wide waristy
of fuebs, including blendad lhanal
and mathanol,

23, KAPTON ba an iaal substrata for
this CTS throtte position iransducar
Not anly i § resietant bn sutomotive
chamicals and lubricants; it can alsa
withsterd both high underhood temper
atures, and cold winter mornings
while wtill pecfoeming relinbly.

24. Criticad fual kney of satoffites In
spaca ara kgt from freoding at ulralow
temiperaturos by heater cablay Insu
lated with . Nichead-cheomium

heating «lements are %luhhd Ina
vides both " url‘;r whn'yﬂhh P:
[ 1]
ot mﬂyp""" ﬁ;ﬂ""mﬂ"mmlu
ox a
o temperahres,
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TEXAS INSTRUMENTS INCORPORATED,
AUTOMOTIVE SENSORS & CONTROLS

1 TITLE: PROCESSING AND FLOW OF INPROCESS MATERIAL REJECTIONS | DOC. NO. QOAS 211

SUPPLIER ALERT Address Respease To:
Flease reapoud withia 10 dayy
Not 1 Cormective Action Request Ron Souza  Mail Stop: 11-09
Texas Instruments, Inc.
DATE PREPARED: 2/27/9% SUPPLIER: El Dupont P.0. Box 2964
34 Forset Stroet
PART NAME: Selectone  PART NUMBER: 272254 | Attleboro, MA 02703-0964
LOT Np. N/ DRAWING REV. Tel: 508-236-3988
A AA FI::::: 508-236-31827
RDIM No. 332450 attached ~ QUANTITY: { REEL | E-mail
atiached DUANTITY:
This mtion i buing Lasewd by tha PEL batwriel Review Board bo ixfrm yon that paris inspecied aa the duiv shown abeve wars Soud i
contals seacoaptable dismasslats sador caodithoss cuflined bakow. Even Saough ne Evmal spjection han baam inswed, (v in opached st you
will reviow your precess or syubems) in opcar b idenilfy srens et will icpvove i acosplaliliiy of your prodect.

SPECIFICATION: Mo deformities per note 1.

OBSERVED CONIMTION: There appears to be a curvature of the roll along one edge which apparently
CAUSES SaMe jamiming in our automated assembly machinery. Data included for your information

SUFFLIER RESPONSE: Fleato reply to the following inquiries and reply 10 ahove addressoe
1) Do you recognize this as & discrepancy you may have seen bafore? [ JVes, [X[ No

2) Do you currently have n process control mecheriem in place to prevent this discrepancy from eccurring?
DY&.HNI:

3) [fymmuadfutnq.monﬂ},uhyduymﬂmkummdmnﬂfmmudNnmqm-:m
if ar

Authorized Sigatire: ___oBACare” At e Date:_5775/58 |
Please respond withis 10 days.
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