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DuPont High Performance Filins

Tune 19, 1958

Cc: K. Fladger
5. Sharp
Erin Dulac
Texas Instruments, Inc.
MS 23-04
34 Forest Street

Attichoro, MA 02703
Erin,

Enclosed you will find the Kapton® Pracess Control Plang for each filin type you use.
Pleass let Khadijah or me know if further quality documsntation is required

Sincerely,
C--""---—-““"‘ln-.__,__
' e

Thomas E. Clyde
Murketing & Development Manager
High Performance Films
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PRESS RELEAXE

WILMINGTON DB, MAY 13 -~ DuPont Enginesring Plasics anacunced today the:
it sxpwrienced & fire on May 7 w 1w hexumerhviesediarnine (M) uniz at ita
Orange, Texas plans. HMD & a key intermadiage in tha produssion of

Zytel® wnd Minlon® snpinecering resine,

"We're very gratelll that oo one was injured in the fre amd theee was no
sdverse environmenual mmpact resuting Sonmr iL," said Disse Guiyss, Global
Dirsctor Zytal® resim, "And we deeply regrec how thls will alfect our
Qumomers.”

As & result of diis force mejeoe svent, DuPos production of HMD will be
reduced spproxistely 50 percent for sbx weeks in North Amedea,
Avallabllity of DuPout Zytel and Minjon® resina will be dirccily

affected xad will vary by spevific product, deponding on investoria and
production capubilities,

“We've advizad our custtimnens that our remmlirting, supply will be allocated
on & fiir and ressonsbls Bagie,” Culyas weid. “Wa'ng extpemely cononped
sboot tes impact of this avant on te surkecpiscs and are doisg svarything
we ca to help otir customers dwough this diflicult period.”

The situstion i1 scremely complex mad U could be several duys before

the impact on speciflc produces and market sagmants will be known, The
comnpany will work with its customers on en indlividinl basia ws the sitwndon
bacowmias more clear.

REGARDA,

MIKE CRICKENHERGER, .
AMERICAS ZYTEL(c) BUSINESS MGR

TI-NMTSA 017927
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FROM: DARLENE SANVILLE
TEXAS INSTRUMENTS. INC. MS 23-04

Phone Number: {508) 236-3363
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Total number of pages (including header page):
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DuPont High Perfarmuanee Filims

October 14, 1998

Ron Souzn

Texas Instruments

34 Forest Strest

M5 1109

Attlebore, MA 02730-0064

Dear Ron,

Sorry for the delay in my response. Al this dme Eapton® does not have o color
specification for the product Texas Inptrucenty purchases.

Kapton® film can and does vury In color for several reasons. The two primary reazons
are raw muderials and heat sxposure. Kapton®’s rew mmterinla, although controlled very
tightly, can vary to some degree. Any micor change in purity is magnified by its high
curing temparature. Kapron® is cured above 400 degrees Celaiun. The film that Texzs
Instruments purchases is a grade of Glm that is designed to bave as aven properties &s
poasible in all directiona.

To make this film we must adjust Kapton®'s heat profile on a cation. These adjustments
to cur process cause the film's color to vary.

I bope this bas helped to clarify the color differences. If you have xmy questions, or
believe the color differences are having an impact on your produce, plasse let me Lo,

Sincerely,

V./fw.-cﬁ.-.—..

Mark McAlees
Eapton® Tachnical Service Representative

E. L 2 oot 1 e urn el gy
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Ron Exza

. M Forssi Stwal
# PO Boy 26
Wl Jup 1108
TEXAS Adlehory WA T2T0084
INSTRUMENTS 1908 2381584

April 2, 1998

Mr Mark McAlees

E.I Dupont De Nempurs & Co.

US ROUTE 23 South and Dupont Rd.
Circleville, OH 43113-0000
T40-474-0725

Dear Mr McAlses,

Enclosed iv some sample material for your analysis. We have noted a signifioant shade clamge in
the Kapton murevial identifisd a TI part number 27225-4 (Dupont 300HN). We are not overly concerned,
the color difference as we might be if this is ns & résult of & material change or swstarial aror.

The attachad sample are ideatifled a8 “obd™ and “new™ The “new’ mateviat is darker than the old,

Our concern is heightened by the fact that we sell our product to the automative industry, and
whenever they see something different, they question it and then make us jun through hoops. 1 would
filee to avoid this if we can, or at least ba prepared to respond.

Your sssistance in providing a clear sxplanstion of what it is we wre witnessing would be
appreciated.

Sincerely,
o, b

Ron Souza

TI-NHTSA 017942
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summary of Chemaical Properties
259

The following pages were supplied by Dupont and show chemicai and
physical praperties for Teflon and Kapton. [n summary. water will degrode
the mechanieal properties of Kapron. but Teflon is unaffectad by water,

This is the reason why the Teflon-Kapton-Teflon system was selected for
Texaz Insuruments switch diophragm (3 mil thick Kapeon layer caated with |
mil Teflon on both sides). Page | (omrked with “A™) indicaves thar the
Teflon is non-reactive with warer. While page 2 shows Teflon has a
relatively low vapor ransmission rate (marked with “B™. Page ! shows
how the mechanicai properties of Kapton degrads with water and
femperarurs sxposure (narked with T

End of docoment.

TI-001466
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Summary of Chemical Propertles
3/2/99

The following pages were supplied by Dupont and show chemical and
physical properties for Teflon and Kapton. In summary, water will degrade
the mechanical properties of Kapton, but Teflon is unaffected by water,
This is the reason why the Teflon-Kapton-Teflon system was selected for
Texas Instruments switch diaphragm (3 mil thick Kapton layer coated with 1
mil Teflon on both sides). Page 1 (marked with “A™) indlecates that the
Teflon is non-reactive with water. While page 2 shows Teflon has a
relatively low vapor transmisgion mats (marked with “B"). Page 3 shows
how the mechanical propertica of Kapton degrade with water and '
tamperatnrs exposure (marked with “C").

End of document.
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— General Specification KAPTON® polyimide film

Table 2. Mechanical Properties of KAPTON® Type HN Polyimide Film

Fropacty Talus - Flim Thistmass, =il [pmi

I L . 1.00 1.00 2.0 B=0D
Ropercy {7.4) (38 7i%  (AN.A)F  (BD.EQN (T6.3)0 {127
B T e e e e e L T T T
Tanaila frengch. 15,49 a0, 000 a4, 800 24, 000 ad, 1o M, can
pai {MPa] at 1110} {124} ILEEY {185} 1145} (L§5)
B8 (139,
Machinge Diswceion
(HD} &pd TrEnsVewa
draction (TOI, min,
Mathod AFIN D-303-91, Matbhod A-using sn Inateon Tansile Testar (specimes

size: £.53" x 01" {14.7 =m x 133 =], Iww asparation: Iy [102 mm] ¢
Juu spasd) 3/min [51 we/min)). caleulats the sverwge of fiwe
speoimens bassd on original msasared thiokness.

e s o
Elongation. &, XD L kL) 40 a5 g L]

ad TG, min,

Mathod Sail an abortk.

Enrinkage, %, MO 4.0 4.9 1.0 .3 a.% 1.%

and TD at 400°8
1T, oumx.
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Ganeral Specification KAPTON® polyimids film
| Thisle 2. Mechanical Properties of KAPTON® Type HN Polyimide Film

Fropexty Yalus -~ Hiln Thiskseas, mil (pm)

F.dd .19 1.H FEL L 1.08 .1
1.4} (L3.73*  [an.&k*  (Ee.0}* 1162} {137)"

16,000 2%,900 44,000 24,000 a4, sd a4, Qo0
{110} (1, 1145) (1465) {16%) {165}

AFTH D-B03-9), Bathod A, uwing wo Instron Tessile Twscar |spacimen
alas: 0.5+ x & (12.7 mm % 152 xe)) Jaw saparation: 4* [107 mmls
janr upaad: 3-/min [§1 m/mia]}. Caloulata the aversgs < [ive
specimany bawwd on original seasursd thioknass.

a5 % L1 45 .11} L1
Exms a@ abowa
4.0 4.0 a.5 3.5 2.5 2.5
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(153°F), max.

15 MIL-P=-d61130. Tha paycant asd TD 4f 400°C shrinkage is ohbaiped
for aithar cha MO or TO using the svarages oFf thres measuressacs
in aither dirscrion keafore sod aftey conditioming. Friar o pear
Mniressnt the 5,5 x 11' (316 mm x 37F mm) specimae 15 condli-
tionmd by frealy suspesding it for 3 hr+* in ap svam ccatyollsd
o 4009C (T3IOF1.

4.8 4.0 4.0 4.0 d:0 4.0
o, W,
Mt ASTH D-570-Pi, usinmgy J4-Br ismarsion at 23°C {TI°F . Average of

chras wpaclmaps .

o 1] 1im o Typw WH, sxcept shrioksga; vhich iz shown ip Tabla 5.
h e 30 abd 50 gauge Fllm

C L@ 1958 E, 1. du Pont de Nemours and Company. All rights resarvad.

TI-NHTSA 017955
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KEVERIGE SOFGYY DOYVE SHEEY

E. |. BUFONT DE NEMOUWS & CO
FOLYMER FRODUCTS DEPARTWIENT
ELECTROMICS DEPARTMENT

1T MARKET STREEY
WILMINITON, DE 1900

TRLEFHONE NINRERE

WREDICAL EMERGENCY BOR—441-—-2437
PRODUCT INFORMATION B00—411-751%
TRANBPORTATION EMERGENCY BO9—i24-1300

MATERIAL IDENTIFICATION

PRODUCT NAME

CHEMICAL NAME

CAS REGISTRY NUMBER
TSCA INVENTORY STATUS

Rapton® Polyimide Film

Typss H, V, C05, HA, HN, HFF-LT, MT, <
VN, XC, XG0, SX4M, XT

Aromaric Polylmide

plur ﬁ to 1'% dimsthyl acetwmide

:EI riable ingredien® are listed in the TSCA <

Substance Invantory.
DOT HAZARD CLASS Not regulsted
SHIPPING NAME NA .
PREPARER C. B. Stonfer DATE  Szptember 27, 1989 <
HAZARDQUS COMPONENTS
MATERIAL Dimathyl acstamide nlumnl &w =
Eﬂcﬁ'rumu % Upwl®
(T
OSHA PEL 10 ppmiskiny’ m..,r':f botal dust :uw;! <
Smg/m’-reap. dust
ACGH TLV 1] A%m
DUPONT AEL g e ong/ar’ e,

WWMMMHIMIMtWﬂthWIM

absorprtiom an wall aa
thoald be taken to prwvent

inbalation, and that approprista précsutions
typss of expotare

SUBSTANCES PRESENT AT A CONCENTRATION OF 0.1% OR MORE CLASSIFIED AS
A CARCINOGEN BY 1ARC, NTP OR O5HA: Nope

EHYSICAL/CHEMICAL _DATA

APPEARANCE

ODOR

MELTING POINT
SOLUBILITY IN WATER
YOLATILE CONTENT
SPECIFIC GRAVITY

Traneparent film, light amber color
Noue

Noas

Insoluble
1% max

- L4

TLNHTSA 017986




KAPOOL
pape 3

MEDICAL CONDITIONS AGGRAVATED B8Y EXPOSURE None koown.

ERQTECTION INFORMATION
EYE Safety giasses recommendsd
SKIN Gloves recommendad
VENTILATION Local exhanst for operations sbove 200°C.
REAPIRATOR Not required for normal procesing.

RISPOSAL
SPILL, LEAK OR RELEABE Pick up to prevent slipping hezami

WASTE DISPOSAL Landfill or incinerste in compliance with federal, state,
and local regulations.

AQUATIC TOXICITY Insaluble.
STORAGE CONDITIONS Store away from flummable matorials.

Tha infaymation in this hsterial Safety Dats Sheet relatas oaly to the
specific mawrial (v) dewignatsd harwin and does not releix to nex in-combination
with any other material or in any process

NA = Not spplicable

AE -Hm!'nnt ble Exposnrs Limit

AEL =Dy Companys Acespta

> = New or revised information in this section when "> " ks ia Ixft margin

SECTION 313 SUPPLIER NOTIEICATION
This producz contains the following toxic chemicals vubjact 10 the

mportag
requirements of section 313 of the Fxmergency Flanning sand Community llqht—Tu—
Know Act of 1986 and of 40 CFR 2

MT typas contain up to 35% alumina (1344-28.1) encapsuiated in polymer.

This information et be included in all MSDSs that are coplad snd diatriboted for
this material

TI-NHTSA 017088
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kapton

FO Y IMIDNE FILRY

ADHESION TO KAPTON?®

KAPTON® polvimice Sim, rada only by Du Pant, ks avallable
In thres basio fim ypes. Type H KAFTON i (004
fAm. Typa F s contad on ane or both sides with &
ﬁmmwmvmmm

uperiorcdimenaloned stabiltly 1YI|:*=II
mmmﬂmﬂunhrmﬂhwa nd in Bulletin
E-m?,“&!m of Proparties.” am found
In Bullatin E-ﬂ?ﬂﬂ "industy Spsolfioalions Bulietin
PC-E52." For flaxibie prinkd ciroult applications the Lrede
spacication |PC-FC-23UShast 1, appflen to MAPTON,

ADHEBIVE SELECTION
For some applications KAPTON must be bondad o olhar
mmﬂmmmmjmhmdm
wro uaually cisalrad
MMWMHM%M;
varlely of supyiiata such sa thoss Rated in Bullatin E-Fa081,
"Buppligs of Adhweive Coalings on KAPTON." Thia
represania moat of thosa companies oifering
KAPTON it should nal be regerded aa B oompiste listing,
Detalod inkrmelion of the e of thase adhaghe comed
FMﬂnhMﬁunlhwu'lmmh

cific requirementa for copper laminates produced as sub-
shrates far fiexibla peinted cireulis are outiined In imde
spaciioationa:
— USA: IPC-FC-241
— Bilsly BS54
- Goman:  DIN-20ED2

Whan commerclally oosted film & not suttable lor an apphiog-
Uan, most vangors ofies 8 dry lm form of their achashves for
use 23 @ bonding Bim In laminations. Howevir, batter adha-
alon I8 hormaily ootairmd frorn commendal schution coatings
than from the dry bonding Bim. Tha dry film adheaive dogg
have the advantags et # can be eul to shapas which cover
onily that ponion of tha palyimide g whers adhesion |s
daalred.

i rithar Sommercialy coated polvimide film noc adheasive
bonding Mm ks guitabls bor the applicalion, the ramaining
aption is kv e usar ® apply 8 schiion adhasive. Soma
genaic clpssen of adhoahes which band KAPTON induda
acrylics, sposdes, butyrakphenolics, polyesian, sicanes,
Urethanas, Avonscarbona and blends of ihass materialg.

Salection of an adhvnive i usaahy

mnqlmdﬂhmwh
anhﬂm ﬂllnll:ﬂ

roollanos, Il and Row chamcledatics, fla ly, pent

sirongth, flammabifily, molsiure mm Inailation
m.ﬁhhhmﬂHhﬂn“dm
and whethar the ieminallen o to be

nﬂnhmﬁmrﬂwuhn platan press.
ADHESIVE PROPERTIES

Adihwsivos Lssd with KAPTON Type H ars
muummmm“

TABLE 1
Larmninaton Oparating
Acheshm Tornparabines Tum
Types FO “F{IC)
Fuomcarbona E50-000 (290-215) ko 800
Polyimides BOG-70Q E% &
Prosstre SeneNaa
Slicones 73-300{ £3-150 to 500
Rubhar-Phanalics 300400 {150-205 1o 500
Acnyica JE0-ITE (A 75180y 1o 850 {2858
Palysstemn Zre-900 (136-150) & 220 {105)

Boluvion forma of most of the adhesihves dbore ars svalishin
from suppliors of adhesived I the wectnanice Midustry. Lt
Inga of suppliers can ba found in buver's guides ko alect ronk:
procucts. Bulin E-T4148, "Guppliors of Adheshss io e
Elactronkes Indusiry,” provides a reprasamative listing of
adheaive supplars wiv aan bé consulisd with for specific
adhealw needa,

TI-NHTBA 017991




Givan In Figure 3 are minkmum tmes todry lsminates of Typs
F b oopper price ) cip soldenng. The imae wre diffacant than
In Figure 2 dua to the presence of iha aoppar lall,
RAURE 3
DRYING CONDITIONG FOR KAPTON TYPE F
LAMINATES PRIOR TO DIP SOLODERING
b
go C
R

100 JAOF1BH oa, Bopyt
o

Aliradas of Rl Hast Exposure

BOLDERING AND PRESS CONDITIONS FOR
TYPE H LAMINATES
mﬂtmﬂmmm ::l:la“.

on
mdmhﬁudhnﬂﬂmmnm
faciors mentioned for Type F laminaise. The molsturs: nelen-
wad og Wit e Mpermeity o e coppet B tyers.

COpPer

Conmult your lamincls supplier for rocommandiad pradrying
conditons speciic & ihe combination of mmberiaia supplied.

EFF F HUMIDITY

ON PEEL STRENGTH
Humicity cah hive 1 aflwct on utrehgth with certein
ndbesive syglems, AH nl#iph.:-bl controjlad n pesl
atrength measunsmeate. A surmmery of our inrvestigasion inito
this phenomencn ls gives in Tabis [T, Rssults show thal thoss

Sl Va0 Wi TG oot s o o o
low pow songiha o i AL Bowgem i A

of 106 and an-

RH of 704, tha effect oan ba aa lange s 8 lba. per lnsal lnch

(10,5 N, Thae sctvesives whioh do not have higroscopio

pﬂ;ﬂuﬂmnnﬂtm by RH ohanges in terma of
values. LY

TABLE Il
EFFECTE OF RELATIVE HINHDITY
ON PEEL STRENGTH

Peel Strengih, M. (Nfom)

Adhesive Type 10% RH 708 AH
Acrylg a.a!m 11.5 20,1

Epicy-Amide 54 nﬁ 0ot
Phanto Bt 5867 £2¢ o
3B( &7 s.2( 0.1
PhenaiicNurle 47( 89 43{ 75)

BFFECT OF TH AL TREATMENT
ON PEEL N

themmal rsatmnant of KAPTON will olen bond-
. Ternpacaiures of about 400°C kv ™ = 510
minusas nes npquired, end Sirootissl changes LT 8
clroult achasives 0

TI-NHTBA 017992
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KAPTON® Type H Fiim

25 um {1 mh)
CHEMICAL PROPERTIES
TYPHCAL VALUER [-28 o {1 mi
% Tormlln % % TE8T
FAOPERTY Raained ek lnsdl Falalnnl
Deyw Immarsed ot
RESISTANGE TD ]
Wharg " 7 - -
Mathana 1 n 140 b
10% Sodom Hydraakda & Duﬁu & HE
Glaclal Acati: Acid 35 [ ] 14 38 doys @ 3K {11
1] N 102 22 daym 2 473K
ol 100 100 100 100 deys % 423K (1
Watar pH= 1 B85 ] 100 14 days &0 173K [1
pH= 42 £5 X 1 14 days i 378K (1
pH= 7.0 a5 - 1] 100 185 dms iﬂ& E
= B8 g5 i (1 1] 1ldwn 1
pH = 10.0 80 10 11X ddms @ 373K (1
Emm{sﬁ'ﬁm River) SN Faxiby eTaun:
(150" Band) 414 x 10 By
Elacinon Graxif) Rateing S0% of Exgrtife
e o , Curiginal Bongation Sx10"Gy
dEmimE Darianad bt tough Exposune; 10" Gy
it
FUNGUS RESISTANGE Inert Safl Burl
MOISTURE ARSORPTION 1.3% e H G0% Ralgtiva Humidily
it 298K (23°C)
2N ype HAY mmarsion for 24 houes
at 284K (23°C)
HYQROE
COEFACIENT OF 2.2 1 10" m'm% 205K (12'F) 20%-B0%
EXPANSION Foalathvy Humidity Rolatha Hermd iy
Bag HY mimt- M Pa-dey
(o 100 In") (24 hra.) {stwvmil))
Carbon Oloxida 59 ASTM D-1434-53 b
g l:l K (230
ropen
Nibmong 6 Iﬁ
o ;“1
-l f
25
Hellum a3
(d15)
Water Vapar m;m ASTM £-90-63T
g4 100 h'ﬁl hrs.pymil
TI-NHTSA 017983
[HYMHTSA M }
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KAPTON® Type V Flim
CHEMICAL PROPERTIES
Wplcal chamical proporties for Tvps ¥ llm are simbar to Tie H.
KAPTON”® Type F Fllm
CHEANCAL PROPERTIES
PROFERTY TN et 0
Noisturs Absorption
248K \ RH. A%
K G, N Ly o V%
Wrzr Parrmeahif
qu-i""" " . 137 X 3.6
Dm./{100 k) {24 hra.} { 0.5 (0.57) (0.23)
FWm 0. . .28 0.14
0. CH00 InAX 24 hea it {109 {3.85) 0.9
i
1
: )\
TI-NHTSA 017985
21
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Kapton® DoPont

pton Pubmt

Polymide Film |
High Ferformancs Fims
R
TI-NHTSA D17806
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TI-NHTSA 017997

if naad additional information,
mﬁnm&nm&nﬁuaa Caﬁ::?a
Du Pomt Elsctron o

HPF Customer Sarvicex

Wiimington, Dalsware 13880

Praduct Informnation: 1-B00-237-4357
Ordering Information: 1-800-237-2374
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NOWINAL CONSTRUCTION, Type F Fiim

in iha KAPTON® F ordar cade ol 3 digha, the midde the aominal thickness of tha bane
KAPTON in mita, third r TEFLDN®

frat of fher of e
mwmmm“wﬂ'm.'“ww“h“m% A o () el et 25 (o),
M - -]
of onaach side. fiusinited em 3 aaemples of ha rrln!":;.lvI|| typea avaisblo,
mig

. e | TI-NHTSA 017999
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FOLYIMIDE FILM

SAFETY IN HANDLING AND USE

troduction

KAPTON polylmide film is a strong, tough, trane-
parant amber-colorsd plastic film exhibiting excel-
lent ghysical, chemical and sgetrical propertise
over an extremely wide tempéralure range. It has
the strueture:

Q P_
c

-0l

KAFTON is produced in three formes, Type H, Type
¥V, and Typa F. Typa H Is the basic uncoated
polyimide fiim. Type ¥V Is similar to H but haa
suparior dimenalonal sisbikty. Typa F is coated on
ona or both eldes with Teflan® FEP fiuorocarbon
resin which Imparis heat saalabllity, pravides g mois-
ture barrier, and enhances chemical resistanca.

KAFTON is usod as inaulntion for wire and cabia,
formed coils, magnat wire and tranglormers, ard
motor siot liners, amoeng othar usas. It ales |y used
28 & substrate for flexinle printed cirouits.

Thie booklet provides guidalinea for the sale
handiing of KAPTON during procsssing, use, and
diagponal,

Users of Type F KAPTON shouid alao refer to
DuPent bulletin *Tefton® Fluorocarbon Resins —
Safaty in Handling and Ligs."

=03

. GENERAL PROPERTIES

KAPTON Typa H and Typa V, axhibita no melt-
ing poént or softening paint. A ene-mil thick fllm
has a raro-strength tamperatura of 815°C
{1500°F). Zwro-strength |8 measured as tha

"Peg. LS. Pet & TM OH.

maxinum tomparaturs at which the fim will sus-
tain a lond of 138 KPa (20 pai) for 5 weconds.

KAPTON is Insoluble in most common organic
solvents after immemlon for up to a year (Raf. 1),
Tha hydeaiytic stability of KAPTON Type H has
been mensured after 188 days exposure to boll-
ing waler, The fim retnined 656% of Its tensile
proparties and 20% of Its slongation. KAPTON I
dissolved by strong acids (Ref. 2, 3) such ag
fuming nitric end ooncantratad aulfuric acid, par-
ticularly on healing, and ia hydrolyzed by aikall
and sups-heated staam.

KAPTON Type F exhibite betier chemical, hw-
:ﬂygn. and oxidative rasistance than Types H

KAPTON may contsin up to 1% by waight of di-
meathyl acetamide resldual solvent. At clevatud
temperatures, soms of tha solvart may be releassd
and must be removed by axheust ventilation or di-
luted to sale lovels, OSHA (28 CAF 1910,1000) has
aatablished tw safy lovsl for dimethyl acetamide ag
tan parts per mllkon,

) 4 j_ o ~CH
il. FYROLYMS STUDIES

S5

Bludias {Rel. 8, 5) hava shown the outstanding
tharmal stabllity of polyimide f&m. Its rats of de.
gradation is dépendent upon the availability af
axygen. In alr a1 about BO0C (932'F) KAPTCN
decomposga and completely dsappsars after
twalve hourse. Al 460°C In ek, carbion monoxide
mey bo formad In significant amounts. In & vac-
uum or inert stmoaphara, €0 ta B5% of the Hilm
remaina alter prolonged aging at 1000°C
(1832'F). The residue retains Its original shapa
but has lost Its machenical etrangth. Tha mejor
oil-gases ara carbon dioxide and carbom
monaxida. (Sae chart}

TI-NHTSA 018008
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SAFETY IN HANDLING AND USE

Introduction

KAPTOM polyimida flim Iz a strong, tough, trane-
parsnt amber-colored plastic Alm exhiblting excel-
lent physical, chamical and elactrical properties
ovar an extremsly wide tamperaturs rangs. It has
the structure:

e 0 —ty
i ]
03— YN
__O_ _O“'\r Y T
[
Il 1]
L o Do _ln

KAFTON |s producad in three forma, Type H, Type
V, and Typa F, Type H |a the baslc uncoatsd
polyimida flim. Typs V 1§ aimilar to Type H but has
suparior dimenalonal stablilty. e F Ia coated on
one or both sides with Teflon® FEP Huomcarban
resin which imparte heat ssabshllity, provides a mois-
turs barner, end anhancas chemical resistance.

KAPTONM |5 umad as Insulation for wire and cabls,
formed coila, magnet wire and tmnaformers, and
mator slot linera, among othar uses. it aled In uted
as a aubetrate for flmeila printed elreults

Thia bookiet provides guidelines for tha aafta
handlm of KAPTON during procsssing, usa, and
diepasal.

Lisars of Typa F KAPTON should alsa refer to
DuPant tullatin "Teflon® Fluomocarbon Reslne —
Safety in Handling and Use."

I. GEMERAL PROPERTIES

KAFPTON Type H and Type ¥, sxhibita no melt-
ing point ar saftening point. A ene-mil thick fim
has a zerp-sirangth tamparatura ol B15°C
{1600"F). Zara-atrangth ls measured as the

“Rag. LS. Pt & T.M. DI,

maximum temperaturs at which thg film will sus-
tmin & load of 138 KPa (20 pel) lor B eeoonda.

KAPTON is Insoluble In mast comman crganic
solvenis aftar Immersion For up to a yarr (Aed, 1).
The hydrolytic stabllity of KAP Type H has
baen measured alier 188 days sxposure to boid-
ing water. The Iim relalned 65% of ita tensile
proparties and 20% ol lte alongation. KAPTON 15
dimsnived by sirong acids (Aef. 2, 3) such as
fuming nitric and concentrated suifuic acid, par-
tioulerly on heating, and in hydrolyzed by alkali
and supar-haated steam.

KAPTON Typa F sxhibits better chemical, hy-
dr:;ly\?n. #nd pxideilve resistance than Typea H
end ¥.

KAFTON maw contain up to 1% by waight of di-
methy acetamide rasldual solvent. Al alsvatad
immperatures, some of the ackvant may ba releasad
and must be mmoved by axhaust ventilation or di-
huted 1o safe levals. OSHA (29 CRF 1910.1000) hag
satablishad the safa leval for dimethii acetarnice as

ten purta per milllon,
g F o -7
|

PFYROLYSI3 STUDIES

Studias {Ra!. 4, 5) have shown tha outstanding
tharmal stabllity of polyimide (im. Hs rate of de-
gradation ia depandant upon the avallasility of
oxygen. In alr at about 500°C [833°F) KAFTON
decomposes and completaly disappears after
twalve hours. At 450°C in air, carbon monoxide
may be formed in significant amounts. In n vac-
uum or inarl atmoaphara, 80 1o 65% of tha fim
ramaina altar prolongad aglng a 1000°C
{1832°F). The reskdua ratains Itz arigingl shape
but haa loat Its mechanical atvength, Tha major
off-gases are carbon dlioxide and carbon
monoxide. [Sea chart}

TI-NHTSA {18006




i, FLAMMABILITY

Lewlis and Stabler (Ref. 8) report the flamma-
bllity charscteristics of polyimide fém as "seli-
axtinguishing." KAPTON has a 84 YTM-O rating,
the highsst given In tha U.L. B4 verticie burning
test for thin tlims. The oxygen index In 37T% for
104 H film {ASTM 2883).

IV. HANDLING PRACTICES

Safe handling of Typa H and V KAPTON polymids
films at high temparatures raquims adsquets ven-
tilation, ¥ small quantities of KAPTON ara In-
valved, a3 |a often the cass, normal wir circulatdon
will be ail that |2 neaded in case of cverhasting.
Whathar or not exisiing vantilation is adequate at

- higher temperaturas will depand on the combinad
factorg of fllm quantity, temperature, and ex-
pasura time. For addltionel information on the
Teflon® FEP coatings used on Typa F KARTON,
refer to thw booklgt ~ “Teflon® Fluoracarbon
Raging — Saftety In Handiing and Uss."

A. Sokiering and Hot Wire Stripping

Major usea for all typas of KAPTON Include
sloctrical Insulation for wira and cable and other
slactronic squipment. In virtualty all of thess ap-
plleations, soldering is & routina fabrieating pro-
cedure as iy the yse of a heated slement to re-
mave insulation. Soldating oparstions rarely pro=
duce sufficient off-games to he of toxicological
significance.

Ventilation practices should follow the same
common sensa rules applicable to any acidering
procedura, Normal ventilation providad for
warker comiort usually providas adaquate safaty.
During hot-wire stripplng, it is mcommended that
exhaust ducts be used at the workbanch.

Thera have baan no reporta of |l effects during
soldaring or hot-wire airipping of wira and cable
insulated with KAPTON.

8. Welding and Fleme Culting

Diract application of welding arca and torches
ear quickly dastroy mont plestics, Including all
types of KAPTON film. For practical reasons,
tharefore, It Is best to rernove all such parta from
squipmant to be walded. Whare removal is nat
possible, auch as In welding or cutting coated
parts, mechanical ventilation should ba provided.

Because KAPTON is ratad for uss at vary high
tomperatures, parts made from it may surviva at
locations close to tha polnt ef direct flame con-
tact. Thus some in-place wekling oparations can

be done. Since the quantity of fiim haated i ysu-
ally relatively small (leas than one poundy, ventila-
tion requiremetits ssidom axceed those for nor-
mal welding work. Bacausa of tha possibility of
inadvertent overheating, howsver, \ha use of &
am@l fan or slsphant-trunk axtiaust is advisable.

C. Borap Disponal

Diaposal of scrap KAPTON polyimiie films pre-
sants no apecial problem to the user. Small
amcunts of scrap may be Inclnerated along with
genaral plant rafuse, The Incinerator should have
sutficlent draft to sxhaust sli combuation prad-
ucts to the stack. Care should be tgken o avsid

breething smoks and fumes from any fire. By -

cawea KAPTCN i3 aa difficult to bum, # 13 often

bast to dispose of eerap film in a landaflll. KAPTON
can ba axpecias to ba atabla in landfilis.

D. Fre Hazards

Whather In starage or ume, KAPTON |a unilkely .

to add appreciably to tha hazerds of fire. Bulk
quantittes of KAPTON {over 100 pourws} ehould
k% stored away from flammeble materials.

In the svent of fire, personnel anteding the ane
should Lse a fresh air supply or a respirator. This
type of squipment le standard in fighting many
typea of fira. All typas of chamical axtinguishens
may be ugad to fight fires involving KAFTON.
Large quantities of water also may be usad to cool
and axtingulah a fire,

E Statio Electricity

The processing of KAPTON polylmide i can
cause the gensration of e strong atatic charg
Uniesa thia charge Is blad off aa it forms through
the uea of lonlzing radigtion or metal tinesl, it o
build to many thawsands of volta and dischamgi i
people or to metal squipment, In dust or S0
inden air. a flash fire or uxplogion couwld re
Precautlons for etatic ohargea should aleo B
taken whan ramoving plastic liima used a3 prDiks
tiva packaging far KAFTON.

REFERENCES

1..J. 7. Milsk, “Polyimide Plagtics: A Stube-d
Ari-Repari,” Elsctronle Proparilen Informige
Center, 5-B, October 1, 1865, Alr Force Syss
Command, Contract AF33 (615)-2460, Fra
7381 Task 738103

2. C. £. Sroog, A. L. Endrey, 8. V. Abrama, C. B

W. M. Edwards, and K. L. Ollver, J. Poly. Sdl
3{4), 1373-90 (1066). '
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1l FLAMMABILITY

Lewls and Stabler (Ral. B) repor! the flamma-
billty charactaristics of polyimide film as "seli-
etinguishing.” KAPTON has g 84 VTM-O rating,
tha higheat glven In the U.L. 94 varticle burning
test for thin 1ims. The oxygen index ia 37% for
100 H film {ASTM 2843).

(V. HANDLING PRACTICES

Safe handling of Typa H and ¥ KAPTON polymide
filma at high tsmperatures requines adequate ven-
tilatlon. ¥ small guantities of KAPTON are in-
volvad, as I8 often the casa, normal mir cireulatiaon
will be alf that is noeded in case of overheating.
Whethar or not axlating ventlation is adequate at
highar tsmparaturas will depand on tha combinad
fectors of film quantity, temparature, and ex-
pogura time, For edditlonal infarmation an the
Tollon® FEP coatings used on Type F KAPTON,
refer to the booklst — “'Teflon? Fluorocarbon
Aasina — Safaty In Handiing and Lise."

A.Sokdering and Het Wire Stripping

Major usas for all types of KAPTON include
slectrical Insulation for wire and cabla and ather
dectronic equipmeant. In virtually alt of these ap-
plications, scidering ia & routing faliricating pro-
cedure as Is the use af a haated alismant to re-
mova insulation. Soldaring operations rarely pro-
duce autfleiant off-gases 10 be of toxlcologloal
algnificanca.

Veanrtllation practices should follow the same
common senss rulas applicable 1o any soldering
procedure, Normal ventllation provided far
worker comfart uaually provides sdequats safety.
Duriryg hot-wirs stripping, it is mocommgadad that
exhaust ducts He uged ot th workbench.

Thare have bean no raports of lil effacts dudng
soldering or het-wive siripping of wire and cable
insulated with WKAPTOM,

B. Welding and Mams Cutiing

Diract application of walding arcs and tarches
can quickly destroy most plastics, ingluding all
typaes of KAPTON fllm. For practical ransdne,
therefore, it Im bast to remove all sush parts from
equipmant to be welded. Whers ramoval is not
peasibla, such ae In welding or cuting coated
parts, machanical ventllatlon ahould be providad.

Becauss KAPTON iz rated for uae at vary high
temperatures, parte made from it may survive at
lccaticrna closs to tha point of diract flame con-
tact. Thua soms in-placa weiding oparations can

be done. Since the querttity af ilim heated is usu-
ally relativedy amall {leas than cna pound}, ventila-
tion requirements saldom axceed those for nor-
mal welding work, Bacause of the posaibillty of
Inadvartant ovarheating. howevar, the use of a
amall fan gr slsphant-trunk sxhaust is advizable.

2. Serap Dispoas

Dvsposal of scrap KAPTON pofyimide films pra-
mgnis no spevial problem to the user. Small
amounty of scrap may be incinemiad along with
general plart refuse. The inclnemtor should hava
sufficiant draft to exhaust all combustion prod-
ucts to the stack. Care should be taken (o mvold
breathing smoke and fumge from any fire. Be-
causa MAPTON ia ao difficult to bumn, It 13 often
best to disposs of scrap flim in & landfill. KAPTON
can be expected ta be etable In landfills.

D. Fre Hazards

Whether in starage or use, KAFTON s unlikely
to add appreciably 10 the hazards of fire. Bulk
quantties of KAPTON {over 100 pounds} should
ba stored awey from flammabla materials.

in the wvent of fire, parsonnal antering the sres
should use & fresh alr supply or a respirator. This
type of aquigment is atandard In fighting marny
tvpes of fire. Al types of chemical extinguisham
may ba ussd to fight fims involving KAPTOMN.
Large quantitiea of water atac may be ussd to cool
nnd sxtinguish & fire.

E. Stetic Elaatriolty

The prooessing of KAFTON polyimide film can
causs the geraration of a sirong atatlc eharge.
Unieax this charga !a blad off a8 Ik forms through
tha use of lonlzing radiation or matal tinse, it can
build to many thousanda of valta and dlscharge i
people or to metal equipmaent, In dust or 84 -
iaden air, & fash fire or sxplosion could e
Pracautions for static charges should also E
ﬂmmnmwlr'apl“ﬂcﬁlms uand a3 protecs
tive packaging for KAFTON,

1. J. T. Milek, “Polyimide Plastics: A State-of-t
Art-Report,” Elsctronic Propartea Infonmiiisy
Canter, 5-8, Qctober 1, 1085, Air Force Syl
Gommand, Contract AF33 (615)-2480, Frox
7381; Task 738103,

2. C. E. Sroog, A. L. Endrey, S. V. Abrama. C. E B38
W. M. Edwards, and K. L Oliver. J. Poly. Sal« §
34}, 1373-80 (1965).




ISOTHERMAL WEIGHT LOSS
{Type H Film 25 gm {1 mil))

- E7 3K (i00'C} He
[~ 723K (450°C] He
[~ 673K (400°C) AIR

10

~ BOBK (415°C) MR
[~ 773K (S00°C} He

83
lalll §
20
2

%
WEIGBHT 30 [ gtk
LO33 (S00C) Ha

(450°C) AIR

3 BASK
(675C)He

L] 773K
{500C) AIR

4k

0 W 20 0 400 500 600 00 M @ 1.000
TIME (MMNUTES)

3. M. A Androva, M. |. Bessonov, L. A. Lalus, and
A P. Audukov, "Polyimides = A New Class of

Thermally Stable Pclymem,” Prmgrems In Matls,
Brl. Sarlag Val. Vil, Techrnomie Publ, Ca., Stam-
ferd, Cann., 1570, p. 78-35.

4, 1968 Listing of Plastic Matanals, etc., P. 10, March
1968, Mational Sanitation Foundabion.

K. General Electric Co. Res. Lab., Aesearch of
Dlelectric Materlals, Rept. WML-TDR-84-57,
May 1964, DDC AD-B02 438, NASA NB4-28300.

B. A. F. Stabler and L. L. Lawls, "KAPTON Polylmide
Flim — A New Inaufstion for Asrospace Wiee and
Cable,” Faper presanted al Soc. of Aerospace
Matarials and Process Engineers Meating, San
Francisce, May 26, 1985
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ISOTHERMAL WHEIGHT LOSS
{Typs H Flim 25 um (1 mil)

g - 673K {A00°C) He
5 - 723K (A°C) he
- 673K (400°C) AR
1t - 890K (425°C) AR
523 ™ 773K {S00°C) He
15 {550°C
20 L]
25
WELBHT 20
— 873K =
Lose [ 160Gy He (450°C) IR
% oK
(575°CiHa 1
“ Trak
(SO0C) AIR
45
-
a5

0 100 200 EL] 400 500 [ 1] 00 &0 800 1,000
TIME (MINUTES)

3. N. A. Androva, M. |. Bessonov, L A. Lalus, and 5. Genergal Elactric Go. Aes. Lab., Reasarch of

A. P. Rudakov, "Polyimidea — A New Clase of Dlelectric Materlals, Rept. ¥ ML-TDR-284-57,
Tharmally Stable Polymems,” Progress In Matle. May 1084, DOC AD-B0Z 438, NASA NE4-26208,
Sel. Serdea, Vol. VI, Technomic Publ. Co., Stam- &. A. F. Stablar and L. L. Lawls, “KAPTON Polyimide
fora. Conn., 1870, p. 78-85. Flim — A Naw insulation for Aeraspace Wire and
Cabls,’ Papar presentsd at Soc. of Asraapace
4. 1948 Listing of Plastic Materlals, stc., P. 10, March Materiais and Process Engineers Meehing, San
1988, National Sanitation Foundation. Franciaco, May 28, 1886,
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Kapton ... only from Du Pont

This iachnical Inlormation, offerad without charga as pari of our service K customers, 18 hasad upon ourtesting and
axperience and ja balleved & ba reliahie. Howaver, the Du Pont Company maksa no guarantes & W0 resulis
achieved by others and sssumes no obligation or Rabilty in connectian with the use of thia irformedion wiich Is
Intendad for uss by persons having fachnicel skits and At thelr own discreticn snd risk. Dedsrmination of product
auitability for any spedcfic application i the responaiblity of the user, This inlormation e not intendad as 2 kcense ko
operala under, ar recommandation ko Infringe, any patert of Cu Pont or others cowring army matenal o uee,
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INDUSTHIAL FILIVIS DIUISION

—

DU PONT POLYMER PRODUCTS DEPARTMENT

inV.S.A In Europe In Japan
Du Pont Company Du Pont ¢a Nemours Intemational Du Pont Toray Co.
Polymer Products Department Polymer Products Department 1-8 Nihonbeshl-Honcho
ndusirial Fiims Divison T8-B2 Rouwta dan Acacias Chua-ku
Wilmington, DE 19808 CH-1211 Geneva 24, Bwitaardand Tokya 1043, Japan
Litarature & Techsical Infarmation (022)37 81 11 81-3:245-5061
A00-527-2801 Worldwide In Asin Pacific
Ordars to Customer Service Center Du Pont Du Pont Asla Pacific Limited
800-44-1-0464 Imemational Customer 1122 New World Office Bullding
I ' Concord Plaza — Read Bldg. (East Wing)
h Canaca Wiimington, DE 19698 Sallsbury Road
Du Pont Canada, Inc. (a02) 7726120 Kowiaon, Hong Kong
Fackaging Divislon 852-3-7045345
PO Box 2200
Streatavilla Postal Station In Brazil
Migsissauga, Onano Du Pont oo Brazil SIA
L&M 2H3 Divisan de Plasticos ar Elastomars
{418) B21-3300 ' Caixa Postl, 26 - Alphaville
06400 BarueriSeo Prulo, Brazil
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~ Keopton ... only from Du Pont

Thia technical Information, offered without charge e part of ur sarvioa to customens, is basad upon ourtesting and
mperisnce and |5 belleved to be rallabla. Howevar, the Du Pord Comparty makes no gusmnise s io reaults
achievad by others and sssumas no abiigation or Habitly in connaction with the ues of thie information which e
Intended lor uee by persona hevirg technical akills and st thewr own discretion and risk. Dedermination of product
sultalbi Bty for any specific appication ia tive responalbliityof ihe vesr, This Inforrmetion Le not intended as a license to
operam under, or mcommendation to infrings, any patent of Du Pont or others covering sny material or use.

INDUSTRIAL FILMVIS DIUISION

DU PONT POLYMER PRODUCTS DEPARTMENT

inV.8.A in Burops In Japsn
Du Pont Company Du Pont de Nemours intemational Du Font Torey Co.
Polymar Products Dapartmant Polymer Products Departmant 1-8 Nihonbashl-Honcho
Industrial Fllms Division 78-82 Roue des Acacias Chuo-ky
Wikmington, DE 19808 GH-1211 Gianava 24, Switasriand Tokyo 104, Japan
Literature & Technieal information (22)37 81 1 81-3-245-5081
800-527-2001 Worldwido In Asia Pacific
Ordara to Customer Service Certer Du Pont Comparty Du Pont Asala Pacific Limited
800-441-040M International Customer Services 1122 New Workd Office Building
Wiimington, DE 19898 Salishury Road
Du Pont Canada, inc. Kowkan. H
Packaging Division (302 7726120 el
PO Box 2200
Strestaville Poatal Station In Syl
Misslgsauga, Ontarlo Du Pont cio Brazll B/A
LEM 2H3 Divisao de Plasticos or Elastomers
{418) 821-3300 Galxa Postal, 26 - Alphavile
08400 BarueriSeo Pawlo, Brazil
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GENERAL INFORMATION

properise previcusly Univalinbis among
m nﬂ#‘m d%uﬂhhﬂﬂﬂ“ﬁﬂw
;'Mhhmmhmmuﬁ
KAPTON ln synthestoed by & polyconcimimiien taclion DEtMesn an aFomaio I':lm
mmmﬁmmmmunm-ru‘um flama rpigiart. Tha

cutstanding proparties of KAPTON it 1 ba used t both Noh and low e mpaniuny il whns
ﬁmmmﬂuhm W

Adhealva wre avalisble for banding KAPTON ia Kuall, io metals, ko papens of various types and o other Bime.
Applications for KAFTON polyimide fim inoluds » ofF algeivish] ind slaotronis Fuion apolioalionsy :
wire amd cabis tapes, lormed ool Insulation, subsiraies for heible prinked circuks, molor sicl iners, magnet
wing insulssion, iransfonmers and aapadiiar ineulation, magnaths and presuns Sensitive lapes and .
Many of ihees apphobions hre based on ihe exdelient slecrisal propertas of KAFTON, stch a8
atrangth and diesipation facior, which remain conatani over & wida of temparetumne and
hmﬂﬁrmmlmrﬂhh I'H‘Hﬂ'llﬂhhﬂﬂ w-uhuﬂ:lr
uun'q:-mm combination of Uselul propartien At SXITEMES in lempersing that malkes KAFTONM
Du Ponl makes lll-m of IAPTOMN: .

e e e ke

- - ]
purrhnd, mau&umnum-m 048 1,2 3md 5 mifim.

s KAPTON TYPE V, an all-pumpons, M with ol of the prtparies of Typa H, pha wpaiior
gimansional siabilly. Type V is svaiable in 2, 3 and 5§ mia.

* KAFTON Typu . a Type H lim cosled on one or bot: sides wiih TEFLON® FEP fuomoGasbon resin o
impast oot sepishilly, i3 provide 8 moiswre bamier and o snhanos chemical resistenas. X is svalinbie
COnguolons.

in & viriely of

Moiy: Thilh bllatin provides & summary of iyplcst for ab theae KAFTOM polyimide Mime Typa H, Type V
HMFMMMH from your Du Portt inchusirial Fima Civision representative
for spaciioalion purpOee.

gy B PaLOR.
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MECHANICAL PROPERTIES

mmm—um&-ﬁmwumm u valous LemBarsiures can be

obiained e B typloal mhown balow: Buch progertes se by e mexiubue hve
an rvesrag relslion with iemperaiure DORE 15 & MM vilue st aboul (300G, Oibwer
hactorh Such b l'lulinlllw SREIGMON rELE Wers lound In harva oty & Reglighols aftect on
the shape of 1he 298K
mummm
(Typm H Fm 28 am (1 mid))
x — 2
* 208K | (22D) - =
-] — 180
srazse, e
i “ i L 1w THR
® s
10 K L
E - m
77K — B
o !|
] 10 N 1} L] L [ 1] n n [ 1
STRAN, % ELDINOATHON
HYDROLYTIC STABILITY
wmm-m & condenaxtion reaciian; thamsions, it Wﬂnnmmm
Ww v, % hown In th oures beiow, wi reduce the leval of fim proparties,
iarichant wd mummmnmhnwm
mmw meduce tha res of propmrty nidudtion whils highnr Lnparairel B prediures
@ TENSLE STRENGTH APFTER EXPOSURE TO 573K (100°C) WATER
(TWpe H Firn 25 pm (1 MiD)
=175
“ '
o : T

i A K.

e DI

L 200 408 200 000 1,080 1,285 1,400 1,000 1,000 3.000 2.200 2,400 2.0 ¥, A00
ROURE M BOILING WATER
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ULTIMATR BLONGATION AFTER DXPOSURS IN 575K (100°C) WATER
(Ypa H Fim 28 um {1 mi)

% ELOWOXYION

5 B 5 &8 a8

g ;

200 400 S0 BOD 0041200 1.408 |08 1.000 2,000 2,50 B.400 B3 2,300 1,000
HOURE 79 DOILNG WATER

DIMENSIONAL STABILITY

Tha dmensionsl dwmmmmm—nmmum
th vl valkies for thermel xpension ated an Page A can be expecid. '

RESIDUAL SHRINKACE VS. DIPOSUNE TEMPERATURE AND GAUGE
(Type H Fim)
f - 15
» a
4T (150 73K (4000
2.3
i S
SHANEASE
(%) 15
1-'
A
[t mi) 2 B 1 {1 mi @mn  mb
5 Hpm 1Mum 25 pm L g 126 um
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THERMAL COEFFICIENT OF EXPANSION
{Typa H Ry 25 pm {1 mil)) Thermally Expossd

Tongponinm Poege iz W
20-aTX (23100} 1.8
T [100-2007C) 110
47T3-37 [200-3007L) 4,05
15-573K (SDe-400"C) 1.75
MEATE  (ZA-410°C) .35
- CUFTHROUCGH AND COLD FLOW
mhu:rmm' hm:.um naplabarow i uch mL‘m

wmmmenmmumhﬂmmWMm

CUFTHROUGH TEMIPERATURE VS. RATH OF TEMPERATURE RISE AND GAUGE

{Typa H Fim)
" w3
o il
- mw - E
500 /_—_Jhuu——m
) % "
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N
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RESISTANCE TO CUBTHROUCH VS. TEVMPERATURE
{Type H Mim=—28 am {1 mi)
1,000,000

100,000
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THERMAL AGING

KAPTON® palyimice fim Is wbject 10 coddatve tegracetion. Thersfors Ws usstul e is & funclion of Both
WRpIrELE and CKygen cancemsiion in e fes! srrvironment. THe efect of hass Taotors is shown baiow
TENSLE STRENGTH V3. ACGING AT 575K (3007C)

(Typa H Film 26 um (1 miy)
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ULTIMATE ELONGATION VS. AGING AT 575K (300°C)
(Type H Film 28 pm (1 mi)}
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T REQUIRED FOR REDUCTION IN ULTIMATE ELONGATION FROM 70% to1%

(Tyoe H Flkm 25 jerm {1 mi) _
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HBOTHERMAL WRGHT LOSS
{Typs H FIm 25 am {1 mi))
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* Type H Film
TYPICAL BLECTRICAL PROPERTIES

TYPICAL MALLE

ASTHM D-148-H
ASTH D-180-1

]
1idicheriz

x oo
i

ABTH D-180-i

sl

AETM D-267-T8

123 it

jtt

jus

KAPTON® Type V Fllm

" TYPICAL ILECTRICAL PROPERTIES
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KAPTON® Type F Flim

TYPICAL BLECTRICAL PROPERTIES
PROPERTY 1206818 180R018 20R09
Tolal vally T 4,306
voRw/m 188 157
praiy/mi} ﬁ— {42000 {4,000
__Disigetric Constarrt 28 3.0
__Oissipaion Factor 0002 D014
m.m'qm‘:} 1.5 % 10 - T 10
lnlm-m.}‘m “;“1 ;5!:'1 1:%::} 7110
e 8%, @10 {1
[
EFFECT OF HUMIDITY
(Typm H Fim 2% wm {1 mitp

BCaUGS thir wiskiy cortient of IGAFTON® polyimids Blm affect iy slegivdionl , b
VAN Ml B 1 Hhﬂmh.ﬂwm?ﬂmmmmm iZG).
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RELATIVE HUMENTY V8. BLECTRICAL PROPERTIES OF KAPTON
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EFFECT OF TEMPERATURE

the graphes balow IICRS, STeme 1 Lompetatinie have relatvaly Bia B%act on e excalen
:'w mnmm.— foam

whacirionl
AC DIBLECTINE STRENGTH DIELACTRIC CONSTANT
Vi TEMPERATURS VE. THMPERATURE
(Type H Fie) {Type H Flim—25 um (1 mi}
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EFFECT OF FREQUENCY

The sl of irsquancy on e valus of the disleciric constart and dissipation lactor at various isol e
e shown Dalow

DIRLECTRIC CONSTANT VE. FREQUBNLCY

(Typm H Fim 25 um (f mil))
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i

23 2 (-G
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a 22K (S}
. 3.0 3T

il BEAK (280°C)

L8

T

1 [ 10 ; L 1 i
FREQUBMEY H2

DISSIPATION FACTOR VE. FREQUBNCY
(Type M Fim 26 um (1 mi}
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(Tvpa H Fm, 128um (5 mih)* (Type H Fim, 128um (5 mil)}*
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KAPTON® Type H FAm

26 um (1 Ml
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KAPTON® Type V Flim
CHEMICAL PROPERTIES

Typical chaminal progecties for T ¥ #im Arw similer fo Typa H.,

®
KAPTON® Type F Fllim
CHEMICAL PROPERTING
FROPEATY 12 1HTN e
ST, .z .
A.H. M 1. 7% 1.2%
Eém 12 B.e a8
U100 " {4 hra.) { 0.0 {0.57 (0.2}
044 0.35 0.4
ARG I (24 ey {100 {086} (.82}
°
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NOMINAL CONSTRUCTION, Type F Fiim

o IGNPTON® Ty ¥ s ce ot . e mfcch g nrvined fricknees of the Gase
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Bl oy kil Pz
P02 Bex AT
Wilmington, Delawars 19880000

Peax Cuatomar;

Thank you for talling Dn pPont. Enclaosed plaage find the
litarature yoy requested on Kaptone, Your interest in aur
product in greatly appreciated,

ALED encloged fg my business card if additional information
Or technical assigtance ia needed,

Binceraly,

Bl ],

DonalddT.” Farrelly,” Jv.

DIF/ tlp
Enclosuras

8Du Pont Registersd Trademark

Shue the powsr of our remurees, el



DuPont Electronies

GurPart Compaiy
By MM Plara

F.0. Bax E039
Yarslagt s, Clelwwmre Y2080-0009

Dear Customer:

Thank you for calling Du Pent. Encloped plesas find the
literature you regquested on Kaptan®. Your interest in our
product is greaatly sppreciatad.

Alao encloesed ia my businesas card Lf additional informetion
er technical assistance isx needad.

ginceraly,
. Farrelly, Jr.
DIJF/ tlp
Enclopures

@Dy Pont Registersd Trademark

TI-NHTSA 018038
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) E KAPOOZ

WOVERIOL SAFEYY BAYVE SEREEY

E. |. DUFDNT DE NEMOURS & €O TELEPHONE NUMBERS
POLYMER PRODUCTS DEPANTMENT MEDICAL EMERGENCY B08—441-3437 .
ELECTRONICS DEPARTMENT PAQODYCT INFORMATION B00—L41-TE)S
100T MARKET NTREET TRANSFORTATION EMERGENCY 180--424-2300
WALMINGTON, DE 1M0E
MATERIAL IDENTIFICATION
PRODUCT KAME Kaptoa* Polylmide Film, costed types
F, FN, XP, ZN <
CHEMICAL NAME Atromatie Polyimids
plus up to 1 % dimethyl ncetamide and a
polyfluorocarbon coating.

CAS REGISTRY NUMBER NA
TSCA INVENTORY STATUS Al re blc ingredients are listed in the TSCA <

Chemical Substance Inventory.

DOT HAZARD CLASS Not regulated

SHIPPING NAME NA

PREPARER C. B. Stouffer DATE September 27, 1989 <
HAZARDOUS COMPONENTS

MATERIAL Dimethy] acetamide

CAS NO, 127-19-5

CONCENTRATION % Up to 1%

OSHA PEL 10 ppm {ckin)' <

ACGIH TLV 10 ppm (ckin)*

DUPONT AEL 10 ppm (skin}*

*The "skin” notation serves 23 g raminder that exposure can result through skin

absorption as well a3 through inhalstion, and that appropriste precautions
should be taken to prevent both types of expasure.

SUBSTANCES PRESENT AT A CONCENTRATION OF 0.1% OR MORE
CLASSIFIED AS A CARCINOGEN BY JARC, NTP OR OSHA: None

PHYSICAL/CHEMICAL DATA
APPEARANCE Transparent film, light amber color
ODOR None
MELTING POINT Nons
SOLUBILITY IN WATER Ingaluble
VOLATILE CONTENT 1% max
SPECIFIC GRAVITY =14




KAPG2

QD

NETERIGOL SAFEYY BAVE 8GEEY

E. I. DUFONT DE NEMOURS & CO TELEFHONE NUMBERS

POLYMER PRODAUCTS DEPARTMENT MEDICAL EMERGENCY BOI-—-4d1-337 ,
ELECTRONICS DEPARTMENT FRODUCT INFORMATION 00D-441-T315

10T MARKET STREET TRANAPORTATION EMERAENCY S09—424-5300

WILMINGTON, DE 1118

MATERIAL IDENTIFICATION
PRODUCT NAME Kapton® Polylmide Film, coated types
F, FN, XP, ZIN <
CHEMICAL KAME Aromatic Folylmide
plus up to 1 % dimethyl acotsmide and a
palyfluorocarbon coating.

CAS REGISTRY NUMBER NA
TSCA INVENTORY STATUS  All reportable ingredients are listed in the TSCA <

Chemilcal Substance Inveatory.

DOT HAZARD CLASS Not reguiated

SHIPPING NAME NA

PREPARER C. B. Stouffer DATE Sepiember 27, 1929 <
HAZARDOUS COMPONENTS

MATERIAL Dimathyl acetamide

CAS NO. 127-19-5

CONCENTRATION % Up to 1%

OSHA PEL - Wppm {skin} <

ACGIH TLY 10 ppm (skin)*

DUPONT AEL 10 ppm (skin)*

*The "wkia" notation serves a1 2 rominder that axposare ean ragult through skin
absorption a3 well ma through inbalntion, and that sppropriste precautions
should be taken to prevent both types of axposure.

SUBSTANCES PRESENT AT A CONCENTRATION CF 0.1% OR MORE
CLASSIFIED AS A CARCINOGER BY IARC, NTP OR OSHA: None

APPEARANCE Transparent film, light amber eolor
OCOR Nopc

MELTING POINT None

SOLUBILFTY IN WATER Insolabla

VOLATILE CONTENY 1% max

SPECIFIC GRAVITY 14

TI.NKTSA 018040
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page 2

R $10 DD
FLASH IGNITION TEMPERATURE NA

UNUSUAL FIRE, EXPLOSION HAZARDS Chars but doet not burn. $tatic charge
may build up during handling of Kapton® [ilm.

HAZARDOUS COMBUSTION PRODUCTS Hydrogen fluorde, carbon monoxide,
carbonyl fluoride. .

SPECIAL FIRE FIGHTING INSTRUCTIONS Wear sclf-contained breathing

apparatus and clothing to protect from hydrogon fluoride, which react
with water to form hydrafluric acld Wear Neaprens glovea when handling
refuse from a fire involviag fluorocarbon resina

EXTINGUISHING MEDIA Water, carbon dioxide, foam, dry chemical.

HAZARDQUS REACTIVITY

CONDITIONS TO AVOID Temperatures above 260°C without adequats

ventilation. Coated types of Kapton® will burn In an atmosphers
of 95% oxygen

MATERIALS TO AVOID Alkali metal and interhalogen compounds
HAZARDOUS DECOMPOSITION PRODUCTS  Above 2600C conted types

of Xapton® can evolve toxic grseous matsrints such as hydrogen fluoride

and perfluoroolefing. Major off-gaien are carbon monoxide and carbon
dloxide.

HEALTH HAZARD DATA a

Read "Safety in Handling and Use” Bulletin E-T2084 before using Kapton® Avold
contamination of robaceo products.

ACUTE OR IMMEDIATE EFFECTS: ROUTES OF ENTRY AND SYMPTOMS
INGESTION  Not o probable route of exposure.

SKIN No irritation expected Less than 1 ppm dimethyl acetamide was
extracted from film by diatilled water at #0°C for 4 hours.

EYE Not a probabls routs of exposure. Machanical irritation.

INHALATION Vapors and fumes liberated above 260°C or from smoking
tobacco or cigarettes contaminated with coated types of Xapton® film

may cause influeaza type symptoms (polymer fume fever) with chilfs
fever and sore throat, which may not occur until ssveral houra after

afrer exposure, and pass within 3648 hours, even without treatmeat.

Inhalation is not s probsble route of exposurs for fllm. For the polymer
from which this film is made, du Pont recommends treating polymer dust as

TI-NHTSA 012041
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FIRE_AND EXPLOSION HAZARD DATA
FLASH IGNITION TEMPERATURE NA

UNUSUAL FIRE, EXPLOSION HAZARDS Chars but does not burn. Static charge
may bulld up during bandling of Kapton® film.

HAZARDOUS COMBUSTION PRODUCTS Hydrogen flvoride, carbon monoxide,
carboayl fluoride. .
SPECIAL FIRE FIGHTING INSTRUCTIONS  Wear selfcontained breathing
apparatw and clothing to protect from hydrogen fluoride, which react
with water to form hydrafluric acid Wear Neoprene gloves when handling
refuse from a fire involving fluorocarbon resing.

EXTINGUISHING MEDIA Water, carbon dioxide, foam, dry themieal

HAZARDOUS REACTIVITY

CONDITIONS TO AVOID Temperatures above 260°C without adequate
ventilation. Coared types of Kapton® will bumn in an atmosphere
of 95% oxygen

MATERIALS TO AVOID Alkeli meial and interhalogen compounds

HAZARDOUS DECOMPOSITION PRODUCTS Above 28090 coated types
of Kapton® can evoive toxis gaseous materials such as hydrogen fluoride
and perfluornolefine. Major of{-gases are carbop monoxide and carbon
diaxide,

HEALTH HAZARD DATA “

Read “Satety in Handling and Usc™ Bullctin E-72084 before uting Kapton® Avoid
conmamination of tobacco productn

ACUTE OR IMMEDIATE EFFECTS: ROUTES OF ENTRY AND SYMPTOMS
INGESTION . Not s probable route of expogure,

SKIN No irritation sxpected Less than 1 ppm dimethyl acetamide was
extracted from film by distiiled water at 40°C for 4 houra

EYE Not a probabls routs of exposure. Mechanical irritation

INHALATION Vapats and fumet liberated above 260°C or from smoking
tabaceo or cigarettes conmminated with coated types of Kapton® film
may cause influsnza type symptoms (polymer fume fever) with chille
fever and sore throat, which may not occur until seversl hoar after
after exposure, and pass within 3648 hours, sven without treatment.

Inhalation s not w probable route of exposure for film. For the polymer
fram which this film iz mada, du Pont recommends treating polymer dust as

TENHTSA 018042
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a-nuisance particalate, and has establithed an AEL of 10 mg!ma' total dust,
the same as the TLYV for nuisance particulates.

EMERGENCY FiIRST AID

@ If axposed to fumes from overhenting or combustion, move to fresh air,
Conanlt a physiclan if symptoms t

& For prolonged skin contact, waah with soap and water. In cmsa of ckin
frcitation, conzult a physiclan

® Flush eyes with plenty of water. Consult a physician if symptoms pemist:

CHRONIC EFFECTS Noue knowo. )
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE Mone koown.

EROTECTION IRFORMATION

EYE Sefety glasses recommended.

SKIN Qloves recommended,
VENTILATION Local exhaust for operation above 200°C,
RESPIRATOR Not roquired for normal processing.

DISPOSAL

SPILL, LEAK OR RELEASE Sweep up to avoid slipping hazard

WASTE DISPOSAL Landfill or lacinerats in compliance with fsdernl, state,
and local regulations. Incinerator shonkd be equipped with scrubber
to remove acldic hydmgen fluoride from off-gases.

AQUATIC TOXIKCITY Insoluble
STORAGE CONDITIONS Storc away from flammable materialy,

The information in this Meterial Safety Data Sheet relates only to the
specific material () designated herein and does not relats 1o g in combination
with any other muterial or in any process.

NA = Not applicable

NE = Not established

AEL = Du Pant Companys Acceptabla Exposure Limit

- = New or revissd information in this section when " > " ia in left margin

TI-NHTSA 018043




KAPUQ2
page 3

2 nuisance particulate, and bas extablishied an AEL of 10 mg/m” total dust,
the rams s the TLV for nuisance particulates,

EMERGENCY FIRST AID
@ If exposed to fumes from overheatiog or combustion, move to fresh alr,
Congult & physician if symptoms persiat.
® For pralonged skin contact, wash with scap and water. In case of skin
irrition, consult a physician.
® Flush eyes with plenty of water. Consult u physicizn if symptoms persist,

CHRONIC EFFECTS None known,
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE None known,

EROTECTION INFORMATION )

EYE Safeiy glrases recommended.

SKIN Glovas recommended
VEKTILATION Local exhaust for operation above 200°C.
RESPIRATOR Not required for normal processing.

1]

RISPOSAL
SPILL, LEAK OR RELEASE Sweep up to avnid slipping hezard.
WASTE DISPOSAL Landfill or incinsrate in compliance with federal, state,
and loca! regulations Incloeratar should he equipped with serubber
to remove agidic hydrogen fluoride from off-gasca
AQUATIC TOXICITY Iunsoluble

STORAGE CONDITIONS Store away from flammable materials.

The information in this Material Safety Data Sheet relates oaly to the
specific matedial {s) dosignated herein and does not relate to use in combination
with any other material or in any process.

NA = Nauat applicable

NE = Not zatablished

AEL =Du Pont Companys Acceptable Exposurs Limit

> = New or revised Information in this section when " 2>~ iz in left margin

TI-NHTSA 018044
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SECTION 13 SUPPLIER NOTIFICATION

This product contains no known toxic chemicals subject to the reporting

requirements of section 313 of the Emergency Planning and Community Right-To-
Know Act of 1885 sod of 40 CFR 372

SYAYE RIGHT TO KNOW LAWS

Mo substances on the stnte harardous subitapces lixt, for the states indicated
below, are uged in the manufacture of products on this Material Safety Data Sheet,
with the excaptions indicated Whiie we do not specifically analyzes thess products, or
the raw matotialy wed in their manufacture, for substanceas on variouy state harardous
subatances lints, to the beat of our knowledge the products on thia Material Safety
Data Sheat contaln no such substances cxcept for those specifically liated below;

SUBSTANCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST
PRESENT AT A CONCENTRATION OF 1% OR MORE:
Dimesthy! acetamide (1% mazimum)

SURSTANCES ON THE PENNSYLVANIA SPECIAL HAZARDOUS SUBSTANCES
LIST PRESENT AT A CONCENTRATION OF 0.01% OR MORE: None know.

NON-—-HAZARDOUS INGREDIENTS PRESENT AT A CONCENTRATION OF 3%
OR MORE REQUIRED TO BE LISTED BY PENSYLVANIA:

CAE No,
Polyimide film 25035-81-7
Polyflusroearbon conting 25067-11-2 or

26655-00-3 or

23038-71-5.

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE CANCER: Nons Lnown.

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORKIA TO
CAUSE BIRTH DEFECTS OR OTHER REPRODUCTIVE HARM: None known

SUBSTANCES ON THE NEW JERSEY WCRKPLACE HAZARDOUS SUBSTANCE

LIST PRESENT AT A CONCENTRATION OF 1% OR MORE (0.1% FOR

SUBSTANCES IDENTIFIED AS CARCINOGENS, MUTAGENS OR TERATOGENS):
Dimathyl acatamide {1% maximum).

TI-NHTSA 018045
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SECTION 313 SUFPLIER NOTIFICATION

This product contains no knewn tozic chemicals subject to the reporting

requirsments cf ection 313 of the Emargency Planning and Community Right-To-
Know Act of 1966 and of 40 CFR 372,

STATE RIGHT TO KNOW LAWS

N subitances on the state hazardous substances list, for the siates indleated
below, are used in the manofacturs of products on this Material Safety Data Shest,
with the exceptions indicated While we do not specifically anslyza these products, ar
the raw materials used in their maonufacture, for substaaces on varlous state hazardous
substances linty, to the best of gur kpowledge the products on this Material Safety
Data Sheet contain no such substances excapt for those specifically linted below:

SUBSTANCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST
PRESENT AT A CONCENTRATION OF 1% OR MORE:
Dimethyl acetamide (1% mazimum)

SUBSTANCES ON THE PENNSYLVANRIA SPECIAL HAZARDOUS SUBSTANCES
LIST PRESENT AT A CONCENTRATION OF 0.01% OR MORE: Nons koown.

NON-HAZARDOUS INGREDIENTS PRESENT AT A CONCENTRATION OF 3%
OR MORE REQUIRED TO BE LISTED BY PENSYLVANIA:

CAS No,
Polyimide film 25038-81-7
Polyflucrocarbon coating 25067112 or

26655-00-% or

25038.71-5.

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE CANCER: None known

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORKIA TO
CAUSE BIRTH CEFECTS OR OTHER REPRODUCTIVE HARM: Nane known.

SUBSTANCES ON THE NEW JERSEY WORKPFLACE HAZARDOUS SUBSTANCE

LIST PRESENT AT A CONCENTRATION OF 1% OR MORE [0.1% FOR

SUBSTANCES IDENTIFIED AS CTARCINOGENS, MUTAGENS OR TERATODGENS): .
Dimesthyl acetamide (1% mazimum)

TI-NHTSA 018048
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GEMNER AL
SPECIFICATICONMN
BULLETIN G5-87-4

Raplton

FOLYIMICE FTLAY

GENERAL

INTRODLUCTION

Tha Elastronlce Dapartment of tha Du Pant Company
manufactures and aeelle 8 varlely of high quality
plagtic fllm products.

Thesn epacifications describe the valuas and tok
sranoes for fllm propertles and characieristics of
"“Kepton" palyimids flim. Whers nacessary far thor-
ough underatanding, test methods and prooaduras
heve basan inaluded.

Any aspects of the epecificatione raguiring further
Interpretaticn or clarification should be discussad
with reprotentatives of tha Du Pont Eectronica
Deparimant.

Types of Kapton® Falyimide Mim
Du Pont makas three typas of *Kapton™ poldmide
film, Typa HN, Typa FN and Typa ¥N.

Typs HN Flim

"Kapton" Typa HM la a tough arcmatie polylmida
flim, exhibiting an exoellent balanca of physloat,
chamical and slectrical properiiea aver a wide tem-
perature ranga, particulardy at unusuelly high tem-
peraturas. Chemtcally, Ita palylmide polymer make up
In the rasult of a pelycondsnaation reartion betwaan
pyromeliltiz dianhydride and 4.4'-dlaminod|phémy-
ethar. *Kapton™ HN I avallahle In 30, 50, 100, 200, 300
and 800 gauges.

Typs FN Filim

“Kapton” Type FN fllm |e a heat sselsble gede
which retaina the unique balance of properties that
*Kapton™ Type HN posseseas aver a wide tempara-
fure ranga. This la achisved by combining Type HN
“Kapton” and Tefion® FEP fluorocarbon realn
together In a compealte structure. Listed below are

those combinatiorns commarcially avellabls st this
tirne. Other combinatlone are avallable. Consult your
Hectronica Dapartmant merketing representative for
further Information.

Type VN Film’

"Kaptan” Type VM |3 the sama tough polylimide
flim as Type HN Flirn, exhibiting an axoellent balance
of phyelual, chamlcal and slecirical proparties over g
wide temperaiure range, with superor dimenalonel
stakbllity ot elevated tempsratures. Thla produsct Is
avedlable In 100, 200, 300 end BOG gauges.

Certiication

“Kapton" |e certlfled to meet tha requlramants of
the milltary specification MIL-P-48112 B (MR} In addl-
tlon to the [tems covarad by thie spacifications bulle-
tin. Yritten confl'mation le avallabla with eeoh de-
very upon raquest,

TI-NHTSA 018047
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PROPERTIES OF TYPE HN FILM

MECHANICAL

'ELECTRICAL

L P PHE U] EERE S TE Y
Lok

|_."'.!; 4 e}

Thermal Durabliity

The tharmel durabliity of Kaptont polyimide Him
capends orn the environmemial condlilons undsr
which 1t ts aged and tested and Ifetime depands on
the criterdon of fallure. "Kaplon" 18 routinaly tested at
the menufacturing sits In the following manner,

Shootacfflim 8% * x 11" are fresly suspended In an
oven at 400*C. The temperatura of the ovan is

2

*1 Tnoar far 30 and B0 pauga flim,

maontored wiih & thermocoupla to Inswm a jempers:
ture accuracy of +2*C. Sheets are removed after
Z hours* and teated on an Instron Tenslle Tester a8 -
deacribad above under “Elongaticn.” The elongation .
fat 22.5°C) of the fllm shauld nct be jess then 10%

gtier thls aging at 400°C. This oconforma o tha ph

*Elongation after Aging at 400°C." teat (pesagraph

TI-NHTSA 013048




4,47 and “Elongatian, parcent, after 2 hour 400°C."
requiramant {Table 1) of MIL-P4GTIZ B (MA).
Uinderwritars Laboratoras Ing. sts a thermal Index
of 200°6.-220"C. {depanding oo gauge and type) for
mechanical properties and 220 "C.-240"C. idepanding
on gauge anc type) lor electrical proparilea under
thelr fle no. E32534 for "Kepton" polytmide flim.
=1 haur for 30 & 60 gauge Rim.

PROPERTIES OF TYPE FN FILM

A Heat Seal Strength
1. Flim to Flim Saals

The heat essl peel strangth betwsan the costed
and unaoated sida of one slde coatad Kapton®
polyiride 11m or tha coated to coatad sida of one or
two slde coated “Kapton" is measured In the fol-
lowing marner Seale are made in a Jaw sealer at
S60°C.,, 20 pai, 20 sac. dwell tima. After eaoling, the
seals ara cut to 1* wide etripa using a Thwing-Albert
JDC aampis cutter or equivalent. Tha utrangth of the
s=al |s meaaurad with an Ingiron type tonelle tester.
Sesl| gtrength is defined aa the peak Instantsneoua
atrangth occuning In eech eeal. Five spacimen velues
are avecaged.

The minimum paa! strength betwesen the costed
gldes of ona or two side coated "'Kapton™ palylmide
1k will be BDO gristinch axospt for 120FNE16 which
will be 450 gmadJin. The minimum peol strangth be-
twaan the coated &nd uncoated side of one aide
costed "Kapton" will ba 450 gmaJdinch,

PROPERTIES OF TYPE VN FILM
MECHANICAL

Lidd-H/ -4

2 Fim to Copper Sealy for 120FNG1E Flim

The ability of 120FNE16 film to adhere to copper I8
maesured by uaing the aama heet soul peel atrangth
technique as deecribaed abaove,

. - The peel strength obialned whan 120FNB1S Is

soaled to the untreated alde of Y. oz, BT copper fall
{1 mil} will be a minlmum af 250 gmafin

2. As-Rooslved Biraryth {Cold peel) of RBonds Batwesn
" tha Typa HN “Kapton™ and “Teflon” Leysm
The bond batween the Type HN *Kopton" and
Tafion® fluorocarban resin layara on il type FM prod-
ugts sxcapt 120FNG16 will have a minimum poel
gtrength of 225 pmaJin. as magsured using an Instron
type tenella taster and 1 180° pasl, )

B. Disischic Strength

TI-NHTSA 018048
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ELECTRICAL

Thermal D

Tha thermal durability of Kapton® palylimida flim
dependa on the emvironmenisl conditons under
which it |s sged and tested and llfetime depands on
the criterlon of fallure. “Kapton' |b routinaly testad at
the manufscturing alte In the lallowing manner

Shaeta of fllm B * x 11" are fresly suspended In &an
ovan at 400*°C. The temperature of the oven Is
ronltorad with & tharmozoupke to ineurs & tampers:
ture acouracy of +=2°C. Sheetas ere removad afies
2 hours and testad on an Inatran Tenslle Tester AE
described sbove under "Elangation.” The slongation

GENERAL

A. MATERIAL

Typs HN and Type VN Fllm—A polylmide polymer
In tha form of & fllm.

Type FN Flim=—A combination of Kapton® poly-
mide flim Typa HN with Teflorn® FEP fluorocarbon
resin an ot or both sldas.

B. UNIFORMITY

Materlal shatl ba unlform In compoaltion and free
from defecta which Impalr serdcaahility endfar ap-
pesranca In proven applicationa,

C. CORES

Cores shall be of suficlent strangth to prevant ool-
lepsing on handling. Standard cora LD's are 37
and 87 with tha follawing spacifications: 37 L.D. 18
3.032" 00087, 6° LD, la 8.028"x0.0". Corg
matarial will be plaatic for 3* LD. corea 'aas than
%1 * wkin. Sore material will be fibre for 3" 1.D. cores

(at 235°C.} of the flim should not be laas than 10%
after thia sging et 400°C. Thie conformma to the
AElongation after Aging at 400*C." tast (paragreph
4,46 and "Elongation, paroent, after 2 heur 40090,
requirement {Table 1) of MIL-P-48112 B{MR).

Underyriers Laboratordas Inc. Hets a tharmal
Incex of 200°C.-220°C, idepanding on gauge and
type! for mechanieal propariies and 220°C.-240°C.
{dapending an gauga and typa) far alectricat proper-
tias undar their flle no. E39503 for “Kapton" polyl-
mida flirn.

wider than %:* and &7 |.[.. cares. A aplit 3* |.D. flbre
cofe I standand for all universsl rolls. Core width
for unlveraal wind la 24",

b thaea corea ars not sultabls, further Information
on athe! options may be obtalned from your Elec-
trorloa Depariment markating repreaantative.

D.WIDTH TOLERANCE

The maximum vadeton In flim width from thet
spaciflad on tha order ahall ba a8 follaws:

8ilt Width Rangs Tolsranoe
" ov lass Universal anly += Tmie
17 or lags =15 miln
14" =3 mile
$/a” or widar =60 mila
E ROLL TYPE®

“Kegpton” flim 15 supplled In two types of rolls, pad
and unlversal wind, Avaliable film widths and roll
0.D.'s ara speclfied on the next page.

i .ﬂ--m* E e
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Spealfloatiana far pad rolls are

1. Core whith will be flim width + 14", —C".

2. Care edgea shall not projact more than ¥4 * beyond
roll faoe on sither slda.

3. Gare ahall net be recessed on elther elds,

4. The outslde and etarting ends of the fllm ahall be
fastenad in auch & manner an to prevent unwinding.

5, “Dighing” or “cupping” may not excesd ‘"
measured with a atralghl adge asrona the dlameter
of the roll.

~ Spacificationa for the universal rolls are:

1. The difference batwaan the length of projesting
cara on aach side shall not exoeed Yhe".

2. Flim shall noi project frem the maln body of 1ha rall
mora than Y,

3. Tha outglde and etarting ends of tha film ahall b=
faatensd In such « manner as to prevent unwindng.

4. Roll face depresslon, the differance between the
highesa! end lowest polnte unstraased, aheil not
encead Yu”.

5. Width of traversa 18 1%°,— %", + %"

F. SPLICES

1. Description
Three typea of splice are avallable.

1. Mylar® polyester flim based yallow tape splice
{standard}.

2, Kapton® polyimlde flim based apllce [speclal
requiremanis onlyl

3. Heat asal splica {Type FNj In width, 12" or leses.

Lib-ar-q

S S T T
i minimum " .
wildth %" lor 3% x B° and 4° 137 .02 0Dy, *HpDx b

Spllces Wil be autllclantly smooth end wrinkle-frea
ac as not to digiort adjacent layers of llm and approx-
imatsly gantarad to & %",

Tape splices ara standard on all gauges of “HN"
and "VN' {lim and also on all geuges of “FN” flim
morae than 12* wide.

Tape aplicea am mada as follows. A bult splice with
flir enda coverad on bath eldes of the fiim with aplice
tape. For flime lesa {han DO02* thiok a 1" wide
praasure sangkt/ve tape is weed, For flims 0.002* thick
and graater a 2" wida preseura asnsltive tape will be
uaad.

Haat sas] gpllcas 2ra mada as tollows. On all fiima
but 260FNO24 tha splice |s an ovaran eplloa a minl-
mum of %" long. On 250FN029 a butt splica ls mace
using 120FN&16 as the Jo!ning tape applled on the
FEFP surface.

Cwerlap hsal aeel aplices sre ordantad with the
laazing edga oftha new fllm on the bottorn for unlver-
sal put-upe and pad put-upa for two slda FEP sirue-
tures. Pad put-ups of ong side FEP compoasltes have
tha leading edge on the tap.

Tha 260FM029 butt epilce ls ewisnted with the
120FNE18 tape on the top of tha film as It unwinds
from & universal put-up and on tha bottom as It
unwindsa from & pad.

2 Meximum Splicsa per Slit Aoll

Tha minimum averaga foetage baiwesen eplizas for
most rolla Is shown in Table . To celculate the
meximum number of aplicas In & rell divida the nomi-
nel feet per roll by the minlmum everage length be-
twean spllces and subtract ona.

TI-NHTSA 018051
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3. SpHoe Placement

Tabila | shaws tha minlraum length betwaen aplices
and from the beginning and end of & roll, for mast
"Kapton® rolla. Na eplice Is allowed, however, once a
rell has reechad the minimum ©.0.

TABLE |
MINIMUM AVERAGE SPLICE FREE LENGTH {FEET)

NOTES: " To &1 wiee kor 30HN, B2 widk kir 80HM
! iy B0 widka

Ta 8 widh
:mrﬁmmmihu groalnd than 187 Lo e mesdrmum, ihe minimem svormge lgtage will bx one hall that shown in B fabia,

MINIMUM LENGTH BETWEEN SPLKCES OR BEGINNING AND END OF A ROLL (FEET)

a.AYERAGE THICKNESS TOLERANCES
UNIT WEIQHT)

Minimum Number of
Silt Hi] Width Sik Rolla to ba Sampled
Undar &* 25 + slk roll width {in.)
8* and COver 4
B TI-I'IIHTSA 018052




H. MICROMETER THICKNESS

Thickneas tolrancas are basad on a statlstical
analysle of routine procesa control deta,

GS-87.4

Tasi Mathod

Meke the foliowlng measursments to conflim that
fim trom m eingle slit reli mests tha micrometesr
tolerances:

1. Messure in =acordance with ASTM-D-37479,
Method & or C,

2 Oitaln the averaga of 10 randomly selected
reacknge from a minfmum areacf 12 squara Inches.
Recheck bafora rejecting eny ellt roll, Abnoomal
readings may cccaslonally result from dust par-
talea or epot surtaca Imperfections. Discard such
radingd ae they will acversaly affact the accuracy
of measuremants designatsed to Indicate general
sheat thicknaas.

Gaupe Depresslon
To reduce web handling difficulties which would

accur if fllm rapresenting thickness extromes wore

shipped in the asma roll, 2 geuge deprassion sten-
tard 19 appiled.

Rall depression 1s the diffarenos In diamster be-
tween the hardeat and acfiest part of the ol or tha
diftarance between the undepressed and depraasad
(fingar praasurs) diameter at tha aofteat parl, which-
mvet (8 greatsr,

Table It llata the maximum ellcwabla depression
for moat pad rolia. There Is no gacge depresalon stan-
dard for universal wind alnca that rall Is Iimitad 19 5
meximum of 7" wide,

TABLE 1l
KAPTON® POLYIMIDE FILM GALGE DEPRESSION STANDARDS—PAD ROLLS

{Maximym allowabla dapreeelon in 4" Incremama)

ke £}
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PACKAGING AND MARKING

A. PACKAQING B. MARKING _
“Kapton" shall be adequetsly packed to prevent "Kapton" |3 ldentifled aa follows 1o allow complets
Ipag of contents or damaga during shipmant. iraceabllity back to the raw msteriala and praces
All film will ba wrapped with a non-flbrous material, elng conditions:

() Adfxad tothe core on all cores, 344" wida and o Ingluded with the packege on ] poma less than 2% wide,
(% Inalda dameter of sore and neminal Gl.l‘tﬂldl‘ diwmaisr of roll,
{al Avaliabla lor up 1o 12 charasies,

‘¥in bellera this In oty sl lal e O the e 11 | ourcered gralby |Hi on tochnical deln whhoh Ou Penl
o et o R R L R
auppast irngemart nfangl mlring patan

J
A

E

DU PONT ELECTRONICS DEPARTMENT

in U.SA in Europe In Japan
Du Pont Comgany Du Pent de Nameurs Intemationel Du Pent Toray Co.
Elactronlca Department Elactronice Dapartrmant 5-8 Nihonbashl-Honghe 1-chome
Wiimington, DE 19888 72-22 Route das Acacias Chua-
CH-121 Geneya 24, Switzerlarnd Takys 103, Japan
Literature & Technical Information {022 37 81 11 81-3-245-5061
BOO-537-2601
Cante Worldwide in Asla Paoifie
Ordareto cﬁﬂﬁ“ er Du Pont Compeany Du Pont Asla Paolfic Limited
International Cuatomear Sarvices 1122 Naw World Office Bullding
In Cansdda Concord Plaza - Raad Bidg, (E=st Wing)
Paakaging Divislon {302) 772-8120 Koewloon, Hong Kong
PO Box 2201 852-3-73d5345
Streatzvl 2 Postal Statian - |
igEl Ontar! Brazd
v Al Du Pant do Brazl! SiA
(410 821-2300 Divleao da Piaatlcos ar Elastomers

Caixa Postal, 28 - Alphevllle

08400 Banar !Sec Paula, Brazl|
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kKaplton

FOALYIMIDHE FIL-A

ADHESION TO KAPTON®

KAPTON® palyimide flm, made onty by Du Pont, le avalieble
In threa bagic film bypea. Typa H IKAPTON ks 10096 polyimide
flim. Type F i2 coated on one ar both sides with a TEFLON®
FEP fluarocarbon adhestw end Typa V s & plaln palyimide
film heving superior dmenaicnal stabllty Furupertm. Typlca
parly Information for KAFTON ls found in Bulletin
72087, “Summary of Properfies.” Spacificationa ane found
in Bullatin E-87624, "Incustry Specifications Bulletin
FC-86-2." For flexible printed &reut applicationa tha trada
apeciicatian IPC-RC-231iShast 1, appiles to KAPTON.

ADHESIVE SELECTION

For some applications KAPTON must be bondad to other
matarials, such =s copper fol, which requires the usa of an
adhestw. Optimum. adheglon results Bre weuslly obtained
from commerclally coated KAPTON which |y avallable from e
variety of aupplers such aa thage Rstad In Bullatin E-72061,
“Supplers of Adhealve Coalinga on KAFTON.” This Usting
rapresants most of those companias offering coalad
KAFTON hut ahauld not be regarded aa & complets listing.
Dwinlied Information on the usa of theas achaalve coated
products oan be pbiainad from the suppller’s bullsting, Spe-
cific raquiramenta for copper laminatas as aub-
ptrates for flexible printed clrcuite are outlined in trade
spacifications:

' IPCFCo4

- LSA:
— Britiah; BS-4584
— Gaman:  DIN-4O802

Whan commerclally coated fiim |a not suttable for an applica-
Gon, most vandara offar a dry film form of thelr adhesives for
usa g8 8 banding Mim In Iaminefong. However, better ache-
slon Fa normally obtalned from commarcial eohstion coatinga
than from the dry bending fim. The dry fiim adheshe doee
herva the advantags that it oan be cut to shapas which caver
only thet portion of the polyimkie fim where adheskn is

It neither commeénsially coaled potyimide film nor edheaive
bonding fim ks sultahle for the appilcation, the remalning
option & for the user t5 apply & soiution adheshe. Some
genaric classes of adhesives which band KAFTON Includs

nerylice, epoxies, butyralphenalics, polyasters, sllicahas,
ursthanas, fuorocartana and blands of these matadele.

LT

Salectinn of an adhealve I3 vaually on the prope-
ties required of tha adhashse and the demanda of the applica-
bon. Proparty conaldarations ana the thenmal rating, ohamical
reslstance, flll end llow cheracteristica, flexibifty, paal
atrangth, flammeklity, molsiure realstance and insulation
realetance. Alao to be conaiderad le tha sano of proceasing,
laminetion mmparature snd whethar the lamination s to be
miad In cantirucus rofl equipmert or In & platen press.

ADHESIVE PROPERTIES

Adheeives upad with KAPTON Type H ara usually a modified
wviralon of the generls adheshe famtly (e.g. modified-epoxy).
These formuletiony ane proprietary to ihe suppliers of coated
KAPTON and raquire speciic procesaing condiions io
nchieve the meximum band atrength. Always usa the sup-
pler's recommenced laminetion concitiona for the specific
achaalvs you saledt. :

Liated In Tsble | are sevaral adhesive types along with Infor-
maton on typlcal lamination temperatures and meoimum
operating emparatures {(ehort fem expoaurs). When using
en spaxy sdhashe, anhydrids cuwing agents are prefermad. If
&n amine curing agent must ba vasd, avokd an exoeas of
curing agent ay the fres alkaling matarlaln can dagmds the

palyimide.
TABLE1
Maximum
Lamination Dpearating
Adheaive Temperatures Temporaturs
Typeoe 'F (°C) "F{"C)
Flugrocarhons 560-600 (Z80-315 tio 600 (280)
Potyimides BOD-TDO o 650 (346
Epoxilea T3450{ 23230 ko 800 {21
Prasaure Senslthm
Silcones 73300( 23-150)  ta 500 (260)
AubberPhendilce a00-400 (160-206) to SO0 (280)
Perdllca 350275 (175-180] tc 660
Polynstars 276-300 (135-160) o0 220 {105]

Solutian forme of most of the adhostves sbove are avallabls
trom auppliora of adhesives to the slectronics Industry. List-
inge of suppllers can be found In buyers pLidas lor slactronk:
procducts. Bulletin E-74148, "Suppliers of Adheelves o the
Electronics Industry,” provides a tntive lsting of
adheelve suppllars wha can e eonsultad with for apealfic
adhesive needa.

Ti-NHTSA 018055
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DOu Pont Company
Polymer Products Dapartment
Industrial Fllms Division
Wilmington, DE 15868
aDC-627-2601

InGannda
Du Pond Canada Inc.
Packaging Division
P.0O. Box 2200 Straatsvitla Poglal Station
Mississauga, Ontatlo .
L6M 2H3 -
{4163 821-3300
In Europe
Du Pont de Nemours Intamational
Polyrnar Producta Dapartment
T8-82 Route das Aceclrs
CH-12H Genevn 24, Swilzarland
{2z arg
in The Far Eant
Du Pant Japan Limited
Kowa Bullding No. 2
11-39 Akasaks 1-chame
Minato-Ku
Tokyo 107, Japan
O11-91-3-586-561
In Brazll
Du Portt to Bragil S/A
Dhssan de Plaaticoa or Elastamary
Calxa Postal, 26 - Alphaviiba
06400 Baruer/Sao Paulo, Brazi

Worldwidea (Except Europs)
Du Pont Company
International Customet Services
Concord Plaze-Aaad Bidg.
Wiimington, DE 19898
{302) 7726120
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Thin taghnicalinformation, offerad wkhaut charge an part of our service to cusiomann, |s based upon our testing and
axparenca and 8 balieved ta ba raliable, However, the Du Pont Compery makee na guerantes & to results
achigved by others and assumoes no obllgation or llabify It connection with the uas of this infarmalion which s
intended for use by peraons having lechnical akils and &t thelr own discretion and rsk. Datermination of product
auilabillly for army spealfic application is the raspensibliity of the user. This Information 12 not intanded as a Hesnme to
oparate Under, of recommendation to infings, acy patetit of Du Pont or others covering £ny metarial or use.

_ Ny

INDUSTRIAL FILMS DIVISION
DU PONT POLYMER PRODUCTS DEPARTMENT

in U.S.A. In Europe inJapan
Du Port Company Du Pant de Namcurs Intasnational Du Pont Toray Ca.
Polymer Products Deparmeant Polymar Producta Departrmant 1-8 Nihanbaeshi-Honcho
indastral Films Divialon T8-82 Anita dea Acaciag Chua-ku
Wimington, DE 18898 GCH-1211 Geneva 24, Swilzetland Tokyo 104, Japan
800-527 Worldwi . In Asia Paciflc
Orders to Customet Service Centar Du Pont cmﬁ;w Du Pont Asla Pacific Limitad
800-441-0404 Imamationat Customer Services 122 New World Office Buiiding
In Canada Concord Plaza — Read Bldg. {E_ast wing)
Du Fort | Wamington, DE 19898 Salisbury Road
P mgmlnn:' {302) 772-6120 Kawloon, Hong Kong
PO Bog 2200 - 85237345345
Streatavilla Postal Statlon In Bracil
Misslszauga, Ontarin Du Pont da Brazil S{A
L5M 2Ha Divisao de Plasticos or Elastomers
(416) 821-3300 Calxa Pogtal, 26 - Alphaville
08400 BaneriSao Paulo, Brazil
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kKapton

for innovative solutions to extreme-temperature,
design engineering problems.




KAPTON? a versatile space-age material
with down-to-earth applications.

The space shuttla’ salar array;
the Lunar Excursion Module;
- minfaturlzad electronle compo-
nents; mote efficlent oil well
purnp motors; relizble flexible cir
cults; thin, hightwaight elactrical
heaters; precise electrothermal
fuel level sensars; high-tem-
perature electrical insulation, For
the pagt twenty years, KAPTON
has contributed to the innovative

and commerclal succesa of

a variety of I:l{tjhw and tm-
proved 2 reasan
KAPTON was sclectad for auch
deranding applications i lis
unigue combination of cutstand-
ing mechanical, electrical and
chamlcal properties and tts ability
o retain these propertios over a
wide rmnf temperaturas
whare

KAPTON has proved lael as
ihe material of cholcs In 2pplice-
tions that invclve very high or
low operating temperatires,

Designers are finding that the
application petential for this
unique industrial materlal has
baraly baen fapped.

A varlety of new application

ties for KAPTON are

now belhg explored by Du Pont
and its customers, Inchuding semt-
conductor pads and micro-
processor chip cartlers. However,
a mumnber of uses for FAPTON
ara wel established. Soma exan-
ples from the electrical and elec-

tronles Industrles are; field ool In-
sulation; substrates for flexble
reinted cirouite; motor and gzner-
ator armature slot [nare; magnet
wire insulation; transformer and
capacitor nsulation; magnetic
recording and pressure-sensltive
tapes and tublng; and wire and
cable Insulation.

Three types of KAPTON
are commerclally

available.

m KAFTON Type H 13 an all-pur
pase, alkpolylmide #lm thet baa
been usad successfully In applics-
tions reaching temperatures as
low as -269°C mhlﬁa&
400°C. Type H flim can be lam#
nated, matalllzed, diecut, slit,
formed, or adhesivecoated, It 1s
avaflable as 0.3, 0.5, 1, 2, 3, and
5 mil film,

B KAPTON Type V 5 an all-pur-
pose, alipolytmide film wiith all
of the properties of Type H film,
plus superior dimensional sta-
bitp It 1= evallablein L, 2, 3, and
5 il thickmess.
mKEAPTON Type Fisa Type H
{llm coated on one o both sides
with TEFLON® FEP fluoro-
polymer resin to impart heat
seaiability Idz & moisture
barriar, gnhancg chaemical re-
sistance. It Is avalleble in a varlety
of constructions.

One af the Important benefits
of KAPTON polylmide film 1s its
attlity to be bonded, laminated,
ooated, and otherwlse converted
to fulfill & broad range of high-
performance operating require-
ments. This outstanding ver-
satlltty — and the fact that all
three types share the sarmne
untque balance of propertles in-
herent in the basic material —
allows KAPTON to be customn-
toilored to fit an almost endless

varlety of apphcations.

" tivity and better end use products,

Armed with 20 years' expert
ance with & high-quallty material
and backed by the considerabla
Du Pont Corrr
pany, we are comimlited to re-
malning the world leader in the
manufacture and diversification
of poliimide films, In response to
the needs of our customers and
thelr intarest in films that can In-
sulate ar condust electricity, heat
shrirlable #ims, pigmanted films,
hest conductive films and new
adhaslve systams, we are making
a significant Inwestrment in re- :
search, development and equip
mient — almed at delivering
higher quality, improved produc-

to ol Customers.

When sufficlent business po-
tentis] exlists, our rescurces can
be made avatiable for the jolnt
developmant of custom-ailored
products and programs o fulbill
yaur moat siringent deslgn requine-
ments — during the Eighties and
beyond.

TI-NHTSA 018063



WED

{uPont Palymers

Putm Enlvin

Aprlicpiines Ewginmir
Paaender Fieni/ Yl Troducis

Duliont Pty et

P, Box B

250 Ballwwun Pasd

Npomh, OF 157182700 )
Tl, {004} 242718 Fm jEOA 20T

TI-NHTSA 01806



POLYIRIDD FTLRT

ton

PROPERTIES

olae

TI-NHTSA D1806841




CONTENTS

Page
Ganeral Information ............o0iciiieaiaa 2
. Physlcal & Thamal Properties ............. 312
" Electrical Properties .. ......oiiiiiaaiiins 1318
Chemical Propertigs ..ivviciivvirrrrnes 19-21
Nominal Construction, Type F ... oo i 2o _
C Inquines & OrderS . v are i 23 B
- hapton
¥

*GENERAL INFORMATION

o JKAPTON® ﬂ?olﬂnlda flim posseases B utique combination of proparties pravicusly unsvailable amang
5 potymede fllm materials. The abliity of KAFTON to maintain its excelent physical, electrical and mechanical /3
L EA roparles over a wile temperatire rarge has opened new design and apptocation areaa to plastic fime. A
KA . N has provad to be egpecially useful in epplicationa invalving hlggp srating temperatures,
KAPTON s aynthasbred by a polycondensation reaction between an aromatic dianhydride and an
o . aromalic diaméne. Thers is no known organic sdivent for the film and it is Infustble and flame. nesistant. The
.. outstanding pmperlluanﬂ(ﬁFTDNpermtltm ba used et both high and low temperature axtremea where
' ather organio materlats would rot be functional,
Adhealves are avalgble for bond@ng KAPTON lo lizall, to metals, fo papers of various typea and to gthar filma. -2
Apphcations for KAPTCN pohimida film include a variety of elactrical and elactronic Insulation applicationar3
wire and cable tapas, formed coll Insulation, substrates for flaxthia printed clreults, moter alot linere, magnet @
wire Ingulation, transtormmeone and capacitor Insulation, magnetic and pressure 88 nsltive tapes and tuhlng 154
Many of thase applications are based on the excelant electrical properties of KAFTON, such as dislectdc
strangth and cissipation factor, which remaln neardy constand over a wide range of tamparatura and -8
{requency. Other egplicationa make use of the film's radiation resistance or chemical resistance at elevatod &

temperatures. It s this combinalion of useful properties et extremee in temporaturas et makes KAFTON 3
- uilque Industifal matevial, .

Du Pont maksa three types of KAPTON:

* KAPTON Type H, an all-purposs, alkpolyimide film thet has baen ussad mmaasmly in applications &t -
' tampemﬂrasaulmasm(—ﬂmﬂmmdas high aa 873K {400°C). Typa H film can be laminated, matalzad,a
punched, formed or adhesive coated. It s available as 0.3, 0.5, 1, 2, 3 and 5 mil film. :

s KARTON TYPE V¥, an al-purposs, alkpolyimica fiim with all of the proparties of Typs H, plus auparlar
dimensional ntabillly Typa V la evaliable In 2, 3 and 6 mils.

¢ KAPTON Typa F, & Type H #im coatad on one of bath sides with TEFLON* FEP fluorogarbon resin to 773
npart heat ssalablilty, o provide a maigture barrier and to enhance chemical resistance. it Is uvulluhlﬂ f
in & vansty of congtructions. ki

Note: This bulisiin provides s summary oftypical properties for all thrae KAPTON polyimide films Typa H, Type V.3 f.'
and Type F. Additional data should ba abtainad fromyour Du Pont incusirial Fikms Divislon rapraamlaﬂwl. '
for speciiication purposes. -

*HApg. .8, Pat, OF.
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KAPTGN" Type H Fllm

25 s {1 mil)
PHYSICAL PROPERTIES
PHYSICAL PROPERTIES m%%m TEST METHOD
limale Tongile (WMD) 341 172 17 ASTM D-
E{M"lﬁ MPa (psl} (35,000} (25,000) {17 ,000) D-862-61
" ¥igid Point WMD) B3 41 ASTH D-802-51
R MPaigs)_ (10,600 (5,000) 23
Gireas Lo Produce (WMD) Bl 59 ASTM D-882-81
_ % . MPa (psl) {13,000) [8,500) _  ASTM D-8E2-81
_HW_W;H_“M.{'!'D}* 325 ] 90 ASTM 0-802-81
Modulus, GPa } 3.0 1.98 ASTM D-A
TonDs ok @0t wome gt a8
mpact Strength, Jmm {kg-<m) 2 (B) Du Pont Prieumatic
_ Impact That
Folding Endurance MIT 10,000 cydes ASTM D-2175-89
™ Toar Strnpth—-Propegaiing {Eimeadort, § 8 ASTM D-1022.87
r Strapqt—lal ng ASTH 0-1004-68
e 4 g 60
Density, g/om” 1.4 ASTH D-1505-88
Coatfceni of Frietion Kinetic (Rim-o-Aim) A2 ASTH D-1894.78
" Refragiive Indax {Becks Line) 1.78 Encyelopsecc Dictionary
L . ul?“h];ﬂ:s‘ Yol
Prigson’s Ratic 4 A, 3 Sam
_ Elongated 4t 54, 54, 10%
ML —Mkshinn Dlrwctidi
THERMAL PROPERTIES
THERMAL PROPEATIES TYPICAL VALLUES TEST CONDITION TEST METHOD
" Mating Pofn! . e NONE ASTM E-T84-B
ih A4 MPa (20 gai Du Pont
zﬂp?mg {B157C) inad for 5 mlﬁ; Hot Bar Tost
e of 206107 mim/K 250 to 311K T
l[:j?‘aﬂrmnlu (2,010 inin °C) (2145 to 3°C) ASTM D-886~44
] !
0185  (3.72x100Y 20BK  (29°)
el (&m) _ - Model TC-1000
(e o) ) 2103 1ot UK (70 Toin Hetmaster
D178 (4.2Bx10 73K Comparative
o 0.189 {4.51210 573K Tastar
Speciic Heal 1.09_{.261) JK (ealighC) Ditferantlal Galodmetry
“Rammakillty J4YTND . VLG4 (1-24-80)
_Shrinkags_ {Se chart on Page 7) 1PG Method 2.2-2-A
Heal Sealablily :ht Haat Sealabio
Limiling Cixypen Index 00H-34 ASTM D-28E3-77
gmoka Gangrallon 100H — DM = lasg than 1 KBS Smaka Chamber NFPA-259 procadures
Transilicn & secand arder transition ocecurs In KAPTON hetwesn B3
%ﬁﬁmm (4] {410°C). Thiz I3 assumed to ba tha glass ransition mmpaarﬁ?'z? :P:};ﬂ.

guremant techniques produce difterent results within the abowe temperature range.
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KAPTON® Type V Flim

FROPERTY % TEST METHQOD
m 2
25 um a9 m 12§ pm

{1 mil} (2 nEIT‘,I {3 r'tl‘ﬂl} i.'E mII}

73 sﬁm"n 'SF" tzswﬁqun) [zsr%ul {Jﬂ%ﬂ} {Eﬁ nnm Mﬁ" D'?th M'P"dﬂh
ac 8 ' ) i ang an instron lenane
Fmd ranaverae Diraction Restal (specimen size; 25
w127 mm 1"' x 5" ’
snpmﬂm gl
paad: ED mm
mJn ﬂa.'a I-l:l nn orlg-
mcmmmd thickness.
Elzngation, %= MO end TD 7o 0 Fi) Fil) Samea mathod 2 ahows
Shrinkage, %% MD and 0.19 .0 A2 A2 #oamge ol 3 messure-
TG w‘m afEr m min. mnrrtu In sach direction
bafora and after exposure
10 473K gu:ﬁ:] far
&) min, Fim must be
aliowed to come to equlih-
rlum wih eguivalent
room condifions bajom
and after mpoALTs.
KAPTON?® Type F Flim
PROPERATY TYPICAL VALLES
Flim
120F616 150RI18 250F029
W@Eﬂa Strength (WD), MFa psl) 186 (24,00 117 (17,000 20,0
473K Eﬂﬂ'g;] 110 ﬁn‘.mg; 76 -hﬁ 11u 16,000
¥ield Point at 3% (MD}, #4Pa {pal}
206K B2 {E.Dl.'n‘.l 51 {7,300 [m ,000)
473K (20 38 15,50 28 {4,000
Strass at 5% Elongation (MD], MPa {psi
E’Eﬁﬁs pel ngation {MD} (pst) 11250-:1 B2 (5,000
473K } 38 (5,500
Elongation (MWD
llg:mm I:MEI (0] 75 80
473K Et!i 85
odulls, MO G
v "zrcm e 28 gsom 22t o
473K 1.48 1215000 1.19 (175,
lmygact Strength et 296K (23°C)
Regf 70 T
T Taommny 23 k) 1% i
Tear Strangth—Propagating (Emendorf) a0 _
Sm (g 039 (10) 058 (13.5) 047 _[12)
Tear Strength—Iniial (Gaves) est
_%f.m (gfmil} 19 {7560} 17 (435)
Weight % Polyirnide &) &7 Fr|
Waight % FE 20 4 27
Kﬂmﬂw -1 153 1.67 1.E7

*Sinon & numbar of oomitmilre of poiyintde Mm and Rucroserbon coaling add up 1o the same total geuges, i 15 necedoary ko dislinguis
mmong them, A three dight wwtem i ceed in which 1 middis it rn?'nlnrln the nomine) 1hickness of e base KAPTON fim iInmila, The
Firat and Lnird digits represent Lhe pominal thicknaas of tha coating of TEFLON FEP fuacecaradn rasli in mila. The avmbol 9 B usad to
roprasant 13 km |¥mil), and B to ropranenl 2.5 {1110 mif). Examgle; 120F416 le n 120-gauga wructure conslating of & 26 pm (1-mil besa
film whtha 2.5 um {1-10 mll} costing gl TEFLON an sach nlde. Soe paga 22 lor conetruction expianation.

TIHNHTSA 018088



MECHANICAL PROPERTIES

The usual vajues of tensile strangth, tonsle modubus, and ukimate elongetion et variaus \amperatures can be

o:tained from the
an invaras relation with te

alrass-strair curves shown below. Such

es 8x nalle
mparature, while alongation peaks o 8 maximum value et abart &

and modubs have
{300 C). Othver

facters such 24 humidity, flln thickness, and ingtron eldngation mie were found ta have only a neglgible effect on

tiws shepe of the 286K (23"C) curve,

TENSILE STRESS STRAIN CURVES
{Type M Film 25 wm (1 mi)y
% —200
2 L 175
208K | {22°C)
zn — 150
18 373K |10 — 125
ITEHEBEB. prret !TIE.EE,
200C) 100
14 il
” 573K f3OrCy [~ 75
8 = %
, 720K j4s0rDy %
I
Q 10 mn W 40 5] - B 70 1] Bo L1
STRAIN, % ELONGATION
KAPTON® polyimica flim la made by 8 condenaation reaction; therefars, it properties ars affecied by watar.
Althaugh lang-tanm axposura to watar, &a shown In the curves below, wil reduce the level of film propertis,
sufliclant tenalls and mtion remaln to Insure gand mechanicat performancs. A decreass in tha tempetature and
mﬁ :‘atar m'fnﬂﬂthn raduce the rata of KABHTOH peoperty reduction while higher temperatums and presaures
will Increass k.

TENSILE STRENGTH AFTER EXPOSURE TO 573K (100°C) WATER
(Mype H Flim: 25 xm {1 mil)

"
L |
2 — 150
20
TENSILE —125 TEMSILE
STRENGTH" STRENGTH
Knsl 45 MPa
300
14
12
10 — 75
D 20 400 610 300 1,0001,200 9,400 1,600 1,600 2,000 2,200 2,404 2,00 2,500
HOURS [N BOILING WATER
a8
TI-NHTSA 018086




ULTIMATE ELONGATION AFTER EXPOSURE IN 373K (100°C) WATER

{Type H Flim 25 xm {1 mil))

% ELONBATION ]

DIMENSIONAL STABILITY

Tha dimanelangl wtabllity of KAPTON® palyimide film depands oh twa fastors-—the normal cosfizien) of Mermal
axpansion snd tha Bl sirossen ol

Ita firat expoaure to sisvated te
tha narmal vates for thermal expansion fisled cn Page 8 can be expactad.

res a8 indiceted In

200 40C €00 600 %,000 1,10 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,B00 9,000

HOURS M BOILING WATER

in the fim during ramnufacture. The latter causas KAPTON ta shrink an
& bar graphe balow Onea the flm hes been exposad,

RESIDUAL SHRINKACGE V5. EXPOSURE TEMPERATURE AND GAUGE

(Type H Fim}
35
a0
423K (150°0) 873K {400°C)
2.5
TYPICAL 20
SHAINKABE .
" %) 15
1.0
B
o [l
[1 mi} (2 mily (5mil) {1 mi) (2 il (5 mill}
25 zm 50 pam 125 um 2 M 50 pm 126 um

TI-NHTSA 018067




THERMAL CORFACIENT OF EXPANSION
{Type H Flim 25 um (1 mi)} Thermally Exposed

Tempearaturs Renge mmei X 10~
J06-973K  (23-100°C) - 1.8
373-473K (100-200°C} 3.0
473-573% (200-300°5) 4.85
573-673K (300-400C) 7.78
26-67AK  [23-400°0) 4.55
CUT-THROUGH AND COLD FLOW

Most orgenic fllma exhibit & tandanoy o flow or thin owl wnder high compressive strasses, cepecially al elevated
iamperatures. KAPTOMN® palyimida Hm passasses an axtremely ragletance to such elressse. Teet proceduras
desaribad In ASTM 0-8768-81 hava basn adapted 10 fiat iims to provide tha date below. Siraszas range from an
Infinitsly high point load to 83 MPa (12,000 pei) at cut-through for & 25 sm (1 mi) fim.

CUT-THROUGH TRMPERATURE VS. RATE OF TEMPERATURE RISE AND GAUGE

(Typa H Film}

e 107
| %ﬁg&ﬂgm 7
A " = -
E 500 : | a7

L "‘ (W Cyminute—— 773
= mEar:tura
& 40 I m g
= 2
= m §
E 200 473 5

100 3n

] 7
{ i2) {3) {4 (s}
25 50 75 100 125
FILM THICKNESS—um {miis)
TI-NHTSA 018088



RESISTANCE TO CUFTHROUGH VS. TEMPERATURE
(Type H Flm—26 um {1 mil})

1,040,000
“ 100,000
L ]
%+
‘l
10,000
%
—§—
—%
- %
j 1,000 ‘l
g 3
_‘
T
t
100
10
1
273 373 473 573 673 7
(0) (100) {200) (200} (400) (500)
TEMPERATURE—X {~C)

actual ——
extrapolated w . o- -

TI-NHTSA 018089
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THERMAL AGING

KAPTCN® palyimids film Is subjec! to axidative dagradation. Thersfors its usaful life is & functon of both
tempariurs and gxygen cancentration In the test anvimnment. The effect of theso factors Is shown below.

TENSILE STRENGTH VS. AGING AT 573K (300°C)
{Type H Fllm 25 pm (4 mil})

26
In Hellum 15
24
20 TEMBILE
TENSILE STREMGTH
iTﬂEHEI'Hm 195 MPa
Yosl In Adr
18
— 160
14
12
— 75
10
1} 200 400 1] -] 1,000
HOLWB AT 673K (300rC)
ULTIMATE ELONGATION VS. ACING AT 573K (300°C)
(Type H Flim 25 zm {1 mi)}
]
T
In Halitm
50
E 50
=
I‘ﬁ A0
; a0
2 In Alr
10
0 200 400 [il01] BOQ 1,000
HOUAS AT 573K (M0°C)
10 TI-NHTEA 018079




TIME REQUIRED BOR REDUCTION IN ULTIMATE ELONGATION FROM 70% to1%
{Typa H Flim 25 um (1 mif))

Ewvirommeni
| Temperaiura Alr Hellum
7K {450°7T) 2 hours 22 houre
B3BK  (425°C) 5 hours ave days
E73K  (400°C) 12 hours 2 woBkE
648K  {376°C) 2 days 2 months
621K  {350°C) 6 days 1 yaar
673K  {300°C} 3 months —
S4BK  [275°C) 1 yaur —
23K (290°G) 8 yoars —

WEIGHT LOSS AT (3:C)MINUTE TEMPERATURE RISE

{Type H Flim 25 gem {1 mii})
1]
10
2
30 |
1
A
PERCENT [
WEIBHT 50 i
Las3 DRY AIR
Bl
Fy!
6o )
o0 ‘l‘
100 h 1 1 I
an i 571 &7 17 73 913 03 1™ 121
(00} (200) (300) (40G) (60O} (GOO)  (7oO}  (BOOY  {AQO)  (1000)
TEMPERATURE K {°C.)

1

TI-NHTSA 018071




ISOTHERMAL WEIGHT LOSS

{Type H Fiim 25 zm {1 mil))
0 L 873 (400°C) Ho
§ - 723K {AB0°C} He
L 673K {400°C) AIF
10 - 398K {4257C) AIR
73K [500°C) He
15 B23
{550
a
'H'EE‘HT a0
— a7k
1088 | {B00°C Ho [JEE‘%HﬁIH
e
]
40 ﬁ-‘ﬁﬁ—
{500*C) AlR
45
50
5

b 100 200 200 400 500 800 g Ban a0 1,000
TIME (MINUTES)

12 S
TI-NHTSA 018072 i




ELECTRICAL PROPERTIES




KAPTON® Type H Film

TYPICAL BLECTRICAL PROPERTIES
TERY TEST
PROPERTY TYP GAL VALUE CONDITION METHOD
Digkectric Strength
25 em (1 ml 278 wiem (7,000 wml 60 harz - ASTM D-149-M
o0 wm 52 mll! MAvipm {5400 vﬂnl? %" Moctrodes
S um {3ml 181 wpm (4,500 vmil
128am {5 mi) 2 wum (3,600 wml
Diplasric Constamt
25am [(ml 3.5 1 kliphertz ASTM O-150-81
5O um 2 mi 316
75 pm 3.7
125am {5 md) 37
Di=sipation Factor
25 um mlca 0025 1 kiiphertz ASTM D-150-81
Eﬂp.m 2 mi 0025 :
m [3m 025
um {5 mil) 0027
umumu Ragistivily
25.m (1 m:lé 12 10™ ohmem 125 vaits ASTM D-257-T8
Hem 2mi 8 x 10" ohm-m
i) 5x 10" ohmem
ﬂ (8 mil 1x10' ohrem
KAPTON® Type V Film
TYPICAL FLECTRICAL PROPERTIES
- TEST TEST
PROPERTY TYPICAL VALLE CONDTION METHOD
Diolectric Sirength
50um (2mil HIvum {5,400 wmil B0 hartz ASTM D-1489-84
TSum Am 181 wum (4,600 vl %" dlectrodes
125am {5mil 42 waum {3800 vwimdl
Cimectric Gonstant
S0 am ‘[zaml 16 1 idlohartz ASTM D-150-81
75 su.m a7
_125pm {5 mil] 3.7
Dissipation Factor
50 um g":? 0025 1 Wioherz ASTM D-150-81
T5um mi 025
128.m {5 mil) 0027
Valume Rasisthyity
50 gm mil a5 10" nhrrem 125 withy ASTM D-257-78
75 wm mi 5 x 10" ohmem
125um {5 mi) 1% 10" ohmvm
14
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KAPTON® Type F Fllm

TYPICAL ELECTRICAL PROPERTIES
PROPERTY 1208616 15069 250F025

Dietectric Strangth
Total '.mllcs 7.500 §,300
vohts/em 2ar 165 157
{volte/mi} {€,800) {4,200% {4.000)
Diglectric Constant 2.8 ah
Dissipation Facior 02 2014
Voluma Renistivity
ohm-m & 206K {23} 1.5% 10+ 10 7 xiQe
{ohm-cm.) {1.5x 16"} {100 {Tx10'M
ohm-m @& 473K {200°C} Ex 10 1014
{ohm-cm.) (5x10" (10"

EFFECT OF HUMIDITY

(Type M Flim 25 xm {1 mity)

Bacauss tha watar contert of KAPTON® palyimide flim can affect (b electrical propanisa, electrical measyrements
weara mada on 1 mil flim atter exposurs to envirenmants of varying ralative humidites at 236K (23°0),

The resuis of these meseuraments are givan balow.

RELATIVE HUMIDITY VS. ELECTRICAL PROPERTISS OF KAPTON

AG
% AELATIVE IMELECTRIC DIELECTRIG DISSIPATION
HUNHOITY BTREMGTH COMBTANT FACTOR
Viam (L)
0 7 (7.500) 1.0 0018
a0 287 (¥,300} R DOAH
50 276 (7,000) 1.5 .0026
80 258 (6,600 a.7 0097
100 244 {5,200) 14 Q047

For cakeulations imvalving absolute water contant, 50% AH In cur study is equal to 1.3% watar in the fim and 100%
AH Iz equal to 2.3% water, the maximum adaorption poselble regardiess of the driving forge.

TI-NHTSA 018076
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EFFECT OF TEMPERATURE

As the graphs below Indicata, axtrama changea in temperature have relatively littie affect an the excellent room

temparature alectrical properties of KAPTON,

o

AC DIELECTRIC STRENGTH
VS. TEMPERATURE
{Type H Film)

12,000
- =)
E 10,000
2

8,000

L) 25 -
B o 1 rr'fillr]'
E 8,000
EE 4,000
o

E 2.000 127 am (5 mil)
L

200

100

¢

13K I 273K DMK 473K GTEK
(-200°C) (=100°C)  (0°C)  (100°C) {200°C) (9007

TEMPERATURE
DISSIPATION FACTOR
VS. TEMPERATURE
(Type H Film 25 am {1 mil))
A
08 -
.05
04
1 10% hertz
3
2 g
.M
x .om
ﬁ os
S ood
083
002 f!h‘.i:.
00

1
13K 2736 37K 47K 5TBK
(—100°C} {0} (10PC)  (200°C) (300°C

TEMPERATURE
16

VOLUME AESISTIVITY OHM METRE

DIELRCTRIC CONSTANT
VS. TEMPERATURE
(Type H Fllm—25 um {1 mil)}

ah
om
5 1.4
=
=
E‘ 3.2
E a0 107 harlz—
5 10" hertz
2.8
=
173 2R ATIK 4TI 5T
(—100"C) ("C)  (100°C)  (200°C)  (3D0MC)
TEMPERATLIAE
YOLUME RESISTIVITY
VS. TEMPRRATURE

iType H Fllm 26 pm {1 mil))

10

a1

110w

1z 10t

1x 100

273K
1)

3K 473K 573K
{100nc) {200MC) (300°C)

TEMPERATURE

TI-NHTSA 018078




EFFECT OF FREQUENCY

The affacts of fraquency on the vaiue ol the dislectric constani and dissipation factor at various isotherms
ane shown balow.

IHELECTRIC CONSTANT VS. FREQUENCY
(Type H Film 25 zm (1 mif))

3.6

4.5

1.4 N
5 — 239K (~40C) gy
& ' J08K (35°0)

3.2
[ K ] '
.~ m
E 5.1 323K {HPC)
= mmﬁ (20T}

2.3 S2ak [250°C)

2.8

2.7

" 100 10¢ 1w 1 0
FREQUENGY HZ

DISSIPATION FACTOR VS. FREQUENCY
{Typa H Flim 25 um (1 mil}

296K [23°C)
00
K
{°C)
Rini] 23K
§ (—4rC)
= g8
E 200K
i~ 70°T)
= oM T
{—80"c)
JFAK 11007C)
002 473K [200°C)
I |
10 10 104 10 10¢ 107
FREQUENCY, HI
17
TI-NHTSA 013077
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DMELECTRIC PROPERTIES IN GIGAHERTZ PREQUENCY RAN 3E

(Type H Film, 125um (5 mih)* {Type M Film, 125,m (5 mil))*
38
a5
A
a4 010
A
=
33 - 008
3.2
3.1 008
3.0 _‘t"/’
21 = 0
2.4
002
27
T T TR T T TR - O T X
FREOUENCY, HZ FAEQUENCY, HZ

*Taghnica! Asgort ARML-TR-F2-38—Curve A by A00H KAPTON ag reosied and massured ol 25°C and #5% RH with tha slediric feld o tha plane
Of Unik st Curve B (11 BTyl irlsiuniTHe Sfer Condioning e fim @l 10070 for 48 howm.

TRACKING RESISTANCE
4125 pm (5 mif) KAPTON® palyimide film, Yype H, has a icking resistance of 183 seconds as messurad by ASTM
D-495-81. falure was due to true tracking rethar than arosion, we.

CORONA LIFE

Like alt organic materials, KAPTON is attacked by corona and will ultimatety tail dislectrically when expaszaed
continuoLsly ta corna. At moderate levels of corona exposurs, devices Insulatad with CAPTON have
survived ur 10 3,000 hours, glving reasanable assurance that brief ﬂ%ﬂumﬂ to ocrona will not significently
affect tha life of a propearly designad Irsulation syetem basad on KAPTON.

Corona inception voltage and corona inte arg fu of parameters, Includng insulatkn
thickness, air thicknesa, and dﬂlﬂ!!lrfll?ﬂ. m;%mm rnprauulr?tutivem the

suiahlity of ON for apacific applications whare ¢orona may be preasnt.

18
THNHTSA 018078




CHEMICAL PROPERTIES
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KAPTON® Type H Flim

25 am {1 mil)
CHEMICAL PROPERTIES
TYPICAL VALLUES (-2% um 1 mI'IJ
% Tonsile % Elongation % Modulus TEST
PROPERTY Ratalned Aetained Retainad CONDMONMETHOO
ays immersad at
RESISTANCE T0: Rogm 'Ihmg:emtura
BEnzene 100 a2 100 30
Taluena 99 ]l or %65
Mathanol 100 T 140 365
Acatong &7 B2 160 ¥
10% Sodium Hydroxide Degrades 5§
Giacial Acetic Acid BS b2 102 35 days g 383K (110G
résol 100 17 102 22 days (@ 473K (300G
ransiarmer Oll 100 [0 9] 104 180 days @ 423K (150°C
rph= 1 85 a0 10 14&3}?83‘.’“ 100°C
pH= 43 65 30 100 14 days @ 373K (100°C
pH= 7.0 &5 20 100 166 days @ 373 (100"
pH= 0.5 BE 20 100 14 duys @ 373K (100°C
pi = 10.0 Al 14 1 4 days @ 373% (100°C
RADIATAON RESISTANCE
Gamma {Savannah Aiver) Still Aexlbla Exposure:
(180" Berd) 416%10' Gy
Electmn (Van da Graaff) Retaing X¥% of ra;
ha Driginal Elgngation Gx 107 Qy
Neuirpn plus BGamma Darkanad but tough Exposure; 107 Gy
[Braokhavan)
FUNGLS RESISTANCE et Sodl Burlal
MOISTURE ABSORPTION 1. 3% Typa H 50% Relative Hum|dity
at 298K {2¥C)
29% Type HEV Imireargioh 1or 24 hours
at 298K [23°C)
HYGROSCOFIC
COERFICIENT OF 2.2 310" m'mr% 295K (72°F) 20%-B0%
EXPANSION Ralative Humidity Relatiwe Humidity
EEBEMEABIIJT‘I" enlim- MPa-day
{6er{1D0 in%) {24 hrs.} (atmimii))
Carbon Dloxide 8.9 ASTM D-1434-53 @
(45) 296K, £23°C)
Hydrogan 38
(250
Nitrogen 0.8
o ¥
| .
(25)
Helium 63
(415}
Watsr Vapor uim;;tlay ASTM E-9B-B3T
g+{108 In?) (24 hrs.¥mil
5.4
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KAPTON® Type V Fllm
CHEMICAL PROPERTIES

Typical chanveal properties for Typa V film ane simikar to Typa H.

KAPTON® Type F Flim
CHEMICAL PROPERTIES
PROPERTY 120F5% 150810 A0F022
Mz‘nﬁa hqn?ﬁ]mﬂa R.H 1.3% B% 4%
@2 g% ALH. 2. 5% 1.7% 1.2
Fﬁr:'m  Permeabikty 13.7 .8 356
am.#(100 In?) (24 hrs.) [ 0.89) (0.57 10.23)
2o 0.4 0.35 0.14
B0 )24 hrs. /i ( 1.07 0.65 (0.92)
TI-NHTSA 018081
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NOMINAL CONSTRUCTION, Type F Film

InﬂuKﬁPTDH"_II_'maFurdurmdaufsdlgh 1han1ldd1ul§||_:f| rﬁnmhnmhalﬂllnknannfﬂ'ﬂham
KAPTON inmils firat and third i the nominal thickness of the coating of TEFLON® FEP
fluarcoarbon resin in mile. The Bhuudto sent 13 um {vhmll}nndﬁhm Bt 2. Erm v mil),
Example; 120F618 15 a1mmstmmmmndaﬂrgdazsgm f1- niubueilmwm a8 2.5 um (/1o mil) couting
of TEFLON ot aach side. jllustrated are 3 examples of the mary types svad

NOMINAL "TEFLON™ "HAF'II.'IH" “TEFLON"
ORDER THICKNESS FEP TYPEH FEP
CODE am mils §m mils Am mils Em mils
120F816 a0 1.2 2.5 Q.1 25 1 2.5 0.1
150H019 38 1.5 { a 25 1 13 1
250F029 84 2.5 0 H a1 2 13 ;]
DROER STAMOARD WIDTHS AREA FACTOR
CODE mm Inches m'Kg FT%LA.
120F816 318014 1/8-34 21.3 104
150019 318914 1/B-36 154 i
2050F020 a.18-914 18- 11.1 48

‘ * ;rg,g:_‘b: TI-NHTSA 018082
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{02 37 B1 11
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Kapton

Summary of Properties
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Mapton

GENERAL INFORMATION

KAPTON® palyimide flm possesas a unigie cocnbination of proparties previcucly
mmvnﬂuﬂuunmngpul;mmﬂnﬂhnnntnﬂnl;T‘hnatﬂﬂtranAPTDNtommmlm
excallent physical, electrical, and mechanlcal properties over a wida tetnpecature

]:unpmadnawdnﬂgnmdn.pplhnﬁmmhphnhfﬂmu KAPTON has
ptmadhhuaspndnﬂyumﬁ:llnapplluﬂnm Invalving high aperating temperatures,
KAPTON is synthesizad by 1 bipolycondensation resction betwesn an aromatic
dianhydride and an eromatic dlamine. There is oo kwown orgenic sohvent for the Alm
and It i= infusibla snd flame ciistant. The outetanding proparties of KAPTON pecmit
it tes ba ugad at bath high and low temperature extramos whears ofbar arganic materiala
would oot ‘e functlonal

Adbasives are availabls for bonding KAPTON tn fteslf, to matals, $o papera of various
types, and to othar Ao

Applications for KAFTON polyimide flm inchide 8 varisty of slectrical aod electromic
insulation appliratnm: wire and coebla tape, farmed coil insulation, substrates far
flexible printad circudls, motor skot Hnsrs, magnast wiva insulation, transformers and
capacttor insulation, magnetlc and preseure senaithve tapes and tubing. Mary of theee

ara bazad on the exrcallent elactrical propartiag of KAPTON, nuch as
dislactric strength and dissipation factor, which remaln nearly constant avae & wida
rangs of immpecaturs snd frequency. Othar sppllcations make nea of the fln'a
radiation resistance or chamical resistance at eleveted tetnperatures. 1t 1s this
combinaticn of useful propertiss at edremes in temperatiires that makes KAPTON a
unkbque Industrial materisl

Du Pont muakes thras typas of KAPTOM:

» KAPTON HN, an ali-purposs, all polyimicda film that has beem ased
mnuﬁﬂ?mapphadimu a low as — 268°C [- 452° F) and as
highumc{m'nTyanN can be lsminsted, metalllzed, runched,
formed, or adbesive coated. [t i availabla as 0.3, 0.5, 0.79, 1, 2, 3, end 5 mil Hlm.

» KAPTON TYPE VN, an , alFpolyimide flm with all of the propeztios
dwﬂ.ﬂm stebility. Type VN ia availabls In 0.8, 0,75,
1,2 3,and6

» KAPTON Tyre FN, & Type HN film costed oo eme or both sides with TEFLOMN®
FEP fhuorocarbat resin to impart heat seaiabllity, to provids a molstuts barrier
and to enhence chernical resistance, [t i available in & variety of constructions.

MNota: This bulletin provides 8 summaery of typdeal propettias Tor all threes KAPTON
polyimide films; Type EIN, Typs VN, and Type FN. Additional data shoudd be
abiained from your Du Pont represontative for apecification purposes.

e .- - -
~Hey, .5 Eal, CHT.

TI-NHTSA 013087




POLYIMIDE FILN

Industrial Films Division

Introduction

KAPTOMN polyimide flim ia a strong, tough, brans-
parent amber-colored plastic fllm exhiblting excal-
lsnt physical, chamical and mlectrical preperties
over gn extremuly wide temperature range. [t has
the structure:

— 9] D
/g c
N
- — O — \0 4
Q D "\ﬁf \(I?/H
e o Q n

KAPTON ia producec in three tarms, Type H, Type
. and Type F, Typa H Ig the basic uvnooated
pelyimide Rim. Type V ia almilar to Type H byt has
superiar dimensional stablitty, Type F |5 coated on
crne or both eldes with Teflon® FEP fluarccarbon
rasin which imparts haat sealatility, deg & moie-
ture barrigr, and enhancez chamical realstance.

KAPTON is used as insulation for wira and cable,
formed colls, magnet wire and transformers, and
maotar slot lirare, among cther usas, it also (e usad
aa & pubatrate for flexible printed olrcults.

Thie booklet provides guidalines For the safe
handiing of KAPTON during processing, use, and

diﬂ:onl.

acrs of Typs F KAPTON should also rafer to
DuPont bulistin “"Taflon* Fluorocarbon Resina —
Satety In Hancling and Use,"

I. GENERAL PROFERTIES

KAPTON Typa H and Type ¥, exhibliz no mali-
ing palint or softening point, A one-mi thiek Him
has & zaro-atrangth temperature of B15°C
{1500°F). Zero-sirength ia measured as ihe

‘e, U3 Pal. & .M, N

meximum tempearature at which the fllm will sus-
toin a lond of 138 KPa {20 pel) lor § gaconds.

KAPTON Iz insoluble In mast comman arganic
sodvenis after Immersion for up 1o a year (Aaef. 1},
Tha hydrolylic stabllty of KAPTON Typs H has
basn measurad of lor 188 days sxposure to boil-
ing water. The llim retalnad 85% of its tenalla
praparties and 20% of ite slangation, KAPTON ls
diesgived by strong acids {(Raf. 2, 3) such as
fuming nlirlo and concentrated sulfurlo acid, par-
ticularly on haating, and ia hydrolyzed by alkall
and super-hekted slsam.

KAPFTON Typs F exhibits better chamical, hy-
mc. and oxidatve mpistance than Types M

KAPTON may cantain up ta 1% by waight of di-
methyl acetamide resldual solvent. Al alewvated
tampeoraturcs, some of the solvant may be released
and must ba removed by exhaust vantliation or di-
Iuted to sale levels. OSHA (28 CRF 1910.1000] has
spiablizhed the safs leval for dimethyl acetamitio s
tan parts par milkon. Y, .

bl

- dﬁ--— - .#';
Z
PYROLYSS STUDIES

Studien (Ref. 4, 6] havs shown the nutgtanding
tharmal wtabliity of polylmide fim. It rate of de-
gracdetion is dependent upon the avallabllity of
oxygen. In e ai aboul 500°C (332°F) KAFTON
decompcaes and complalely disappaars after
twelve hours, At 460*C In ak, carbon monaxide
may be lormed In aigniflcant amounts. In » vac-
uum o Ineri almosphera, 80 to 56% of the film
remains after pralonged aging at 1000°C
{1832°F). The rasldue rotains Ita original shape
hut has lost Its machanical sirangth. The major
off-gasss mrs carbon dioxide and carbon
menexide. (Sas chart)

TI-NHTSA 0180088




Kapton'

LMY IMIINE FILM

ADHESION TO KAPTON?®
KAPTON® poiyimids flm, mada only by Du Pont, i available
In three basi: flim hypes. Typs H KAPTON 1a 10086 ik
fim. Type F is coatad on ona or both sides with a
FEP fluprocarbon adhesive and Type V 13 a plain mide
fiim having supsrior dimensional stability proparties. Typlcal
pro Information for KAFTON ia found in Bulalin
E- , "Summary of " Bpecifications are found
In Bylletin E-87824, “Industry Speclfiications Bulletin
FC-85-2." For flexible prinwd circuil spplcalions the trace
spaoification IPC-FC-231/Shaat 1, appliea o KAPTON,

ADHESIVE SELECTION

For some applications KAFTON must be bondled 3 other
matarials, such e foll, which requires the wsa of an
acheshm. Optimum adheslon results e ususlly obisined
from commacilly comad KAPTON which ia avislable from a
wviwrlety of wuppliers such a3 those llabsd in Bulkstin E-72081,
raprasants most of thoss oompanies oiering ¢
KAPFTON but should not ba reQérced aa » complais Isting.
Detailed Imiormation on the use of these adheshwe cosdad
Mmh&uhuindﬂmhmpplhr'lhumm

for copper Inminates b
ur-m for fladbie prh'lld circyite ara oullined In trada
specifications:

- USA: IPCFC-241
- Britieh: D8-4564

- Gemman: DIN-4D802

When commercially coated film b nol suthebie for an appiics.
Hon, most vandors offer a dry fllm form of thelr adhesives for
ust & o bonding lm In laminations. However, bathr acthe-
gion Iz normally cistained from commencial aolution coatings
than from tha dry boncing fim. The dry film adhesive doss
heve the sdvantage that it oan be cul ta shwpes which cover
wmmdmmmmmmmm
rad.

4 neither commarclally coated polyimida fllm nor adhashe
bonding flm is guitable for the application, the remaining
oplion |s far the user i apply & solution adhesive. Somea
paneric classas of adhasives which bond KARTOM includde
acrylics, spoxdes, butyral-phenolics, polyesters, siiconss,
urethanes, fluorocarbons end blends of theasa matsdals,

MMNMHML on tha proper-
ties requirad of ihe adhesive snd tha demands of tha applica-
tion. Property conaickerations are-the thenmed rating, chemical
reaistance, fil and flow charecteristios, flexiblity, pesl
strangth, Aammabilily, molsiure reslstance and insulation
reslotance. Also to be conaidarad Iy tha sase of

Wwmingion tempensture and whether the lamination utﬂb&
n-d:hmrﬂnuuulrﬂlqmmlnnﬂmnm

ADHESIVE PROPERTIES
Adhuaives used with KAPTON Typs H are usualty & mocifiad
varsian of the genaric sdhasive tamily (9.0., modfled-apoxy).
mmnmmnmum
KAPTON and require specifie processing conditions o
achieve the maximum bond etrength. Alweys usa the sup-
pllsr's rcommendad lemination condiions for the
A yOu blpet,

Listed in Tablw | are saveral achesbw lypes slong wih indor-
muinnnntyplnaltunlnnﬁnnmmmdnmﬁnum
operaiing temperaiunea (short kerm exposure). Yhen

=E

TABLE 1
Mezmam
Tl..amlnnﬁnn TOpern:rLu
Adhesive aanrlun smpaature

Typae *F°C) *F{*C)
Ruoracarbomn £50-800 {280-315) to 500 (260§
Polyimicas B00-700 (280-370) o 650 {345)
Epoxios TOA50 [ 23-230) o800 (315)
Prasaurs Saneitive

Shcones T30 [ Z3-150) 10500 (2004
RAubber-Phanclics 200400 {180-208) o 500 (2404
Acrylics 360-375 {1751 1o B0 (2804
Polyestsm 275300 (155180} 10220 (106)

Solution forms of most of tha adhsshwe abive are available

from suppllens of adheshives to the slacironice industry. List-

Ings of auppiles can be found In buyer's guidas for slectmnic

products, Bulletin E-74148, “Suppliera of Adhesives to tha

ndhldﬂh:unﬂa m: : :ummd with I'uJapmH?c'
;] can

adhesive nosds.
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1. FLAMMABILITY

Lewis and Stabler (Aaf. 8} repart tha ilamma-
bllity charactecistics of polylimids flim as “saf-
axlinguighing." KAPTON hag a 84 VTM-O raiing,
the highaat givedn In tha UL, B4 varticle burning
test for thin fllms, Tha oxygen indox la 37% for
109 H fllm (ASTM 2883).

V. HANDLING PRACTICES

Sate handling of Type H and ¥ KAPTON polymide
flims at high tampamture» requires adecusats ven
tilation. H small quantities of KAPTOM am in-
volved, ag |8 oftan the case, normal alr elrcu!ation
will be all that is needad in casa of owarheating.
YWhather or not existing ventilation i ndequate At
higher tamparatures wiN dépend an tha combired
factorg of film quantity, tamperaturs, and ax-
posurs fime. For additional informatlen on the
Teflon® FEP coatings used an Type F KAPTON,
rafer 1o the beokiat — 'Taflon® Fluorocarbon
Ragina -— Qafaty In Handling and Lise."

A. Soidering and Hot Wire Siripping

Major uses for all types of KAPTON includa
electrical insulatlon for wire and cable and other
shectronic squipment. In virtually all of thess ap-
plications, acidering is a routine fabricating pro-
cedure as ia the use of a heated slamant to re-
mave insulation. Saldering operations raraly pro-
duce suificiant oH-gadan 1o be of toxicalagleal
significance.

Vantllatlon pragtices shculd follow the same
common sense nies applicable to any eoldering
procadura. Normal vantilation pravided ler
worker comfart usually providaes adequate safaty.
During hot-wire alripping, It Is recommended that
sxhaust ducle ba used ai the workbanch.

There hava baan no raparta of il effects during
saldering or hot-wire strippdng of wire and ceble
insulated with KAPTON,

B. Walding and Fame Cuiting

Dira1 application of welding sros and torches
can quickly destroy most plastice, Including all
typas of KAPTON fllm. For practical reasons,
tharafore, It I bast 1o remove all such parts fram
agulpment to bo walded. Whare removal is not
possible, such &8 in welding ar cutling coatad
parts, mechanical ventllation shaukl be provided,

Because KAPTON iz mted for use at very high
temperatures, paris made fram K may survive at
focaticne clase ta the polni of dirget flame eon-
tact. Thus soma in-placs welding eparaticns can

be done. Since tha quantity of film heated is usu-
afty relatively small {53 than one pound), ventiia-
fien requireiments seldom exceed thoss for nor-
mal welding wark. Bacause of the possibliity of
inagvertert qavarheating, however, the uae of n
smalt tan ar slephani-trunk axhaust la advisable.

C. S¢rap Dispoaal

Disposal of scrap KAPTON polylmida films pre-
sents no speclal problem to the user. Small
ameaunts of acrap may be incinerated along with
general plant refuse. The inginerator should hava
sufficlent draft to axhaust all combustian prod-
ucts to the atack, Gare should be taken 10 avold
braathing emoka gnd fumes from any fire. Be-
cavgas KAPTON i a0 diffieult to bum. It ia oitan
best to dispoes of acrap fllm 10 B landflil. KAPTON
can be sxpectad to ba stable in landfills,

D. Firs Hazands

Whether in storage or use, KAPTON Is unlikely
to pad sppreciably to the hazards of flre, Bulk
quantities of KAPTON {over 100 pounda) should
be atored away from flammabla materiais,

In the svent of fire, parsonnal antaring the ares -
should use & fresh air suUpply or a respirator. This 3
type of equipmant le standard In fighting many ]
typas of fire. Al of chemical sxtinguishern 3
may be usad to Nght Tirea involving KAPTON, §
Largs quantitien of wator also may ba used to 6oo| |
and axtinguiah a firs.

£. Staitc Bectrichty

The procaasing of KAPTON polyimide flim can
cause the generation of a strong static chamgs,
Uniaza thig eharge Is bled aif as it forms through
the use of lonizing rediation ar metal tingel, It can.
build ta many thousands of volts and discharge 1o,
people or to metal equipment. In duat or solvents
iadan air, & fash (ire or axploglon could remus
Pracautiona for static charges should sl B
twken when removing plastic flimg used as proWR
tive packaying for KAPTON,

REFERENCES

1. J. T. Milak, “Polyimide Plastics: A Stated
Art-Regort,” Etectronic Propertias Inla
Canter, 5-8, Qctobar 1, 1885, Air Farca S
Command, Contract AF33 (616)-2460, Frg
7381 Task 738103

2. C.E. Broog. A. L. Endray, 5. V., Abrama, C. & 6
W. M. Edwarda, and K. L. Ollver. J. Paly.
3[4), 1373-H0 (1583).
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Given in Figurs 3 are minimum times 1 dry laminates of Type
10 coppér prior o dip soldering. The imes ara diffsmsnt than
In Figure 2 due to tha presonce of the copper fll,
FIGURE 3
DRYING CONDITIONS FOR KAPTON TYPE F
LAMINATES PRIOR TO DIP SOLDERING

*F
o ©
250
4“ m
400 poo [N
am 17a \
g 200 150 BUOF1311 ox. copper
mq '
200 100 00F {1311 ox. copper
. a 10 x 20 40 &0 a0

Minutes of Full Heat Espasurs

SOLOERING AND PRESS CONDITIONS FOR

TYPE H LAMINATES

The racormmaendad predrying conditions prior to dip acidaring
and plasan prasslng laminaas bassd an bype H film will vary
according to ype of thermosat adhesive Lsad in addition o
fuctors mentionsd for Type F laminatas. The molsturs reten-
tion and permeabiikty of the lm and adhesive must be coneid-
erad along with the impermaability of tha coppar foll layars.
Consull your laminss supplisr oy racommendad
candlions apacific i the cambination of matiaie supplisd,

EFFECTS OF HUMIDITY
ON PEEL STRENGTH

Hurmidlty can have  large offect on peel strength with cortain
adhasive s, and RH ought 1 bu controfied in peel
airength maaeuremants. A summary of our invedtigation kvo
this phenomancn ls given in Table 1. Resutte show that those
adnesivea having functional groupa capsble of sbaorbing
weter vapar will promots high pesl atrengths at high R+ and
low pael sirangtha 81 low AH. Batween an AH of 10% and an
RH of 709, the aflect can be as large ua & [be. per lineal Inch
{40.5 Nicm). Thooe adhesives which do not have hygroscopic
mdmmmmwmcwmhrmld
L.

TABLE Nl
EFFECTS OF RELATIVE HUMIDITY
ON PEEL STRENGTH
Poal Strangth, Ib.An.
Adhesive Type 108% RH ?{m :L
Acryilo 58(10.8 1151201
Epcror-Amide 6.4({ 0.5) 1u.u§ﬁ.5:
Epay-ovolac 2.0( 3.5 21{ 3.7
Fherwtic-Butyral a8{ 8.7) 52{ 8.1)
Phenolic-Nirile #7( 8.2} 43( 7.5

EFFECT OF SURFACE
ON PEEL STRENGTH

The top surface of KAPTON is referrad Y0 a5 the “bright™ or
“'shiny” side. The bottom side is ““dull” and purposely rough-
ened in the manufacture of the fim to Improws flm handling
chancteristics. Mog! adhastwes bond batter to th dull side of
the fm. Tha affect la generally 1-2 Ibs. per Wneal Inch {1.8-35
Nicm) byt can be g8 high a3 4 b, per Inch (7.0 Niem) ar
naghgible dapanding on the adhealive sysem used.
Exparionce has also shown that peel strength rnamally
Incrassea with the thickneass of the fim. Within a lamina
basod on a ghvan flim thickness, A rangs of peel strengths con
sl b axpaciad, which is inherent In the film surace, the
adhesive syaiem and the test method applied. For axarmpls, a
typioal posl atrangth range for an scrylic adhasive ia & 1ba.fin.
{40.6 Nom). For 100H this mange can regull in valees 85 ki an
2 Ibe./in. {3.5 Niemn).

Linlees racommandad by the adhaaive suppller,
the wurface of KA should be used a8 mesived. IHthe iim
has Dean conaminaied with grease or aig, it ahould be

Gleanad with sohmnt {such & methylethyl ketone or toluene).

Metal aurfases shauld be ty clemned. For bast adhe-
aion, they should be roughened machanically or by chamical
treatrment.

When higher adhesion levels are requimed lor a given
adheohaa tysiem, the range of the peel sirangth values for the
lamireate mery Lyually be recuced If the surface of the fim s
machanicalty or chamically mbraded, light pumica scrubbing
oF caubtic #iching. Caution must be exerclsed with any such
treatment 10 avold damaging the fim.

EFFECT OF THERMAL TREATMENT
ON PEEL STRENGTH

High tharmal traatment of KAFTON wil oftan imprave bond-
abilly. Temperatures of about 400°C for as kg a2 510
iz am required, and structural changes probably occur.
Studies of adherability of typical printed circult adhesives to
heat treated KAPTON and siandard KAPTON have shawn
that heat trestmant provides an advantage with most
aghasives. The groatest advantage was gained with acndic,
B8paxy, phanolic butyals srid phenolic nitries. Improvemant
over sanciard fim sveraged from 40096 (o 97°9% for these
adhesive fypaa
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ISOTHERMAL WEIGHT LOSS

{Typa H Film 25 am (1 md)
D
- 673K (400°C} Hi
5 —— 723K {450°C} He
- 473K, (400°C) AIR
10 - BBAK (425°C) AIR
[* 773K [S00°C) He
15 ¢
20
26
W’EHT )
== 873K B
LOSE | {800°C) He (45000 AIR
¥ B4R
(5T5"C)Ha
“ 7T
{500°C) AIR
45
50
w

3. N. A. Androva, M. |. Bessonov, L. A. Laius, and
A. P. Audakov, “"Polyimides — A New Class of
Thermally Stahla Polymers,"
Bcl. Serles, Vol. VU, Technom!c Fubl. Co., Stam-

100 200 200 400 500 530 Fol and B0k .60
TIME {NHNUTES)

ford, Conn., 1970, p. TB-85.

4. 1968 Listing of Plastic Materials, stc., P. 10, March

Pragresa In Mais.

1988, Matlonzl Sanlwtian Foundation.

6. Ganaral Elactrlc Co. Hea, Lab., Reasarch of
Diglactric Matgriale, Rapt. "¥ML-TDR-64-57,
Ly 1964, DDC AD-802 438, NASA N&4-2630B.

6. R. F. Stabler and L. L. Lewis, "WAPTON Palyimida
Flilm — A New insulatiaon for Asrgspace Wire and
GCabla," Paper presentad at Sac. ol Asrospace
Materigls and Process Enginssra Mesting, Son
Franciaco, May 26, 1965,
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InU.8.A,

Ou Port Company
Polymar Products Department
Industriel Fime Division
Wilmington, DE 19858
800-527-2601

In Canads
Du Pont Canada Inc.
Packaging Division
P.O. Box 2200 Streatsvills Postal Staton
Mlmi Ortarlc
L5M 2H3
{418) 821-3300

In Europe
Du Pont da Namouws international
Fotymer Products Depanment
78-22 Route dag Acaclas
CH-1211 Geneva 24, Switzerland
(022) 37 81 11
In Tha Far East
Du Pant Japan Limited
Kows Building Na. 2
11-38 Akasaka +-choma
Minato-¥u
Takyo 107, Japan
O1+-81-3-585-551
in Braxdi
Du Pont do Brasll 8/A
Divisao da Plasticos or Elastomars
Calxe Pogtal, 26 - Alphaville
08400 Baruer/Sao Pawlo, Brazil

Worldwide (Except Europe)
Du Pont Company
Intsmational Customer Senices
GConcord Plaza-Haad Bldg.
Wlimingion, DE 19888
{302) 7726120

AN el oG, raconmmmencaditm mrl ibreb 558 R Iy I Saple grdia. Thay B Baseel oo lecimical dam il et Seier efieve e be- raliaiie, s i ripndad. lor i el

mmmumwmmﬂ-ﬂwuumumwmmuﬂnm.mmﬂﬁuluuhlmmnhqhmlnnﬂ. Bach
e ol o, b el bl o EErTROwE B gt B il e ek I i b el et ek B Ivtncing b aucupet idringersa ml wl wey dubibing pakanl.

A
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Kapto

'e « « ONly from Du Pont

This technical Informastion, offensd without chargs es part of our service to customers, is bassd Lipon our leeting and
axperienca and la belleved to be reliable. However, the Du Pont Comparny makea no guaraniss s to reeults
achisved by others and sssumes no obligation or kablity in connection with the uss of this information wihich la
intended for use by parsona having technical shlls and al their own diacratioh and rigk. Dwiermination of product
sulsbillty tor any apecific apphcation is the responalkility of the wser. This information s not imandad &a & foanes to
opersie under, or recommandation 12 infrings, ary patant of Du Pont or othars covering army materal or uss.

InLL.8.A,

Du Pent Company
Palymer Products ODepartment
Indusiral Flims Division
Wiimdngton, DE 18696

Literature & Technical Information
800-527-2801

Ordars to Customer Bervice Genter
S00-441-5454

In Canada

Du Pont Canada, Irc.

Packagirg Division
PO Bax 2200

Stremaviie Postl Station

Mi=siesauga, Orkario

LEM 2H3
(418) 621-3300

E-TZ0B4  1-H5

INDUSTRIAL FILI"H"IS DI‘UISION

DU PONT POLYMER PRODUCTS DEPARTMENT

In Europa In n
Du Pont de Namours intemational Pu Pont Toray Co.
Polymer Products Department 1-3 NihonbashH<oncho
TE-82 Route des Acacias Chua-ku
CH-1211 Geneva 24, Switzertand Tokyo 103, Japan
(0223781 11 81-3-245-8061
Worichwide in Agla Paciie
Du Pont Company Du Pont Asla Pacific Limited
International Customar Bervices 1122 New World Gffice Bullding
Concord Plaza - Read Bidyg. (East Wing)
Wiknington, DE 19688 Seksbury Road
(302) Yr2-6120 Kowioan, Hong Kong
B52-3-7345345
in Brazil

DOu Pomt do Brazil 8/A
Divisao da Piasilcos or Elastomers
Caixa Poatal, 26 - Alchaville
6400 BarusriiBao Pauls, Brazil

TI-NHTSA 018094
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Kapton® DoPomt
Polymide Film

High Performancs Films
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" KAPTONE® Polyimide Film
Tachnical Bulletin

Suppliers of Adhesives to
the Electronics Industry

*3M/ Adbesives Costings Sealers, St. Panl, MN .......cooeeneanes (BLY) 733-1108
Aremcs Froducts Inc., Oselndng, N¥ . ......cccceevvvnirieranas H14) 7620685

O Asemibly Systemis Ine., Providence BRI ............. barerraniran {401) 3316154

© Bacon Industries Inc., Watertown, MA. ..........cc.uvt e teenras {617) 9262550

© Bowtik Div. mmmc«p.)uiﬂm.m ..................... @GN 7000 svY

© Conap Ine., Hean, NY .. ranmrnsssarrrrnreresnnnsses(T16) 3720650

nn-utﬁmco..smmm ............................. (714) 540-0087
Dolph, John C. Ca., Monmouth Junmlan, NJ . ...ceececnaaanedpnn (201) 3292384

#Dow Corning Corp, Midland MI ...........ccvcvnvrneirirnnar (517) 4964000

oFeawlIne, AhEnd, MA oo1evavneenseiniannasnrneessersns (508) BBL000 ¥Rkt Soatea
© Forvmulxted Resine inc., Greenville, BT . ............uueceeesve. (401) 8402060
awmmm:quMMIllllllllllllllllllllllmmm

# B, F. Goodrich Adbestves Div., Akron, OH......cocvevvivurnnans (218} 3742000

& Hardman inc., Sellowllle, NJ ... oovou.ncnennninererocnssena s (201 7518000 L,

Eynol Divislon, Cly of Tndustry, CA .. v vvvesrvaenirvasnrannss (31B) 9688511 € Lw—loyptfd 71
Isochem Froducts Co., Lincoln, RI . . - v ALY TESLOG
.w%ummiu- [ ' mmlm
Henry Mann Inc., Huntingden Valley, PA.............c0eee.o.n (216) 3557200
uumm'unielﬂg.lm..ﬂadﬂh.ﬂ. ...... v rreransaans (814) 8352125
mwsmhmm. crrarreraesasernraenn e s sns J218) S4844511
Shell, Aouston, TX .. P & i . | 1< L 1 1
' ﬂsmﬁnﬂalnc.umca rrrnrieerrnresiaeeees o816 2497810
Tech Spray Inc., Amarlllo, TX........covviini s iannr seees (306) 3728523
Technl-Tool Inc., Flymouth Meeting, PA e (215} 8254090
O Tharmosst Flastics Inc., Indlanapolis, T .. ...ovvennaciiieasan, (17 2694161
~ O Tralonine, Madford, MA........oocvieiiierinnssnrnnnasss e (817 3018550
6, Vigar Co, New York, NY .......ooveivvnerivininenmieenennnns @12) 8073845
;:t ¢ Whittaker (Dxyton Chemicals Div.) West Alexandria, OH...., .. .(513) B334512

Tlhhhhdmﬂhhmﬂnhuﬁhﬁnfpﬂw Thare mey ba oty nol ko
1o 1, who manufecturs simber procucts Sesed on KAFTON poldmids . —_— B—

P>
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KAPTONE® Polyimide Film DuPurs
Technical Bulietin

Suppliers of Adhasives to
the Electronics industry

Hgh Parformancs Subsirates
snd Materials

Arennco Prodocts Inc., Oseindng, NY . ......o.viniiiniiiiianaas. (914} TEI-DARA
Aspemibly Sysbems Ine., Providence, BT ... ..cccvmmrieninivinnnes {401) 3310154
Bacon Industries ks, Wabertown, MA ...covovviiinriiininiiann [{817) 925-2650
Bostlk Dlv. (Emheart Corp) Middleton, MA . ...c.0vinnincin nnes {a1n 1100
ConapInc, Olean, NY ...coviviiiesaniiinrrrrranseomreninans (716) 3729650
Crost Prodocts Co., Savte Ane, CA ..o vvvvvvvnniinarrniiinsannas {714) S40-B0E7
Delph, John C. Co., Monmoath Junctlon, N ....vvuriinrireinnnne (301) 329-2333
Epexy Technclogy Inc., Billatica, MA ......ocovnviccmcvnnnnnens (508} 667-3905
Feowal Inc., Ashband, MA ., chnatesanatessnnnnss s L00BY BR1-3000
Formulsted Reston Inc., Gﬂﬂlﬂlﬂ,ﬂ searnrrasensenass-GEOT) BS2080
Gummmm.wmm ....................... (318) 237-3330
B. F. Goodrich Adhastres Div., Ahm.ﬂﬂ.mﬂm
MMW&M.G& ........................... (B15) dai-e511
Isgchiern Praduces Co., Linsaln, BI.......covinunrrinsiansnnas (401) TH-2100
HWMMMWM?IM PA o raes . [216) 3667200
Miller-Stephenson Co., Danbory, CT ... .. coovviiiiiinirnanias (208) T43-4da7
Oneids Eectronic Mig. Inc., Meadwllle, PA.......coconramiincnia (B14) 3362125
PTM&W, Senta Fe Springs, CA {218) 464511
Shell, Hotsten, TX . ..cuepuuqass 715) 493-7275
Symplastics Inc., Monirose, CA . v o o o(B1E) 246-7R10
Tech Spray Inc., Amarillo, TX. ves {BOS) AT2-8523
Techni:Tool Ine., Plymonth Mueting, PA. {215) 8254990
Techalt, Cramford. MT ...c.oivinnniinnanananirinassnnisannny {201) 3726800
Thermalloy Ine., Dallse, TX . ...00 a0t C214) 2434323
Thermoset Plastics [nc., Indisnapotin, IN GBI 2584151
Vigor Co., Nr.wYcu-k.H'f veen o (212) BOP-3345
Whittaker [Dlﬁnnﬁhmhhﬂh.}wmﬁlmndna,ﬂﬂ ........ (513) 8394812

This Ikst ln bl to by ompkete ke of tha dote of publicition, Thaft My Do GlWE KOE kG TI-NHTSA 018087
hua v manufactura simier procuicts baasd an KAPTON pabyinuds Mim. - ———




If you need sdditional infarmation, pleass
contact our Customer Servicas Center

Du Pont Elsctronics

HPF Custorar Ssrvicas

Wilmington, Delawore 15880
Product Information: 1-800-237-4357
Ordaring information: 1-800-237-23714

TI-NHTSA 018098
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Linktad Siates

Hsaarier

Du Pant Elestromncs

Hariey Ml Plaza

PO. Box 80015

Wimingtan, DE 19880-0018
Product Indomeaton: 1-800-237-43067
Ordaring imigmation: 1-800-237-2274

Elucironics Tachriology Cantiv

Du Pont Elettronica

14 T\, Alpeandar Driva

Ressarch Triamgls Park, NS 27700
9191 248-8000

Farx: 8182485560

Lansdly

Cu Pont Carada InG.
Du Pont Elsctronica
1070 Minsissaugn Foad
Box 2200, Straelrvite
Mixsimnauga, Orario
LS 2H3 Canada

419 K21-3300

Fan: 418-821-5000

Latin America

Argarnfing

D Port Avganiing SA.
o Edduirde Macend 1020
{1108} Buanca Arsa
54-1-312-2011

Foe: 54-111-132%

Hraxi

Du Pont da Brasd 5.A.

A, Prasitients Kanoady, 511
Q9000 - Chmdenma

Sao Fuuio - Bresil
FE11-445-37114

Foax: 85-11-14E-3862

Lanicn

Cu Pone, G4 9 TN,
Hormded 208-10

Col, Chapultepec Morsles
Maxiza, D.F 11570
£25-250-3033

Froe: B25-250-3848

Yorieruel

Du Pont de Venzuals CA
Apgartaco Dal Este 1582
Caracas 10608, VanaZ e
£8-2.92-8022

Fooi; 58-2-52-0ala2

Europd

Oy Pont ce Nemours internatianal 5.4

PO. Bou 50

2. cherman du Pewilkn
CH-1218 La Grang-Sacormex
Ganma. Swiizariand

43 22 MBI

Fax: 41 1222 MT-5109

Asls Palfic

Japan

Cw Pant Japan Ltd.

D Pon Terowqr, Shin-Mikko Buidiog
10-1, Toranoman 2-choma
Minaia-ku, Tealopa

108 Japan

B1-3-3686-5611

Fax: B1-3-3224-8863

ASEAN

Cu Pont Singeaors FTE Ltd,
1 bt Squang

Q7-01, wodid Trace Cantr
Singapara 040D
aG-273-2084

Fax: BE-272-8088

Ausirstia

Du Pant Auatralia) Lid
MNortnade Gandans

158 ‘Walkor Straat

Narth Sycney, NSW 2080
Aunireila

8128238111

Fonc; 81-2-928-7217

Hang Kong/Ching

D Fomt Axie Pecific Lid.
1122 thew World OFice Bidg
Ermt Wing

Samebury Road, Kowloan
Horg Kong

ab2-734-5345

Fax BG3-724-4458

Kore

Cu Pom Karma Ltd,

fith Flaor, ¥yoba Bidg.

1, Changre 1-Ka, Changra-ku
Spou 110-714, Korsd
B2-2-731-5114

Fux: 822-732-68%0

Tk

Du Pant Tapwan Ltd.

13th Figor, Hung Kuo Bultding
187 Tun Hva Korth Aoad
Talpal, Talwan 10580, R.O.C.
B08-2-718-1883

Faa: BBS-2-712-0uddd

Thay wlorrrasieon groan henen w mesd on deta baleed W e
i, bt tholy [0y Moy COnnDamy migkisd nd s iwvay
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MATERIAL SAFETY DATA SHEET

IDENTIFICATION

NAME
HFC-134a

FORMULA
CH,FCF,

MANUFACTURER/MSTRIBUTOR
E. L du Pont de Nemours & Co. {Inc.)

ADDRESS
Wilmiogten, DE 19893

PHYSICAL DATA

BOILING FOINT
«26.5°C (-14.5°F) & 736 mmHg

LIQUID DENSITY
1.21 g/ec @ 25°C {77°F}

YAFOR DENSITY (AIR < 1)
3.18

FORM
Liguelicd Gan

COLOR
Culotlel_s

Date: 4/88

CHEMICAL FAMILY
Halogenated Hydrocarbon

TSCA INVENTORY STATUS
Reported /Included

FRODULCT INFORMATION PHONE
(300} 441-3450

MEDICAL EMERGENCY PHONE
(800) 441-3637

TRANSPORTATION PHONE
CHEMTREC (300) 424-9300

PERCENT YOLATILE BY YOLUME
100

YAFPOR FRESSURE
D6 psig @ 25°C (77°F)

SOLUBILITY IN WATER
0.15% by wt at 25°C (37°F) & 14.7 psia

APPEARANCE
Clear

ODOR
Slight Etherecal

Thar ol nish by Hin Eimbprad

Duln Ahaml irivlin ankp M gl ediri | i ionabed
._““nﬂﬂllﬂ.ﬂ_-lm_“-'li_“l“-h.‘M
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HAZARDOUS COMPONENTS
¢

MATERIAL{S) CAS NO, APPROXIMATE %

Ethane,l, 1,1, 2-Tetrafluorg 811-97-2 104
HAZAERDPOUS REACTIVITY

STABILITY

Material Ig stable. However, avold open [lames and high tempearatures,

INCOMPATIBILITY
Alkali or Alkaline earth metals—powdered Al, Znp, Be, stc,

DECOMPOSITION
HFC-134n can be decomposed by high temperatures {opcn flames, glowing metal
surfaces, ¢tc.) forming hydrollueric scid—posiibly carbonyl Fluoride,

POLYMERIZATION
Will not pccue,

FIRE AND EXPLOSION DATA
FLASH POINT FLAMMARBLE LIMITS IN AIR, % BY VUL.
Will oot burn, METHOD TOC LOWER Not applicable.

UPPER Not appliceble.

AUTOIGNITION TEMPERATURE
Not determined.

FIRE AND EXPLOSION HAZARDS
Cylinders may rupture under fire conditions. Decompeoiition may oscur.

EXTINGUISHING MEDIA
Ag appropriate for combustibles in area.

SPECIAL FIRE FIGHTING INSTRUCTIONS
Cool eylinders with water spray. Selfcontained breathing apparatus (SCBA) may be
required if eylinders rupture or release nnder Tire conditions.

TI-NHTSA 018102
E-94938 Date: 4/88 Fi




. HEALTH HAZARD INFORMATION
PRINCIPAL HEALTH HAZARDS

Inhalstion of high conceatrations of vapar is harmful and may cause heart
irregularities, unconsciousness or death. Intentional misuse can be [atal. Vapor
reduces oxygen available for breathing and is heavier than air. Liquid cantact can
causc frosthite

Inhalation 4 Hour ALC: 567,000 ppm in rats

The compound 1y untested For skin and eye irritancy and is untested [or animal
sensitization,

Acute Toxlcity In Antranla
The effocts in snimals from short exposure by inhalation include no toxic effacts
nbaerved at vapor concentrations up to 81,000 ppm. Lethargy and rapid reepiration
ware observed At a vapor concentration of 205,000 ppm,

Pulmonary ¢ongeation, edema, and central nervous system effects occarred at & vapor
coadcentration of 750,000 ppm. Cardlac sensitization occurred in dogs =¢ 75,000 ppm
from the actlon of exogenous epinephrine.

Subchronle Toxleliy In Animals
Inhalntion: The effects in animals from exposure by inhajation for two weeks include
no obaervable adverse effects. Ingestion: Na adverse ¢fFects were observed in male
. and femule rats administcred 300 mg/ke/day of HFC-134n for 52 weaks.

No acceptable information is available to confidently predict the ef facts of axcessive
human &£xposure to this compound.

CARCINOGENICITY
HFC-134n is not Listed a5 a carcinogen hy TARC, NTP, OSHA, ACGIH, or Du Pont,

EXFOSURE LIMITS

PEL (OSHA):  Not established,
TLY* {ACGIH): Not eatablished.

SAFETY PRECAUTIONS
Avoid breathing vapor and liquid contact with skin or éy2a, Provide adaquute
ventilation far storage, handling, and use, especially for enclosed and low spaces.

"TLY & u regiskared tyadumark of tha Anwrlesn Confranes of Gowernmestsl Industcisl Hygisnjats.

TINHTSA 018103
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BEALTH HAZARD INFORMATION (con't)

FIRST AID
: Remowe tn Fresh wir. If not breathing,
give artificial resapiration. IF breathing Is difficelt, give oxygen. Call a physician.

: Immediately Mush eyes with plenty of water for &t least
15 minutes. Call a physician,

s Flush skin with water sfter excessive contact. Wash
contaminated clothing before reuse, Treat for frostbite if necessary.

IF EWALLOWED: Ingestlon is not considered ¢ potential route of exposure.
NOTE TO PHYSICIANS

Becauss of posaible disturbances of cardine rhythm, catecholaming drugy, such as
epinephrine, should be coniidered only as n last resort in life-threatening emergencies.

EROTECTION INFORMATION

GENERALLY APPLICABLE CONTROL MEASURES
MNarmzl ventilation for standsrd manufacturing procedures is generally adequate. Local
cxhaust shauld Be used when lerge smounts mre relemsed. Mechanical ventilation
should be used in low places.

PERSONAL PROTELCTIVE EQUIFMENT
Lined batyl gloves and chemical splash goggles should be used when handling liquid.
Under normal manulacturing conditiona, no respiratory protection is required when
using this product. Self-contsincd breathing apparatus {SCRA) is required if a large
releane occurs,

DISPOSAL INFORMATION

SPILL, LEAK OR RELEASE
Yentilate area—sspecially low places where heavy vapors might collect, Remove open
flames. Use sailf-contained breathing apparatus (SCBA} if large spifl or lsak occurs.

WASTE DISFOSAL
Contaminated HFC-134r can be recovered by distillation or removed to a permitted
waste disposal facllity. Comply with Federal, State, and local regulations.

TI-NHTSA 018104
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SHIFPING INFQRMATION

DOT (372,101} DOT/IMO (172,102}
PROPER SHIPPING NAME PROPER SHIPPING NAME
Refrigerant Gas, N.OS Eefriperant Gas, NOS.
(Tetrafluoroethane) {Tetralluorcethane)

HAZARD CLASS HAZABRD CLASS
Nonflammahle gas Moaflammable gas, 2.2
UN NO. UN NO.
1478 1078
IMO LABEL

Noaflammable gas

OTHER INFORMATION

SHIFPING CONTAINERS
Cylinders, ton tanks, tank cars and tank trucks

STORAGE CONDITIONS
Clean, dry aces. D¢ not heat above [25°F,

ADDITIONAL INFORMATION AND REFFRENCES
NPCA - HMI§ RATINGS

Health
Flammability
Reactivity
Personal Protection

1 e

Personal Protection rating to be supplied by user depending on uwse conditions.

DATE OF LATEST REVISION/REVIEW: 4/83
PERSON RESFONSIBLE FOR MSDS: K. P, BROWN
Du Paot Co.
C&P Dept., Chestnut Run-709
Wilmington, DE 198498
{302) 999-3018

T-NHTSA 018108
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EFFECTS OF MOISTURE ON MANUFACSTURING AND PROGESSING
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EFFECTS OF MOISTURZ ON MANUTACTURING AND PROCESSING
SEXIZLE PRINTID CIRGUILS MADS Vo0 X "HAPTON"» POLYIMIDE FILM

INTRODUCTION

NRapten' polyimide film, because of its thermal and dimensional
stability, toughness, high dieleciric sirength in thin gauges, and flame realsranco,
offers an ouitstanding combination ¢l zzopartics as A base sheet for ilexible printed
circuits. Thesa circults are vasaliy prozared by laminating "Kaptace'' o coppor
foll, printing the desired patiarn ol concuctors on the copper with an etch resla-
tant cnl-ting, atching I.WI..}F the unwanted cozper, and t:l'mn lamiznating ancther ahoe:
of i{lm over the clrcuit to proteat it

In makicg and poocessing coppar lamioates and printed circuits,
it must be remembered that, under normal piaat canditions, "Kapton!" containa

amall amounts of maolsture absorbaed from the atmosphars. This moisture doss

net have a major effect oa film propertics, but it muat be sliminated duzing high

temperature manufacruring antd processing steps ta avoid blisters and delaminaton

in laminates and circuits.

EFFECT OF MOQISTURE ON FILM PROPERTIES

The amoun: of rmeistre absorbed in "Kaptan" Type H depends upon

the relative humidity as shewn in FTagure L

*Du Pont ragistarec trademark
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Moistura Content ve, Aelativa Humidity
Tynigal Values 239¢

% Maisture Conlenl
[ 1]

20 40 63 80 00
% Raietive Humidity
Figurel
The sffect of this moiszurs on the physical and electirical properties

of "Kapton" polyimide film is showz ia Table i

Tehkle I

Phynical and Electrical Properties va. Relative Humidity
Typical Values » 1 mil 'Kegton' Type H)

" ' AC | :
] % Relative Tensile i Disleciric ! Dielectric Dissipation
' Humidity Strength Strengin 5 Conatant | Factor
) |
[+ B . 25000 psi 7508 v/mil 3.0 . 0018
a0 25000 psi 1300 v/mil 1.3 . 002l ;
&0 25000 pai TO00 v/l .5 . D025
&a 25000 psi 6330 v/mil .7 . Q037
100 25000 psi | 6200 v/mil 3.9 . ﬂﬂ:i?

TI-NHTSA 018108




; LAMEE.:'LTI.HG CONDITIONS
U apton" poiyimide film may be laminated to copper foil fov
printed circuits with a varisty of aciasives typ:: Including pnlyi.mid.u, epaxies,
siliconas, pnl:..ruur-. pheralics, ard "Tailon!™ FEP-flucracarbon rasins

(supplied by Du Poat as a composita witk '"Kapton! and &-sign::n.d-“]{ipmn"

Typs F). During laminstio= to copper zad ln}r.luhllquﬂﬂt high temperature

processiig ateps, MOismire Inuas e &ried Zrom "Kapton" to aveid blistars and
a— s

dalamination of the filrs fram Siw coppasr. Uadar severs Ligh temperarture

laminating conditiona, smtsiniernent ol the "Kapron' can.also accur.
’ - — - — ———

The rate at which rmoisiure is absorbed or dried from "Kapton''
depands on the tempaerature, relazive hSumidity, filrn thickness, and adhesive
coating. Shests of uncoated "Kapton” Type H conditioned at 23°C, 100% RH

and then plazed in a 23°C, 0% RH dry box losf moiature at a rate ‘as shows in

Table II..

Tghie II

Rate of Drying "Haoron! Type H at 23°C

Time for 1/2 of Moisture

_F.".l:ﬁ Thickness ta Leava Film
1 mil 3 minutas
2 mil . 10 minutes
.. 3 mil 21 minutes

5 mil 54 minutes

*Du Pont registerad trademark
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Additional tesis Lave udun sonducied at the Chestnut Run Laberatery
with 3 mil "Kapion" coated ore or two aidcs with 1 mil "Teilena" FEP to determing
nacessary orying conditions 35102 1o presl Lamination o (Teated copper &t $00°F,
Tha minimum timae needed to oy £2c2m3 of csa and swo=sida coated $llm o giva
bligter frec laminores le srown in Tabla 175 Two-sida codted film raquires

longer to dry sicce o "Tellon! T2 acvs as & barriar to molstura,

ivions for 'zapion! Type F

zicr o _uminziion te Coppap

Drying _ “30fo3l _ 500F131
Tomincrature 3 mmil H/Y 7l FuLF 1 mil FEP/3 nl /] mil FEP

zsn:F 5 minutas 45 minutes

306 F i 30 minutes

3509F 1 minute 20 minutes

400°F 18 rnicutes

Films should be lamizated a3 scon as poasible aiter drying ainca

reabsorption of molaturs by 'Hazlon' powyiniide fiun is fairly rapid, For exampla,

sheats of dried ona-side coatud "Hapton' can be 1aft in a T0%: REH atmaaphere for

up 1o oaly about 10 minutes beidore enough micistuzre is reabacrbed to cauae plisters

during laminction. Two-side coated {ilin reansorbs snough moistuze to cause
blistered laminates after 30-60 minules,

It may ba feasidle tc £ry full rolls of "Kapron" polyimide {llm prior
1o processing. Lilmitnﬂ tast cata irdicates 250°F for one or two days may be

satcgfactory to dry film [n »oll Jorm,

TI-NHTSA 018111




-5
It has also bauz izund Tiaas the amount of Slistering ia lamirates
to copper depends on ihe iimae tasen to Sring film up to laminating temperaturas,
the reicase sheet used, the copper iTeitmen:, and whethar or not the laminate -5
cocled undar presaure. In some cises lamicating tl::h:;u.l‘.quu have prn:iuud.
h].:'l.l'ltﬂl' fras copper laminates and printed eltcuits without predrying the Silm,
In thows caasa, predrying is not seeded urniess prnbhn.'.l aire encountared with

blistering,

. PROCEESING CONDITIONE

Bacauss of iis cutsianding thermal stabllily, coppar laminates sand
printad ciréult. mada with "'Hapion''¥ polyimide film can be hand or dip soldered
without adveraely affecting the propertics of the film, TFor dip seldering, cirouis
must be pradried to prevent Llistering dua to absorbed moistura,. Hané solderin,
deas not normally require any film poedrying,

Giver. in Taikle IV zre misinuem times required to dry laminates

of "Kapton' to copper prior to dip soldaring to prevent blistering,

Table IV

Drying Condizions fir "Kapton" Type T
Prior 15 DMy Soldering

£00F031 - Copper 500F131 ~ Copper

Drying ' 3 mil H/! il FEP 1 mil FEP/3 mil H/
Tsrmperature loz. Spmgmes ) ]l mil FEF/l oz, Coooer

Z50°F 15 minutes 40 minutes

- ielr 10 misutes 20 minutas

35'3:? b mivitas 10 minvtoes

400" F 2 minuies 4% minutes
CCR/ ez

TI-NHTSA 018112
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We balieve this informaiion is the beat currently available
on the subject. It is ofizrss as a possible halpiul suggastion
in exparimentaticz you iy care io underiake along thess
lines. It is subject to revisics wr additicnal knowledge and
experience are gained., Du Pont mekes no guaranies of
resulis and assumes no shiigstion or liability whetsoever in
conasction with this information. '1“1'.1--1: not & licanaa to
oparate unday, or intended 1o sugzant infringemeant of, any

exiasting patents.
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APTON is synihasizad by a nolycondansalion maction Hetwesn an aromalic andmn .
sromadic dismine. Them o lkeown soivert for the im and k s kviusible and Same resistant. The
peopadian of KAPTON R baused &t both high and low smpemiure sodremes whans

olhar rmulariain would not be
Adhetives sa wvallable for bonding KAPTON to Baall, to metals. i papars of verious lynee and 1o other fima.
far KAFTON polykmide fiom include & of slsgirical and slacironic insulslion spplicalions:

wiry Ingulation, tapen

Mary of thase am hassd on the ool slecirios propegiss of KAFTON, sich as

strangth and facior, which remain nesrly consiant over 2 wids rangs of teimparsiure and
frequanay, Other applioafions make use of the Bim's radiution reslatsnos or chemical resistance af sisvetac
temparakes. i this aombineiion of tesful properSies al ecdrermas in iempersiures that meiae KAFTON a

unkyus incustrinl mubeial,
gy T : fim that has bean used wuoosssiully in spplicaliona at

o KAPTON Typa H, an al-pclyimide
Empersiures & kw - 200°C arxd A7 (#00"C). Typa H Tim can be leminaiod,
nllﬂid.lnm:ur.' mn:ﬂ-ltmu.ﬁ.tﬂ.amqﬂh

» KAPTON TYPE ¥V, iim with sl of tha properties of Type H, pull superiar

dmersional stebitly. Type V In avallable in 2 3 and 6 miis.
* KAPTON Type ¥, a Type H lim oosind on orw or bolh sldes with TEFLON®* FEP Sucrocarton meein 10
heal saaiahiity, i provide & molaiure bamier and to enhancs chemical slstance. 1t is svalisbie
oonatructions.

s vy

Note: Thin bulletin providas a surmenery of typlcal for ol e KAPTON SmzTypeH, Typa V
and Typa F, Ackiional deie should be fromyourDu Pont Divislon repressniative
for speciicalion purposse.

*Fag. LA Pat ON,

2
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mmyammmmmmm anch
@gmmmg.nmmmﬁwmum-

And, KAPTON is backed by a team of DuPunt experts who are ready]
mmwmmwmmwmqwm
mamfacturers. In addition, the DuPont KAPTON Marketing Development :
wm-mwwmmﬁmﬂmm
the antomotive industry:

Wehnpethatliﬂshnﬂmmhaahelpedyaudiummhuwm

to talk to a PuPont Representutive, please call [1-800-237-4357.
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rent and Potential

O xaPTON®

|
4

H Attemnator Haat Sink Insulater Peds

B Disphragms
Bl bag
air concitioning system
fuel pressure reguiator
oil presaurs switch
power sleating Ewitch .
pragsaura switch in brake systems (punched)
il Disposabla Pin Carier for PCB Imetconnactiona
M Flexible Circult for Dashboand
B Fuel Pulsation Dampener
B Fuse Plane
B Gasket (under the hood, punched)
B Minlaiure Pragsura Transducer
B Radiator Plug

B Seals for Alr Candilioning Sysiem
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Thermal Propertiss
Ubefial Teimpeatitre Ring "C ("F)
ULI94 Rating
v UL Thbsmal Index (100,000 kou)
Melking Point

Pinyaical Propestics
Utiate Yenile Sirength at Z3=C (7375, hiPa (pal)
Yiehd Point st 3% wt T9C (73°F), MPs (pal)
Strean o Procuuce 5% Hlongstion at 23°C (73°F), MPa (pel)
tirsts Flengeton st 23°C (73°F), &
Teraila Moduloe st 13°C (73°F), G (pal)
Impect Strangth ut 22°C (73*F), N=cm (Rt-1b)

. Foiding Endharanrs st I3°C (73*F) (MIT), cyclen

Elnctricl Properties
Dislartric Shumgth, k¥ /omm (V/mil)
Diedectyic Comtant ot 1 kHa

Chemirsl Reghlurss

o Inkecestion gy the vankes g sy tyges of KAFTON, il Shaile syuciiic propuriion, pluied coniacl Dot G mchab s dalall PO SERTYY 4 B buck DovET).

269 1o 400 452 to 720
v0 .
2UC AT

231 {(33.500)
59 10,0000
50 (13,000}

2.5 (370,000
78 0.58)

300 (7,700}

Most orpanic chemicaln,
asckvewts, foats, lubricanin
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mdnhmtufuﬂnrmmmuttveapp]_imﬁnm In addition to outstanding §

mmmmauuu\mnﬁngﬁm amimns

18 Prosides Fxcellent Electrical Performance| KAPTON playy

a key role in insulating and providing static drain of eleciromagnetic ar
madio frequuency interference (EMI/RED) due to ilslﬁghdiehclﬂcﬂrmgttr

(7,700 volts /mil) and high-temperature resistance, CerlamKAP'mﬂ]m

hawnmique,umhhndptupaﬂﬂ,mchmﬁeaﬂyenhmdthmﬂ
conductivity with heat resistance. These combinations can be cxtical in ..

motive parts where both properties must play a role in performance, such ol

N — - ———— —- . e

the characteristics needed in temperature sensors for instrumentation.
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of 240°C (464°F) and can upmteatmﬂatummnging&um_m

t0 4D0°C (452°F to 752°F).

Even If s Flexed ¢ Million Times| Although thin and light-

mm”“m;ﬂﬂnslrﬁhdlgh and reailient. It can withstand fexing
wi&xmtdevelnphgﬂacksmmmmwpmm.m
with rubsber and other common matetials, KAPTON ensbles diaphragms and
other parts that work “in movement” under high pressure io rematn flexihie

and functional, while pérforming for millions of cycles

And Exposed to Almost Any Solution| KAPTON reslsis most

arganic chemicals, solvenis, hubricens and fuels. In fact, its urmaiched

resistance to fuels, fluids and other harah chericals is the reason
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Time and time again, KAPTON® stardis up to the harshest

mdﬁm-mmmmmharﬁmlaMaanmﬂwiﬂt

mguﬁcmlmtn,tumm:jmtafew—whﬂeperﬁumﬁngmmm |

mntuinhwawhynmeandmaummqﬂve-mgtgmandpm
pu‘lsﬂ:ﬂnmﬁﬁthaﬂndﬁmhopemingemimnmenﬁ,mchu

those found uncler the hood.

mmmum@ymmw
etability is a critical comcern for any under-the-hood pert. But temperature

Mmmp&ﬂmmm,whkhmnuuﬂmﬂhﬂﬂ

RAPTON Cas Taka the Heat| Because today’s and tomorrow's 3

. - m——
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automotive, aerospace and electronics industries. These engineers have seen
first-hand that KAPTON mmmmmtmdmmwmhg
like few other materials,

for mﬁk,au@hﬁ@m@mﬂmd%hnmly
designed throtfle position sensor that helps maximize fuel efficiency.

Asroapace engineets have gent KAPTON to the moon as a mdiation
shield on the Lunar Excursion Module and as the multilayer insulation blankeis
that protect cargo and cvew from the intense heat of lift-off and veentry.

And, electriral engineers have come to rely on KAPTGIN a5
insulating and shielding matexlal for a broad renge of applictions - from -~
microwave and satellite communications systems to electronic medical

diagnostic equipment and computer components.
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When you take a look into the future of the automotive
indusiry, what do you see? Engines that will run hotter than ever befo
E:d:rﬂedfacurjrmmnﬂm?ﬁtmtersafelymdmm P

More and more challenges?

Mecting theve challenges will b a tough bil io L. Ondinery §

aaterlals, sigh as sillcone, metals, rubbers and plastics, may stall your

innovative designs. They simply don't offer high-temperature stahil, g
likely to face in the future by offering afl these benefits and mare. |
. Known for ifs outstanding thermal, mechanical and electrial ‘:

properties, KAPTOMN is an advanced material used by engineers in the
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Hapton

GENERAL INFORMATION

KAPTON' polyimide fim possaases 8 ue combingtion of proparties previously imavailable among
polymeric film matarials. The ablity of Ntu maintain is excedart physical, electrical and machanical
propertias aver a wide tamperaturs range ﬁd pation areus i plastic flims.
KAPTOM has proved to be mpaalﬂiyuaﬂfl.l In applicstions | operating temperatures,

mmumwawm reaiciion between an aromaiic danhydride and an

aromatic ciamine, There ia no known arganic sofvent for the film and § 2 infusible and flame reelstant. The
outstanding MMWTGNM i 1o be Lsed at both high and low lemperature extremes whem
cihar organic materals wouwld not be functional,

Adhaglvas are availabls for bonding KAPTON to estt, to metals, to papers of various ypas and to othar filmms,
Applicationa or KAPTON polyimide flim include a variely of slactrical and electroni insuistion appications:
wire and cabie tapes, formed ecil insulation, subsirates for flexible printed clreults, matar elct liners, megnat
wire inaulation, trareformers and capachor Insulation, magnetic and pressure esnaithve tapea and tubi
Many of these appkeations ere haged on the axcefent electrical properties of KAPTON, such as die
strangth and dissipation factor, which remaln nagariy conatani over & wide range of tempeavatire and
fraguancy. Other applicationa make use of the flim's radlation reslstance or chemkeal resisiunce at elevaled

termperatures. It is this combination of useful propertias at extrémes In temperaturas that makes KAFTON 8
wnigue industriad rmtarial. :

Du Pont makes three types of KAPTON:
# KAFTON Type H, en all-purpase, all-poiyimide film that has been usad succeastuly in applications at
temperatures as iow as 4K {— 283°C) and as high as 673K (400°C). TypaHﬂmmhulammhdmtaﬂm :
puriched, formed or adhesive coated. i Is avaliabis 88 0.3, 0.5, 1, 2, 3 and § mil fim.

s KAPTON TYPE ¥, an ulpurpass, al—polyﬁnidnﬂmmmalclmmpenbenmeeH pluuuperh'
dimenslonel stability. Type V |8 avalabla in 2, 3 and 5 mily.

# KAPTON Type F, a Type H §lm coatad on one or both sided with TEFLON* FEP fluorocarbon resin to
Impart haat saalability, 0 provida 8 moisture barrier and to enhance chernical reeistance. |t is avallable -
in a variaty of cormtructions.

Note: This bulletin provides a summary of typical properties for all e KARTON pofvimide fims Type H. Typn’ﬂ'
and Type F, Additional data should be abtained from your Du Font induatrial Fims Division represantative

far specificalion purposes.
"R, LLS, Pt OFF,
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PHYSICAL & THERMAL PROPERTIES
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KAPTON® Type HFlIm

25 um {1 mil)
PHYSICAL PROPERTIES
PHYSICAL PROPEATIES ; : TEST METHOD
Ukimate Tansile (WD) 41 172 17 ASTM D-852-81
Strangth, MPa (psi) {34,000} {25,000) (17,0007
Yieid Point ) 7] L1 ASTM D-342-81
&l 3%, MPa {pai) {10,000} {8,000)
Stress o Produce a0 ] ASTM D-852-51
5% Elongation, bﬁéﬂ] {13,000} {8.500)  ASTM D-882-H
Uttimata Bongatian (MD}% 2 75 [ 1] ASTM D-g82-81
Tonalle Moduhy, APy 3.5 a.n 1.8 ASTM D-382-4
{ML) {psi) {510,000) {430,000} (260,000
Irmipeact Strangth, Limim (kg-cm) 2 (B Fu Fm!élnuuﬂalic
m
Foiding Endurance MIT 10,000 cycles ASTM D-2175-69
Teir Strength—Propagating (Elmandor). ¢ 8 ASTM D-1822-67
Har Srangth—ntial 510 ASTM DaD0d-66
{Graves), g {gmil) {510
Denstty, g/’ 142 ASTM D.1505-58
Coefficlant of Friction Kinetic {Fim-to-Aim) A2 ASTM D-1834-75
Fefractive Inces. [Backe Lim) 1.7 En%:m:audln Diztlenary
of £g. ol 1
Poisson's Railo M Ave. 3 Samphes
Elongated a1 b%. Mo, 10%
RAD—M achina Dlrecten
THERMAL PROPERTIRS
THERNAL PROPERTIES TYPCAL VALUES TEST CONDIMON TEST METHOD
Malting Poim NONE ASTM E-THd4-B
Zero Strangyth 1088K J4MFR [0 psi) Ou Pont
Temparitur (815C) hoad for 5 seconds Hot Bar Test
Costiclent ot 2.010 m/m/K 23810 311K ASTM D-G95-44
Linapr Expansion [2.0s10"2 insin.*C} {-14°C to 38°C}
u ,
el  pgapem mem wen
1 u 163 . - n r
\ (o) {eec) (°C) / 0178 14.25:1:1--! 473K izm-é Comnparative
C.180 {4.59n107) STAK  1300M0) Testar
Specific Heat 1.09 [.361) LK icalig~Ch Ditferantial Calorimetry
HAammeblty B4 YTM-0 UL-34  {1-24-BD)
Shrinkage {Ses gharl on Page 7} IPC Method 2.2.2-4
Heat Saalablity Nat Hea Sealabie
Limiting (lxypean Indox 100H-38 ASTM D-2383-77
Smaks Sanerabion 1{H — DM = esg than 1 NBS Smoka Chambar NFPA-258 procedures
Glass Transikion A sacond order Lransition occurs In KAPTON hetwsan 533K (360°C) and BAIK
Temparatura (Tg) (410°C). Thin ks sasumd to be the glass transktion temperstira. Different mae-

guremant techniques praduce different raaulta within the above temperature range.

TI-NHTSA 01813



KAPTON® Type V Ellm

PROPERTY T?%ﬂﬂ» TERT METHOO
m 8
25 um g am 125 pum

50 5
{1 mllj (2 mii 3 mil} {5 mil)

Tansila Strength MPa {t!:al] 296K 172 172 172 172 ASTM 0-282, Mathod A

(23°C). Machms Direc m'l‘l] } (25,0003 (25,0000 {25,000) {25,004 using an Ingtran Tensie

and Transwersa Direction (T0). Tester [specimen size: 25
= 127 mm {17 = 5, pw
saparation: 50 mm (’E‘?"

jaw spaad: 50 mm
mi :‘)Mrﬁm‘ 3
spacimens bazed on orlg-
Imal magsursd thickness.
Elongation, % MO and TO ] 70 fil) fi) Sama methad &3 above
Shrinkape, % MD and 010 02 2 2 Awrage of 1 measure.
gd IEII atter JBH min. Tmenta n gacafllildimcibn
[200eC). ora in I exposure
i 475K {20070} lor
a0 min, Flim must be
ablowed 0 come 1o equlllp-
rum with aguivaient
room condtions before
and after sposum,
e
KAPTON?® Type F Fllm
PAOPERTY TYH VALLIE
Filt Tytee
1206616 150FN4 250R0%
Ultlmaie Tanele Strength {MD), MPy {psi
286K [EE'CE ait-{M0} {pel) 185 szduuul 117 ii?,m 172 125.000)
473K {2000) 110 {18,000 w1, 110 116.000)
¥igdd Poim at 3% (MO], MPa (psi
Z90K (230 (M0) (hei az Fﬂﬂﬂl 50 {?.Sﬂﬂ 63 (10,000)
473K {200°C) 38 15,500 2R (4,000 55 18.000)
Simese at 5% Elongatian {MD), MFu {ps)
298K (2X°C) ag 112.5001 2 [9.000)
473K  {200°C) g2 {7,500} 3 (5500)
Ultimate E o (MO .
206K {Em () BS 78 a0
473K [200"C)% as a5
Té'ﬁ?l!“fzuad-'&ﬁ MO GPa (ps) .85 (415,000 221 (320,000
4738 [208°C) 1.48 lgiﬁ.ﬂﬂﬂ 118 ({73000
Impact Stramgth &t 208K (23°C) n g nom
ﬁ'ﬂmf
g K mpn.ﬂ:'rilill 2.3 IE.{'I] 1.8 (4.8
Taar Strength—Propagating {Eimendor) o0
_E..';.l.l‘l'l {gremil} 0.39 [10) 0.53 {13.5 0.47 12}
Tear Strangth—Initial | Gravas) 850
|
Qe (grmil) 18 750 17 (438
Waighl % imide a0 ar fa
Weigghl % FE 20 x| 27
Dangity
Kgmax 1 1.53 1.67 1.57

"SrICE @ Pumbar of combinaline ol poty(mice Him and fucrocarbon cotwi Add e 10 e Sams Lol gauge, 13 necesaery (o disinguish
#mang [ham. A thea gt syEHm i Used IR whach the midcla digil raprasanis 1ne nominal mickness of the base KAPTON lim m nia, The
hrah wnd third diggits represent the nomima| Ihickoess of he coakng of TEFLON FEF fvorocarbon rewn nmils. The symbol 3 & wsed o
rspranand 17 purn (Yarild. Ancl B 1o rogeadmant 25 qm 1710 mil), Examale: 120F51 648 8 120-g8oge sty conssling of & 25 pm | 1-mal) o
Imwin g 2.6 pm [1-10 mil) ceating ol TEFLON on each wda. Sar page 22107 conairuchion gxpianalion.

TI-NHTSA 018132
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MECHANICAL PROPERTIES

The uaual vakeea of tenaila atrangth, jenalle modutus, and uitimate alongalion 8t various terpamstures can ba
obtainad from the typlcal sireee-gtrain curvee shown balow. Such propartioa Be tenals and modulug have
an inverae relstion with emperature, while slongation peaks 1 & Maxkmum valus at about 573K (300°C). Other
tactors such as humidity, Mm thiclkneas, and Instren elongation rale wers jourd to have anly & negligible eifect on
the shape of the 206K (23°C) curve,

THENSILE STRESS STRAIN CURVES
(Type H Flim 25 am (1 mi)

0 — 200
- - 175
208K | 2FD)
2 - 150
15 373K [{100°C |- 125
STRESE, ATRESS,
Kpal y 473K|{200°C) — 100 MPa
10 STaK gaorCy — 75

723K Ja5rcy — &

0 0 20 k1) 40 50 ac [L ] [ 108
FURAIN, % ELONGATION
HYDROLYTIC STABILITY

KAPTOM® poiyvimice film is made by a condensaiion renction; therelom, its ptornrlin are affectad by watar,
Alhough long-iarm a re tq boilng water, ag shown In the curves balow, will reduss the lewal of film propartes,
suflicient tensile andl alongation remain to insure good mechanical parfarmance. A decreasa in the femperature and
the water concantration will reduce the rate of KAPTON property reducticn while higher ismperatures and prosayras
will Increases it.

TENSILE STRENGTH AFTER EXPOSURE TO 575K (1100°C) WATER
{Type H Film 25 sm {1 mil))

— 175

T

22 — 150

2

TENSILE 14 — 125 TENSILE
STRENGTH ETRENGTH
Kpsh 45 MPa

— 100

"

12

19 ~

0 200 400 6KGO H00 1,000 1,200 1,400 1,600 1.500 3.000 2,200 2,400 2,600 2 800
HOURS IN BOILING WATER
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ULTIMATE ELONGATION AFTER EX(POSURE IN 373K {100°C) WATER
{Type H Flim 25 wm {1 mil)}

% ELOMOATHON

BR & B8 3 B B

—
£

D 200 400 600 BOO 1,000 1,204 1,400 1,600 1,500 2,000 2,200 2,400 2,800 2,800 3,000
HOURS IN BOILING WATER

DIMENSIONAL STABILITY

The dmanslonal atabilty of KAFTON® polyimide Rim deperds on two factors—the nomal coetficlant of tharmal
axpansicn and the regidual siresses placad in the fitm during manufscture. The (atier cautes KAPTON to shrink on
its first axposurs 10 elevated tempavatures as indicated In the bar graphs below. Once the film has been axposad,
the normal valuss for thermal supsngion Hated on Pege 8 can 08 sxpected.

RESIDUAL SHRINKAGE V§. EXPOSURE TEMPERATURE AND GALGE

(Type H Fiim}
35
0
423K {150°C) 673K (400°C)
2.5
TYPICAL 20
SHAMKAGE
) 1.5
14
5
|
11 mil) (2 mil} {5 mil) 11 mi} 12 mil) {5 mi)
25 xm 50 m 125 wm 25 am L] 125 am
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THERMAL CORFFICIENT OF EXPANSION
(Type H Fitm 26 4m (1 mil)) Thermally Exposed

Tamparsiur Range

m/mei x 10

296-373K  (23-100°C)
373-473K (100-200°C}
473-873K (200-300T)
573-673K (300-400°C)
Z68-G73K  (23-400°C)

1.00
3.10
4.85
T.r
4 BS

CUT-THROUGH AND COLD FLOW

to flow or thin out under high compransive Mreases, especialy &t elevated

Most argank: fimae exthiolt & tﬂ'l'!d!l'l?lf
tempareturss. KAPTON® palyiniide i possedies an axtromely
describad in ASTM D-876-61 have bosn

infinitely high poirt load to 33 MPa {12,000 psi) At out-through for @ 26 am (1 mi) fim.
CUT-THROUGH TEMPERATURE VS. RATE OF TEMPERATURE RISE AND GAUGE

high rasigiencs to such atreases. Tesl procedurss
Lo fiat fima to provide the data palow. Stresass rangs from an

(Typa H Flim)
800 1073
ARG minyta
i m Frstluru— M e
o s "
E 500 m B
- T~ B
1]
= 400 lige 673
E and 57 g
E 200 an E
100 ke
o 273
(n (2] (3 4 5
25 50 75 100 126
FILM THICKNESS-—zum (mil1)
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RESISTANCE TO CUFTHROUGH VS. TEMPERATURE

{Typa H Film—25 um {1 mi)

1,000,000

104,000 *
%
X

%*
"l
10,000
. 3
u =
w
%
» %*
j 1.000 1
¥ =
*
-
+
hLHH]
10
i
273 73 473 573 673 i
11]] (108] (200} {300} [400) (500}
.TEHFEHITHHE—I L)
L{TE]
Eirepolated mm e TI-NHTSA 018138




THERMAL AGING

KAPTON® polyimide film ia subject 1o oxkiative degradation. Tharelore Its usefui lifa la a function of bath
tamparatura and Sxygen concanimticn In the st emvironment. The affast of these factors |z shown balow.

TENSILE STRENCTH VS. AGING AT 373K (300°C)
(Type H Fllm 25 pem (1 mii})

28
In Heiim | [ 778
4
22 L 15
0 TENSILE
TENSILE - STRENGTH
STRENGTH | 125 MPa
Kpu 18 In Air
19
— 1040
14
12
— 75
10
0 200 400 %00 800 1,000
HOURS AT 573K (300°C)
ULTIMATE ELONGATION V$. AGING AT 573K (300°C)
Type H Film 25 gm {1 mil))
80
e In Hellum
&0
=z 50
E
i"ﬁ 40
E
30
20 In Alr
{1
0 200 400 800 8OO 1,000
HOURS AT 573K (300°0)
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TIME REQUIRED FOR REDUCTION IN ULTIMATE ELONGATION 70% t01%
(Type H Film 25 am (1 mil))

Envimnmeal
Tamporaiure Alr Halium
723K [4a0°C) £ hours 22 houre
ESSK  [425°C) § hours 3% days
E734  [400°C) 12 hours 2 weeks
648K (A75"C) 2 days 2 months
B23K [as0°C) 8 dayy 1 yaar
573K  |30C°C) 2 manths —_
S48K (2750 1 yoar —-—
523K  [250°C) B yaara —_—
WEICHT LOSS AT (3°C)/MINUTE TEMPERATURE RISE
{Typea H Film 25 xm {1 mil}}
o
10
20
1!
%0 1 DAY HELIUM
0 3
PERCENT i
WHEEGHT ED )
LOSS DRY AIR
!
a0 “
100
a73 473 an [ iE] 1075 172 1271
(oo (2000 (6oo) (PO} (80D} (BO0) (10O

TEMPERATUREK {*C.)

Lk
TI-NHT3A 018138



ISOTHERMAL WEIGHT LOSS
{Type H Film 25 zm (1 mil))

1]
~ 873 (ADOC) Ha
g = F23K [450C) He
- GT3K {400°C) AR
10 _ 668K (425°C) AIR
. a5 TTIK {300"C) He
(550°C
- \
25
WEIGHT 30
— ar3K -
LOSS {800°C) Ha (d sn?calﬂma
3 240K,
o {575°Cita
5000y AIR
5 | ) Al
50
58
1] 100 200 300 100 00 .11 7] Tan 00 ) 1,000
TIME {MIKUTES)
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ELECTRICAL PROPERTIES
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KAPTON® Type H Film

TYPICAL BELECTRICAL PROPERTIES
TEST TEST
PROPEATY TYPICAL VALUE CONDITION METHOD
Dhalectric Strength
25um {Hml 276 v ﬂl:llhrnri &0 hertz ASTM D-143-81
EL'I Zm (2 mi HIvum %" plactrades
3 mi 180 wam Euu v-‘mll
12 am (5mif 142 viwm
Dialactric Constant
2oam {1mh 15 1 kiloheriz ASTM 0-150-51
S0um (Z2m 36
Thum 3ml 3.7
125uin {5m 3.7
Dissipation Factor
25aum {Im R1 1] 1 Kicherz ASTM D-150-81
Eoem (2m 025
THem {(3mi Q0%
__126pm (5 mii} 0027
Yoluma Resistivity
25um Amil 1 x10™ ahrmem 125 vults ASTM D-257.78
SQum (2m B x 10" ahrrem
5em (Ami 5x 10" ghm+m
12oum {5m 110" ghrmem
"
KAPTON® Type V Flilm
TYPICAL ELECTRICAL PROPERTIES
TEST TEST
PROPEATY TYPICAL VALUE CONDIMON _ METHOD
gtildmm 2 mil 13w {5,408 wm 60 h
m m wam 5400w arte AETM D14
Fi] illlm g mil{m 18 wam {4,500 wmﬂz Y olectrodes -8
125‘;.1,m (5 mil) 142 vipdn (3,600 wimi
Cislactric Constamt
EQum {2ml 3.8 1 kliohartz ASTM D-150-B1
75 am 3.7
128pm (5mil) kX
E&satmﬂu{ghﬁmr L4
2m m 0025 1 kilohartz ASTM D~
75.m (3 mI} 0025 | 1504
125um {5 mil} 0027
Wolume Resistvity
ED .-..u.m 12 mll Bx 10" chorem 125 volts ASTM D-257-7d
gx (3 mil g% 10 ohmem
pm (5 mil 1x 10" ghmsm

14 TI-NHTSA 018141




KAPTON® Type F Flim

TYPICAL ELECTRICAL PROPERTIES
PROPERTY 1206816 150k 250F)29
Dielectric Strength
quw;n? ?'zﬁu aﬁ'gu 167
{wohsmil} {E, 8000 [4,200) {4,000]
Disliric Canstent 2.8 al
Digslpation Facior 0022 0014
Volume Reststivity
bl @ 208K |23°C) 1.6% 10" 1o 7x 10
foom-cm. } (5% 1ﬂu1-} r;%"] ZFx100
hem @ 473K (200°C 510 H
Eluhmglurﬁ] j (6 : 104 (0
EFFECT OF HUMIDITY

{Type H Film 25 som {1 mil})

Bacauge the water content of KAPTON® polyimide Bim can afect ita eketrnical ortles, electical maasurements
wgra made on 1 mil flim after exposure to snvironments of varying refative umidlies o 256K (23°C).

The resulis of hass measuremants are glven balow.

RELATIVE HUMIDITY VS. ELECTRICAL PROPERTIES OF KAPTON

AC
% AELATIVE QIELECTRIC IMELECTRIC DISSIPATION
HIMAINTY STRENGTH CONSTAMT FACTOR
¥igm (il

i} ao? (7.500) 3.0 0018

k| Fd:1§ {7,300) 3.3 002t

50 278 {7,000) 3.5 D025

40 258 {@,500) 7 Q037

100 ril) (8,200 3.4 Q047

For calculations Involving abeclute wader content, 50% AH In our study s equal to 1.3% walar in the fim and 100%
RAH s equal to 2.9% water, the maxdmum adsarption possible regardess of the driving force.

TI-NHTSA 018142
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EFFECT OF TEMPERATURE

As 1ha grapha beicw indicate, extrema changen in ternparature have reletively littls alfect o the excellent room
temperature elactr|cal properties of KAPTON.

AC DIELECTRIC STRENGTH DIELECTRIC CONSTANT
VE. TEMPERATURE VS. TEMPERATURE
(Type H Film vpe H Fi B am (1 mi
) {Type H Film—2 i)
12,000 36
g o : R |
10,000 i
3.4 O
E 4,000 E
' 25 {0 *
§ o 3 il g 32
E d,000 E
a3 129 a0 10° hertz —
4000
[
127 pemm {5 mil} i H 54 10" hart2
g 2,000 :
2
0
TIK 17 2T K 47K ST 173K i I LYk | Nk
(—200°C) (—100"C) (0mC) (O0mG)  (R0C°C)  (300M) (—Hc) (0°Cy {100°C) (200rT) (30T
TEMPERATURE TENPERATURE
CISSIPATION FACTOR VOLUME RESISTIVITY
V5. TEMPERATURE VS. TEMPERATURE
(Type H Film 26 zm {1 mil}) {Type H Filrm 25 wm (1 mii)}
1n 10
A
08 107 herty|
05 1y 100
a 10" hartz E
E 0
g w 2
: a i
: ;
a1
£ 008 E 13010
g 003
.0l ¥
003 .
o2 : E 1210
o 1x1Q"
173 273K WK 473K 573K 273K A 473K 573K
{—100FGH  (OC] (100G (200PC)  (aadPey {0°C} (00 {200} (300°G)
TEMPERATLIRE TEMPERATURE

18
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EFFECT OF FREQUENCY

The efiscts of reguenty o0 the vaiue of the disleciric constant end diaaioation factor it vanous isotherms
are ahown Balow,

DIELECTRIC CONSTANT V5. FREOUENCY
(Type H Film 25 am {1 mil)

3.6

R

3.4

13 23K {-40°C) [ﬁ.
) J0BK 138°C)

3.2 | | |

3.1 23K {50°C)

INELEETAI: CONSTANT

WET&K o0FC
&0 mm&wﬁ
R 523¥ (250°C)

2.8
2.7
B 0 0 o 0 T T
FREQUENCY H2
DISSIPATION FACTOR VS. FREQUENCY
fType H Film 25 am {1 mif)
208K (25C)
010
273K
[{iyH]
= .00a T
B (=a0ec)
b o]
006
g 203K
E {—T0C)
Fr
= 004 353K
= B0°C)
A73K [10°C)
002 473K (200°C)
nt 10 100 100 0 10"
FREQUEMLCY, HZ
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DIELECTRIC PROPERTIES IN GIGAHERTZ FREQUENCY RANGE

{Type H Fim, 1254m (5 mil)}* (Type H Flim, 125:2m (5 mil))*
36 .
1.5
a4 A D
A
313 =
g o , :
u 3
E 31 008
30 )’3
28 L
&8 002
8.7
1 10 b gl om 10 100 e 1o 1
FREOUENCY, HZ FREQUENCY, HZ

*Techuscal Raport APML-TH-72-38—Cunv A bs SI0H KAPTCOM Ay racwvnd snd massusd gl 25°C and 45% RH with the alschie beid in e plas
of 1he shael. Curve B i thw sams measursmant sfar-conditioning tha ilim et +00°C for 48 hour,

TRACKING RESISTANCE

A125 um (5 mil) KAFTOM® petyimice flm, Typa H, hag a trecking reslstanca of 183 seconcs ae maasured by ASTM
D-455-61. The fallure was dus to irue iracking rather than srosion, eic.

CORONA LIFE

Like all crganic matarials, XKAFTON |8 sitacksrd by corona and will ulimately fall delactically when ex
continuously to corana. At modarate levels of corona exposura, devices insulated with KAPTON have
survived ur:- 0 3,000 howurs, giving reasonable assurance that brief suren to corana wii not significanty
affect the life of a proparty designed Insulation eystemn based on KAPTON.

Corona incoption voitage and corona Intensity are functions of many parameters, including insulation
thicknass, air gap thickneas, and device shape. Consult with a Du Pant tachnical repressntative on the
suitabllity of KAFTON for specific applicatione where corona may be pregant.
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CHEMICAL PROPERTIES
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KAPTON® Type H Flim

gAILd in')s{iii hrs. Jmil

26 pm {1 mil)
CHEMICAL PROPERTIES
TYPICAL HLLIE! t 25 ,un (1 mi
% Tunslla I)nn- TEST
FROPERTY Astained Hmlnul CGONDITION-METHOD
Days mmerged at
RESISTANCE TC: Aoam 'Fun?mture
Benzene 100 B2 00 36
Tolusna a3 at 97 355
Methanl 100 P 140 365
Acatona &7 a2 L L
10% Sadwm Hydrexide Degrades ]
- Glacial Anstic Acid B85 82 gl 35 deye @ 83K (110°C)
%!-C 100 T 102 22 days (= 473K {200°C
ransiormes il 100 100 100 180 days {= 423K {160°C
Watar pH = 1 65 ao g1 1] 14 days & 373K 1I:|I1‘L‘.
pH= 4.2 65 K] 1] 100 14 daye @ 373K [1
pH= 1.0 65 20 100 166 days 62 37K (100°C
pH= E.8 65 20 100 14 days (& 373K (100°C
pH = 10.0 ] 10 100 4 days (@ J7K 100°C
RADIATKIN RESISTANCE ]
Gamma [Savannah Rrvar) St Flasede Expasurs:
(180F Bent) 4,16 % 107 Gy
Electron {Ven de Graaif) Hetnins 50% of Exposure;
{ Original Elongation Ex 107 Gy
Neutran plus Gamma Darkanad but tough Exposure: 10" Gy
{Brookhavan)
FUNGLUS RESISTANCE Inar Sall Burlal
MOISTURE ABSORPTION 1.3% Type H 50% Polative Humidity
a1 296K {Z3Ch
2.0% Type tt & V Immersion 1ar 24 hours
al 206K {23°C}
2] Fl
EFEEFF%% EF 2.2 310 mvm/% 205k (72%F) 20%-00%
EXPANSION flelative Homidey Raratlve Humia ity
EEI;IHEAEILIT\' it MPa-day
fee{100 in?) [24 hrs.) {atmemil ).
Carbon Diowide ABTM D-1434-B3 @
{45] 290K (230
drogen )
Hydrog o
Nitragan 0.a
on Y
gen .
2%
Hakum €3
{415
Water Yapor grm?-day ASTM E-B6-E3T
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KAPTON® Type V Film

CHEMICAL PROPERTIES
Typical chemical proparties for Type ¥ flim are gimilar to Type H.

KAPTON® Type F Film
CHEMICAL PROPERTIES
FAOPEATY 12068 184FHS LLi it
Melsturs Absorption
@ 20K (25°C), 5% ALH. 1.3% .y A%
98% R.H. 2.5% 1.7% 1.8%
Vyatar Yapor Permeabiltty
Pim'-d 13.7 &8 3.6
am {100 InZ) (24 hrs.) { 0.89) {0.57) 10.23)
gimndam 0.44 0.35 014
{9 A100in?)(24 hrs./mil) { 1.00) {0.95) 0.8
TI-NHTSA 013148
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NOMINAL CONSTRUCTION, Type F Fllm

It KAPTON® Furdarmd-madnna.manﬂddumifﬂ the norminal thicknags of the Cae
KARTON In mils. ﬂmarﬂﬂﬁdd?hwm nal thickneaa of tha coating of TEFL.ON® FEP
fucmocarbon rasin In mila. Tha aymiol 9 s uged to represent 12 wm (VA mil) and & to rulﬂtz.Ermemll.
Exampls: 120FE16 | a 120 gauge structure consiating of 8 25 am {1-mil) bass fiim wit aE..'mmthnnil]wa&ng
cf TEFLON on each side. [lusinstsd are 3 axamples of the many types availsble,

NOMIRAL “TERLON" “KAPTON" "TEFLON"

OAOER THICKMESS P TYPEH FEP

CIOE =m mils m mis Am miis um mils
12F816 H 1.2 2.5 0.1 25 1 25 01
150F019 ) 1.5 0 0 28 1 13 %
2507020 B4 g8 0 o &1 2 13 Y
QORDER STANDARD WIDTHA AFER FACTOR

CODE mm Inches mKg .
120F216 18814 18- 21.3 104
150FA0 & 3.15-814 1835 15.8 7]
250F02G d.18-514 1/8-33 1.1 49

' TI-NHTSA 018149
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INQUIRIES




In U.S8.A
Du Pont Cormgany recH
Elactronics Deparmment
High Perh Flims Divies w0 Yy e 2
wilm| . DEE 19888
(8000 527-2601

in Conada
Du Port Carmdia Inc.
PO Box 2200 Streatsvila Postal Station
Mississauga, Ontara
Lok 243

(416) B21-3300

n Europa
Du Pont da Nermours Imamational 5.4
Hactrorics Cepartment
50-52 Aoute das Acades
CH-1211 Genava 24, Switzeriand
022} 37 a1 11

In Japan
Du Pont-Torsy Co., Ltd,
58, Nihoribashi-Honcho 1-chame
Chuo-ku, Tolyo 103 Japan
03 245 BOG1
In Brazl
Du Pont do Brasi S/A
Calxa Pogtal, 28 — Alphodls
06400 BaruerifSan Paulo, Brazi

In South Easl Asia
Du Porit Asla Pacific {Lid.)
1122 New World Office Buiding {East Wing)
Saligbury Acad, Kowkoon
H%r? Kong, B{oC
734 5317
Warldwidg {Except Europe)
Du Pont Compeny
Intermationul Custcmer Services
Concord Plaza-Read Bidg.
Wimington, DE 19888
{302 7728120

QUPORD TENHTSA 01815

L T PRRTED N LLE.A.




