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Fron che space shuetthe's wodar wrcns 10 mintnorized elecorn.
eIt Front Righe fpesd et dis g i5utirs 1 miunos
provcessor chip camiers. Aapni poly iide Glms only by
DuPuont. hase made innovative design solutions porsibile. Thid'»
beanuse Kepren offers o unigue cumbinaton af eeirival.
chemicul and mechunical propertic: and retains these properine
aver @ wide ronge of wmperamres, where other enr,.lns.'erl'ng
muterials may full,

Kaprem® hos more than 30 years of proven performance ox the
maleriul of choice in opplicalons Invelving very high or very
low opernting rempecatures. Designers concdoee 1o diacover 1hat
the opplication polential for this unigue Induscrial macerial bas
barely beea tepped. Additlooslly. the DuPont family of high-
performance materials has been expanded o jnclude Cirdex®
nthesiveless manufactured all-pelyimide 2onstrostion malerinl
ond Garly® compoaite film, glving design englrwers sven mors
perfarmance options to meer their peads,

Allough we continuously expleve new gpplication possibllldes
for thess films, many uses for Kapron® sre woll pateblishad. 1o
the electrical and elecironics industries, for example, Kapran®
excels In applitations for fisld coil insminton, subswams for .
Nexible printed choulis, motor aod gencmmtor anmeture skt liners,
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Versatile DuPont Kagton' and Dsesis' Filma

Aapieesn HX s an all-purpose paly imtide Nlm thit bas heen gapd
suevesalully in applications w lmperaiones g low w2070
=+52"F1 and o high m S00°C {732°Fr. Kupiaiu® X i can
b luminotad, diseun. shit formed or adbesive-coated. I i avail-
oble in 0.3 mil (7.5 pmy, 8.5 mil (12,5 pmi | mil 123 gy,

2 mif {50 pm), 3 mit {75 pmi ond 5 mil {125 um? thickmess.

Kapron® HA polyimide fllm bos pood Mex e ond |5 well-suited
far penaral-parpose applications. Ii features pn amorphous
structure thar Ls pllohle, yat wogh,

Kaptar™ HPP-ST of¥crs the same exeelisnl balence of physical,
chemleal and alecwrical propendes over & wide wmperausys 1ange
as Kapion* HN Glm, ples supsrior dimenslonsl siabllity and
adbesian, It js aveilable in | mit (25 pm). 2 mil (50 jem}. 3 mil
{75 ponk 5 wil {125 pem), & mll (150 um) sod 7 mik {75 pm)
thioknets. In applications where low shrinkegs snddfor supetior adie.
#iom sve jmportant. Xapion® HFR-ST Is tha palyimide film of chotce.
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£ %3 Aomen HN (31m quated or laminaled oe one ar .

Pitss ~ides with DuPom Tl FEP o impant heat sealablliy

and W peowide o mwisiure Barrler and enbunced chemival resis-

tasre. I is avaitahle Inop varken of constructlons.

Keaznm _B'E'L-"L' clitvinases the nead fur thick Oplq;-lt comtings. In
ofTzrs the thermba! and elevirical duzabiliy, as well as the chemical
resisiunes df apran® HX, niong with excellent marface reflapiivi-
1+ ond hur oode lubel cuntras,

Reipznewr” BJ | o heatagealabie polyimide film ueed for high-
) mperawre ond high=-perfarmance morerial construclons, I
maicralns excallznt adhesion well pbove its ginss rensition

[emperatute.

Cirlex® ndheslveless manufactared pll-polyimide lnminme con-
struction materin] complements BuPont Kepros™ polyimide fiims.
Availoble in shealz from 9 mil (225 pm) o B0 mil (1,500 pm),
Cirlex* provides an axpanded range of thicknes options, while
ofTering th exzallont charnlcel, physical, thermal md alettrical
propetles of Xapion®, It s camilly mvodifiad by Inser cucting,
drilllng, machioing nod chamical ewching,

Garis® eampeite flm ls heat sealabis and is meds uplng
DuPent polylmide ﬂlm-npd DuFoat Tffox" Muomupotymer.

Chris composiie M tos exeeilent eleorr 2ol iereh,
machanivul ond ehemizal resistames roametie.

DuPomt Kerpran * pol¥imids fim can b lamirated, coaled any
otherwise convered to meet o broad miege of high-periarmanss
operating requirernents. This outitanding secsatibsy aliovw s
Kapron® i be customstallored to fiz an almost #ndizns varien
of opplications.

Thete high-quality performunge fims are supponed b 30
years' exparlence. ord we ore committed fo remeining the wer')
Jzader in the manufacture angd diversification of polyimide
product offerings. Quy significom investments g research,
development ond equipment In responss to your needs continue
to help uy design products thar can insulate or conduct elec-
tricity. o2 well s pigmenied ond heas condugtive films. ond
new sdbaslve sysiems.

;. DuFont alse uifers cubom-tailorsd products and programs 1o

meal your gpecinl deyipn nesuirersents, where approprise. For
mors Information, plowse coll 1-800-237-4357.
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High-perfnrmance DuPont Kapton' stands
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"r 3 meaz erties. Kapton® polylmide film, only by DuPont,  Kaptan® MT and Kaptor® MTS
' flimu are avallable Tor applice-
flana whars Improved tharmaf

Foreif of Mg oter-
I+ probably kest Eacwn fur He ability to withetand heut. With a UL%54 V-0
rating, Kepton® will nat sustsin or propagate flama. Nor will it produce any eonducivity |s an Imgonant

signiflcant smoke when exposed to flams. detign festure,
UL ratedf » 220°C to 240°C {428°F to 4B4°F) for continivous mervios, Kapton® Xaptor® WIT provides therma)

can function for brisf pariods after expastrs to tamparatures up 10 400°C otmatiuctivity that s thres
(762°F). Bast of all, it retalne Ity high dislectric strength sven st slavetsd tem- mﬂﬂwﬁ: t: ﬂ::::ld
— . it hag w1t phys-
paratures — 2,500 Vimil at 300°C {E72°F). kool gcpartion and distesirio
Tha citstanding thermal propertias of thass- hiuh-plrrumunu films provide strangth suhable for applice-
Shorua fn heat-sink fngiistion .

‘ llm'lillunt ldununu to the. d-ﬂ;m.,ﬂh-n used on the w‘lmlm of m?r
' i lgrificantty Tediiced; fexibls

fnr,mu-niltm rldf,-__,af"

¥ A rﬂéﬂnlm hmvmldm-dwujlﬁn
ation witll Inptﬂlnln Inlulltlnl'

_ Hoat Bk Pake When urad in heal
s, Sk pady, Keotan® MT fim pravidas
b, improwad et unrlur mnlnu

kﬂ- ing 'Illlll:ll'l: strengn for
oot InTarface :nd :m

Ipnabar Colle. Kmprant HPPSFET ani
HPP-ST fikns provide outstending
Mectrical ond dvemad ingulation
far spamicnr cols Xapon
FIEEE Sinomsa & Nigh opik-
"Ming tenperalures, aless
suparior gimans ool B hihy
and mEirgyey ez CHHL adhy-
slon with pther materialy gaeg
In saanker manL'azoure.
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Forspuakar colls, Xazion® Type MTE , 2 lsok polylelds Qlm, ﬁhutu high bsvals of haat and provides outytanding slacircal and theemul
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provides ﬂﬂl{ﬂﬂnl by axtramady kiph end |Iﬂlll-l'lﬂl'l¢ whiln malutalning vopardor dlsluctric mrswgth. duradilivy e Has RSy,

Buar Codn Labels Xapran® g5L-5T IHm Fikar Oplics Gable. Yt g Kazize HI;
prow~des Idesl aurfuen chasystarinics film, fier 2ohes gEoie pas
i for conque costingy. Kepron BCL-Y bm made smaler u-x
Sim o¥ers secalnnt sur'poe ‘afles- lig-se: wiovers s =_s-
ity and conlrazt Bogh fikrg vy Miga’ TouTt ssmaLaee
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DuPont Kapton polyimide film opens up your aesi

Hmm' CR polvimige 2=

Next to its 'ﬁmmal proparties, Kepton® j:ohvlmldvl flim, only by DuFant, Is
was davalopad specileeity 17

sslsctad by daslgnars most fnqulnﬁ hlﬂll.lll of its axcelisnt delsvtric withatand the demaging
mmmﬁmﬂnmm-mmm Thnilhwicmnwﬂul #fTaCts of “soroea,” which can
T mll {26 pm) W—Immﬂmnwmfm‘ﬂ h . -I_Munlmllum:l'
mmmnmnm-m Wqﬂﬂﬂ_‘ﬂﬂﬂ'ﬁ.hh&. . bruskdawn of sn Insulation

ﬂmmimmnmhtm-m an 400'C {752 lell muinnll'i mlmm:;hmn ll::-
T . - SEQe NTEEE oF & ¢1
cantly sifact the ill!ﬂlﬁl'pl'ﬂp.‘ﬂll.? st SRR i
* The wmhllu'llnn of Illgh diolectrio’s Tehigt l;m uanrm |I1|i.- .- DOFOn rasistunon of nr-mr
nass and luﬂlflﬂt muhlnlu'l pm"bi ' ..E. g-l ml » thEn HO0000 hr'st 580 Vimil
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iy 2NN in m circu Aoptd

< i mingle, high-cpand

EY  ogwraon. Kspion BN
whnganis the high-wm-

AErAUrex ufw_lu tticaring

By’ gnd AMEw3 visumi inEgaction of
cemplatad connEciges Aer

Fanible Clresits. Kapioey ' #RC,
ENL and KN fimy offer el
- F  bemgapiny o caposraih warous
achasives Typa EN Bay thy highar
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Prasare-Sennitiva Tapu. Whether i
usnd &5 prowectian Lo prinied crcuits

or 12 2 repaintudliny tapa far
high-parisemunta alasz L
nsulation nppcanens.
Kagimn PET fim prowvidsa
rgn-iarnakrature capabibe:
SirLional sabdity, regaEance
0 soiverts and companbaT, Wi
many Sroek o adhesives

during the eenyfectoring ocas.

o e L

ities wvith 1ts outstanding electrical properties

f ciroalt hosrda in & resl formet. Kapows BF
ki lq:lnlll: :uilill:nlrn-i.:ﬂll L

Insulation Tobing. i tabmy
obad hor macTreat mpzlanga
pratecsion, Kegun Ky, W1
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Kapior® FN Ix & hasi-saniutly
filrm that retel 24 1the unlgue
Balance of propartia of
Kapton® HN over a wide
tarnperatyre ramge. Thia iy

Kapton® polyimide film, only by DuPont, is an ideal matarlial for vs» in
demanding envircnmaents where hostlie slgmenta such as chemicals, gases
and radiation are prasent. Whather it's used as motor wintings Insulation in
an ol welt pump operating In » ph of gas snd brine 20,000 fest {8,095 m) balow

the surface of the sarth, » protectiva layer for a Rquid lavel sancer submarged schlgved by caimbining

in an organis solvent ar in demanding automotive applications, Kapton® can MH‘FEH: :iﬂi Wr::
Talhon* uarapalyimar

take the punishmant and still defiver reliabls performancs. oo |
Kppion® Fi Lmipartis hest

In fiaxibie olroultry, conductors bonded batween layers of Kapton® polyimide
fiim are protected sgainst chemicals, moisture, gasss and forsign materiala
30 they can opsrate rellably In demanding environments. In military snd
industris] apphications, Kapton® remaine tough and flexbie, Although it is

sealubliity, provides s mpls-
turw barrier wnd snhances
dlnml:ll lIIlltll'IH

unsffected by mest organle chemioals, solvents, fusls and babrisamts, Kepton® Kapton® WR potyiicde i e
can be divsolvad by certuin strong bases ~ a fact that printed eleault ::\m m'm' of weter on
manufsaturers use to ﬂnl- llh"m I.'_! thl nhunlpul ml]llng of fnmrn - Insuiztion systeme and for |
~:In prlnml -imlu - :,,3 o "m .= s R '-mgummmaw%
: i o i “-,.f ;: inpiitey s s t&

' '.:. A ram q.-.--il’ -l l-i‘- .

- ""'..l:f..i".'-. ot

B mhhﬁ“&p{mﬂn

Autsmmbe Dlaphragms.
Althaugh thin snd lighewaight,
Kaprovr HK gnd AN Sims can

@ aping oricky or mars, which aee
typical prablnme anapuntared with
tublar and tvr commpr matarials,
Xapeon - anabivy dinphragmy and
JThr GEMAS 10 Wark "in movamem”
wnder high pressare snd remuin M-
bl2 and hunetionel, whils gerformang
lor 3 hell-million phag eytbas,

withatand Axadng withows devel-

Automotivs Bapwore Xrpron® HN
and FM Gima ara pand in ammative
SAnNDr cavioed Secausd they are
Faxttile, highly grocansable sd
Able T8 wethatand tin kxtrema
tamparEture shangan that oot
underthe hpod  Thasa fimg alz
hiva #xcu lant dursbility and
Ar2WAR MREEtENCS be AL MAL
suhanE, oile pae fusls.
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Etahal Applicardans. Kagron ' s Heh-
ath mne canbe well cEntrodled within
T Htehing process. raulting moa fne
lina gupadslety wnd high quadey of
atghing. Arhougr Nppfow- HM ar

HPF-F3T Iims 1ra most Faquandy

Land "or chamicy wEung, ey
Qtter typas o' Kapma hees ks e
SUCCAEE Sy Ji0nea

- ek e P e—— — — - — .
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Eicitiag Cantroliabitity Kapron ' HE]
Hlm in mads frem Inyars of
Krtor * Hi and KJ Alm, which
himva bhawn honded japather
in thiy wppkcition, thy
Kaptan® HA Lilm nax byen
wi=hwl thréugk, while
laxving she Kagror: K
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' Kaptos' polyirmlds ims and Dasis® composite fitms, only by DuPort, provide
| a hoat of parformence ertions not avellable from conventions! muteriats such
an flbars, resing, metals; glass, oarumics, mica and others. Tha flms’ tensila
strangth and Inttia] tesr reslwtancs provide the mechanivs!] durabllity necessary
' for many eritieal manufucturing opsrations, such #s printad airoult procsssing
: and Installetion, Exceptional towghnass and rasistancs to eut-through and
sbraston meks Kapian® and Oasis® sepechally utsful as inzuletion for sarc-
space wnd communications wics and cable, where It can be pullnl *llwuoh

svan tha tightest reating.

it s ) Pl -

Lénd Framn Tapr. Used to

- Ingd trama e mads

"t high empen-
- 4

B mearran A3 SR

-t e

ecue ol 9 clreni Noards,

iunhm BN KN
Hims remmins simbly

¢ % tures ant provioas st
Eama tharmal coattician:

Astsmathm Mkl ds.
Kapion~ HN and FN s

are apacified for us in
NLTOMOTsE Man -
Ifolds bacanie
They ara abla kv
withitimdl tamparatury
axtreman, machenical BT
Ard contaE: with arganic am-
virtle. Thane films s
unmatched for ther rams-
tarce o funts, laxds Bod st
hargh chemeals
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DuFont Kapion polyimide films and Jasis composit

Kppctorr® JP potyimida flim
provides opiimum farming
charmctaristics. i offers higher
slongation st sleveied tem-

" parturse, while malnaining
the sensbination of sacaliang
physleal, alect rios! and
machanios! proparties inbar-
an¥'in Meptor® HN and HA.
Tha patymer propartias of
Kaptors JP anable drawing -
detpar pants 5t [ower tempar-

mmmmmm.m:mmmwmu mmhmummhllm
. thﬂrﬂ'mpﬂhﬁnhmﬂ.ﬂun“ﬂuﬂwﬂmmm " Atar doing, patta bt .
'Inmwmmnhhmhmﬁmhlgmmm“ﬂm
hipphlndhlmhﬂmmﬂnllﬂlr '- x -

- nllllln'l: shaps retertion’ _In:l
mlnhnlm lhrlrllunl 2 o

Ebimc of Clrlax®.
Citex™ 0 an
sdhashvalas
afpakyimads
MmN ConEcruction
mapeinl thl posaeeues
v JaRE drarmal and hyi-
- kIl ArOpRFE Bt Kapron®
podyenicie filma, & tucinr
atrmmative 10 Xapior, Gries
hulpy aEnmixis wiak pennte
m adhegiey conrusBes ang
€A ba txad 2k shema.
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Inlormor Eolletan

. High Performance Flima

DuPont FEP

fimorwosrbaa flim

. Teflon® s Film

DaPoet FEP finofocarbon film offers the outtand-
ing propwetios of Teflon® resin in s convenlent,
camy-10-um form. 1t onn b hest-sealed, thesmno-
ﬁmﬂ.mﬂmﬁﬂuﬂ,nﬂhﬂmﬂww
othar mamrials or wrve a8 # hot melt sdhesive.

Thilm:lmmuﬁuﬂm
mm

e form offery dosign and
Tora wide vwiety of end weea. .

FEP Is Unique Among Pluﬂu
. m:dlniunyhmdfllphnu
Wbﬂhlﬁh—udhwm

mmmm
» Ouvtsinnding wveather rewistzncs

* Exoeliont optical charscsterivtics

* Soperior slectrical propeies

« Free of plasticizers or additives’ :

+ Excellapt proceatibifity with conveationnl
thermoplastic metheds .

DuPont FEP Flin Is Offered
+ In dhickweses from 12.5-4750 pm (0,5-160 mil)

. hmﬂﬁdﬁwmll—l.ﬁm{”m}

depending on thicknos
* In variows size yolls wound on 7.5 om or 152 cm
(3 in &= § in} nores
mmmmhwﬁm
wide mnge of o take advartags of
these propertics with minimal and sonvesiant

T TR pra—— S, Y

The shility of DuPont FEF fllm to be saxily ont,
wm_kd.mdwudpmu
nady applicstion ns dinploagmos, gaskets, protective
Eningn, or tharmoformed pouches or contalners,
wherever bigh teepecaton andfor cheenical resls-
timde: i raquired.

" “The aacellont optical proportics and resistance 1o

and nliravioles have kdto

. .-huﬂhﬂm?ﬂ?ﬂnhnﬁnﬂnﬂqﬂm
' h-Mmm&

" ‘The nonstick propeties of DrPont FEP fllm kave

Tound wm in coxtveyor belts, process roll coven,
and a8 mold zeleses Skme.,

mp:-ﬂ‘dm FEP flun offec spocific
wmwmm“““

mﬁﬁ;ﬂmﬂmmlﬂm
in diffareqt thicknessss is given in

hﬂmhm,mﬂnﬂu-ﬂ::ﬁ,fu
nse st tempenarores wp to 260°C (300,
Wmhmmm
Tegistans 10 ey propagation.

DuPout PEP film offers unicne propestios in o
convenit form requiring mintrw] fabrication.
Consider it for your pext: project.

- For sddinonal information, call (8009 2374357,

DUP 000013
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Types and Gauges .
Typea and Gauges of DuFont FEP Fuorogarbon Flim

Figures 1-3 show how wewils properties of DuFont

FHF film woy with temperatore, FEP filmes retein
uechul mechamical properties over 3 wide range from

ryogenic 1o bigh wmpemtures.

1. Tenaile Strewm
Figuera Ll ws. Boogation of DaPant

PEGrsins. IETRVARN AT )

2, Tanwlls of DuFent
Figura Te Fropanties L ]

— W (1| 2|30 o [758 | 1008 [ 1300 | 2000 | 2000 [ acen | meee | 1= [10em
Thiokewss, i o5 [ [ 2[a| B fis] w0 s [2 o] w| w| n]|m
Tlinlull.-l 126 |5 (BA | %% | 15 (190 M0 | 37 | GO0 | TR0 | THOO | 20 | WA | ANG0
Approgivate smatootor, b (10 (o0 (S| | w |z 9 (e s | 3 [15] 1 | om |oe
Approcdmnateamatactr, wiflg | 3 [0 | 9| 8| 4 (26| 2 12 1 0% | 13 a2z | 614 |9
* Aelinhliby
Tyoh—teP.mnarslpurpets | X | X [ X | X | X | X | X | —=| X |~ =] —| — ¢ —
Type C—FEP, G with -
. cammatabls - X2l X|=]=]|]=]=]=]a] =] —]|~—~
E-0—FEP, both '
:I”rl.lﬂlbh 'lH“IIR—I-——-——___-__
L-Fer, k
thcm — =] =]—]1 % |—] X x X X X X X K
Ty - )
gl = =
" Raentpn ]

Alm thizmem, —‘7

) il

im iype pananinils ooy v _
Mechanical and Tharmal Dimensional Stabllity
Propertiss S There e Gwee companents to the peopecty of
DuPont FEP file perform well over a widonge  (oensional
of temnperatures. DaPont PEP film has 2 cantimows  2*wdunl shrinkage, and tharmal
servics mange from -240 w 205°C
(=400 0 o i can be wand bn i £ IFOSCODIC DR FER
Tt mprwrcs s kigh 03 360°C OIFD). g oceshon film i Jas than 0.01% when toually

: : - immerwed in waber, changos in relative bumbdity

Tensiie Propertiss have Hitla offoct on the Hlm.
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Residuoal Shrinkage
Siresszs set up in the Ghn doring menuiactoring o
chovarting e chusy shrinkege in worestrzined film

Exposere of flm to an elovaied impaature, and the
attecdant theinkage, will calisve this strces, and 0o

firther sheinkage will occur st kower enperaniies.

Therms! Expansion : '
Afier residunl shrinknge hay baeny removed, DuPont
FEP film will expend and cosiract acconding to

it nocmal coafficient of thermal expeasion (sec
Flgures 4 and §), Now thet tids coeificient incresso
with =peratore.

Mgurs 4. Sl of DulPent FEP 1084 Mim
= Tempasars

% TR M e EREe m om w0
i . TR "0
* TR T
. - Table1 o . - -
Typleal Machasical Preperties . Tebisd
b““'::’"“' _— Typica) Tharmal Propertiss of DuPort PEP PIm*®
Propuey Votwd | Sleln | S ey ~1 TN
e rrn pasdt | mure | g Metipe owaww| momrc | we-mer
Bevgatos at hrusk pasl | aem wn e ey | - -
Fye—— s [Twwh [wiem el
Yid palnt MR | e | Dom Moy rriy e mrc o
Frevyn—— Toeolic oat TRk | (eDumT
s D41 iy o CorMaynt of Srormal i vl
T —— Do | wman | o canductity pimwmk | 8 i-i'-'F
. m sie | onis S ofear m—
e rvg DXk | MN ] 12w o R T il sl
Fowmabiity '
wum nwae | 28N w0y clasaiBeain ARBAL S| v YIAD
Qv Inde = = )
Bursting sirengt®® tog | ik ey LT [ X e
Doy T I A TS _':"' ::- — ZYE shrbkage {2 2% ehiokage
Coslomm ol fieten 25100 goge fem
Wowtc i o el | D-20M-B1 0 ) =P Tomparstute at wilsh firm upssrtm u doad of GH MPa
*300 mne Unlee Stharwies ROt 80 et mr 9 e
=100 gaupa fim
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TR T
TEPERATUE, F

Eloctrical Propertins

FEP fmorooarben Gl exhibit excellant electrion

properting over a wide range of freqoencies and

tenpersires. Tabls 4 shows how intial properties

e yotsined even after long-ferm exposare to

extrene snviroomental conditions.
thll!ﬁhﬂhw':l--l
Hmhn Fimaspm (1 uill'l'hlnht-

']
] Hak ]
= nt L]

ASTM
Fragasty Mioiind # e 3
(iallyoiric; Ersngth D-1A-11 0 P I Wil
BAvm RS ]
elpcirode in
i, 10 Hxf
abasririo cusaiaat D=1 Db i
{1 ket -
| Tr——— b-180-81 == amn
{1 e}
Viakurne: roirivity bayr-m 10050 chwic | 134 10 nhum-nam
Surfues renindlvity M- 13 11 ghm 1 %N" shm
iperngsanl | (parspmrl
Surlecw am
reitana s I-KE-1 >l Y 1
"Rt rustied b wre cliel oo tratic
Distactric Strength
Figore 6 shows bow the dilectric srongth of

DuwPoxt PEP filin ia & fonction of film thickness;

Mgurs §. Dislectrda Strevgth ve. Mim Thicknase of

: =
g ;

A
4
[
1
L]

L

- -F
B
ﬂ-iu—

AT Ly

Dielectrio Constant

For DaPont FEP film, dlelectric conistent i idegpen-
dent of film thivjeaesa, There in no difference
between Type A aid Type C films.

Al 2 constuat frequancy, the delocizic constwt of
DoPoot FEP fllm decressss with riss in temperature
doe o theemal expansion (see Figure 7).

Al & constint tempwratore, the dislectric constant
falls alightly with n inormase in frequensy sbave
10" Hz (sac Figmre B,

Figors 7. Dislectio Constert ve.

mmmu!ﬂu-ﬂmuﬁ

14

\

15 M i
L] i
m )

- l:l 'I_ 0
- - ] 3
TRFEAINE T
TEUPERATLE T
Raurs 8. Dislastris Coneturt va. Frecuansy
o

E:——T""‘

L I N |
1: W 1@ W R M W W W O w
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Factor : . Figurs 11, Volums Reslstivity vs. Thicknses

Dissipation

The conxdstently low vl of the disipation factor (nt 179°C PAT'FR

over 4 brosd oange of wrmperstre and fragusacy ':" o
males PEP flworoorbon fils ides] in applicutions = '
mmn-uMhmm . '
Figere 9), ) | )

Al & vonstant trenperatare, this disvipation factor of
FEP films varies ax noted in Figure 10. Absclote

" valnes remxin Jow in comparison Wwith many other
, dieleotric muerinls.

) ) - -
FAgurs H-hﬁ.ﬁnrmu.m

oom
B 12 ST
i-‘ PR e ] o . ol . -
W 1 z 3 .i‘nn " 4 E
P A ——— . = B ] 100 WREOE I K
S & @ . ;n' E = ' 1 Iu.l-lr L
‘“_.'l..-"l :

. et Pasar . romrmy of Dupoms e s i vtz o

e - - ' 1" Mgher tha most dielectric materialz at

TR TR, e bl B mm{mmm

Resintivity
mﬂﬂﬂ!-&ﬂnmmhm i




With these exceptions noted, DuPont FEP flucrocer-
bom fibma exhibit & very broad range of chemical
and thermal serviceability,

Dus to the mmy complex nspeets of performamnoe

Chomical Proparties

DuPont FEP finorocarbon film is chemicully inert
und polvent veaistant 4o virtally all chemicals
exoept moken alkali metals, fluorine at clevated

R —

temperwtures, and vertain complex halogensted in severe mvironments, final sclection shonld bs
compounda sach as chiorine irifluocide st elsvitod  pagad op functional evalwstions ar oxperimce under
tampersiros aod prossuTes. actoal end-uas conditions, :
In circumstances whne: cad-doe are The chamical sobstances Ksted in Table 5 arc
:hunhnpguﬂﬂulm_m (#00°F), B0% ive of those with which DuPart FEP film
sodium kydroxide, metal rydrides, alunizem han boex found to be nonrsactive,
shloride, prumonia, and certain amincs (R-NH;)
muy sttack the film in « manner similar to moltca
alkndi metal, Spocial teeting is required when wach
extrems meducing or cxidizing conditions are
evident.
Toble B
Typioal Chamioals with Which DuPont FEP Fiim Is Nonrsactive®

Ablatiz acid Cyciohaxanons Hydrofluoric seld Phthalic neid
Acatia ackd Dibutyl phthalate Hydrogan perosdde Finana
Acetic aribnydride Dyl sebacate Land ) Fiparidans
Acshome Diatinyd earbonsts Magnastun chioride Pohymeryl ontw e
Acatophénons Diatinyl sthar Marcury FPotessiurn aiatiia
Acryile anhydride Dimuthvyl formamide Matind sty amdne Potessiurn Irpcmxkide
Allyl ncotaie Di-nobutyl acipirts Mathacryiic sckd Potasshem

*  Abyl methacryists DimatinyHormamids Mathano! parmanganats
Alaminum chiorioe Dimativyrycrazing, Mt methecryinta Pyridine
Ammonis, Hquid .. unsymmgtrical Naphthelens Boap and detergents
Ammonium chioride Dioxana Naphthols Sodlum Mydroxide
Aniline Egivyl ncatam Nitria ackd Sodlurm Mypoohiorite
Barzonitris Etiryl micohol Mitrobenzans Sodium paroxide
Barzowi chiorde Etiryl sther 2-Nitro-butancl Solvents, allphetic
Banzyl alcohol Etivyl hancoata Niromathane end prometic®*
Borax Etttyiens Lromide Niwtgen ttroxids Stennous chicrida
Boric acid Ethrylens alyool 2-Niltro-2-mathyl Sulfur
Broming Farric chioride propancl Sulfuris acld
n8umd smine Fesric phowpham rrOomdecyl akcohol Tatrabromouthene
Batyl scataty Fluoronephtitivne O, snimal anc Tetrachiorathylana
Bantyt methacryiams Flynronitrobarave vagmiahis Trichioracalic actd
Callum chioride Formnkdalwds o - T, Trichiorstityimng
Carbon disulfide Forrnic acldd Paachlorsthylania Tricresyl phosphete
Catanu | Fursne Pamachiorg- Trigthanolmmine
Chiorine Ganoling berzamide Virryl mathaoryhits
Chioroferm Hemachiorsthane Farfluorosyisns Water
Chlorosulfanic acid Haxane Fhanol Xylone
Chwomicscld Hydrazine wlﬂ Zinw ohlovide
Cyciohmans Hydrochiaric ackd F'Hmnw““ de

*Easad on SXEATHTIINGS contucted up 1o the bolling porints of the |iquize Ustad FEF reslrm hivve rorma sereiil S mpanstunse
up 1o 208 (400°F). Abaynos of u specific chemicel coss not mesn that It bs rescthe with FBEF ffim. '

*=Eame halopanaisd salvems may onuse moaderatd sweslling.

DIMMETEA, Ne., 3
ol E
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Phya Properties ]
— 'ﬁphihhmeMdmmm

Faxorotarbon Fim, 25 pm {1 mil] Thickness

Aluost all plastics abeoch small quastitios of cer- {Tost Mothoe: ASTM D-1434 at 28°C [77°FIi
tain tnatvrials with wiich they come in contact. Parsneebiity Rate”
Subnrieroacopic voids betwesn polvmer mok-ook-s

Crovide mace for the maseeial absorbed without . o /2 h o)
chemicul reaction. This phenomanon is nmally Carbon Dineide 289 104
makrd by & alight weight increase and sometimes ~ Hydrogen 34.1x 100

by discoloaation, Nitrogen D> 10°

DsPFont FEP fiaorocarbon Slow have wnmally low 27990 1.0 W

- shemption compered with other thermoplastics, *To corwert to o108 N34 h-atenl, multiply by 0.0045,

They abscxrh pectically no coumon acidy or besss

2 mwperafires o Ligh az 200°C (392°F) and Figare 13, Waier Vapar Trmemiesion Rete of DuPont
wdupu:gm Buen the shexption of FEP Fiimi 0t S0°C [YOF°F] par ASTM E-00

salventy in extremely small. Weight increnses am
generally less than 1'% when exposed at slevaied

Mumay gases and vepor pecmeate FEP filns st n
mych Jower rato than for other thermoplastics (soe
Figure 13). ko geearal, permesfion increases with
tegrporniors, pressure, sy suriics contact atos wd
decreases with inoreamsd film thickness. Table & N o
Hiuts raten af which varions gases are ransmired a R 4 " W
throngh DxPont FHP finarocarho Blm, while Tabls o W 0N D
Tﬂmmufmwpmuﬁllyﬁ:mm ' ﬁﬁ"
seotstive soheinnces. Noto thet the preyens for sach . :

i

. |

Permeabiiity E
|

peTRtRce, 0o m;:uih'lmml umwwh
Tabla 7
Typical Vapora Transmission Rates of DuPont FEP Fluorocarhon Fi, 28 wm (1 mil) Thinkness
Vet Mothort: Mogifed ASTH E&a] .
Tumparsturs Vapor Tramamission Ruke
' B Unin English Links
Vapor X *E vl {g/100 Intd)
Acetic Acld » | ] a3 . [ oAt
Acstons » .} 147 096
Barmwne 5 " ag B4
Carbon Teirachloride 35 5 48 1.}
Ethyl Aceimis 35 ] 1.7 i e ]
Ettrvl Alcohot 35 ] w7 0.8
Freon® F-12 3 3 Iran 20
Haxaos p: L1 25 ar [ 1.1
Hydrochloric Acld 25 n 2 0.4
Nitric Actd [Rad Fuming) X ™ 180.0 0.5
Sodhum Hydrosdde, 50% . ks «0.2 «0.0%
Sutfuric Acid, 85% » sl 2% 10 1m0
Yatar 0s 103 70 4 A0
DEVWETSA Wo. 3 DUP 000019



Optical Properties Other optical peopecties of FEP films of interest are:

DaPont FRP films tranaimit & high percentage of
ultraviolet and visible Hght and ave moach more F

tomsparenyt o the infeared spectrom than glase (see  gaiar T o
Figores 14-16). ASTMEL2A! v
{ASTM D542} 1.341-1.347

Figurs 14, mmmmmm

%ﬁi

oF a6 14 14 18 AF 30 A0 70 B0 1F W 2 o
Wipuy Lngen [y ‘

Mgura 15, Transtttamos ot Normaal insidesor of Rgore 14. Transmitiaoow of Soker Rudistion through
Solar Radiution thraugh DuPowt FaP Rims - 25 pm {1 mil) buFont FEP Mim far Verieus
hvmnﬁ_ Angles of insidanes

1000 '
— _ 108
Eu-*i |
L1 ]
E“‘ ' FEF 25 WVt i
aam Em
0
e Dl
= am
m 'l | N A | ] 'l
] 1 ] ] L] | | | ] r | |
m N O® IR IR N R b 1 1 L A
THIGIDE OF P, (i) 6 ® - 4 W B W
THICHEEE OF FLU ipm) ANGLE OF BECENGE, DEGARRS .
Miscelianaous Proparties FDA Compliance
Cryogenic Servics EhanP:utFEFﬂmmmbunﬂmmmpinﬁﬂl

performed CYVOpeitc
sorvice at temperatures below that of Eiquid nitro {stration rejulations for sale nse sk articles op
§e0. DoPant FEP floasocarben film is normally counponents of axticls for prodocing, manntac-
inert to Fiquid oxygen (LOR) when the film is fme (LK, procesaing, prepuring, trexting, packaging,

o food m sccondance with
of contsramation, pigmentation, or fille for W l'l'ﬂ.w




USDA Acceprance Weathershillty

Clear DyPont FEP Boorodixcbon film is socoptable  In conivast to st other slear thasmoplastic films,
& & componet of materisls for vee in slsagitering,  DoPont FEP film tepaing

proceming, trnsporting, or storage areas in divect afier 20 yoars of ontdoor exposare (see Figure 17).
catlact with meat or poultey food product prepared  There i 1o evidence af discalomtion, nhrsviolet

under foderal inspecton. or sreqgth leus' This ’
' . performance. s doe & (he stroctuns of the polymer
MBEdew (Funpus] Resistance maolecnle and is not the resnlt of chemical additives.
FEF hwe booo shown 1o bo roskatant to _ \ o not
skl gorth by s gy T 3 npcgmmmmmﬂm

EXpoioee
- od & soll burisl test for threw monithe.

Fgurs 17. The Bifeste.of Flavide Weethariap an DuPent FEP Rim

mhhﬁ.mww :mnﬁmnum

outtng, prinding, of machining the upheated -
tht arc ragulated by OSHA, ot 15 mgioe? in air . Balletin Title

(29 CFR 1910:1000), -

Cire should be taken to avold contarrination of Bulletin (T62-3)

oG tbwoc o clpurouns With faocat®® b voyn s DPone FEP FilmSpocificadinn
DaPout FEP filn oum bo processed snd uscd st~ - -
wmnmvmmu' c Bulledin
e temprtiroe of 275°C (S25°F) e

DUP 000021

9 POYNHTSA Nn, 3

AT




Unlind Startws Veneele Indfic
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Banaral Spacifications

DuPont Films

Kigh Fer’grrance Films

| Kapton:

polyimide film
Gensral Speclifications

Introduction

DuPors High Performance Filos manuacnmes and
sells & varisty of high-quality plastic film products
in conformance with IS0 D002 certification.

‘These specifications degcribe the values and wol-

erancey for Kapton® film propesties. Where peces-

sary for tharongh undersanding, test methods and
procedures have besn includad. .

Anymafﬁ::peeiﬂuumﬁm uire

bupr:mur:luiﬁﬂﬂunlhmﬂd’be
Mmmwmm
Performunce Fliims, -

Typeas of Kapton® Folrlml:lo Film
DuPont mukes several types of Kapton® ilm. -

Types H, F, and V are aherostive, special versions
of these standard types. The specifications in this
bulletin apply to them as well. In addition to thase
three types of Kapton®, flims are availahls with the
following attributes:

. " Enbixtat

= thermally conductive

+ polyinides for fine line circoitry

¢ cryogenic maulation

4 COrHoa msismnt

+ pigmented for cofor

¢ torforrnobie

* ather films tailored 10 meel customers® needs

TH¥NITSA No. 2
LT

" Eperalire range.

o ua’@'ﬁ.f” i

“'\-.- -

Data for these films are covered in separate product
balletins, which can be obtained from your DuPont
High Performance Films representative.

Type HN Fiim

. Kapton® Type HN i a tough, aramatic polyimide

film, exkibitihg an excellent balance of physical,

chemical, and electrical properties over & wide
pﬂﬂm]uly!mmlqlil_r

high temperatures. Chemically, its palyirmide

polymer makenp is the resull of a polycondensation

4 4"disminodipheny] ather, Kaptoo® HN is avail-

able in the gauges: 30 (7.5 pm), 50(12.7

jem), 100 (25.4 o), 200 (S0.8 Jurm), 300 (76.2 yam),

and 500 {127 pm). Other yauges, such as 75 (19.]
) and 400 (102 pm), are availabls by special
reques

Type FAl Flim

Kapton® Type FN fﬁmuahm;ﬂnbl:mdm

mﬂnmmahlmuufnmnufw
mnwﬂ:uwmx&.!ﬁuu

Mm ombining Type HN with DuPont

Tlﬂnu'FEPﬂnmhmmlmina

stricture, Table 1 lists the comimon types of FN

film available. Other combinatdons are svailabie.

Consult your DuPoet High Performance Films

merketing represeriative for fether information.



Table 1
Kapton® FN Polyimids Fiim Types
Coratrucstion, mil {um}

Daslgnation FEP HN PEP
120FNE16 0.1012.8) 1.00{25.4! D0.I0i25
120FNG852  CI543.8 1.00i25.4; D.I5 (3B
180FND1E 100(25.4] 0501127
HHOFNE1S GA{27 1001254  0SD{12F)
200F NI 1.06 126.4) 1.00 {264}
ZS0FNQZ9 200 {%0.8) OBO(12.7)
JDOFND2T - 2.00 {50.8; 1.00 (25.4)
J0CFNE29 0.ED 1127  200(E0.8) Q30127
ADOFNOZ2 2.00 (50,8} 2.0C (%05
SOOFN1IT 100284 A.00(78.2) 10004}
Typs VN Fiim

Kapion® Type YN is the same tongh polyimide flm

s Type HN Film, exhibiting an excellant balance
of physical, chernieal, and electrical propertias over
2 wide tsmpemsiire range, with superior dimen-
sional stability At elevated temperatures. This
produrt is available in 50 (12-7 pm), 75 (191 pirn),
100 (25.4 um), 200 (50.8 pem), 300 (76.2 jmm), mnd
500 (127 pm) gavges.

Certifioation
'Knpmn'umliﬁldmnﬂtlhenqmufﬂw
military MIL-P-46112 B and ASTM

specification
D>-5213-95 in addition to the ltems covered by thin

specifications bulletin. Written confirmation ia
availables with each delivery upon request.

Thermal Durabliity

The thermal dursbility of Kapton® fibm depends on
the environmental conditlons vnder which it by aged
and wpiad [ts lifetima dependt on the eriterion of
failure. Kapton® it routinely testad at the roanufac-
turing site in the following manner:

Sheets of fitm 8:5” x E1” {216 mm % Z79 mm} are
freely suspended I an oven at 2 of
400°C £2*C (752°F 13.6°F), monitored with a
thermocouple Lo ensure accuracy. Sheets amn
remeved after 2 be (1 hr for 30 [7.6 pm] and

50 [12.7 um] geuge film) And tested on an Inxron
Tensile Tester nx described in Table 2. The elonge-
tion of the film at 23.5*C (33.3°F} should not be
kess thap 10% after this aging oo 300°C (732°F:,
This conforms e MIL-P-46]1 | 2B “Elongation After
Aging at S00°C 1est {paragraph 4.4.5) and “Elon-
gation, Percent, Afer Twe Hour 400%C require-
menl { Table 2).

a3

'Muhpﬂkmmmmmnﬁ

In addition. Kapeon® conforms to ASTM

D-5213-95, Standand Specification for Polymeric .
Resin Film for Electizat Insulm:un ond Dlel:cmc '
Applicarions.

Underwriters Laboratories, Inc. lists a thermal
index of 200 1 220°C 392 w0 L25°F - derending
l:m gauge and tyvpe) for mechanivai proreviiss and 1
220 to 2407 (425 10 464°F) '.depﬁndng On Sage -
and tvpe) for eloerical pmpcmes. upchar their file
nember E39505 for Kapron? polyimide Gilm.

Properties of Typn FN Fiirn

Heat Seal Strength

Rim-to-Flim Esale

‘The peel strength of heat szals betwesn the coated
m:lunmmdmuufunn-ﬂdemdlhptﬂn'
betwesn the coatad sides of both ope- and two-side
comed Kapion® is determined as follows.

. Seals are made in a jaw sealer et 350°C (662°F),

20 pmi (1.4 bar), with & 20-sec dwel] time. After
mulms,ﬂunul:mnuml'(!s.d-mm}mdu
srips using & Thwing-Albert JOC sample cutter o
mquuhntﬂnﬂm;thhmmdmﬂ!
tensile tester. Seal soength is de-

in nach seal. Five spocimen vilucs aro averaged.

The minkroum peel yirength between the coated
sides of ona- or two-gida coatad Xapton® fiim will
ba 700 gAn (2.7 Nem), except for 120PNG616 and
120FNG1 6B, which will be 430 g/In (1.7 Nfem).
unconted gide of one-side coated Kapton® will be

‘450 gfin {1.7 Niem).

Mim-to-Copper Geals

The ability of FEP film to adhere o copper is
measired using the same hest seal peel scength
weholgne as described in “Fijm-to-Film Ssals.”

The peel 1a measured with the FEP side
saaled to the unmeatad gide of | mll (25.4 pm),
¥ oz GT copper foil; it wili be 2 minimum of

300 g/n (1.2 Nfcm).
As-Racetved Sirangth (Cold Paad] of Bonck
Batwasn Kapton? HN and Taflon? Layers

Tha bopd between the Kapton® Type HN and
Teflon® flucrocarbon resin lnyers on all Type FN
produsts sxcept 120FN616 and 120FNG ] 6B will
have a minimum peel strength of 225 g/in {D.87
K/em), measered using an Instron-type tensile
water and a 1307 peel.

DUP 000024
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" Tabla2
Mechanical Prapartiss of Knpton® Type HN Folylmide Film

Froparty Value—ITm Thickness, miE m)
0.30 0.50 1.00 2.00 200 &.00

Froperty (.6 W27 Gser  mOBT B2 {1271 ~ Mathad

Tangils Strength, 15000 20000 24000 24000 24000 24000 2 ASTMW D-BAR2-RY. Mar-ad d,

pai IMPR) 2t 110 (1a8) (1685 115%) 1] (§].LY waing an Insrorn Tersila Tase:
21T A7EF). . lepacimen g =Y. 87527
faehing Diraction mm x 162 mm}: jow separa-
{MD] ane Transversa tlon: 47102 mmi; Jaw speea:
Diraction {TD), min. Z'rmin |61 mmpmind). Caloy-

’ ' late thie averega of five Speci-
menk biknd on orginal
rrvclmct e thicknans.

Elngation, %, MD 26 ak 40 F1] 20 50 Sama ma sbova.

and TD, min.

Shrinkege, %, MD +.0 LR 25 28 28 25 MIL-P-481128. Tha parcant

and TD st 8D0°C ahrinkdge ln abained for

(7ER2"F}, max. withar tha MD or TL using tha

. average of thray rpaasure-

mante In eithar dirmction beafare
and after conditioning. Frierto
masurerment, tha B%&" x 117
(218 mm x 279 mm! spaciman
in conditioned by ireely pus-
panding i for 2 hr** in &n avan
controlled to 400°C (7E2°F),

Molsture 0 4.0 40 40 40 &0 ABTM D-510-31, using

Absciption, %, 24-hr immuralon st TXC {TI*FL.

ML . Avsrage of thise kecimena.

. “Alwo applisz 10 Typa VN, sxcape shrinkmge, which ls shown In Tabla B,
=1 hr for 30 and 50 pavpe fim .
Tuble 3
Elsctrical Properties of HN Fiim
Froparty Vilus—3in Thickneas, mi {um) '
asn [ 1] 108 200 .00 8.0
Fropaty (7.5} fian* (¥4 DoA™ 821 127" Mrthod
Dialectrio Strength, 3000 3000 8000 - BOOD 4800 3,000  ASTM D-TdR-Bd. lAvarage of .. s

AC Vimll {Vimm), (119 {118} (230 19N nrn {118  tenspecimens.; Flst shasts In

min. aly pleced Betwaen 1%* (8 mmy}
Masrete! briks slsdtrodes with
Y™ 10.B mm} sciga radiin
subacted to 8 cvclap AC
voliapa at B30 V/sac rate of riss
1o tha braakdown voltege.

Voiume Amistivity, 1007 10 109= 10u 16 1 ASTM D-2u7.8%

ohm-em at 200°C

(392*F), min. )

Dislactric Conmtent 4.0 a0 3.b 3s 39, % ASTM D-180-34. U'sa conduct-

#t 1 kHz, max. Ing slivar paint slactrodet,
two-tsrming! systemn of mas-
suramsnt at standard sondi-
tionda. Aesults are basad on an
wvarnga of five teeta ysing
meakumd Thickngas of
BpEgimrE.

Dissipation Factor Q0070 Q00s0 00036 00038 00038 00036  Same BsADove.

al 1 KH2, max. .

*Alpo apalipn 1o Typa VN

, DUP 000026
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Tuble 4
Dinlactric Strangth of Kapton® Type FN
Polyimide Filma
Gauge Minimum Braakdown
Conmiruction ¥imil |XV/mm)
12CRMECE 4,232 735
120FMGIES L300 152
1HFNGQIS 3700 1145
2O0FMNa18 3.200 {123,
200FN0T 3.200 {125:
26DFNO28 2,750 (108
S00FNOZT 2,900 {108.
J00FN9Z3 2,100 (106
400ENO22 2,200 {ET)
S0OFN131 2,200 (8T}
Test Mathod

Averags of ten spacimans tested par ASTA D-145-92,
Flat ghanta In alr placed betwean " 18 mm) diameter
Sraaz alacitodes with V" (0.8 mm) sige radius 3ub-
Juctad to 80 oyoles AC voltapa. Ring iz 300 Vst to the
braskdown voltags. :

Ganeral

Mgzterinfe

Kapton® Type HN and Type VN films are poly-
imide polymsars in the form of a film,
Ezpton® Type FN fiim is a combination of Type
HN film with Teflop® FEF flucrocarbon rexin en
one or both sides.

tUniformiry

Materiat shall be pnifoem i compasition and free
from defects that Impair gerviceability and/or
appearance in proven applications,

.8, Cores

Cores thall be of sufficient strangth 10 prevent
callapsing from handling. Standerd core internal
diameters (1.D.Y are pominally 3" and 67 (76 mm
and 152 mm: with the following specifications:

Papar
IYoTrpmt LD 3033 *0,005%
(77.01 mm=0.2 mm}
6" 1152 mm 1D, 6.028" = 0.010"
t133.11 mm % 0.25 mm)
. Pluatie
3 ¥6mm LD 30247 + D.005™ .
(.81 mm+0.1 mm)
6" {152 mm; LD, &.041” £ 0.010"
{I33.44 mm = 023 mm)

Core material will be plastic for 3* {75 mimy) LI,
cores less than 3" (16 ram) wide.

Core matarial will be fiber for 3” (76 mm} I.D.
cores wider than 3%* (16 mm) and for 6” (152 mm)
LD. cores. A spiit 3” (76 mm) L.D. fiber cora is
standard for all undversal and Step-Pac™ rolls.

If these cores are oot nitable, frther information
on other optiona may be obtained from yoar
DwPrt High Performanes Films representative.

Table B
Ehrinknge of Xapton® Type VN Polyimids Flilm

Proparty Vakes Mim Thicknmes, mi {pgm)

Property 080 (12,71 1.00(254) 200 (B0.8) A0 ire2) £1.00 {127
Swrinkags, %, MD and TD .10 0.10 0.1 0.10 0.10

i 200°C {392°F), max.

Teat Mathod

Tha parcant shrinkaga obtainad for aithar the MD or TD by using tha avarags of thraa Messurements in either
dirsction bafore and aftwr conditioning. Temparature sxpoBurs 200°C +2°C (382°F £3.8°F) for 1 hr. Measure-
mintt mugt ba mads ot the ssms tampemture snd humidity cenditions before and akwr eanditianing. To
snayre ssmple/smblyat sguilibrium bafore and sfter conditioning. spacimens shouid be expossd for 2 hr.

DUP 000025
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Width Tolsrance Standard universal: core length

The maximum variatior in film width from that 28" =0.08" (70 mm £2 mm} {split con)
specified on the order shall be as Eollows: Wide univessal: cote langth _
Slie Width Ranne Toleronce 7~ " L4 5
2 2m, orless 00087 ¢0.13 somy 'i"d :“'”E (o i o :‘::‘_’"‘ ““f:‘bu_
LI T g A differenl pul-up 2P is nvaila
s -Bame D imme SORTOTE MM g the S, Conract vour DuPont High Perfor-
1T im 02 mm; =0.060" (1.5 mnmu mance Films representative for more informetion,
. Widéh Toleranos

. buxsmbourg SH‘F ply ) The maximuom veriation in film width from thar
Covrag shall be of sufficient strangth 1o prevent ified on the order shatl be a¢ follows:
ceilapsing from handling. Luxembourg supplies pad =~ 70 :
rolls in widths balow 5 »7 (240 mm) and 1miversal Slit Width Range Tolerance
wound rells. 0.9 (22 mmm) or less 0.008" (0.20 mm;

. . . Universal

Standard core internol dismeter for Luxembourg - -
is 37 {76 mm) (oomizal 3* $0.008° [76 mm 87 (152 men) or less 0.016" (0.40 mm)
=0.2 mm]!. Pad rolls :

Standard cores for pad rolls are paper cores, except gﬂgm.:u?:# (L1533 mmto 240 mm) 0047 {1.00 nun)

for widths below ¥4 (13 mm), where it will be

plastic, Ogtside dinmeter tolerance: 0.4 (10 mm)
Tablu
Kapton® Polyimide Fiim Spesificxtions and Tolarances
Thickness Tideknass Talamuny Wioth Basge Ui Yéalght

Rowhnal e Max M N Win, N Arua Factoy
imType  witiw® = withe) witfe) ijwsl bt oW part R Wl
SeHN 0.30 [7.5) MBI O3RN MWD BN 78 " T
GB0HN 030127} LSEN O5NY Wl =i 140 =D m 857
100HN 1.00 (.8} GESLHE  1.35(AZ) Wiy 2{rx 7 M7 bE | i X
004K 100 {B0.m LI5ME 2D Yala® = {133 1] 7 [ 118
S00HN amime) ZTLiELN)  A2E{AY Ya (08 R2i¥ M 154 15 92
SHN 5.00 [122) AiE B3O W (4.5 RO¥D WS 125 1 55
VN a80412.7} L T T)1 1] M (Ll 5 hEn) 140 .- mn ey
T0OVN 1.00 (35,4} N ing 1.15 (20 Yall N B2 (1 ny 1587 (1] F{ ]
VN il T 11 ] 1.75 44 5] iR, ] Y (LB 52 1y 1] e = e
AD0VN 300 iT2 | 1Ny ¥l = (17 1.E h4 a1 -]
BOOVN B 127) ALBE 118} 535 (136) Faom {11700 1868 :rd] Fi [ 8]
120711 120205 1IDETY  L40[%E) i) #1119 ano A0 104 N3
10fNAHE 1M1z 128 305 1.8 (A1) e fd ) M {1119 o S0 B2 18.B
L2 | 150433 b T= 10 ) 1,75 |aa 3 e (A5 & {17718 130 T4 m 16E
MDFND 200 (30.8) 1.70 {433} L0 {ee#) Ya L8 i a il f L 11
ZMENIS 20008 LIOHLE L) Lig (4} FTRL LRI i 104 2 5 11
HOFENDS 280 %) 125 (B3 LM ikeg) P (B & 111N 0 1Al A 1.0
300F02 1 .00 M2} Z.50483.0) 140 (8N YLy LERREL ] 1119 H0 N 1.4
S00FMD2E 300 2l 250 a5 0j 340 A ¥ ey M (1118 1110 20 ] B0
A00FNDZ2 4,00 (100 2.50 a8 8) 450 14| ¥ LB H T3 1540 200 X 5.5
SMFNIN 500 %) 450 {114) .50 (140) Fiu 5 M (1118 1950 F=| 1] 1] 47

*Rufurgnce: ASTM D-374-M4, Method A, C, or D.
Tha ugunl dimentions of pes rols are 37 (75 mm) 1.0, x B* {152 mm] or 8™ {230 mm] vutsios dismmar (0.D.) for widths up to 4* 102
mm]. in Luxambourg. 132 mm, 150 mm, 20 mem, ard 240 mm C.0. ralle srn wesilable. For widar ralls, the usual dimensions are B {152
mm] |0, = §4" 280 mm) or 117 (280 mmj 0.D. For Universal ant Steg-Pec™ rells, the dmensions are 3" 0% mm) |.D. x &* (152 mm), §°
(1 mml, or 127 (205 mm} 0.D. ¥ thuga dimensions are ne! sukath, infarmatian on ether options |5 mvelisbie from yaur DuPont High
Perlormance Films technical of customer service represantstive.

DUP Q00027
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Roll Types
Kapton® polyimids fi lru is suppliad in three types
of rolls: pad, universal, and Siep-Pac™ wind.

Pad Roll Specifications
» Core width will ke the film width +'4"

{+3.2 mm}, ).

+ (Core edges shall not project more then ¥i”
{1.6 mm) beyond the roli face on either side.

» Core shall not ba recessed oo either sida.

= The catside and starting ends of the film shall be
fastaned jsi & manmer 1o prevent unwinding.

» “Dishing™ or “cupping™ maey oot exceed ¥is"
1.6 mm), mezsured with & srzightadge across
the diameter of the coll.

Unlversal and Stap-Pac™ Roll Spnm“ﬂnﬁu
-ﬂmd:ffembﬂweenﬂulmmh:nfmem
m;mmea:h::deﬂm]lmmwdﬁn

(4.8 mm).

» Film shall not proj ﬁunﬂlnmlinhod]!nfﬁle
moil more than A" (3.2 mun).

+ The outside and starting ends of the film shall be
fastenad in 3 manner to prevent unwinding.

* Roll face depression, the difference between the
h:;b:utmdlawustgocimufﬂummm
shalt ot cxceed " (4.8 mm).

Tobsle 7

Relsrence Qukis: Standard vVarsim
Rall O.D. [U.5. Supply)
Btandard Roll 0.
Typa langth Roll 3" Com il ¢ Core LD,
O0HN 6000 Tt %" 11"
1,825 m) {24% mm} {778 mm}
10,000 ft 11" 19
5088 m) {278 mm) {454 mm)
S00HN 8D R AT 1
782 m) (241 trym) (XTR mm)
A0QHM 1870 & A" i
50% m} 1241 mm| (279 mm)
SO0MN 1,000 ft 11" -
(305 {241 mm) {279 mm)

&

Splicas

Description

Thre2 types of splice are available-

* Mylnr? polyester filmrbased vellow wpe
{standard:.

» Kaptor* pelyimide in
requirements only b

= Heat seal splice, 127 (305 mm) or l2ss in widih
(Type FN1.

Splices wiil be centered oa the joint o 447

(6 rom). They will be smooth and wrinkle-free

L) ..i';.: Tesia

“to ovoid distortion of te adjacent film layers in

the roll.

Tapa Spiicas _

“Tape splices are standard on all gauges of HN and
VN film and on all gauges of FN film more than

12" (305 mm) wide,

Tupe splices sre made with the butt edges of the

fitm covered on beth sides with sentitive

adhesive tape. Two-inch (30 mm) wide splicing

tape is used,

Huat Sanl Gploss

Overlap heat aeal splices are madk: on il FIN films, )

except 250FN(29, with an overlap that is & mini- (
. murm of M7 {9.5 mm) widke. .

‘On 250FNO29, a butt splice is made nsing

120FNG616 as the joining tape spplisd on the FEP
surfase. Tha butt eplice iy orientsd with the

~120FNG16 tape o iss top of the film us it upwinds

from 2 univarsal put-up and oo the bottom ks it

unwinds from & pad.

Overlap hemt saal splices for one-side and two-side

of the new film on the bottom for nniversal and

SFB-M“W.M pat-ups of one- or two-side
compayitss have the leading edge of the new

fMirm on the top.

DUP 000028
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Packaging end Marking o Tabla & .
m Markin

Pacicaging
Kapton® polyimide film shall be ndequately packed Ahlpping I.E;T‘
10 pm'mr. loss of contants or damage during Container  Package
: r ' Customer Ordar Numbar X X .
ﬂgﬁlﬂw} be wrapped with o ace-fibroas DurPont Order Mumbaer X X x
Gaupe X X K
Marking Typa X X X
- Kaplon® is idantifiad, as shown in TIHI §.wallow  width X X X
compiese traceability back to the raw marerials and Nurnbar of Aolls per
processing conditions. Cantainer X X
Amangements for special markings can be made NatWelght X X
{such as pert or specification number), Congnlr with  Actwat Footege X
your DuPont High Performance Films technizal or Mill Roll Numbas X X X
custamer seyvice representative for details. : L.D. wnel DD, 4+ X X
All marking information is Available wi « Alfoxs 1o the toreva all L widy ang ovir.
ber Rod label, O VA Wit e oo s L5 e i
== iuside dhurnatr of nere asd norir! ectaide deter of rof
DUP 000029
7 DIWNHTEA No. 3
[

EEEEE———




North Amaerioa Europs Axnia Pacific f:'
E'nitod Siptes Luxemban Jepan
FunPngt High Performance Films Dul'urlrlldr. ok D.lFunt Kubushik] Katsha {
Rowie % Sautk and D_uPnnt Road RA.E Cfriéral Paon a1, Ehimnm;;gum 1-cheme
Cirgleville. OH 431 E.-ﬁig—t Lus:r:;m-emh okvo 153 -
%ﬂ‘"ﬂ‘-’t 111{;.5-? - b e r’?’ §1.3- 34346139
_l;rb?ducsh};:m;ﬂﬁ: ELH LA iﬁnb-‘ﬁll Fnr FL-3-A30L 56193

" | 'I..- v

\ ; ' Communn Independens Statex ong Kong/China
e L S
Canada estntagve Oifice L 122 New E Bldp.
DuPont Canoda. [nc. E:llashmkr par. L33 Eur. Wi
P Box ZZB%HSUHL:&;I&; R O Motadw , Kowlooa

m‘ m 1]
LS;?I JH3 . S T:l: Tdﬂiﬁ-'ﬂ&ﬁ-!!ﬁﬂ Tal ‘Bsxﬂ‘ﬂd—ﬂﬂl
Inquu'lﬂ (905 621-3603 Fax; 7-D35-956-3853 Fax: §52-2111-4117
Customer Service: (00 26320122 Dautsehland India _
Farx: (90#4) 821-5230 TP do N (Dewschland) South Asla Lal
Latin America DBPG:II Scrae ] Bantrs Xinia Commerclsl Complex
f A
SR Dot il
Av, Mitre y Calle 5 Pax: 49-6172-87-2930 Pomoay 400051
CT 1834 Perazategui. Argentina A Tol: 91-22-6438285
Tel: 54-1-256-2435 DuPont de Nemotrs (France) S.A. 10 0 -22-6438297
Fax: 54-1-3 15451 31:. de Cogyabosuf L
¥, DuPoot Korea
Braril F-51943 Leg Ulin Cedex A 4/5th Floor, Asis Towst
DuPoet do Brasii Tal: 33-1-59 EI 54 76 ¥ Xangnarn-ku
Al.hwuﬂl.ﬂmh Fax: 13- 1 69 82 5408 Seau] 133-082, Kocsa
Baruerl, Sec Paulo Dby o et
Tul: 55-11-435-B6R9 ¢ da Nerours {Twulines) B.p A
Fax: 55-11-421-8586 16, Vs A. Vola Monzese (MT) m Pre Lid
Medco Tel: 39225502 426 1 Maritime Square '
DuPont 5.4, d= C.V. ! +] WI7-01 World Trade Centre
Era e
o .115;1"" Dbt (05 L. Fiox: 65-279-3456
FI.'I'.. 525 T22-1370 Hl_ Avanug 1 . Lt
Vi Hens Hi72 7DP e
DuPont Venszusla Tel: 4d-1442-21-8437 T Tw-Chinng 15t
Edificio *Los Frailos™ Fax: 44.1442.21.8630 ningll, Tecyoan
alle In Geacitn -y~
Utbanization Chuss Tel: BSG-3-4%45204
CP 1060, Caracas, Vanezoaln Fax: $66-3-4620676
Tel: 58-1.92.4547
Fax: 58-1-91-5638
Contact DuPant on the Intecnst a1 www.dupbnt.com
The inTormaion jrwed heriin b e an das Beliewid 10 b redioble. bol DolPook ke b wid ™5 Euonic or froied 20 (G scewrssy ond gaumo
Rt liobilily ariing ol of e wet by otheint, This publicabion is nod 10 e Gt B e Scyner to oparis wdir. or nitoTsrmmdeiies In Infrixpe. sy prtam.
Canllon: Dot upe inmedical spplicacons fewobvirg pe iz nee smplanirion in the bemon body. For mbhar medical applicnioss sae =TroPory fudion
Cawiipn StacmenL™ B-50108. -
DUP 000030
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R General Informmatien

Ganeral Information

Kapton® polyimlide fllm possetaes & unique
combination of properties that make Ir [deal for
8 variety of wpplications in many differemt
industries. The ability of Kapton® to maintain
its excellent phywsical, electrical, and mechan]-
3l properties drver a wide temperature ranpe
has opened pew design and application areas m
plastic films.

Kapton® is syndhesizod by polymerizing
arametic disnbydride and m aromadc diamime,
It has excellent chemical rosistance; thers are
o known organic solvents for the fllm.
Kapton® docs not melk or bum as it has the
hiwwﬂmﬁlm“ﬂ.m
ousmndimg properties of permis it to
b used at both high and low temperatare
extremnes where other arganic pelymeric
materialx would not be functional.

Adhesives are available for bonding Kapton®
to iesell and 1o metals, varicus paper types, and
other films,

Kapton® polylmide film can be used in a
variety of electrical andt electronic insulation

appliikcations: wire and cable tapes, formed coil
insulntion. subssrates for Mexible pdam:l
clreults. motor slot finers, magnet wire msula-
tion, trunsformer and capaciter inauletion,
magnetic and pressure-sensitive tapes, and
tubing. Many of these applications are based
on the excellent balance of electrical, thermal,

mechanieal. physical, and chemical propertiea

of Kapton® over a wide rangs of

It is this combination of useful propesties at
temperature extremes that makes Kapton® »
unique industrinl materinl.

Thtntrpunﬂhpmn'mdem‘hndmthh
bl letine

* Kapton® Type HN, all-polyimide flim, hax
been used ucceasfully in applications at
temperamres a8 Jow a8 2659°C (— 452°F)

and ae high as 4O0°C (752°F)

Type HN film can be Iaminated, metallized,
punched, formed. or adhesive coared. It is
available a2 7.5 wm (0.3 mil), 12.5 pm

(0.5 wil}, 19 pm (0.5 rif), 25 pm (L mid),

50 pm (2 mﬂ}.?ﬁumﬂml}.md 125 um
(5 mil) fllns.

Kaptsm® Type VN, all-polyimide film with
all of the propestias of Type HN, plus
superior dimensional stability. Type ¥N Ls
available ay 12.5 gm (0.3 mil), 19 ym
{075 o), 25 g (§ mil). 50 pm {2 mid),
75 pm (3 mil), and 125 pm {3 mdl) films,

Kapier® Type FN, a Type HN film conted
mmurhﬂﬂ:nduwtﬂﬂ:ﬂm'f-ﬂl‘
mpurul-nunuln-

:nhumchmmﬂmmﬁpamm
gvailshis in & nixnber of corsbinations of
polyimide and Teflon® FEP thicknesses
(soe Table 1§)

Notez In addition to thase three types of
Kapton®, films are avallable with the follow-
ing attributes:

antistst

v tharmally condirtive

polyimidas for fine line clrcultry
cryogenic insulstion
plgmented for color
conformable

other filims tallored to meat customers”
noods

Duta for theces films are covered in ceparate
product bulleting, which can be obtained from
your DuPent repreceatative,

The Chemical Abstracis Service Registry
Number for Kapton® polyimide film 1a
[25036-53-T1.

puUP 000032
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Kapton® withatansis tha harsh ahamioal and physical danaancs
on disphregms usad In sutemotive switches.

Kapton® ks vead in nunnerous slectronks appliastionas,
inohding hard disk drivea,

DUP 000033
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| Physical and Thennal Properties

Physical and Thermal Properties

Kaptan® polyimide fllms recain thelr physical
prapertics over & wide emperature range, They
have been psed in field applications where the
environmental lemperatures were as jow as

26970 {—452°F) and os high as 400°C {752°F),

Complere data are not available a1 these
exireme conditions, and the majority of techni-
cal dara presented in this section falls in the
2310 200°C (73 to 3927 range,

Tabls 1
Physical Properties of Kapton® Typa 100 HN Fim, 25 pm (1 mil)

Tvgical Vuluw st
Phyeical Property € mm 200°C {32’ Taxt Muthad
U itimeta Teralln Strangth, MPa [pal) 231 (33, 500) " 139 (20,000} AETM D-82-91, Mathod A*
Yiald Poirk &t 2%, MPu Ipsil &8 115,000 41 #5000] ASTM D-302-91
Sirsem (r Produog B% Elangetion, MPa Ipah S0 (1000} 21 Mo ASTM D-DB2-81
Utimate Elongstion, % T2 a3 ASTM D-oz-m
Teralls Maodubus, GPe (peil 2.5 370,000 2.0 [ 5 AETM D-HEZ-91
impect Strangth, M&m ffelb} M 0.58) DuPont Prernatic Lmpact Test
Foiding Endurance (MIT), oyelse 288,000 ABTM D-2178-H
Tanr Strmngth—Propagating {Eimandorf}, N (Ibh_0.07 [0.62) ASTM D-1922-38
Taar Strengi—initinl {Grwves}, N 1B 7.2 1.5 ASTM D-1004-%0
Danalty, /e or g/mi 142 AETM D-1508-90
Costiicient of Frivtion—Kinsta (Flim-to-Fhm] 048 ASTM D-1804-80
Coafficisnt of Frietion—intie Fim-$0-Flim) o503 ASTM D-1B54-30
Rafractve Index (Sodmim D Ling L7 ASTM D-5i2-00
Polasan's Ratic 0.34 Avy. Thras Samples
Eongeted t 5%, 7%, 10%
Low Tavipanune Flax Uiy | Pt IPC TH 450, Mathod 28.18
*Specimen Sz 26 x Y50 mm £1.3 B inl; Juw SapEracar 100 mm {4 In; Jaw Speed: 50 mmimin (2 infrink; Ukimyte reders b 1he
Hnsta mrngth and slongatan masswed M breslkc
Table 2 '
Tharmal Properties of Kapton' Typs 100 HN Fim, 23 um {1 mil}
Tiwrreal Property Typlaal Value Tant Cormfitian Teut Mathod
Malting Poirst MNone - Ngne ASTM E-TiM-85 (1380
Tharmal Costicient of 20 ppmy"C w14 o 38°C ASTM D-698-91
Linear Expanalon (11 ppmy™F) 7 m 100}
Coafficiant of Thermal Candusivity, ASTM F-433-77 [ 1887
WimK 12 b | )
cal
om-asl 2487 x 10 i¥C
Broweilia Heet, g {callg-"5) 1.08 (0.201) Diffarerlad Calorimetry
Flammahifhy BAV-0 LL-B4 (2-2-88)
Shrinkapa, % 0.7 20 min #t 760°C PG TM 830, Mathod 2.2.4A
125 120 min at $00°C ABTM D-5314-81
Hast Soalabifity Mot Hest Baalshls
I.Imilin!l!!ﬂln Indax, % 1) ASTM D-2883-87
Sokler Flomt Pazs 1PC T 88D, Mathod 2.4.12A
Srmokes Genarstian DM = %1 NES
Smoke Chambas NFPA-258

GI:III Trarsition Temparature {T,)

A pponnd order iranaiifon cecue in Knotont betwesn 380°C MBORF) and 410°C (10°F)
and il Wiy Msd 00 by the plesy tranalion bl psrriond, Siferet nsauremant
taehniqLEs procuss cifigrant remlie within ths piowe T parmUne NG,

k|

NIWNHTSA N ¥
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Table 3
Phrysloal and Thermal Properties of Kapton® Typs VN Film

Typloul Valwe for Fiire Thidknees

25 um Spm 5 pm 128 pm Tost
Property 11 mm 2 mi P Bmi)  Miatind
Uiimme Tenals Srrangth, MPa -] FLT] zn 231 ASTM D-B03-91
(pal} A8800 (MO0 (33E00) |3RER)
Uttmate Elongatior, % 13 - B2 .1 n AETM D-paz-81
Toar Strangth—Fropagating (Eimandortt, N 0.07 0.1 038 088 ASTM DB
Taar Bimngth—nkial {Gravan, N T2 ) 183 mA (7.1 ASTHM D-1004-3C
" Foldivig Endurancs (MITY, » 107 coclas 288 ] 8 E ABTM D-217688
Dunslty, gfon or givk 142 1.42 1.42 142  AGTM D-1806-50
Flarnmabiliry MY sav-0 B4V-0 $av UL-04 {2-8-8E}
Etwirdmgn, %, 30 min ot 1B0°C IXF) 0.3 o.03 0.03 0.03 PC TW 050
Wiwthad 2.2 45
Limliing Cuygen indax, % 37 L & 45 ASTM D-2083-57

Tabla 4
Physical Fropartiss of Kapton® Typs FN Flim*

Property

Typiosl Volus Jor Piim Type* *
: HOrMs

1M

Ultimaty Tenalle Strength, #Pa ipsll

2T (YA o O, 00m 10 3,5 200 {29.0001

200°C CIRESFI 121 (77,600 0 13,0001 146 {17.,000)
Yaald Point wt 395, MPy (pal}

T (T 41 19000} Al {000 S8 {900}

200°C [ 392F) A2 {db00) LY ] 35 (000}
Strwss & 5% Elongatinn, MiPa (psil )

2T (TI'F) Mo 14, B04) &6 (5,800} T8 111, 0001

200°C (e B2 {8000) 11 (I A8 {700
Uhimate Elgngation, % o '

25°C (TI'F) ™ T m

204°C {202F) Bl 75 110
Tenalla Modulus, GPu (paf)

90 79°F) AR 1380,0001 .25 (330,000 2.8 (390.000)

200~C {393°F) 182 (el Do) 1,04 158,000 1,38 CH0%, D00}
impact Strangth at Z3°C [TIF,

M-om (ft-Ta| 78 (0.B8) .8 {0.51) 1564 {1.18) -
Toar Sirangth-—Propagating Elmendarl,

N Db} . Q.08 (5,02 047 @.11) 05T 13
Tuar Strangth—inkisl 1Gravesl, N {Ibh 11.8(2.8) 11.5 128 174 (4.0}
FolWmide, wi% » .7 T3
FEP, Wi 20 | i
Dunslty, oo or giml 1.5 1457 1.57

*Tost mathocs for Talke & srd tha sarme pg for Telke 1.
**Becaumw 5 number of comblnaiions of polyinits T and Rudiatarhon Soltthi B4 ud tc the i toal

distinguish smong them. A twas-aigh
Kapton™ fHim in mia. Tha firsl snd third

In mil. The symbot B i uesd T reprasant 13 gm K8 mE) end § % reptisert 2.0 pm 0.1
WUt N citating of & P8 pm 1Y moill bess A with 8 3.8 pm 80,1 miD soxiing of Teflen™ on seeh aide,

DIAEITSA Mo 3

b sl b hieh thet midia Sigh represgrds fhe noming th
raprymint thy neminal thiskees of the coming of Teflon® FEP fuoropahymer reain
Enampic TEFNEM & 120-gauge

k s necamary i
of tha baan
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Mechanical Propertias

The gsual values of mnsile strength, tensile wherens elongarion reaches a maximum value
mxoxtulus, and ultimate elongation ar various at abour 300°C (S7FF). Other factocs, such as
temperatures can be obtained from the typical  humidity, film thickness, and tensile elongation
atress—atrain curves shown in Figores Land 2. rates, were found to have only a negligible

Such propertles a3 tensile sirength and modulus  effect on the shape of the 23°C (73°F) curve.

are inverssly propoctional to kemperaturs,

' Figure 1, Tenslle Stmes-Btrain Curves, Type HN Fim, 26 um (1 mil _

253
IFrC 3R
— 00
1o0*C 212
—150 i
.mmrﬂ
Jw §
- 50
1 b &
B0 B 100
Fgure 2 Tensile Craap Properiiss, Type HN Fim, 26 um [1 mil}
Bl — 100°C (212°F}
’ :'/r_ 61 WPa (5650 pat
‘ -
ik
*
1+ 28°C {II'F)
04 = 21 MPy {2989 pell
08
a3 b — 28T [BO"F)
" 11 MPa (18170 pal)
02 - 25°C (0'M
| - 8.5 MPe {260 pal)
] I 1 1 1 |
1 10 100 0w 10,000
Tirme, min
’ 36
000
INVNIOTEA Ko A DUP n
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Hydrolytic Stability

Kapten® polyimide film is made by a condense-  remain to ensure good mechanical pesfor-

tion reaction: therefore, its properties are mance. A decrease in the lempemiure and the
affected by water. Although long-erm expo- water content will reduce the rate of Kaplon®
sure to boiling water, as shown in the curves in - property reduction, wheneas higher lempemature
Figures 3 and 4, will reduce the level of film and pressure will incresse it.

pioperties, sufficient tensile and elongation

Fgure 3. Tensile Strength Aftar Expomurs to 100°C [212°F) Water. Type HN Flim,

26 um {t mi) -
38 %0 .
a2

a5 |- — M

-4
T

Tensfie Strength, ki
a3
I I
|
g
Tarnlle Strength, WPa

-
M
T

=
T

I N NN NN (Y NN N S S N SR
0 A2 04 08 DE Y9 12 14 18 1B 20 22 24 28

Tiens In Bolling Water x 104 h
Figure 4. Ultimate Elongation Aftar Exposurs to 100°C {213°F) Water, Typs HN Fm,

26 pm (1 mdl} .

10

m_

n_
# M
gm

m_
8wl

m-

n_

ar

! | I 1 1 1 | i L | |
0 02 a4 0 08 10 12 14 18 18 20 23 24 18
Tima In Boling Wirter x 107 h
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Dimensional Stability
The dimensional stohility of Kapton® palyimide shrink on its first exposure 1o slevued fempem-

Mm depends on two factors—the pormat turcs as indicared in the bar graph in Figure 5,
coefficient of thermal expansion and the Once the film has been exposed. the noemal
residugl stresges ploced in the film during values far the thermel coefficient of linear

musufacture. The lutter causes Kapion® to expansion as shown ic Table % can be expected

Fgure &. Rawidunl Shrinhﬁ vs. Exposurs Temparaturs and Thickness,

Type HN and VN Fims .
LE _ 154
(R ] © 14
14 - v ooy
125 | Wl W 00c
12
+.
é 1.0
ﬂ 08~
E 0a -
[T
oan
p2- 4m
=M [ i]v ] . 1= ) 128 6
Film Tiickness, um (mil}
*Typa VN shvinkage i D0%% for el thickneiee.
Table &
Thartrml Cosfficient of Expanslon,
Type HN Aim, 26 um {1 mill,
Thermaly Exposed
Temparuturs Rangs, °C {*F] ppm{'C
30=100 (B8=212) 17
100-200 (212-=382] 2
200-200 (382-671) 40
X0-400 572702 il
X400 {36--782| b |
7
BUP 000038
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Thermal Aging -

The useful fife of Kapton® polvimide filmise  determined t various '=mperatures, At time
function of both temperamre and oxygen rera and 325°C (617°F}. the tensile streogth is
conceatration. In accotdance with UL-7468 234 MPa (34,000 psi) and the clongation is
test procodures, the thermal life of Kaplon® was  67%. The reaults are shown in Figores é-8.

Figure 6. Tensis Strength va. Aging in Alr at 325°C (677°F), Typs HN Fllm, 25 um {1 mil}

100

Tenslle Strangth Reteinad, %
(]

1] 1 e 1
a 200 400 [ 1) B8I0 1000
Tirsa st TW°C PR h

7. Utimete E
Figure numlﬁﬂmpﬁmummnﬂrmlﬂ‘:{limpﬁﬂmm

108

u . k L i 1 —
a 200 ang 900 BOq 1000
Time st 326"C B1TFI. h
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Figura 8. Retained Dislectric S‘tmnnﬂl at 3G°C [617°F) for 26 um [1 rrlIII Filmn,
Test Method UL-7488

120

Thme at 355°C (BY7°F), h

The Life of Kapton® palyimide film at high wak af least an order of magnimude grester than
temperature is slgnificandy extended in alow-  in gir. Using a DuPent {090 teamal anajyzer
oxygen environanent. Kapton® is subject to aysteay, the welght loss characeeristics of
oxidative degradation, Hence, when it was Kapton®™ io air and belium ar alevated rempern-
tested in a helium environment, its useful ife  twes are abown in Figures 9 and 10,

Agure & Weight Loss, Type HN Aimy, 25 um {1 mill®*

.t
50 i
* . !
! 1
B0 |
g g0~ 1 Dry Ha
70 L
|
- |
- %
00 | L . | L™~ ﬁ_ﬂ_-l-.nrr—ﬂ.r—l_
100 ma 300 400 500 800 700 200 900 1000
1212) (22 (572} trsn {9301 {112 e Hﬂ'!]_ {18821 {1B3Z}
Tampemturs, "C (‘P

*Ruvi of Warrgsivarurs il in G [F) vl DCimin B4 Fminl.

DUP 000040
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Tabla 6

Tima miﬁl for Reduction in Uitimate

on from 70% to 1%,
Type HN Aim, 28 um (1 mil)

Temparatwe - Alr Emvironment
4D {BATF) I hours

A26*C {BODF} B bours

#D0*C {750} 12 houra
B75°C (T10°F) 2 duyw

0L (00T} & duye

36°C BI0°F) * mpmth
oG BI0°F) 3 mantha
2M°C (B30°F) 1yunr

20 (430°F) B ysars

Fgure 10. lsotharmal Walght Loss, Type HN Fim, 26 pm (1 mHA)

I
L
|
1
1
|
[y
I

Br
Ly
|

|

578°C (1087'F| Ha

ABO"C (B42"F} Adr

550°C {1022*F| He

200°C [752°F) He
5460 (842°F He
4D0"C {7E2"F} Alr

m

] \
\ B00°C ($112°F) Ha
SO0™C (BAZ'F) Ajr
WL = 31 PoDCUIGFIAlr 1 L I
Q@ w0 200 300 400 500 8O0 YOO 8O0 400 10D 1100
: Timu, min
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Hectricai Properties

Elactrical Properties

The most common ¢lectrical properties of relative humnidity. The effect of such factors 1=
Kapton® patyimide film of various gauges humidity. temperature, and frequency on these
are shown in Tables & and 7. These valuss basic valses can be found In Table 9 and
were measured ar 23*C (73°F) and 30% - Flgurss i1-1). -
Tabka 7
Typical Elsctrical Propertiss of Kapton®™ Typa HN and VN Elims
Prapurty . :
Alm Geuge Typical Value Tt Comclithon Tout NMuotinxd.
Dislsaitric Strongth Vaim, (kmm| owmil) © MOHE ASTM D-143-07"
aBpm (1 mil 303 {700k 14 In lectrodes
BO pm 2 mill 240 {e1004 500 Yraac riae
Thum3mil - M5 (52004
123 um 15 mA) 164 {3800
Disleotrio Conetant : 1 ke AGTM D-1850-88
26 ppm (3 mill as
B0 pm 12 mill ¥
T8 wm 2 mill 36
126 pm {F mi) a5k
Facter 1k AETH D-180-82
pm (1 mil| 0.0018
80 pm 12 mil) 0.0020
78 pm 13 mil) D.0020
" 12Epm (S mi) 0.0020
Oam . ' ASTMW D-24741
2 pum {1 mid A% W™
S0 um 2 min 1.5 x W7
Hpm 3 mlil 1 nWT
128 2 (8 b} 109%™

" Tebla$ -
Typieal Elsctrical Proparties of Kepiton® Type BN Mim

Progerty 120MM810 : 1 O
Diglemria Steength, Vipm Mimilt 202 {0200} 187 (B0ODY 147 (8000}
Cminotrio Comtant 1 7 an
Disalpation Fastur o00E 00013 00013
Yakume Resistiviey, O )
-lt!?"ﬂﬂa‘Fl o 1.4 x 104 23 x W 19 10"

at 20°C [302*F) ddx 10™ a8 x 10 37 1




Effect of Humidity .

Because the water content of Kepton® poly- varying retative humidities ar 23°C (73°F).
irnide film can affect its elactrical properties. The results of these messurements are shown in
eleztrical measiurements were made on 25 {im Table 9 and Flgares 11-13.

{1 mil) film sfier expogure (0 environments of _

Table 9

Ralativa Humidiy va. Electrical of Kepton™=
Typa HN Aim, 25 pm (1 rnll
Dislewtrio
Nolwitve Brength, AC Dislastric Dlssipation
Himnidtiy, % ¥im eVimanl Wil Comtam Factor
] 3 8000 10 00015
s 318 5000 a3 0.0017
N 3 THIO 1.5 0.0020
BD ) THIO a3 0.0027
100 208 ) 3E 00035

*For caiou letione imolving abeoluis woter e, 50% MM In our sty It sousl 1o 155 warar in the fim and W% AH b eousl o
2.8% warar, the madmom sdeorpticn poseltle regardiem of the ciriving feres.

Figurs 11.  AC Dislectric Strength va. Relstive Humidity, Typs HN Fiim, 25 um (1 mi)

o 10000

Ms

:
:

/
1
8
AC Distoutris Stramgth, Vimfl

AC Bislactric Strangth, Vipm kV/mm)
/

167.6 ' |
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Fgure 12, Dissipation Factor va. Aslative Hienldity. Typs HN Bim, 28 um [1 mA)

0.004

Fgurs 3. Divlactric Constant vs. Relstive Humidity, Type HN Rim, 28 pm {5 mill

a4

-

38

34

Dislacinis Conmtymt

13
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Effect of Tomperature

As Figures 14-17 indicate, extreroe changes in
temperature have relatively kittle cifact en the

Fgurs 14. AL Dislectrio Strength ve. Tempueraturs, Typa HN Film, 25 pm {1 mil)

of Kapton®™ polyinide flim.

excellent room tempersture electrical groperties

g

AG Dislactric Strangtly, Vi (kV/mml
8
I

25 pem {1 mil)

)
127 pm (B mEll 3

T

|
~140 0 100
Hag (32 212 as2r 57

Tamparzturs, °C {'F|

Figurs 15, Dislestrio Constant vs. Tamparaturs, Type HN Fllm, 25 pm (1 mi)

=N |
73
&
a4 - E/ \
; &
32 \
ol N
\E -~ 107
28 it
10 H:
2.8 | | | - |
=100 1] 100 200 300
148} 32} 212 e [< 1] {672
Temparnturs, *C ("F
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Figura 18. Dissipation Factar va. Tamperaturs, Type HN Fiim, 25 pm {1 mil)

01
0.08 -

005 -
0.04 - - 10%H2

‘.::'::::_ /

0ol
D.ooe -

S 107 K
st \/\H//

a.002 -

Digpiputim Factor

0.0014
=100 o 1W !m 300
148 {32 @2y (382 {57

Tempaatars, "G ('F

Fgurs 17. Volume Realstivity ve. Temperstire, Type HN Film, 28 um (1 mil)

1x10"%
g : --"""::
f 1™ |-
1w - .
L 1
1:10““ 100 200
32 213 o)
Terpavators, "G ['F]

15
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Effect of Frequency

The effect of frequency on the values of the and 19 for Type HN film, 25 pm (1 mil}, and in
dielectric comstant and dissipation factor at Figures 30 and 21 for HN, 125 ym (5 mil).
variout Lsotherms are shown in Figures 18

Figurs 18. Dielectrio Constent ve. Frequsney, Type HN Film, 26 m (1 mil)

3.5
a4l -ﬁ‘ﬂ? HJ"FI
il o 100°C 212°F)
3.2 |-

i 21
20 " 200°C {392°F)
2.0 |

JB0°C (482*F)
28 . 300°C (E72°F)
27 | |
iR [ 10 108
Eraquency, Hx

Rgure 18, - Dissiption Faotor va, Frequensy, Typs HN Rim, 25 um (1 D

U'C_ISI‘FI
280°C 482°F)
o010
25°C (1¥F)
i 0008 ~APC {=A0°F}
o008
100°C [12°F)
0.004 200°C: [302°F)
0.002
L+ 1 i
108 19 o 108
Frequency, Hz
/ puP 000047
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Fiure 24. Dislsotrie Constunt va. Frequency. Type HN Fim, 125 pm [S mi)*

a8
| T
< A
- 5 34 [ 0 -~
) a3+ o-..,D\G..\
. B O ©
) 2z |-
3.1 1 i |
10 ° w* I 10"
Fregueney, He

" Agure 21. Dissipation Fectar ve. Fraquanoy, Type HN Fiim, 128 pm {8 mEl)*
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0.006 =
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- Froqueagy, Ha

-mwmmumw-m-ﬂm ot IC (TP anad AF% IKH with ihe
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Carona Life

Like nif organic materials, Kapton® is stacked
hy a corona discharge and when ¢Xpoted
comtinuously 10 it will ultimarely fail
dielecerically. At moderate levels of corons
exposure, devices insulated with Kapien® have
survived up to 3000 h, giving reasonable
aszurance that brief exposure to a corons will
not significantly affect the life of a properly

designed insulation system hased on Kapton®.

- Carona threshold voltage and intensity are
functions of many parametars, including
insulation thickneas, air gap thickness, and
device shape. Consult with a DuPont techmical
Tepresentativie om the suitability of Kagton®™ foe

specific applicstions where B corona may be
prsent.

Figore 22 shows the life for 25 pym {1 mil}
Kapion®HN polyimide film »s 8 function of
volge (RMS) 21 60 Hz. As the corons starting
level is approached, the Kapton® life curve
flattens, indicating & bomg [ife, It should be
cmphasized that the superior thermal and
moisture-proof cepabilitics of Kapion® insu-
Iated magnet wire, wrappers, and shot mswlation
can be utilized without fesr of conma in
properly designed systems. Kapton® can be
wsad alone or in combimation with other
ingulation materigly, -

Figura 22. Voltage Enduranca of 100HN Kapton® Polyimide Fim*
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Chennecal F'n_lperiiuh'-

Chamical Propertias

Typical chemical properties of Kapton® Types  The chernical properties of Type ¥N film are
HN and FN films are piven in Tables 10 and 11,  similar to those of Type HN.

Table 14
Chemical Properties of Kagton® Type HN Film, 28 pm {1 mil).
' Typlo! Value
Tamile Bongathon Tant Test
Proparty Ratalned, % Ratained, % Condition Mathod
Charmiasl Rasletonss
Isoprapyl Ainohot ] 84 10 min vt 23°C IPG TR-D
Tml‘mvl : ;1’ Mathod 22,50
Matindane Chiardy
wna 177} ] -}
2 N Hydrochlaria Acid ] =M
2 N Sadiurn Hydroxkde L - B
Fungue Resistaree Norwutrignt ' PC TR0
. Mathod 241
Mofizre Abwerption 18% Types HN snd YN B4% RH at i C ABTH D-370-01 (181"
) 2.8% Types HN and VR Ymmarsion for
24 hat 23°C 79F)
o -
22 ppmy%, RH 23°C (72°F}, 20-B0% AH
P sty
] mLA24 P o002 ot IFCOFFLE0%AH  ASTM D-1434-81 (1285
Cariran Dinxlds [ T11] #
Dy, ] m
Hydrogen 2000 5D
N 10 5
Hallan 5,000 418
Vapor " 3 h} @ I00 "24 R} ASTM E-D8-82
Ve 54 F1 -
Table 11
Chamioal Proparties of Kapton® Typs FN Fim
Froperty 12efNee 1MNDTS MOPNOEE
Molsturs Abgorpiion, % ’
ot 23'C (79F), B0% AH 1.3 08 04
#9% RH 2.5 17 14
Water Vapor FecmehHicy,
gAmh24 h) 175 . 1T 24
AT In"24 h} 1.13 b2 014
PUP 000060
19
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Radiation Resistance

_Because of its excellent radiation resistance,

Kapten® = frequently usad in high radiation
enviroaments where a flexible insukating
material is required. In outer space, Kapton® is
noed both alore and in combimation with other
mmmlsfnupplmm: thet requirs mdiation
resistance at minimum weight. 1.5, Govern-
ment laboratory test date on ghurmna and
neutron mdiation sxposure of Kapton® are

Aurnarized in Tahies 12 and 13
"Tﬂun;ﬁumluhﬂiryufxm'rornmlm

reactors and linear accelerators invalves
exposure (o an adverse chemical eavironment
in addition to rdiatiot), For example, loss of
coolmt accident (LOCTA) wets for guelification
in containment arcad in nuclear power plants

expose the system bo steam and sodium hydroa-

ide, both of which tend to degrade Kapton®,

Accordingly, when Kapton® is used i nuclear
power syalerns that require centification to
IEEE-323 andl -383, engi designs tha
protecy Kapton® from direct exposure to LOCA
SprRy's are required,

The excelleat ultraviolet resistance of Keapion®™
in the high vacyum of outer space is demon-
strated by the daz m Table 14. in the earth’s
armoaphere, however, there is 1 synergistic
effect upon Kapton® if it is directly exposad 1o
some combinations of wmaviolet radiston,
oxygen, and waser. Flgure 23 shows thi effect
a5 & loss of elongation when Kapton® was
exposed in Florida test panels. Figure 24 shows
the loss of elongetion a5 g function of cxposure
time in an Atlas Weatherometer, Design con-
sidermtions should recognize this phenomenon.

Tubls 12
mﬂmmmqﬁ&mﬂmmwmram

oariral "oy " Oy " ay 1P dy
Proparty 1 mil Fm Th h £d ad
Tunslls Strength, '
MPy 207 207 214 a4 152
pel % 107 0} (aH 171) 131 123)
Blongetion, % a0 w 7= ™ 2
Tamylls Modulus, .
MPy bt Erys ) 337 L] ] 2003
i 2 107 {4800) 7T (400t W 1)
Vo urne Paalstivity 4.8 as 52 17 18
O-om x 109zt 200°C (00F)
Dislwotric Canstant 248 ET 383 T 3.7
1 khz )1 25°C 79'F)
Ditsipation Fagor ) 0.0020 0.00T3 00024 D037 o9
1 ke o1 23°C 73°F)
Dietectrio Beranpth ma 21 21m 2t 4
Viurm (fmm|
3
Effert of Elactron n® Polylmicla Alm Mboad

B H' Oy WP ay
B = 10" neutronsem/s Film Darksned Fllm Durksrwd
Flux at 176°C (347F) ang Tough
DUP 000051
LI¥NHTSA No. 3

DSl



Table 14 '
Effect of Ultrarvioist Exposure on Kagton® Polylmids Fiim*

1) h Expoaurs
Tanslle Strangth, % of inkdsl Valua Ratelngd 100
Blongation, % of Wuitial Value Ratalned ™

"VROuLITI Brwvirterndnt, 2 x KM sinkyg e 33T (1229F). LY imm ity squal 2 mpace sundight bo 25008,

Fgure 23. Effect of Florida Aging on Kapton® Polyimide Film
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= 8-
T3
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2 | I l l | | ' e |
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Exposura Time, b

Fgure 24, Effect of Weathering on Kapton™ Polylmide Fiim (Atine Westharomater)
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Kapton® i ussd oo primary
msulstion for tratthon motons

mechanical, and sleottesl
propertiss.

£y

Volcs colls made with Kapton® pessass auparior

high-frequanay sound performance st operating
tsmpsratures.
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Hlm Type Inboreistion

Kapton® Film Type Information

Tabia 15
Type and Thickness
Nominal Thiskwags Arsn Pector
Trne po mli wilkg i
30HN 8 03 93 e
SOHM 12.7 o 58 72
ToHMN 9.1 7B k1) 19
100HN 264 1.0 21 138
200HN 1 F ] ] 14 &8
BO0HN 0.2 in 3 "
EOOHN 127 BD b5 Fr )
SOWN - 1.7 0.5 -] Fird
TEVN ) 8.9 &.78 a7 m
100¥N 5.4 t.h n gk
00VN BLE 10 14 )
S00¥N 78.2 2.0 ' ; 48
BaoVN 127 54 8.5 Y]
1GDENDRR 6.4 1.0 9 "0
120FNS18 30.5 12 1 T
1BOFNBER 361 18 14 &
1GOFNIND 28,1 T 1w 71
MOOFNDT1 505 20 1" B4
200EN01R B0.§ 0 11 Rl
2E0FND2E [TE] 8 16 9
OFMT 702 an 8.0 ]
F00FNRTS a2 30 8.0 a8
ADOFNOY2 1018 .0 N 1 ) It
SO0F MO 101.8 Al 8.1 50
SOOFN121 12T 840 &7 -]
BOOFMNOA1 1024 a4 43 3|

Nominal Conatruction, Typa FN

In the Kapton® Type PN order code of three (0.1 mil), Example: 120FN6G16 {3 g 130-gauge
digits. the middle digil represents the nominal ~  structure consisting of & 254 fum (1 mil} beae
thickness of the base Kapton® in mils, The first  Flim with & 2.54 pm {01 mil) coating of

and third digits repregant the nomimal thickness  Teflon® on each side. Mnstryted in Talbde 16
of the coating of Teflon® FEF fAuoropelymer are several examples of the many fllm rypes
resin in mils. The symbol 9 is used to represernc avatlable.

12.7 urm (0.3 mil) and 6 to represent 2.54 pm

Tabla 18
Tyes N Alm
Constiucion
=23 HN mER
Tyrw wm il fm il e i
100FNDSS 127 050 127 e
120FND T8 B4 010 254 100 254 0.10
1S0FNE 127 0= 7 088 127 050
1BOFNDTR P 100 127 [
200FNAT . 254 100 54 1M
FDENETN 127 0E0 Y 00 127 om
IB0ENOIY - () 00 12y 060
GOFNOTY T 200 64 1.00
00ENG28 127 050 BO.A 2,00 127 0.8
ADOENDIY - T 2.00 ;a. 200
AOOFNO %2 3.00 254 1,00
BHENTI x4 1 62 300 5.4 1.00
BOUFNOET 127 5.00 254 1.0
n

orwrsae s DUP 000084
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Safety and Handling

Sufe harklling of Type HN and VN Kapton®
polyimide films at high tempemturcs recuines
adequate ventilation. Meating the raquirements
of OSHA {29 CFR 1910.1000} will provice
adequate ventlistion, If small quantities of
Kapioa® are inmvolved, as is ofien the case,
normal air circulstion will be all that iz needed
in case of averheating, Wheather or not existing
ventilation i adequate will depend on the
combined factors of film quantily, temperature,
and exposure time. For additional information
on the Teflon® FEP conting used on Type FN
Kapton®, refer o the booklet “Quide w the Safc
Handling of Fluoropotymer Resins™ (H-48633).

Soldeting and

Hot Wire Stripping

Major uses for alf types of Kaptoa® include
clectrical insulatlon for wire md cable and
othor slectronic squipment. In virtually all of
thess applications, sokdering is o routine
fabricating procedure, as Is the use of & beatad
element, to remove insulatlon.

operations rarely produce off-gases to be of
toxicologleal gignificance.

Welding and Flame Cutting
Dim:npplwmmof'qﬂduummdm
<un quickly dectroy mout plastics, including all
types of Kapion® film. For practical reasons,
therefore, it ix best to remove sl such perts
from equipment to be weldad, Where removal
is not possihle, such a2 in welding or cutting
coated parts, mechanical veruilation should be
provided. Because Kapton® can ba psed ot very
iigh temperhures, paris made from it may
survive ot locations close ko the point of direct
flame contact. Thus, some lo-place welding
oparations can be done. Becanse the quantity of
film heated is usuatly velatively amall (less than
I lb). ventilation requirements seldom sxceed

Safely and Handbing

those for nommnal weiding work. Becsuse of he
possibility of inndverient overheating, the use
of 2 small fan or elephant-tronk exhaust is
advizable.

Scrap Dispowsl

Dirposal of scrap Kapton® polyimide films
presents no special problem to the user. Small
amounts of scrap may be incinerated along with
general plant refisse. The incincrator should
have sufficient draft to exhaust all combustion
produets o the stack, Cars should be aken to
avoid bresthing umoke and fimes from any
fire, Becauze Kapton® i so difficult o bum, it
iz nften bast to dispose of scrap Alm ina
landfin

Fire Hazards

‘Whether in stomge or use, Kapton® is unlikely
it add apprecisbly to the harends of fire, Bulk
quantities of Kaptrm® {owar 100 f) shocld be
stored away froo flammable mawerials, .

In the event of fire, personnel entexing the area
should use a fresh air supply or & respirator. All

types of chemical axtinguishers may be used o
ﬁnhtl'huinvnhhtg!&pmn' Large quantities
of water also oy be wed ko cool and extin-
guish g fire,

Static Eleotricity

The processing of Kapton™ can generwis 1
srong static charge. Unlesy triy chwege in bled
off as it forms by oaing ionizing rdistion or
tinaed, it can build o many thousand of volts

_aod discharge o people or metal squipment. In

dust- of solvent-laden air, & flash fire or

sian could result. Precautions for static charges
shoald also be ken when remaoving plastie
fllms usad ns protective packaging for Kapton®™.
For widitional information, users shoukd refer
o the bulletin “Kapton® Polyimkle Pllm— -
Products of Decomposition™ (H-16512).

DUP 000066
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General Information

Kapton® polyimide film possesses 8 unique
combination of properties that make It ideal for
a varicty of uppiicoticns in many different
indussried. The ability of Kapton® 10 maintaln
its excellent physical, electrical. and mechanj-
cal propertiss over 1 wide temperature Tange
has opencd new design und applicatian areas 1o
plastic Glms.

Kupmn' is synthesized by pnlylmmmg an
sromatic dienhydride and un oromatic diamine,
[t has exce|lent chernicpl resisance; there are
ne known organic aolvents for the film,
Kapton® does not mealt or burm az it has the
highest UL-94 flammability rating: V-0, The
autstanding propertles of Kapoon® permir it to
be used at both high and Low lemperature
extremes where othér organic polymeric
muterials would nat be functional,

Adhesives are available for bonding Kapon® |
1o itself and to metals, various papet types, and
ather films.

Kapron® polyimitie film can be used in »
varicty of electrical and electronic insulation
applications: wire and cable tapes, formed eoil
insulation, substrates for flexible printed
cirouits, motor slot liners. magnet wire insula-
tion, transformer and capaciter ingulation,
magnetic and presaure-ensitive tapes, and
tubing. Many of thesc applicadons are based
on the exeelleat balines of slsstricat thanmal,
mechanlcal, physical, mnd chemical propsmtis
of Kapton® over B wide rangs of temperanires,
It is this combination of useful properties at
wmperurG cxireme- thet makes Kapton® n
unique industrial maxerial,

Three typea of Kapton® are deacribed in this

» Kapton® Type HN, all-polyimide fllm, has
been used successfully n applications at
Dmperatures a9 law s —265°C (- 452°F)
and 25 high 22 400°C (752°F).

General Information

Type HN film can be laminatad, metallized,
punched, formed, or adhesive costed. It is
available as 7.5 pm (0.3 mil), 12,5 un

(0.5 mil), 19 um (0.75 mil}, 25 pm {1 miD,
50 pm {2 mil), 75 pm (3 mil), lnd 125 pm
(5 'mil) films,

« Kapton® Type ¥N, all-polyimide fiim with
all of the propertics of Type HN. plus
superior dimensional stability. Type VN is
available as 12,5 pm (0.5 mil). 19 um
{0.75 mil), 23 pm {1 mil}. 50 pm (2 mil),
75 um, (1 mil). amd 125 pm (5 mil) films.

v Kapton® Type FN. o Type HN film coztad
on eme or both sides with Teflon® FEP
fluoropolymer resin, imparts heat seala-
hility, provides a moisture barrier, and
enhances chetnical reslatance. Type FN is
avallable in a number of combinations of
polylmide and Tefion® FEP thicknesses
{s=s Fable 16).

Note: Tn addition to these thres types of

Kapton®, fllms are availshle with the follow-

ing attributes:

v antistat

* thermally conductive

» polylmides for fine line circuinry

ic inpalats

+ CONDOA reaistant

plgmented for color

» conformabla

other films tmilored to meet customers”

needs

Data for these flims are covered in separate

product tulleting, which can be obtained from

your DaPont representative,

The Chemical Abstacts Service Regisury

Nuimber for Kxpton® polyimide film is
[25036-53-7].

*



Kapton* withstends the hersh chemionsl and pitysios] demenda
on daephragms used in suttmnotive switebes.




Pirysical and Thermal Propertivs

Physical and Thermal Propertias

Kapton® polyimide films retain their physical ~ Complete dat are not available at ﬂ:ese
properties over a wide temperaruse range, They  extreme conditions. and the majosity of techni-
have been used in feld applicotions where the  cal data presented in this section falls in the
environmental temperamires wene as low ns 2310 200°C (73 to 392°F) range.

-289°C (—452°F) and as high s 4007C (782°F). '

Trbie 1 ;
Physloal Proparties of Kapton® Type 1||:|I_l HN Flini, 26 pm {1 mil}

" Trplul Velue it
Pirreical Proparty ocinm 200°C 38N Tawt Martimd
Uimam Tenslia Stranpth, MPa |pat 31 (3500 13 {20,000/ " ABTM D-382-31, Mathod A*
Yiald Point at %, MPa (oall &6 (10,0001 41 (80004 ASTM D2-01
Strem to Produce 5% Elongmion, WPy {psl} B {13,500) &1 (RO00) ASTM D-p 21
Ulttmnata Biongation, % T2 = AGTM D201
Terwia Modulus. GPa {pal) . 2B (37,0000 2.0 1280000} - ASTM D-8R2-E1
Irhpeét Strength, N.om Helbo) 78 {D.58| DuPont Posurmetls irnosct T-t
Falding Enclurancs (WIT1, cycias 286,000 AST™ ©-2178-0d
Tow Strengih—Fropegeting (Eimandon®, N (bt 0,07 .02 ASTM D-1822.05
Tuar Strangth=—Initiat (Graveul. N (Ibf T2 1.5 ASTM D-1004-90
Dansity, giot or gimL 142 ASTM D-1808-90
Coeffiolant of Frictian—KInatlo [Filrm-to-Film} 045 ASTM D-1804-80
GoulTiclart of Frigtion—Static (AIm-o-Flim) 043 ' ABTM Tr 18300
Aefractve index |Sodium O Lieed 1.1 AZTM D-5id2-80
Polason’s Ratk) 5.4 Avg. Three Semplet

Elongasmd at BX. 7%, 10%

Lo Tamperiture Flex Lifs Pasa 1P “Th KB0x, Wleriheond 2.0.18

*Spsciman Biee: 26 % 15 mm 11 xd hbMWﬂmH I'll'-lnr!p-rn manfnin |2 jeknda); LIienpty refer 1 tha
s wirength sod alospition rassered it

Table 2
Thermul Properties of Kapton®* Type 100 HN Fim, 28 uen (1 mi}

Tharwel Froparty Typlal Value Tant Condition Taxt Mathod
Maiting Polnt Noms Nona ASTM E-Toa-s (1080}
Tharmal CopfMiaknt of 20 ppaed T YT ASTM D-906-31
Linsar Bxpeaion 111 ppmi*F} 17 t= 100°F)
Cosffinlant of Tharmal Conduttivity, AETM F=i33-77 (1857
Wim-K 0.12 26K
. cat .
G- 207 = 10~ oy
' Specific Hu, 1ig K (salig*C) 09 (0.28%) - Difterential Cobarimatry
Flammabificy V-0 UL-ad (3-8-85)
Shrintage, % 017 20 min wt 150°C IPC T DA, Mathod 22,44
. . 138 120 mmin wt 400°C ASTM D-E21-§1
Hast Sasmabillity Nt Huat Seulebm '
Umidng ﬂﬂlﬂ Incinx, % ay ASTM D-2083-87
Solcer Fleat Pam 1P Th 550, Methad 24134
Sl Qenaration DMl =x1 NBH
Empls Chambar NFPA-28R

Glowa Traraition Temperature (T} A Soond order Traralion pogars i K por® Babimin SEL IR wvd 4 10°C (TYTF)
and ks sasurmad ta ba 1 glass tranchl on Gempecatune. CHient messureey
‘achnigias produos diferst resutiy witdhin the sibovs tempargiune rangs.

3
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Tabls 3
Physical and Thermal Propertiss of Kapton* Type VYN Alm

Typical Value for Fim Thicknass
75 pm B am 15 pm 128 pm Tast
Property 1T mA {2 mily 19 mit} -l Mathod
" UHimate Tansly Strength, MPa m 234 - ) m | ASTM D-882-H1
(ol (33,5001 134,000+ (33500  {xa.B00)
Linimata Elangation, % 72 7] B . - ASTIA D-BEY-B1
Tear Strength—Propagating (Emended|, B 047 & [ ] d.om ATTM D-1922-8%
Tear Strangth—initiel |Gravesi, N 73 - 103 203 489 ASTM D-1004-80
Fddlng_Emlurln:-l IMIT), x 104 cynley 1] i -] 5 ASTM D-2175-88
Duwnaity, gfec br gaml 1.42 1.42 1.42 1.42 AETM D-1EDE-90
Fismrmabikiy S4v-0 -0 B0 V-0 UL-Dd (3-8-88}
Shrinkage, %, 3 min at 180°C 02'F) .6 0.0 0 iy (¢ TM 850
Muthod 2244
Limitng Owygen ndax, % an 43 ] i3 ASTM D-20A3-87
Table 4
Physical Propartiss of Kapton® Type FN Rim*
Typieal Vahat for Mo Typa®>
Propety 120NN 1E0FNOE FT T
Ulimats Tarm3e Strangth, MPs (pal)
25°C (T2F) YT {30,.000| 182 {23,500 0 (28,000
2005 (30 2°F) 121 117,600 B l:l!m R {17.004)
Yiald Point ot 3%, MPu [pwil
ZIC 7TF 81 18000) 4D {70001 BA (3500
200G [ F) %2 {0000} 43 {5000} 30 (50007
Stress &t 7% Elongation, MPa |pai) -
21°C (7TF 79 (11,5001 05 (8,500 75 (11,0000
2007 |352F) B3 480001 41 480001 £8 (7000
{Nrimete Elongabion, %
Z3'C 7FF) 16 70 B
L [T Bo 15 bl
Tonslla Modulus, GFs (psl] '
2%C {TXF .48 (380,000 2.2 {31,009 2.4 (55,0001
200 (32°F 1.52 (295,000 1.14 {106,000] 188 {21,000}
Impagt Strengih &t 23C F3F, .
Meom b 8 (0.58) 888 (DBT) 1888 {1.18)
Tear Strangth—~Fropagating (E¥mendo,
K (ol .0 (8.02) 0.47 [0.11) 057 .13
Taar Strangth—Linitial [Qreves), N (b4 1nsiza 118 2.8 178U
Polyimids, wi% ] EY T3
A 20 A3 Fi]
Dunulw.jlhn ar giml. 15 1.07 1.57

*Tisit Muthcds for Teble 4 5re the seme e for Tabls 1,
+4Bacauss § numbar of eamisinations of palyinicy i oo Subrecarienn saning Sdd wp to tha samae tsiel gavga, it s necsssary 1o

diatingulsh
Kartor® Al I mii The first and
N min Tha sembal 1 b usid ja

thiami. A Thre-digk mnite s umsd i whish the il digk riprheirmie the
rd ctigith reprewent the roming] thickredy of tha aaating of Teflon® FER

ripisgmnt T pem (05 mil) and § to repeebiid 2.8
siruotune sorratineg of o 2% ur 1 mdlh b e with & 2.5 e 001 mil saating

KLY 2.

ol

1

Tafan® on asch
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Machanical Properties

The usuni values of wensile strengeh, tensile
modulus, and wlbdmate slongation at various
remperatures can be aliained from the typical
stress-strain curves shown in Flgures 1 and 1.
Such properties as tensile strength and modulus
are inversely proportional 1o tempemture,

whereas elongation reechas & maxiomum value
at about 3I00PC (ST0°F), Other factors, such a
humidity, film thickpess, and tensile elongation
rates, were found 1o heve only » negligible
cifect on the shapa of the 23°C.(73°F) curve.

Figurs 1. Tensile Stress-Straln Curvos, Typa HN Flim, 26 um {1 mil),

k| wma
32 e (77F
.n - 2
2 100°C (212°F)
l — 180 i
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Hydrolytic Stability
Kapton® pulyimide £ilm is made by & condensa-

tion reaction: therefore. its propertics are

affected by warer, Although long-t2em cxpo-
sure to boiling water. us shown in the curves in
Figures 3 und 4. will reduce the level of film

remain 10 ensure good mechanical perfor- '
mance. A decrease in the temperature and the :
water content will reduce the rate of Kapron®

propesty reduction, whereas higher temperature

ond pressure will increase It -

properties. suificient tensile and elongution _
FAgure 2. Tansll Strangth After Exposurs to 1nu'(: [212°F) Water, Type HN Flm

26 pm (1 mill
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Dimensional Stahility
The dimensional stability of Kapton® polyimide  shrink on its first éxposure 10 elevated tempers-

film depends on two Factors—the normad tures a8 indicated in the bar graph in Figure 5.
- coefficient of thermal expansion und the Once the film has been expoged. the nocmal
residual stresges placed in the film during valiues for the thermal coefficient of linear
mamfacture. The latter couses Kapton® to expansiop a5 shown ln Table § can be axpected.
FRpura 5. Resldual Shrinkags v Exposurs Tornperstutes 4nd Thickmess,
B Type BN and ‘U'Hﬁm'l ) .
18 y . 154
J ' [ misro
Lk - v ot
M nioro
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¥+
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0B -
i ol
=
od -
9.2
2 11} @ T T oam
Fikm Thiskneus, yim {mil

*Typa VN shiinkugs b 0.09% fer all thicknasess,

Tabis §
mmﬂl FBm, 28 ﬁ?‘n’a’i’f"’
Thermally Expased

Temparrturs Rangs, *¢ (o) ppmG

30-100 (38-212 17

100-200 (212-392} 22 .
200-300 (382-572} W !
300-400 (HT2-752) “ .
30-400 {88782} Y] i

7 DUF 000100
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Tharmal Aging ]
TMuaefulllfeanapm'polmnud:ﬂhmu detettningd at varions temperatuees. Al time
function of both temperature and oxygon zero and 335°C (617°F), the mnwile srength is
concenfration. In accordance with UL-746B 234 MPn {34,000 psi) and the elongntion s
test procedures, the thermal life of Kapton® was  67%. The results are.shown in Flgures 6-8.

Figure 6. Tensle Strangth ve. Aging In Alr vt 325°C (877°F), Type HN Alm, 26 jum {1 mil
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Fgurs 8. Hltllnllill'llhﬂnr.lll!nn'ﬂlltm {817°F} for 25 pum (1 mif} Alm,

ast Method UL-7488

D BDD 1000
Time o E28°C (17"F, h
The life of Kaptoo® polyimide fTkm at high wia & least an order of greater tham
tempensturt in significamly extendad in & low-  in air. Using a DuPont 1090 thermal analyzer
OxXygen cuvirmmment. Kaptoo® in subject to systom, the weight loss characteriatics of
oxidative degradiation. Hence, when It was Km'mmmdhﬂmummm
tested in 2 helium environment, itz nseful bife mares are shown in Fignreg § and 10.

Figues 0. Waight Loas, Typs HN Fllim, 28 ums ($ mil®
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Tabla &
Tims Ragiired for Reduotion in LRtimata
Elangation from 70% 1o 1%,
Type HN Rim, 26 pm (1 mH)

Tm Alr Envirommemt

ASC (BADF) 2 Naure
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400°C [To0A} 12 houfa
IC e 2 dieys
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126:C 1020°F1 1 momh
J00-C LEM°F) A monthe
15°C (EirFi 1 yonr
250°C (ISP B ysam

Figure 10. lsothermal Welght Loss, Type HN Rim, 26 pm (1 mil
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Electrical Propertes i]

Electrical Praoparties

The mast common electrical properties of refative humidity. The effect of such factors aa
Hapton® polyimide film of various pruges - humidity, remperatare, and frequency on these
arc shown in Tables 6 and 7. These values basic values can be found in Table 9 md
were measured at 23°C {73°F) ond 50% . Flgures 11-13, .

Tabla 7
Typleal Elsctrios] Properties of Kapton® Type HN and YN Fima

Property .
Fln Gawga - Typisal Valua Tt Conditnn Towk Method
Dishotricirsagth Vi {k/m) oAimin & Hr AST™ D-140-01"
2pm 1 mil 203 700k 1/ In sledlvodes
S0 urn |2 mil} 240 (B100) BOD Wame rigs
M pm 13 mil} ]
125 pm & mim 15 3800}
Enetant 1k ASTM D-180-82
5 um (1 mil 34
B am {2 mil 14
TEm [3mlilj an
125 pm (B mil) akK
Pactor 1 kHz ASTM 0-180-52
I pum {1min o318
] uow (3 min 00020
JHum A miy 0.0
1% pm |5 mil) 00024
. L-om ASTM™ D270
25 um {1 mii 1.5 x 107
80 pm 2 mi) Lhx 10"
TS pen (A i) . x 107
138 urn (B mé} 14 %107
Tabla §
Typicel Elsctrical Propevtiss of Kapton® Typs FN Filgn
Froparty 120MNTE T AN 10PN
Dislatrie Strength, Vium (WmiD 272 (9008 107 (000 57 (E0m)
Dislaotric Canstent an b & L 1
Dimipation Factor 10016 . 4n1e T 00003
Yolume Asalstivity. Qom
M IC T3P 1.4 % 107 23 %107 10 w107
o 2 (353 F . 4.4 x 10™ b 10 a7 =0

pUP 000104
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Effect of Humidity

Because the water content of Kaptoo® poly- varying relative humidities at 23°C {73°F).

* imide film can affect its electrical properties, The resules of these messurements are shown In
electrical measurements were madeon254m  Table 9 and Figorea 11-13.

(1 mit) film after =xposure to environments of

nﬂ-unumm etrice Pmr-ﬁ- Kupton®*

Dielestrio
Peluiivy Stremgth. AC Dishentrie Disalpariian
Humidity, % ¥ium Wimm)  Viml Contam. Faster
0 m [ 10 2.0018
0 238 8000 33 0.00V7
80 208 TH AR QM
80 000 T108 a7 0.0027
100 288 2800 18 2.0038

*Far celcutions Irolving shechuis water eantany, BOW: RH In our study In squal ta 1.8% weater in tha Mmasd K556 AH b aqual
2.00% weter, the miximum sceorption poselble regerdiess of the driving foroe. . .

Figure 11, AC Disleotric Gtrength vs. Relative Humidity, Type HN Him, 25 pre (1 mil]

3.7 _ 10,000

AC Dialacirlc Brongth, V/nd

Ratirthvs Humidity, %

13 pUP ooﬂ1 0%
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Fgurs 12. Diesipation Factor va. Relative Humidity, Type HN Fim, 2B um (1 mil)
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Figura 13. Distestrie Constant vs. Relative Humidity, Typs HN Flin, 25 un (1 mil)
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Effact of Tamperature

As Figurea 14=17 indivate. extreme changes in
temperature have relatively litile «ffect on the

excellent room temperaturs ehectrical properties
of Kapton® polyimide film.

Fgure 14. AC Dislectric Strangth va. Tamparature, Type HN Film, 25 ym (1 mill
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12,000
110,000 !
>
- 860
300 1 s 25 yen (1 mil) E
=1 5000
m B '
- 4000
00 - 21 5 mil
—m o
D 1 1 1 1 o
=300 =10 D 100 200 o
s Ma)  32) 2120 (382 (52
Tempaextars, *C 'R

Figura 15. DMMHmmWHHHMEm 11 mi

ag X
D -
14l 3{’0‘8\
E 8
u_
agh o
E o
] 100 He
. RN
°
au ] ] 1 1
-0 0 00 200 300
48 B3 @7 (D BT
. Terpecaturs, *G (*F)
14 DUP 000107
PIVNATSA No. 3

il

B

= T - - ———— ———r 5



Fgure 16. Dissipstion Factor vs. Temparstrs, Typs HN Flim, 26 uym (1 mill
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Figurs 17. Volume Resietivity vs. Tamperaturs, Type HN Rim, 25 um (1 mil

Ix 0
: °—
i I -
.1x‘l.'|“' -
2]
: 1 1
1:10"':' prem 200
a2 (rg 4] =] -]
Temparshurs, "C ("Fi
15 P 000108
INVYNETBA Mo, A nu



Effect of Fraquancy :

The effect of frequency on the valuss of the and 19 for Type HN fifm, 25 pon (1 mil), end in
dieleciric constant and dissipation factor at Figures 20 and 21 for HN, 123 wm (5 mil).
varipus isotherme ane shown in Figares 18

Fgure 18. Disladtric Constant va. Frazusney, Type HN Fim, 28 pre (1 mil]
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Pgurs 20. Disleciric Constent vs, Freguency, Typs HN FHim, 125 pm {6 mij®
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Figurs 21. Dissipation Fector ve. Frequency, Type HN Fllm, 126 n (8 mil)*
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Corana Life

Like all organic materials, Kapton® is artacked
by a corona dischurge and when exposed
cantinvously 1o it will ultimorely fail
dielectrically, At modenute levels of corona
exposure. devices insulated with Kapton® have
survived up 1o 300K k. giving reasonable

msurance that brief exposute to a corona will

not significontiy offect the 1ife of & properly

designed insuiation sysiem based on Kapion®, -

Corona threshold voltage and intensity are
Functions of muny pammeters, including
insulaton thickness, aic gap thickness. and
device shape. Consult with a DuPont technical
representative on the witability of Kapton® for

BT

specific applications where B corona may be
present.

Flgure 22 shows the tife for 25 pm (1 mil)
Kapton®" HN polyimids film as & function of
voltage {RMS) at 80 Hz. As the coroaa starting
ievel m approached, the Kapton® life curve
flattens. indicaring a long life. It should be
emphasized thut the superior theymal and
moismare-proof capabilities of Kapton® insu-
lated magnet wire, weappers, and slot insulation
cun be wilized without fear of corom in
properly designed systems. Kapton® con be
used alone of in combination with other
insulation materials.

Figura 22. Voltags Endurance of 100HN Kapton® Pulyimida Fiim*
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Cliemical Properties

Chemical Properties

Typical chemical properties of Kapton® Types  The chemical properties of Type YN film ans
HN and FN filens are givenin Tables 10 and 11. similtar to those of Type HN.

Table 10 - )
Chemical Propartien of Kapton® Typa HN Alm, 28 pm {1 mil} v
Typiaal Value
Tomila Bongetion Tout ' Twt
Proparty . Awtalnad, % Axtafroed, % Condlthon Mathed
Chamioal Raxlvievas
| vl Aeahal ] 4 10 min & X3°C . PC TM-E50
Tolumne | -] -1 Mathod 2.2.98
M Ethyl Kertona 89 20
Tiattwlons Chiors ki
Trihiorouthylens 118 " ]
2 N Hydrochlorz Asid a ]
4 N Sodlurm Hydroxdde B2 54 .
Fungus Reslstancs Nonmnrant C T80
Muthod 281
Modetupe iy iy 1.8% Typos HN and VN © 5% AH 230 ABTM O-570-81 {10801
2.8% Types HN and VN Immmrslon for
24 b ut Z3°C (TP
o e
22 ppme™: RH I3°C {rF), 20-80% AH
Pormnanbiiiy '
(r ] miAt2d hAFy o100l Xd ot EFCITSF,B0NAH  ASTM D-1434-02 (1088
Carbon Dloxkde 40 ] '
Conrgen 2800 -]
Nfregen “ha. T
e a .
Hallum 53,000 118 .
Vaper oAmt24 i) X108 int.24 bt ASTM E-08-402
Water . B4 33 N
Tsbla M1
Chemical Proparties of Kapton® Typs FN Him
Proparty T2IPNEIS 150FHSW Fet
Molsturs Ahsarption, % )
& 23C [T, % AH 142 08 Ok
%% AH 24 1.7 13
Water Vaper Farmsbllity, .
im*24 h 116 25 )
100 inf24 W) 1.13 .82 018
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Radiatlon Resistance

Because of its excellent radiation resistance,
Kepton® is frequendy used in high redintion
environments where 4 flexihle insulating
material is required. Int outer space. Kapton® is
used both olone and in combinatian with other
materials for applications that require madiarion
reslstance &t minimum weight. U.S. Goven-

- ment labaratory test data on gamwma and
neutron radintion re of Kapton® arc
summarized iv Tables 12 and 13,

Testing the suitabitlty of Kapton® for nuclear
reactors and lnear sccelerarors involves
Exposure 1 an advente chomieal smvirooment
In pdditicm to radiation. For example. Joan of
coalant accident {LOCA) tests For qualificatlon
In containment areas in nuclear povwer plam
expose the sysiem to stearn and sodium hydrox-

Accordingly. when Kagton® is used in nuclear
power Systems thal require certifization W
[EEE-323 and -383, enginesred designs that

Knptun'fmm:hmct::pnwmmm
wmmqmmd-

The excellent ukraviolet resistance of Kapton®
in-the high vacyum of outer space is demons-
strated by the data in Table 14. In the canth’s
aimesphere, bowever, there is a synergistic
effect tpon Kapton® if it is dircctly cxposed to
sotne combinations of ultiaviolst radiation,
oxygen, and waser. Figure 23 shows thia effect
as a Joss of elongation when Kapton® was
exposed in Flocida tegt panels. Figure 24 shows
the loze of elongation sz & funetion of exposure

. Ome in an Aflan Westheromater. Design con-

slderations should recognize this phenomencon.

ide, both of which tend 10 degrade Kapion®,
Eﬁmammmi Polyimida Fi
re m
(Cobalt 80 Soure, Osk ] '
Comtrnl WOy 1 Gy WGy 18 Gy
Proparty 1yl M 1h wh ] A2 4
Tenalla Swangth,
MPFa 07 m? Fal' . 4 152
el ¢ 109 ) (30) 31 a1 22
Elongatian, % 0 . - T n 42
mum . .
nrn un -] b re) ] =03
pllﬂﬂ'l (a0 4T L) wre) 1434}
Volume Resistivity a an 52 17 18
Oqamn x 10™ st HX'C (302
Dislactric Constant - a8k imn an iAnn
1 ot 20 (10
Diisalpation Factor 0.002% 40018 00024 00087 0.008
1 kHx ot I3°C [TFF1
Dimleciric Strength m m 2% 21 . T
Vurn ikfmm} .
. Tabis 13
Effect of Elsatron nnM Polyimide Rim Mixed
[ |
Ix1P oy way
B x 15= nautronsiemyds FHm Daripngd Fam Daraned
Flioc at $79°C $47°F) and Tough -
20 DUP 000113
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Tabls 14
Effact of Ultraviolet Exposurs on Kaptont Polyimide Fim*

1004 h Rxposwre
Farwila Strangth, % of initlal Velue Reteined 100
Elangetion, % of Inltsl Vaiue Retained ™

*Yaninam wivronmend, 2 x 184 mmip ot BC [1TI5F). U bviraity squsl To specs minlight % 26004,

Figure 23. Effwet of Florida Aging on Kagton® Polyimide Fim
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Kaptaon* ks vsed s primay
Inwulatian for traction motors

‘Voloa colle made with Kepton® possses smperior
high-frequancy soand pariormance it opersting
tamparatures. .

DUP 000115

IMNNHTEA No- ¥
il




Filin Type Intormation

Kapton’ Film Type Information

Tabix 15
Typs and Thiokness
Nomisal Tisksionses - " Area Pactor
Type pm i it g Al
N 15 0.4 1) 4EE
S0HM 127 o.n BS - 272
TEHN TR 0.76 a7 181
100HN . . 254 0 1 - 138
IOOHN B0.B 20 1" ]
300HN ™2 3.0 9.2 45
BODHN . i 8.4 EL v
BOVN 127 . D.5 L] 72
TN 181 -0.7h ar 181
COVN _ Tk 14 F| 128
200N E0.H 2.0 " o
00N M2 340 .2 L]
EO0VN 7 50 55 n
100FNDES M4 10 23 1t0
1Z0FND16 3 . 12 N 04
1 BOF NSO 1 18 1 [ -]
1E0ENO1S .1 18 1 77
200FNE1T BO5 20 1 B
J200FND18 508 20 1 ]
2EOFNO2S 538 2B 10 4
J00FMOT M2 aig ag . »
IOFNE29 702 34 ol »
ADOF N2 1018 an .13 1)
ADOF NP , 1w 40 a1 )
SOOFMN131 17 %] 4.y
BO0FMOE 1 WL 8o 4.3 21

Nominal Construction, Type FN

In the Kapton® Type FN order code of three (0.1 mil). Example: 120FN616 is a [20-gauge
digits, the middle digit represents the nominel  structure consisting of 8 25.4 pm {1 mil) base
thickpess of the base Kapton®™ {n mils, The first  film with a 2.54 pm {01 mil) coating of

and third digits reprezent the nominal thickness  Teflon® on sach ride, Dlusrated in Tahle 16

of the coating of Teflon® FEF flaonopolymer are ceveral examples of the many film types

resin in mila The symbol 9 is used to represent  available.

12.7 tm {05 mil) and & to repressnt 2.54 pm

Tabla 18
Typa FN FHim Construntions
. Consiruction
[l HN =
Typn im mr pm mh amn m
TDCENOGS 127 o.8p 12,7 050
120FNA18 266 010 64 1.00 Y 0.0
180F NaoD 127 000 127 o0 127 050
S0FND19 54 10 127 oM \
200FNGTY F 100 B4 100
200FNB19 L7 - OBD F 100 127 .50
E0RNG2 - [ 1 250 127 0.5
B00FND21 S04 1 T 204 10
NOFND2E 127  OBh [ 2.00 121 L5
ADDFNOE? =T .0 BB 500
AOOFNGR v ¥ .00 =4 1.00
SOOFMTH 284 108 3 a.00 =4 100
BOOFNOST 127 500 204 .00
23
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Kspton® ber coda lubals sre ueed in the sk
strvironmaets PC bourds are wxpased to during

n o e e

I




Safety and Handling

Safe handling of Type HN and VN Kapton®
polylmide filmx ar high t=mperatures requires
adequate ventilation. Meeting the requirements
of DSHA (29 CFR 1910, 1000} will provide
adequiite veatilation. if small quantities of
Kapton® are involved. ax iz ofen thecase, -
pormal air cieculztion will be il that is peeded
in caze of ovedhieating. Whether or not existing
ventiletion is adoquate will depend on the
combined factors of film quantity, tempernture,
and exposure lime. For additional information
on the Tefloo® PEP coating used on Type FN
Kapton®, refer to the bocklst “Guide to the Safe
Handling of Fluoropolymer Reaina” (H-48631).

‘Soldering and
Hot Wire Stripping
Major usea for all types of Kapton® inclede
electrica] insulstion for wire and cable and
other alsctroaic equipment. In vienally afl of
these applicationa, soldering is a routine
fabvicating procadure, s is the use of o heated
element, to remove insulation.
nplnnmmalypmdlmnﬂ-pnlmhol
toxicologlesl signiflcace.
Waldinp and Flams Cutl:lng
Direct application of welding srcs and torches
can quickly destroy most plasticy, including wll
types of Kapton® filn For practical ressons,
Eueﬁm,!:ilhmmmmmwdtm
from equipment to ba welded. Where remoyal
is pot posible, such as in welding or cotting
coated parts, mechanical ventilation should be -
provided. Becanse Kapton® can be.used » very
high Eoweratures, parts inade from ik mny
mirvive gt locaidons close ko the point of direct
flame contact. Thus, sama in-plece welding
can ba done. Bacanss tha quantiey of
film bexated is yually relatively maall {less than
1 b}, ventilwion requiremects seldom sxceed

e o i e e i T = e ke e

Satety and Hanndling

those for normal welding work. Because of the
possibility of Inadvertent overheating, the uee
of & amall fan or etephant-trunk exhanst is
advisable.

Scrap Disposgal

Dispeasl of scrap Kapton® polyitbide films
pressnty no special problem io the aser. Smail
amounts nf scrap may ha incinerared atemg with
general piant refuss. The incinemtor should
have sufficient deaft to exhnust oll combagtion
products to the stack. Care should be taken to
zvoid breathing smoke and fumes from mmy
fire. Because Kapton® 13 so difficult to bum, it
is oficn best o dispose of scrap film ina
tandf{ll.

Fire Hazards

Whedher in storage or use, Kapton® iy unlikely
to mkl appreciably to the hazards of fire. Bulk
quantitios of Kupeoa® {over 100 tb) should be
stoved away from flammabls materials.

In the event of fire, persomma] enmring the areq
should msa s freeh vir supply or & rempizsior. All
ey b used 1o

uf\nmrlhnmqrbunﬂhmlmdm\-

#uich a fire. .

Static Electriomnty

The processing of Kigroa® can generate o
shong static charge. Unless this charge s bled
off ax it focms by kg ndiation or
tinmet, it can Build to mumy thouesnd of volte
s digeharge 0 people or metal equipmeant. In
dust- or polvens-laden mir, & flash fire or explo-
sicn could result. Precuntions fov static charges
should also be taken when removing plastic
films wsod as profective packagmg for Expton®, .
to the bulistin "Kapten® Polyimide Film—
Products of Decomposition™ {H-16512).
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DuPont Films

High Performanca Films

Kapton:

pnlllmldl film
General Spaclflcntlons

Introduction

DuPom High Performance Films marnfactones and
sells a variety of high=guality plastic film prodocts
in conformance with 150 9002 cerification.

These specificutions describe the values and tol-

erances for Kapton® film properties. Where naces-

sary for thorough understanding, test methods and

Any espects of the specifications tha require
EUerrhncrp:tnﬁm or clarification shouk] be
iscussed with representatives of DuPoat High
Performance Films.

Types of Kapton® Polyimida Rlm |

DuPont mekes several typez of Kapton® flm.
Types HN, FN, and YN are used thost commonly.
Types H, F, imd V ure aliornative, special versions
of these standerd types. The jons in this
bullecin apply to them as well. In additon to these
three types of Kapeon®, filme are availahle with the
fallowing attribates:

= antistat

* thermally conductive

* polyimides for fine line ciyevitry

+ tiyogenic inzulation

= COMOTA resistant

= pigmented for eolor

= conformable

= other films tailored o mest cuscomers” needs

DEVYNETSA N, 3

Gencral Spacifications

Daa for these films are covered in separate product
buliatins. which can be obtained from your DuPont
High Performance Fllms represasmative,

Type HN Filim

Kapton® Type HN is a tough, aromatic polyirmide
film, exhibiting an excellent balance of phyrical.
chemical, and electrical properties over a wide
temperature rangs, partculady at unusually

high temperatutes. Chernically, its polyimide
polymer makeip is the result of 2 polycondensation
reacting beween pyromellitic diankydride and

44" dipmimochipheny] sther. Kapton® HN is avail-
abie in the folkrwing ganges: 30 (7.5 pm). 50 (12.7
Hm}, 104 {254 pm), 200 (50.8 um}, 300 (76.2 pm),
and 500 {127 pm}, Other gauges, such m 75(19.1
pra} and 400 (102 pm}, wre availabic by special
Tequest,

Type FN Rlim

Type FN film it & heat mluhle;rulc&ll.
retains the unique balance of proparties of Kapton®
Type HN over & wite tamperaenre range. This is
achieved by combining Type HN with DuFoat
Teflom® FEP finorgcarbon nesin io & coraposite
strotture. Tabls 1 liss the common types of FN
film availahle. Other combinations are available.
Consult your DuPomt High FPerformance Flima
marketing representative for furcher information.

DUP 600120




Table 1
Kapton® FN Folylmide Fiim Types
Corstruetion, mi (um)

PEP HN FEP
120FNG16 01025 100254 0.10{2.5
120FNS18B 015 (3.8) 1.00(28.4) O.16{3.8
150FNOTS 1.00{264 050 (12.7)
200FNE19 050 11270 100264 .60 (12.7)
200FND11 1.00{254) 1.00 (26:4) *
F50FNDZD 2.00{80.8) 050 (12.7)
S00FNDZ1 200{50.81 1.0 (26.4)
200FMB2D 0.50 (127  2.00{5081 0.50(12.7)
400FNDZZ 2.00{60.81 2.00 (60.H)
GO0FN131 1.00 (26.4)  3.001762} 1.D0 (25.4)
Type VN Film
Kapton® Type VN is the same tough polyimide flm.

ax Type HN Film, exhibiting an excellent baianes
of physical, chermical, and electrical propeartics over
& wide [amperature range, with superior dimen-
sional stehility a elevated temperstares. This

product is available in 50 (12.7 pm), 75 (19.1 pm),,

100 (254 pm), 200 (50.8 pon), 300 {76.2 pm), and
500 (127 pm) gauges. & )

Cartifiostion

Kapton® is cerified to mest the requirements of the
military specification MIL-P-456112 B and ASTM
[-5213-83 In grdition 1o the Reme covered by this
specifications bulletin, Written confirmedion i
available with esch dellvery upon request,

Therma! Durability

The thermal durability of Kapton® film depends on
the enviropmentsl conditions under which It is aged
and kested, b3 lifetime depends on the criterion of
failure, Kapton® is rowtinely tested at the manufac-
mring site m the following manner:
Sheets of film 8.5 x 117 (216 mm x 279 mm) are
freely in an oven at a temperature of
400PC £2°C (T52°F £3.6°F). memitored with a
thenmocouple 1o sngure accuracy. Sheets ant
remaved after 2 br (1 br for 30 7.6 pm] and

50 [12.7 um] gauge film) and tested on an Instron
Tensile Teater as described in Table 1. The elonge-
tion of the film st 23.5%C (74.3°F) should not be
kxss than 10% after this aging et 400°C (752°F).
This conforms to MIL-P-461 128 “Elongation Afver
Aging at 400°C™ test (paragraph 4.4.5) and “Elon-
gaion, Percent, After Two Hour 400°C" require-
ment {Table 1),

In addition, Kapton® conforms 10 ASTM
D-5213-95, Stundard Specification for Palymeric
Resin Film for Electrical Insulation end Dielectric
Applications.

Underwriters Lobormtories, Ine. lists a thermal
index of 200 10 270°C (392 to 428°F1 {depending
on gauge and 1ype) for mechanical properties and
220 o 240PC 1428 1o 464°F) (depending on gauge
and 1ype) for elecirical properties, under their file
number E39505 for Kopeon™ polyimide film.

Properties of Type FN Film

Heat Ssal Strength

Aim-to-Film Eoals

The peed smength of heat scals betwoen the coated

and uncoated sides of ohe-side ooated Kapon® or

berween the coated sides of both one- and baa-side
coated Kapton® is desermined as follows,

Seals are made in a jaw sealer ar 3I50°C (662°F),
20 psi {1 A bar). with & 2)-cec dwell Gme. After
cooling, the seals are cut into 1% (25 4-mim) wide
strips using a2 Thwing-Albert JDC sample cutter or
its equivalent. The seal strength bs measured with

. o Instop-type tsngile testar. Seal strength is de-

fined a5 the pesk instentancous strength occurring
in cach s=al. Five specimen values are gveraged.’

The minimam poel strength between the couted
sides of ooe- or two-side coated Kapton® film will
be 100 g/in (2.7 Nfcm), except for 1 20FN616 and
120FM61 68, which will be 450 gfim (1.7 Mem).
The mininmum peel betwsen the coated and
uncoated side of cne-gide costed Kaptrm® will be
450 ¢fin (1.7 Ncm).

Bealy
m;ﬁﬁw#%ﬁhmmmﬁmh
measured uzing the same strength
technique as described in “Film-to-Film Sealy.”

The pael sirength is meagured with the FEP tide
sealed to the untreatad gide of 1 mil (25.4 pm),
% oz GT copper foil; it will be & mimimmom of

300 g/in (1.2 Niem). |
An-Rucetved (Cold Pud] of Bonds
Between Kapton® Type HN and Teflon® Layers

The bond between the Kapton® Type HN axd
Teflon® fluorocarbon resin layers on all Type FN
products except 120FNG16 and 120FPNG16B will
have a minimum peel srength of 225 gfin (0.87

DUP 000121
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Table 2

Machanical Proparties of Kaptan®' Typa HN Fulvﬁnld- Aim

(MDY and Tranavarse
Diractian (TOI, min.

Property Value—Fim Thickneys, mil [pm)
030 .50 1.00 2.00 3.00 - 500
Property 74 DIAN* (41 (508 (TE21F (12N Muthod
Tonalle Strangth, 16,000 20000 24000 24000 24000 24000  ASTM D-BE2-91, Msthod A,
+ pol {iMPal st 10 {136y {185} {185) {166) {10E) uging an Inytron Tandile Tester
23-C A, . (speciman elze: W' < ST [127
Machine Qimction mm » 152 mmi; law sapere-

tion: 47[102 mm] Jaw spesd:
27-min [57 mymin]l. Caley-

lotw the avarage of five apegi-
mans based an original
maasured thicknsas.

Elongation, %, MD 25 36 40 4B &0 50 Exrne an abgwa.

and T, min.

Shrinkags, %, MD 4.b 4.0 158 5 2B .5 MIL-P-i81 t!ﬂ:. Tha percant

and TD at 400°C . shrinkepa la obtainad for

{752°F}, max sither tha MD or TD using tha
avaregas of thras massire-
mants in althar directlon badore
end after conditioning. Prior to
masguremant, the 8%« 117
(218 mm % 319 mm!} speciman
Iz conchtioned by fraaly aus-
panding it far 2 hr** In an aven
apartrolied to 200°C (752°F).

Molstura W L0 44 4.0 .o &.00 ASTM D-670-92, using '

Ahnrptmn, ., ) 2a-hr immertign at 23°C {73°F).
Averyge of trea spacimena.

wmmnnwrmvummm i shawn in TebleS. '
**1 br for 30 ang B0 gauge fim
Tabls 3
Sactrical Propertins of HN R
Froparty Velue—Flim Thicknses, mii ipm}
430 050 108 F L) 2.0 &.00

Propurty 1.8 1an* (a4 [0S (ANt 12T Mathad

[Melactric Strangth, 3,000 l,.llll BOO0 5000 4500 3,000 ASTM D-148-D4. {Avernge of

AC VM kWmm),  {(11R " {238) in 7N M8 ten apacimens.] Flst shesta in

min. air plecad batwesn " {8 mm)
dimmeter brass slacirodes with

Vo~ (0.8 mm) sdps rediug

guljected t= 8 cyciea AC
vaoltngs at 500 Viaec Tate af rise
to the brsktiown viitage,

Volume Roalativiy, 107 101 10 oM 10= 9= ASTM D-297-03

ohm-cm at 200°C

{392*Fl, min. ,

Dimlactric Congtant 4.0 4.0 a8 a8 33 18 ASTM D-150-84. Lise conduct-

mt 1 kHz, max, Ingy aibvme paiert alsctrodas,
two-tarminal syatam of mas-
surémant at stanclerd condi-

Hone. Reacts gre basad on an
average of flve tasts using

muapwred thickness of
BpECimar
(Hesipation Factor O0.0070 00060 0,003 0.0028 D..GDGI 00035  Same as above,
BT EHz, max.
+Also apple to Typs VYN
a .
DIVMNHTSA My. 3 bup ﬂﬂﬂ'l 22
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Tablie 4

Dislectric Strangth of Kapton® Type FN
Palyimiis Plims _
r Minimum Braakdown
Conmruction Wrmill [V il
120FNG 18 4,200 {185}
120FNE1EB #,200 | 185Gt
{EOFNO1S 3,700 {1461
200FN313 3,200 {(126)
Z00FNO1T 3,200 {126}

. 180FND29 2,750 {108}
I00FNOD 2,700 (108
J00FNO2E 2,700 {106
ADOFNOZ2 _ 2,200 {87
BOOFNTH ' 2,200 {871
Tomt Muthod

Avarsgs of n spacimans testad per ASTM D-148-82.
Fiot ahatts in air pisosd Betwaan %" {8 mm} dismater
bresa slsctrodes with Yo" [0.8 mm) edge radius sub-
jacted to 80 cycday AC voltegs. Rlsa |s B0 Vieec 1o the
begpkdmam “’H" -

General

Materisis

Kepton® Type HN and Type VI films are poly-
irniade polymers in the form of a film.

Kapeon® Type FN flim iz a combination of Type
HMN flim with Teflon® FEP fluorocarbon resio on
ooe or both sides.

Mamerial shall bs imiferm in composition and free

- from defects that impair servicesbility snd/or

appaarance ia proven applications.

U.8. Coras

Cores shall be of sufficient strength o prevent
coflapsing from handling. Standard core intemel
dinmeters (1.0} are nominally 37 and 6% (76 mm
and 152 mm) with the Following specifications:

Paper

3*(76 mm} 1.D. 3.032* +-0.008*
' ) (77.01 mm £ 0.2 mm)
6" (152 mm} LD, 6.028" £ 010"
- . (153.11 mm £ 0.25 mm)
Plastio '
e mm LD, 2.024" £ 0005
{7681 mm 0.1 mm)
&7 {152 mm) LD. 60417 £ 0.010"
{15344 mm + 025 mm)
Core material will be plastic for 3* (76 mm) LD,
cores Jess than %™ {16 mm) wide. .

Core material will be fiber for 3 (76 oym) LD.
cores wider than 34" ¢ 16 mm} end for 6% (152 mm)
LD. cares. A split 3 (76 mm} LD, fiber core is
standard for alf imivessal and Step-Pac™ rolls.

If theae cores are not suitsble, firther information
on other options may be obtained from your
DuPont High Pecformance Films representative.

Table B o
Shrinkage of Kepton® Type VN Polylmids Piim

Properly Valus Fim Thicknass, sl (i
Property 0S0(127] 1004  LMOMOS  300(E2) 6.00(127)
Shrinkege, %, MD and TD 0.0 0.10 010 ;10 .10
of 200°C (382l max. :
Toat Mathod

e

Tha parcont shrinkage obitainad for sither the MD or TD by using tha average bf thies measuremernts in sither
diractinn befors 2nd sfter conditioning, Temparsturs sxposure 200°C $2°C [392°F +3.8°F) far1 hr, Measure-
ments mtet ba made st the ssme tamperyturs snd humidity nonditione bafore mnd after conditioning. To

ansurs sample‘smblant squilibeivm before and sfber conditioning, Elm-nl shiould be M for 3 hr.

DUP 000123
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Wicth Tolaranca :
The maximum vuriation in film wiith from thet
specitied on the order shall be as Follows:

Slit Width Range Tolerance
13" 138 mm) of less HLOOE™ 180,13 mm)

147 o 4”38 mmto 102 mmy  £0,0307 18,76 mm)
a1 =112 mm;} HEDAF (1.5 mmy

Luxsmboury Supply .

Cores shall be of xulficient strength (o prevent
vollspsing lrom handling. Luxemboury sapplies pud
rolls in widths below 95" (240 rum and universal
wolnd ndls:

Stondurd core internal diameter for Lixembouarg
is ¥ (76 mm) (nominad 3* £0.008" |76 mm
0.2 mm)i.

Standdard cores for pad rolls 2 paper cores, exccplt
For widihs below %" (13 mm), where it will be
plastic,

Siandard universal: core length

287 10.087 {70 mm £2 mm} | split core)

Wide universal: core length

437 H2.08% (110 pwm £2 mm} (nap-split core}
A different put-up called Step-Pac™ is availuble

fram the U.5. Contoet your DuPoni High Perfor-
runce Films reprexentative for more informatiod.

Width Tolerance

. The maximum variatton in film width from that

sparified on the order shall be as follows:

Slit Wiith Range Toleramce
0.9* (22 mm) or léss 0.008" 00.20 mm)
Universal

6" (152 mm) or lese G016 (0,30 mm)
Pod rolls

9% (153 mm w 240 mmi 0047 (1,00 mm}
Pad ol .

Outside diameter tolerance: 20.4” (10 mm)

. Tabla :
Kepton® Podyimide Aim Specifiontions and Toleranose

Nowsimel -  Mm - = Min [T Min Mex DR
Aim mi) eyl - wiGE W Wi gwt - gt WD iy
0HN . BWOM - OMNl)  aMAI . Velih EfseH T4, Wy Ax) L rd:]
L pEEN. 0 0¥an MS{IEE . Ye[iB {13 110 11 om - 87
100HN 180254 OMS(208 - LISMSE V(AR B{it @7 - W7 ™ ne
200HN 200{50LN TS | ZAR ¥ At R {13 By 74 "] 138
MHN 13 Irim) 1A RN M la 513 e 1104 FL N 1,
RODMN st 4N E3s(e) ¥ 8 Nin 158 1925 i 31
BOVN LN 0.25 0 8) 06 { S0 ¥ .8 RN Wl 1| m -’y
100N 1508254 [T 1r T TR 1, F.] Yaliu RN |t »7 | Fr]
200VN 250 (50.5 1S L6{m3 Yuldni M sy - A £ 138
S00VN 2T b amm Aaamy Ya l4H| NI e 1154 A5 1
S0OVN S00{t2 &5 110 555 1) YaldH R O2M 1485 16026 i) 1.
1ZFNE1E 120004 Li0ima 140{0N ¥a l4H) sMimn na ma 104 N3
120°K8188 1.30880 120085 1B} ¥ (4H) M A4 o ] [
SFNOIE  VS0R0) 1SN LS Y (4 5] o1 1] .1 n 158
20FNAT1  2.00{B0N 1704432 10884 Vi (4.0) IR 713 1040 L") nt
M0FNE9 20010N 10430 220 4) Ve (4B oY na- 104.0 M 1n1
HOFN02% 23089 1882 275 (g3 8 Y= (48] M8 18] 1130 418 [11]
S00FNG  Ab0{TA 250900 AA0(NA) Ya 4B Mg 1110 “a0 n 80
SENDE  100{7MX 250000 404 Y (1K) HITIE MO uw n 1|
AN sy IS AEN{IM} Y4B “ing 1830 3D k1 55
MOFENIT s 27 A - 5EI{1AD Y (4B} Wiy 18 200 o] 47

*Aafaranca: ASTM O-374-B4, Mathar A, T, or D.

The ususd dimensions of pad rolla we 3° {3 mm| LD, &7 (152 mm) or ° {230 mm) cutside diamaier {0.0. for widths up to 4" (182
meml. ia Liscombyoprg, 152 rom, 1680 mm, 203 s, and 268 mn 0.0, rolls are avelebia. For wider relb, e ususl dimensions are §* 152
mowrtk 1D, > 5 (240 mwe) o 117 (260 mm} 0.0, For Univarsal and Stap-Pec™ rolla, the dmensions are 37 {3 mn} 15, < 8* {152 mm|, #*
{209 mm), or 12* (305 men} D.D. H thess dimenulone are not suitsbls, informetion on oihar aptions: i svaliable frem your DuPorit High
foriormance Fims technieal pr cuSTOMAar arvice rapresantsive, .




Roll Types
Kaopton® polyimide film is supplied in three types
of rolls; pad. universai. ond Step-Poac™! wind.

Fud Aol Spaciications
o Cpee width will be the film widih +4%*
{+3.2 mmk -0,
" » Core edges shall not project more than Yie”
“t 1.6 mm) bevond the roll face on either side,
‘s Core shali not be recessed on either xide,
+ The outside and storting ends of the film shall be
fassened in u munner to prevent unwirding.
» ~Dishing” ar “cupping”™ muy not exceed 4"
(1.6 num). measured with a straightedpe across
the diameter of the roll.

Univarsal and Step-Pac™ Rall Specifieations

+ The difference between the lengths of the pro-
Jecting coce on each side sholl not exevod ¥6"
1.8 mem).

* Film shull nod project from the main body of the
roll more than %™ (3.2 mm).

* The cutsde andm':mgmﬂsuf:h:ﬁlm shall be
fastened in 2 manmer to prevent unwinding.

* Roll face depression, the difference between the

higbest ond lowest points of the rall, umuund.,. .

shall not exceed 15" (4.8 mm]

Table 7 .
Asforance Gedde; Standard L-mth varsus
Aol G.D. IUE Supply}

: . - Roll 8.0,
Typ# I.-'lltl'l Roll I ComslD. B~ CorslD.
100NN 5000 ft 4 "
{'1.62E m) {2481 mml {79 mm)
10,000 ft 1™ 14~
{3,080 m) 270 mon} (35S M
200HN 2500 it ol 11"
(783 m) 24t mm} (279 mm)
E2DOHMN 1801 B 1™
a0 m) (241 mm} {Z78 mm)
SOOHMN 1,000 fi L1 11
(305 m) 241 mm) {278 mam)

Splices
Description
Three 1vpes of splice are yvailoble=.

= Mylar* polyester film-based yellow tope
{standord ).
« Kupton® pul;ﬂm:d: Eilm-based ape { speciul
requirements only),

* Heat seal splice, 127 ¢ 305 mum) or kess in wldlh
1Type FN|.

Splices will be centered on the Joint so £U"

145 mm). They will be smooth and wrinkle-free
1o avoid dm;mmn uf the udjncent fAim loyers in
the moll.

Tape Splices
Tape splices are standord on alf geuges of HN and
YN film and on g]l goarges of FN film mone than
127 (305 mm) wide.

Tape splices are mads with the.ban edges of the
film covered on both sides with pressure-sensitive
adhesive tape, Two-inch {30 mm) wide splicing
tape is wsed.

Heat Ssal Sploes

" QOwerlap beat seal splices ara made on 21l FN films,

except 250FNU29. with an overlp thet is & mini-
mam of %" (9.5 mm) wide.

On 250FND28, 2 batt splice is made using
120FN616 ak the joining tape applied on the FEP
surface. The bait splice is oricmed with the
120FN5616 mpe on the top of the film aa it unwinds
from-a universal put-up and on the bottom as it
unwinds fromapad. -

mmmmmmmmﬂe
are oriented with the leading sdge
ul'ummﬁlmuntlubmnfurmivmﬂmd
Stap-Fac™ put-upe. Pad put-npe of one- or toro-sikis
Pﬂmmhmthm;adn of the new

film oa the top.

DUP 000125
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Packeging and Hnriling _ . TeblE

Packaging Packege Marking
Kapen® polyimide film shull ke adequately packed *
10 prevent boss of contents or damage during Containgr _Peokegs Lahéi
“himn]_ Sehackiba Date X X X
. . . ! Customar Ordar Numbar X X |
All ﬁlilnl'ilmll be weappad with 4 non-flbrous DuPont Order Numbar X x oy I
Gnuge X x X
Marking Typq . X X S
Kapton™ is sdentifidd a5 shown InTable .10 ullow  Width x X X
complete traceabllity back to the row malerials and Number of Rolls Pﬂ'.
processing conditions. - Contalner X X
Armangements for speciul mirkings can be made Nt Welght X X
tsuch as purt or specification number). Consult with  Actual Foutage X
. your DuPem High Performance Filme technical or Miu Roll Number X X X
customer service represeniative for detuils. LD. and 0.0.** x X

Al porkuge marking information is available wuh *Affboad tn the cors on sl o, 2357 |57 mwl wide 1 svar.
bur code Iphels. INGHit ae weith O pacoliph 60 Bl & ok eka t4aN0 L2 B 1) mida

"= nacdl o Rumicdr of cark and somingl outsds diamaist of roll
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North America
mired Xiaies

' gul'mi High Performance Films

PO, Box

Route X3 South und DuPont Rood

Cireleville. OH 43113

Orkering lafirmaticn:

Tel: 18K D6T-3007

Product [nfomstion:

Tel: (Wi 1374357

Fax: (8001 8791

Canada

CoPont Canctita, Ine,

© P Baa 21[%. Sm%
¥ississaugs, Onturio, Car

15M 2HA

Ingiries: (K1S) 82150603
Custemer Service; (B00) 253-2142
Fux: (905 321-5230

Lutin Armerica

: Dummnentin

ML | s
ui, Arganting

Poin o= Busnos Aites e

Tel: 534 1-255-3435%

Fux: 23-1-31y=4351

Brazit .
EEPM de Brn;alﬁ

- 6454080, Alphaville
Bacuari. Sa0 Faglo
Tel: 55-] 1-421-A680
Fax: 35-1 1-121-8485

Mexico
DuPont 5.A. de C.V.
Homers 206

Fax: SH-T22-1370

Vaneruels :

DuPeont Venszusin

Edificin "Lox Feadles™

Calle In Gnariea

Lirbanjzation Chuso

CP 1060, Caracas, Yepanmin
Tel: 58.2.92-8%47

Fax: 58-2-91-3638

Europna

Dqummours

(Luxembourg 5.A.

Rue Généynl

L2984 Luxembourg

Grun® Duchy of Luxembourg
Ted: 352.3506.5575

Fax: 35230605000

Commun Independent States
[uFomt ce q{néuﬁ_n Iml. 5.4,

tive Office—Corporute
B. wkyv per, 137
10 Q4 Mimcow

Russia
Tel: 7-(95-956-1RH)
Fax: T-{95%-9%:- 2831

Dasrrchiand

DuPoat 4= Memours {Deuschlamt)
OmBH

DuPoot Scrolle |

D-1343 Bl Homburg val H.
Tel: 48-5172-07-20

Fax: 45-8172-37-2930

Frapee
Du:Pont de Memoars (France) S:A.
Z.A. de Courtaboeuf

3 Av. du Canade-—B P 85
P-91943 Les Ulis Cedex &

 Tel: 33169815476

Fox: 33-1-69-82 54 98

Bafant de Nemou (Italinnn) S.p A

14 Vi A Volta
=209 Moozrmes (M)
i

Fax: ¥ ’

Asla Pavifio

Jepan .
DuPont Kabushiki Karshe

Ao Tomer
#-1. Shimpmeguro | -chome
}u‘lﬂ]um—iiu. Tokya 133

| Tl 8(.3.8230.6139

Fax: K1-3-5431-6153

Hang Kong/("hine

DuPant China Lid.

F 122 New World Offwe Bldg.
Euxl Wi ’

Salizbury Howleon
Hang

Tel: $52-273-511

Fax: 452-2731 3117

India
DuPont Seuth AsiuLed
.'ém—.m Mndéun c
andru Kﬂ‘lﬂ ummr.rc:lnl ﬂ'l‘l.ll-hl.
Bundra {E
Bombay 400051
Indin
Tel; 91-22-5438253
Fax: 91-27-6438207

#7126, ‘I’-ui;.lm-dnn;. Kangnam-ku
Seool 133-082. Korea g

Tel: B2-2-222-9358

Fax: 82-2-223-5476

Duerrs,

ot Pte Lid.

| Mt
#G7-01 World Toade Carure
1] 059753

: 85-270-3434

Coatact DuPont on the Internet st www.dopost.com
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DuPont Films

| High Parformence Films

Teflon® FEP Film

RAuorscarkon Flln

SpecHiraiton Bulleun

TE2

Teflon FEP Fluorocarbon Fllm ‘I'Vpos A C C20andlL

introduction

This specification covers Teflon FEP fluorocarbon
fitm sokd by DuPont Electronicy.

Film types included in this specifieation mest
requirements of Muoracarbon Aim specifled by

ASTM D-3368 as foitows:

ASTM D-3363
Type 1 Teflon FEP Type A
Typell,Ornde !  Teflon FEP Type C |

. Typell,Grade2  Teflon FEP Type C-20
Type 111 Tefion FEP Type L

Whers minimum or maxirmm lolerances are given.
these represent limiting conditions approached by
only & small partien of e film. A majority of the
film will have properties falling within a range
naTrOWer than that specified,

Current product avallabllty i shown in Tabie 1,

Manufacturing

Material
Copolymer of tetrafluoroethylens and
bexafluoropropylens in the form of & Glm.

: :

The color of the film is uniform and ranges from
clear to mmanslucent depending on the thickness.

The materia] shall be uniform in appesrance and
shall be sufficiently free of contamination.

Shall be of sufficient strength to prevent collapsing
on handling. Sizes 3 in{76.2 mmy, or6in, (1524 -
man} 1D, should be specified on orders.

Ovrdder Tolerance
The tolerance for under or overrun on pounds
ordered it £10%.

Splices

Description
Splices for all gauges are butt type and are made
with yellow pressune sansitlve tape. Chne strip is

jnd to each side of the splice and shall be 2 In.
{50.8 mm)} wide for 200 pauge sl above and | in.
{23.4 man) wide for below 20} gaage.

Fraquaney
See Table 2,

Width .
The maximmm variation in fllm width from that

on the order varies with the gangr and
wicth of film and is showm in Tabla 4.

Thickness and Coverage
Thulurmthl:lmﬁulidﬁﬂmﬂnndbym:me—
ment of the averige weight of the film. Tha average
unic welght will meet the specifications as shown in
Table 3, Section A, In addition, no singhe point will
fall puzside the minimum and maximum thickness
as shown in Table 3, Section B. Point thickness Is
decermined through at least ton messurements
acroas the width of the film in accordance with

wrinkles, holes, scratches, and other imperfections ASTM D-374 Method A oc O
g0 &g to be functionally aeceptable, .
DANNEITS A pog, & DUP 000128
L




Packaging

Teflon Em is wound o 3 in, o1 & 0, coees and s
o erwTapped in polsain bene. The Glm i then
boxed o provent less ot contenis or damuge Juring
shipmeni. Exch contadiner is lobeled wilh DuPont
and custonmer’s name. purchuse vider namher, Gl

thickness, iy pe. mill rall mmber, and shippine date.

A lubel contining similar informarion is aiso
affixed o the care for roll widths 2'4 in. i 34 mm}
aried abive: For rolls dess than 214 in. (54 mme wide
ihe core lnbe! is in the package.

Assurance )
Statistivut sumpling lechnigues ane wed 16 wssure

spevified properties in the Tullowing wbles are met.

- Table 1
Avnilability of Teflon FEP Fluoroearbon Flim
Gauge
Tygs | 50 1M 200 300 500 VRO 1060 1600 2000 3000 5000 5000 12600 19000
A L} ] + » - L] L ] — + — — — —— —
C ¥ - » - L —_ — i —_ _ —_ _— —_— —_
C-Zﬂ ] L x - L} — — — — — — — — —
L — — — — - —_ » * * [ - [ & "
*Available
Nogn: Spasificetions mpply to geugsy and type svadnbhe s Indlcated.
Table 2 _
Muximum Aliowsble Splices/Aall
Typax: A, ¢, and C-20 Typa:l
Put-Up Felyy- Fx11°
- e o GIEE ‘Aall Roll
500 3 3
Gaugs B°00. <74 Myt 85T &'y~ ¥y n* 1000 —_ 3
af — - —_ — 3 L) 7 1800 —_ ]
100 2 2 3 £ 2 3 [l 2000 —_ 2
200 1 ] 2 3 1 F a2 200 — 2
200 1 1 2 a 1 2 3 S000 —_— 1
5D 1 1 2 3 1 2 3 2000 — 2__
750 1 1 2 3 1 2 3 '
— Nt Minl dist It
1008 _— — — — 1 1 3 ﬁ"u"n‘:;l”:f a ||irl:::lnd tha
2000 Ji _ —_ —_ 1 1 2 wnd or start of & sllt rall
—_— fl:r-m : :::t:nm 100 ft
Nots: MinkTwm divtance betwasn apRcas or betvessn » spiice and the and or start of r 10001,
it roN shall I 100 B0 1 for 2000, and 30041,
;wgm not 5y lngs tham i Far fisen under 2000 geuge and B3 it for 20 It For S00CL, and 14 f Tor

DDMNETEA No- 3
T .
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Table 3
Teflon FEP Fiim Thicknsss Tolsranca

I A B c
" nominal ! Avarage Thickness Singlw Area Puctor
Nominal Thickness | Unlt Wt {gmim?] Point Thickness* (2}
Gauge | {n) Nom Min Max | %Ver| Min Max Mom Min | “Max
Typme &, C. snd <20 * ,
&0 0.0006 gl 24858 30.01 | =10 | 0.,00025 | 000085 | 178,897 | 162.70 | 18E.87
e 0.0010 5458 45.10| 80402 | +10 | ©OOO70 | DODI3D | 2848 | 831.36 f5.43
200 0.0020 108.12 9820 ! 12003 | +10 | 0.0018) | 400250 a4.74’ | .47 48.72
00 0.0030 183,58 147311 190,05 | +10 | 0.0032% | 300375, 28.83 | 27.11 43,14
BOG 0.00e0 12 8h B30 291.00 &7 Q00400 | 4.00800| 1780 18.72 189.25
TG £.007% 405.20 | 300.5%| #3784 | &£F | 000822 |0.DOEFF| 1193 { 11.1B 1283
1000 0.0100 545.80 50740 | GE3.79 | £7 | D.0OBED | O.DVIRQ B85 B.ag a2
20 00200 | MW91.20 | 1914.82 | 118758 7 [ G017080 | 002300 4,47 4.18 48
Typs: L

500 0.0050 Ir2 80| 657 | 300.08 | 1D 0.0 0.0080| 17.B0 18.27 1588
1000 00010 B46.B0 | 48104 | 600.16| =10 00088 a.0115 R 4.3 594
1600 oAac1% g840| 738588 S00.24| =10 | D012 | 073 BAT 5.42 943
20006 020G 1091.20 | 982.08( 120032 | =10 00170 00230 447 | 408 197
apa) 0.0300 1538,50 | 1473.12 | 1800.48 [ 10 0.02B6 00348 2188 2.1 an
8000 0.0800 127380 | 3Baf. 24 | 3834 | £10 {0840 0.0580 1.38 1.38 1.6
B0 0.0200 4910.40 | 4419.58 | S401.441 £70 {1.0870 C.OBEd 0.89 0.80 1.10
12800 0.125 482000 | B4B0.00 | 718000 110 a4.108 0144 .72 n.os 0.14
18000 0.180 TOABS 00 | psABOD 1O8AT.00 | $10 a.181 0.218 0.47 D.43 0.4%

Du}:mnlnul bry using lowest and highest thickrwss resdinge of n maessursmaents croes the fllm per ASTh 0-374 Method A
o .

Table 4
Roll Width Tolsranos
Wah Width
Geuge 21K/l in. 1. Over § In.
B0 and 100 118 1116 +1/t8
200 through 400 21116 £I18 1418
500 through 1600 +1/18 32 =116
2000 116 11.4'_15 1118
Cvar 2000 14 +9/8 =14
Mo Yaristion In Tm wigkh ahst not excesd theasa Umite.
pUP 000130
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Tabla &

Property Value, Types A, C, C-20, L
Fiim Gauges
Proparty ’mimfmlxnﬂm 780 | 1000|1600 [200¢ | Muthod
Dislactric Strangth - 4000" 4000, 3500|3000} 2500 | 2000|1800 | 1500 {1300 | Avg. of 10 sampies tasted per
voltsfmd, AC i | ] ASTM D-146 Meihiod A. Flat
{ ! shgpwia in nir pleced betwaan
l 14" dlamater brass slectrodes
with 1/32" adge radium and
! . subjactad to B0 Hz A C. voltags
rizm gt 500 valts/sec. to tha
| braskdeuwn voltage.
Dialectric Constant, . AETM D-160. Asaul lm averags
{ar 25°C. 1000 Herz! 216 of b tagte using massured
Muximum aample thicknesa.
Dissipatlon Factor,
lat 2B:C, 1000 Hortz), 0003 ASTM D-1B0, sames x5 above,
Maximum
Yolume Amsistivity,
ohm-em, 8t 170°C, 1x 107 ASTM D-2B7.
Minirmusm
Surface Anaistivity,
ohm {garaqg.) at 23°C, 110%™
3% R.H., Minimum
. Tabla & :
Property Valuw, Types A, C, C-20
Film Gauges _
Propwrty 80 | 108| 200 | 300 | 500 | TEO | 1060 :3D00 | Method
Tanalln Strength, 2000 | 2500| 2900| 2500 ( 2500 | 26 | 2800 | 2800 | ASTM 0357 for £10 mil :
pai, 28:C mdnimum thickness. ASTM D538 for »>10 mil
thicknass. 2 ineh pic mdpute
o testing spaad,
Elongetion 41 Break, % | 175 | 200| a0 | 280 | 200 | 250 | 200 | 200 | Swme av above method,
Immirmum
Shrinkaga. % Avarsga of flve massursmsms on
{maxdmuemn st 200°C) : room termauratine sacmplre before
MO = | =5 | =5 | 22 ¥ [ =2 22 | 2 | and siter apah teet Epah mpeci-
™ 3B |5 |23 |2 2 | 2 2 | =2 | men & % i oty isponded In
an oven controlled o 200°C 21°C
Expasura tima 0.6 hourp
Comerntabliity {TypaC | 170 | 308 | 750 | 800 [ 2000 2000 | 3000 | — | Lisa DuPoni adhegive E50040
film oniy! Minimum on Aldine #1200 aluminum shest
poal strangth Ir gin 10,015 thigkc ). Fasl Test ot 180¢
of width angle m pasl rate 12 indmin.
Malt Temparatura
{Muiting Enrdotherm 200-250 ASTM D-3418 (DTA)
F“Hr =c -
Danelty igicm?), 23:C 2.13-217 ASTM D-11K6.
DUP DOO131
DIVNETEA No. 3



Table 7
Property Value, Typs L
Flim Gaupgas
Proparty 500 | 000 | 1504 | 2000 | 3000 | 8000 | 5000 | 12500 | Mathod
Tansila Strangth, pal, | 2500 | 2500 | 2%3G | 2504 | 2600 | 2500 | 2600 | 2500 | ASTM D-8E2 for 10 mil thicknoss.
-1 X M . ; AETM D838 for =10 mll thickneas.
2 ind min. testing speed.

Elnngnﬂun.. Y. 50| 180 | 280 ; 2% | 26G | 260 | 230 | 250 | Sammassbove methoc.
mRimum ] .
Shrinkmpe. % Avarspa of flve mbssuraments
{max at 200:C) on room tempersuny samales
MD #2022 12 | 22 | 26| x4 | 5 before anc aftsr anch tast. Each
TD HF 12 | 2 | £ | 4 | 4| 5 -]

spocirnam, 4* x " frenly
suspandad In an oven contrallad
ta Z00FC £1°C. Exposura tima
0.5 houra.

Malt Tamperature

|Mahing Endotherm 260280 ASTM D-3418 [DTA)
Pagk}, °C _
Cransity (giem®), 23°C 213217 ASTM D-1505,

DUP 000132
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Uinhed States Veneuein Ansiralis
DuPont High Ferformance Flims D Pont de Yenezuela C.A. D Pont ( Anstralie} Limined
PO.Bax 80 . Edificio ~Los Frailes” Nanhuide Gardens
Roxwte 23 Sough and DuPont Road Culle 1 Guarics 168 Walker Strast
Clrcleville. OH 43113 Urbanization Chuzo North-Sydney, NSW "{'.'Eﬂ
Ordering Informanion: CP 180, Caraces. Veneruela Ausralie

BO0-967-36017 58-3-92-6055 61-2-923-5111 _
Product [nformation: 5R-2 930442 Fux: 61-2-923-6011

- RO0L237-1187
. TO-5I8 Hang Kong/Ching
Fox: 300-8 : 5.,“3.;'.,'3' Du Pont China Limited
] ﬂml!!
Canada 7.0. Box 50 | Eamt Wing World Office Bldg.
DuPont Curada. Ine. 2. chemin du Pavillon sbury Road, Kowloon
Py, Box 2300, Srreetsville CH-121E Le Grand-Soconmex %:IE Kong
Mirsissuuga. Dntacio. Canadn Creneve. Switzerlnnd
852-734-9345%

LSM 2H3 41 1022) 717-5111 Fux: 852.724.4458
Tnguirigs: Fax: 41 1022} 717-5109

{416} B2 13953 Inilia
Customer Servics: 300-368-343 g;m; {Luxembourg) 5.A. Du Pont Far East nc. |
Fux: (416) 621-5230 #-_w Ly W ﬁnE;MShudu. Block A-6th Flaor
Latin America Fax: (352) 36-00-12 B gy mmion
Du Por Argentiga 8.A. ' Bombay 400 030
Av. Eduardo Madero. 1020 Asin Pacific Indke
CP 1105-Buenos Aines- Japan 009 1. 22444 2063172

Ca. Federal Du Pu1|_:t Inpan Lad. Fax: 00-91-22-6442986
13122011 . Bl w 1-chome m‘rﬂ"‘mm
Fox: AL 1-[ 1-1320 Meguro-kn, Tokyo 53

1 4/5th Flaor Asin Tower Blig.

o 54-1-311-9331 Marketing et #726, Yeoksm-dong,
Brazit B1-3-5434-6139 Kangnam-nu
Du Pori do Brasil 5.4, Customer Service: Seou] 135.082, Ko
Alameda Itapecuru, 506 B1-3-5434-5141 {822} 1225200
Alphaville, Barueci, SP Fax; 81-3-5434-6193 Fux: (822) 222 4T
SR e
Fax: 55-11-421-4051 Mt Sare Du Pont Taiwag Limmited
Muxico 07-01 Warld Trade Center [3th Floor, Hung Kuo Aldg.
Du Fort 5.A. da CV, Singaporm 0400 ;ﬂ%ﬂ“ﬁﬁﬂﬂﬂ
Homero 206 65-273.2244 pei. Taiwan
Col. Polaneo Fax: 65-2T2- 7494 EB6-2-7191999 |
Mexico, D.F, 11570 Fax: 886-2-7190852
005-250-90-33
P05-250-30-00
Fax; 905-250-38-43

Thainfoxmgationsn| (i hecar i b it oo dts b linved (oe peliabde, but e DuPoos Comvytey sl na wirripies exrss or (mplbed st acruracy
nad aerine) oo |Lahllicy arising out of Ha o by others. This putiticarion it ot to be ke 284 rene to opersie arder, or commendation o infrings.

ERY PAH.
c-umuummmmmwmummmwmhmm Forothir medical ipplicationa. sz "Dy Poot Madical

Catlon Borement.™ H-50191
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Information 23
Nomina! Constroction, Type FN ....... 23
Safoty and Hundling .-..riimeriine 23
Soldering and Hot Wire Stripping ...... 25 {
‘Welding and Flame Cutting .....ccvseune - 25
- Serap Dispossd 25
Flre Harands 25
Static Hlectricity 5
Kagios® v veed
appiontione
tha soder array and
Im tise Unitaal
FRACE progmm.
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mﬂhﬂﬂm
llﬂnﬂnitlﬂulﬂr

a vaciety of apploaticow
mmmdwnm
Hty excnfent physical, slecirical, ssd machent.-
oAl propecties over § wide Seynparainre range
T exmwned nevwy dewign snd application arees 10
plaatic fihna.

0 known ocganle #Sivants for fha flm.
Espion'® doas ot melt or bumn as it hes the
higheat U1 -5 finemmahitiy ¥-0. The
propecties of ot it o
be mad st both high md Low
oxiremes whore obhar organic
amierinly would not be fonctions,

Mnnlllﬂuhhldhlxw:ﬂ
iy melf wod (o metnle, variou peper types,
other fiima,

EKapaon® film cxn bo owed In 2
vziety of clectrical sad electronic inslstion
applisetions: wire snd cebls tapes, formad coll
insalation, suhetraics for fexible prinked
circuits, motor slot Hinexs, negnet wics inmle-

It s thix oombination of oeelul propertios st
temperature axtremes that makes Enplon® o

. miqoe ndoseris] meterial.

Three of describted in this
types of Enpion® am in

» Em‘ HH.lngﬂyhﬁﬂm.hll
hmundmﬂny t
lsmperstares [ ] _m

uﬂ-m-':m'cnm

"Yypa HN film can be buniuated, motailivnd,
penched, formed, or adbesive comied. It s
avatlsblo ws 7.5 pipa (0.3 mil), 12.5 um
.5 mil), 19 jom (075 mil), 25 pm (1 i),
gﬂﬂﬂmﬂmﬂmﬂ}-ﬂmﬂm

. Type
all of e propests dqu
" weaiishle as 128 ym 9.5 i), 19

{0.75 mil}, 25 saaa (1 i), 50 pn (2 mil),
75 e (3 mil), mad 125 pm (3 woil) fbm.
+ Empton® PN, a‘Type HN fThn conied
mmum:ﬂh'iﬂ'm
ility, provides a molstors berzier, mt
anivtoces chenrical resistecs. Type FN i
sooadlphle In 5 nomber of combirmtions of
ind Tellon® FHP thicknesses

polyireide
{soo Twhiv 16).
Noke: In addition to these trroe. types of
Eapio®, fllns ore xvalisbin with the follovr-
ing alixlinsies:
« antinbet
+ fharmally oonduoolive
+ palyimides for fine Bne cincnitry
+ cryopenic inmleion
* oorona resistant
» pigmentid for oolor
conformable

» other filme tailared to mont custboaaes’
nwle

Dats for thews s are covesed in saprxie
prodoot bulleting, which can be obiained from
your DuFont reprasentative.

The Chamical Abstracts Service Reginry
Namber for Kapton® polyimids fm in

25036-33-T].
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Pl ud Thernnicl Propstin

Physical and Thermal Properties

Kaptor® polylmide filmy retaln their physical — Compleie dete e not sveflshie st thoss

ovexr 3 wide tempecsinre cuige, They  exiroma condfition, and te of techmi-
ve bean e jo fsld applications wheee the ¢l data In fhds pection falls in the
savironmental tsmpessberes wer an low as A (73 0 392°F) e,
~269°C (—452°F) and 1 high a3 400°C (152°F).

Table 1
deWWHIﬂMIWHM.

Valoa at

Pivpolend Penpyrty , - NPT [N Toot Wsthed
Usirnate Tanalie Strdgth, Mes (ol DN VNN ASTM DB, Mathod A*
Wiaki Paint st 2%, AMPs (pal] 0 {10,000 41 HOb AETM D-383-51
Biress io Prodecs Pk Blangesion, WP ipel) 00 LTA.00 o1 000 ASTM D-8E3-01
Uhivesste Elcnoution, % yr ] ;] ABTM D-B85-51
Tasufls Modulue, GPs {pell 1500000 20000000 ABTM D39
impant Berangsh, Mam (b TS .88} DuPont Fnewnatio impect Test
Foiding Endursnos {MIT), syniss 22800 AETM D-1T78-89
Toar Btreapth—Propugeiing [Elsmndorf), M (bl 007 am AETM D-0022-09
Toor Brangth—initial tGravas), M BN 7ans ANTH D-1004-00
Dursity. gien pr géml 1.0 AFTW D-1505-90
Cnsffislant of Friotion—inatis [Fiim-to-Fim} 02 AETM D-104-00
CosfMalent of Friotion=—Stat: {Mlim--E i} [T ABTM D-3b -0
Pafracthes ki (Bodium D Linsd 138 ASTM D-B43-00

Polsr's Rutio 0 Aevg. Thiw
longated st K. 7, 10%

Lenw Temparatues: Mo Ll Posn A Th B0 Alethedd 2818

S 3 W IO {1 o B L e Bepratio W st 4 bk Jawr Bpead: I mesiein lmm—m-ﬁ
rmlln mivength and slongaiion massured ot bresk.

Table 2
Thamal Properties of Kapton® Type 00 HM Fiins, 26 pm |1 mil}

Thamasl Mraparty Tynlml Volau Taat Canclition Tt Minthasl
Meling Point Nome Nona AETM E-Thd-BE | 1800)
Tharmal CosfSalent of 20 ppayC 14w G ASTM D-m8-61
] 1 ppmF] (¥ 1 100"
Covffichent of Theevml Corluativity, ‘ ASTM F435.17 (10877
Hh-ld - a2 K

omaC 1.B7 w 1! - o
Spacifis Hewt, LK (oslig-"Ch 1,00 {03813 Diffswential Calorimetry
Pasmabifty L edind LiL-8 {3-8-85)
Shwinkags, % 017 0 roiin wt 1R0°C IPC ToA BB, Mathod 32044,

13 1 min st NIC ABTM D-E314-81
Hunt Baalability Not Hest Baalabis
Limiting Chicypen ladex, % x AT D-2ORS-H7
Solder Float Pt IPE T B0, Marthod 2.4.134
Smoks Ganeration DM = <1 MBE
Smola Chamba NFPA-Z0

Gl Tranuition Temparmun {T,) A o] o trasattion oocurs In Kttt hitwes BOTC: (080°F) nad 410°C 'R}
wracl i psarnaed e bn i phane trowsllRnE Wi, DSyt Ykl ATl
wcinigmes prosiucy different nksuits mithin the shovs bespenches g
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s M Aps Towt
Property Nml  Exlk Gul Buf Wit
Uncirmate Torwiis Birangth, My ) o m T ABFTMD-NIN

(ol R0 DY CRARION AN
Uirimats Elongufion, % 7 n " ” ABTM D-862-9%
Toar Btrangth—Fropageting fimendorfl, M___ 0.07 an 3% O  ASTMD M
Tuar Swwngth~inkial {Gsaven, N 72 3 =3 440 ASTMD-10M-N0
Pubiing Endusayms ST} x WP ypolet ) .2 L] [ ] ANTM: D-21T-G
Dwneby.pocergnl 1.2 1 142 A2 ASTID-1D0S-R0
Pearrasbilly B0 i T T T
30 min s 1P (OPA [T 009 (T (T IPC TM o0

Shriminge, %,
Limiing Coypen Index, % = o o 45 ASTM Daseauy

Proguty e ...
Uitknabe Toralle Strangth, P {pall

I (TN 27 [0N00) 1 {21,500 200 (29,000)

200°C (T} T iT7,e00} 08 {1,008} 19 (17,000 ‘
Yialt Print a1 3%, MPx {pell

ad i) 41 (30D} i () i (o

X0C T, A2 gl {1 YN E X
Srne ot PG Bengtion. MNP i}

b a-lt gz 70 (1L 5 b, BODy M 111,000

2orC F 53 DN &1 teany &8 [FODD)
LAtmmtm %

ll'l:{l'lﬂm ™ 70 o

NG R T B i) 110
Termlis Mioduhie, CiMe (pel

TR L& (0,000 LM (30,000 153 D000

G BE3'F 1.2 CEmO0 1.+ {908.D00) 135 L0000
mwumm

N-owm = m and i.a1) BAE (118}
Taar Brength—Propagsting (Emendiorf),

) - 0.0 0.07) 447 t8.11) 05T {L1%)
Toar Barmnpth—imital (Graess). W (oD 118 ) - 1.8 28] L By
Porbyirmiole, withh [ ] L]

R, wii . n 43 w
D!nllr..!hlr!hll. 1.5 147 107

*Tubi rvpiiiabils for Thiske 4wl Hha i s o Tishie 1.

*"Hasyms 5 musher of asrnibinaiiers: of pelyimics Ses e Tatrioirbod adviing sl yp 0 th s okt i b Sy 18
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roaches & maxhmem value
at shont 300 (ST0°F). Other fansiim, sach ms
Imyidicy, fim thickness, and woosile

o, waes fioond 10 have oaly o .
offact (u the shape of the 23°%C (73'F) corve.
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: ZI mm wlecwical properties of relative huenidity. The sffoct of stwh factors an
fim of veriom gaogee hoenidity, enperatore, and frequency on thess
b ahowa in Tables € wad 7. Thows values basic values can be fouad jo Talle § md

Shore momred &t 23°C (T3°F) and 50% Figurs 11~13,

ablp 7
memmmmmw

[ Typlaal Valus Tent Conitian Tost Misthod
DivlmbisBiomgtd o Vm(Nimml  (mEl WH AT D19
- Fgpm (1l ") m W4 in alectrodes
o £ il 2 0 Ve e -
% i 3 mil ] ]
T o & mil) " [
Dislaniiv Qevatant 1k AGTM D-B-E2
25 g 11 mill 14
Imgnﬂ 34
T8 pm &2 mil) 1§
15 gm {5 willl 15
W 1 ASTM D102
m [t ml) o0
'ﬂ,":E"" S00m
umlm 00028
Volsmaliealnivity Oam AETM D391
25 (1 mil LWExWE -
N 2 il 155 W7
i um £ mil 14 x W2
1 pm 5 mill L8 % W*
Tabis 8 '
Typlon| Sleowics! Proparties of Kapton* Type P Mim
[ r— oeriste Ty E
_ Uinlnctric Strength, Viam fVimil 272 M80o} ' w7 006 107 (000N
Dialsatrie Constant 2 7 a0
Dhesipation Feotor 0.0 0o 0.0013
Yaluma Realetivity. - *
I. ut 20°C (TI'E ﬂ-': yFL 25 x 10 13w 107
o ot TG (NTT) - 4% WM L8 x 10V A7 xIM

T o0843
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Eifect of Tomporatwrs
Az M-17 n  excollent room lomparstare slaotricaf propertice
w’hﬂ'ﬂ -lmmm wmm of Klltl'pm filn.

Figure 14.  AD Disleciric Strangth ve. Temperaturs, Typs HN Fim, 35 pan (5 ol
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The effect of freyency o the vilses of the and 19 for Type HN film, 25 pum {1 o), awd in
dclectric constint snd disslpmtion factor at Figures 38 snd 21 for HN, 125 pim (5 mil).
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Liks afl argenic materials, Kepton® i atincked  apecific applicstions wheee 2 coronm may- be
ulmm-ﬂm”ﬁﬂd prescot.
R T e
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" Ghemlcal Properties
chaoyical propestios of Kaplon® The chemioal propeties of VN il
iﬂmﬂrumgimh'l‘ﬂl-lﬂml. dmﬂrmhﬂfmlﬂm =

' Tabls 10
Chemical Propartiss of Kapton® Typs HN Ptim, 26 pm {1 mil)

Typiud Vilus
Tiamlle Teat Tast
Property Wotaiosd, & Rerwioed, % Conditlon Suthed
lowon! Fopliiits .
m&dﬂ . ] -] 10 min ot 2 C MG Thi-iu1)
oo R
I N Sodhemn Hydresids [ u
AngnNoslsiere Mommulrient WC Thi-ED
Mathod 201
PrIFr— 1.8% Typae HN and W LT Y T e p—
0% Typaa HN s VN inmemsion for
4 h ot 2°CT3F)
o
2T pomi RH 2FC 0P, 20-BPK RH
Parmanhlivy . '
S rd vt B4 P
o e ml';ﬂm ICFL AN RH ABTM D-1454-53 {108
ke a5 =
80
o L)
Vpar o2 h) pﬂﬂ’l‘:‘ﬂm ASTM E-08.62
Winter E T |

Fropwriy TR ) SNOFNGT
Molstiry % '
nIc % 11 oe "t
- 28 % 1.2
Walsr Vighor w
oAl h) ne 0.8 2.4
oX190 k.34 hj 118 LT o.m
T 0010249
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Kapton?® Film Type Information

Tabile 16
Type snd Thickinass
Nominel Thickemsy Joun Fonnies

Trpa (] ml mifky e
N TA -%.3 = L]
oHN 127 0.8 [ ) m
TEHN 11 [ B E 1
T00HM . ¥ 1.0 = ™
JO0HM [, T 20 4 -]
H0HN T2 ¥ a2 Fi
SEOHN ‘107 BN . BN Fid
ROV - 127 1 ] .} r
TN 11 oTE ET 181
HOWYN 54 1% -] a
200 0.8 -1 " [ ]
200V T2 18 - - [ 1
VM 17 | 1. [ 1 1 g
TN M. 1% n 190
120MNa 18 - T 12 n 104
1RFEeR o1 1.3 1“4 [
1T =1 15 " Fid
00NN T [ 1) - 1 [
HORER ) 24 hi B4
TROFNLY = 1.1 19 - ]
200011 2 14 [.T1] =
NG ™RE a0 T »
400N0EY i L0 a8 r
400MN0N1 wia T &1 ]
NN 1z (1] &7 -]
SOoENGE1 14 B0 43 »n

In the Kapton® Type FN order cade of theee {0.1 mil). Example: LXIFNGIS i 2 120-gauge
digite, the middle digit mpresents the nominal ~ siructors consiating of x 25.4 um (1 mil) bass
thickmens of the bags Eppprn®™ fu mils. The first  film with 0 2.54 pm (0.1 ooil) coating of

] fied digirs represont the noninel thickness  Teflan®™ on each side. Mostroed in Table 16
of the vosting of Teflon® FEP Sinoropolymer am mervorsl exaoples of the many fflm (ypes
roain i mxily, The symbxd 9 ix wed 0 pepresant — avallable.

. 1.7 ym (0.5 mil) and £ to ropresent 2.34 pm
Tabls 18
Type PN FRim Constructions
- Cormeroaion
- =P HN [ of
Tyor pm  mR miad mi L o
TR0 127 (T 17 B0
1MW 254 4R md 140 254 B.10
L] 127 4% 127 .00 ™7 0.0
L gL mi 1.00 117 .50
200FHO0TY ¥ 1.00 =i 180
200FhT10 iy ox M4 10 1n7 0.50
PPN 504 00 1T 050
M00ENOE] wa ET-] 284 1.00
00FHOES 121 0S50 GLE 200 [F X 0.50
10DFNDIZ 508 2.00 T 200
ADOFHDEN @A 400 254 108
FOOFN13 254 100 6.2 n.og 264 1.00
BOOFNDE 1 Fid £00 1. 1.00
23 : T DO10851
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Safety and H-ndllnq

Safe hendfing of Typs HN ad VI Kapioa®
palyimide filss af Bigh nporatares requires
adacyate veruligion, e sgeirceenty
of OSHA (29 CFR 1910 will provide
adequale vemtiiation, I seall quaniitien of
EKapiow® we frvolvedd, s i ofion the osse,
acmmsl air cirouletion wiH be afl thet i neednd

kil SO

other elactroric equipmeot. In
muwﬂ::lﬂ:lmﬁu
fabricating procedare, . n Jawtnd
dauﬂ.hmhu-mm
opurations rerely modoos cIF-gRee 1 be of
toxioological slgaificance.

and Fleene Cutting
welding arcs and torchas

bypas

tharafiore, 1t in hest o resncrve all such parts -
from 10 be welded. Whers revaorel
in not possihle, such sz fn or omiting
couted pans, mechasical should be
provided. Becsnse Espion® can be wsed & very
high emperstures, parts made from i may
mrvive af loostiona close to ths pabet of dimct

in-place welding
can be doss. Becanss the quantity of
mmummmu—m
lll],nnﬂhluuuqm

"flame oontant. Thaas, some

thoss for normal welding wotk. Becaums of the
possiblity of inndversnt overhesting, the o
of a amall fan o elaphart-trmk exhmest is

muhlﬂ Cue shousld te txkan to

mnoks o fumes from sy
ﬂm.lmlqlm‘k o difficodt to bom, &
is olisx bewt to diaposs of scoap fim i a

Fire Hazarda

Whether I or nge, Kypion® is walikely
& od v hhwmn;hﬂt
mmmmm

In the evert of fire, peryonns]
shoold e & freeh o

types of chemsioul
l'H!:u
of waiex sleg 1Ny
guish a five,

Stutle Elnatricity

Tie of Xapioo® can gexmente 4
strong atstio churgs. Usless this charge is bled -
off ma it forms by vaing losiving radiation or
tineel, it can nwwdwhh
and dechyrys 10 people or metal aquipment.
dast- or solvent-laden wir, & Bash fire or epio-
sion could rosnil. Precantions for siatic cherges
shonld also be taken when removing plastic

fitma ssed as profoctive puiging for Kaphm®.

Por additiceosl toforation 1sery should refiee
ta the bufletin “Eapton® Polytmide Fiim—
Producs of Decomposition™ (H-16511).
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High Performancs Films .

DuPont FEP

fisorooarbes iy —
Types A, C, C-20, and L

introduotion
This specification covens FEP flworoosrbon fikn
ackd by DuPant Fitms,

FEP Type A
FEP Type C

Typel
Type I, Geadle 1
Type II, Giendde 2 PEP Typo C-20
Typell FEP Type L

Whate toiizntm or maxioesm, tolecaioos o i
thesws ropresent Emiting condition
anly » sl portion of the ftm. A
fiita will have propeetizs falling within n range

Corront product wvallsbility 1s shown i Tallds 1

Manufacthing --
Copolymer of totwfisoroedylans and
hexaftuoropropylane in the form of & film,

Colfor
The coloe of the fitm in wafform and renges foven
cloar to teanalnoent dopanding on the thickness,

Defacts

The material shall be nolfeayp in sppesrance and
shell be sificiently free of contanmnation,
wrinkiee, holeq, seratehen, and other imperfections
20 8 b0 be funetionally acceptabla,

Teflon™in 2 rogistwed iiarsar’; of Colfoot,

I

S

">

oot By Hoeags

Corse

Shall be of sufficlant steength te provent collapsing
an Sixze 3 In (A5.2 mm) or 510 (152.4 mm)
iD, e spocified o ordes.

Ovder Tolerance
The wienes for under or overm on potmds
ondared s 3+10%.

Spiioss

Duscription :

Sphices for all ganges o butt type and s

with yellow pressons-assitive tape. Ome strip

Whﬂﬂdhq&olﬂﬁlh!h
men) wide for 200 gaoge and sbove and 110

(254 mm) wide fox below 200 gauge.

Fregquanoy
Seo Tabin 2.

s shown in Talkle 3, Ssotion B, Poixt thivknesy is

determinad throogh af least ten messarements
Across the width of the fibm in acoordanee with
ASTM D-374 Method A or C,

Wicith

The meximnm varisticn in fim width from Bt
required on. the order varies with the gsage and
width of ilm and s shown in Table £

TI 0040835
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A | [

Jorrege Thilnlores Singhs
Mecina [T Ut Palut Thickess* | Arew Paoter, W/l
Geage - ™ Mom | BMEw. | Stex. [%Ver.| WBm. | Max | Moo | M | Biex
Typex A, T, and O
-] 08005 | 2728 | 2485| 35003 { 410 |C.00050 | 0.00BGE | TTRE7 | WO | 1HOA7
w0 o0t | sams | 0| #0002 | 210 §0.00070 [ 000130 | 5849 | 8138 | 9049
7 80017 | BEas | Beez| wmas | 410 [0.00430 |0.00220 | B1.44 | 4am0 | B838
pir ) Doms | 10812 | SE20| 12008 | 210 | 000160 | 000280 | 4474 | doa7 | 472
200 0.0030 [ %69.00 | 14731 18008 | 210 |0.0022m |A00KE | 20EE | 1711 | 3314
500 D.0050 | 27280 | 282¥0| 20100 | &7 | 000600 [000000 | 1790 | 1672 | 020
758 08078 | anean { 200ME| £378d | 7 |om0822 (000877 | 1793 | 1195 | e
008 MO180 } sk | s0240) 3370 | &7 |omomSO [001EC| ess | B | o2
2000 po2a |100v90 | wviae|1wErEe | & |o0tred (002308 | 447 | 498 | 48
Typl ] .
800 00080 | 27280| 24852 300.08) 10 | 00040 | WO0AG | 1790 [. 187 | 13.30
1000 00010 | saEn0] 49104| S00.96| 390 | 0.00BE | 001G | BBE | B1Z2 | 9.4
1500 00035 | S104D| 78BS opoxd| 4% {o0ntm | GOV | BE7 | B | A
2000 00200 | 1001.20| SELOB! 120031 £ | 00170 | O0EM | A&7 | A00 | AW
3008 - 0800 | vSsAa0 | 147AY2| 1D00LE| 10 { O02EE | OOME | 208 | 271 | &M
i 0.0400 | 24E520| 2200088 2700.72| 410 | 4.0083 | O.08H 108 5 | 2
8000 COBOD | SX7280| 20dA2i| 3800.34| 270 J 008540 | OOBNE | 140 | 138 | 108
7500 0.07SD | 408200 | BORI9| 4801207 210 | O.0638 | OOME | 1M | 17 | 1R
9000 0.0000 | 4910.4G | 441996 | BasvL44| 210 [ 00810 { 00900 | ONO | 080 | 110
12800 0.425 | 080000 | Ss00.08 | 7100.00| 210 | 0108 | 0144 0Tz | o008 | 078
15000 0.790 |1o308.00 | 988500 [10BELE0| 10 | 6181 | 02 047 | 048 | 040

Table d
Roll Width Tolerancs, In
'Wab Width, In
H 1§ 1/2=-18/ 1= Owir 5
o and $00 = 1116 +1Ma =18
200 twough 400 *1H8 =110 +ina
300 through 1500 +ihé +152 i 1Md
2000 M8 X118 T1Aa
Ohvar 2000 =18 +18 F3 ]
Newn Varistion in f8m width shall not sucsed thees Kmiks.
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Tormlle Scrength, mrmmmum 2500 [ 29001 2000 | ABTIM D92 for %0 mil thickiiees.
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DuPont Films

High Parformance Flls

Teflon® FEP

Hmracarhon fil

Techniques for Fabricating Teflon® FEP

introduotion
Tafloc® FEP fnorocarbon film offers the ommmnd-
ing propertien of Talios® in 2 ocoovenient, mey-to-
e form. The im Iy emd “m= reosived” na
mumber of Howew, in pamy in-
sismoes, tho flm sowet be fubeicoated o » prodect
suitahile for u specific mmmh
weould be:
mumum-mmh
fegibis peinted circoits

» Sealing the filn io prodeos & bag or powch

- » Mot bonding the film to & motx] sabetrate

* Using the Ml gs » 2oekt ndhosive to bond two
ploose of copper tubing

» Aheelve bonding the filn o vinyl sheeting
(aminating)

wuﬂnmmm
such a» corrosion-coalstant letwars (Tomnels,

beaknn, ¢12.) -
mmmmum
mmmwwﬁu'rr
folowing sopics will be covored:
+ Heat sealing
+ Heat bonding
» Tuflon® FEP fiim w an adbhuslve
s Adbesive lsmimating
+ Mstellizing
* Tharmoforming

Nots tet all of the Inflorstion in this brochers &y
celatnd 9o techmiques for e fahrieafion of Teflox®

FEP s, The .
FFA im are -mhﬁuahww

ﬁ-ﬂumnhﬂuﬂubﬁhd
thesy Hime, Tuflon® FFA fikm mels sbowt 28-42°C
(50-75°F) fimen Toflon® FEP, In a2l pacae-
Jures roquiring the fiim 10 be in dw formahlc or
mmaliod stade, componsins shoold bo
modifiad . Procadures pot requiving the
Talloa® PEA filom 1o be focmable or meelind would
be the samw as for Teflon® FEF filow,

Heat Sealing Principles

I meny sroaq of appllogiion, the Boat sonlshility
of Tetion® PEP ficaroonibon fihm will be of huserost
w u ssathod of Sabxiontion. This section dlcames
vome of the methods that mxy be eaxploysd o ob-
tain hest asale with Types A and L fiims.

. Genersl

Telkm® FEP film may be beat scaled by

mathod that heets tha coxtacting sorfaces of the
filn sbowe the melt tempatnre of the polymer
snd, of the same time, provides inthmaie cottot of
thoss srfacex,

A forion heat saal of Teflon® FEP film fs & noc-
pecling type of scal, and a wide seal arca is not
necessary. Botter seals with minimom
distortion sxd puckezing of the film me obtsined

T so10881
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Figure 3 llizstrates the conwidecshie alfect haating
bt bars ve. one bar of $he sraler has wpon the
ip for cbmining a fasion

koot weal. For =t (G40°F), it roquives
ouly 2 seo with two hers hested ©© cbizin a fosion
et soal with 10-mi fFiw, wiile with only ons
hosted bar, B.1 soc sve pegnized at this

, it should pauire Sour times e loag
by et the Flne ivsirfiaces b the Beslon fempesatoce
from cue wids as it ehould frota ot sides.
Howevey, lncibug perfact menlafioe. heat lossss
to the serroundings and nabweted bar imcranee this

Figures 4 and § summurize the data cbtsined for
houted bar sealing of Tollon® FHE Bnorocmbon
fln. 4 iz for oo when both bery e hoetod;
Figure 5 when anly one bec is hantes! s the otfer
ans in inenleted. In both fgueos, e sslsction of «
time combination sbove the
indionind cyrve for a pecticelar geage filn will
Eiﬂlfﬂﬂmhﬂlﬂﬂlmw

In petxal, 2 selection of concitions just slighdly in
rxcess of the minimam indioated comditions shonkd
ove mort setdefactory. This should minimirs
Mﬂm:iﬂuﬂhm“nf
ummm
tmperstzre-dwell

Effect of Ganise on Hest Bsale
Figers § indicates the haat seul strength obtxinshls

with the varions of Tefloo® FEP film.
Bocansa n Him fosion hewt seal dons |
hﬁndﬂnmﬁulﬂ—ﬁnﬂmﬁlﬁmﬂh
tha sealed arse, In goacml, “Hq::ﬂmlly '
Mﬂﬂlnﬂhuqﬁ.mﬁ
of the virgin film.

Tt 0010803
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-mphn}dhhqmlummﬂumdhwu Inert Gas Supply snd Fremnre Regalsior to
the: soul acew, whils the renmindec of the filbn e i mﬁﬂmuh#ﬂhﬂu‘
nm.ﬁ.ﬂﬂpﬂedmmﬂ

'h'umudml.

Cloening cainot be Al prrincen,
Euowtration B. I'Hll'lﬂh_]ﬂ'lﬁllll r s mnd daath fior

» Tha jobxt st be oopt in aliponé dutiag
wmumuﬂ:ﬁm
with & echnnan root gap of

Walding

1) Stexthot gas weldor st M3°C (650°F).

Z) Prohewt sixstimg ecige of joixt material sad rod

wdwmmd Wifil hoth e beocens siighity

s awareaces of svailable wooks apd tucky, Hold welding fig alxat 3 in from weld

gonaral wekiing

Publionsions about wekding md fabeiosting thermo- ) C8 o ond of the welding rod st a 457 angle,
siaberiale additiomal hold it ot & 50* to the jolnt, and mbwe it

plastic siakecisle may pires 40 80 xad down o ona wollL B sk o

the base coothmous

Bafety slight nobfors wetion of the torch batweon

Twllost® FEF finomaubon rosin xsy wadacgo somme sheot s rod ix required (e stendund Perdy-

Mﬂﬂmm Inm Techaigme wmd by the indusiry).

veptiletion 4) Bolfing the rod st a 45° angle with tho baso

umy bo necesimy i some unavoidable anclosed utmsmmmm'mmd

Epeoca, the rod. Soo skeich below.

Parther dotails llﬁl;rd'l'ﬁli"mnﬂn ) :

apy copiinod in the mmmm

Welding Rods should be extraded virgio Teflon®
FEP plastic, normally round, solid, and free of voids
li?;llﬂmﬂlﬂﬂdﬁhlﬂllm
of Huln

Heated Welding Gua with st least

Ehctrhﬂ;:

750-W heating clermnt cupuble of prodocing an afr
temperatare of at lemt 427°C (B0OF) when mea-
suredt at & distance of ¥ in from the instmllod tip,

DIVNETEA Mo, 3
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Uiirasonio Saaling '

Taflon® PEP flscpnearbon filea mey be alreori-
nly-ﬂudﬂlﬂ-imdw%ﬁlh
ulirasoniic sesczobly wvost siart analyals of the

pist eive, shapo, and strectnes &> dstanmine case of
mwiching the siirasnlc Moling Sor efficlant teanafer
of the monic vitwation withont emeryy Jorase,
Misersanior® is one essnfactrrer of sgnigenent

that elfective in
bus boom clfctre o skrasccically sesing

Heat Bonding .

Taffor® FER Phuywoosrbon Fliim to
Varioss Sobetrates :
Taflon™ FEP faoeocsrbon filn is melt processible.
Thernfiwe, it can be hewt bonded 10 many sbetraies

{0.g., mntulls, ocloth, st other high-maporstare
wydarinds) adhwalves, In tis way, the

oo sdds sirngth end rigidity to the FHP fim,
ldﬁ-mhwhlmpﬂum
mmamuﬂmug:cﬂh
be Boxxding is acoorrmlishad shove: the
mwdmwm'c
IS20°F]. .
Good boading to sy stbeteeie reqoires ixtimets
surface ocutaet betwnsn the wobstrae wod the FEP

fiim. The: mokhen FEP st flow issio the ssbstrate's
soufnce. The: mabetrate mynst be: froe fom serfnce
coteminants,

Swrface Trextmneat of Metals
Tolkm® FAP is quite viscous 1n the meit, which omn

"Idastrarmicy, Clcanger, IN
4 Awnllobly frown the Dulont Cotspary

scale, » metel's spfinos be ke & moontein ngs.
Thewe surfinos roughssing trostments inorease the
disance botooen poslos or wideg the valleys, Thas
the sarfince is 1o s visoous Bow of the
molen FRP, intittwnte: comtuct. The
incenssed mxfiace ares sleo enbances bond sirmgth.
Tiezo teclmicquos wsmily remove loose oxddes,
which, slthongh tisry xmy basd 1o the FEP, heve
poox bond %0 the saenl iteelf, My metale
o procesewd oilly Swbriosnts, For this resscn,
hhﬂahhhﬂu}l—:ﬁnwﬁuﬁ-
vonin, Cartein mystels {copper in perticale) mpi
foom oxides o the mm
banding. The nas of sufacn-tremsod coppo -
racormmmended.

Some maserials, wuch se sickel, gold, st Sumirem,
do aot yisld strony bands wo AFEPiilm at
Epatatttes tuder 310°C . Horwewer,

Typo CFEP il doee prodeoe good bond in thet
teppeimiyre ange. Indeed, a fow msiedials will not
hand st all 10 A film, bet bhond well o the

C murface, It is also bendl C
Eﬁm”hm::lm?gm.
Typloal plaica peass conditicps ] subexsie
trenimeents o given in Tolkls 1,

Taflon® FEP Fioorocarbon
Digpersion Priming of Metals
Mxterials suok & winiiess stcol or vory thin Foils
sy mot respond o or chamical
siching. Excolient et bo obimimed by
wach serfares ﬁlﬂml

Tellex® FEF finonocasbon Whan
wing the primens, the following provedores ae
rocommeadied:

i . oosting of a mixiwy of 50%
Mﬁdmmm
sion F120" on the cloen motel serfisce,

A Mﬂﬁﬁmtlﬂmu mC
(N0°F) o 5-1 depanSing npon the mas
of motal rvalved,

3, Laumiosin Toflon® FEP fAxaroceshon film to
mimed warface st 208°C (350°F). :

TI 0040887
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Teflon® FEP Fluorocarbon Fiim as
an Adheelve
Taflon® FEP fworocachon film is éhooght of ewnally
o  relonss or smtiatick materiel, & 19 thougle of

&8 AD it Trowm, weldich
varions and

pacforrasnoe in all theas of fanes areas is oqoally

%ﬂfﬁlhmmﬂn

aidhesive Ry bosfing meny esterisis—meials and
nomneinlics ae well

Fow adiwaives can hhﬂmd
tamporsiaree

vizacteres sxltnble for sorvics in epplications whes

#m may 2ot be aqoal 1o e tuk.

i is & flexible adhesive et pemits
Jaminated stractwres to be post-ormed. It o tha idesl on
adhealfve for Tallon® TPE and prodeces strong
bomds botwees two saxfisces of PTFE or betwosa
PIFE xod othar sebetrates that omn witheiax]
#mmmmm
fitm o, ﬂﬂ:_?mmh

o I
from Y4-190 sall, Toflon® fils fs sverw cosreanient ia
bandling and storing thes many other adhoalves.

Adbsslve Larninating
Tedkn® PR Sucrooachon film axicads the DePont
farily of fikma %0

e o, Sl oo

sttack. Taflon® FEF flm, Typs C, haea

trentod surfece that it 90 be wsed with
conveniionsl adkesives. Typs A Him s notl ss
modifind, snd most adhasives will sot adiew o 1t
However, the Typo A lin mrfacs may ba chenl-
cally ouched o promo adboslon,

Telloa® FEP film, Type C ar ctdhed, oan bo lami-
nated to many heat-scasitive substiaos (clastoimers,

fabrioatod wing

" FHP film and post-foxming technicmes.

Mztry mxtorinls, by virtos of their sdbesive chamac-
ter, may be comhined with Teflon® FEP Blm by
casting or molding divecly io the ctched surface.
Incinded in this category are most epaky com-
poonds, ehudoueyn, mrethane foam, tacoed tubber,
and pome vinyl plastisos,

hmﬂmﬂtﬁmﬁ_’h“:zn
pisiceatment mbetraiv, akhough oRso
of falwica, ml:ll, -dd-m matedsls, this in

may be toaaied with cherslosl oirhes or sandhlesting,

cectain plastios any uﬁ'lnh-t-ﬂln
romove mciuce ar

As mantioned ahove, Teflon® FEE finorocshan
qumwmnm
) el tresttuasust that allows i o
hu uﬁ.r‘_mmrt
whavicint tatielicn, mnlstores. or slevaed

m:ﬁhﬂbﬂﬂ ont o0 ¥R~
openad sschive sempls vofle of ttwsiod Sibos, The
rembte of theas tosks miggeost that the adwees slfect

e i g pnge o caroios ucily

ﬂlihhllm For bast

ﬂhth“h_jﬂm
ety on fin pelor ko iy oee.

Lamissting technics vwise with the ssbatrets an
adivpalwn syvism exopieyed. Most Mmlll
aro fxmiliar with the condition
WWMH“ -dllill
meconmecndutions. Wien

coniacting
ﬂ:hﬂumﬂuh
meumu b

- ingely:

Precsss Lindtations

» Maxiremn leminating temperaiure avallabie,

» Maxioamn Inmineting pevasere. .

« Magiswmn thos, heat, xndf presscre that on
bo appliod 0 the baniats (dkykng toczl, ol

. whﬂ‘lﬂfm“}

¢ Whether aqueons o organic solvent sysogs
i ;

- * Type of mbmeste,
« Type of udhesive sppfcasor (rovepse roll, gravimes,
flexogrrphio),

T 0080
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Fl_l'm
mmmmum
ih-thlm;hnmdnuhmu.
thes evacasting the mcld oavity mnd simuttensonsky
wprilying st pressss of 20-100 pei or groater 10 the
appor side of the film,
Good wod detall srw achicved with
1- o 20-mil FHP finarocsrbon filo o sech
246°C (#75°F) fox 1-mil
llnhmmhhs-, 10, spd 20-mi} flvw,
Above 257°C (405°F) the film tends 1o stick 1 the

Bonter plates. At thes womperainres,
sogeirereris vary frofi50-120 pei s
i thiokoews of che Him.
Molds hoased o 93-177°C (200-250°T) o
for mm--ndmw

PEP film. With |-, 2-, sod 5-mil filens, the wee of
Bonted molds widene the forming rmpersters snge
from 2.7 o 3.5°C {15 to0 10°F).

As shows in Table 3, » hemting time of 10 soc is
adeguete For 1- 40 H)-mil film, although shorier
Jhosting time cam be wasd with thisner filme. The

‘crn

Hi
-n-:ﬁ
ssl;

Moid
i
254 {480} [121 {2650) | 10
121 (30}
149 {300}

254 {400}

1)
Hnumn-dfnlh-drmld b"nlhllllnfl
disk shaped mold 4 In digmper ar 1 haated
with strap beuter. Arsd noress b §75%.

Surmmary of baportant Polirts
Thermoformable?
Yeo—Tallon® FEP is a troe thermaplastic maserisl
thet is eadiity focoelile, .

Probleme? :

The maje probien I wheo someons i -
™ FEPF (e, moat of e
thane safficlest ot s not svaliahie (or 1 i's
avalishie, it's nat mads avaliahis long snengh) to
hmhmhmm

I‘H'Hllulglﬂﬂﬂ'

1t tultde 3-3.5 KW/ watl dunaity of cadient hoat.
Telion® FEP fiim is vexy W ixfrawed
anergy s desia't sbeoeh the castyy from.

mdiant houters. Cormie clanenly hewe been
sococesfal in adoqueicly heating Toflon® PEP file
for thermotorssing.

of tho heetons is melly sbove
ot 8o offctively heat the ks to
(500-550°F).

Tha
49°C
260-282°C

What doss the PEPF fllm do?

B thare Ls suifiolent heat Hroeneity, the FEP filo fixst
valinkics, buckies upwerd (aguinet gravity, thetoan-
cxpansion, and of sizossce) sad fhcn ioade
to sienighten out snd finelly fres downrosed wnd
continess 1o myg.

Tin FEP fin will mg and hocesme

exysisl clenr of the pelni wien it

Hrmed, which ia confly sean in S-mil and above,

Minor wiirkies oy ococs of the St pect of the

hamting cycle, but showld even ont

dwing mg. :

Ome toot af sxfficient hoat ix it if

hest in Joi on the FEP film, 1t will eontines to sig
tipf] it byalon firom: thinning out oc

Totuchen womething bewecth it

¥h to and contimead heating docsn't
m-i?n l:lFﬁ'lIﬂn:.thh marginal

- Boep Diaters

Jo deep deuws, take adveniage of the sag of the film
Pox inwlance, i youo ars focming A dome or cylinder,
ety fowmn Tk & femades paold or Dp over & male
moid, Forping 4own overa male mald it more
difficolt (bot not inposslhies) becanas yom mmst torn
the sag of the film ingide-ont.

T K408
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STRAIGHT VACUUM FORMING
FEMALE MOLD
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Racoec, S oy i i
-S006 . Howg
Aazicn mﬁm
DaPeont BA. de TV 1122 Now Wak! Office Bliy.
Hexnaro 206 Haxt Wing
Col. Mirwnien Salishwry Rewd, Eowioon
Mdcodica, L%
25701184
Far: 1257221790 Fax: 85227214117

Vi Strpymating: pul Sowths bnrwiie-humel ewy siat Tnlywpct 1o e rutioie, bt the DaFent Company sulime oo sorntisssrpeass orfaplied v sewscy
e i s Hihiliey mcfaling cant o S by Ol Thia paltcation e 1oot bo 0 [k i 3 Kowiie b0 aparals moder, o Secommisndation i infiage,

iy el
Oty Do ok it dn macinl
.. ppilicmilors el ving el implaniniion b fhe bascn lody, For olarmadion] appilontieos, 308 “DalPors Mdiol

DIVNHTEA Ma. 3
ne129




P

DuPont Films

High Parformenca Flims

Teflon® PFA

fissrccarhes fis ™

Desoription
Tallog® PRA film is o transparent, thormopiasic
ik thet can be hoat scalod, tharmofiamad, vwaoswm

v Toflon® is the most ineet of ull plastics.

-angmuﬁlm‘ © Bqguide, gases, tacintoee, and

Elsotrioal Rallability

= Sopedior relishility and relention of propestios
aver e srons of Him

» iigh dislectric strangth, over 260 KV/mm for
0.025-oxm filn (6500 V/imdl for 1-zvl filn)

» No aleaide tracking, nonwabishie, wod
nowdaning

* Very low power factor and dlalectric constant,
only slight change over wide mngos of mpem-
bezn and frequency

DIVNHTEA No. 3

'Wida Tharmal Rasige

» Continmons service mperniore:”
~240 10 260°C (—400 > 300°F)

» hislting ey
3000.310°C 572 2 3Xr°'F)

* Heat soalshin

Maohanical Toughness

'+ Sopedoe miistick s low fictiam] proporties

» High revlstance 1 lospace and tosting

« Disclct pltysioa] propertis at ocyogenic
itipexaineed

Long Time Weatherabilty®

+ Inéet o oetdoor axpoONTIS
. w&mﬂﬂhm

Rallabliity
* PFA fils coatmine a0 plasficizers or other foroign
meteriple.

Qo mepsmia. w9 g
propertios will aot be inflecoced,

"« Rigid quality oonirol by DuPont citstres toiform

gaupe, vold-froe film,

“Type C /S nat peosnamaled Far ouidoor mee

Tioiosre
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' Tetle 2
Summa—ry of Fropartiss of Talflon® PRA FlM

. Typloal Valua*
Prepesty Tuat Muviised 1 Unise Enghish Unite
Taralts Sirangth st Rresk ASTM D2 - H N 3000 pak
| Songmion wt Bresk ASTM D82 300%
Yisld Point ASTid D23 12 WiPa 1700 pal
Bestio Modulus ASTM D9l 480 MPa 70,008 pal
irpect Reslstenos - Bulor 5.2 x 104 14indyml
'I'I'E‘!IHII
Fakding Enchurania [T} ASTM DM . 0,000 opnies
T T - ASTM D-3004 .50 ¥ oA g
Towr Stvongih—Propegaiing (Bmendorlt  ASTM D133 LMN Mg
Makt Point uwn - 10T EN-800°F
Thwrrrm | Comductivity Carmofiich 0,106 WM 136 Borind-£EoF}
Hpanific M — 724008 O Engtih"ly
Dimansional Bmbillty 1&:*: %:;Em
[ —y—e— ASTM DTOEY %
in okt nt mos la “‘uﬂﬁ‘f 20 e
cachm, 80 i B0 Vs e o
2% mwm &1 il :
e T T Rk =
mmnf& ASTM D-160 0.0003-0.0007
108 Hz e ¥ MHyx

w% AETH D2 »1 %10 ohm-om
hioistury Aamrption - w1 02%
Penmashiity, Ges: ASTM D1484 [ onmRMd heatmy

Carbyey [owcice 1ix 10

Hm 20x1@

Cxygen . 8.7x 1P
Parmashilty, Vapoar ASTM G- pAmid) G100 2l
Waler 2 013
B O oy R e el ety
Dansiey - ARTM DAB0B 2180 kg | 154 1
Wﬂm AETM D+ 804 L1-05
Petractve Indax ASTW D342 1350
Solar Treneminsion ASTM E-424 50%

*For 0090+ {2-mA} fllm st 28°C (77, uriees otherwise speciifed

5T cormvmrt o mn 100 i34 h-atmy, multiphy by O DEMNS

Tl 001878
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DuPont Films

High Performancs Flbms .

Teflon® FEP

_—

Tefion® as Fllm

Teflon® FEP fiworomrxm film offers the ontsmnd-
ing of Taflog® in » convenieat, easy-
(VY I caat be howt-sealed, honnoformed,
welded, rootallised, snd Inroisated to many other
mxieriale or e § Jot el adbesive.

‘This comhiraton of nnigos properties md sesy-to-
use form offscs axd fabrication opportnitics
for a wikde variety of end nees. ]

Teflon® s Unique Amo
Plastics "o

» Most chemically inart of all plastics
» Withwtand both high- sud low-tempesatore

Ontstanding westher resistance

v Superior alectrical propertios

» Free of plasticivers or additives

* Excelfant processlhility with conventional
thermoplastic methods -

Toflon®* FEP Flim }la Offerod

* In thicknesses from 12.5-4750 b (0.5~190 mil)

» In cowtom slit widths vp to 1.2-1.6 m (#6-43 1n)
depencing on thickooo

v In variows dze rolls wound on 7.6 cm or 15.2 om
{3 in or § in) cates :

Teflon® fiim aifords tha mgincar/designer & wide
range of opportunities o taka advantags of these
proparties with minima)l and convenient fabeication
technigbes.

The shility of Taflon® FEP film to be anslly ont,
tharmefanued, heut saled, and weolded porsxite
ready sppiication s apkragee, pukets, protoctive
lindngs, or theymaformed pouchow or txxabiduar,

ins atad regbetanos o
winthoring and wkiravicket v lod o
the wse of Teflon® FEP fikn i sach variad applica-
tinna ss eovirormentil prowth cherbers, solar
eaergy oollectors, and eadoms wrindows,

Ts mpsrior dialectin have boen mecd in
flexibie, fimt cablo inslstion, pinted clironit, and
elaotronic comprnmts for compotoes and sirordt. -
The nonatick of Teflon® FEP have foond

e In comveye proocss 101l oover, ind st
mald relessw filma,

Speaisl Tefloa® FEP film offer specific
mdr:hflmﬁqalinm

A Hating of FEP film goades and their
in differ=t thickaesses is glven in
Table 1

.. Ie sdditiom te FEP, DaPoet offers Gime of Teflon®

PFA, for osn st tempamtares up to 260°C (500°F),
MWW&WMW
aid reslstance to teay propegaiion.

Teflon® FHEP film offers tnlgue propextics in a
Consider it for your pext pooject.

For additional information, call (300) 2374357,

_______
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Table 2
Typical Machanical Prapertiss of Teflen® FEP Fim*®

Sweges pot imluﬂhtﬂmL
p

whan excposad to high terepersinre.

Exposam of filny to an sloveted temperstore, aud the
sttendgnt sheicage, will relierve this strees, and 5o

forther shyinitags will coour at lJower Empesitres.

FHP film will expend end oomticact accopding o its
narsal ooolliclent of thermal {mne

.m-lnu}.muﬁwml*m

with tenpesstere.
Figure 4. Bwinkage of Tellon®™ MEP 1004 Mim
wi. Tivipiraiere
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Ecogeton atiresk Dotal = r— servios Sepersire et s
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ald poick haEs | MR | e p— anibe
—— : Epealie hest Rk | CEpRs
— ‘Pt | oM | tmw Coexettemd o B
T r— Daem | wmow | mow oy 100 WK ML
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ity e st Y i e o "
Berriing shreghe™ DIHE | Mk TIrd  Dmmewsd MT | Mwest |L1% T3
ficlori) mily 10 [VCEER I siriskuos [ 12% siiehags
Denoby Doy | Nkt | TMARS +I00 gauge uniee stherwime sowd
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* 200 g Mkt & vl i
100 gange im
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Dissipation Factor '

The conslewntly low wie of the dlsipation
over a broad of temperytyre s Freguancy
sankes Teflon® fikm idesl in

tions whare cleotrical losves st be {moe
Figure §).

Ata oonetant temporstuse, this dissipation fxotar of
Wmnum-udhl:InM
diclacttio matewiale.

[ B Faste of

P
" .
i II‘_“
W
it o5 £ E

10.
Roume WMEMIIHHF

Wlamarvmanis ot T N 0804, I8, wam niow-ddom

-

Vofumes Resistivity

Yolome reiptivity of Teflon® fisorocerhon film
decreasce alj as tha film thicknees incresses
(scc Figure

Fgurs 11. Volisre Retisfivity vs. Thicknars

1o | I L L.
1 2 A hE D
Tevcikminly pLE)
[ 0 IMIEaE A7 M
L 1 ; | Y T I |

THENMININ (o

Instiation Resistance
Even u 200°C m&mm#

Tedlon® fikn (55,000 s higher
then inost ooovestionms] mtrwinle af room
samperatere (00 Flgpere 12) )
1&”
000
20000
o
0BG
um
1.080
D
]
wm | A | S N i
B B 0w W0 12 w0t
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TEWMPERATURE 'C
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Physical Properties . Table$
TR raarhon Face 28 Lan 1t ol Thickmas’

Almowt ol sheorh small quantities off cor-

e G |
pucvvide space for the material sheoched whthoot S :
ciygnios] reaction, This phannssnns is umally Carbon Diauide Max1r
srarkod by a slight wolght incesess snd soinetimes  Hytrogen M1 x10

by discolorasiom, . Nitrogen B0 x 1*

Tallon® FEF flooroontxn Sine leve sassally low i Haxe
sbecrption ooupanad with other theemoplawtics. T cmmvert v o 1N P24 bk, rniiphy by 0G4S,
MMﬂﬂmmﬂﬁ:‘h : - - Aose of
ol ioaprraies m 200°C (302D Mgore 13. Water Vaper Tranamission Tellon*
rd 10 oubyesr, Evan ths absorption of P Pl st 400G (90T par ABTM B-05
hh-:-l!ﬂuq-llltﬁll::

LA
w I
mmmn ally lesy thaw
0.0I'% ot amblex! joperotere and prassure.

i
|
|

Many pases and wepon permeets Tafloo® films
ﬂmuhhnﬁ;lw;‘
Mﬂlhmwm-ﬁ
tewnperatare, proswess, amd surface contect aea
mmmmu—.ms

. » ®
teongh O S8 E0 W0
Thhia 7 Nsts ratee of vapor ﬁuuuﬁ THIOKNEED ey
mppel b Nob 8 86 EMS 5X s aaesrngn o ndrs r tne

IEEApERIR, 55’"'11_&1-' mwm-

s~ |
g |

¥

|

E

|

E
i

Tabla 7
Tmlvmmmmﬂwmmmnnmnmm_

[Tt Biathadt: Madiliadl AUTTEE B0
Tamparsiurs Vapor Trensmimien Rels

' B Unitn wm
Vapor " - (g} 00 b
Acatic: Aokd T ] o [ L]
Acwton - 2B ] 142 083
Banzane 38 [ e 0.64
Cashon Tatrachlorids 58 il 7 Al DAl
Elivd Acatela 35 ] s ora
Ethwl Aleohot L s 10.7 080
Fraon® F-12 s 73 720 24.0
Mexane 35 B5 8.7 058
Hydroohioric Asld - k£ w2 «0H
Nirie Acki (Red Fuming) F. 3 77 1860 10.6
Sodiusn Hytinoxide, RI% - 71 w2 <001
Bulfurls Acid, ME% 25 7 . 210 1x10-%
‘Wate b L 103 74 140
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LUBDA

Clear Teflon® FEP Aanrocarbhon Jim is socoptahle
-lmﬂmhﬂhﬁmhm
mﬁﬂupm:yhdpﬁ:tmd
waaler fexdoral apesdion.

Mildew Reglhrtance
Wﬂhhﬂlﬂ?"ﬁh coplet]
roalstant to naldew growih by weling

bumidity ciwaher exposnne inocaisted with &
mixod spore nepeasion xnd & aall bris! st for
theias meonihs. '

tiom, of strangth loms, This outsanding paiounsance
by dhaa 1 th strectaes of the polymer moltcale and
s ot the resalt of chundical additives.

Types C aod C-20) Taflan® filn me not rzcom-
mendad fox outdoor bocense nitravialet
radiation may slfact the fooxed serfacs.

Figurs 17. mmumhm-nm”m

Safaty and Handling
Unbaatnd Tofon® fiooronmten is ezsentlally inart

Animal reets Indicase thet Teflon® ia nonhritating

(29 CFR 1910:1000).

Care shoald be takoan to avold coumerination of
smokdng tobwcco or cigarottes with fnerocethon

Tallon® film can be &ixd oeed at slevated
temperatores without haeard if peoper vontilation is
weed, Veatilation showld be provided at procodsing
tempecatares of 275°C (525°F) or sbove,

AdBGioas] dotuily on safety in handling and noe ore
svaileble in bulistin H-43633, “Goids to the Safe

Handling of Fluceopolywwer Begins,” nillhlaﬁm
DuPont.

" Other related Bitrsiare avaiable from PmPout:

Bulletin Thtle

B-50413-1 Tedlon® PFA Film—Spacifioation
Hualiada (T62-3)

H-53003-1 Tefloo® FEP
Bulletin (T62-I)

B.55008-1  Teflou® FEP Film—Propertes
Bulletin

- 71 0010888
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DaPont Films

High Perfarmanca Fils -

Teflon* FEP

fluervcarbaa flilm

Teflon* as FAim

Teallon® FEP flsarocarbon film offisce the outstend-
ng of Teflon® in 2 convmyimt, saey-
to-ame It can be beat-sealed, thermolommed,
vwaldad, memilized, and Inmineted 10 many other
materials or serve a5 & hot e adheslve

+ Free of plasticivers or sdditives
» Excollemt processibility with ocrtventional
thermoplastis methods

Teflon® FEP Flim Is Offered

+ In thicknemes from 12.5-47350 um (0.3-190 mil)

* In custom slit widthe op w0 12-1.6 m (45-53 in)
depending on thicknees

* Jn vyxionx size ol woand on 7.5 cmor 15.2 cm
{3 in or § In) coron

Teflon® fim affords e caginear’designer a wide

range of opportunities to teke advanmge of these
propecties with minimal and ccnvenient fabrication

techaiqnes,

lind oiiton Bsile i

‘The shility of Teflon® PEP fil %0 be easily out,

Tt sppesior dialectic propecties have been naed in
flecihils, flnt cahie inslation, peioeed olromits, and
tdoctyomin ocsaprosests for compuiess and sirorsft.

The nonstick of Talloa® FEP have foond
use in conveyar peocess 1oll covers, mnd a8
mold rolones e,

Spocial gradss of Taflon™ FEP film offer speoific

oconditions,

A oompiete Hating of FEF film grades and thelr
whmmﬁmnﬂmh

~ In widiition o FEP, DePout effors flms of Teor®

Teflon® PEP film offcrs unique properiics in
oomvealont foom requiring minimal Eabrication,
Considar it for your next project.

For additona] information, oall (800} 2374357,

T 0010880
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Stresscs inﬂnﬂhhingmmu
mnt
m:_ﬁEphmdﬂm
when exposad 10 high empersinmes.

Bxposure of flm to an alsvnd tetrneateing, and the
sttendant shrininge, will relleve this stross, sl no
father shrinkuge will vorar &t lower wepersiores.

Thawvoal :

Alwy yopldaou]l has been ranwved, Taflon®
FEP fiim will mod coniract socarding © e
normil eneffinbes of Surmal

expamion (ses
Flgmren 4 and 5. Not thet this coefficiens inoreases
whth canpermtare. -
Figure 4. ﬂrhlulﬂ'l'ﬂln'llﬂﬂﬁn

ds
n
L} 43
] |

* X
- -
! ¥
- N

. s

.
it

- -
Lt v
Tabla 2 Table 3
Typical Mechanicsl Froperties of Tellon® FEF Mim*®  Typios! Tharmal Properiies of Teflen® FEP MIM*®
ASTY ik AATM
Pty Wit Hhin [ Prguay [* - Nnln ﬁ
Tansle vimgih Wit D=k A-Ert B-hrr
T £ 1] ol T g s
Msnlonay vomilpsane
Bongution & broak o M 0 survios S peraiers F 1y L
Blantls madpiuy [T MNP | XMOpd 2o el -
wr—m rr—rn T ™o e Supralary e [
PR — — Rpewilic hoat 1AL | 0Bkt
W vl D3 L om  Cosluiantel tormal N
il i B I e v
A W
rETe— BV | G3W 1214 e L R bt bl
{Braves) Fasmahily
R E————y -y T — alnmiicytirei ANSUL-M ¥Tisa ¥TMD
(Bowndwl] Ceypon hednn D-zm-7} = [
Baruting Frengt® DTty L 1 Saawicas 80 | Xmae {0 [0
] npbillity ™ [RCHrA 2.7% wirinkngs} 1% Ywrinke o
Dwesky THRSE | 2Ok ¢ T A 200 gucs wiiaas othonstas kabd
Lonilalpnt of fricine 0 g T
iinole Hlim t vias1] O] os na =+ *Tamparaturs wl ‘wilch i reppote  losd of 0,14 BPa
(20 ped] for B pany
200 gauge inss UMW Nk
**100 gaugs fim
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Disslpation PFactor '

'The coxslvently Loy valoe of the dasipetion fator
over & Bwoad of mpperainye st Fregueney
mukes Tollon® by idemn] 11 mpyabion -
thons wiwee sloctrical losses newst be migdmived (e
Figmra 9).

At u oomatant this dissipadon factor of

Wﬂhﬂhhumdhlmll.ﬁ::m

Seleotric materisls, _' !

Fgure .  Dissipation Faselr va. Tanparstors of
Toflon® PP Mim  ©

-
e

W
o » ' ] | — l“ r
* » ™ M = W o

MR T
T
Figurs 18, Fastar vo. Frocquaasy of Tallon®

Fgure 1. Velune Basletivity ve. Thickness
Ik $TRC (34T

i

[ ] 00 1BSEEE0 AN
Ll L F 1 1]

THEISEI (uml

hsuistion Resistunce

Bven st 200°C (392°F), the Insuintlon resistence of
Tollos® fiire (65,000 i» highar
thas most comrventions! muierisl at room
texxpeswiore (pes Figurs 12).

Figws 1Z.  iInawistion Mesistanes ve. Tampereiurs
{125 05 il TEFLOW FiP i}




Physicel Properties
Piorocarhon "m"""u""um' "'t'i"ﬁ Thickiem

Almost all plastics sbwoth small of cer-

s o ll'-:lh mmmmumm
mm’uumm”m See """"'"“"L"'. nl
chemicul roaoticn. This phemommcn is Cavbon Dicsdcle 29 x ¥
muknd by u slight woizht noresse sl Hydrogan .1 x 100

by disockaretion,. Niwogen EDx 108
Tofkon® REP Sooroombon s have pssally low 1o il

sheorption comperod with other emoplastios. TV vt 0 o100 TP 34 Bt MoiEiply by 00048,
Thoy sbeaih practieally no oomsson ackis or buses

- - as 200°C s _l'.lltl- Wt Vaper Traermiesien fute of Tellon™
thLhmd _.llu‘.m““m“m“
sohwni i sanall. Walght incrresee are
Joms theo 1% when exposad :m
i'.".;"&"""‘ i
ilﬂ
MMMHMHM
0.01% at cusliiant Sevipeviztics oad prasrure. o= “
EI.I
Mty gases s vapors permnesie Tellon® fiins st e L
rmck lower e thep for other an
Figurs 13). In gemeral, panestion tomess with
somporstas, and paxines comtect sxca and o ;
docmesos jacreased filn fhickecss. Tuble ¢ ol
Emte yoven st which verioss geece ero tromsitied 4 B & 0 & W I
fizough Taflon® FEP fieorocuibon i, whils TR et
Tﬂ!lﬂnﬂdmmﬂhhmﬁ 'll'lﬂ_w
ropresentative mbetancea. Note that the et
ench material in iz vapor prossom ot the Motam: mhm'ﬂMumh
anperatong. 100 In" o thoes for 7w, rtinty by 15.5.

Table 7
Typioal Vapors Tranemiselen Rates of Tefion® FEF Muorocerbon Mirii, 28 gm {1 mil) Thisknes

{Teat Mutivock: Modified ASTM -0
Torparstars Vagior Trensrnisslen Rate

M Uinlia Unite
Yapor s o [l m_ o i)
Acadc Achd - F: [ ] 43 47 ]
ACHON - 35 95 wy 085
Baaene - ] s [-T:] 004
Carbon Tetrachlaride a8 . ] 48 4
Ethyl Acetatn 35 L] 11.7 I,
Ethyl Aloohal 3% % 10.7 o
Eraon® F-12 2% n 720 | 240
Haxana E: ] B a7 085
Hydrochloric Agld F | ” 0.2 _ <01
Nitrie Aol (Rad Fumingl - .| 7 1800 e
Godium Hydroodde, 50% 25 " 02 ) <001
Sulfuric Acid, 96% 25 7 2210 110
Winar 385 gL 74 oAl

T oi0Rge




 reslstant %o milfew growth by msting both ta

e — At e s = —————

USDA Avosptance Weatherablilty

Clear Thflom® FEP Sucirocarban filn s hmmﬂu&uhmm
4o 2 cotnponient of matezlals for ase in dkmghwering,  Teflon® i reamin mnchapged after
prooessing, teneponting, or Matage eress i divect ) yours of owtidoor exposane [ﬂ“ﬂﬂlﬂ.'ﬂﬂu
cantact with moat or poulery food product propesd nmwu-udm viokst dagrade.
under fodens] inmpection. tion, or stroigth lose. This -

s due 1 the strastery of the mclecule and
Mifdew {Fumgee) Rasletanos - s oot the remlkt of shemical

Telflon® FHP has beew shown 10 be

mixed spors suspenaion sed 3 soll barlaf test for
theee months. :

ﬁpﬂgﬂﬂﬂ!ﬂm‘ﬂhmum
mendad for cudoor applications becwn o whtrrvinket
. mmidity chamber exposoe fnncalsted with a maision may atversely afiect the treated yurface.

Fgure 17. The Effests +f Markis Westharieg on Tallen® FEF Fim

ELOMATE
g &

TR Rl
F Onmlt mils
w0 vl M
’ a ] d ] I.| w ] . W 'I.I H
EXPCHENE THg i}
s-fuyandmm Additicon] detalls an sty in bandBag xad wee wrs

Unhested Tefloa® finatocetbor in cesentially inert.  2vailable in balleén H-43633, “Chide to the Sxfe

Animal lesty indlosts thet Teflor® in

of " v

cutting, grinding, o machiping the whosted flln. " Eenrnmen prailati from DuPont

ahonld be avoided, as with axy other naisence dusts

Mmmlladhﬁﬂlﬁnll!my‘m’hir Ballstin THis

{29 CFE. 1910: 100(. B80413.1 Tefln® FFA, Film—Specifict
Care should be taken (o avold conteminstion of Bullctin (T62-3)
gﬂqhﬁtﬂmmuﬁmﬁﬁm HSS50031  Teflon® FEP

Teflow® filim can be processed and vsed at elevoted : (1‘62—1]

temperawres without hazard if proper ventilation 15 B-35008-1 Tﬂm‘l’ﬂl‘-‘ﬁ.lm—llmpmu
uzed. Ventilation sboald be provided ar procesing Bulletin

tompenatares of 275°C (525°F) or above,

T 0010658
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Poage
Genaral iormation .............. P . 2
Firyalos! & Thermal Properiies _............ 312
Baciricai Praperiies ... ................. 18
Chamine| Proparties ......_.._..._ ..., 18-21
Nomingl Construction, Type F ..o,
Mcgalrieg & Orders . ...coveniinininriiiaas 23

ww&hr— ocombinslion of properiies unzvalisble xmiong
umumhmm slecifioal vl mechenical
aver 1 wics tampenhurs h-qu'-ﬂmm aeas to piasfic Sy
mmmuwummm operuiing tamparshras.
KAPTON s aynithagiznd polycondansation reaction between an arametic dienk wyoride and
mmmﬂrﬁmmmummﬁnmmmuﬁtm
mmﬁmmmmmumwnmmmm
other organia maierials would not ba funalional,
Adheshmg are avaliabia for bonding KAPTON o eelt, to melale, ¢ papets of vitrious types and in othar fims.
Apphcations tor KAPTON polyimids fim inolude of sladirioal and siecironio insutaBion applications:
wirs And cabie tapos, fortmaed coll iInsutation, lt;rl- fadbie printed olroults, molor slot Rnerm, magnat
mmmmmm magnetic and progsiis seneitive tapes and
mumm«u—umnmmmﬁm stch ag
mmmw which remain nasrly constant over a wiie renge of mmperahre and
frequancy. Other appllcations malkoe usa of the fim's radiation resistance or chemioal resiatwnioe at elevaied
totnpersiires. [ la this combination of useiul properties &t exiremes in temperaturea Thet makes KAPTON a
unigus industrial matectal,
Du Pont mekes thres typsa of KAFTON:

& KAFTON Typs H, an al-polyimide fiim that has Been Lesd eucessfully In spplications at
temporah.aes af Iow &g 4K.(— 289°C) and ae high se 673K (400"C). Type H film ogn be lminsied, metalieed,
punchad, fomned or achesive coaed. It s sallable e 0.3, 0.5, 1, 2, 3 and 5 mil fim.

* KAPTON TYFE V, an fim wih all of the properties of H, plus su
o S e e T T e

* KAPTON Type F, a Type H film coatad on one or both sidea with TEFLON®* FEP fuorocarbon realn to
knpast haet ssalabilly, ip provide a moletiuns basrier and o enhance chemical regisanee. |t is avaliable
in & varisty of constructions.

Noie: Thie bullatin typical properiies for sl three KAPTON polyimide fims Type H, Typa V
wnd Typa F. mmmummmmmmmmwm
for spaciioation purposes.

*Flug, LS. Pal. O,
T1 081080
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In the KAPTON® mlarm:hniadﬂh.tlumﬂ tha nomingl fhiciomes of the hass
 KAPTON lrlu ht thind ihw naﬁg% u:ltlm Tm ?EP
tmed o represent 13 wm e
!UFME u rm ol nu -mik) lrn f10 Mll
% ﬁ?ﬂ mam Fm e lvm; }
o T k4 T
[15:i,- ' THICKEERE [, ] R FEP
[0 ] pm mia i imily Am mila | inlla
120F816 X 1.2 2.5 0.1 26 1 a8 0.1
150AH# 38 1.5 0 t 25 1 18 %
230F0as o 25 0 0 # 2 13 %
ORINR .* NTARDBARD WWOTHS AREA FACTOR
120118 9. 18-814 - 1838 2.3 104
13019 118414 158 i
250009 3.18-814 MM 1.1 48
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* mamufacturers. I addition, the DuPont KAPTON Mazketing Development

mwwﬁmwmmmm
Wmameplﬁalﬁnd,ﬂebemﬂtuﬁm’tstopthmmmh
easily fabricated by a wide variety of techniques, including die cutting,
mgmm;nuﬁmmmmémmyum-
mmmmwamdmmwhomm&

tnprmdetedmlcalmppmmdeﬂgnﬂ‘a,falﬂmtmaandoﬂgmaleqmpmﬂﬂ

Group offers a unique opportunity to form partnerships in selling produicts o
the aufomotive industry. | |
We hope that this brochure has helped you discover how KAFT

can accelerate your design ideas for cars of the future, For more information of

to talk to a DuPont Representative, please cail [1-800-237-4357.
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Thermwl Properties | :

Usefal Temperature Range, °C (*F)
UTE*-94 Rating :

UL Thlxina! Index (100,000 hoors)
Malting Point

Fhysien! Properties ' .

-

Ulttmate Tenslle Strength xt 23°C (73°F), MPs
Yicki Palnt at 5% at 23°C (73°F), MPu (pe)
Stresw 0 Produce % Elongation at 22°C (73'P), MP. (pef)
Ulthmate Elongation st 13°C (7°F), %

Tensfle Moduine pt 23°C (72°F), GPa (peD)

Impact Strength st 23°C (72°F), Necm (fi=3b)

Folding Resdurarycs at 23°C (73°F) {MTT), cycles

Elactrical Froperties

Dislectric Strength, kY /mes (V/wil)
Dislectric Constant at 1 kiHr

Chesrricn] Reglatance

-268 1o 400 (-2 o 73}
VO \

H0°C (A64°F)

Naons

231 {33,500
69 (10,000
20 (L2,000) .
n

45 (X .00m
B058
286,000

300 72000

hinal argaende chenricals,

" solvents, foels, lnbricixts
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KAFTON® is used in fuel pulsation dampeners, fuse planes, wiring ha
W,WMMEGRMABBMM
and a hoet of other automotive applications. Inadd:tlonmuutuhnding

MMWMaUU-MY-UmEﬂr larmabil

Is Prowides Excellent Flectrical Performance] KAPTON playg

akeyrolemtnmhﬁngutdpruﬁdingmﬁcdrninofdermﬂgneﬂc
radio frequency interference M}RFDdueh:itahighdieledricsumgm
(7,700 volts/mil) mmghmwmmcwnxm s
have unique, combined properties, such as greatly enhanced thermal |
mﬁmﬁﬁqmmmmmmhnﬁmm
mﬁmpamwhmmpnperugmugpmymlemmm{

mmmmMMfmmemm




of 240°C (464°F) and can operate at temperatures ranging from -269°C

t0 400°C (-452°F to 752°F).

Even If Tt's Flexed a Million Times| Although thin and light-

w@;mnwmhmmnmwiﬁmm
without developing cracks or tears, which are typical problems encomreed
mmmtm"mwmmmmMM

and functional, while performing for millions of cycles.

And Exposed fo Almost Any Soiution| KAPTON resists most

organic chemicals, solvents, lubricants and fuels. In fact, its unmetched

resistance to fuels, fluids and other harsh chemicals is the reason o
S

DIXNHTEA No. 3
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mwmmwmnl’mﬂmm
canditions ~ emperature extremes, echanical stress and contact with ~ §
Wmhmmmmam_m'ml ——

materials. That's why more and more automotive engineers and parts

parts that soust withstand harsh operating environments, such as

KAPTON Cas Take the Heat

m‘ﬂdﬂr’ﬂmdw. .
eagines will run af ncressingly elevated temperatires, high-temperature

are o problem for KAPTON, which carries a UL® Thermal Index .




ﬁrgbhandumtmnmmmkemmmmpmpumﬂng
Formcaml.ﬂe,automhﬂ?emginm have used KAPTON in & newly
Aﬂmmmgimahﬂnmmtn&nmﬁununm
shield on the Lunar Excursion Module and as the multitayer inselation blsakets
that protect cargo and crew from the intense heat of lifi-off and reentzy.
And, electrical engineers have come to rely on KAPTOR 36
insulating and shielding material for a broad range of applications — from -~ -

microwave and satellite commumnications systeme to electronic medical

Hﬂm;

diagnostic equipment and computer components.
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When you take a look into the future of the gutomotive
inelusiry, what do you see? Engines that will run hotter than ever befur

More and mowe challenges?

L]

Meeting these challenges will be a tough bl to L. Ordinary
roatesiale, sish o8 eificcme, metpls, rabbers and plastics, may stall our
L ST S PP ——
flexibility, durability, chemical resistance and space and weight savings.
Wmmﬂdeﬂhmhdpynummﬁhmmgesm:e ._
ifkely to face in the future by offering all these benefits and mare. |

_ mmmmmmmm

properties, KAPTON is an advanced material used by engineers in the
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impait heat saalabity, um:mmﬂmmmmm i in sl ,
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0,000
Produce 00 2 D-BR3-81
g Nl (13,000 B30 ASTH D8l
Ubiroaia 2 -2 =0 - AINDNCS
e Moduhs, GPs 3.0 - 186 ASTM D-8R2-81
Heyanett Swmglh, S (hg-om) 5 @ Da Pord Pestrmdic
I._E"'..!!_i‘!!.";._"l 10 (00 oycies ASTM D-2176-88
Noer Sronglh—Frpageiing {Evrmndar), ' 8 ASTMO-187287
T Birmgth_ il B10 ABTM D-1004-82
— (Bravent, [ Gyl {510} -
__Darnlly, glam® 142 ABTM D-1505-88
CosWcient of Ficlion Vinetic (Fim-4o-Fm) A2 ASTM D-{994-78
e 178
Reiractive e (Bucka Liw) . o i
Feisoon's Rl - T fyn. 8 Sanpie
Bongad & %, 2%, 10%
ME-—hlaciking Dlaciion '
THERMAL PROPERTIRE
Waskting Foint _ NONE_ ABTM E-794-8
gt S balcsmons Hoftar o
Coaiciental S0 i, 050 o 311K ASTW D-006-44
_ Linwar Expasacn @0 i) (ieChan
Conthclntof Tomal |
o e m O OER Es=
Tore (oec) (%) | i
oiE e Kb T
_ Bpeciiic et 100 (281} - Differsrita
Harmmabity 4 VING ' UL94 {1-24-80)
Ehrinizge " {5 chart on Page 7) IPC Watind 2224
__Hout Swalabily Not Heat Beslabie
inniting Dooypem index 100H-38 | ASTM D-2B05-77
Smoks Generetion 100H — DM = Tosu thew 1 NES Smols Chamber _ _ NFPA-258 procecrss
Tranaon betwsen 833K B3k
o mmmmmmmmmm
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The vl velues of leralle el modulus, and uillmete skongation &t varkous temponaiues can be

cbigined from the fyploal MMMMM-MMMMM

mmmmmmwmhammummm.m

facions axh w pelis im Thickreeam, and siongation rete wers found to have only a nagiigible alfect on
cANVE.

the shaps of the
TENSLE STRESS STRANN CURVEE
{Type H Flrn 25 umn {1 mill)) N
x — 20
2% T — 175
200K | (28°C)
2 — 160
sthese, ™ -
el “ {enercy —~100 MM
10 ~ 7
. — B
T23K — &
d 1

0 N N ¥ € % &« T & W 10
STRAIN, % FLONRATION

KAFTON® polyimicie i ls mada by a condensation raaclion; tharators, ks mlhmdlznnlh'
mw o walne, a8 shown In Ths ourves below, will reducs the level of
sulltodent and mummmmnm-hh wd
H;mﬂrﬂﬂm o the nabs of property reduclion whita higher teimpersiures and pradres
TENSLLE STRENGTH AFTER EXPOSURE TO 573K (100°CH WATER
(Type H Fim 25 pm {1 wil))
' —178
&
-] = 150
o
TESSAE =725 TEMBRILE
Isvnenam" gTRERGTH|
L T S [
" ! =100
12
) — 1
0 200 400 600 500 1,000 1,200 1,400 1.80G 1,300 2,000 2,200 2,400 2,500 2 30
HROURS N DOILING WATER
' Ti DO10s1p
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(Type H Film 26 xm (1 mi))
L 4]
o
i)
1]
%EDNGAON &
40
N
2
14
D 20 9 B0 auu1.m1.m1.m1.m1.m:.mmz.m=.mma.m
HOURS 3i BOWLIE WATER
DlllEHSIONAI.S‘I'ABII.Iﬂ

ﬁ.‘ fim depencis on iwo fsciome——the normal cosfolent of tharmal
e P s L, B Pk e
the nowmel velues for Thavmal expansion Retsd on Page 8 pan be supaeciad.

RESIDUAL SHRINKAGE V5. EXPOSURE TEMPERATURE AND GAUGE
{Typa H Him) :
35
30
A25K [50°C) © OT3K [00C)
2.8
TYPIGAL 20 p=
SFNODE
: (%) 15
14
&
0 o .

25 um S0xm 126 um snnm ﬂium

Tl G920
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THERMAL CORFFICIENT OF EXPANSION
{Typa H Rim 25 um {1 mif)} Thenmuily Exposed

. e o
Toarpraints Roage a/mll 3 10+
20657 [(29-100°C) w 1.80
375-473K (100-200°C) 3.10
473573 (200-90C°C) : _485
S73-675K (300-400°C) .. 1.T8
BOETIC (23-400°C) ' 4.65

CUFTHROUGH AND COLD RLOW

MMMMIWMMNMMMWM“ & slwvaiod
wmmﬂmmu‘ﬁmumhﬂm&mwtmm
infinilgly high point load %083 MPx (12,000 pel) st cul-fwough for @ 25 .m (1 il Sim.

CURTHROUGH TENPERATURE V3. RATE OF TEWPERATURE RISE AND GAUGE

s
I T
: T & 2 4 & :

1] ™
FLM THICKNESS—zm {mifa)
T1 0010824

NIWNHTEA No. 3




RESISTANCE YO CURTHROUGH VS. TEMPERATURE

(Type H Fim—25 pm {1 mi))
1,000,000
100,000 . 'ﬁ
‘_ - .
L )
10,000

100

10

B3

mrapoivied e o - -

¥
.‘_
L)
A
478 573 873 713
(200) (<00) {400) [{211}]
TEMFERKTURE—K (°C) :
TI o010e2z
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THERMAL AGING

KAFTON® polyimide fim is subleat to osddetive degredation. Tharefors e unelul i s 2 funofon of bolh
tempamsiure & moypen conoentreiion in the jeat smvicooment. The ellact of theee faciors e shown balow.

TENSILE STRENGTH V5. AGING AT 573K 300°0)
{Ype H Fiim 25 pm (1 rmll})
-] .
et | ™
24
» 180
2 N TEMERE
TERSLE = STRENETH
mm“ -5 W
Kpet A
"
—1i00
14 .
”
ol ;
0
0 200 400 00 " 100
HOURS AT 573K {399°C)
mmmi.mw.mnmm
{Tvpe H Fiim 26 um {1 mil)} '
80
70 _
In Helemn
0
m .
#E 40
a a0
a AT
10
1] 200 400 Baan 800 1,084

HOUAE !fT E73K (30
. TT 001082
10
No. 3
0165 '



T REQUIRED FOR REDUCTION IN ULTTMATE ELONGATION FROM 70% to 1%
(ype H Flim 25 n (1 mi) _
[
Tomparaitie Ak _ - Hallarn
THK  (4S0°C) 2 howrs 22 hoara
608K (42570 6 hourn_ 3%k days
673K (400°C) 1Zhoyrs 2 woeks
MK (370 2 dayn # maonths
023 (360°C) 6 deps 1yowr
67TAK (300G} 3 mothea -
BEK (2750 1yoer —
E2IK  (28C) 8 yors —_
WHICHT LOSS AT GCYMINUTE TEMPERATURE RISE
(Fype H Rin 25 gm (1 mil})
) )
2
A |
X - DRV HELIOW
£
L '
DRY AR
&0
T
1]
" 3
100 % -
i 4n i3 i 3 i 1] 17 2
HO0) {2000 (M) (00} (700} (M) (9OM  {1000)

TIotH 00624
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ISOTHERMAL WEGHT LOSS
(Type H Fm 25 am (1 mill)
0 BT {400°C) Hw
5 TEN (QX°C) He
- by
H T73K {950°C) the
15
2 ~ 1
. -
ﬂn % |—g7ax
LOSS | (500°C) Ho {gm“_ﬁ'fnn
% l( BABK
575CTHe
AL TTok
“ (300°C) AIR
Y|
55

0 W0 0 90 40 ®C &0 7N 600 WG 1,00
TIME (MWUTES) :
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® Type HFlim

TYPIGAL WALDE

ASTM D-148-M1
ABTM D-15)-81
ABTM D-180-81

00 heriz
1 idichatr
1 Highartz

fass .mm_mr

ASTM D-2457-18

L

H

*Type VHIM

TYPICAL FLECTRICAL PROPERTIRS

TYFIGAL WiLE

AT D-148-80

80 hortz
%" tlactrodes

15%

e
i

7 Gae

ASTM D-E50-81

1

bt

ASTM D-150-81

1 iohartz

588

P

jis

14

ASTM D-257-78

125 volly

nps

Fh

-

T 0010827
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volw/am ' - ﬁ 157
{4,200) {4,000}

x10M 104 7x 0"
x 10%) (i 7x10M

EFFECT OF HUMIDITY
(Type H Fim 25 um (1 mitp

BecaUss the wisr corient of KAFTON® MIIIH'IMII
mnﬂlmiﬂhﬁrmhm humm

The reauits of thees messatitamania ks given below,

matsuremanta

% RPLATRIE nu.gnl: DELECTRIC DIREIPATION
MORRITY STREMTH CORSTANT METOR
Vpm (Wi} .
o 07 {7,600 _ 4.0 A0t8
a - w0 3.4 gy
50 e (7,000} 3.5 0025
Eg 256 {8,500] 1.7 0037
100 244 (8200 2.0 0047

FI-Ihoqullh h'mm 260kl weler “mmmmmldyhmh1ﬂmw:hhhm1m

Tl 0010828
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EFFECT OF TEMPERATURE

Aa the graphs below indiceie, axireme changos in tomperaiure have relatively Stle adfect on the exceflent mom
mﬂnmm of KAFTOM

AC DELECTRIC STRENGTH
VE. TEMIPERATURE

{Type H Fim)

127 gem {5 mil)

AC DIELECTRIC STREXATH WILTR/NAL
E B

i |
B

AC DIELPCTRIT: STRENGTH, YO W

73K 1T I K K TR
(—200T) {-100°0) (O°C)  (I00°0) {P00PC} [MOOM)

TEMPERATURE
DISSIPATION FACTOR YOLUME RESISTIVITY
VE. THRMPERATURE V5. THRRPERATURE
(Type H Fim 25 am {1 mil)) {Type H Film 26 em (1 mil})
1% 00
|
L2
) E 1x
04
= M 0* Inert]
E 2 5 1210~ =
01 |
-00a ) 1x 10w
= o 5
003
1210w
o &- *
1x10*
1K Frak 3K BraKk 7K ari AT SToK
{-m-mm-muwmmm e M0 pury  {S000)
TEMPERATURE _ TEMPERATURE
L . TI0010828




mECTWFREOUENCY

Ty efianie of requenay on h“dh%m@%“imm

sre shown balow,
DIELECTRIC CONSTANT V5. FREQUENCY
{Type H Fim 25 pm (| mil)) -

T
8.5
314

E as
32

33
.0

3

24

Lz

™

1w | L' w 1

DISSIPATION FACTOR V5. FREQUENCY
(Type H Fim 25 pm {1 mi))

-




DIBLECTRIC PROPERTIES IN GIGAHSRTZ FREQUENCY RANGE
{(Type H Fikm, 125m (5 min)* - {(Type H Fim, 125gm (5 mil)*
3.8 -
" _

34 . . 0 -
N o

22 ,

21 - - 008
[ESSEE] rERa s

Y 004 |~

28 |

27

1 iy L' e W L L | L |
FAPDUENEY, HX FRPRUENCY, HT

wﬂmnhmm-mn“lmnﬁm-nmwhhm
i the mame m#mum-m fior i hpury

T B el e g st e sy A

CORONA LIFE _
Likes 68 organia materiela, KAFTON s aliadiesd by corona and wil ulimalely fol when sxposed
X0 corona. A imodonte el 0f e GXPORLED, dovces Fesdated vy have

mn‘f-mmmﬁmmﬂm" it

rTmWﬂmMnMd parametems,
!'i:lll-n.ull m“ﬂ“mﬂﬂtm:ﬁ?&l Imlwmﬂu. -

-
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25 pum (1 mi}
CHERECAL PROPERTIRS
LTI
PROFERTY ke S o e e COMIHTIIRWETIOD
Ders earsd
= 5 om 2
100 n 1& n5
&7 & R =
. ) 102 99 days @ K (11
100 7 102 22 daye 8 ATX
100 10 100 190 diays @ 423K
& 2 10 14 davs 00 37K
& -y 100 14 e @ T
& 20 10 168 uys @ 7K |1
> 20 100 34 das & STK.14
& 10 100 4 das & AT
SO Rl
o e ATBR10 By
o T
Dariened but tough Exposure: 10 Gy
nert Sol Berlal
1.5% WpoH
L. m wm
2% WEHAY kmemersion for 24 hours
296K (2P0
HYGROBCOPIC : -
COEH OF 2.2 x 10" M 2B -
RN Finkathvn Hurmidity A T
EeTVEABILITY Y- P
: {oo/(100 k) (24 hrs.) {simvmiD)
Carbon Dicwdde 6.9 ASTMD- 4 @
lﬁ 208K (23°C)
Niropes r B
25
Hafum 6
{415)
Weter Vapor ﬁ‘n;‘lhr ASTM E-B6-88T
G100 e 34 b
. T 0DE0SA
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KAPTON® Type VFim
CHEMICAL PROPERTIRS

Typical chmical propertios for Type V ik are skokter e K.

KAPTON® Type F Alm
CHENNCAL PROPERTIES
PROPERTY e WEN ANFERE
& 298K {29°C), 50% RLH. 1.9% " A%
" o8 RH. 2.5% 1.7% 1.9%
Water Vapor Permesbilly
g-?" 1.7 84 9.6
A100 i) (M hm.) { 0.88) 0.57) (028}
' 0.44 035 0.14
IntHia4 hremill { 1.07) {0.85) {0.02)
Ti 0010024
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Kapton

Summary of Properties

cou“m vr

mm l.ll.lllll.l._lllllllilli I

Physiosl and =
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Typicsl Propmetios of Type HN
wmdmmmﬂm
Machaninsl Propesties

Hﬁmm
Thermal AGINE ... rvesimvariancnasrnmssssmminnaninsnsnans
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Typical Properties of Type HN, VN, and FN ...................
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Safety and Handling .. reereentervenrnennes 29
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Hopton

QENERAL INFORMATION
m%ﬂ mm'mmdxmh i raekziein ta

marivnrical proportiss ovar & wids ospaeshars
hq-lulr o o e, KAPTON hun
mwhm h towiving bigh opoceting tempembre.

EAFTUN ia mynthesiver] by o hipolyoondanwdion raactinn haiwess sn spometic
-dlnmﬁ:hlhhm'hmnmdmhhm
e e e e R
woekt oot be fonciionel.

Adbmives mra srniinbis for bondieg KAPTON o el to matals, 1 pegwers of verlous
Typas, and 0 other Ao,

Applicattons for KAFTON plyhiidds flm inclods s veristy of siacirios] smd sterdrore
mmmﬂﬁmh;i I:-Hh.lhullr
ummhanHW

strangth and cdissipation factor, whinh remein ety mﬂltululwﬂ

S R S

combination of wsaful proyertios ot sxdremes In mperstures that melos KAPTUIN &
oricgon edopiviel matociel.

Du Pont makes tiree types of KAPTON:

. mrm-:y#mt hﬂr;l‘l'p-. ﬂ-ﬂhi#:hﬂhl{unl-id
suressglinlly in sppiiostions hrm-- an —200°C [— 4827 axxl s
high m 400°C (FEZ*FL 0an be lenvinaivel, wetelliees?,

formod, or ndbwsive lhlllllllll.ll.l.“.ﬂﬂ.‘l.tl.-d mil fim,
. mmmnmﬂ Kim with sl of the
of Type HN, phs soprior ﬂlinﬂhﬂ.ﬂ.ﬂ.ﬂ.
154 nud 5 olls.
- Fﬂ.lﬁnlﬂiﬂmu‘dmmwhﬁﬂﬂm
FEP i fo foypeet bt , o provids a molsbwe hecrer
mxd 1o enhanes chamicsl reslstasnce. & i in a waristy of corstractons

Neb: This bulletin provides s summary of typicsl propasties for ull these XAPTON
plyterida fime: Type HN, Type VN, and Type PN, Additional datn shoukd be
obisinad from your Du Poot repressetative for ppecification moposce,

* Mg, L5, Pal. DIE.
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KAPTON® Type100HN Fllm

PHYSICAL PROPERTIES
- TEFICAL VALIES

FHYSICAL PROPERTIES oI N (RIT) TEST METHOD

Likimals Tenslls -7 ] 1% ABTM D-m2-63, hiathod A7
biPa (B0 pL.00O

Yisld Point ] ar - ABTM D-va-81

at %, MFPy (0o 15,0000

hhl‘l‘lﬂl{ﬂﬂ . ] 1l ARTM 281

— 7 Elmgution, bP {pel) (12000 190008

Utz Elcmgtion (VI %6 n B _ ASTMDamaEi
Toncalla Mnduln, GPa F 1] !.ﬂ - ASTM D8
(ML fpel) : ‘ (320000 200000

] Do Poast Prwsaratic
Impaot Streagth, Ky-ons () (o} Drgac Tot
Folding Encusatuns (MIT), cycies 288000 ASTM THa1T-00 flo&2)
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THERMAL PROPERTIES
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KAPTON® Type VN Fllm
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MECHANICAL PROPERTIES
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HYDROLYTIC STABILITY

menmw-mmmhmmmwm.m
longdorm  balling weler, 23 shiwn b the curves below, will redos thes leval oF Blen prropertions, safficiant
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- DIMENSIONAL STABILITY

The dimensinnsl stehility of KAPTON® palytoyide fiim depends oo two faciors—the oormal coalicient of thermal
expuncion ard the reidial strases plasd jo the Sin during mwocfeco, The btior Gt EAFTON to shrink oo fis
MT“:H on indiceind o the ber ke Dienree F i b o empremeend, $he oeemal
vainos Ror therroal wxpension on thes bt of this prge cem b eogenid.

ARSIDUAL SHRINKAGE V8. EXPOSURE
TEMPRRATURE AND THICKNESS
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200300°C (302-872°F)
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CUT-THROUGH RESISTANCE

Most argenic fims wehibit = huﬂhunﬂﬁ&mﬁmﬁnm
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RESISTANCE TO CUT-THROUGH VS. TEMPERATURE

(Type N Film, 26 zm 1 mi])
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' The ombol Bieof KAPTON® x fo o fnction of bodh ievpenciny and oxyges concantrenion, In accordamos
with UL 7650 wst proxewiims, the thareml Hin of KAPTON bhas hemn detaraslped ot various tamparstoves. Al zev thme
snd 23857, the inelle strengsh ta 254 MPa {36,000 ) end the slcogstion s 87 pacosit. The rosults sre graphed below:.

TENSILE STRENGTH V8. ANG IN AIR AY 325°C [617°F)
(Type= EIN Fiim, 25 pra (1 mil))

] E 1 o ' o0 800 1m0
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(Type HIN Flhn, 28 ume {1 mil)
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TIME REQUIRED FOR REDUCTION IN ULTIMATE ELONGATION
FROM 70% TO 1%

(Type HN Film, 25 yo (1 rofl])

e Alr Envirsssssnt*
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WEIGHT LOSS AT {(3°C)MINUTE TEMPERATURE RISE
{Type HN Film, 28 umn {1 i)}

KAPTON® polytinide: 2im has signifioantdy sxtended B tn reduced cocygen errvierrammnty ot bigh tsmrperetures, Using o
Du Pont 1060 Thermal Anslyoer System, the weight lom chemcteristics of KAPTON in air and hellum ot almind
benpwretores are shown belos, _
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PROPERTY TIFICAL VALUE CONINTION METBOD
= xn 7, 7K il
H:: 240 uﬂm 60 herix ASTM D-140-61
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' EFFECT OF HUMIDITY

(Typs HN Film, 2% xm (1 mill]j

Bacesm tha walsr conlent of KA PTDN® polyimide f#m can affact s slactvioal peopectics, alacirics] messorensects wers
e o 1l fm afier axposnre 10 sovircemeots of varying relstive amidies ot C {73°F)
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EFFECT OF TEMPERATURE
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EFFECT OF FREQUENCY
Theallools of
T &qmﬂhmdmmmmﬂmmnmm
5 DISTIPATION FACTOR V3. FREQUENCY
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[Typo HN Film, T3 {5 mil}* (Typa HN Fikr, 12w (B wif])”
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TRACKING RESISTANCE
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CHEMICAL PROPERTIES
TEFICAL VALIIES
nﬁmu:hm TEST TEAT
PROPIRTY CONDITEON METHOD
CHEMICAL RESISTANCE :
w ] ™ 10 rain £ 23°C PG Thias
00 M Mathod 2.4.28
MEK oa e
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20% Typa HN & VN Drretyrealon: fiow 34 hew
RZPC 7R
HYGROSCOPIC .
COEFPICIENT OF _ mnm
EXPANSEON 22 ppeait RH Efeuhdity
o100 i34 hratm) 239C B ASTM D42
R o Dk & Retatig Homiiity
i
Holium 413
ﬁ gho™d  pR100in™24 ]
: B4 35 td ASTM E-30-80
RADIATION RESISTANCE*
' . TYPICAL VALUES
m&'.""“;h. TERT TEST
PROPERTY _ Retainad CONDITION METHOD
Gannva [Sevarmah Rl - Stll Mendhis Exproapurrey
L (180* Barx) 418X 10 Gy
Elactron (Van da Gresf) Ratains BO% of Expromme
(an Original Brnguilen. ™~ ox10F Gy
Neuirn Phe Gamma
(Brookhaoen) o Darkened it Tough Exposure 108 Gy

*Dhem b B mcnl et resfisiin rylabynos, ¥ APTON b Sronuae iy tad b bigh raSetion srvirnants shice & sk, Roxibie bl ing stcisl 3 cogubnd. [n owler
appam, GAFTON v nowd bofl slens and i sowiissliis wilk stisr ssierisls wisors redislion reslsisces sl sk weighl s neossary. KAPTOM & sl e
vaclner rommiews aee? Masnr scenievrion. of thess applicalioas mialing dhil fovthem ey i a0 s obeaios! mviron et bn widiim Yo

. rediston. Por Lo of Coolanl [LEXCAL ity ot Hm_hm“mhwh_ﬂlﬂh
larciron il ot of il 1o dagrachs KA PTON, Acsord kigly, srhun KRAPTON b desd be swcless peerer myaiscss fhel meculte gor Blertion i [REE-33 sl -5,
sungleniered sesig res bl protect KAFTOMN From dhrecy sxprss s o LOCA syreys s regind.

T bo10p30

22 THVNHTSA Nu. 3
o]



Typicel chemnical prope©tios Sor Type VN film are shmiler o Typs HN.

KAPTON® Type FN Film
CHEMICAL PROPERTIES
PROPERTY T TN LRCEEL SWrNE
130 e LHL L% 0% 0%
e e RH 1% 108 LM%
VWalsr Permanhility N
ﬁl!r 178 [:1.] i
100034 hey 113 = an
T 0510960
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l TYPE AND THICKNESS
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' SAFETY AND HANDLING |
‘Unhestat KAFTON® polyimide i i iasoloble 1 oost oommnas orgazin mbvents ke irmecsion for op o a pe.
. Howser, KAPTON & disaclvad hy strong sridia sach se foedvg niele sl exsnantveind sulfincin acid, ptioulerly oo

KAPTON Tym FN axhibits hettwr chasninel wod coddative resistence then Typas HN sod VIL

KAPTUN fira cun be nuad ssliy ot slevaied senpuesturas with. veniiintion, At dlevaied imparstorm, KAFTON
mhnﬁuﬂdﬁ;ﬁ“ﬂﬂm‘mummm
20 CFR S0} will provids sefo bendiing and ves. :

For adkitvions] tnfnemetion, veers showid relier i i following huoletin:
KAPTON® Polyimide Fim - Sole Hamiling  E-72004
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Wilmingtoo, DE 19668
BD-Ra7- 360
In Canadn
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P.0. Bor: 2200 Streatpvilla Poatal Station
Minciaooiiga, Cinkyrin
LEM 2H3
(416} X-35M

in Europe
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022) 37 11 11

in Japan
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In Brazll
Du Poot do Braall 814
Cabx Postal, 26—Alphureills
08400 Bsruaci/Sao Paulo, Brezdl

In Southeast Asia
Du Pont Asln Pacifls (Lid}

1122 New World Offios Bulkding (East Wing)
Salisbory Rosd, Kowlomn

Hong Kong, BOC
08 734 K377

- Worldwide (Except Europe)
- D Poat -
Intewvertinng] Custrnas Sarvican
Concord Plaxs-Rend Ridg,
Wilmingtoo, DE 16808

. (302) 772-8120

WP

THWNHTSA N 3

T 0010865

e PRNTED MU 34 L
130,




Kapton® Polyimide Film DuPont
FPC-E for . | Electronics
Fine Line and Metallized FPC

m New E-Polymer Farmulatith

m Designed for Metallization

m Taillored Dimengional Properies
{Thermeal Expanaion Matched to
Copper}

B Low Abeception and Lewa
Expansion in Water

m High/Durable Adhesion
(A5°C/R5% RH)

m Low Level of Surface
Comtemination

w High Modulus

Availabla:
100¥PC-E
200FPC-E
300FPC-E

@ ' Tinolonge

INWNHTSA No. 3
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Kapton® FFC-E for High Eesolution and MetalHized FPC

S1EIZE Prirowd b USA

Market Coordinatos-Harkand Tate  Technicsl Service-Stove Simpeon
. Tndustry Need " Typical Kapton® FPC-E Festure
: (Averngw)
-m Tailored dimensions] propertiee 1 CTE = 17 PPM/°C (35-260"0)
- CHE = & FFM/% R
Shrinknge =0.03% (200°C)
#. Low water abaorption n22%
a Righ/durable adhesicn m >8pll
50+4% retengion, 250 hra ot
- 85°C/25% RH
& High modulue m 800 Kp
't m Higher productivity & Puat drying rate
Fant sdhasive cure rete
Betier atiffness for atability
during processing
DININETH#A No. 3
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Kapton® Polyimide Film - DuFont
TAB-E for ,
High Resolution TAB

High Periormanos Pl

N New E-Pn!ymef]?m‘mul&n

m Substrate File for elthar 2-layer
{metallized} or 3-layer (adhesive
coated) TAB

m High Modulus _
B Thailored Dimensional Propertles |
{Therma! Expanalon Matchedto |
e : . F

m Low Abgorption and Less
Expansgicn in Water

n High/Durahle Adhesion
(BS“C/R5% RH)

m Easily Etchahle
w Fast Drying Rate
m Fast Adhesive Cure Rats

Avaflable:
200TAB-E _
300TAB-E =

Tt DOfOB6E

DIVNHTEA Ha. 3
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Kaptoo® ‘TAB-E for Higk Resalotion TAB

Markst Coordinator-Harland Tate  Tachnical Sevvice-Steve Simpson

Inchntry Nead Typicel Esphan® TAB-E Feature
(Average)

a High moduhxs u 500 Xpai

m Tallored dimenslongl properties  m CTE = 17 PPM/*C (35-260°C)
CHE = 9PPM/% RH
Shrinkage = 0,.03% (200°C)

8 Low water abasorption u 2%

m High/durable adhesion m >8phi
90-+5% retention, 250 hre st
=~ B5"C/85% RH _

m Etchehls m Comymon cenatic solutions

m Higher productivity » Fast drying rate
Fant adhesive cire rate
Batter stifiness for stabitity
during processing

DIYNHTEA Ne. 1
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# KAPTON® Polyimide Film DuPort
Advanced Flexible Dielectric BICCHDTES
Substrates For FPC/TAB

@ Applications

High Parformanca Flime

J.A. Kreuz, SN Milligan, and R.F. Sutton

High Resolution TAR TAB

AU POND T1 0910870




mﬁuﬁmﬂ. mﬁ __:ﬂ
umwmunmmm
- boadng statfions smd corrpaive

adhaslon of the conducinrs. Ty thinness and Sexdbifity
afiow R to be knstalied knto emall volonmes, vy

. imricate wd pevere These thnedested advanizges
hawe Jadd to numerous Bxmplag sre FPC' i
alacirankc mllnulhl- '

2 nuh '
ﬁuhuh:rnm .hhmm

i wan o ficta
pﬂuﬂ'ﬂmltﬂ

l.i'ﬂfl Ref. am mmm&ma
FPC's, which place additional decerets s substrate
mechanical and chemicy] praperties.

Parformancs demands of mm-nm .
subsiteie for FFC e iokenstiied grestiy sloce
it commerciel in 1955, These grosior de-
mﬁhm%&mhwmhi :
utaulldm:::mur;lﬂ devices with increasingly
greater lesd counts, highar cirenkt deneslty is.
requirad to permlt booding tn various devicea. As
techaology progrese, the dﬁmwhﬁeh
s subairaies, seels thinner dislectrics, which
will not distort onder mechnical siresses of processing,
ﬂmmmmumqmm
mhm:mm !ur

quest
production yiekis

which nead impiovements have baen the sohjers of seversl

recent pepery, and of meket stadies by Du Font. Helbeln-

e e o T s et
RADECH -

han forther defined the peeded. Even though

the properties of oo ideal FPC
layer Sex, sare probsbly shout
emphanis on Aﬂmhtltnh'luummmm
gung bonding IC chips, and apmpears to be a commercialty
emerging technotogy, whhmrurﬁe.

MMMMHMMCTE,MMN
Lweal, low malsture sheerpton, high tenslle modulus, and

~ Property

I:Inlll!l'

Tabie 1
Properties of en Idey] TAR and High Pexformance FPC
Selbatride .

\

Goal Level
i
I7

. Shwinkage, 200 C, mila/in.
CTE, 36*250°C, ppm/™C
Modulus, 28 C, K=l
H,0 Absorpiion, %
Chemically Exchsble

Yea

siionls cxcollent shilliy o to alige
mmrm caas k alao affords
w-ddmhhhh‘nmdh A
wrtwxk patiern in aircudiry connactions. ‘The CTH of

zmumm&mumm
oo temparaturs to soldor emperiura , foc
" withoot such 2 swich the siressss & Fhewnaal

oo obinin 2-3mil Btm 29 ao albetns-

tive to Smil filrs with & madnine of $00Epsi. A sdfferfim b .
. wing ealer W process into bayinats.

Weter ahoorption: is n sqhi goal it socas exbent, but
ths specific wius of 1.5% is shout sl e Emdt of svomsdic
mmmmhmmm
beitewed iy be required ko dramatically lower
mmmm:ﬂ
abenet 2% 1o shent the Tmlt of inlarence of mast
m&ﬂnu“mhm during
bonding withoot bExtering.

. 'with oo polylmide etchents
-ﬁ-m hmm

mghhlhdnlndumht‘lﬁﬂ.
ﬁhﬂtm

ssaad by forming
usitally) i applied. 1f
hu:mualdnr bummdnu

-

good chemical etchability are crifical to sdvanced foncifon-

aflty. Additionsily, the new substrates must not be infelor

bahar-
ior, ma compmred b existing avomatic polylmids
Ingeed, we concur that these are the ey properties
Improvement. Accordingly, the most Inportant
properly levels that have our

qrutideifoe $
product goals are ynmarized In Tabls I

T 0010971
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L

tolie in higher mmmmm
lendy, x5 well 2y two

Dewslopmental Work bo Achiow thwmﬁ.';.'ﬂ.
In oodar o aeuice m# ndam
mllﬂudl Wtﬂhw

coaasrans, Foyemeciention o hats il gt s

umdeyr conttanad stedy, whers the stif megmanis g2

are Introduced info the cheln s blocks e n

random unite. The sdvantegs of such a mathod, ks thet K ls mmmw

concentrafions than ¥ the segments were intreducsd ina -
ranclom fashioa. ‘The makn dHEcrity with the block

mﬂlﬁ mﬂmm

and such » foat mmh:lbhmmhh
s lﬂm'hﬁédmma |
tn confeuing. will be reporied claewhore at u ek

CTE x 10%°C

sl drdaal

mummuwmh
nof pradictable, severs] ampivical sliswnpls were madeto |
iower ithe molshry sbscrption ag wall ae the dislectric
constant, which iz aflecied by molsture snd ks & recarring
concern (o drcult deésigners. In sidition, adhersbillty is 2
constant jpsee with iy new substrate, sod & pert of this

affort ia kv funstional Hnﬂv:

chaln which il promot= adhesicn
mmmmm:mnuhu
copper In adbesiveless products.

MM&HMWHM
sirabed by of paraphanylenediamine (FPD),
Introchuced into the chain 1o a raodom fshion. A gradml
incresse in modulus with & correspoading decrense in CTE
was founnd 1o be depemdent on the PP content. Figure= 1

" & 2 clearly define the hehsvior of these

mechanical proper-
ey 2w » Anction of the mole percestage of PFD- Inuﬂan‘..
thig fim hes become lmown as Type-iC -

In puch the epme fashion by which the feenwmilation of
L o T
o Wi
duhnnfﬂumhuagﬂhu
afifised I order to reduce the toml namber of compositions
that were Investipated. Af the same time sttention was

Eiven to alterstion of promising composttions so that fim
meguiacture was possible,

DIVNETEA No. 3

* Nkely to eghuzce the afiect of #if sagments st moch ks Copalylmide Flims -
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Tuble 3

b of the wm -
i Tuble i Tole 2, Tuble3 g b iy i nk ety
mné:-ﬁlldlhnmnﬂmmnbﬂnﬂh foe Fﬂmﬂ' .
be mwm : Type¥V  TypeE  TypeE
hm%’?hhmnﬂ:m CHE, ppo/SRHT 17 U §
and for TAR, since it will provide greste: stifuses ot . .
ﬂﬂﬂﬂ“mﬁﬂnhm HO, = 2% 4
for The uﬂlnw Permenhiliy,
and thin oo will alford grester wiily wiihiout /o /day
apcucsinas. The waber s b actuslly highar |
it ut whan this fact Is couglad with the o QIYGEN, 114 105 4
result that the fikm will expwnd md contract lese Permashilky,
vedafive hemidtiy (CHR), oc/md/doy
the irade-off o Jom toward the Tha
maﬂ-‘tumummu * AR are Tomy (8.0o0d) filoe,
EAPTON, the (5
aquiivalent _ " B
o Tys peckormance sarve Addifional typloal properties are shown In Tubla 4 o
hM&dMﬂMn batter on fhe behweirer of theue fims l:
thimnar guges, md yet melntain 3 CTE maich (o copper. TN, s and
The lowsr water will nere nee of the fim ot avaliably rotmity show ihe bydrolyic stabliiy w
Mhmﬁm ellnat "‘mﬁ' mllépn!habﬁlﬂﬂ%'c.mheﬂ;ﬁlh
m.m of ogoivalent after the pariod-and cader the conditdons
of the S will open s tee who Imposed. Ddicates thit the new
wish to ~ ﬂhﬂhhﬁﬂ-&:? o hhmhmm‘.l- wr.h?umﬁ
mmﬂtymhﬂ%wd duu::mmmihnmn AN A stmow-
propexties are meinteined to provide 2 very phere
srcultry perfornmoce. -
Table 2
Ptmnbﬁ:ll] ﬂﬁﬁw;:‘
AppHeations*
Property Goal TvpeV¥ Twpal TyweE
shrink., 200°C, Q.1 03 03 03
nis/in.
=K, ppmy/C 7 35 17 Ir
Moduh:e, 23°C, 50 400 500
Aol
SO Abporh_, % 15 a0 3.2 24
OH: Yeu Yea .Yea Yes
*All are T (5.0mil) dims. -
-
T1 HOA06T3
DINNHTHA Na, A
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e —— New i based on difierent backbones
Additions] of Newr Fitme 3 ML heing' for e i, FPC
TypiaX & E for mw KAPTON mﬁl%ﬂﬁhﬂ;#ﬁ
. Ioopery Y L far one sad two skddad cirontts ¥ia rol cladding
.m - - ﬂ #:m n?ﬁuﬂumimhﬁ
R | 1§
= . nviulos snd redoced waler aod
Iniisl Teur{Graves). 24- 28 24  cxpamalon fx mokiisyer ard Soa lne dropitry,
Baletin, “Flaxtile Clcculiry”, EL du Pootde
mﬂqw, 12 17 65 (D v Cleculicy”, L
Adhesion, 12 7 14 (3 Neukedng Bolletin, Genaral Electric, Clroufr
L-Color ﬁ. 33 M i  Product Dopertment, Companents,
Density, gm/cc 142 145 L46  March, 1971, ]
f Diel, Str., v/mil 500 " oo 6000 (9 TJ. Mateovich, “Micrncircatt Inteyenymaction Tach-
' Ce md ' Aari. Coraom, Soce. Budl, {IIS4),
" Diel ey a 52 Muﬂm
100 Bhs, 10% EH )
34 (i) 5T. Holsloger, “TAR and Muwrial Cholrss™,
00 Xus, B Bl 38 - EXPO SMT 88 Tectmical 847, (1089),
Diew. Factor, . -
100 Khs, 108 BH 00012 0.0022 aoms ST , "TAR: Mechanicsl, Chemical, sad
0LDO8S 0.0082 00064  Thermal for Three Laver TAR Mxterials™,
100 Khs, SO% B . EXPO SMT Iniernational "8 Technical Procesdings, 149,
Volume Resintivity, (16860
SaEl7  LAR?  SIxE17 . (8 b Moniinger, *Afvninges of Polyimids Film in TAR
ﬁ% 1HE1?  La®1?7  L5F17 Paclaging”, Surfsce Mount Techmology, 61, October
. nhmm v , , : Eﬂmmmfmummw
10% RH . 2351 S9xR1T  13.0xEL7 Devalopment Engineering Haodbock of Thermal =~ -
41xE1 9.1xF1 L3xE17 5-‘” MMabarials ot
Ll u L mmmﬂh&%
i * All are 75mys (3.0cil) s, ' No. NAS 8-15, March 0, 1967.
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KAPTON® Polyimide Film
General Specifications
Bulletin GS-90-5

INTRODUCTEON Mhiﬂ.ﬂ. 200, 300 and
ZAomilahle byr special

The Elsctrosics Departranat of the 500 priges.

Bu Pont Company mamifactures and requast are pther thicknesses such as

High Parformanos Fllma

o219

B oo b auaty Fuddn Siyuial Chedcal md electia)
Type FN Film : properties over s wide iempersture
Thess wpecifirstions descyibe e “Kapioa” Tyoe FN Gim is a hest with superior dimenetonal
wluen and tolorumces for fim sealahle prade which retxina tha m’ﬂdﬁﬂdmm
snd charactertatics of unique halance of et product iy prailsble n 50, 75, 100, 2040,
polylmids film Where . "Kapian” Type HN posecssea over & 300 xnd 500 gaoges.
necessxry e ,  wide tanperaturo raage. This1s
teat toethods and procedures have ltﬂundl:-u;d HN Certifionfin
fimorocabon resls togetherlo a texyirements “dmmh
should be diocrmed with  mvailuhin mi this finte. Other m’" mm‘”
mudﬂunll‘mt cambinations are gvaliable. Commilt confirmaiion ks avalishle with each
Departmentd. you Electranics o delivery upon request.
Typea of Knpion Polylmide Film Informetion.
Mmﬁm?ﬂfl ' Construation (mile)
“Kapian” Type HN is £ tough sromatic  120FNG18 0.10 1.00 0.10
exhibliing an 0.50 0.50
of phywical, chemnical and Immm 0.80 0.80 0.50
dm'hﬂm“lnﬁa‘  150FNDe , 1.00 0.50
‘““'“{I‘hhmm . 200FNB1Y 0.50 1.00 0.50
m.hmlm 200FN011 1.00 1.00
makaup is the regult of 2 ZB0FNO2Y 200 0.50
polycondensation reaction between 300FNe24 - 0.50 .00 0.50
pyromelittic dianhydride mod L4 S00FND21 .00 1.00
disminodiphenyiether. “Fapton” HNle  400FN022 2.00 2.00
. 400FNO31 3.00 1.00
—_— BOOFN 131 1.08 3.00 1.00
! Thue syociicatins bn thix bulletin siao spplp v~ BOOFNOS1 5.00 1.00
 the stererative specisl vorsioas of theat
siandard types, Type A, Type ¥ amd Type .
ay e
DI¥NHTHA No ¥




Bachwnical
Fropecty Value
Pl Thilohnmas. i}
Proparty [T ] L F o .40 F1 1] T ] &0 Tlathod
Toralo Birangth al, 12008 240,500 24,000 24,000 14,000 24,000 ASTM D-ER3.B, Methor A
#t 33'C. Miaohivm uaing an Ineiron Tawlls
Dirwotion WD and, Taster (apacianss sin:
Trasmwaiss Diroation W::glr L
(T, iMnimum) jow Cobtrulete
tha wosrige of B spapirosns
hesed o original mpesunad
Elw-.!iil:\‘lml 256 - ] 40 5 [ 1] 50 Eama an sbows mathod.
T v}
Shainkiga, % ME ond L0 - 25 25 25 2K MIL-B481158 MHL. The
TO ot 400G (Mundmam} -]
Sor aither the N or TR by
waing tw sverage of threa
msasvssmants fn aither dime-
Hon hellors &nd sher scnek-
ﬂ'lll-lﬂ."l‘l‘l':nllmmll
vl cortrallad to 400" 4 °C.
Molsture sbacaption. % 40 40 440 440 (1) 44 ASTM D-SM0-84, using 24
Meimum} oG,
Avamgs of 3 epachmeri.
*{ hour for 30 & 5 gaugs MM
Elsotrical
PFroperty Vales
Firm Thilcknaws i)
Property LF ] [T . 1) ET (1. ] Mathee!
Detsatein Strength, AC 3,000 3,000 5,000 E.0C0 4,500 2,000 ABTM B-148-8Y. [Awayape of
voltemil, iMinimum) 10 specirmern.) Fiat ahaois
in =¥ placad betwasn 14" dls-
iy’ b sinchodies with
w:-_m
1 ] AC &t oo
vollsenc. rete of riss to the
) ]
Volurn Reslativity, abhm- 107 gL s | 10" = 10 ASTM D-257-70
&M & H0C Snl mum) -
EH”:CII'H: cansant st 0 4.0 8 Ag a8 s ASTM D-150-81, ek 0on-
shver mac-
Glatrn um) mmmmnlm
wysiam of messarsment ut
wtanclerd conditons. Ansulis
- ane bt an mn of
& weeew nalng mewnu
thitkresy of spacimins.
mﬂmhmﬂ Wil JD0BE b8 JHmE 04 JNI Bpmes am dbove method,
{Amnimum]

THWNHTEA Mo. 3
Haan

T 001oaTR



Shoety of flm 8-1/2" x 11" sre freely
in i ovemn &l $00°C. Tha

described phove onder "Elmgation
Tha elongnilon (st 29.5°C) of the flm
should not e Jeas then 10K after thie
st 400°C. This comnfiorms to the
Iﬂﬂ':ddu-:ﬁl'fﬁ

{paragreph 4 4.5}
percend, sltver 2 hou 4000
reguirement (Table 1} of MILF
48113 B (MR).

Underwriters Laboratowios Inc. Hein a
wm&mmc

i omg

the coxted io coalard sida of ooe or two

——

*1 bour for 3 & 60 guuge Slm_

side coated “Kapton™ is meseured In =~ Fiime v Copper Seols or I2OFNG16
the WE?H*;::HH: ﬁmﬂmmm adhere
im [ 4 ]
T T e oL
Albert JDC cutber or equiv- Lo
alent, Tha stremgih o the yeal i
memured with an Tesivon type tenalls ahrengith obinined whes
toster. Seel streagth 1s defined sa the ﬂ]ﬂﬁﬁhugrdhhw
ﬁﬁdﬁnmmn ' g:fnmm mt;l"ll.i.:m
' ArReceiead Sivengeh (Cold posl) of
The mihimom peel streagth Bonsy Extsven ths Tope BN Napton™
betwen ﬂumltudiiud'uunr sad “Tollen™ Lapers. .
two side coated The bood between the Type HN
flm will be 800 gm./inch except -"Engton” und Teflor® fucrocrbon
ms:s-udmlbem resin Leyers on all type FN prodiscts
The minimam peel sirength 120FNS1S will teren » miniosom
thw costed and ymcosted slda of one peel girength of 226 gine. i, i
wikle couted “Kapbon” wll be 450 gme/  pppsrved using an Enstron type tenalle
inch. tester angl 2 180° peel,
Dislectri Strength
Gl II':;I“
Conatruction {Voltsjwif) Tast Method
120FNB16 4000
100FNDSS 000
1au|=m:= 3000
150°N0 2600 of 10 len tewtnd
200FND19 3000 AETHA D 14581, Flat ahoote In alr
200PN011 3000 placed beiween 1/4* diameter
2B0FNO29 mﬁﬂﬂ bmss slacirodes with 1732 sdga
m1 2800 radius subjectsd to 80 syclas AC
00FN02 voltsge. Rise ia GO0 volta/sed. 10
m‘l mmu the brsakdown volinge.
SODFMN131 220
BOOFNOG1 2100
T 01057
DIVNHTSA No. 3 3




echanicsl .
Froporty Vilee
Fira Thicnass imile}
Praguriy [ T | & | 1.08 T T ] [ T ] irthend
Tonalls Strangth, pal, st 20,000 20,000 24,000 24,000 24,000 24,000 ABTM 13-852-1. Mathood A
Mlachise: Dirsction waing an leytron TenefTa
WMD) and Trawvens Taster (apachioen sits
ma e, n::ﬂm:l‘.
ikin [wad -~ b
spacimans beeed 51 orgl
il munsered
Bongaiion, % MD snd ] = " - 1] ) o Eamm mathad e vbow,
A Slind e} L
Shwinimge, 7% MEY axd oM - -8 10 o8 b 006 Thm
g~ et _ el S ather Hha MD
200°C (Nacxdrrurng - or TD by waing the svamge
of MaRETET
afthver directinn befor and
e Tom-
pamime sxpoaes 200° + T
for orm hour, Masssraenaniy
Mhll'llh-::ll-ll‘lﬂ
amparstura urnddiy
oItk bifore yiter
lmtlﬂuhu-Tn-ﬂIlrl
wenplafs mivient squlRbriven
hefors and sfar
g, showk] b ex-
four theer rowrs.
Molsture shacrption, 40 18 ia 440 . 4.0 48  ASTW D-E10HR, using 24
% Maximum hour kramanilan o Z3°C,
Average wi 3 spenbmens.
Elsctrical
Propstly Velop
M1 Thisknass i)
Preparty oo [ & ] gd ) st T [T ] Mathod
. 1008 3,000 A.008 Ve ] 4,500 1000 ASTH D-148-81. (Avarage of
mmum 10 At shosts
n batwaen
- brpan #len-
m-mw;dg
- ’ A 'umm'
- rirts of viem o the bresioiown
Valums Resietivity, chm- 10T e 10= 0= 1= 10 AETM O-257-7H
om at 2007C. (Minimamd
Disinntric canskaet xt 1 19 s -1} L 1] 29 AETM D-160-81. Uws con-
1 kiHz A » ) ducting sitves paint 5lsae-

. trodea, b tarminal
mymtamn of massyramant
=t standerd oonditions.
Resulta ore baded o0 m
avarage of 5 tests uaing
rnangyred thicknass of
apacimans.

Dimafpation fectar .00 0. D50 S . J038 S 2038 Sama mathod s BoDwL,
it 1 k2 (Meximwum)
Ti 001080
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" Typl Hil, P and VN e i pads s suppliad Inwhivs inmrsiols of 1HIF,
oL firey vy JUppam in wicel Erespmann of VR - widiiel 00 I T
™ AN enheeesal rafe on aeaiishin [ VI wiith isernanis iih 7 newaus aldilba The i widkl s 3 for 3 e T L0 w SLDUE Sl rmindetlLn pridith b U A 3T e T, el

¥r AD.10D)
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Thermal Dorshiliy mechanical sl tha »iD.is
The therraal durshility of 290 C-340" on gRiige m,#mhw¢
polytmide fiw o the - mnd iype) dor eleciricsl {010 Core omberial will be plestic fr
uoder which  under thalr file no. ESQS05 for 3 LD cores e thas 6/8" wide. Core
B in agad apd testedd sl Wi=thne "Kapicn” polylcairs= film. maberial will be Fore for 35 11). conen
on the cxhiering of felfure. wider flaan 5/8% and 87 LD, cores. A
Is rontinaly testod ot the GENERAL rrlﬂ.lnmhmh'
metifechring site in the following owiversl robls, Core width for
IR Mwtexial cntveresl wind Ia 2874
' ‘Typs HN and Type VN Fin—A
Shents of Tim 34/2% x 117 are frealy polymar H these cores mre not sulisble, fither
wmnu-;nﬁum i the form ofa infranlion an other options naxy he
tampersinre of Sie oven is mankored olrinioed from yomr
wikh a thermacouple tn a FN Fim—# combination of marketing
temparaturs of £20C. Shoots palyimide film Type HN with
are rernoved after 2 hours ani tested FEF fuorocarbon resst anone Ttk Tobetance
oun 50 Instron Tanslle Toster ;e ar both sides. ‘The mmirwrm veriation in ko wkith
dewcribad showe onder - Lwﬁmuﬂblmﬂuuﬂuuh!
The clongation (st £3.65°C) of the fim Uniomally ma finlicwr
abhool it T Jogn thaey 10% scfiew fivn Matertal shall be ynbfsrm o
wziog st 400* C. This confieroe o the compoaltion and fres from delacts Bl Width Esngise  Tolavanoe
Ilel'.mI 2 A00MC tent  wpurk pvpair andfor ?fﬂ'wljl.:l'ﬂllah-uﬂmb tl%ﬂ
(paragrreph 4.4.5) o E
percent, attes 2 hour 400° C- Rpcerance i yoven 11/ +30 s
requirement (Table 1) of MIL-P- Cotms _ 41/16" or wider 4 50 mila
4a117 BIME). Coves shall be of sufficlent atrength to
provent collapsing oo
Underwriiers Laboeaiueies Inc. 662 Stradard core LD.'s e 5° aud # with
{depending on gange sod type) for
. Pact Ralla Unfeornal el
T Notrkes! Thiskwas Wit Range: LD x 0.} Jn) A0x 00} 0n)  Arew Pastor
N lifm Meln. Meili 30 2172 SB1Z Snl1 B4 Bl Duf 2D )
FOHN oy 8 ¥ a0 . 40
BOHN 0.5 ] s &2 . . m
100N 10 2 ] ana a0 . . . - 158
0HN 20 ] B an - » * - . ’ F
IDHN ai bl 3a [ ] L] - - - 4B
EO0HN BA 125 B a0 ] - . - 7
VN LT 13 m B2 ' 272
7oV 0.5 1" w 00 . Ly
WIWVN . 10 1 A » - . . 198
200VN 24 50 " " v - -
S00VN 38 7B 7A B} . . =
BOSVN Bo  C1m /] 80 » - _ 0
NI 1D 2 1A ] v . 110
120FNBH 12 30 .. M . . . » . e 08
150FNG00 1.8 ) e an . v '™
IFNME 18 | CT an . . . . * . 7
20011 20 B aHa » . - - B4
WOFNSTE 20 B0 ¥ié % . . - B4
TEOFNDE 25 = 1w » . . . . =
0FNS1 30 7% e £~ . . . . »
200FMNE2E i m i - ) ] " - e
WEFNIZZ 44 WO - NS - . . ar
S00ENO31 40 WY e 1 . ’ )
FORNINT 6O . ¥ ™ v v 2
G00FNOB1 60 180 12 0 . . n
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Roll Types E.ﬂiigﬂlofmhl-ﬂl',—ﬂl‘, mmaﬁm
flm I in two o +l/0N. aa
o o o e i, Aveiadle - tape syphiad 0a tse FEP surfsos
fitrn wadithe amd roll 0.0 are Splices beat geal -
weeckfied helow, Mmd e wma.ﬂ:.'hdhgrmnmemmm
Threa agilice are avadlable. on tha bottom jor unbverssl md-ups
1. Core width will be film width + 1757, tape (atendard). structures, Pad pat-cpe of ooe side
> 2 “Kaptoo® polyimide fim besed spfice  FEP cxmposites hrve the keading edge
2. Coin edgea shall not project more &Hmw—llmmﬂm;;}ﬁhm on the top.
e NNy Tt g
' i
lmmmhmm%’ Splices will be suliciently smooth the filkm as i oorwinds freon & tnivecssl
and wrinkiefres s0 s not o distort put-up and oa the bottom we i narwinds
4. 'The ontuide youd ntarting ends of the ncljncent boyers of film and fromapad
$im shall bo featenied in guch 2 approxiredely centered to+1/4" ' -
5.lnl::ulnu'n,tml|||1|=|'e||1:m:lirlndluz- . Mavimmm Splics pav Skit Roll
or "cupping” mxy not Tape splices wee standard on all The minfreun svermgpe footage
1/16" measred with & gwtiges of “HN™ and “VN™ film mod between splices for moat rofis is
siraight adge acroos the damater of  giay on ull gepges of TN film move shown 1o Teble 1. Ta culcnleie the
Specificationa for the univernal rolle. cermdemsilowe g e mmmm
sty For fma lows then Q002" thick s Splice Plavement
1ot exceed 5/167. &wﬂ:ﬁmiﬂ m1mmmn§m
2 Film shall ot project from the omin o sy prwomure penaifive tape will be ﬂmnﬁu-ﬁﬁ?ﬂm
3. The outalde and starting cads of the . N e e the
fikn shofl be faptened in wch 2 Hext vl splices are made ssfollows.  ipkmem OD.
LMM?;MILMM Enlﬂmﬂnlhim llllnh%emuf
betwesn the highest s lowest “ :
polois uastresxed, shall nol exceed
/16",
Tabhe 1. Sptios Cate-—Kepton®™ Polyimida Flilm
Alinkovem Avarags Splios Frae Langth tFaat)
E = il AT N YN WOHNT B DN, EENA, WL R TREN. DOPRL RNL. amPN, RN 0PN, DDA imah
(1] (=] - - W e r BT U
T p e B L E R EEEENEEEEEEREIE
A ™ — — EN LM & W M 4% N M IN M A NMME M O m
T mat - - - W - - W W B A W MM W W -
Mihknism Langth Estwien Bplices ot Esgleniog sed End of & Boll (Fast]
7 e — W W Ha W W — M W M M W W 10 N N —
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Avceage Thidimces Tolorenoes

(Unit Walghl) Type HN Fim skt Welghe ig/wy
: Tast Meithod and Sampiing Procedure E 11.: m
i Welgh test specimens to the
| @ kol minet bt o 57 =
0.10 gram on a torsion balance. fpei 1oLa L
Thmdrml . .ml ” * Agplles to Tyre VH e sheo,
of n minlmam of one specimen from Typa PN Fim
each of sevetsl rendomly selactad alit Gauge & Comtrastien
mlle g= follows: 120F 9SS T B
i Miniosm Nunbar TSP H &
83 Roll of S8t Rolls o be vt gl = n
RPN 7 104
Under8® 35+ sk rofl width (n) ] Talarl :E
% aod Over ] 11 142
400FNG22 168 200
A00FMOT 148 i
SODFM 1N 1 - |
1 ROOFNEE m ms
Micrometer Thickness Type HM Nominal Thisknaes Tolermmes {mile}
Thicknrss tolsrances are basad oo & Guuge Thishnass jaila) llafurirne Mlaxdencan |
wiutistical soslywls of routine process ] a0 024 .08
comtrol dets. [ [ 1. o ..
. 7E* oTs n.Bo .90
Text Method o 1.00 LT 115
Mukw tha inBowing messurements B oo 250 170 235
confirm thet film from a siogle ofit rodl F ann vt LT
meely the mlerometer tolerances ol 500 FF | EDE
‘.lllpl-l- T 7H fiims also,
L Mossare in accordanco with ASTM- s
DA™, Method A or C. )
Type AN Bosninal Thiskrsass Tolorwwese [miis}
2 ﬂhﬁlﬂmm;:;l:mﬁmb Ganm Tinolmews mis} -
area of 12 square inches, Bacheck 120FNS18 120 .10 140
hefors rejacting any oftt roll. Abnor- 100FNOES L) 0.76 195
mal ey e 15PN 150 1.20 1480
1GOFNTTS 160 15 1.78
e ety oFNae 200 170 by
readingn as they will sdversely- 2OOFNTTY 200 170 P L]
affect the scouracy of mess 2B0r 0t 50 % 253
sarements designated to mlcate S00FMO21 .00 280 340
general S00FNE2Y 200 20 240
SOOFNG22 - 400 280 440
AD0FNOI1 400 am 440
BOOFN 131 5400 ABD 650
- BOOFNOS1 200 B.AQ am
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Gutige Dapromion : Roil dopreasion i the difievence In dis-  Table 3 Heta the mezismom sllowslls
Th redueeweb Efficulties motar betweon the hardest and softest  depreasion far most peed rolls, Thare Is

witich would aeen: i - pat o the mall or the dliseace he- 20 gauge deywenslon stundard
fhicknces extresnes were twean the depromed  umiversal wind since fhet roll in Toited
"Eﬁﬂ WM‘HH o 3 mxdmam of 778" wida,

saltsast part, whichewer ls greatar.

L i

".'Hhtm hﬂuﬂﬂuﬂumﬁmm
m o
and procesing

All film willl be wrypped with & pom-
Thcous malerisl

i
|

Cora Lubal

1. Scheduled Date

2, Customer Order Number

3. Du Port Ordar Number

4, Gwuge

&. Typs

8. Width -
7. No. of Rolls par Cantainer

B- Nat Weight

8. Footage

oM oM oW M MMM

10. Ml Roll Number . x

L

11. 1D. and Q.D® - X

o X xxﬂxx:x:‘

Mo OO N

»

* |nahds ciinmogier of oors i nomingl ol disvter of rol.
* Asulimbip for uwa bo 12 chemctem.
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* Affasd Lo the ooes o sl oones, 2-154" withs saet cvar. Inohoded with the packags on 2l norss less than 2-104" wida.
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Du Pant B.A. de C.V.
Elsotronion

Homere 7208
Arvpy fluderman
TI5T0 Menkx, DI,
E2-5-360-00-23

DUCHD BA.

S1-302-107%
Fese: B-111-159

Du Post de Vienspoels CA
. Le (uarits, EGE Los Prales, Chuso

Australia
Du Pont (Aanstrabint Lid.

w Fea1-2-Ra-T217
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PHYSICAL & THERNIAL PRUPERTIES
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RASTON Type £, TyﬁuHhmdmmﬂmmﬂlTﬁqmFE’lmHIb
Iuatsaaﬂ:lly nmammnnmmm It b svallabis

mwmammﬁwmhmmmmmmmumv
andTypaF Adkiitional dats should be obiained from your Du Pont industrial Fiims Divislon reproventstive
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gy &)
Density, plom?

{aes Transition
Temperature {Tg}

{4XFC). This iv assumed o be the gless transition temparature.
uumnn&nhdm;nmmm'ﬂﬂanHme.

1,42
Coséticient of Friction Kinatic A2
Rgiraciive index (Betks | ine) 1.78
Poisson's Refio ! | fn 3
Elulql&"ﬂﬁ.?ﬁdm
MD—Hicchine: Dinmtlion
THERMAL PROPERTIES
THERMAL PROPEATIES TYPIGAL VRLUES TEET CONDITION TEST METHOD
‘lalting Polni NONE ASTM E-T94-8
Zowo Strongth 1088K 14 MPa Du Postt
mpanun {§1EPC) musm Hot Bar Tast
Cooffiolest of 2010 mam/K 1o 311%, ASTM D-5D8-44
Lisowr Expanzion {2.0x10* Inn i 0) _(=14C1 38°0)
Cosfficient of Tharml
PUEEI e g s N
{em® (aec) (C) 0163 {3.820 248K T Hastmester
0178 {4.26< AT Gomperative
0100 {4.5ix1 57 Tegtar_
Spachic Haat 108 (.261) LK (cRlgMT) Exferendial Calorimtry
Fammabity 4 VThe-0 ULg4  (1-24-80)
Shrinkage (See gharl on Page 7) IPG Method 2-2-2-A
Haat Seatablity Mot Meet Saelebie
Limiing Oorygan Indax 1D0H-38 ASTM D-2863-77
Smake Bixpratinn 100H ~ DM = jass than 1 MBS Smake Chambec NFPA-258 procadires
A second arder tranefion sccurs In KAPTON batween 33K | nd 683K
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KAPTON® Type VFllm_
. PROPERTY '
- E;%Eh&%f; p_—

Tonshe
0 ke D (R0) R0 @S0 G e

i
aaigig

i
|

i
]
I

[
]
-
sl
gl
Rl
- 1
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:
T

15
i3
g!

i
BE

206K
AT % . 85
Em'@'?'“"""“""““"“"" 286 (415 231 (i
K . 148 {m; 1.19 ﬁ%%l
ok 290K (23°C)
; 70
o ity ' 23 18
:urm—mmtﬂmﬂ zn
089 (i0) 0.83 {135 047_{12)
;hrm—lriﬂll{ﬂm} o5
_gum _(ma) 18_(50) 17_(435)
% ™ .
R B 3 R
ﬂ:urm'ma o 1.59 187 157

"Sincw & Somiber of contbinions af palyimids B and fuonosaeho: Soating i up o seg bobal giugs, & e necsssany to definguish
among . A Lree digh wymbem ks usd in which The mikidia tigit reprassnta e nomimk hickrees of i bess KAPTON e in mile, The
Bl ] Lhiv] Qs ngphiepiit than romiral thicknaos of tha costing of TERLON FEF Bucroirbon seain in mide. T syl 9 s used lo
ruprraant 18 um (YamE, and & 1o papeaeont 2.6 gm (1710 mE). Exemple; 42014115 s a1 20-paogs siiycturs conatating of & 25 g {1-mil) bae
Tim with § 25 am (1-10 mil) £oRlng o YTEFLON o sach sids. Baa pags 29 lor ctratruchion axplermiion,

TI (010080
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MECHANICAL PROPERTIES

The vl valuss of i8nslie strangth, fonelle modsdho, snd ultimaks slongation st various temperaturea can be
cbialnead from the typical sireea-sirin corves shown balow. Such propariies: 25 tenalls and moduhes have
unimnhﬂmﬂhmnmhn.ﬂﬂﬂ:mpnﬂuhummﬂm {300y, Ot
factors such a8 #im thicknees, and alongalion rate were fouryd 10 heve anly a neglighle afisat on
the shape of the 208K DTS, _

TENSILE STRESS STRAIN CURVES
{Type H Fim 26 pm {1 mif))
" . 200
% g L 178
. 2K | (29°C)

" 573K =125
STRESE, . STRESE,
Kpst “ . 4TI (200°C)| —1m WP

" — Th

6 = Bl

— 25
9 TZIK
1] 10 20 30 L 1) [ 1] -] i [ 1] [} 1
STHAIN, % ELDNOGATION

HYDROLYTIC STABILITY
KAPTON® polyimide film Is mads by & condanesiion reaction; thansfors, s are afacied by vwtar.
Although othg-term hhzum.uimghﬂnumhlm reducs thix level of fm propartes,
sufficient tonelie and remaln to iInstre mecharical parfarnance. A decroanss In the tempereiur and
mmmﬁwm raciyoe: e rats of MMﬂhmmmﬂm

TENSILE STRENGTH AFTER EXPOSURE TO 573K (100°C) WATER
{Type H Fim 26 um (. m))

2 — 150
]
TENSLE 1 — 125 m
1ETEHTII STHEMATH|
Kpsl ¢ WPy

11

12
10

0 200 400 600 BOO 1,000 1,200 t,400 1,500 1,800 2,000 2,200 2,400 2,600 2,600
HOURS M BOILUING WATER

T10D%08E
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ULTIMATE ELONGATION AETER EXPOSURE IN 573K H00°C) WATER

(Yype H Flim 25 am (1 mif)

[+ 1]
B
70
[ ]
% ELONGATIDN 50
40
a
b 1]
10
¢ 200 400 600 200 1,000 1,200 1,400 1,500 1,800 2,000 2,200 2,400 2,600 2,800 3,008
HOURS T BOWLIWG WATER
The dimensionsl stebilly of KAPTON® fim deperis on two Eciork-—iha Nonial cosicent of thermal
Hx Byt ““ﬁmm hm hmgm%hiﬂhﬂhﬂwm
WPORLG res &b
the nomnal values for thermal expansion Tistad on Page B 0an be expacied,
RESIDUAL SHRINKAGE ¥5. EXPOSURE TEMPERATURE AND GALGE
{Type H Fam)
K
30
423K 15(C) 672K (400°C)
25
TIPIAL 20
SHAMKABE _
%) 15
1.0
5
R 1 N
{1 mi fZ2m)  (Smi 1 mi {2 mi)
25 pm 50 zm 125 pm 25 um 50 um 125;.|.m
T OD1655:2
DINNHTEA No, 3



THERMAL COEFFICIENT OF EXPANSION
. (Type H Flim 26 xm {1 mil}) Thermally Expoasd

Tenparahey Raage “.-F: 1=
206-973K  (23-100°C) 1.80
373-473K (100-200°C) : £.10
473-573K (200-300°C) 4.6
673-679K {00-40C) - 7.7
20-573K  {29-400°C) 455
CUFTHROUCH AND COLD FLOW

WMMH:FTW . %nmm“"m“m realstance i such siraess. prodedures
mnmmﬂ?ﬁmmu‘&hhmhmmmwhnm
infinkaly high poied lomd to 83 MPa, (12,000 pal) st oukdhwough for & 28 am {1 mil) @m.

CUFTHROUGH TRMPERATURE VS. RATE OF TEMPERATURE mmm
(Type H Fiim)

2
kK
|
33 9 3 §
CUETHROUGH TENPERATURE, K

4T3

8 £ 8 8 8 2 8§
i

- B
3 3

{1 (2} @ (4 {5}
25 50 75 foa 125

FILM THICKNESS—am (wills)
19 00109y3



' RESISTANCE TO CUFTHROUGH VE. TEMPERATURE
(Type H Alm—e5 xm (1 mil})

1,000,000

1uu.uun- ‘ . %

000 ==
——

%

L
%

TINE—HRE

s L

‘_
—%
100 E E—
10
1
273 an 473 573 ars - T8
(0} (1o} (200) (300} {400) . [500)
TEMPERATURE—X [*C)
%Im - - - Tt 0010334
9
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T T TR P ——

KAPTON® polyimide Sim Is subject to oxidalive degnidstion. Theoetore ke usatul Ba iy a funclien of both
temperaturs whd oaypen oonderiraiion in the tast anvironment. The slfact of thass faztors b slvown bolow.

- TENSILE STRENGTH VS, AGING AT 575K (500°C)

{(Typer H Fim 25 zm (1 mil))
2
hHelum | [ 7°
o
2 : 150
1] THEISLE
TERILE . STREMNTH
IIHHITH“ 126 WP
fipe n Ar
)]
— 0
“ .
12
73
10
0 200 400 0 - 00 1,000
BOWRS AT 5T (300G
ULTIMATE ELONGATION VS. AGING AT 573K {300°C]
(Type H Fim 25 um {1 mif))
B0
n In Hetlum
n
= 5
ﬂE 40
2
0
® In &Y
10
0 0 400 600 A0 1,000
HOURS AT 5TIK (300°C)
T Dotppas

10
DINNETSA N 3
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TRE REQUIRED FOR REDUCTION I¥ ULTIMATE ELONGATION FROM 70% to 1%
(Type H Fim 25 am {1 mil))

Envirenmenl
Tatmperaturs Al . Hallam
TIBK  (450°C) 2 hours 22 hours
880K (4257T) 5 hours 3% duys
O (400) ' . 2hum 2 etk
G4BK (375} 2 days 2 monttvs
B2 (360C) G cays : 1 year
579K (300°C) 8 months —_
S4K  (275') 1year -
52K (250°C) B yaars —

WEIGHT LOSS AT (3°CHMINUTE TEMWPERATURE RISE

{Typa H Flim 26 m (1 mil))

W
20
? ] DRY HELIUM
a0

PERCENT

WEIRHT 30

LOSS DRY AIR
1]
T
. )
“ \
100 h Y

ara 473 ara 6873 HiL] LTt 1] 1073 17s 121
{ieo]  {200) {300y {4000 (GO0  qpe00} (P00 {600} {00 {1000
TEMPERATURE X [*C.}

T1 0010898 n
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(t¥pe H Film 26 m (1 mE))
v - BT (ADPC)
s ~ 72 (S0°C) Ha
73K (A00G) AR
10 ~0IK (425°C) AR
17N (B00C) He
15
. |}
25
1' WERHT % |3
Less - {BO0°C) Ha m"%"m
.
“7Tak
{308°C) AIR
[
50
55

0 100 =0 %0 &0 S0 6w AD B0 50 1,000
TIME (MINUTER)

18 TI DDE0897
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TYPICAL ELECTRICAL PROPERTIES
PROPERTY TYPICAL WVALLE CONINTION HETHDD
25 pm m:r,.m 00 80 hartx ASTM [-149-81
50 am E mawm A0 %" vhcimdes
i) 1HJ!I R
18 pam {5 W2vwum
75 gm 25 1 idiokeriz ASTM D-150-81
2 & i
_ 87
Hpm [0 1005 1 iiohariz ABTU D-160-81
7 g% = -
15 025
_izham @ w07 -
25 pm 110" oham 125 voilz AETM D-267-78
80 zm % B x 10" gl
?g‘nm % 5x 10 ahavm
18um (8 1x H* phimm
KAPTON?® Type VFim
TYPICAL ELECTRICAL PROPERTIES
LL- 2 f TEST
PROPERTY TYPGAL BALUE CONDITION METROD
Dinlactric
Em E ﬁ:"‘m : umﬁ “_u:ruu ASTM D-Tég-81
1254m '® 12 am 13800 etrodss '
Diclaciyic Constant )
%nm g.g 1 iichertr ASTM D-130-81
12ham {Sm 27
&0 puam 025 1 Klivhertz ASTM D-150-81
FL] m 025
120um fim [T
5{ am .gml &3 Hrt ahmm 125 voits ASTW D-257-78
zgml . B% 100 pherrim
1Hhun Gml) 1 x 10" shimm
1 T 0010898
DNIYNHTEA No &

0241




TYPICAL BLECTRICAL PROPERTES
MOPETY : 1XIF86 150019 ORYR
DHelaciTic Sinangth
Tolel voitz Tg Gim
yole/m L 3 167
oot {5,800 {4.200) {4,000)
~Disociric Gonsla 28 30
. Diszipaiion Factor 0022 o4
Yohune Resistivity
gty 230) BT 10 7510
L dEx it () Kid
ohinem @ 473K  (2007C) ExiDm 1
iﬂmﬂg Ex109 (i
EFFECT OF HUMIDITY

(Type H Fim 25 =m (1 mi)

mmmmuwmnmmmnmm rties, slactical maasuremgnis
wars mads on 1 mil fhm afier exposurs i omvironments of varying ralative e ol 2RNK (23°C).

Tha mesulis of theee measurements ave ghveh beiow.

RELATIVE HUMIDITY VS. ELECTRICAL PROPERTIES OF KAPTON

AG
% RELATIVE INELECTRIC INELECTRIC EXBRIPATION
HUMTY FERBTH CONETANT FAGTOR
Wun (el

0 07 (7.800) 8.0 0018

0 287 (7.5} 3.3 0021

50 e (7.000) B.5 D026

i {0,560} 4.7 Joar

100 244 {5,700} 19 0047
For aploulations invalving abaaiuts walor condant, 50% PBH In siudy in to 1.3% waier in ha fHm and 100%

AH e squal o 2.8% wﬁr.mmmmmmmnmmmr

T: 0011000

15
BIVNHTSA Na. 3
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Can: 300-233-BE77

T ATITIES
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boliwind &0 B raiintale, Howiver, e Do Fost L 1] 1 I iy Ll 5o Obielian
or Eplllly In cairibotions with the ums of this nihich Iy for wak by putriy fanieg Sechrioul el el o ok oan
Mﬂﬂ.mmm-hq“Mhh_“dh_THMiu
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09 734

mmmmtaml
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Whnington, DE 15858
(302} 7728120
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" NOMINAL CONSTRUCTION, Type F Film

infiws KAFTON®Type F order code of 3 digits, the middie dig the nominal thickness of the base
KAPTON in mils. Tha first and third the of tha coating of TEFLON® FEP
Nusrocatbon regin inmils. The 0 Is unad o represent 13 wm (% mil)and B1o 2.5 pum {Vomdl

- 120FG16 o m 120 atnuckure ol g 26 fim 2.6 h
E%Hﬂ B o '_I ;.un{‘l-nil]hnﬂ_ a2.6um (o mil) ng
ot MOMMAL *TERLDH" "APTDN" *TEFLDN"

THICKNESS

Ti 004403

DAVNHISA Hu, 3




A

KAPTON® Type V Aim ‘ ‘

CHEAICAL PROPERTIES
“Tpical chamical proparties for Type V flim ars simitar b Type H.

KAPTON?® Type F Flim ‘
CHEMMNCAL PROPERTIES
PROFPERTY THIAS L ai) 4R
Molshwa Absorpetion
, % R.H. 1.7% % A%
@ e % f.H. 2.0% 1.7% 1.%
WF y ‘ 187 | 83 3.8
om./(100 W) 24 hre.) (0.8 , (.57} (0.2}
W i 0. - 0.6 g.14
A 100 724 tes.2mil) { 1.07} {0.85} {0.02)
'.\‘I.
A
TI D1 19008
21
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KAPTON® Type H Eiim

DANNHTSA Ne. 3
o248

25 germ (1 mill)
j CHEMICAL PROPERTIES
i - TYPICAL VALGES {25 parm {1 sl
1 Toalls % L . BT
| PROVERTY ool w Raishgd CONDHTIONAIETHOD
! o Tays dmmarsed ot
) Bamzenc 100 82 100 ﬂ )
Totiwna [ a1 e S
iathana! 100 73 140 385
. 10% Sodlum Hydroxde o mﬁu 1% ﬂg
Giack! Acetic Ackd 85 7] 102 26 days ¢ 388K (11
100 77 102 %2 days B 473K
o 100 100 100 180 days 3 428K
Waisr pH = 1 65 30 10 14 deys £ 373K [1
pH= 4.2 8 30 100 141..3;%
2 18 E 0§ 0B memem
ﬁ=1nin 0 10 100 -lmSam
MMM Stii Fexibia
(180° Bowd) 4.!5:1@9;
Biachron {Vin de Srafl] mmu m
muu}m Dar¥enod but tough Exposure: 106y
FUMGUS RESISTANCE Inevt Soll Buria)
MOSTURE ABSORPTION 1.9% Wpe H 50% Paiativa Humidity
ot 208K, (28'C)
2% WpeHEY Inemarlon for 24 hours
ut 206K (2°C)
HYGROSCORIC
COEFRCIENT OF 2.2 10 mm% 205K (12°F) A0%-80%
EXPANSION Relattva Hurmidty Ratative Hum idity
PERMEABILITY —
- (cc/ {100 in%) {24 hre. ) {im/miT})
Carbon Dioxida 6.8 ASTM D-1434-83 &
{g] 200K (23°0)
o
- i
n
Oxygyen ﬂ
(25)
Haliem B3
#15)
Water Vapar ' day ASTM E-95-63T
ummh‘kﬁmm.ml
T1 0¢rH 006
20
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DIELECTRIC PROPERTIES IN GIGAHERTZ FREQUENCY RANGE
{Tvpe H Flim, 126m (5 mi})* {Type H Flim, 126 (5 mil))*
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FREOUBNCY, . FEDUENCY, HZ

*Fachnionl AFMUTRP2-G8—Ourve A ln S00H KASTON an seosivac snel mensured st BEPC and 45% RH wity the skotric el in e plane
ofthe shest. B o Bat g reowmursenant afier norcdiioning ihe M at 100°0 kor 48 hours,
TRACKING RESISTANCE
Al28 KAPTON® polyfmice has 2 ranking resisiancs of 163 senonds s maaswred by ASTM
MWMHMhMW&Hﬂ:ﬂmt - o
CORONA LIFE
LEw ali organic materiala, KAPTON i sttacked by oorona and will ulimately iall whan axpossd
WMMMMMd%mmMMW
survived up to 3,000 hours, giving reasonabie sssurence that brisf to coroma will not significanthy
affect the e of a properdy desipned insulation aysterm basad on .
mwwwmmmmu paramelers, Insulation
thiciness, memwmn%m onthe
sultebBy of _ for epacific applications whare corone may he pressnt.

T
18 041008
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EFFECT OF FREQUENCY

Tha offacts of krequency on the value of the dislactnc constant and disalpation factsr at various lsolherms
mre shown balow. '

DIELECTRIC
{Type H FlIm 25 zm (1 mil))

V5. FREQUENCY

e
als
14

a2

23K (—40°C)

306K (35°C)

—r—*ﬁ_ﬁm [50°0)—

———

2.7

L1 1 ™ 1= Lo 1w
FREQUENCY HZ
DISSIPATION FACTOR VS. FREQUENCY
(Type H Film 25 am (1 mil))
E-5
i)l
o 3
firc)
m'i' 233K
: =
008
204K
{~10°C)
= B
(—80)
373K (1
002 T
L e H 10= o 10
FREQUENCY, Hi
T1 001 1008
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EFFECT OF TEMPERATURE

below indicels, axirermns in temperature hava relaiively Ritie affect on the exceliert room
e ot proparios 0f KAFTON. | ve

TEMPERATURE . TEMPERATURE
{Typa H Flim) {Type H Fim—25 g {i mill))
12,000 a8
o o . | ™ pwe
gm.m 8 ae
g 2,000 — . E
oy W = a2
&,000 E
- 200 W —_—
3.0
E 4,000 =
g 127 pm (5 i) o E 5y 1P oriz
g 2000 .
- |
73 7Ok oTOK - aTaN AT wu X 7K 5IM &X 5K
(—200°C) {-1007C) (*G) {100°C) (200°C} (3007 (—i00g) (G  (0C) (w0 (WeC)
TEMPERATURE TEMPERATURE
DISSHPATION FACTOR YOLUME RESISTIVITY
VE. TEMPERATURE VS. TEMPERATURE
(Typa H Film 25 wam {1 mib) {Type H Flim 25 am (1 mA))
1x 10"
A
04
m E 1 ¥ ﬁll
-m | ]
09 othotz 2
|H E 1‘ mll
: . :
008
1 'mll
= g
=2 .m_ E
x g 1 x 10
o 1x10*
173K 273K STIK 47K 57K 27K 73K 473K 57K
(=100C) oGy {100°C) (200"C) {300°C) {0"C) {100*C) {200°C) (200}
TEMPERATURE TEMPERATLIRE
i6 T 0014040
DIVMHTEA Mo 3 -




e

DuPont Palymers

Dulanl Falymserz

A, Bmc BI00

350 Rallcuge Read

Newmi, DE 187148700

Tl (GD8]| 248-5T1R Fax (500} 2483717




CHEMICAL PROPERTIES
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ADHESION TO KAPTON®

KAPTON® polyimida fim, made anly by Du Pont, |8 evallable
In three beaic fim typea. Type H KAPTON ls 1009 polyimide
fiim. Type F ls ooatad on one or both sides with & TEFLON®
FEP funncahon sdhesive and Type V 5 v piain polyimide
fiim having superiordimensione] stablity propertes. Typlcat

roperty information for KAPTON s found in Bullatic

72007, ' Suvmary of Propartios.” Specifications ang found
in Bulletin E-67824, “Indusiry Specifications Bullstin
FCH5-2." For Bexible printed clrouit epplications the irade
spacification |PC-FC-2315heat 1, appllas to KAPTON.

ADHESIVE SELECTION
For some alications KAFTON must be bonded to other
maderiale, siroh full, which requires the aas of an
gdhasiv. Oplimum repuie are usually obtalned
from commerially coated KAPTON which le syaliable from a
of suppliers such e thowo lewsd in Bubstin E-72091,
“Suppllers of Adhesive Coatings on IKAFTON.” This liating
reprasants moat of thoss companies offering coated
KAPTDON but should not be reganded s 8 complets Ruting.
Chertalled information on the use of these edhesive costed
producte can be cbtalned fom the eupplisr's bulletins. Spe-
olfic requirements for copper lamingtes praduced as eub-
pirqkas kx fexibie printed circulta are oubimed in rada
apacificsilons:
- USA:
— Bridah: Bg-4584
— German: DIN-4DB02
When commercially comied fim 13 not eulebie lor en applica-
flon, most vendors offer a dey fllm form of their adheelves for
Use BE A bonding ftim in lEminations. However, battee dhe-
o bt nomally ohtainad from commers i@ solution coatings
than from the dry bonding fim. The dry fim adhasive doas
hérvs the that it can be ¢t bo ahapas wioh cover
only that portion of the polyimide film whom adhesicn ke
dasinad.

¥ meither commencially coaksd polyimide film nor adhesive
borxdng fiim ks sultable for e application, the remalning
option |5 for the user © apply a3 solution adheeive. Some
genoric clesses of adhesives which bond KAPTON include

arylica, epoxles, butyrakphenolics, polysstere, sfiicones,
urathanas, flusrocarbons and blende of thase matedals,

af

IIND

Salection of an adhashve I8 depencient on tho propers
e required of the adhashw and the demands of the appllca-
mmm-nmmmmm
rasistancs, fill and ficw oharacterietics, lity, pasl
strength. flammabilily, moisiue reeistance and Ineuletion
reaisiance. Also 1o be oorsidared Is the eese of procasaling,
lamimtion swnparatire and whether the lemination e to be
mada in pontinuope roll equipment o in 4 pieien prees.
ADHESIVE PROPERTIES
Acthesives usc with KAPTON Type H ara a maodifiad
version of the ganeria adhesive Tamilly .

Thess formulations are propristary to the suppliece of coaied
KAFTON and require apecific procsesinng conctions o
schiowe the mesdmum bond sirongth. Alwerya Lsse the
psr's raoommends: laminstion condifions for the
adhasive you aolbct.

e In Tebie | are saveral adheshve types akong with Imfor-
rad wrxd mesdmum

curing agent as the froe alkaline materinle can degrads the
potyimicke.

TABLE 1
Mz:dmum
Adhesive T ' porat
Types G ‘(')
Fluorocarbons gggggguunma1 ::gggg;Ei
:;:ﬂg:fna 73450( 232300 toBOO L
Presaura Sanalthve
Swconss 75300( ZH1S0) 10500 (280)
AubbenPhancics  00-400(150-205) 10600 {260)
Acrylics SEOATE(I76190) 10550 (290)
Polyasiern E75300(135-180)  10.220(i05)

Solution lorme of moat of the adhesives above are amliablo
from auppliers of adheshvas to the eiscinonkes Industry. List-
Ings of suppliors can ba foundin buyer's guides for elecironis
praducts. Bultelin E-74148, “Suppliors of Adheslves 10 the
Electronics ndustry,” provides & reprasentative dgting of
adhesive suppilsrs who can be consulted with for specific
gcihenhe neads,

IO enag
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Fio-coppar prior ko dip sakdering. The times are diffarent than
In Figune 2 ce 1o the presence of the copper ol
RAURE 3
DAYING CONDITIONS FOR KAPTON TYPE F
LAMINATES PRIOR TO DIP SOLDERING

"F
"

200 [
175
T SOF131H oz coppar
Lf-)
10 = x 40 B0 &0

190 ADDFTETH 02, copp
]

Owam Tompanatin
Egakbas s

iinutes of Puil Heal Exposure

SOLDERING AND GONDITIONS FOR
mmHLAHMTES
recommended predeying conditiona prior i dip sckdering
and pleian preasing laminetas based on type H fim will vary
ancording o type of thermoset acheshe wed In addilion 1
Taciors mentioned for Type F laniinedes. Tha molsture reden-
of sha Fim ancd achesle must be congid-
wred along with the imparmaabiity of the copper ioll leyers.
Conieit your Iaminess for recormmended pradrying
conditions speciilc to the combination of meksrials supplied,

EFFECTS OF HUMIDITY
ON PEEL STRENGTH

Hurnidtly 2an heve & lange affect o0 pesl strangth with oartal
adheslve syziams, and AH muhtl::dhu cornbmiad In pn:
measawments. A aurmrmary of our nic

having fumctional groups capable of abeorbing
waler vapor will promota mrgngths af high RH snd

ow pael atrangtive a kow RH.-Betwoen an RH of 10% and an-

HH of 7004, the offect oan be ms karga e € ba. par neal Inch
(%0.5 Nicam). Those adheshme which do not have hyorosoopic
ngmmm&wmmmmu

TABLE il
EFFECTS OF RELATIVE HUMIDITY
ON PEEL STRENGTH
Pgal Strength, Ib./in. (Nem)
Adhasive Typa 1056 AH 70% FoH
Acnfic 5A8{103) - 15201
Epoxy-Aimide 5.4( 5.5) 10-“%-5;
Pl Buepra 361 63 52( 2.1
Phanalic-Nlirie 4.7{ 8.3 £3( 75)

* athisghvw srywiem snd the fost method

EFFECT OF SURFACE
ON PEEL STRENGTH

Tha tap ewrlaoe of KAPTON k nelered & 28 the “bright™ or
"ahiy” slder. The botiom siceis “dull” snd rough-
anad in tha manitaches of ihe 1Bm to inprove Sm
charapiariatios. Moat adhasivea bond balier 4o the 2ol wida
M) bt can B & 1igh 21 4 e P K (75 Nam) o0
can be &z AR pac F i or
nagiighls depanding on the adheshe wystom usad,
Exporiance has alao shown that peel normally
incrogies with the thicknoeos of the mmm laminaa
based on a givan filim Biciosses, & rengs of patl sirengthe can
wino be mpactad, which & isherent in the Bim surisce, the
, Foraxampla, o

mw range Kor n sdhosho s 8 be.fin,
For 100 this range aan reau in waluss m o s
2bsfn A5 Niamh }
Linlses recommended by the adhesha ]
thesuriace of shouid b used 5 recehed. i the fim
has boon conteminaiod with greass

Whan higher ndbesion kovels are required for a given
sdheshve eystem, the range of tha peel strength valuee for the
iwvinaats may usually be reciuced ¥ the surtaos of the fim is

machanionity or Chetwically ight
or cacmiic stohing. Catsion must be ecercisad with arry such

treatment 0
EFFECT OF THERMAL TREATMENT

ON PEEL STRENGTH
High thermel treatment of KAFTON wil ofn Improve bond-

10099044

DIVMETSA No. &
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KAPTON® Type H Film

DIVNHTSA Mo, )
L crial

25 um {1 mil)
CHEMICAL PROPERTIES
=25 ]
" TYPICAL I#IB (=28 cm ﬂ.: |
PROPEATY Fotainel Reisimad CONDITRONNETHOD
RES) - Dayy Immonad at
Benzens 101 B2 100 ﬂ .
Toluane % Ll 87 . 385
Mathanal 106 a 140 k]
10% Sodium Hydroxdde 7 Dlnﬁu % ' “5
Glacial Aostic Ackd 35 B2 102 36 d=yn g 383K {11
100 77 n2 22 days @ 473K
mner (1 100 100 100 1600 deyn g A28 1
Water pH~ 1 85 80 100 14 cdaye & I73K (1
phi= 42 85 30 100 14 dayo 0 373K 11
pH= 7.0 65 g0 100 1&&@-% 1
pH= BB a6 1] 100 14 cuys 20 373K 1
pH=10.0 & 10 100 4 days & 373K (1
RADIATION RESISTANCE
Gamma ( Billl Rexible
Hactvon {an oe Graaff Hm 50% of m::tw
it Driginal Elongation 8x 1P Gy
Newiron dus]lhlmn Darkened bt bouigh Expostit: 10° Gy
FUNGLUS RESISTANCE Inert B0l Burial
MOISTURE ABSORPTION 1.9% Tpe H S0% Rolative Humkiity
' a1 P0K (23°C)
29% T HEY kmmarsion for 24 hours
at 208K (23C)
HYS
COEFFICIENT OF 2.2 Irmm'% 2K (TR 20%-80%
EXFANSION Releitve Humidity Rasiative Huimidiy
FABRITY mlbm*- 3Py day
{ee/100 i) (24 hrs.) {abmydl)).
Carbon Dioxlde 6.9 ASTM D-14M-64 &
oo lﬁl 206K (23°C)
Nirpgen [ﬁ&g}
Tygan !
25)
Hellm a3
415}
Water Vgor gnn;day ASTM E-96-63T
n!{iﬂﬂln'ﬁ{ hrs. Jmi
TEOD 4015



AR eyl ki, il el e rd i it my Ml i iyt i prutte, Thasy o boaesd v humininal thists wisiih Uy Sipls? Jopllirri b bt raliniuln, e 2w hebmiBIg FOr W W e
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KAPTON® Type V Film
CHIBNCAL PROPERTTIRS

Typlcal chamical praperties for Typs ¥ fim are similar o Frpe H.

Ll

KAPTON® Type F Film
CHERMCAL PROPERTIES
PROPERTY I - [ 150 AJ0FEr?
Molsture Absorption
. R.H. C1.9% % A%
QAT Z% AT 1.2%
ol Y. 87 8o 28
G G B &
00 w24 s i) o q1m (0.85) 082
\
TR ODTEDET
21
INVNHTSA No. 1




Kapton®
Polymide Film

High Partormance Fime

TI 04048
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If you nead additional informatian, please
contact ol Custamer Sorvices Centar

Du Ponrt Elactronics

HPF Customer Services
Wiimington, Delaware 19880
Product Informeton: 1-B00-237-4357

Ordaeing Information: 1-800-227-2374
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NOMINAL OONSTRUC‘I'ION Type F Fitm

InﬂIﬁIEH.FTUN' F aorder eoda of 3 digite, the middiad hicknasa of the base
KKAPTON in mile. ﬂﬂwwﬂg mmllrmmhmaﬂuﬂm
korooarbon

rasin inmifs. The Bhuu:lhmmu‘lammm b"ﬁrwui
la: 1P0FE Ia mmm:ﬂ!ﬁ'ﬁlﬂ -ﬂ!i II,'I nil
i sxamples oot b 28 um

of on anoh sida. Bustreded am 3 tha marry ypae mval
NOBHMAL "TERON "ll.l'l'lll" “TELON"

OADER THICKMESS FEP TYPEH -

CODE fum mhe pm [ ] £m mik A mils
120F616 L 1.2 28 8.1 2 1 2.5 0.1
1HF19 -8 15 o 1] ] 1 13 %
250F028 [ 2.5 0 0 51 2 13 L]

OADER i ETANDARD WIDTHS sk FacTon

CODE : mim Inches 7Kg FT%LB.
1ANFITE AB-EH4 178-88 21.3 104
1507019 3 15814 18-38 15.8 7
250R02%% 3.18-814 1/8-06 11.1 4

T 0011024
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muar  Inland Fisher Guide - Impact Test Facility p,, =z . <

[ .
Reqnutfanomln_'llg
Test {0/ RomNo %b /7375 IFTech D. Beh) = TedDae o Do FI
Submitted By Saben Phonc# _ 5-2730 D _11/27/9% Use NA whare Nat Applicable
Type of Teat _Stailt Jeplopment ONE Occnpant Defined Per Sheet
Ons Or Two Occopent Test Buck ID. Puke No.
Occopant Location Occupmnt Type ATD # I-
Occupant Position
Body Line Dimensions Head / Hip, / Knee, { Ankls J
INSTRUMHENT DESCRIFTION AND IDENTIFICATION
Chansals Resywiend Sorial Nwulwr
Timing light Comarmawr  TW20Z /7%  _PaMasher
KincdoSywirs HTMS 3000 TLEMF] - Tou P -
SIR Cah Prws-1 TH160 KaseirSyswens HTHS 3000 THWXX1 3
SIR Cah Pras-2 TML&0 KiarticSyswsns HTMS 3000 TMIEI -
SIR Cah Prms-3 TMLG0 KisotioSywees HTHE 3000 THM1 4
..... End of Limt——— Kinsticl s HTHA 3000 TR 5
KineticSystams HTMS 3000 TMSE]1 6
Dinl Incticstecs NS
Firing Controk C___ _Feghupry
A e v
Piting Coastrels  TM3902DcDinl___ __ _ Pu
Comprews Ons  Thmar | Tioew?  Timord  Thomd
Accesstinbtr Proa, Taak ) Tk 2 Tk 3
Tankd Yolame_______ ITTTIOG-102
Comdisboimg Chasnbor
Temparatore ladicaior gyt vt
Thermomnar T

Taok Tt Sisaal TH
AirNivoga Pergs Cange
priaige ape chan iy’ 'al;

Additions) Inssmemrta

Txg SOF-of iy Mewel




RKapton

POLYIRIIDE FILRS

|r|uwtr|:aul Fims El,\‘um )

SAFETY IN HANDLING AND USE

introduction
KAPTON polylmide fllm Is & atrong, tough, tmns- maximum temperatre at whioh the fim wil sus-
parent amber-colored plastic film axhibiting sxcel Inin a load of 138 KPa (20 psi) for & saconds.
lant phyelcai, chemical and selectrical proparties KAPTON ls Insoluble In moet comman organic
over an extramely wide ternperature range. It has sodvanls after bmmersion for up 1a & yaar (Rat. 1).
tha structure: Tha hydrotytlc atebilty of KAPTON Type H has
) — besn measurad afler 168 daya sxposure lo boll-
[ ° 4 0 Ing water. The flilm retained B5% ol s tensilo
G c proporties and 20% of H; elongation. KAPTON Is
, n, dicsolved by strong aclds (Ref. 2, 3) such a3
—-Q —0- O —N: ’@/ /N -+ fuming nltrdo and conoaniraled sulfurlc acid, par-
C \G tioulady on heating, and ie hydrolyzed by aikall
I H and supar-heatad staam.
- o O n KAPTON Type F uhlhﬂambaﬂur mhu _:_HI h::;
drolytlc, and oxkiative realstanca than
KAFTON Is produced in three forms, Type H, Type and ¥, .
V., and Type F. Type H is the heslc uncoated KAPTON may coltain up to 1% by walght of di-
polylmids film. Type V Is simllar to Type H but has mathyl acetamide rasidual sohmnl. At alewalad
superior dimanaional stability. Type F is coated on temperatures, soime of the solvent may be releasad
one or both sides with Teflon® FEP flusmcarben and munt ba removed by exhaust venilkatian ar di-
raeln which imparts heat saalability, providas a mods- Ited 10 sale lsvals. OSHA (20 CRF 1910.1000) hes
ture barrier, and enhances chamical resistance. eatshlished tha mig leval for dimethy! acetamide a9
KAPTON I3 ueed a5 inmudation for wira and cabla, ban parts per million.
formed colls, magnet wira and transformars, and g - f.__ #-f-'ﬂi
mator slot unmfn. 'i‘u’""féf' other uzes. It amo I used ) ~ea
Bs & substrate far Nlexibla printed clrouits. )
This bonklet providea guldelines for the gale l- PYROLYSIS STUDIES
:“rmﬂ;r:? o! KAPTON during processing, use, and Studlas (Hef. 4, 5) have shown the ouistanding
. - thearmal stabiity of polyimide fidm. Its rate of da-
Eam ol Typan KAFTON ahould alsy refer to gradation i dn’;:nndnnt upan the avsliabllity of
DuPont bullettin "Tellon® Fl‘ll.lﬂl'ﬂl‘.'.-ll'hﬂl'l Rasing — oxygen. In gir at about 500°C (832°F) KAPTON
Safety th Handling and Lise. decomposas and complately disappeare aiter

twelva hours. Al 450*C in ak, carbon manogxide
may ba formed In glgnificant amounis. In a vac-

|. GENERAL PROPERTIES uum or inert atmosphere, 89 to 65% of the flim
remaing aftar prolonged aging at 1000°C
KAFTON Type Hltld Type V, axhibits no mall- {1832*F). The residus #eialns Hs criginal shape
ing poini or softeniMy pelnt. A ene-mil thick 1llm but has lost ftg machanlcal strength. Tha majar
hes a zero-sirangth temparature of 835°C off-gases are carbon cloxlde and carbon

{150C"F}. Zero-sirength is megsured as the manoxkle. {Gee charl)

"Aog UK Pat & Ta o
ELNI Ty “no
ID/NHTSA No. 3
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ADHESION TO KAPTON®
in twws besic flim ﬂill!'r HW&%“M
mm.TmthmmmnrmmmhaTEFm
FEP tagrocarhon adhogive and Type ¥ ks a plain polvimide

fiim hiwving supernior dimensional stabiiity . Typlcat
Ernpﬂlf Ihfnrmltlun for KAPTON lm found In Bullstin
y "“Summary of ¥ are found

in Bullghn E-67634, “Indusiry Spacificalions Bullstin
FC-852." For exdble prinkad ciroull appiicalions the trade
apaciication (PCFG-23UShest 1, appliss io KAPTON,

AOHESIVE SELECTION
For some spplications KAPTON must ba hended to gther
ralainle, such 22 copper foll, which requines the uee of an
Adhagive. Opiimum adhaslon meults are yausly obimined
from commercially coated KAPTON which fa evailable irom e
varialy of suppliore such = these Isted In Bullstin E-r20@1,
“Suppliers of Adhasive Coatings on KAPTON,” This lisiing
KAFTON but shouid nal b 1ogarted aa & oompirs Berm
s
Detadad hiomeation on the yse of these adhesive coated
products ¢an ba obipingd from the sappliar’s bulleting. Bpe-
cific requirements for copper laminatas produced as sub-
atratns for fexible printed clrculls are outlined in trade
spacifications:
- UsAm: IPC-FC-241
- Bxilish: B3-4584
= Gaman:  DIN-40002
Whan commmeainlly contsd ffim by not suitable for an applica-
tion, most vendors ofier & dry film form of thelr sdhedivas for
waa a& a bonding Fim In laminations. However, batker adhe-
sion by normatlly obtsined from commmenlal aclution cowtings
than from the dry bondng fim. Tha dry fim adhesive doss
have tha that it can ba cut i shepes which cover
anty that portdon of the pohvimkia Mm where adhesion 13

I nelther commercially coeted polyimide Mim nor adhealve
bonding fim Is sultebls jor the application, the emaining
opiion i for the ueer to apply & solution adhealve. Some
panefic clargas of adhesives which bond KAPTON Include
BorvicE, epoxice, Bubyr OHCE, polyesters, dlicones,
urethanes, Auvormcarbons nde of these materiale

Selaction of an adhaaive i sy
thes required of tha wdhestve and the
tion. Propsty consldsatins s the thermat rating, chomical
resiatanoe, Ml and flow characterstios, Raxibliiy, pesl
strength, flammabiy, molshre resistance and neulafion
roiolance. Afoo i be coneidanad ls the omse of processing,
aminstion he and wiathar the laminalion i o be
mada in continuous roll equipment or in & pisten preee.

ADHESIVE PROPERTIES
Adheshme usad with KAPTON Typs H are Usunlly 5 modiad
vearsion of the genaric adivslve Itu-.

Thase iormulations ane propristary 1o te suppiars of costed
KAFTON end recuire spacific processing conditions to
anhivss the masdmum bond atrenpth. Alwaya use the sup-
pllar's meommendad lamination conditions for the mpaciiic
adhasive YU alecL

Listod In Tabls | s cirwstal axiveaive tynos along with knkor-
malion on typical Immination tempasbres and mexdimum
oparaling temperaturas (ahort o exposwra). YWhen wsing
an epoxy adhesive, uniwdride cuning sgants are prefomed. B
an aming curing egent muat be used, swold an excees of
mﬂmummmmmﬂn

TABLE 1
Mlsdmum
Lamination Operating
Adhsiee Tamporshuseds Tamparshine
Types *F [0y FG
Fluorocarbons G30-600 16} to 500 (200)
Polyimides BOG-700 w850
Epaides mau! 23230) 80031
Pressime Sensithe
Soonos ?3-300! =150 1o 500 (200}
Rubber-Phenolce 300-400 {1B60-205) 1o B0 (260}
Acrics 350-375 (176-180) b0 5G0(280)
Polyowters 2T5-300 {135-150) o 220(i05)

Solutian iorma of mast of the adhaakes above ars availabia
from suppliers of adhealvas to the alachonica Industry. List-
inpa of muppiiere can be found n buyer's gukdes far slectronic
products. Bulletin E-74148, "Suppilers of Adheeclves o the

Elechmnich nckegiry," a represaniative Fating of
adhashe suppliers who conmulted with for spediic
adhealva hieda,

T Ofis02E




1. FLAMMABILITY

Lawls and Stabler (Asf. 8) repori tha flamma-
bllity characteriatios of polyimide fAm as “galf-

ulshing.” KAPTON hag a 84 VTM-0 rating,
the highaat given In the U.L 94 verilcis buming
teei for thin fiims. The oxygen Indax |s 3% lor
100 H fim (ASTM 2863).

. V. HANDLING PRACTICES

"+ Safa hanflling of Type H and V KAFTON polymide
fima at lamparatutea racquires van-
tilation. If small quantities of KAPTON are in-

vohued, e la often the oase, nenmal alr olrotlation
Wil be 8l that is neaded in casa of terhaating.
Whethar or not existing ventilation la adequate at
highar temparatunes will depand on the combined
factors of film qumntity, temperature, o ax-
poguns Hma For addifional information on the
Taflon® FEP coalinge used on Type F KAPTON,
refar to thw bookdet — “Tellon® Fluorocarbon
Rowlne — Safoty in Handling gnd Usa,”

A Saldering and Hot Wire Siripping

Major usas for gll {ypes of KAPTON Include
" mlactrical ingulation for wire and cabile and othar
olecinon|c equipment. In vidduslly all of thesa ap-
plloatione, soldaring ie a routine fabrioating pro-
codura as is tha e of 5 heated slament b ra-
move {ineulation. Scldering operatlons mrely pro-
duce siufficient off-gases 1o be of oxivolagical
significance.

Veniilation practices showld fallow the sama
Ccommon ssnse nies applcabie to any soldaring
procadura. Hormal ventlation provided far
worker comfornt usually provides adedquate mfaty.
During hot-wire stfipping, It iz recommandeacd that
axhaust ducts be used et the workbanch.

There have besan no reports of Il effects dudng

sakdaring or hot-wire atripping of wive and cable

insulabed with KAPTON.
B. Waiding and Aama Cuiting

Direct appllcation of walding arcs and torches
can quicily destroy moat plastica, inciuding el
types of KAPFTON film. For practical ressons,
tharefore, it e best io remove atl such parts from
aquipment to be weldsd. Yehara removal 18 not
possible, such a8 In welding or cuiting coatad
parts, machanical ventilation should be provided.

Batausa is rated for use at very high
tamperatures, mads from it may aurvive at
Iocations closa g paint of direct flama con-

tact. Thus same Ifplace wikding oparatlons can

DIVNHTEA No. 3

be done. Since the quentity of Rim besbed m ugu-
&ty relstivaly small (leem than one pound;, venilla-
Hon requiremants seidom axcead thoas for nor
mal welding work. Becaues of the possibiity of
inadvertant overheating, however, the wse of g
smafl fan or dephant-trumk sxhaust is advisshle,

C. Ecemp Meposal

Dispoasl of scrap KAFTON polylmide films pre-
santa no u?panlnl problem to the vsar. Small
amounts be inclnemted nkong with
gensal plamm?lnl whould have
sufficient drift to' axhaust prod-
ucts to the stack. Cum showld be talamn o mvoid
bredihing sinoke pnd fumes from any fire. Be-
causg KARTON k= 90 difficuit to bum, it | ofien

bast to diepoga of scrap Film tn & landfill. KAFTON -3

can be expecied to be stable In Landfllls.
. Rre Hozarde

Whether [n storage or 1ma, KAPTON in wnkkely |

o skl appreciably to the hazards of fira Bk
quantitiea of KAPTON {cver 100 pounda) should
ba storad away from flammabia matariale.

In the evert of fire, parsonnel entaring the anem
should uas & frash el supply or a reapiretor. This

typo of equipment is standard in fghting many §

may be used to fight fieg Irvalving
Large quanilties of watar also may ha used 19
and extingulsh a fire.

E. Stetlc Electriohy

The processing of KAPTON polylmide fim can
caupe the generaticn of a strong static chan
Unlosa this charge la bled off as it forma throwg
the use of ionlzing radiatlon or metal tinesl, It ong
bulkd to manmy thousands of volts and dischangs i
people or to matal squipmant. in dust or & :
inden air, o finsh fire or exploalon cotld e
Pracautions for siatic charges should alwo. (N
takary whet rernovl Inpti Fllma Lraid s pRYMES
thupndqhghrag'l‘m.- oo
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Given in Figure 3 ace minirimam tmeu to dry leminasss. of Type
F10 copper prior ko dis soidaring. The timas ars diftarant
in Figure 2 dus hhd-bmu_uum:'u_ then
AQURE 3 '
DRYING CONDITIONS FOR KAPTON TYPE F
LAMINATES PRIOA TO DIF SOLDERING

"<
=0
-

= N
m
160 BOOM 31H or. coppar
=
W N a0 a0 &0 o

b |

100 S0OM13174 0. Doppie
Q

Ovan Temparabum
EEEER a8

Wirveles of Full Hewt Exponing

SOLDERING AND PRESS CONDITIONS FOR
TT‘EH LAMINATES

recomméndad predrying condilions 10 cip soidaring
and plawan MW“MmﬁHﬁnﬂm
sccording to bype of tharmowet adhesive usad in addiion 10
faciors meniioned for Type F lamirmtes. Tha: molslars rein:-
fion wid permeabity of the fim snd adhsshe must be coneid-
smd slong with the imparmaaiitiy of the copper kil leysn.
Consuit your iaminate supplier fr recommendsd prdrying
concitions spealic 1 the combination of makeriels suppited.

EFFECTS OF HUMIITY
ON L

Humylclly can by » inrge &ffect on with oariain
cihealve wywierme, arel AH mfm In ﬂ

e L
thie {2 ghven in Tabie L Flomults show thal thoss

EFFECT OF SURFACE

ON PEEL
The kp surface of KAPTON iy raferec 1 o the "bright™ o
akie. The baticm side bs “cull” and rough-

envxd I the mavdactre of the: lim 0 improvs fim
ahwractadstics. Mont adhosives tond better o tha dull side of
e o e e
BEh by i ™ . par o
negiigible depending on the sdhasive syeiem usad,
Expwrienoe hes aleo shown thal pest
increnase with the thickems of
basad o a given fim Ihioknaes, &
wiso ba expocind, which is inherent
shrength hmmmiﬂm:
ot g i
e ix. (3.6 Micm).

o rat of KABTON ok Uaed o, S

adhesives having imclional groups cepsible of abanorbing
walar veporwil sirengihe KAPTON hirve shown
lowr paml at low mmﬁHﬁfmﬂl‘:ﬂ“ﬁ thet hest treatment provides an advantoga with mowt
 FH of 7%, 1he efioct con bo 89 lags s 6 e per inesd nch achesives. Tho grestost advantege was paired with sorylc,
m] 1080 chociven whi ""“"ﬁ..'“m““"’m’mmﬂ Coar Seanterd Him wreragos fom 40% 10 579 ot Taae
posl valuse. . by odhwelve iypea.
TABLE N
EFFECTS OF RELATIVE HUMIDITY
ON PEEL STRENGTH

Adheaive Type 10% AH T0%AH_
Acryiic 5B 115201
Epay-Amide M?gﬂ 1n.u.ﬁ',si ¢

20 21{ 30

47( 8.3 43( 7.5

T 0041020
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(Type H Fim 25 zm (t mil)
(1] - BT [(400°C] Ho
b " 723K, [450°C) B
- 4T3 {400°C} AIR
» - oo {20y AR
[ 7T (GO0C} He
Y t +
0
.-
ﬁﬂ'ﬂ—-m =
LaEE [ (00°T) He (4SI°C) AR
o
. i
' & (500G} AW
m —
B

0 10 X0 0 400 500 @ "™ M 00 1000
TIME (MINUTESR)

3. N. A Androva, M, |. Bessonov, L A, Laius, and 5. Genaral Elpotric Co. Aes. Lab., Ressargh of
A- P. Rudakov, “Polyimides — A New Clame of Disinctric Materizle, Rapt. ¥EML-TDR-84-57,
Thamally Steble Polymers,” Progress In Matle Muy 1064, DDC AD-802 438, NASA No4-26308.
Bal. Sarles, val. VI, Technomic Puid. Go., Stem- 8. R F. Stmblor and L. L Lawia, “KAPTON Pobyimide
ford, Conn., 1870, p. TH-G5. . Fim — A New Insulation for Aercapecs Wive and

Cable," Papar at Boo. of Avrowpads

4, 1968 Liating of Plastlo Materiale, otc., P. 10, March Materials and Englinears Meating, San

1088, National Benftation Foundwlion. Francison, May 28, 1885,

T 0011091
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Koptomn. .. only from Du Pont

Thislchnical irndormation, oflered withou! oharpe as part of our servios 1o cuslomers, is basad upon our weting and. -
Sxporionos and s belleved 1 be reliabla. However, # Du Pont Company maes no quaraies us o nisulls
sohisvad by othen and sssumea no obligalion or fability In connection with the use of this rormation which ks
Ilatdad for e by permons heving ischnical sidiis snd ot thelr own disoretion and risk. Deterprination of product
sultahiity for any specifio application ta the rasponsibilty of the user. This inormetion b not iMendod we & laonse
Oparaln under, or reccmimendation 1o inkdnge, any potent of DU Pond or others covading any makeral or useo.

INDUSTRIAL FILMS DIVISION

DU PONT POLYMER PRODUCTS DEPARTMENT

inlL.B.A in Ewrope In Japan
Pulrmu-mmmm Dupmmwl 1-EDI:III -
honbkashi-Hancho
ndustrial Fims 78-82 Route des Acacins Chuo-ku
Wilmington, DE 15888 CH-1211 Genava 24, Builtzedand Tokya 103, Japan
Litermture & Tachnical information 2337811 81-3-245-5061
B0e-527-2001 In Asls Paoific
Ordera to Customer Sarvice Center mmﬁ'mw Du Pont Asla Paciiic Limited
B0-441-8454 Intemational Customer Servicas 1122 New Waorld Office Bulding
In Canada Concord Flaza - Read Bidg. (Eaat Wing)
Du Pont I Whmington, DE 19888 Saliabxry Road
Ganada, Irc., (302) 7726120 Kowloon, Hong Kong
'Wmﬂﬁm”m' 852-3 7345345
Streatsvilie Postal . Iry Braxd
Migslzaauga, Du Pont do Brazil SIA
LSk 2H3 Divigan de Plasticos or Elasiomears
(418) 821-3300 Calxa Posial, 26 — Alphevite
06400 BarnarlSao Pauto, Brazit
T1 06094033
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% K APTON® Polyimide Film
Technical Bulletin

Suppliers of Adhesives 10
the Electronics Industry

w30/ AdhesivieContings-Sealere, St Pand, MN panmn e JS818) T33-1106
Aremco Frodorss Toc., Onsining, N o1 cceuaneecniersys ey vas 05 TOHIGED
0 Assershly Systams Inc, Provideecs K1 .. .......... vemn s meessns JAOE) S31-8104
¢ Bacon Indasiries Joc:., Wakertows, MA . ..vciurennsnravssrnna. 007} BOGE550
nmmmmmmmm 5oV
O CompIng., Ohans, MY .ccvveiniinnramrrasnsnarres . . 4116 372-065D
¢ Crest Prodocts Co. Santa AR CA . ....ccovvmsnnsasansnnnnins ..mnmmr
mjﬂnnmwmm.......... .. 201) 3202353
#Dum Corping Corp, MIand, Ml ........orersassrenasionsans .ﬁmm
2 Bpoxy Techmolagy T, BOares, MA .o veonveernsiaansasnrasns {E0S) 097-3805
o Facwal Inc Ashlnd, M. o . veviivsarvmnriomeensannanns e (O MRLR000 1 chait o St
o Rarnuilaied Resine Inc., Groensfla, B.....0sve.verenseses o400 MBI0G0
2 GE/ Sticon Products Div., Waterford, NY ..o v vrnnrunvssnns- (BLE) Z3T-28530
# B. F. Goodrich Adiesives Div. AKron, OB ... cooeeraesrnrnnsasss (3165 $74-2000
© Hardman [nc, Balevlle, NJ ...voeueversvasnesisnsmnmsansannss (201) 751-9000 oy
Eysol Divialon, City of Sndksstry, CA. .+ vccevesesennneasmssnnns (B18) 9a8 8511 (fhmmdmetfd
Exochem Prodeot Co., Lincok, B . ..covessevsssannraas rosswns (40T) TZE-2100
# Loctis Corp, Newloghon, CT . vveenvnsns ceeenranrns naeananss (20D RB-1E2S
mmmwm.l’ﬂ aaraa ma -ﬂlﬂm
MillerShayphacson Co., Dagbury, CT . ..o vneeniansinarineay {208) TaS-d447
PTMAW, Sxota Fe Spriogs, CA .. .. ... R L35 PidA511
! Shell, Bouston, TX. .+ venuervreosreensrions venanras v seeno(TIR) 4OBTRTE
F- - © Symplasiirs Tor Mootrose, CA. .. .... P ——— 1 [ 3
b TechakTool Inc., Plymotth Maeting, PA. ..o ceerevconsares s (215) G-
vy Technkt, Crambid, NI . .. .. vonsesrncnmrssirarsassasraransnnes (R01) 2755500
Thermsloy Inc., Dallks, TX ... ... T parenannnmsnnns (214) M3-443n
O'Thecmousat Plastics Inc., Indisnapokis, IN . . .{817) 2504181
© TraConn Ine, Medford, MA. . ....cccoocciiiinsnsninee pavmmmaan @17 291-5550
Vigor Co., New York, NY .. covvvmereiirnnnnrasiassnnannranns (211) BO7-3845

Thitn Bat s ballaved 10 ba complsia s of the datn of publicaticn. Therk ey be othins oot known
W a5, whe manulactues similer prodicty based on KAPTON polyimide fikn.

m 10011035
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KAPTONE® Polyimide Film
Technical Bulletin

Suppliers of Adhesives to
the Electronics industry

mmhmm utauu""n--unuum m-ﬂﬂ
Bosttk Div. {(Exhat Corp) Middloton, MA ... .............. ....(517) T77-0100

ConspEac., Olaam, NY ooucivvuieminiainasssssrnnnirnsryiannns (718) ETS.0E80)
Crest Prodocts Co., Sente An, CA ... .ee ...................mm
mhn&nmmm srtnnierasraseseresssiiiii) SOONESES
Dow Covning Corp., Modend, M .........occvevnnnmiinnnsanns L5117 49544000
mh‘mn ou-'iul-u-uu”.--..uuomm
Famwel Ioc, Asllent, MA . ..o.oiiiineiniinnninnnannsnnnntras (E08) 881-2000
Formudated Beslne Joc., Greetoilie, BY. . ..oovuvviiivrarrvanrans €0]) $40-2000

GR/ Silcon Prodocts Div., Waterkad, NY . . .ococvvnninrrs v ens (SUE) 2375230
B. F, Goodrich Adbesives Div., Akron, OH .......cc0 coe o e e e {215 BTE2000

Harvlumn Inc., BeBariBe, KT . vuorrreeninnmarsrenennnsrens « 1 o501} 7528000
Fywol Diviskon, Clty of Todeastr¥, CA . ....ovoernensennssncerenss (BLY) 9Ga-8511
Inochem Prodacts Co., ZHcoln, Bl . .ov.veeeesecnnnrnreenneeses (401) 7282100
Locie Corp., Newington, CT . .........ccnvviminsnanssnennns J208) 2441253
mmhwm H [ TR RERLRRTY] Imm
Ml Fitephenson Co., Daglary, CT . .....ooveees P v o = (00T TEB-LAL7
Onekin Flectrenic Mig. Inc, MesdvBie, PA.....oocovvienenns vou (510 BG-2125
PTMAW, Sants Fe Springe, CA. ... ... crreessnnsnne(E1E) SUGASTT
Shell Boustnn, TX . ... ..uuunneerrnasnnorsanncsanascansnsonss {715 4007275
Symplestics Inc, Moniroes, CA..........cocenmsissnnnnansans LB15) 2497510
Tech Spray Ine, Amarillo, TX . ... vvvnereenrnnnnsnnns rons 308y 573 852
TetnkTool lnc., Plymonth Meeting, PA. . ...ooccvevrnnes s o» o+« (1) 8254800
Techolt, Cranfond, NT ... vuvvennevmeresiossinnsannnerrnimmens (200) 2725500
Thermalioy Ine, Dabes, TX . ...eovenneersmeineasisionnnnmsnnns (214) 2434321
Thermoset Plastics Inc,, Indianspolia, IN. ......oceeeenrenencans G171 254161
Tea-ConIne, Medford, MA . ......ccovieariirenrarnenrrrarnsres (€17} 301-35%0
Vi G, New York, MY . e i v ccineeemreac ennnas (212) B07-3845
wmmnw‘wmqwmmoﬂ ........ (513) BE¥-4612

Thiz Bt Is balieved 10 by Complete 1 of tha cets of pulbiicrtion. Thiee may b e not knoan
0 w3, wiho nenulecturs smier products besed on KAPTON polyimide fim.
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f you need diditonal informstion, please
contact our Customes Sarvices Canter

Du Portt Elaqtronics:

HPF Customer Services

Wiimington, Dalsware 19080
Product information: 1-800-237-4367
Ordariag informetion: 1-800-237-2374
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MATERIAL SAFETY DATA SHEET

IDENTIFICATION

NAME
F—l!ﬂl

FORMULA
CH,FCF,

MANUFACTURER/DISTRIBUTOR
E. I. du Pont de Nempurs & Co. (Inc.)

ADDRESS :
Wilmington, DE 19898

® PHYSICAL DATA
BOILING POINT
- -26,5%C (-14.5°F) @ 736 mmHg

LIQUID DENBITY
L2} gfcc @ 25°C (179}

VAPOR DENSITY {AIR = 1)
3.13

FORM _
Liquefied Gus

CDLDR
Gulnrlﬁg

|

Datz: 4788

. E-9493%8

CHEMICAL FAMILY
Halogeosted Hydrocarbon

TSCA INVENTODRY STATUS
Reportad /Included

PRODUCT INFORMATION FHONE
(ROD) 441-9450

MEDICAL IMERGENCY PHONE
(BDD) 441-3631

TRANSBPORTATION PHONE
CHEMTREC (800) 424-9300

PHERCENT YOLATILE BY VOLUME
100

YAPOR PRESSURE
96 paig @ 25°C (17°F)

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

APPEARANCE
Clear

ODORE
Slight Ethereal

Tl GiH 1040

T doln i e Wainrial Bebely Duila BimH ilaten oAl n But dehi e WO clomigmaloc
- gy e s————— L LY
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MATERIAL(S) CAS NO, APPROXIMATE %
Ethane 1.]1.1.2-Tetralluora 211.97-2 100
HAZARDOVS REACTIVITY
STABILITY
Material Is stable. However, avoid open flames and high temparatores
\ INCOMPATIBILITY : ]
Alkalj or Alkaline sarth metalc—powdered Al, Zn, Be, ot
DRECOMPFOSITION

surfuces, ctc.) forming hydrofluoric acid—posaibly cacboayl! fluaride.

POLYMERIZATION
Will aot oceur.

. EIRR AND EXPLOSION DATA,
FLASH FOINT FLAMMARLE LIMITS IN AIR, % BY VOL.

Will not burn, METHOD TOKC LOWER Not applicsble.
. UPFER Not applicabla

AUTQIGNITION TEMPERATLURE
HNot determinnpd,

FIRE AND EXPLOSION HAZARDS
Cylindérs may rupture vader fire conditions. Docomposition may occur.

EXTINGUISHING MEDIA
As approptiate for combustibles in area,

SPRCIAL FIRE FIGHTING INSTRUCTIONS

required If cylinders rupture or release wnder [lre conditions.

E-94%3F Dute: 4/8% 2
DIVNHATEA Na. 3

HFC-134s can be decomposed by high temperatures (open flames, glowing metal

- Cool cylindera with waicr apmy, Scll-contained breathing apparatus (SCBA) may be
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@ U4V IARARRINEORMATION

PRINCIPAL HEALTH HAZARDS
Inhalation of high comcentrations of vapor 1s karmful and may causc keart
Irreguluritias, unooniologeness or death. Intentional mizasc can be feial Yapor
reduoes oxygea availlable for breathing and iv heavisr than fir. Liguid contact tan
cause Trosthite
Inhalstion 4 Hour ALC: 557,000 ppm iv rais

r ‘Hu oompound is untested For skin wnd eyc iﬁilnm und ia uncestcd rlr antmaf
zaasitization.

Arcute Toxiclty In Anlmals
The of [eoty im animak from short sxpozure by lahalntion Include no toxic elfects
obeerved ut vapor concentrations pp to 51,000 ppm. Lethargy snd rapid reaplration
werg obscrved at & vapor ooncentrwtion of 205,000 ppm.

Pulmonary congestion, edemna, and centrml nervous aystem of fects oocurred Al & vapor
ooacentration of 750,000 ppm, Cardiac vensitixation oocurred in doga at 15,000 ppm
from the wetion of cxogencus epinephring.

H

Sukchranic Toxiclty in Anlmgls
Inbalation: The effects in animals from exposure by Inhaletion for two weeks inclode
no abzesvable adverse effccts. Ingestion: No adverse effocty were observed in male
& and Femsle raty adminiatered 300 mg/kg/day of HFC-134n for 52 weoks.

No acceptable Information it available to confidently predict the elfects of excessive
human exposure o this commpound. .

CARCINOGENICITY
HFC-134x I3 not listed as a oarcinogen by IARC, NTP, OSHA, ACGIH, or Du Pont.

EXPFOSURE LIMITS

PEL (OSHA): Not mtablished
TLY* (ACGIH): Not sstablizthed

SAFETY PRECAUTIONS i ’
Avold broathing vapor and ligeid comtact with skin or syes. Provide adeguate
ventilation for stocage, handling, and use, sspocinlly For onclosed and low Bpacca

“TLY In m reghitored iradeennck of the Ameclcan Confarsnca of Gevsromants] laduwtrinl Hygieles.

. *

E-B4S3%  Dais: 4782 | DEVNHTSA Na. 3




HEALTH HAZARD INFORMAYION (cou'l)

FIRST AID )
IF HIGH QONCENTRATIONS AEE INHALED: Remove to freah nir. If ot breathing,
glve artificial rospiration. K brosthing is difflcult, give oxygen, Call a physician

IN CASE OF EYE CONTACT: Immediataly [lush eyes with pleaty of wuter For at leaat
15 minutes. Cull a phyaician

IN CASE OF SEIN CONTALT: Flush skin with water after exoesaive contact, Wmh
enanqiumd elothing before reuse, Treat for (rostblte il nocoesary. }

S—

IE SWALLOWED: Ingestion Iz not considered a potential route of cxposure.

NOTE TO PHYSICLANS
Becauss of pomible distwrtmoces of cardiec chythm, catecholanioe drugs, such as
cpinophrine, should be consideced gnly ms a last resort in life-threatening emergencisa,

EROYECTION INFORMATION

GENERALLY APPLICARLE CONTROL MEASURES
Normal veatilation for standard mapufweturing procedures is gopermily adequate. Local
exhaust khonld be uxzd when Ierge mmounte are released. Mechanjcal veatilation
zhould be used in low places.

PERSONAL PEOTECTIVE EQUIPMENT
Linsd butyl gloves and chemicai aplash goggles whould ba used when hardling liquid.
Under normal manulecturing condltions, no reapiratory protection ls raguired when
using this product. Ssif-contained breathing apparatus (SCBA} Is required I 8 large
ralcase ocours

RISFOSAL INFORMATION

SPILL, LEAK OR RELEASE
Ventilate srea—espocinlly low places where hoavy vapors might collect. Remove 0pés
Flnmes. Usc sell-contuined broathing apparatus (SCBA) if large apill or leak occure

WASTE DISFOSAL )
Contaminated RFC-134n can be rezovered by distillation or removed to & permittzd
wante dlsposal Tagllity. Comply with Federal, State, and local regulations,

TOT1043
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SHIPPING INFORMATION

DOT (1721811

PROPER SHIPFING NAME
Refrigeant Gaz, N.OS.
(Tetralluoroothane)

HAZABD CLASS
Noatlammabls gas

{  undo.
1078

OTHER INFORMATION
SHIPFING CONTAINERS

STORAGE CONDIIIONS

Haalth
Flammahbility
Reretivity -
Petrsonal Prolection

| QU

DATE OF LATEST REVIEION/REVIEW:
PERSON RESFONSIRLE FOR MSDS:

DOT/IMO (174102}

PRQPER SHIFPING RAME
Refrigerant Gas, N.OS.
{Tetraflnorosthane)

HAZARD CLASE
Nonflammable gas, 2.2

UN NoO. o i
1078

MO LABEL
Monflammuble gas

. Cylinders, ton tanks, tank cara and tank trucks

Clean, dry area. Do not heat sbove IIE‘F._

Persona! Proteotion rating to be supplicd by wscr depending on uic uonditions.

4581

. P, BROWN
Du Poat Co,
C&P Dept., Chestnut Run-709
¥limington, DE 15893

{302) 999-3018




DuPont Blectrontes
DvPart Curgpeny
e

Daar Customper;

Thank you for calling Py Pone, Enclozed pleame £ind the
literature You reguested gm Xaptone®. Yyour intersagt in our
Product ig greatly appraciated,

- AlS0 enclosed iy My business caxa (f additionm] information
or technical asnicgtance is nesded,

Lt ng)

DIP/ tlp
Enclopyures

®DuU Pont Registered Trafanark

TI 0011045
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KAP002

E. L DIRDNT DE NEMOURS & €O TELEFHONE NUMBERS
POLYMER PRODUCTS DEFANTIENT MENCAL EMERGENCY S0—A11-2837 .
: ELECTRONICE DEPARTMENT FRODUCT WFORMATION 009-A1-T5)8
MARKET NTREET TRANSPORTATION EMERGENCE 900—424-9300
' ::nmmn} . DE 19898
MATERIAL IDENTIFICATION
FRODUCT MAME Kaptoa®* Polyimide Film, coated types
F, FN, XP, ZMN i <
CHEMICAL NAME Arcmatic Polytmide

plis op 1o 1 % dimcthyl weetamide end &
vonting.

CAS REGISTRY NUMBER NA
TSCA INVENTORY STATUS  All reportablc ingredisats are livied in the TECA <

' Chemical Substance Inventory.
DOT HAZARD CLASS Hﬂ regulated
SHIPPING NAME
PREPARER {1 R Stouffer DATE Snptunhr 27, 1989 <
HAZARDOUS COMPONENTS
MATERIAL Dimcthyl acetamlde
CAS NQ, 1Zr-i9-5
= s 1 W
<
ACGIH TLY I’I’"{
DUPONT AEL 1 ppra E;

*The “skin™ notacion serves 45 & rominder that exposure can result through skin
abeorption ax well ma thyough inhaisilon, aad that approprinte precastions
thould be taken to prevent both typey of exposure.

SUBSTANCES PRESENT AT A CONCENTRATION OF 01X OR MORE
CLASSIFIED AS A CARCINOGEN BY IARC, NTP OR OSHA: None

.
APPEARANCE ' Trancpareat flim, Light llll.b" color
0oDo None
MELTMG POINT None
SOLUBILITY IN WATER Insoluble
VOLATILE CONTENT 1% max
SPECIFIC GRAVITY 14
; TT 004 todr
DINNHATEA No. 3
Oy




KAPDO2
page 2

EIRE AND EXPLOSION HAZARD DATA

FLASH IGNITION TEMPERATURE NA

UNUSUAL FIRE, EXPLOSION HAZARDS Chars but doss not burn. Static churge
may build up during handling of Espton® fllm

HAZARDOUS COMBUSTION PRODUCTS Hydropen flunrida, exrbem monngirde,
earbonyl Huoride. .

+ |’ SPECIAL FIRE FIGHTING INSTRUCTIONS Woear self-contained fireathing
,  spparatus end clothing & protect brom bydrogen fluoride, rosct )
with water to form bydooflurkc acki Wear Negprene gloves when handling
refuse from a firc lnvolving fluorocarbon reaine

EXTINGUNSHING MEDIA Water, carbon dinxide, foam, dry chemical.

HAZARDOUS REACTIVITY

CONDITIONS TO AVOID Temperatores abave 250°C without adaquats
ventilstion. Coated types of Knpton® will burn in an atwosphere
of 95% oxygon.

MATERIALS TO AVIND  Alkali metal and intarhalogen compounds.

HAZARDOUS DECOMPOSITION PRODUCTS Above 250°C coated types
of Kaptoa® can evolve toxic gassous materialy such we hydrogen flnaride
I and parfluorcolefiny Major off-gases ara carbon monoxide and carbon

Read 'Elﬁ:t_]' in Handiing mnd Usc”™ Bullotin E-T2084 before ssing Kapton® Avoid
contnmination of tobacco products. :

ACUTE OR IMMEDIATE EFFECTS: ROUTES OF ERTRY AND SYMPTOMS
INGESTION . Not u probable route of cxposure. '

SKIN No irritation cxpected Less than 1 ppm acetxmide was
um:hdfmﬂnbrdmﬂhdmltﬂm

EYE Not a probable ronte of exposure. Mochawical icritation.

INHALATION Vapors and fumes liberated nbove 260°C or Erom smoking
tabacco or cigarettes contaminated with coated types of Xapton® flim

may cause influenza type symptoms (polymer fume ) with chills
fever and sore throat, which may not accur untl howrs afver
after expocure, and pass within 36-48 hours, even without treatment.

Inhalation 1s not a probable route of exposuzc for filin For the polymer
from which thls film is made, du Pont recommends treating palymer dust as

Tt 0011048
DIWNHATEA Now 3




KAPOO2

page
a nubmace particulats, and has cstablished an AEL of 10 mg/m” totad dust,
ths same s the TLV for orimnce paiticalates.
EMERGENCY FIRST AlD
* i sxposad to Somes from or combustion, move to fresh alr.
Consult a physiclen if symptoss
¢ For prolonged skia contant, wash with sonp and water, In cuse of skin

britation, consslt a physician.
& Flush eyas with plenty of water. Consult a physician if sympioms persist:

CYROMIC EFFECTS  Nows known. - !
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE Noms known.

EROTECTION 'NFORMATION
EYE mmm
SKIN Gloves recommended
. VENTILATION  Local exhanst for oporstion above 200°C
RESPIRATOR Not reqired for normal processdsg.
1]
DISPOSAL
SPILL, LEAK OR RELEASE Swoep up to avold siipping bazerd
WASTE IISPOSAL Landfill or incinerute ip complisnce with foderal, state,
spd local regulations. Incinerawor should be squipped with sernbber
1o remove saldie hydrogen fluorkie from off-gases.
AQUATIC TOXICITY Imsolable .
STORAGE CONDITIONS  Store awny from flamablc materisls,

The informstion in this Material Safely Daia Shest relates only to the
specific material (z) devignated herein and doss ot relues to npe in combination
with any other material or in any process.

NA = Not applicable
NE = Not establisbad

AElL. =D Pont Company's Acceptable Exposurs Limit
> w New or revised information in this section when ®2> " is in left margin

‘ | !

TIO011048
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sZceptions' indirs Whils we do not specifically anslyxe thess producss, ox

i to our on

Data Shagt contain no mch substances except tor those apecifically listed below;

SUBSTANCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST -
PRESENT AT A CONCENTRATION OF 1% OR MORE
Dimethyl scotnmide {19% maxixntn)

* SUBSTANCES ON THE PENMNSYLVANEIA SPECIAL HAZARDOUS SUBSTANCES
LIST PRESENT AT A CONCENTRATION OF 0.01% OR MORE: Noxe known.

NON-HAZARDOUS INGREIMENTS PRESENT AT A CONCENTRATION OF 3X
OR MORE REQUIRED TO BE LISTED BY PENSYLVANIA:
Polyimide film 25038817
Polyfleorocarbon oocating 2R§7-11-2
mm-s::r
25BE-T-5,

WARNING: SUBSTANCES KNOWSN TO THE STATE OF CALIFORNIA TO
CAUSE CANCER: None known.

WARMING: SUBSTANCES KNOWN TO THE STATE OF CALIFORMIA TO
CAUSE BIRTH DEFECTS OR OTHER REPRODUCTIVE HARME Nose known

SUBSTANCES ON THE NEW JERSEY WORKPLACE MAZARDOUS SUBSTANCE
LIST PRESENT AT A CONCENTRATION OF 1% OR MORE {0.1% FOR .
SUBSTANCES IDENTIFIED AS CARCINOGENS, MUTAGENS OR TERATOGENS):

Dimethyl acetumide (1% maximmum)

T 0011080
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GENERAL

n\n‘ﬂqnucnom

Tha Electonlos Deparimant of the Du Port Coimpany
.menufactres and salle a varety of high quality
pleatic film products.

Thase spacifications deacriba the valuea and tol-
erencos for flm progorties and chewasteristios of
“Kepton™ palyimide fiim. Whom necgsspry for thor
ough understanding, test methods snd procadures
hava baan inciuded.

. Any papacts of the specHinationa mquiring further
Interpratetion o clerfication should ba disouseed
with representatives of the Du Pont Eesotronlcs
Dapertmend

Types of Kapton® Polylmida Fiim
D1 Pont makee theee types of " potyimide
Aim, Typa HAN, Typa FN and Type VM.

Type HN Film
"Kapion™ Type HN e e tough aromatic polyimide
film, axhibiting en axceflent balance of physioad,
chemical and slectrical propartian cwar a wide bam-
peratune range, particiderly at unusually high tem-
Chamiaally, ita polyimide polymar meke up
ia thw reault of a polynoncdanaation neasction batwesn
pyromeliitic diznhyddde and 4 4~dieminod|phenyl-
ether. *Kapton" HM |a avallable in 30, 60, 100, 200, 300
and B00 gauges.

Type FN Fiim .
“Kapton” Typa FN fllm Iz a haat asalable grade
which ratging the unigua balanoe of properties that
"Hapton" Typa HN posaessan over 8 wiio lamparo-
ture range. This ks achlevad by combining Type HN
“Kapton™ end Teflon® FEP [fuoroparbon feain
together In & iompouitu structura, Listed balow ez

I

t o n #ff _

.

GENERA
SPECIFICATION
HSULLETIN G3-87-1

y -

thoss nombinationa coimmarolally avallable at thia
tima. Othar combinstions e evaliabla. Consult your
Beatrankes Department mariasting representativa for
further informabion,

Typa VN FEm -

“Kapton™ Typa VN I8 the eeme tough polylmide
film a8 Type KN Flim, sxhibiling an excellant balanoa
of physicel, chamical and aleciricel propartiss over a

wide termparatuce range, with superior dmsnsionat
atablilty 5t elevated ternperatures. Thia product s

- avaliable In 100, 200, 300 and 500 gauges

Certification

“Kapton™ |s certiffed o mast i requirements of
the military speolfication MIL-P-46112 B {MR) in addi-
Han to the ltems covared by this apsolflcetions bulle-
tin. Written t.t:ﬁmulﬁm is avalleble with esoh de
llvery upon requelit.

T eent

LT L
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GENERAL

Rap

LY IMOE FILAT

INTRODUCTION

The Electronica Departmant of ibe Du Pont Company
mamnfusiumd and aeils 8 wvadety of high quallty
plastie film producta.

Thass spaciflcations describa tha values and tol-
srances for fllm properties and charectertstics of

“Kapton™ poivimide film. Where necassary for thor
ough understanding, test methods and procadures
hava been Included.

Ary aapecta of the specifications requiring hurther
Intatpretation or cladflcation ahould be discurased
with represantatives of the Du Pont Electrenics
Department.

Typas of apton?® Polyimide Flim
Du Pont mekea three types of "Kaptan™ polyimide
flim, Type HN, Type FN and Typa VN.

Type HN Fim

"Kapton" ﬁwHNhatmmImmﬂcpﬂwmfdﬂ
film, axzhiblting an excallent belanca of phyaleal,
chemical and alacirical propertiag aver m wids tem
petaturs range, perticularty ot tmusually high tam-
paratures. Chamically, lts polyimids polymer make up
is the rasult of a polycondansation weaction betwaan
pyromallitic dianhydrids and 4,4'-dlaminodiphenyl-
elher. "Kaptor" HM [e avallable In 30, 50, 130, 200, 30¢
and 500 gaugaa.

Typs PN Filim

“Yanton” Type FN film i2 & heat seaishle grade
which mtsina the unlque balance aof propertiea that
"Kapton®™ Typs HM poaseazas ovar a wiis tempora-
tute ranga. This la achleved by combining Type HN
“Kapton'" and Teflon® FEP Ffueroosrbon  rasln
togethat In a compaosite structura. Liated befow are

Lon

GENERAI
SPECIFICATION!
BULLETIN G5-87-

.

thoas combinations cormemercially avalipble at this
tirne, Othar combinations sra avallabte. Consult your
Hectrondce Dapartment markeating reprasantative for
furthar Information.

Type VN Fllm

“Kapton" Typa VM ia the same tough polylmide
film a3 Type HM Flim, avhibiting an excailent balanca
of plysieal, charnical and slectrical pmpertios over 8
wida temparature rangs, with superior cimenelonal
stablilty at oleveied temperatues. This product o
avallztiirin 100, 200, 300 and 500 gauges.

Certification

“Kaplon™ la certlfled to meet the mquiremants of
the military specifieation MiL-P-46112 B {MR] i, addi-
tion to the ltem= coverad by thia spedificatians hulle-
tin. Written confirmatlon is avallable with sach de-
Rvary upan raguest.

qUPONT

B oty ey e d?
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PROPERTIES OF TYPE HN FILM

Thermal Durabifity
The tharmal dureblitty of Kapton® polyhmide flim
dopends on the snvlonmantal condlions wnder
which It ks aped and teated and litollma dependa on
the eritarion of faliure. "Kapton® Is routinely Lested ut
the manufecturing sita in the followlng manner:
Shaets of film B% * 3 11" ara freely suapandad In an
cven et 400°C. The temparsdure of the oven s

' b | I‘nrll ot B0 ganga . A

manltared with & themocouple to Insure 8 tNTpSE-
ture scourecy of x2°C. Sheote are removed afier

2 hourm* and testad on an Instngn Tenslic Toetar 83 ¢
described ghove under “Blongation.” The alongation 3
{at 23.5°C} of the flim should not be laea than 1%
after thla aglng at 400°C. This conforms to The -

“Elongation after Aging at 400°C." feat {paragmph 4

T ooties2




4,4.5) ardd “Elongation, percent, afler 2 hour 400°C.”
mequirement [Table 1) of MIL-P-23112 8 (MHAL
Undarwhtemn Laboratories Inc. Bats o theemal index:
of 200°C.~220"C. {depending on gauge and typa) for
mechanicel properties snd 220 "C.-240 (. {depanding
on geuge end type) for electrcat propertias under
thair fle no. E39505 for “Kapton™ potylendde film.
*1 hour For 30 & 50 gaugn Al

PROPERTIES OF TYPE FN FILM

A Hent Sssi Strength
1. Fiim to Fim Saals

Tha hast sae pesl strangth batween tha coated
and uncosted siie of ona side coated Kapton®
polyimide film or the coated to coated alde of one or
v alde cosded “Kapton™ la measurad In the fol

lowing mannen: Saale ane made In.a faw sealor st

350G, 20 pal, 20 seqa. cwell time, Aftar cooling, the

. sople wo cut'to 1* wide stripa valng & Thwing-Alwait -
JDC sample cattor or aquivalant. The strength of Hw

soa! Is meagurad with an Instron type tonlo teater,
Seal etrength |s dafined as the pesk Inetanianeous
strangth occuming In sach sgal, Five spacimen valuss
are avaregad, .
The minimum peal strength batween tha

skdes of one or two sida coated *Kapton” polyimide
flim wilf be 800 gmsJinch sccapt for 1T20FNEE which
will ba 450 pnaflr The minimen pesl strength be-
tween the costed and uncoalad elde of one akde
coated “Kapton" will be 453 gmasinch.

PROPERTIES OF TYPE VN FILM
MECHANICAL.

bl mpa 4

2. Fllm 1o Copper Seals for 121FNE16 Fiim
The ahllity of $20FNG16 film to adhea to copper IS

" meamured by using tha same hedt seal peal strength

techniquse as descyibad abowve

The pesl strength obtained when 120FNGIE Is
sgaled to the untreated alde of Y oz GT copper foll
{1 mil) wit ba & minimum of 250 gmelin,

3. As-fAecelved Strength {Cold peel} of Bonds Betwean
the Type HN “Kepten" and “Teflon”™ Layers
Tha bond betwesn the Type HM "Kapton™ and
Tefian® fuaracarbon resin |ayers on all type FM prod-
ucts oacapd "120FNEME will have a minimum pssl
sirength of 225 gme.fin. as masmirad using an inston
type tenalla texter and a 180" pesal,

amw

-~
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ELECTHICAL

Thermal Durabiilty

Tha tharmal durablity of Kapton® polyimide Fm
dapands on the environmental conditkws under
which [t {0 eged and tested and lifetime depands on
the criterion of faliuns. “Kapion” la routinaly ioeted at
the manufacturing efta in tha following manner

Sheata of flim 8% " » 11" are freely suspended nan
aven at 400°C. The tempermture of tha owa is
monitored with a thermoocoupla to insure a smpers-
turs acturacy of +2°C. Sheats ars removed aftor
2 hours and teeted on an Instron ‘Tensfle Teater as
desoribad abava under “Elonpation.” The elongstion

GENERAL

A MATERIAL

Type HN and Type VN Fllm-~-A, mide potymise
In tha form of a flim. oM

Typs FN FIm—A combinetion of Kaptar® poiyt

mide flm Type HN with Tefion® FEP Ruorocarbon
2In on ona or both eldes.

B. UNIFORMITY
Material shall be uniform n compoeition and froe
from defeots which Impalr senesabliity and/or ap-
paarancs In proven applikeations.

C.CORES

Cores ghall ba of aufficiant strength to prevant col-
lapsing on handling. S{andard core LD.'s mre 3*
and 6 with the following speclfications: 3” LD. Is
3.032° + 00087, 8* LD, i 6.028"+0010" Coe
material will be plastic for 3* 1.0. aores less than
%" wide. Gam materal wil; be fbre for 3 L.D. cores

D. WIDTH TOLERANCGE
The meximum variation In fiim width from that
spaclfiad on the oroer shall be as follows:
Sitt Width Range Tolarance
™" or legs Universal only + 7 miia
1" oriess + 16 mils
e 4+ 30 mile
40" or wider +#0 mile
E ROLL TYPES

(at 23670 of the flim should not be lazs that 10%
after this aging at 400°C. Thie conforms to the
“Hongation after Aging af 400°C." taet (paragraph
445 and “Elongation, peroant, aftar 2 hour 200°C."
mquiremant (Tebie 1) of MILP£8112 B{MB)

Underwrters Laboratories Inc. llats & tharmel
inclex of 2007C.~220"C, iapending on gauge and
typs) for mechenicel properties and 280"C.-240C.
{dapending on gaugs end type) for efeotrical proper-
tias under thelr file no. EMBS06 for “Kepton” polyl-
mide flim. :

wider than %” and & LD. coras. A aplit 3* L.D. Akbre
oorg la stendard for sl univereal rolle, Core width
for universal wind o 2%.~,

i thesa porea eré not auitabie, lurther informeation
on other optiona may be obtainad from your Elec-
tronics Dapartment merfeating repreasntative.

"Kapton" Alm Is supplied In two Eypes of rolis, pad
and universel wind. Available flm wkiths and roll
0.0.'g ara speciflod on the next page-

Ti0&ii054
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A ed" HHIHMHMHN"IHEMM“"
m NDIFNITE, 00PN, S00FNING. SENFRON, JO0FMOT, 30PN
* A0 Pobraiow a £ %" For pude end + %" lor onivansal

I aied WH Naa W Ripbliad b width
rﬁ“ﬂmﬂl-ﬂﬂ -'HII.I'IE'I-H al Y b il B o

InPniriints of %",

Spacifications for pad rolia ars;

1. Coee width will be film width + %", -0~

2 Core adges ghall not peoject wmane than Yis” bevond
il face on efther skda.

3. Core shall not be receseed on either alde.

4. The oulbalde and starling ends of the flkm sha!l be
fastened In such a manner as to prevent urwinding.

5. "Dishing™ or “cupping” may nat exceed " .

masaunad with & strafght ecdfe scross tho dlameter
of tha roll.

Bpacifications for the univeraal molls ans:

1. The diffarance beiween tha |sngth of prolecting
core on each afde shall not axcesd %",

2 Film shall not praject irom the meln body of tha rol
mode than %"

3. The outside and sterting ands of the flm ahall ba
fastenad In such 2 manner as fo prevent uwinding.

4. Rol! fuca depreealon, the differance betwean the
nighest and lowsst polnta unatregeed, ghall not
exosad Yu".

5. Width of fraverse Is 14", — 1%, + h".

F.8PLICES

1. Descrpiton
Threa typea of spllte are avallzhla

t. Mylar® polyester film based yellow tape eplice
(starndardt.

2. Kapton® polyimice flim based splice {speclal
requiremants onlyl.

3. Haat aaal splles {Typa FN) In width, 12" or less.

Eplicas will ba sufficiently smooth and wrinkis-free
80 an not to disten adacent ayers of flim and approx-
Imudely centerad to =+ 1",

Tape splices are standard on all gauges of “HN”
and "VN' flm and sleo on alf gewges of "FN"™ fllm
more than 127 wide. )

Tepe spilcss arn mada as falowa. A butl aplica with
fiim ends ciovenad on both sidea of the flim with splice
tepe. For flime jess then C.002" thick = 17 wikde
praasuna sanaltive tepe ks umad. For films 0.002° thick
and gewater 8 27 witda prassum panaftive tape will ba
used -
Hast zoal spilcos arm mada e followa. On all flims
burt 250FNG29 the aplica la an overlap aplloe a mink
muen of %" long. On 250FN028 a but! eplice I» made
using 12JFNBE gs the joining tapa appllad an the
FEP surfacs. _

Cvarlap hoat saal splices ara ortemtad with tha
ksading edge of the new fllm on the bottom for unlver

- &sal put-ups and pad put-ups for iwo alde FEP Biruc-

huren, Pad p-upa of ane side FEP compashes hava
the leading adga an the top.

The 250FNG23 bult aplics Is odentad with the
120F™6 15 fape an the top of the fllm as It unwinds
from a unlvarsal put-up and on tha boliom as 1t
urswinds from a pad,

2 Maximum Epltcos par Blit Aoll

Tha minimum evarage fnotaga batwean splices for
most olis 13 shown In Tabls | To calcuigle tha
maximum namber of gplices In & roll divids the nomi-
nal fast per foll by the minimum evarege ength be-
twman splices and aubiract ona.

TS 004 1856
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3. Splice Placament

Tebla [ shows the minlmum longth between spEces
ang from the baginatng end end of a roll, for mest
*"Kapton* roBa. No splica Iz allowed, hnwavar £nce 2
mll has reached tha reinimum ©.0. .

TABLE !
MINIMUM AVERAGE SPLICE FREE LENGTH (FEET)

MOTES: :nm-mmmm'-& o TN
"Ihl Wil

:E:;wm prsinr fwn 167 40 the mesdmon, Sw minkmurs weamge fooiegs Wil be or st that ehown in S b

MINDALIN LENGTH BETWEEN SPLICES OR BEGINNING AND END OF A ROLL (FEET)

6. AVERAGE THICKNESS TOLERANCES
{UNIT WERIHT)

Teat Mathod and Sampling Frocedun

Waigh test specimens eguual 1o the width of eft roll
and not lesa than % mater long to the neargst 0,10
pram on a torakon balance.

Tooonfimm averags thickness tolerances, obitain 4
sempia consisting of 8 mirimum of one Epacimsen fiom
each of eeveral randomly satectod siit mils aa follows:

Mintmerm Mumber of

SiK Ralt Width 8 RAclls to be Barmpled

Under 8° = 35+ 3t roll wAdth {in)
B8* and Ovar 4

001108




H. MICROMETER THICKNESS

Thicknesa tolerancss are baead on & stailstion
enalysis of mutine process condrol data.

“Appliew 10 Topw Vi Mie shio.

Fo-0d -

Toat Mathogd -
Make the following measuraments to confirm that

film from a aingle siit roll meets the micrometer

tolermncar

1. Measurs In accomdanca with ASTM-D-374.78,
Mathod Aor C.

2. Obtaln the everage of 1 randomly selected
readings from & minkmum araa of 12 squsre inches.
Pechack bafors rejecting any alit roll. Abnarmal
neadings may oocasionslly rsult from dust par-

or apat sunface imperfectdons. Discard auch

ge &4 they will edvarealy affact the encuraoy
of measurements designated to Indioate general
sheet thickness.

Aaugedepression

To raduce wob hendling diificulties which would
occur If flim reprssonting thicknoss exirames wers
shippad I the saene noll, & feugs depmestan oten-
dnrd la applied.

Roll deprassion is the difference In dismeter be-
twoan the herciest and softest part of the roll or tha
diffarence betwean the uniepmeased snd depmenad
(finger preeasurs) diamater at the softest part, which-
e B Reatar.

Table |l llata 1he maximum allowable depreasian
for most pad rofls. There [ no geugs dapeegion gtar-
dand for tmiversal wind sinca that rofl Ie limbed to n
maximom of “a* wids.

-

TABLE I}
KAPTON® POLYIMIDE FiLM GALIGE DEPRESSION STANDARDS—PAD FOLLS

{Meximum. allowabie deprossion In %:" iIncrementa)

Ti 0014057
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Kap

O YIRTIDE FIC

GENERAL

INTRODUCTION

The Electmonica Department of the Du Pont Compamy
manufachaes and mails & varety of high quulltr
piastic flim products.

These specificationa describe tha values and 1ok
erances for film propertiee snd charecteristica of
“Kapton™ polyimide Alm. Where necasaary for thor-
ough underslanding, teat methods end procadures
have boan Includad

Aryy sapatis of the apacifications requiring further
Interpretation or clarAaatien ahould be discuassd
with representstives of thw Du Pant Bectronics
Departmant.

Typss of epton® Polyimids Film
Du Pant makes thres types of "Kapton™ polylmide
film, Type HN, Type FN and Type VN,

Typa HN Fllm

“Kapion” Type Hi Is a tough arcmatic palyimide
flim, exhibiting an axcallent belancs of phyaloal,
chemical and slectrical properties over n wide tern-
peraturs rangs, peticularly at tnuaually high tem-
paraturee. Chanvoally, e polyimide pohymer maka up
Is the result of & polyocondansution mastion botwesh
pyromaliitic dianhydride and 4.4'-diaminadiphenyl
ethar. "Kapton™ HN |s available In 30, 50, 100, 200, 300
s 500 gaugan.

Type FN Fim

“Kapton” Type FN film In & heet pealgble grade
which retains ihe unique balance of propertiss Hwat
“Kapton" Type HN possasses ovar a wide tempara-
turs ranpge. This 1s achlevad by combining Type HN
“Kapton" end Tefion®* FEP {luaracarbon resin
togethar In a composite structum, Lised balow am

ton

GENERA
SPECIFICATIONS
BULLETIN G3-87-4

L
thoss combinations cammercially eveliable at this
time. Gther combinations are avallable. Conault your
Hagtronica Depertmsit markating raprasentative for
further Information,

Type VN Fiim

"Kapion™ Typa VN i3 the sama tough polyimide
film a8 Typa HN Flim, extibiting sn excellent balance
of physical, chemical and alect: ical propertfes over a
wide temperature range, with auperes dimensionel
stabifity ot elovatsd teinpacatures. This product Is
svaliabiesln 100, 200, 300 s 500 gaUges.

Certillcation

"Kapton" |a cartifiad 1o meat the requirements of
the military spectfioation MIL-P-46112 B (WS In sdd-
tion to the tems covared by this appeifications bille-
tin, Written confimmation is avallable with each da-

Ivary upon mmegquest.

FLECERR
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GENERA
SPECIFICATIONS
BULLETIN G5-87-4

Kapton

FOLY IRTIDE FILAY

GENERAL

INTROLUCTION

Tha Electmanlcs Department of the Du Pont Company
menufactures and eclls 8 verdety of high quality
piastic fim products,

Thess specifications destribe tha valuas and tol
emncas for Him propertles end charactarsties of
*Kapton™ polyimide fim. Where necessary for thor-
ough understending, test metheda end procedures
heve bean Inciuded.

Any espacta of the apacificatlony requirng further
Interpratation or cladflcation should be discueasd
with repmsantatives of e Du Pont Eluctronics
Dapartment.

Typas of Kapran® Palyimide FEmn
Du Port makas threa typaa of "Kaptan” polyimida
film, Type HN, Type FN and Type VN,

Typa HN Filn

"Kapton™ Type HN iéa a tough aromatic potyimide
flim, axhibiting an excellant balanoce of phyoical
chumlcal arxl slacirioal propartles over a wide tem-
peraturs rangs, partlcularly at unusuatly high tem-
peraturas Chamically, ts pofyimide polymer make up
Ia tha rasult of a polycondanastion reaction betwasen
pyremelitic dianhydride and &4 ~claminodiphenyl
gthar. "Kapton” HN |3 availabde in 30, M1, 00, 200, 300
and G0 gaugsa.

Type FN Film

“Kapton™ Type FM Aim 1a 8 hant saalable grada
which retalns tha uniqua hatance of properoa that
"Kegton” Type HN posgesses over a wide tempemn-
ture range. This le achisvad by combining Type HN
*Kapton" and Teflen® FEP fluorocarbon resin
togethar in a composite struciurg, Listed below are

o

thooe combinations commerclally avallable et this
time., Cther cormbinations are availahis. Coneult your
Bactronica Department marketing mprasentative for
further information,

Type VN Fiim

*Kaptor™ Type VN (o the same tough polylmide
fltm a3 Typo HH Flim, sxhisiing an excsllor. balanoce
of phyalceal, chemical and efectrical proparties over 2
wide temperature renge, with auperior cimensional
sigbilty gt elevated tempacaturas. This product 18
avaliabia In 100, 200, 300 and 500 gauges.

Cartiffcation

"Kaplon™ is certifisd to mest the requlamante of
the mititary speclfication MIL-P-26112 B (MR} in addi-
tion to the ltema covarad by this specifications bulls-
tin. Writien conflmnaticn is mvalizbls with sech de-

llvery upon request.

T1OET00E
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GS-dr-4
PROPERTIES OF TYPE HN FILM
WEGHANIGAL

Thermal Durabiiity
The thermal durshllity of Kepton® polyimida flim
tapancs on tha awionmental conditions urger
which it |e aged and teated and Hfstima dependa on
tha criterlon of failure. "Kapton™ Is rtinaty tsated at
the manufactudng sita in the following mannar:
Sheete of fllm BY%:* x 1 " ars frealy suspendad In an
oven at 400"C. The tempersture of tha oven s
-]

PPy ———j—r——y - Y .

mantored with a thermecouple o Inaure a tempas-
ture accuracy of +2°C. Shects e removed after
2 hourn* and teated on an Instron Tensile Tashy &2
deacribed above under "Elongation.” The glongation  J
(st 23.5°C) of the fitm should not be less than 1% 8
after this aging at 400*C. This conforms o the B
"Elongation efter Aping at 400°C.” test (paragraph £

TI DO104%
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4,4,5) and "Elongation, percent, after 2 hour 400°C.”
requirement (Table 1) af MIL-P48112 B (MA).

Underwritors Laboretories Inc. llata a thermal Indax
of 200°C.-220°C. {depending an geugs and typa) for
meachenical propertles and 220°C.-240°C. {depanding
on gauge and typs) for electricel properties under
thetr file no. E39G05 for "“Kapton™ polyimide fllm.
*1hoer for 30 & 60 Qg Eim. .

PROPERTIES OF TYPE FN FILM

A Haat Saal Btrength
1. Fim io Fim Saala

The heat sesl peel strength between the ooated
and uncomted sfde of one sida coatsd Kapton®
polyimide Rim ar the coried to coated side of one or
hwo alda coated “Kapton™ 8 meaguned In the fof
lowing manner: Sasis ara mads In a jaw ssaler at
330G, 20 pal, 21 aec. dwall time. After cooling, tha

ngala are cut to 1* wide Gtrips uaing & Thwing-Albart - §

JOG eampie cutter or squivalent. The strength of tha
seal Is measuwd with an instron type tanelle tester.
Boal eirength |a defined e the paak Instantaneos
strongth ocourring in sach ssal. Flve speciman valuas
are evaraged.

The minknum peal etrength batwsen the coated
aldaq of one or two sida coated “Kapton” polyimida
fllm will ba 600 gmainch excapt for 120FNS18 which
will be 450 gmadin. The minkmum pes! strength be-
twoah the costed and uncosted side of one slde
coated "Kapton™ will ba 460 gmalinch

FPROPERTIES OF TYPE VN FILM
MECHANICAL

aia-tr -4,

2 Him o Copper Seala for 1DFNBH Flim

Tha abillty of t2DFNB1E film i adhem to copperIs
maasured by using the aama hast xaal peal sirangth
technigue as describad above.

The pesl otrength obtained when 120FNS10 |a
saaled to the untraatad side of s oz GT copper foli
{1 mil] will bet 1 minimum of 250 gmsJin.

3. Ax-Received Srength (Caltd psal) of Bondx Betweon
tha Type HN “Kapton™ and “Teflon” Laysm
The Hond between the Type HN “Hapton" and
Taftar® fi reain layars on alf type FN prod-

ucls exoept 120FME1E willl have 8 minimum peel
Mdiﬁmﬂlnunmundmimmlrﬁm
type tenalle testar and a 190" pal.

B. Dislectre Riangth -

Tt OD11080
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ELECTRICAL

Thannal Durabifity

The tharmal durabliity of Kapton® pohimide film
depands on the environmanial conditions under
which It s aged and tegtad and lifstime depands on
the criterion of fallure. "Kapton® Is routinely toxted ot
tha manufacturing aite In the following mannan

Sheats of film B2 * x 11~ am frealy suspendad In an
oven st 400*C. The tempemium of the owen I8
monitored with a themmocoupls (o insure a tempera-
tue accumcy of =20, Sheat: are removed mter
2 hours und tested on an Inaton Tenalls Tesbar a3
dascribad ebove under " Elongetion." The elongation

GENERAL

A MATERIAL
Type HN and Typa YN Flm=—A polylmide polymer

In the farm of a Aim. o

Type FN Aim—A combination of Kapton® pohyi-
mide film Type HN with Teflom® FEP fluorocarbon
meain on ona or both aldes,

B. UNIFORMITY
Materinl phall bz untiorm [n compoesition and free
from dedects which Impair servicaability andlor ap-
pasvancs in pravan spplicationsa

C. CORES

Cores shall be of sulficient strength to prevent coi-
lapsing on handling. Standard core LD0's ane 37
and 8° with the following epacifications: 3” LD. Ia
d32"+0.008" 8* LD, |a 608"+ 000" Com
materal will be plastle for 3* LD. come less than
¥ " wida. Care miaterial wiil be fibra for 37 0. cores

* H thasa cores are not sultable, further Enformedion

D. WIDTH TOLERANCE
The rnaximarn vadation In flm width from that
aspacified on the order shall be aa followe
SRt Width Ranga Tolerance
%" of lags Univaras! only + 7ms
1" of lass + 15 mills
14" =30 mis
45" OF wider +580 mils
E ROLL TYPES

it 23.5°C) of tha film ahould not ba kasé than 10%
after thie aging et 400"C. This conkrms o the
“Ejongstion affar Aging at 400°C." teat (paragreph
4,45 and "Elongation, parcant, aftac 2 haur 400°C."
requirement (Teble 1) of MIL-P-45112 B{MR).

. Undereritae Labormtodes Inc. Hate & themal
index of 200°C.-2H)°C. (depsniding on gauge and
typa) for machanioal properties and 220°C.-240°C.,
[depending an gauge and typa} for electrical proper-
ties under thalr file no, EX506 for “Kepton" polyl
mida flim.

wider than %" and 8" 1.D. oonea. A apilt 3* 1D, fibre
core |a standend for all universal rofle, Cora width
for universal wind is 2¥.".

on other cptiona may be obtained fram your Bec-
tronice Department markeding represantetive.

=Kapton" film is supplled in iwa types of niis, pad
and universal wind, Avallable fkm widths and rofl
0.D.'s ara specifled an tha next page.

TT 0011061
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3 ﬂ hﬂ.ﬂhﬂllﬁhi oty I HIOHN, Biead, J0HM,

HMN'I T TH,, ORI, B PSS, JOOFNGE 1, B0,
" LD, TOhiuiviels b " o pin endd = %" For eshumal.

" Toped W, N wrel VN Dl e pecin e aappling b sl deermtents of %o
el Wi sdom nppepdiat by w0 mornrmmarts of Vo I widThw ¥o b B

Spocifications for pad molls are:

1. Core width will ba fiim width +%*, — 0",

2 Corma adges shall not project mora than " beyond

. roll face on althaer akis.

3. Core shalf not ba receasad on alther slde,

4, The ouislde ard starting ends of the film ehall be
festenad in such . manner as ko prevent unwinding.

B. “Dlehing" o “cupping” may not axceed Ym"
moesured with a efralght edgs anresa the diameter
of tha roll.

Spaeclficationa for the universal rofle are:

1. The difference betwean the length of projeciing
cors on sach eide shall not excead Yu".

2. Flm shall not project from the main body of the rolt
more than %h*.

3. The outalds and starting enda of the fllm shall be
fastened In such a manner as to pravent unwinding.

4. Roll feca depression, the difference betwasn tha
highsat and loweat pointa unatrosasd, shall not
mxpasd Yu*.

5 Width of treverss ls 1%, — 4L+ A"

F. EFI.IG
1. Deacription
Thrase types of spllce are avallable.

1. Mylar®* polvester fllm based yellow tape splica
{atardard).

. 2 Kaptor® pobyimids fllm besed epilce (special
requlremants only).

i Hant seal splce {Typa FN} tn width, 12* or lass.

‘Ml wtverinl ol we rellatds o Yt wkHE Iscranass wikh B
e e i s T e wizhih by Y k3" :u'p.n.xu.b.;huumm
wicth I ¥ For 37 B, 2 3 % 13- QU0 % 0.0

Bplicee wlll ba sufficlently amooth and wrinkle-free
80 a3 rorl 10 sl adjacent tayers of flim and appeox-
jmataly nantared to + %",

Tape zpllosa e standard on ol gauges of “HN"
and "¥N' fiim and alac on all gouges of “FN™ fllm
more than 12° wida,

Tape aplices are mads o follows. A bult aplice with

{im enda covered on bath stdes of the fllm with aplice
tepa. For iims less then 0.0G2" thick & 17 wide
preanyre senvaltive taps la usac. For flims 0.002" thick
and graater 8 2 wids pressurs senslive tape will bs
used .
Heat seal spllces se metda as follows. On all filmsa
but 250FNIE29 the splice % an overlap aplice s minl-
mwn of %e* lang- On 260FNG28 a butt splice is made
uasing 120FNG18 ae the |oining tepo applied on the
FER aurfana.

-Owarlgp hest ogal splices are orented with the
leading edge of tha new {lim on the boktom for univer-
sl pud-upasmd pad put-ups for o side FEP struc-
turgs. Parl pul-upa of ona side FEP compoattes heve
the leading edge on tha top.

Tha 250FNDIZ28 butt aplice is orented with tha.
120FNEE tape on tha top of the film a5 It unwingks
from & uniyersal put-up &nd on tha bottom as It
unwirds from a ped

2 Meximum Splices per SHt Aell

The minimum averags iootsgs betwean aplices for
mosat rolie Is shown In Table |. To calculate the
maximurm number of splices In a rol! divide the nam-
nal fost per rll by the minimum average length be-
tweann apllcas and subiract ona.

1 Do11082
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4 Bplice Piacament

Table | Bhowe the minimum langth batween aplice
and from the beginning &nd end of & mil, iy most

"Hapton* rolle. No spiica i allowsed, however, onca 8

roll haa reached ithe minknum 0.0

TABLE |
MINEMLIM AVERAGE SPLICE FREE LENQTH (FEET)

NOTEE ' To 0" wize bor I0HM, 17 wikhe v 3HMN
" Tig 90" wrisley

"aa"

=10 8" whdia, FOr Wi § abar thtn 1 b0 thl rcinuam, th minkmum orag Solge will Be ane held thel shown in e table.

" i e

MINIMUM LENGTH BETWEEN SPLICES OR BEGINNING AND END OF A ROLL (FEET)

G AVERAUE THICKNESE TOLERANCES
{UNIT WEIGHT)

Tost Method and Sampling Procechume
Waigh test spacimens equal to the width of siii roll
and not less than % maber long o tha nearssat (L10
gram on a toralon balanoa, :
To confinm sverage thicknass tolaranasa, obitain a

sampie consleting of a minkmum of one apecimen from
m#mmwwam lﬂh_?ﬂfullwn:

Minimum Number of .
BN Roll Width  w= Bt Rolls 1 ba Sampled .
Under@” 25+ afit rall width {in}
8" and Ovar 4

TI 8071063




H. MICRONMETER THICKNESS

Thicknam Digranoas arg based on & statisticel
snalygis of routine process controf date.

“Applen W Type YN Wme b,

G5-67-4
Tast Method '
kaka the fallowing massuraments to tonfirm that
fim from a single &lit roll meets the micrometer
tolamnoas:

1, Mossue In accordance with ASTM-D-E74.79,
Method A or G,

2 Obteln the average of 10 mndomly salected
meaclings froen & mindmurm ares of 12 speam inoches.
Recheck belore rejecding sny alit vall. Abnormel
readings may ocosplonally rssplt fom dust pa-
tiolearor apot surfess Imparections Diecerd such
reaciings as they wifl adhimsaly affect the accursoy
of meoasuremsnts designated to ndicate genaral
shoat thicknasa,

- }
Gauge Depresaion

To reducs wab handing difficulties which would
ooow I filn representing thicknees Sxinemes wera
shipped In the same roil, & gaugs depression sten-
dard In applied.

Roll dapressalon ks the diffecence in diamstsr ba-
twaan the hardest and actisst part of the roll or the
differonon balwsen the undopreseed and depreased
{finger prossumn} dameter ot the softest part, whioh-
aver io grewter.

Tabie 1l lisia the meximum aliowabla deprassion
for moat pad rolls. There ks no gaugs depression etan-
dand for universal wind aince that rofl 1s limited 1o a
maximom of 4" wida.

TABLE Il
KAPTON® POLYIMIDE FILM GAUGE DEFAESSION STANDARDS—PAD ROLLS
{Mzxdmum slowsble depression In " Incremenis)

TIRUr11064
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ADHESION TO KAPTON®

KAPTON* polyimide fim, made on
hﬂmbﬂnih'nwpu'!}paH o 100%

fim. Type F la ooatad on one or hoth sidan with &

FEP Mmrocerbon achesive and Type ¥V e & plain

film muparior dimansloral etablily properfes.

lnr mmn is found In Bulletin

" Bpecifiaations ans found
In Hullnlin E-mzil. "“industry Spacifioattona Bulletin
FC-85-2." For flexbie croult wppicatione the trade
ppapiSostion | 1, appfias o KAPTON
ADHESIVE SELECTION

“Suppliara of Adheslva Coetinge on KAPTOMN.” This
FAPTON, i shatl ik b o o2 e o
88 A .
Dwizdad Imformation oh the use of thase adhesive poxtad
praducts cen be cbtained irom the supplisr's bulleting: Spe-
coppsy’ laminaies produced as sub-
pirates for fimdbis prinied ciroukta ame ouliinad In eds
spocifications:

— Brtislr BS-4GB4
— Gaman:  DIN-I0802
Whan coaied Kim (s not wultable for an epplioa-

Exiyral-phanollce, polvesters, aloones,
urethanes, fluomcarbons and blands of these meterals.

Du Fant, ia aveliable ™

Setaction of an adhesive 1s usugily dependent on the proper-
tien raquired ol the achasive and tha damands of the applica-
tlon. Property ponaldarationa ere ihe thermel reting, chemioal
mulstance, -l and Aow characieriallca, Mdbltr pesl
strength, Ramabifly, miclstre reslatancs and nsuletinn

- roalstanoa. Alat io be conaldersd 15 the skse of

MWMMEHMEMhhh
mards in coniineus ol ecuipenent or in o plken press.

ADHESIVE PROPERTIES
Adheaives uaad with KAPTON Type H aro veelly o moded

Listod In Table | ara goverst adhosive typas along with intor-
mation on typloal lamination and meximum

temparahres
tempersiures (short tem waposLre).

an amine ouring agent
ouring spant aa tha frea abicling malerisfs ckn degrads the
polyimida. i

TABLE1

Medmum
_I_Llniqﬂun Opevating
Types 'Et'cl '!{'Ol
Fuoraterbarms mm 10 500
Polylmides E00-M0 0
Epeden . 73450{ 23230y W OO0
Preasira Sangitive .
Slocones T3I00( 231600 500
* FubberPhanol® 00400 o 50O
Acrylice aau-mpl?mg to 550
Polyasine Z75I00(196-160) 02201

mmmmaumm“m
from suppliars of adhesivas o tha sfsotronios industry. List-

inge of suppliars can be found in buyer's guides for slecteonic
products. Bullsin E-74149, “Suppliara of Adheelwee to the
Electranies Industry,” g reprosatiatve laling of

adhasive suppliers who can be conautiad with lor spectiic
nrdhashme naads.
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PACKAGING AND MARKING

A PACKAGING

“Kapton” she!l be adequataly packad to prevent
logs of cantants or demage during shipment.

B. BARKING

“Kapton” le Keniiflad an follows 1o sllow compiate
traceabliity beck to the raw metedala and proces-

Al film witl be wrapped with & non-Abrous materal Eing conditions:

i . ilhlndwlr.mﬂﬂmmlllm' loan them 29" wite. .
o} irevichs clrmeter of oome and nominal ootsids diamatar of voll.
-] o 12 charactem. .

R e s e T e s e

I whiole orin pel. Mhrﬂﬂ

DU PONT ELECTRONICS DEPARTMENT

In UBA in Europe inJapan
Du Pont Company Du Pont das Memoure intematioral Du Pont Torey Co.
Eecironics Departmant Blactronics Daparbment 5-6 Nmonbeshl-Honoha 1-ohome
- Wiimington, DE 18298 753-82 Roula des ADacias Chuo-ku
CH-1211 Qeneva 24, Switzeriand Tokyo W3, Jepan
Ltterature & Techrics? Information I aTatn B1-3-245-508! -
BO0-577-2801
Ordera to Cuntomer Bervioe Center Wicldwide - in Azla Pacific
B00-441-B404 Bu Font Company Du Pont Asia Pacific Limited
Irnternational Cusiomer Barvices 1122 Naw World Offlcs Bullding
n Canada Conoord Plsza - Renad Bidg. {East Wing)
Du Pant Canada, Ine. Wiimington, DE 10568 Ballsbury Foad
Packaging Divialon - @02 772-61%0 Kewloon, Hong Kong
PO Box Ba2-3-7345345
mmmmm Statlon : 0 Braail
Mia Ontario n
LM 2H3 ) Du Pont do Brazl /A
(416 821-3300

Divlepn de Planticoa or Elastomars .
Calxe Postal, 238 - Alphaville

D400 Baruen [San Paulo, Brazl

Ti Q01098
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Du Pont Company

Indusatrial Fms Diviglon

AR ucharicat RARESS, ACOEN Tk hathivny mc] bl il ek B Wt By G, Tioky 0 It vl slmta wistaly Mow Bl iniervms i oo mubintole, it e rimacuct for wme i el
mmwmnmmu Iniviear-beows. S bainiak At Py KPS i irad o G IRaurael iy By wa by Perpely i ekt 0t 4 ], Bwwh
e, incinical schilon e e oy o P B el i wrimininiied i) iugleb it o gy il ko !
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Thiaseohnioal informmtion, ofiered withoul cherpa ae part of our senvios to oustomars, s basat Lpon our testing and
sxperience and la believad to be milable. Howaver, the Du Fort Company mekes No Quarames a3 0 resulis
schisved by others xnd asumes no chilgation or fsbilty In connection with the usa of this Informalion which is
irteviciad for use by permons having technical sidEs and st their own diacrelion and risk, Delerminafion of produc!
suttabilly lor any spacific sppication i tha responsibiity of the user, This iInformation ks not intended &3 & loanaa to
operme undar, or recommendation 1o inkinge. mny petent of Dy Pont or others covering Aty malvial of use.

INDUSTRIAL FILMS DIVISION

DU PONT POLYMER PRODUCTS DEPARTMENT

nU.S.A. in Europe In Japan
o Procuts Dapertmen. _ Pofymat PYoducts Dapartment NhoqenHoncho
18
mmm 7882 Route dea Acacias Chuo-ku
Wimingion, DE 16888 . CH-1211 Geneva 24, Switzedand Tokyp 102, Jepen
Lieraurs & Toshricalinormation pasran &t _
BO0-527 ' Worichwide in Asin Pacific
Orders io Customier Service Center Du Port Compery Du Pont Asla Pacific Limied
Concord Plazs - Read (East
DU P G O vtesn Salstury Foad
Cenada, Inc (302) 7726120 Kowdoon, Hong Kong
B52-3-
PO Box 2200
Streetsvilis Postal Station in Brad
'Ontario Du Porit do Brazit SiA
L5M 2H3 Divizao de Plasticos or Elagtomers
{416) B21-3300 Cabxa Postal, 26 - Alphavilie
. o400 BarueriSeo Paulo, Brazil
Q]I']HI]I[’ ' TI 0011068
DIYNATSA Nu. 3
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for mnovatwe solutions to eﬂreme-temperature,
- demgn engineering problems.
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KAPTON! a versatile space-age material
with down-to-earth applications.

Tha space shuttieh sokar arryy;
the Lunar Excurslon Madhude;
miniaturized alecionic

m;mﬂdﬂﬂnﬂw&

tronlcs Inchesiries are: fiald coll k-
sulsfion; subsirates for Sexible
printed chmutty; mator and gener
ator armeture slot nexs; magnet
wira insulation; transformer and
mpu:lmrl:ﬁhﬂon mnm
mhhg,mdmnnd

-nl:hi:ulhﬂm

Three types of KAPTON
are commercially

available.
B KAPTON Type H is an all-pur-
pose, allpalyimide im that has
been used successhully in applice-
tions reaching temperabures. as
iow an —265°C and as high us
400°C. Type H £lm can be lami-
natad, metallized, diecad, siit,
fcemed, or adhesiveconted. It s
madleble ax 0.3, 0.5, 1, 2, 3, and
5 mil flm_
IKAP'I'DH'Typthmaﬂ-puP
fim with all

| dﬂupmpm'ﬂudTypeHﬂhl

phus superior dimensional sio-
bility It is avalinbla in 1, 2, 3, and
5 mil thickness,
SKAPTON Tipe F Is 2 Type H
fiim coabed on one or both sides
with TEFLON® FEP fluormo-

. pﬂhnﬂ'nilhhpnﬂhmt

barrier, ml‘nmgch-ﬂmlm-
ll:hml i s avetinble in & verkety

mhﬂ“ahmudmgaoihlgh
mmm
ments. This cutstandlng ver-
satility — and the fact that al
three ypes share the same
unlque balance of properties In-
hevent In the basic material —
allows KAPTON to be cusiom-
tallored to fit an almost endies
variety of appicatons.

a4

‘and backad

Armad with 20 yoars’ expert
materisl

ence with a

the conaiderable
resources of the Du Port Com-
parmy, we are commitbed to re-
maining the world leader in the
manuiactire and diverdification
of polyimida fims_ [n resporme te
the neads of our customers and
&mmmnhm&utmm-
sulate or conduoct alectricity
-kuthuaﬁlm.plnmudﬂlm
heat conductive films and new

T D070




KAPTON? a versatile .space-age material
with down-to-earth applications.

tronkes ndusiries are Geld codl (n-

sulation; substrates for Hedble

printed clreuits: modor and goner—

ator armeture got liners; magnet

wire lrmilalon: transformar
insulation;

rmﬂmnﬂmmmgiﬂw__
tapes and twhbing; and wireand .

kw as and ma as
400°C. Type H Alm can be lami-
nated, metallizad, diacut, shit,
formad, or adlesivecoatad. It s
avaliable ax 0.3, 0.5, 1, 2, 3, and
5 mil Gim.

_ m KAPTON Tipe V Is an alkpur

pase, allpolyimikie film with all
of the proparties of Type H fim,
plus superior dimensionad sin-
hilvy: It iz svedlablz in 1, 2, 3, and
5 mil thickness.

¥ KAPTON FiaTypeH
Hnmhdumorhuﬂlddu
with TEFLON® FEP flucro-

unlqe balance of properties in-
herent in the basic material —
allows KAPTON to be custom-
taflored ko fit an almost endless

varlely of applications,

Wais

Armed with & years' axperi-
ence with a high-quality matarial
and backed

Ti 0411570




Test No, 21~ y l

Sobritted By £ 3 @ : #_ﬂm Dae  11/22/95 Use NA where Nat Applicable

Type of Tet St!lie !'EHIII!IIII ONE Occupant Defined Per Sheei

One Or Two Occupsnt Test Buck ID. Pulse No.

Location ATD# I-

Occupmot Locati Occupant Type

mmwm / _Hip Fi Knee J Ankls !
INSTRUMENT DESCRIPTION AND IDENTIFEKATION

Charmels Rexuivd Sewial Narsber

SIR Csh Fras-1 TMLEOD

Timbglight Gemrstr TMXZ TS Pin Nembex
Tax Fas  Procos Pim

SIR Csh Frws-2 THM1&0
31k Csh Prwa-) TH1G0
-=-=——End Of List-

Kinctialyvirs HTME 3000 TMY1 1-
EinetnSysesns ATME 3000 TM3E1 23
KinctcSysesns HTME 3000 TMM1 3
Kinctallyvens HTHY 3000 THM1 4
Kiacthllysesns HTME 3000 TMIS1 %
EinvteSystamns HTMS 3000 TMIZ1 &

Dind eficaiams THMIN

Ficiag Contyoia k4 DeC ~ontintamn
S W e
Fulng Oostwols T390 Dy

Compeopend Gaa  Tiaer 1 Theew2  Tiww 3 Tiawr 4
Avcumsizwe Pre. Tk 1 Tosk 1 Teak 3
Taald Vobawe________ UTTIOSD

wlm !ﬂ‘% =-7
Thormamsies - TMR2S1
Tank Tast Bumad TM3IT4

AirNmgrs Parge Gauga
¥5mm Pim Rall Number

Auiditioal Faamamanis

7% SO9-Y Mot Mrax




KAPTON offers inherent heat and flame resistance

and excellent thermal performance.

For ell of s autstanding prop-
artles, KAPTON is probabhy bast
kncrwn for its sbility to “take the
LTE Wﬂiulﬂrﬂmﬂf\lﬂ
sikle — KAPTON palyimide film

wili not sustaln o propegete flome.

T. A erip of EAPTON Typa H i#m In

| over the pina In thia [C

ng- trip a

chioloctrie bearlor butwaen: the kads and
printed dipcui.

8. A stenl mill now gats 3,000 extra
horsepowes from the same slze molar
thanks to KAFTON ax the coll
inrmubHon. The motor membeturer
that nmdated windings of

last o rmvch an 50 tirmes

9. Used aa inmulation Ly robar and stator
windings, KAPTOM radusad tha waight
of fraction meotors in the workl's fartest
train by 5% 1t alsa d raduza
meieer produsction costs and tncreased
horsspover.

10. Tha ke emokie proparties of
trulmtion of KAPTON permit Ha use
B
nating uxpainlve

momal cohdult-

11. Aa o pin geid Aty KAPTON
aficus insartion of olf ping lio & Srcull

bosrd in a single, highwpesd operatian.
M&hwﬂmmmm

12. PC boands are idmnitited for quality
control and mventory purpouns by bar
code lehaly 13ing s overiey of
KAFTON. Since KAPTON ean
withatand the temparahures of wave
soldaring without signifieant shrinkoge
or distortian, 1t can be used &
labeling on the underskls of primad

clircult boerda whare spmea I not at
a premium.

T oof1a72







KAPTON® has superior sirength, toughness,

abrasion resistance and workability.

ﬁlnhﬂhmhmm
ﬁ-:gﬂ-ﬁdnnm huge inflstabls whue-
turgs Ehat could be weed for & verety of
purposas, inchuling space statton re
tsroporary protection
unassambled squipmant components,

Mmooty

13. Faxlble circulte of KAFTON can ba
bent, colked, folded or twistad — and
Temaln that wany for tdee Kl of tha
prodest — without! impalring creult
integeity while offering additional
derign. readom.

14, KAPTON protects plemm cables
frmudnmmbyahuhn.uitiglrd
= i hlhhﬂmmmlth

“:upqlm: 1enE
and theough dixcling snd conduilt.

diaphragm bmcaiiss it L Hexihlo, saaily
fobricwted mnd withetands the dramatic
changas undar the hood.
APTON also rogials mosat organic
solvants, ofn and gressas.

16. KAPTON 13 an Ideal meterial far

toughnass, dimensioml siability and

thermal les, KAPTON slanda

up o the of ahrupt start and

sipp operation and the heat of highr

ipeed operation. Tha trector balt kaath

are mjection mokled directhy Mibo
KAPTON
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KAPTON® has outstanding electrical properties.

Nt o bis thermal properthes,
KAPTON ﬁnfl:;r
lected st
qu.utﬂybimmdhumﬂnﬂ
diglecirie cielsctyic

consterd, and factor
The didectric strength of 1 mi)

TI MH1076
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KAPTON?® has outstanding resistance to most chemicals,
solvents, lubricants and fuels.

. This 2 300 VAC sobenersible ol
wel punp osee KAPTON
uthmmum
Inswintian system. Mnéoo of this type
often operaie nt deptha of 2,000 fant
o1 more In howtile,

athanol
and mathanol.
23, KAPTON s an idenl subatrate for
this CT'S throitle posttion transducer.
Mot only L= it resiatant to putnmalive
chemical svd lubricants: |t canalso
withetend beth high underhood termpar
aturas, snd cold wirter mos
wihiln st parforming redia

24, Critiem| fuel nos of satellitas In
spoce e hapt from freezing at
tampuratured by hoster tabies lnau-
Tated with KAPTON. Nichal-dhwomlum
humling ehements are ancapsulated In o
sandwich of KAPTON which pre-
wirlne both supariar dlalutrh:m :
d full protection sgeinst ma
n?'bnnl:h dmrmdy high snd axtramely
low termpearaturae.

T 4078




KAPTON® has outstanding resistance to most chemicals,
solvents, lubricants and fuels.

KAPTON e an denl imerarinl

E‘TH: a.ammcmm
UM Ly
filn in tha magwet wirs and alot Sner
Mwuﬁ:di&m
. or motw In hostlls, high-temperature
srwironenants which contain brina,

24. ﬁlﬂwlﬁil:l A of :lﬁu:
] e

pece wre kapt Grat belzing uh-lwm
lvtd wotth K Hl:hll-w;m
hm alermaniy oro sncopEy "
sandwich of KAFTON u.hluh prn-

vides both eupariar dielecic
and fuj protection againgt the ol
shoek of axtramely hu'l ond extremely
m':pulturls

T S2f1878






Thia tachnloal informaltion, offarad without charge ma part of pur service to ousiemens, s basad upon dur lesting and
experionce and le believed 0 be refiable, However, the Du Pord Company males no guaninigs &8 to roeuds
nchieved by othare end assumes no obligation or Eabifty in connection with the: usa of this informasion which Is
Inlended for uas by pevsons having tachnicel gkils wnd at their awn discretion and risk. Determination of product
multald ty for sny epecific spplicedion s the meponalbiiity of #e ussr. This indormastion i not | mended & A lleenss ©
opecaly under, or ecommensation o inkinga, any palent of Du Pont or others covedng any meterial of L1=a,

R |

[ T1 0044080
DU PONT ELECTRONICS DEPARTMENT
nUsSA in Brops in Japan
: Du Pant Company Du Pont da Namours International Du Port Toray Co.
: Beolronica Departmeant Elsotronica Department - -8 Nihonbeshl-Honche 1-chome
: Wiimington, DE 15088 TB-82 Roulw das Chuo-ku
_ CH-1211 Gonava 24, Tokyo H13, Japen
; . 022 37 BT 11 §1-3-245-5061
I Litarsture & Teohnloal informetlon
i BOO-har7-26M Waridwide In Asla Pacillc
i Orcdars to Customer Sarvice Center Du Pant Company iDu Pont Asia Paolfic Limlted
i AD0-447-9404 intenational Sustomer Services 1122 Newwr World Office Bullding
Concord Piaza - Read Biig, (East Wing}
in Canada Wiimingtan, DE 19805 Salisbury Road
Pu Pont Cannde, Inc. (302 T72-8120 Kowioon, Hong Kang
Paciaging Divislon - B52-3-7345345
+ P Boxt
Streetaviile Postal Station In Brazll
Mizglsaags, Ontarlc Du Pont do Brazil S/A
L5M 2H2 Diviaac do Plasticas or Elastomers
{496) B21-3300 ‘ Caixa Poatal, 26 - Alphaviiie

ﬂ]l]mb 06400 Barusxi{Sao Paulo, Brazil
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