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BETTER UNDERETAND COMPONENT FUNCTION & REQUIREMENTS TO
BETTER GUIDE MANUFACTURERS IN MATERIAL SELECTION AND PART
DEVELOPMENT

DEVELOP AND FORMULATE IMPROVED RESING FOR APPLICATION

PEVELOP PROCESSING AND DESION EXPEATISE SPECIFIC TO SENSORS
AND SOLENOIDS

DEVELOP KNOWLEDOE BASE THAT HELPS CUSTOMER TO SHORTEN
DEVELOPMENT TIME AND REDUCE DEVELOPWMENT COSTS

MAKE DU PONT THE PREFERRED RESIN SUPPLIER AND DEVELOPMENT
PARTNER FOR SENEOR/BOLENOID MANUFACTURERS

TI-NHTSA 018461




AUTO SENSOR MARKET

MARKET GRCWTH 10-18% PERYR
AVERAGE COST PER SENSOR $3 -%8
AVERAGE RESIN CONTENT PER SENSOR 20 - B0 GRAMS
AVERAGE RESIN COBT PER SENSOR $0.20 - $0.40

(5% - 18%)

10 Sensors f¢ am

TI-NHTSA 018462



KEY ACCOUNTS IN SEGMENT

System Supoliers

Deiphi E&E

Visteon

Siemens
LucasVarity-Keisay-Hayes
Boach

Dsnso

ITT Automotive

Bread

Component Suppliars
Hi-Stat

. Taxas Instrumants
Motorola
CTS Corp.
Wabaah Magnetica
Philips Technologies
SSI Tachnologies
Motorola
Honeywell Microswitch
Actubex

Custom Mokders

Baker Electric (GP/ Hay) Fasco (Tohar)

Syncro (Tanay) Huron Plastica (Fisher)
PNC (Solenbergsr) UFE (Treff)

Thermotec (Treff) ATS (Canada)

Multicraft (Boyer) MY Insert Molded (Al-Assar)




o THERMAL CYGLING DURABILITY

e PREVENTING FLUND INTRUSION - LEAKAGE

»  ADHESION BETWEEN PREMOLD AND OVERNOLD

« ADHESION TO POTTING COMPOUND OR GASKET MATERIALS
» KNIT LINE STRENGTH

* LOW PRESSURE MOLDING

o DINENSIONAL STABILITY OVER WIDE TEMPERATURE RANGE
« INSERT LOADING AND CAFTURING

= RETRACTABLE PIN TECHMIQUES

TI-NHTSA 018484




RESIN DEVELOPMENT AND SELECTION - FIRBT SUPPLIER TO DEVELOP AND
FOCUS EXCLUSIVELY ON SENBOR APPLICATION MATERIALS

HIGH FLOW

WIRE FRENDLY [COPPER WIRE CORROSION)
LOW PRESSURE MOLDING

IMPRCVED ADHESICN TO INSERTE

PROCESSING TECHNIGUES

. OVERMOLDING / NSERT MOLDING GUIDELINES

. OPTIMZING MOLDING CONDITIONS AND EQUIPMENT TO REDLUCE DOWN |
TIME AND SCRAP |

. HOLOING CONDITIONS TO MINRIZE INSERT MOVEMENT |

DESKIN PRINCYPLER

. GUIDELINES FOR OPTIMUM DIMENSIONAL STABILITY AND PART
PERFORMANCE

- INCORPORATE PART FEATURES THAT OPTINIZE NOLDABRLITY

. CONCEPTS AND RECOMMENDATIONS FOR PART INTEGRATION

. FINITE ELEMENT ANALYSS TO PREDICT INSART MOVEMENT

TOOL DESIGN

» IN-HOUSE PROTOTYPING TO DEMONETRATE TECHNIOUES AND RESING

. DESIGN QUIDELINES TO INSLIRE OPTIMUM RESIN FLOW IN MOLD

- GUIDELINES ON SPECIAL FEATURES SUCH AS RETRACTABLE PiNS,
CORE DESIGN AND INBERT PLACEMENT :

TI-NHTSA 018488




re & High Flow Sen

ZytekD FES38Z BKZ78 - 33%gr 8,12 wf organic stabilizer & carbon black
(“wire friendly™}

Zytel® FES388 BKO31 - 33%gr 6,12 wf HS and dye

Zytel® PESISY BK276 - 33%gr 8.6 W/ organlc stabllizer and carbon black
{"wire friendly")

Zytel® FES408 BK278 - 33%gr 8,6 w/ H8 and carbon black

ZytelkD FES414 BK275 - 13%gr high flow 8,8 nylon wHE and cavbon black

Rynite® RES231 BKB3S - 35% glase/mica, high flow PET

Craatin® HRE018 & HRAGAD - 15% gr PET modified for Improved
hydrolysle realstance and high flow

Zytol® HTN 81G35 HEL - 35% gr high tampersture nylon
Zenite® 5130 - 30% gr liquid crywtal polymer

T-NHTSA 018488
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TREAT RERIN A COMMOINTY AND DO TROUBLESHOOTING - REACTVE
VERSLS
WORN CLOSELY WITH OEM AND MOLDER DURING ALL PHASES - PROACTIVE

. REBN SELECTED BASED ON COAT OR PRIOR EXPERENCE LEADING TO
WRONG CHOICE

. TIME AND RESOUNCES EXPENDED TO EVALUATE MANY RESING

. PART DESMIN DOES NOT TAKE INTO ACCGLNT RESIN CHARACTERISTICS,
HANDLING OR MOLDABILITY

. DITTC WITH MOLD DEBIGN
. END USE TESTING RESULTS IN PART FAILURES DUE TO AESIN DEFICENCIES
- IMPROPERLY SIZED MOLDING MACHINE, INJECTION UNIT, DR 3CREW

v IMPROPER TYRE OF HOT RUNNER SYSTEM, COOLING LIME LAYOUT, RUNNER
AND GATE DESIGN, VENTING, ETC

. PRODUCTION MOLDING BET UP GNES OUT OF 3PEC FPARTS DUE TO
DIFFERENCES WITH PROTOTYPE MOLD

. PRODUCTION PARTS INCONMSTENT BECALRE PROCEBEING WINDOW VERY
NARROW OR BQUIPMENT I MAPPROPRIATE

THNHTSA 018487




High Parformanca Films

DuPont FEP

fluorocarben fllm

Teflon® as Fllip

DuPoot FEP fuomocarbon Glm offers the outstand-
ing propertiss of Teflon®™ raxin & 4 coavenient,
easy-to-use fore. It can. ba heat-pealed, thermo-
formed, weolded, metsllized, and laminated 1o many
other mmicrials or serve 5 2 ot makt sdbevive,
Thi comblnation of trtiqus propertiss and casy -a-
une form offers ndhbdmﬁmuppumniﬂu

for a wida vaziaty

FEP Is Unlque Among Plastics

» Mout chendeadly inert of all plastics

« Withutands bath high- ssd Jow-tamparsnare
Extrecyes

v Superior sadstick/kow Fiction peopertics

» Duutanding weather revistanse

» Excellont optical sharsciecistcs

+ Superior clegtdos] propecties

» Fres of plasticizars or additives

v Excellont procossibility with comvnticool
tbermnplantic mathods

DuPont FEP Fiim Ia Offerad

o In thickmecses frooy 12 1-4740 jLm {0_5=190 gil)

o In custom sl widiw up to 1.3-1.6 m (4543 in)
depending o thicknes

« In yarioas size rolls wound oa 7.6 cm o 13.2 cm
(3 i ox 5 L) corms

Information Bulienin

L)

The abity of DuPont FEP film 1o be canily cot,
thermoformed, heat sealed, wad welded permits
rendy appiication as dlphragms, gaskets, protestive
hnin.l,urllmmhm:dpm:hu or containers,
whertvar brigh temperanims sad/or shasncat rests-
tancs is recuined.

The excellent optical and reslntance x
weathering and nitraviolet degradation have led o
the wea of DuPoni FEF film in roch variad applice-
Hoas a snvircamanta] growth chambers, aoler
swaryy collectors, and radome windowa.

its suparior dlelectric properties bav been used in
flaxible, flat cable inmlation, printed cirozits, sad
electromic components for sopputers and alrerali,
The nonstick propeniles of DePont FEP film have

found wse in conveyor bells, process il caverd,
sod an mold releme Gie.

Specls] gades of DuFoat FEP film offer speclfic

A complete Hating of FEP film grades arsd thelr
lﬂ{ﬁuhiﬂ:ﬂw“hjmh

In sidon ko FEP, DulPont offars films of PFA, for
uiC &t KemperaaTey op 10 250°C (S00°F), and
Tafze® fuoropalymer for incressed loagbnees and
muistance (0 tear propagation.

. DaPout FEP film offers nplqus propertian in 1

canveaiant form requiring minimal febrication.
Comslder it foc you nexs project. -

For sdditons] informetian, call (300) 237-4357.

TENHTSA 018468




Fpura 3.. Tenslla Strem va Bongation of BuPont
FEE #im

Residual Shrinkage

Streszes 521 up in the fllng during masnfacturing or
canverdng can oxusa abcinkage In pareszained flm
when exposed to kigh tempernmures.
Expomra of Gl ta an slavated temperaturs, and the
atendant shrinkage, will relleve this sress, and no
fustber sheinkage will occur i kower temperstires,

Therrmal
Aftey residnal shrinknge has been mmaved, DuPont
FEF fikm will #xpand and conrract according to
hs normal cosficient of thormal sapansion {sce
Flgares 4 and §), Nota i this coofficient incraases
with Lesperanirs,
Figure 4. Shwinkege of DuFort FEF 5004 Mim
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Dissipwtion Factor

The consistencly low vahe of the diskipation factor
over a broad range of temperarame and fraquency
makes FEP flugrecarbaon fim idesl in applicstions
wh:rulmul]um:nmbnmud{lﬂ
Figure 9).

At 8 coustamt ternparature, this dissipation faczor of
FE? fllms varisz 25 noted in Flgmre 10, Absgluta
valnes remain low in comparisan with many other
diclactric matarials,

Flgurs 3. Cisalpation Faotor vB. T“l"lltl.ll'l of

DuPam: FEP Fim
o
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Chemical Properties

CuPont FEP flucrocarben film is chemically inert
and solvent resistant to virtaally
except malten alkali metalx, flvcrine ut elevacd

afl chemnicals

tamperarures, and certain compiex halogenatad

compaunds such as chlorics rifluoride st elevated

temperatnras and préssired.

In circumstances where =nd-nse temparaTarss ars
close to the upper service lindt 205°C (400°F), 80%

sodinm ydroxide, metal bydridas, alomuenm

With these exceptions noted, DuPont FEP fluorocar-
bon films exhibit a very broad range of chemical

and tharmal serviceability.

Crae to the many complex aspects of performanse
ins savere environmeots, final mlectiom shoukd be
based on functional evalustions or experienca noder

pemua| syud-nes concitions,

The chamical substances Ested in Table § ace
reprecentative of those with which DoPoot FEP film

. . . by heen fonnd to be noaresct{ve.
clilarids, amymoaia, and certain amines (R-NH)
may attack the Sim in 4 marmer slmilar > molten
alkali mecals. Special testing is requited wheo such
streme reducing or oxidizing conditions sre
svideot
Txhie 9
Typical Chamioals with Which DuPont FEF Fim Is Nonresotive®

Abigthke seld Cyciohaxanpna Hydrofuoric ackd Phihslls scid
Acatis acld Dibutyl piithuism Hygrogan parcxkde Prans
Acade antydride Dibtrty! sabacats Lrad Prgaridany
Acatona Qiwtmyl carbonide Magnesium chiords Folyscrykanitis
A 1AM Chatmd sther Mareury Potarslum kot itd
Asrylic anhynde Dirymyl farmamida Matitvyd athyl ketzna Potassium hydraxkde
Allyl pearata Di-sobutyl adipste Mathacrylic scld Potassfum
Allyl muthacrylare Dimmrpiarmanic Mathanol pIrMARGANAT
Aluminum emoride Dimetyihydrazing, Matmd mathacryiats Pyriding
Ammanin, liguid unsymmatricsl Maanthyang Soap and damrganta
Ammanatum chicfide Clowxena Maphihols Sodlum Pynidss
Aniling il acetata Nitric scid Sedium hypochlorits
Benzoniwila Etiryl nlanhnl Nitrobsraane Bodlum partde -
Barzayl shiaride Byl sther 2Nltra-hutanol Sotventa, aliphatic
Berzyl sicohol Kty hyxgary Mtromethand ind gromatic*
Borax Ethrylornt bramide Nrirogen teiroxide Shnncus chisnda
Baric #cid Rotrylans ghynol 2-Nir-2-mathyl Suttur
n-Butyl amlne Farric phoephaty n-Oczadecyl aicchal Tarabromasthune
Buty! acatata Flucronsghdalme Olly, snimal gryg TamazRlarthyiane
Butyl methiacrylate Fludroritrabanzens vegetahle Trichioracans sid
Caklurn chlorids Formuidahyts Qzona Trichigrathytant
Carbon dieulflda Formic acin Parchlargtrylene Tricrawyl phoapnate
Ceane Fursrm Pantachiorg- Trischanalamine
Crigring Gasoline barmamida ¥iryl mathacrylam
Chiorafarm Hesachirethany Paruaraxylene Waor

Hexang Nywrn
et | el
Cyclchexans Hydrochioric scld mm":

*Natad on axperimes conducted up te thw bading paints of the Koulkds (eted. FE* rasine: harve 1Tl mervics THMPE Rt
up b3 0T (40U, Abganes of & dpealfi chmical doas nor maan T B s reeczhee with MEP i,

==Some halogenuisd siiverits My s modersts Dealling.
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Physical Propertiea

Absorption

Almost all plesticy sbsorh small quantities of cer-
tmin materiah with which they come in contact,
Submicreycopic yoida between polymer molecules
provide for the materist abaorbed withoot
chemical resction, This pacnomenon s nsoally
marked by » slight weight Increane and sometimes
by discolonrtion,

DuPont FEP fluemearbon Fims have unoyyally low

. shsorption compared with other thermoplastica,

Thery abtorh practically oo common aclds or basca
at bemparshares &% kugh as 200°C (392°F) and
exposurcs of op to one yesr. Even the sbsorption af
solvénts is cxremely amall. Welght increases are
leas than 1% when exposed s cloveted
temponiharns for Long periods. In Mjuscns
salutions are nbearbed very linke E;Dul’nntFEl‘
flm. Moisture absorpiion it typically less them
0.01% at ambient temparurure gnd pressure.

Parmeability

Mty pascs and vapors permosste FEP films st a
nyuch Jower sata thao for other thermoplastica (kea
Figure 13). In genaral, permeation increases with
perninre, presaoce, and sorface contact wros and
docroases with lncreased film thickners. Table §
Liews rated ot which vardon: gaess are troymitted
threngh BuPont FEP fluovocarbon Alm, while Teble
7 Lists raton of for some repee-
rentatve substances, Note that the pressars for sach
mnierisl {a e vaper peestors ab the indicated tem-
pemimE.

Tabla &
Tyalcal Gay Farmeabliity Rates of DuPont FEP
Pluorogmriyon FRm, 25 pum 1 mill Thickness
[Tast Muthod: ASTM D-1434 3t 2°C [77°F)

Parmusability Rate®
Gaa P im? 24 h-atmp
Caran CHoxddle 258 »10°
Hydro gan 1 RE R
Nitrcgen 50w 107
Oxygen 11.0 = 197

*To camvan tacm'{ 100 In®.24 =-simL mukiply by D.OSAE,

Mgurs 13, Water Vigor Trirminisslon Astas of DuPont
FEF Mim st 40°C (184°F1 par ASTM E-2
M ecifiad)

IIII

e
(-

1]
n i o R— |
e F 4 & X W2
I W % K 0 30 300
TERCHERA ]
THICOER] [

Yolumy woe svaragun anly and net far specilaation
purposan. To conwvert the garmesion wiluss for
100 1n* T thevew for 1 e, multply by 15.5.

Moo

Tabla 7
Typioel Vapors Transmission Astes of OuPont FEP Pucrocarbon Fim, 28 um {1 mil] Thickness
[Tamt Wiwthod: Modifed ASTM B-88)

Temperaturs Vapors Trasamisuion Axe

# Units lish Units
Vapor -t " {gfmid] L ] n"-di
Acatic Acid as 95 63 D41
Acaione k-] =11 14,7 085
Barrzane k- ] 23 .54
Cartitn Tetrehorkis ] -1 iB [ ]|
Ethyl Acatate k] 95 1n? 0.78
Etimyl Adcohal an s 10.7 0.89
Fraan® F.12 3 13 k1 Ko 240
Hexans 35 - B7 1.0
Hydrachlorc Acld ]} 77 o3 «Q.0
Kirk: Acld INed Fuming} 25 n tB0.0 105
Godiun Hydroxide, B0% 23 77 0.2 0.0
Sulfuric Acld, BE%, ] ] T 2x1 1x10"
Water na 123 ' .0 D45

TI-NHTSA 018472
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Kapton & Basis Products

QU poNT

{ gk dah-
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v Lustoneer amd Partner;

Thiok somn dor respuymding ooy the (UK Cusbonee s Sabisficnom Soerves bor
Twfont kapton poelsinmbe o Esis compuwite Hins This year’s s
wus e 1 T35 cusdorers ot 73 diffeneol canepamics in Sonh o,
We received covponses fnonn shmeet ] poreent of Uwtse cusoiners, S0y
vinl o whom provided ws with spocibic comiments, Yo grewtly appreciat,
vy el you taking the low o share your thoughts with us hecause we
e this feedbiwk w help daive our steutegic husiness plans,

Compated to ather suppliors of polyimide or compesite RBlms, 60 percem
at yem thewght BuPodt vome ol abewd s feems ol indusioy leadership.
saales pepresenfobive sOpport. cnstEmer swervioe s bechinical soppore

wid Preadth of produet lime,

Al this vear, we were pleased ho recoive o8 amher perrtul soore for oo
technical sarvicw représenioilves” undemoanding of yowr echmicol wewd daou-
fwturing sevds, Addirionadly, you guve us high marks {or our mnge of flin
types, paupes, wkdihs und put-ueps: vor responsiveness inomodifyiige our
produet b iweel s special needs, the wiy our prodinets perforn in your
munufwturing opengtions and fnished products: cur respunsiveness umkl
effectiveness in silving technical prblerm: oue conribution te inpros ing
your operational efficieney : our sales pepresenttives” kmow ledge ol hich

pertormance Nims ol polymers: and our everall echaical suppen.

Wie apprecite sour continued conlidenve in oy as o dependable sapplicr of
polyimide il A1 the saee tine, we reolize there are uther apes wivne we
ned nn Bocis oug impeoscmen ¢ fors, For example, you noted thens is
o b b e i inpmesving Ui comsisbeney of oue product gualits, aml
in o r conmmunivation oovou o res and inproved products, [nedditgon.
althiugh muns of vou ok salisfisetion with oce delivery dutes, vour overall

focdhuek mdivuies thet pur perfurnanee bas Jdeterionsted in thie ansa,

TI-NHTBA 015478
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Last year, deapite productivity inereases of LS percent at our Circleville,
Ohio, facility and 100 percent at our Baypon site in Texas, the significant
demand for palyimide and composite films axtended order 1ead Himes, To
niddress this issue, we are betier integrating our manufacturing and busi-
ners leams o improve aur abllity to forecest demend levels. In addilion,
we are expanding the schedule of our finishing area (where film is coared,
|nminated, reated, slit awd converted for use in specific indostry npplic-.:;
tions) from Ave days per week te seven, This will enable us to f1] orders
froms semd-finished stock faster and to reduse delays. Our commitment e
you is that if a shipment date cannot be met, one of cur costomer service
representatives will enll you five days in advance. [F you are nat complotely
satisfied, please call L=ah Ardedge, our Integrated Operetions Superintzndenl,
at (614) 474-0430.

We are taking a number of additicnal steps to further impreve our

service to you. For example:

8 We have insialled a new lefeconmaticaions spstem. This syalem will
enshle us to more efficiently handle the increased volume of inquiries.
We nlao have increesed our Customer Service staff by 20 poroont to pra-
vide Faster, mors personal response ko your noeds.

& We are continaing ot engolng commiiment te grawth, Outpwt from cur
Bayport site has doubled, and we are on brack to quadruple capecity for
base film at thia facility by 1908, [n addition, we are incressing our
finishing/slitting capacity in Luxembourg — consistent with our growlh
plens — and beliava our praducion capability will benefit from raw
materizl supplicr expansions,

® We are expanding owr glabal aperarions. Al Tokal, Japan (a $its operated
as B 50¢50 joint venture with Toray [ndustries, Inc.), we are adding u
line for Kapton® polyimide film thel will bz cperational by 1994.
This new line will strengthen our ability to meet the needs of our cus-
tomers and their end users in Asia, as well as provide additional global
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Beneral Specifications

GUPINY

DuPont Films

High Parformanca Films

Kapton®
polyimida film

General Specifications

Introduction

DuPoal High Performancs Filins manafactures and
sells a variety of high-quality plastic film preducts
in conformance with IS0 9002 certification.

These specifications describe the values mnd tal-
erances for Kapion® film properties. Where neces-
sary for thorough imderstanding, test methods end
procadures have been included.

Any aspects of the specifications that nequire
further interpretation or clarification should be
discussed with representatives of DuPont High
Performance Films.

Typos of Kapton? Palyimida Film
DuPont makes several types of Kapton® film.
Types HN, FN. and VN are used most cormmoaly.

Types H. E. and ¥ arc aliernative, specisl versions
of these standard types, The specificaions m this
bullztn appis ko them as well, In addition to these
three 1vpes of Kapton®, films are available with the
following antibutes:

* antisLa

* thermaolly conductive

» polyimides for fine line circuitry

* cryopenic insulation

* COTONR FRSISIAnt

» pigmented for color

« ponformahle

« cther films tailored Lo meet customers’ needs

Data for thess films are covered in separste product
balleting, which can be obtained from your DuPont
High Performance Films mpresentative.

Tvpe HN Flim

Kapton® Type HN is & tough, smvimatic polyimide
G, exhibiting an excellent balance of physical,
chemnical, and ebectrical propenies over & wide
lemperatine range, particularly at uouguglly

high temperatures. Chemically, its polyimide
palymer makeup is the result of & polycondencation
reaction batween pyromellitic dianhydride ard

4 #'diaminodipheny] ether. Kapton® HN is avail-
abla in the following gauges: 30 (7.5 um), 30 {127
um), 100 (25.4 pm), 200 (30.8 .um), 300 (762 pm),
apnd 500 (127 pm). Other gauge s, such a5 75 (19.]
rn) and 400 {142 jim), are available by special
reques!,

Tvpe FN Film

Kmpton® Type PN il is a heat sealable grade that
retains the unique batencs of propertics of Kapton®
Type HN aver o wide temparature range. This is
achievad by combiming Type HN with DoPom
Teflon® FEP Auarocarbon resin in & composice
smactmne. Table 1 lists the commnon, types of FN
film available, Cither combinations are availeble.
Consult your DuPert High Performance Films
marketing representative for further informasion.

TI-NHTSA 018483



Table 1
Kapton™ PN Polylmide Flim Types
Congtruotion, mil (um)
Designation FEp HR FEP
120FNG18 89025 1004254 D.10{Z6)
120FNAIBE  0.15(38]  1.00{25.4) D.1B[38)
180F D18 14004284 0.50{12.7)
200FN919 0800127 100254 0.50{12.7)
200FNO11 100 2641 100264
250FNO29 2.00 508 050 (127
200FNO21 2.00 (503) 1.0 (29.4}
J00FNE29 0.60 (127 2.00 (508) 0.80 (12.7
AQUFNDZ2 200 (60.8)  2.00 {50.8)
BOIFNYSY 1.00 {26.4)  3.00 {76.2)  1.00 {284
Type VN Fiim

Kapton® Type VN js the same tough pedvimide film
as Type HN Film, cxhibiling an excellent balance
of physical, chemical, and electrical prapertles over
a wide temperature range, with superier dimen-
sional stability at elevoted temperaures. This
peoduct is available in 50 (12,7 pm), 75 (19.1 pm),
100 (25.4 yam}, 200 {(50.8 pm), 300 (76.2 pm), and

500 (127 {im) geuges.

Cortiflomtion

Kapion® is certified to mest the requirements of the
military specification MIL-P-451 12 B and ASTM
D-5213-95 in addltion w the items coversd by this
specifications butletin. Wrlken confirmation is
avhilable with aach dalivery upon request.

Thermal Durabllity

The thermal duesbility of Kepten® film depends on
the envimnmental conditions undar which it is aged
and tested, 1ty lifetime depends on the criterion of
failure, Kapton® is routinely tesced at the manufac-
luring site in the following manner:

Sheets of film 8.5% x 11" (216 mm % 279 mm) are
freely zuspanded in an oven At a lempermuce of
400°C £2°C (¥52°F 13.6°F), monitered with a
themtiocouple Yo ensure nccuracy. Sheets are
rémoved after 2 hr {1 he for 30 [7.6 pm] and

50 12.7 pm} gouge film) and tesved on an [nstron
Tensile Tester ny described in Table 2. The clongy-
tion of the film at 23.5°C (74.3°F) should not be
less than 1(¥% after this oging a1 400°C (752°F).
This conforms (o MIL-P-46112B "Elonpgation After
Aping at 400°C" tesn (parugraph 4.4.5) and "Elan-
gotlon, Percent, After Two Hour 4D0°C™ require-
ment {Table 2).

Ly aulediion, Kuplon™ contiormes (0 ASTM
D-5213-95, Siandord Specilicution lor Polymeric
Resmin Fitm for Electrical insulatian amd Dielecineg
Applications. :

Underwriters Lahomiories, Inc. lists o thermal
index of 200 10 220°C (392 10 428°F) {depending
on gmge and type) for mechanical properies and
220 10 240°C (428 10 464°F) (deperding on guupe
and type) For electrical propentics, under their file
number E3S503 for Kaplon®™ polyimide film.

Properties of Typs FN Flim

Haat Seal Strength
Rim-to-Flim Ssals

The peel etrength of heat seals between the coated
ond uwncoated sides of one-gide coated Kapton® or
between the coated nides of both one- and two-side
coated Kapion® is determined as follows,

Scals are made in o jow scaler at 350°C (662°F),
20 psi {1.4 bar), with 8 20-s0c dweil time. After
coofing, the seals are cit into 17 (25 4-mm) wide
strips waing a Thwing-Alben JDC sample cutier or
its equivalent. The stal strength §s medsured with
an Instron-type tsnside tester, Seal strength is de-
fined v5 the pegk instartanecyus strength occurring
in ench =eal. Five specimen values are averaped.

The minimum peet sttength between the costed
gides of one- or two-side conted Kapean® film will
be 700 gfin (2.7 Nfem), except for 120FNG16 and.

I 20FNG616B, which will be 450 g/in {1.7 Nicm).
The minimum pesl sirength between the coated and
uncoated side of ane-side coared Kapton™ will be
430 gfin (1.7 Nfem).

Flimn-to-Coppar Seals

The ability of FEP film to adhers to copper ia
neasured usimg the zame heal seal peel sirength
tachnique g8 deccribed in “Film-to-Film Sealz,”

The peel amength is mensured with the FEP side
sealed to the unreated slde of | mi! (25.4 pm),
¥ oz GT copper foll; it will be a minimum of
300 pfio (1.2 N/cm).

Ad-Rataived Strangth (Cold Pesl) of Bonds
Batwaen Knpton™ HN snd Teflon” Layars
The bond between the Kapton® Type HN and
Teflon®™ fluarocarbon resin layess oo 4l Type FN
prociucts except E20FNG1 6 and | 20FNG 16B will
have a minimuom peel sirength of 225 gin (.87
N/em), measured using wn Insiron-type tengile
tester and a 1B0* peel.

TI-NHTSA 018484



Tubls 2
Meghanical Proparties of Kapton® Type HN Palyimide Film

Property Valus—iw Thiokness, mH [pm)
050 .50 1.00 2.00 .80 500

Proparty I7.8 (127" 284" W08 [ {120 Mathod

Tonalla Strungth, 18000 20000 24000 24000 24000 24000 ASTM D-B82-91. Method A,

psl {MPa) ; {110} 1134] {188} 17185 {168} {186 uaing an Inetron Tensiks Tester
23°C 173°F. (spaciman siza: 5"« 68" |12.7
Maching Direction mm x 162 mml; |sw sspare-
{MB} and Tranevarss tion: 4" [102 mm]; Jaw spaed:
Cirection (TOI, min. 2*/min (61 mrymin]}. Calcu-

lata the swarage of flva spacl-
mans basad on ariginal

maaiurid thickriaea.

Eiongation, %, MD 26 k- 40 (1.3 5J 1) Sarma an abova.

and TD, min.

Shrinkage, %, MO 14 4.0 26 5 25 25 MIL-P-i£712B. The parcent

and TD at 400*C shrinkage ix oirtalned for

{752°F}, max. aither tha MD or TD using tha

' avarage of thras maasura-

menik in alther dirsction before
and after conditiening. Prlorto
MaEIararent, the 8" x 11*
[318 mm » 2T mm} spagimen
|3 canditioned bry fresly aus-
pending It for 2 hr** In an oven
comtrollad to AD0C (TE2*F).

Muolsturs 4.0 40 40 40 40 4.0 ABTM D-570-82, using

Absorpilan, %, 24-hr iImmaerslon a1 23°C {73°F).

M, Averaga of thres apecimans.

"Ahsc spplien to Typa VN, aucapt shrinkage, which ks shoven In Table B,
**4 hr for 20 snd B0 guupe flm

Talis 3
Eimctrical Propertios of HN Fllm

Froperty Valup—FHim Thiaknasa, mi (umt

0.0 084 1.00 00 .00 5.00
Proparty (1Al (A7 (B4 [E0SI" (a2l |1 Murdhod

Dislectric Strangh, 3,000 3,000 4000 6000 4,600 3,000  ASTM D-148-84. |Averspa of

AC Vimil (kWmmi, 180 R L] {238 1187 am (118}  ten spacimans.! Flat shasta in

mikn. alr placed bevwaan " 1§ mmi
dismeter brass electrodes with
" (Q.B mm} wdge radiua
pubjectad to 80 cyclos AC
voltage &t GO0 Visec rate of ring
to tha braakdown voltaga.

Voluma Aaalmtivity, 1002 10 10 il e T ASTM D-257-93
ohm-om at 200°C

{392°F}. min.
Oiclwctric Conatant 40 4. 33 ) 3.9 14 ASTW D-150-84. Unma conduct-
at 1 kHz, max. Ing zilvar palnt slectrotas,

two-terminel syatam af mes-
aursmant st gtandard condl-
tians. Rasule ara besad anan
avarage of fiva tésts uging
menkurad thicknees of
ERCiMANE

Oiss/pation Facter 00070 00050 00038 00038 DOD3IE 0.0038 Sama as apave.
at 1 kHz, max.

*Abwa applles to Type VN
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Width Tolsrance
The maximum varistion in flm width from that
sperified on the order shall be ag follows:

SHt Widih Range Talerance
1'4” {38 mm) or less 20005 {0.13 mm)

14" w0 4° (38 mm to 102 mm)  HKO30™ {0.76 mm)

Standurd universal: core lengih

28" 0,087 (70 mm £2 mm) (split core)
Wide universal: core Jength

437 $).08" (110 mm +2 mm) {non-gplit core)

A different put-up called Step-Pac™ is available
from the LS. Comact your DuPont High Perfor-

a4 {502 ) +0.080" {1.5 mm) mance Filma represantative for mane informarion,
Suppl Width Tolerance
Luxembourg A The maximum variation in film width from thar

Cores shall be of sufficient serength to prevent
collapsing fram handling. Luxembearg supplics pad

speciflad on the order shall be as follows:

rolls in widths below 914" (240 mm) and univeesal Slit Width Range Telerance

wound rolls. 0.9" (22 mm) or less 0.0087 (0.20 mm)

Standard core iniernal diameser for Luxsmbourg Universal "

is 37 (76 mm) (naminal 37 £0.008" [76 mm f': E‘i 1':; mm) or less 0.6 (040 mn)
5

+0.2 mml).

Seandard cores for pad molls arc paper cores, except
Eor widthz helow % (13 mm), where it will be
plastic,

£ o 9% (133 mm to 240 mm) 004 {1.00 mm)
Pud roljs

Outgide diameler tolerance: 2047 {10 mm)

Tahie 8
Kepton® Palylmide Flim Specifications and Tokancos
| A p— Thicknesa Tolemeoe Whith h!t Unk ﬁL
(o ™ M Min. Maa. M, My A Rohr
Piom Typs il o} wll {pm) wl { o) tn {mm} i {mami n' pe' b (mYyl
J0HN 40048 D24 k1) B L YL ] 2{130 14 140 L.\ aza
BHH DAD{127| LR 1) 0091165 Ya .8 BRI D a0 omn Bh7
100HN 1.00 (26,4 0.95 {1 Bl 1.15 1282 Y dB) Rl (170 ar I 1% by
WOHN 1mmal 1AM - 1BiF2 Ya (1300 ns 1] ] 139
J0aHN 100 A i 1Ay ¥ 4By B 1 0L 1154 &5 B2
BOAH N 1081127} L5 5.5 (138 ¥o i 2 (1320 1645 1825 n 55
S 080137} (R L] G Ay W (.1} = 1 140 o i L &)
100vH 104 (26 4) {BE(NE  1LIG{AY W (4B} B2 (12200 121 n? 1% ne
200V 200 san} 175045 2190872 Y 0] 2 13 LT i [} 1am
00vN a0 7.3} imim1y 1xiny W illy o | 157} ma4 1LY (13 n1
SO0UN EO0 [127) AMINY 538 {138 Yu 4 8) S0 1625 1925 by E5
120FNBIE 12043031 LI0IZ3F 140058 e .0 & M8 41.0 L= ™ 13
12FNBEE 1.300540) 120 3041 iR Yu 08 #0118 41.0 #a L - 4B
WHNDIE  130{9%1) 1578 LSS L 0.0 M1 0 T4 n 158
Z00FNDT1 2.00 (SO.8) 10 M2 2305R4| Yu (4.8) i TiH 0.0 1) 1.1
HO0FNGIE 200080 1200432 23008H4| Y 4 H) M1 TiD 104.0 LT ] 1.
INFNRE  280(E1N) 24517 77E(EAA) Ya l04) TR RRL ] i10 nas ] o
JOFND21 100162 2080 |s8.) 240 (864} Y (.81 1B na 1430 13 B0
SOOFNB2E  IDAITED) 2008301 M40 (BEA} ¥a g M1 m.ao LA : | [1)]
#0FNaz2 A0 182 150 [23.9 15011 v} ¥ 4.8} 113 1430 2000 7 L]
SEOFN 11 S8 (11 L9 {114) (5 QL] ¥ LTS LNET] | ] b n 47

*Roferance: ASTM O-Z74-, Misthad &, L, or D.

Tha uausd dimenaians af gad rolis are 37 {9 mm) L0, x 87 [152 mm)} or 9 (230 mm} outxide dinmetar [0.0.) for widths up to 47 (102
mml. In Luxmmbourg, 162 mm, 130 mm, 203 mm, ind 2% mm 0.0, mila are availabie. For widar rolls, Sha usval dimeneisns wra 6% (162
mm} L0, » 5447 (240 men] or | T (220.mm| D0, For Universal end Stap-Pac™ rofig, tha dimanslons ara 37 {78 mm| 1.0, = & (152 mm), 3"
(303 mm}, or 127|335 mm| 0.0. # thewe dimensons §re nat suitabia, informatian on other opikans i svailabla from yaur QuPant High
Parformanca Fime 1achnleal or customar sarvien rearesentst|m.
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General information

Kapton® polyimide film posscsses d unigue
combination of praperties that maks it idenl for
a variety of applicetions in many diffesent
industries, The ability of Kapton® to maintain
ita excedlent physical, slestrical, and mechani-
cal propertier over & wide fempemature ranges
hus opencd new degign and application arsas 1o
plastic films.

Krpton® is synthesized by polymerizing an
aromatic dianhydride and an aromatic diamine.
It hea excollent chemical nesistnnee; there ame
no known organic solvents for the film.

does not melt or burn ax it has the
highest UL-94 Qammabllity razing: V-0. The
cutstanding propertics of Kapton® permit it to
be usad at both high and low ternperature
extremes where other organdc palymeric
materialz would sot be Functicnat.

" Adhesives sre availohle for bonding Kapton®
to imself and to metals, various paper (ypes, and
ather flime,

Kapton® polyimide film can be used in o
varisty of electrical snd electronic insulation
applicatioma: wire and cable tapes, farmed coil
inauiation, subatraies for flexihle printed
clrcuita, motor slot liners, magnet wine Insuln-
tion, irsnsformer and capaciior insulation,
magnetic and presmare-ssnsitive tapes, and
twbing. Many of theso application are based
of: the excallent balance of electrical, thermal,
mechanical, physical, and chemical propartics
of Kapton® over a wide mnge of lemperatures.
It ig thls combination of usefuol propertisa gt
tempemture extremes that makes Kapion®™ o
uniqus induatrial matertal.

Three types of Kapton® are deacribed in thin
bulletin:

v Kapion® Typa HN, all-polyimide fillm, has
been used swecessfully in applicarions at
remperatures as low as —269°C (- 452°F)
snid aa high as 400°C (752°F).

Type HN film can be laminated, metallized,
punched, foemed, or adhesive costed. I Is
available a5 7.5 pm {0.3 mil), 12.5 um

(0.5 mil), 19 m (0,75 mil), 255 pm (1 mil},
20 wm (2 mil), 75 pm (3 mil), and 125 gm
(5 mil} films.

« Kapton® Type ¥N, all-polyimide film with
all of the properties of Type HN, plus
superior dimensional stability. Type VN is
availeble as 12,5 pm (0.3 mil}, 19 pm
{0.75 mity, 25 pm (1 mil), 50 pm [2 mil},
75 um {3 mil}, end 125 pm (5 mil} films,

+ Kupgent® Type ¥k a Type HN film coated
on o or both sides with Teflon®™ FEP

Avcropolymer reain, Imperts haat soalo-
hility, provides B moisiore barrisr, and
enhancet chemical resistanve, Type FM is
avajtable in 2 number of combinatlony of
poiyimide 2nd Teflon® FEP thicknesses
(se¢ Tabie 18),

Note: In addirion to these thres types of
Kapon®, films are available with the follow-
ing attributes:

* ADListal

» thermally conductive

= polylmides for fine line circuitry

* cryogenic insulathon

" gorona resistant

= pigmented foe cobor

= conformahbie

+ ofher Alma tatlored to moer customers”
neads

Data for thesa films are covencd in scparate
product bulleting, which can be obtained from
your DuPont represerstative.

The Chemical Absiracts Service Registry
Niumber for Kapton® polyimide film is
[25036-53-7]).
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PE AT,

Haptan® withatands the harsh chsnlesl and plryglos| darmendy
on disphragres used In sutomative ruitohes,

B eaed In mpmerous slestronio spplications,
Inelaaciing hard ik drives.

TI-NHTSA 018449
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Physical and Thermal Propertios

Kapton® polyimide films ratain their physical Complete deta are not available at these
properties over a wide temperature range. They  exireme conditiona, and the majority of mchni-
have been used in field applicatlons where the  cal deta prasented in this section falls in the
environmaental temperatures were as low as 23 10 200°C €77 10 192°F) range.

-369°C (—432°F) urd 05 high as 400°C (752°F),

Tehia 1
Physical Proparties of Kapton® Typs 180 HN Flim, 25 um {1 mH}

Typisal Valug a1
Ftiywicnl Fraparty 2H¢ Trm SO9°L EF) Tuiek Mathodd
UAtimam Tunsils 3trength, M®a {0 231 133,500 138 (20, D00) ABTM D-BE2-81, Mathod A*
¥iald Point &1 3%, MPx {pall 86 (10,0004 41 (8000 ASTM D201
Xiress t Produce EX Elongation, MPa {pal) 60 {18,000 a1 | AETM D-881-01
Ukimata Elos gatian, % 72 2 ASTM D-281-81
Terwile Movulus, QP (pell 2.8 |370,000] 1.5 (230,000} ASTM D-B82-89
Impact Strangth, N-cm iRl 78 (0.1 PuPant Frsumats Fpact Teat
Foking Endurancy iMITL cvcles 250,009 ASTM 2179
Tuar Strangth—F ropagating Eimendart, N (b4 1.07 (0.02) ASTM D-1922-8%
Taar Srangth—iritinl (Graves), N (O 12118 AETM D-1004.80
Caraity, gvoo or gfml 143 ASTM D-1508-00
Casffiolent of Frictlon—Kinatio (Fim=io-Flim| D48 ASTM D-1804-80
CanfMiolant of Frictllan—Swtia {(Aim-to-Flim} 0. ASTM D-1854-80
Anfractive Incex |3odium D Line} 1.70 ASTM D-B42-80
Poluxon's Rt 084 Avg. Throe Samples

Elongated at B%, 7%, 10%

Low Temperaturs Rax Lita P 1PC TM &5, Method 2.8.98

"Gperairran Elsac 35 & 160 mm {1 x4 Ink Jow Separaiion: 100 mm (4 In]; Jeew Bpgad: B0 meryimin (3 infminl; Uitimets rafems o 1he
mrille wirenpth dndl slangation aekidurel ot brasic

Table 2
Thermal Froparties of Kapton® Typs 100 HN Fim, 26 pm (1 mil)

Tharenal Praparty Typiosl Vialue Tant Condtion Teat Mathod
Nahing Point Hore Nons ASTM E-784-26 {T9BI
Tharmal Cosfficlant af 20 ppry™C =14 to 39°C ASTM D-090-91
Linasr Expansion {11 ppmy™F} 7 1 100F)
Coaftighent of Tharmal Conduchvity, ASTM F-453-77 (1881
Wi K &2 24 K
cal

- 247 = 1 rc
Spacific Hea, Lo K {calig Gl 1.08 ID_2M*) Difarantial Calorimmry
Flammahility . v LIL-0d (2885
Shrirkage, % n1? 30 min s 180T {PC TM 880, Methad 2.2.45

1.2% 712¢ min ar 400°C AETM D-2274-81
Huaat Sealabilily Not Haat Eanlabia
Umhing Ouygen Incex, 9 n ABTM D-2883-87
Sakdar Floar Fian IPC TM 850, Mathod 2.4.13A
Smaks Gansmion DM = 21 MEES
Smaks Chambar NFPA-288

Ol Transition Temnparsturs (T} & gacond arder transhion ocours in Kepton™ betwedn 300 [980F) and 410°C (730'F)
and (& stmeyesd o b U el Iraralion wnperstues. Difarmnt mpsgysment
Inchrigues producs diHarat risuie within the Bbous ernporsture range.
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Table 3
Pirysical and Thermal Propartiss of Kagrion® Typs VN Flim

Tiplesl Vaiae for Pl Thiskness
Mum H pm wum 126 gm Test
Proparty Hmid &2 mill |3 rinbl} . mdll IWhirtivac
Limaca Tanalls Srengd, MPs m 24 F<1) FE L ASTM D-2B2-81
| {23, 500) 134 000) 33,500 133.800]
Unimete Elongetion, % | a2 &2 a1 ASTM D-3E2-91
Tuar Strangth—Prapegating Emendorf, N 0.07 0.2 0.3 068  ASTMD-1922-8%
Tear Sirength—inttial {Greves), N .2 |3 2637 &9 ASTMW D-1004-30
Falding Enduranca (MIT}. x 107 cyoles 286 b a ] ASTM D-2176-83
Dansity, gftc or g'mL 1.42 142 1.42 142 ASTM D-1508-90
Flamumahbility MY-0 | ki) iy iv-0 LAL-84 12-8-55)
Shrinkags, %, 30 min &t 180°C {303°F) .o am o 1P TM BEQ
Mirthed 2.2.44
Lintiting Corygen Indus, % a 4 48 6 ASTM D-2883-87
Tabhe 4
Phryalsal Proparties of Kapton® Type FN Fim*
Typical \I"H'l.l! #ar Mim Tyne**

Proparty 120FNE18 1580 200
Ultimata Tenslte Strength, MP {pal)

XL TR 17 130,000} 102 1Z3.500: 200 (28,0001

200°C (392°F} 127 117,800 9 (15,000) 198 {17,000
Yimld Palnt ot 3%, MPa (gl

IXC{1XrF 81 (9000} A | 000} SH (3W00)

200°C | 26PF) &3 (000} iy [ BO0a} 34 1b0a)
Sroad M1 % Elongeion, MMy (pel)

2:C 7 T 111,608 £5 [9,508) 78 {11,000)

200°C {383°F) K3 |BG00) 4% |8C00} 4 [700)
Uitrurts Elongmtien, %

23C {1X°F) b ) -]

XN"C | 382°F) ) 18 110
Tanulla Modulus, GPa {pal)

&Z°C {TE°F| .48 (380,000} .28 (AN00]] 2,82 1380,050)

200 {ARd"F) 1.82 {230.000) 1.14 (150,000; 1..38 1200,0001
Impact Strength st 23°C (73°F),

N.em Htlb| ' 78 |0.E8) 38,8 {0.51) THA.E (1150
Tasar Berangth—Propagating [Eimandorf,

M len 0.0% 10.02) Q.47 1047} 0.07 (013
Teur Etrangth—inhlul {Grirvim), N {If 14 12K 11.5 [28) 17.8 4401
Palyimida, wit a0 57 3
FEP, wi% 20 a3 n
Danglity. gloo of giml 1.83 1.47 1.57

*Towt rmurthouy [or Trige 4 ara ihg sema aa For Teisks 1.

Hfgnpuna 8 numbar of onmbinatens of palyimics fim and Rearoderhon aosting sda up 1o e samy Bt geugs, B i neosamary o
nomnal thickners

distinguink ama
Kapton® flim n m
in mily. Tha syrmbol § b usea

tham. & thme-digh

in umnd in which the middis digik re
Tha frst ared third diglls taprsaing dw nomdeal thisknees of
0 raprep 13 um @6 ml) padd § 1 peprpannd 3.8 prm (81 mill. Fegmphs! 120FPNES oy o 120-ganga

1ha
couting of Trllon® FEPF fusrapchaisd nen

o 1he hane

siruciurs congeting of 2 28 pm {1 mili bt fHm vwith & 25 pm (0.7 mill costing ol TaPon™ on esch alda.
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Mechanical Proparties

The usual values of tensile strength, tensile whereas elongation reaches a maximum value
madulus, and ultimats elongation &t various at sbout 300°C (3T0°F). Other factors, such as
temperatures can be obtained from the typical  humidity, film thickness, and tensile elongation
streas-giain curves shown in Figures 1and 2. mares, were found ro have only a negligible
Such properties as tenalle syength and modulus  effect an 1he xhape of the 23°C (73°F) curve.
are inversaly proportional to lemperature,

FAgurs 1. Tenslls GtressBivaln Curves, Typs HM Alm, 26 ym {1 mil)

280
%1
-1 200
100°C (212°F) .
= 180 i
HHC [342°F) !
100
- #
] ] [
) 30 100
Birain-Elargitian, %

Figurs 2. Tenslle Creep Properties, Type HNM Fllm, 26 um {1 mN)

B 100°C {21X°F)
01 MPa (5360 pail

2 |
'

1 I~ — 24" 130F)
BB 21 MPa {2960 pul)
0.8 —

04 e JE*C [BOFF}
r— 11 MPa 1810 psil
0.2 - 2°C |B0F)
| 2.5 MPa (50 psil
| 1 1 I |
1 10 100 10080 10,000

Time, min
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Hydrolytic Stabllity

Kapton® pojyimide film 1& mede by n condense-  remain to enswre good mechanical perfor-

tion reaclion; Iherefore, its propertles ore mance. A decrease In the temperaturs snd the
ulTocied by walsr. Although long-ter expo- winer content Wil redduce Lhe e of Kapion®
sure 10 bailing water, as abown in the curves in - property reduction, whereas higher 1emperature
Figures 3 and 4, will redoce the level of film and pressure will incresse it

properties, sufficicnt tonsils and elongation

Rgure 3. Tansla Strangth After Expoaurs 1o 100°C {212°F] Water, Type HN Hlm,

29 um (3 mi)

38 280
32

g | —| 200

hx
-
I

Tonwlin Strangth, kpsi
= &
T I
A
=
Tonsils Strength, WPs

-
M
1

| | L | | | | L | L 1 1 0
0 02 04 QP OB 10 12 4 VA 15 20 23 24 28
Time In Balling Water 3t 1F y

Figure 4. Uktimate Elongation Aftar Exposurs to 108°C 212°F) Wrtar, Typa HN Flim,
25 um (1 mil)

100
]

%
s B

& ¥ 588
T

L ] | _l | 1 1 1 | L | |
0 02 04 08 CE 10 12 14 %8 1B 20 22 24 28
Time In Bolllng Water x 169 h
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Tabila 8
Tims Required for Reduction ln Uliimrta
Elongation from 70% to 1
Type HN Rim, 25 pm (1 mil

Temparaturs Alr Ewlronmant

450°C [ma0rF) 2 noura
AZ5°C NP F) 6 hours
HC°L (TR0"F} 12 hours
I76C (T10F) 2duye
380°C |BOCF) & duya
JIEC (020F) 1 manth
WG BT 3 monthe
2767C {B30FI 1 yanr
2807 (4BD"F} d yoars

Figurs 10. eathermal Welght Lo, Type HN Fiim, 25 um (1 mil)

€ (762*F) Ha
“SH60°C (BAZ'F) Ha
00°C (782°F) Alr

BOC (832°F) He
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i '
“
sof-1 \
1 \
1 L
® I 450°C (842°F) Alr
|
70k |
! E75°C (1087°F) He
8-y
I 1
sol- \ ESO°C (1D22°F} Ha
&UIPC {1112°F) Ho
[ \ BOO°C (B32°F} Alr
1W - " v i | | Fl i 1
O 100 200 300 400 600 €00 700 B0 9O 100D 1100
Time, min
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Chemical Properties

Typical chemical properties of Kapton® Types  The chemical properties of Type VN film are
HN and FN flims are given in Tablea 10 and 11.  sirnilnr to those of Type FIN.

Tubla 10
Chemical Froperties of Xapton® Typs HN Flim, 28 pum {1 mill}

Typlsal Valus
Tomalle Hangetion Tt Test
Praparty Matainad, % Patalnad, % Conditian Rarthheal
Chwarriisal Nesisiasen
Inaipropyl Aleahal " o4 15 min at 23°C IPC ThA-850
Toluars ] L] flathedd 2,230
Mutind Bty Kstone L] ] 1]
Muthylaru ChioHde
Trichlorcsthlene {1:1} 1] as
Z N Hydrochlorie Asid BE ;) ]
2 N Bolum Hydrowdda B2 [ 1]
Emgus Reistenes Nonretriem PG T-080
Muthod 281
Adodrfurs Abmerpiinen 1.6% Typas HN md ¥N 50" RH at 28°C AETM D-5re-81 (198
2.8% Typsa HN apd ¥ Immsrsion fr
24 b at 23°C 7XF)
Hygrouoogls Cowilieken
afExpansion 22 ppm™ RAH 23T {7F) 20-80% RH
Parmaakifty
[r ) MLt M MRy TR IS B IFC AL B0% AH ASTW D-1434-82 (10p8R?
Carbon Dioxida 1] ;:
Dumn 300
H wn 38,000 250
| [ ] 10 a
Hallum 3,080 415
Vapor gfm i) At [n?2d B) ABTHW E-fai2
Wirtar - b
Tabla 11
Chamioal Propertisy of Espton® Type FN Mim
Progerty 120M1e 1301y L ]
Woliture Absorsion, % :
ot 23°C (T2F, B0 Rel 1.3 08 o4
C Y 1.5 1.7 12
Wabir Vipor FermeabiBty,
adn™-id h) 12.5 B.A 24
0100 v 24 ) 113 n.a2 014
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GENERAL INFORMATION

KAPTON* polyimide film poasesses a unlgue combination of properties previously unavaliable among
polymaric film materials, The abliity of 1A N to mamntaln its excellent physical, electrical end machanical

es over a wide tamperature range has cpened new design andaﬁplniﬂm areas to plasti: fllma.

ON has proved to be aspecially useful in appications irmvolving high operating temperatures.

KAPTON I3 syntheaized by a poycondensation reaction betwean an aromatio denhydride and an
aromatic diamine. Thera ia no known organic sotvent i the fim and It is nfusibla and flame resistant The
outstanding g of KAPTON parmit it to ba usad st both high and low tempearature exirernea whera
ather organic matenals would not be funclional.
Adnesives are available for bonding KAPTON to itseif, to metals, to papars of various typas and to ather films.
Applications for KAPTON pokyimide film Include a variety of elecirical and slsctronic insulation applications:
wire and cabie tapes, tormed coll insutation, substrates for fexdble printad cirouits, motor slot liners, magnet
wire insulation, transformem and capaciior insulation, magnetic and pressura senaitiva tapea and tubing.
Marty of thase applications ars bassd on the excellent aleotrical properties of KAPTON, such as diglectic
strength and dissipation factar, which remain naearty congtant ovar a wide range of temperatura and
frequency. Other applications meka use of the film'e redliation rexistance or chomical resstance at slavated
tamperatures. It iz this combination of usetul proparties at extremes in temperaturas that makes KAFTON
unicue industrial matenal.

Du Pont makes three typas of KAPTON:
» KAPTON Typa H, an ai-pupose, ali-potyimide film thet has been used successiudy in 3 at
temperaiures 28 low as 41K~ 289°C) and as high aa 673K (400°C). Type H fim can be laminated. metalzed,
punchied, formed or adhesive coated. i s avelable as 6.3, 0.5, 1, 2, 3 and & mil film.

+ KAPTON TYPE V, an al-pumose, al-potyimide fm with all of the properties of Tyise H, plus auperior
dimensional stabilty. Type V Is avaliable in 2, 3 end 5 mil,

= KAPTON Type F, a Type H fiim coatad on cne or both sides with TEFLON™ FEF fluorocarbon rasin 1
impart heat ssalabifty, to provide a moisture Desier and to anhance chemicel resistance. it ls available
n a vanety of congtructions.

Note: This bullstin provides a summary of typical proparkes for all three KAFTON polyimide flms Type M, Type V
and Type F. Additional data shouki be obiained from your Du Portt industrial Flima Division reprageniatve
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In the KAPTON? Type F arder coda af 3 digits, the middie diglt represents the nominaf thickness of the base
KAPTON in mits. The firet and third di?iats reprasant the nominal thickness of the coating of TEFLOMS® FEP

fluorocarbon resin in mils. The symba

i5 usad to raprasant 13 um (%% mii) and 8 to repreaent 2.5 gm ft4ro mil).

Example: 120F816 is a 120 gauge structure conalsting of a 25 pm {1-mii) base film with g 2.5 m {10 mil} coating
ol TE on each side. llustmated are 3 axamphea of the meny types available,
NOMINAL “TEFLOK" “KAPTON" “TEFLOK"
OROEA THICKNESS FEP TYPEH FEP
CODE wm mifs fm mils am mils «m mils
120F816 30 1.2 2.5 0.1 25 1 25 0.1
150F019 38 1.5 U Q 25 } 13 )
250F029 G4 2.5 0 o a1 2 13 ;]
OROER ETANDARD WIDTHS AREA FRCTOR
CODE mm Inches mirg FT3LA.
1207816 3.18-914 1/8-36 21.3 104
150H)14 3.18-814 1/4-34 15.8 T
25028 3.18-914 1/8-36 1.1 48
’ .
»
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Ganeral Information

Kapton® polyimide film possesses 2 unijue
combination of properties that make it ideal for
a variety of applications in many different
industries. Tha ability of Kapton® o maintain
its excellent physical, electrical, and mechani-
cal properties aver a wide lempeTatuce range
has cpened new design and application sreas to
plastic films.

Kapton® is synthesized by polymerizing an
aromatic dianhydride and &n aromatic diamine.
It has excellent chamical resistance; then: an:
na known organic solvents for the film.

* doen not melt or burn as it has the
highast UL-94 finmmability rating: ¥-0. The
outstanding praperties of Kapton® pertnit (t to
be used at both high and Jow temperature
extremes where other organic polymeric
materials would not be functional.

Adhesives are available for bonding Kapton®
to itself and to metals, varicus paper types, and
atber films.

Kapton® polyiriis filtn can be used in a
variety of elecirical anxd electronic insulation
applicaticns: wire and cable wapes, formed coil
insulation, substmtes for flaxible printed
circuits, motor 1kt liners, magnet wire insula-
tion, transformer and capacitor ingulabon,
magnctic and pressure-sensitlve tapes, snd
tubing. Many of these applicatlons are basad
on the excellent balance of electrical, thermal,
mechanical, physical, and chemical propentes
of Kapton® over a wide mnge of temperatures.
It is this combination of useful properties at
temperatune ¢xtremes that makes Kapton® a
unique indusirial material.

Three types of Kapton® ars described in this
bulletin:

= . Kapton® Type HN, all-palyimide film, has
bean nsad successfully in appilcations at
temperatares an dow as —269°C (- 452°F)
ard] a8 high 15 400°C {752°F).

General Information

Type HN film can be laminated, metallizad,
purched, formad, or sdbesive coated. [t is
available as 7.5 um {0.3 mil}. 12.5 ym

(0.5 mil}, 1% pem (0.75 mil), 25 pm (| mil),
S0 pm ¢2 mil), 75 pum (3 mil}, and 125 pum
(5 mil) Alms.

« Kaptoo® Type ¥N, all-polyimide film with
all of the properties of Type HN, plus
superior dimenszional stability. Type VN is
availahle as 12,5 pn (0.5 mil), 19 pn
(0,75 mil), 25 pen (1 mil), 50 pem €2 mil),
75 pm (3 mil), and 125 pen (5 mil) films.

¢ Kapton® Type FIN, 2 Type HN film coatad
an ane or both sides with Teflon® FEP
flucropolymer resin, imparts heat saala-
bility, provides a moisture barrier, and
enhancea chemical resintance. Type FN s
avuilable in a number of combinationa of
polyimide and Teflon® FEP thicknesses
(see Table 16},

Moée: In addition to these three 1ypes of
Kapton®, films are availabie with the foliow-
ing attritwtes:

« antiwat

» thermally conductive

+ polyimides for fina line circuitry

+ cryogenic insulation

» coroma pesistant

= pigmentad for color

» conformeble

» other fAlms tailored o mest customers’
ne=ds

Data for these films are covered in sepnrste
product bulletins, which ¢can be obtained from
your DuPorit representative,

The Chemical Abstracte Service Registry
Number for Kaptoa® polyimide fiim is
[280346-53-7].




* Kagton® withetands the hersh shemical and phynioal demands
on disphragms used In automotive switolws.

Kaptnn® is usad In numerous slecironic spedications,
Inehufing hard digk dirlves,
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Physical and Thermal Properties

Physical and Ti..ermal Properties

Kapton® palyimide films retain their physica
properties over a wide temperature range. They
have been used in field applications where the

Complete daea ars nat available at these
extreme canditions, and the majority of techni-
cal data presented in this section falls in the

envircnmental temperatures were as low A3 23 to 200°C (73 to 392°F) range.
—269°C (—452°F) end as high as 400°C {752°F).
Table 1
Physical Proparties of Kagton™ Typas 100 HN Fllm, 25 pm {1 mi)
Typicel Valuw st
Physiaal Proparty IFL 138 200°C O8I°F) Test Mathod
Uhtimats Taralls Stangth, MPa {psl} 231 [X3,5600} 139 (30,000} ASTM D-582.81, Mathod A*
Yield Paimt at 3%, MPs (pall & {10,800} 41 {8000 ASTM D-8d2-91
Strexs to Produce 5% Elongation, MPa (pail o (13,000} a1 18000} ARTM Doma2-p1
Uiimate Elerigation, % 1 8 ABTM D-EA3-91
Tanalls Modulus, GPa (pal} 2.5 (370,000  2.0(390000) ASTM D-582-91
Impact Strangth, M.om (f1b) T8 (D, 63) DuPant Preurmastic Impact Tant
Falding Endurancs IMITL, oyclas 286,000 ASTM D-2179-83
Toar Etﬂlnnth—l’rnp-!lllnn (Elmendorfy, N (Ibf!  0.07 (0.02) ASTM D-1522.88
Tear Strangth—Inkla! iGravasl, N {ibh T2{1.8) ASTM D-1{)04 80
Canaity, gfco or gimlL 1.42 ABTM 0-1006-30
Coetfiiern of Friction—XKinstic [Fllm-to-Film) 0.44 ASTM D-1834-20
Coutficisrt of Frictian—Static (Film-toFlim} 0.83 ASTM D-1884-80
Rafractive Index {Sadlum O Lina) 1.70 ASTM D-542-80
Poleson's Astla 2. ' Avg. Thras Samplag
Eiongated ot B%, 7%, 10%
Low Temperoture Flax Life Prota IPC T™ E50, Mathad 2.6.18

*Epatiman 52y %= 180 mm [1 = Bin}; Jow Bsparation: 100 Mmun [4 In); Jinw Speed: 30 mmimin (2 | pmink; LS Umats rafecs to the

tervslln atrength and alongation medsured it brek.

Tabls 2
Thermsl Propertiss of Kapton® Typs 100 HN Film, 25 wm {1 mi)
Tharmal Prapssty Typlcal Valun Tout Caniition Tant Method
Multing Point None Mana ASTM E-784-B5 [1588)
Thestna! Caafficiant of 20 ppmC =1d o IEC ASTM D808 a1
LUnsar Expanalon 111 ppm~Fi (7 e 100°F)
Cowtfic st of Tharmal Conduchivity, AETM F-433-7¢ (19371"
Wi K 0.1z HE K
cal

SmremEc 2.BF = 10+ irc
Spetific Hem, JigK [calig~& 1.0 {D.281} Diffaramtinl Calorimetry
Flammuhillity 24¥0 UL-54 {2-8-86)
Shrnkaga, % q.17 30 min gt 150°C IR Th 660, Mathoo 2.2.4A

1.26 120 min at 400°C ASTM D8214-81
Haat Sealab| by Mot Heat Bealahle
Limitirsd Oxygian Index, % 3 ASTM [-28E3-87
Soldar Float Fams IPC T 650, Method 2.4.138
Smoks Caneration DM = <1 NES
Smoks Chamber NFPA-2E4

A sacond arder Irsnsition corun in Kapton® batwean S804C (B88~F) and 410-C (7 18F)
wnd o Agpuimed 1o be the glase rangliion by rehyra. CHfanent moesueenL
wchplquss producd diffarent risulia wAthin the sdwe Bmparalure ENGS.

Glaap Tremiion Temparsturs (T,

1
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Physical and 'l;hermll P

Ta.iad
roparties of Kapton® Typs VM Flim

Typical Valus far Aim Thichnias
25 pm 8 pm 7Eum 126 um Tant
Praparty 11 il Qmh 13 mill & mily Mathod
Uitirats Tanslla Strangth, MPa n 234 Mo 231 ASTM O-B82-491
{paid 133,500 {34,000] 133,600] (33,5000
Uhimata Elongation, % T2 el az az ASTM D-8A2-81
Tasr Girangth—Propagsling (Emendart), N Q.07 0.21 Q.38 0.58 ASTM C-1927-69
Tonr Strangth—initlal [(Grovas), N 7.2 el 283 L1 ASTM D-1004-51
Fodging Endurands {MIT), x 107 eyclas - ] [ ] 5 ASTM [-2178-80
Canafty, g/ of gimlL 1.42 1.42 1.42 142 ASTM D-1605-31
Flammaabliity BdY-0 B4V-0 o4V -0 Sdv-p L84 {2-8-96)
Shrinkage, %, 3 min ot 130°C |3¢2*F) 003 2.03 083 0.0% IPC TM B0
Mathod 2.24A
Limiting Qxygen Indax, % ar 43 A5 6 ASTM D- 208307
Tahbila 4
Physical Proparties of Kapton® Type FN Rim*
Typloul Yalus for Flm Typa®*

oty 120FNE18 101D 280829
Litimate Toralls Strangth, MPa {pal]

23°C (7¥F 207 (30,000 T8 (23,500 200 (28,000i

20000 (302°F} 12 117.800) 28 {13,000 15 {17,000}
Yinld Point ot 3%, WMPa Ipwil

23C (A°F) a1 {%C00) 48 [1000) S8 (B

0T (302°F) 42 (B00C) 43 {8000} 38 (5000
Strasn &t 9% Elongaden, MPs Lpal)

23°C (7%°F) T (11,6001 a5 i2,5040) 76 (11,000

200°C (392°F) 53 (B000) 41 [O0o00) A8 [TO00)
Uhtimats Elengation, %

23°C I7¥R 15 T as

200°C 1332°F) 80 TB 110
Tonale Madulus, GPe (pal)

ACIFA 2.48 (380,000} 228 {330,008) 2.82 {380,008)

200°C [32°F) 1.0 (230,000} 1.4 (105,000) 1.38 {200,000}
Impact Strangth st 23°C (FI°Fl,

N (il 78 {0.58) d8.8 (0.51) 16B.8 [1.18)
Tear Strength—FPropageting (Eimendarf],

M (I} 0.08 {0.02) 047 10.71) ¢.B7 |0.13]
Tuir Sirangth—initlel (Gravas], N {lbf 11.8 (2.8} 11.6{2.8) 17.8 (4.0
Falyimidas, wik - 7 T3
FER, wi': il 43 n
Danalty, gicc ar gimL 1.53 1.87 157

"Toat mathods for Table 4 &re e meme &3 jor Table 1.
*+*Bacaues & nixmber of combinetiany of palylm|da Am and lscrgearkan cotting add ug ko 1he same toisl gauge, it s necessary tn
histir i armzag S, A Theaa-tigll systant i uasd (nowhiloh the middla digit reprammite tha norminel thicknmsa of (he b
Kapror® lim in mile. Tha firet and tind digits rapresmt 1he nominal thiciosge of the coating of Teflon® FEF flsampolymar realn

In lE THE Syl 9 B used 15 rpraesnt
mtrugtura canaisdng of & 25 pm (1 mil) bass N

105 mill mnd 8 6o represer 225 um (0.1 mill. Exsrgla: 120FNS18  p 120-0uups
with 4 2.5 pm 10.1 mil] coating of Teflor™ on epch sda

TI-NHTSA 018505




Machanical Proparties

The wsual values of tensile strength, tensile
madulus, and ultimate eloangation at various
temperatures can be obtained from the Lypical
stress-sitain curves shown in Figures 1 and 2.
Such properiies as tensile strength and modulus

are inversely propottional to temperature,

whereas elongadon reaches a maximum value
at about 2007 (570°F). Ceher factors, such as
huridity, film thickness, and tensile elongation
rates, were found to have only a negligible
eifect on the shape of the 239C (73°F) curve

Figura 1. Tenslis Streas—Strain Curves, Typs HN Film, 25 um (1 mil]

s 280
a7 23*C{713°F)
- 200
.|
24 WO (21°FI
1 1% &
w 200°C {382°F| !
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g - 10
12
8 - 50
4
0 I | | | o | L q
a 10 X a0 40 5 70 BO -1 1ag
Sirain—Elcngetion, %

Figura 2. Tanslla Cruap Propartias, Typa HN Flim, 25 um {1 mil)
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Hydralytic Stabllity

Kapton® pelyimide Ffiim is made by a corkdensa-  remain 1o ensure good mechanical pesfor-

tion reaction; therefore, its properties are mance. A decrease in the temperature end the
affected by water, Although long-term expo- water content will reduce the rate of Kapton®
sure to boiling water, ms shown in the curves in - property reduction, whoreas higher temperature
Figurea } and 4, will reduce the level of film and pressure will increase it.

propertizs, sufficient tensile and elongation

Flgure 3. Tensile Strength After Expoaurs to 100°C (212°F) Water, Type HN Rim,

26 pm (1 mill

25 250
a2

2B - 1%

150

Tansilla Strength, kpsi
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T I
]
Tamlls Strangth. WFa
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12|
8- - 50
4
b | | .1 | | ] 1 | i ] | ] 0
0 02 04 OB DB 10 12 14 18 1B 20 22 24 28

Tima In Bolkng Wirtar x 107 b

Figure 4. Uitimats Elongaton After Exposure to 100°C (212°F} Wter, Type HN Flim,
26 pm (1 mil]
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Dimensional Stability

The dimensional stability of Kapton® polyimide

. film depends on two factors—ihe normal
coofficient of thermal expansion and the
residual stresses placed i the film during
manufacture. The latter causes Kapton® to

shrink on its first exposure to elevated tempera-
tures as indicated in the bar graph in Figure 5.
Once the film has been exposed, the narmal
values for the thermal coefficient of linear
expansion as shown in Table 5 can be expected.

Figure 5. Raeidual Ehrinhﬁﬂ. Exposurs Temparaturs and Thickness,

Typa HN and VN

—
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Table 5
Thermal Coafiiclant of Expansion,
Typa HN Rim, 28 pm (1 mil},

Thamally

Expoead

Tomparaturs Ranga, “C °F pam/°C

20-100 (88-2121
100-200 (212-382)
200-300 (352-672)
I0-L00 (572-752)
30-400 139-TR2

ERrRERS
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Tharmai Aging

The useful life of Kepton® polyimide filmisa  datermined at varicus temperatures. At time
function of both temperamra and oxygen zero and 325°C (617°F). the tensile strength is
cancentration. In sccordance with UL-746B 234 MPa {34,000 psi) and the tlongation is
1e6t procedures, the thermal lifa of Kapton® was  67%. The results are shown in Figures 6=8,

Figure & Tenslla Strangth ve. Aging in Alr at 325°C [§17°Fl, Tyme HN Fliim, 25 um (1 mil|

100

8o

Tanails Strangth Astainad, %
5
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ak ] | | ]
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Tima ot 228°C {17°F, h

Figura 7. Ulimwts Elongation v, Aging in Alr at 329°C [617°F}, Type HN Alm.
28 m i1 mil)
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Figure B. Retalned Dislectric Strength at 2268°C (617°F1 far 25 wm {1 mil} Fllm,
Tost Mrrthod LIL-745B

0 | | I I ]
d 500 1000
Time st 326°C (@17°F), h
" The life of Kapton® polyimide film at high was al Jeast an order of magnitade greater than
temperature is significantly extended in a low-  in air. Using a BuPont 1090 thenmal analyzer
oxXVgen environmett, Kapton® is subject (o xystern, the weight losa characteristicy of
oxidative degradation. Hence, when it was Kapton® in air and helium at elevated tempera-

tested in a belium environment, its useful life tures &1 shown in Flgures 9 and 10,
Figurs 5. Weight Loss, Typs HN Flim, 26 pm |1 mil)*

Walght Loss. %

Dry Ha

Dry Air
1 1 ] ] ] I b H___-I_w 1

100 200 300 400 500 f00 T0G 500 904 1000
212 13%2) {572 (762} {830) M2y (1282} {4721 (18R] (1832}

Temperatuns, G {"F}
“Rate of temparatucs cas in °C (*F ) was 3Cmin &4 Fmbnl,
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Tabie §
Timea Raquired for Aeductian In Uimats
Elongation from 70% to 1%,

Type HN Flim, 25 pm {T mil]

Tempasature Air Environment
450C {B40°F) 2 haury

AZEC [BYTF) B hours

A00°C (TEQ"F) 12 hours

TEC (FI0°FT 2 dwys

350°C (aB0°F) £ daye

J2E"C {020°F) 1 month

A00°C {670°A Amontha
215°C {EMTF) 1yaar

260°C (480*F} 8 yaars

Figurs 10. Isotharmul Waelglht Loss, Typa HN FAm, 25 um (1 mH)
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Electrical Properties
The most common electrical properties of
Kapton® polyimide fiim of various geuges
are shown in Tables 6 and 7. These values

Electrical Properties

relative humidity, The effect of such factors as
humidity, lemperatute, and frequency on these
hasic values ¢an be found in Table 9 and

were measured at 23°C (73°F) and S0%: Fligurex 11-13,
Tabla 7
Typical Elactrical Propertiss of Kapton® Tygs HN and VN Fllms
Fraperty
Pt Ganige Typlead Valua Taat Condition Taat Mathad
Deivctric Viumn [idimim] Wimil] B Hz ABTM D-14g-51
W pm (1 mil} 303 {7 174 1 mecirouns
B0 pm i2 mil] 240 5100} B0 Visec ries
T8 pum i3 mi s (8200}
126 pm (B mill 164 1 300}
Diainctrie Comtamt 142 ASTM D-1h4-82
26 pm {1 mil] 34
B pm i2 mill ad
75 um (3 mil) a5
126 pm 1B mill as
Disxipation Farior 1 kHz ASTNV O-150-92
26 pum 11 mil] 0.0018
B0 pm (2 mill 0.0024
75 um (3 mil 0.0020
12% um (8 mill 0.0026
Volurme Resletivity {lam ABTM D-257-01
25 um i1 mil) 1.6 x 1O7
5 e {2 mil] 1.5 = 10Y
75 i (3 mil) 1 x 107
125 um {5 mil} 16x 10"
Tuhle
Typikeal Elactriaal Proparties of Kapton® Typs FN FAm
Property 120FNa18 T0MS ZROFNT
Clalaatric Strangth, Vium (dmlll 272 [#990) 187 (600C) 197 (BOOD)
Disinctric Conatant a1 ar ap
Clanlpaticn Faotar 40013 08013 00013
Yoluma Fesistivity, S<m
A2¥C IR 1.4 = 10F 2.3 x 107 1.8« 10"
at 20940 |302FI dd x 14M 1B 10" 3.7 w10
TI-NHTSA 018512
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Effect of Humidity

Because the water content of Kapton® poly- varying relative bumidities at 23°C (73°F).
imide film can affect its electrical properties, The resulis of these measurements are shawn in
elzctrical measurements were made op 25 pm Table 9 and Flgores 11-13.

(L mil) fi'm after exposure o environments of

Takla B
Relative Humlde Ve, luwlnl artles of Kapton®*
Type HN Film, 26 am {1 mH)

Dielactre

Relitive Stramch, 4G Diéslectrlo Disshation
Humkdity, % Wium kW mam) Yimil Gonatamt Faptor
) 338 8800 30 00015
30 3B 004 13 £.0017
50 03 7700 38 0.0020
a0 280 7108 17 0.0027
100 268 €00 an £.0035

*For calculslbane nvolv ing sbeo|ute wetar conimnt, B0% RH In cur wiudy b squal to 1 3% water ki the Bim and 150% AH la nquaei 1o
2.0% waber, thi masimum adeamilon peaabie regardises of tha driving fonn,

Flgura 11. AC Dislectric Strangth va. Relative Humidity, Type HN Film, 25 am (1 mil)

383.7 10,040
i .
E E
-
% J419 - = 8000 g
238.2 - -1 B0 s
2
2
st

Ralative Humidity, %

T--NHTSA 018513
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F:gure 12. Disalpution Factor va. Rslative Humidity, Typa HN Bim, 25 um {1 mi)

D.004
I

i i 0.003
*

00021

0.001 1 1 | [

Q 2 40 i) 80 100
Relative Humidity, %

Figurs 13. Dislesiric Constant va. Relative Humidity, Type HN Fiim, 25 pm (1 mil)

4.0

Clalectric Constant

a'n | | 1 1
| o 20 a0 e B0 100

Relative Humidity, %
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Effect of " amperature
As Figures 14-17 indicate, extreme changes in - exvellent rocm termpermture elactrical propertics
tempernture have relatively little affect on the of Kapton® polyimide fiim.

Figure 14. AC Dislectric Strangth vs. Temparaturs, Typs HN Flm, 25 pm {1 mi)
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Fgura 15. Dielactric Constant va. Temperaturs, Type HN Aim, 25 um {1 mill
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Figura 16. Dlasipation :‘nstor ve. Temperaturs, Type HN Eilm, 25 pen (1 mil)
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Figurs 17. Volume Reslstivity vs. Temperature, Type HN Filmn, 28 pm (1 mI}
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Effact of Fraquancy

The effect of frequency on the values of the ard 19 for Type HN film, 25 pm (] mil), and in
dielectric constant and dissipation factor at Figures 20 and 21 for HN, 125 um {5 mil).
various isotherms are shown in Flgures 18

Figurs 18. Dielactric Constant ve. Fragquency, Type HN Fim, 25 um {1 mil)

a8
E O*°C [32°F)
38 23°C {73°F)
34 =40 [-40°F|
33 = 100°C (212°F}
3.2 (-
-
3.0 - 200°C (392°F)
2% = 260°C (492°F)
18~ 300°C (572°F)
] |
2-7",: 10% 104 106
Frequency, Hz
Figure 13. Dissipation Factor wvs. Frequancy, Type HN Rim, 25 um {1.mil|
a°C (32°F)
IB0°C (4B2°F)
0.010
23°C (73°F)
—40°C {—40°F)
E 0.008
[T
0.008
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200°C {392°FI
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ulm
1 ] | 1
gt 108 [ 105
Frequanay, Hz
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FAgure 20. Dislectric Constant ve. Freguency, Type HK Rim, 126 pm {5 mil)*

3.8
E 85 [
£ A
8 34 |- “0""0
. .
E 84 |- Qnmy 0..\
B 0O
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10’ 1f 10° 1" 10
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Agure 21,

Dlaslpation Factor ve. Frequency, Type HN Film, 125 um {6 mil}*
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Corona Life

Like all organic materisls, Kapton® is artacked
by & corona discharge and when exposed
continuously to it will ultimately fail
dielectrically. At moderate levels of corona
exposure, devices insulated with Kapton® have
survived up to 3000 h, giving reasonable
assurance that brief axposure to a corona will
aot significantly affact the life of a properly
designed insularion system based on Kapton®.

Caorona threghold voltage and inlensity are
functions of many perameters, including
insulation thickness, air gap thickness, and
device shape. Consolt with a DuFont tachnical
representative on the suitability of Kapton® for

specific applications where a corona may be
present.

Figure 12 shows the life for 25 pm (| mil}
Kapton® HN polyimide film as a function of
voltage (RMBS) at 60 Hz. As the comnn starting
level iz approached, the Kapton® life curve
flattens, indicating a long Life. It shauld be
emphasized that the superiar thermal and
moisture-proof capahilities of Kapton® inso-
lated magnet wire, wrappers, and slot insulatian
can be utilized without fear of corona in
properly designed cystems. Kapton® can be
used alone or in combination with other
insulation materials.

Figurs 22. Voitaga Endurance of 100HN Kapton® Polyimide Flim*

2000
# e
& 00 =
x B “
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!'I 2 1 4 B ETHEW H 3 4+ I 4TI 2 1 4 5§ A7ag7000
Thre to Fallurs, h

*Corons Etarting Voltage (C5V) = 422 Y

TI-NHTSA 018518




el 5 W "4 - r
Chemcat PrEpaBRSH

Chemical Properties

Typical chemical properties of Kapton® Types  The chemical proporties of Type VN fil ere
HN and FN films are given in Tables 10 and 11, similar to those of Type HN.

Table 10
Chemical Propaerties of Kapton® Typs HN Fim, 25 pm (1 mill)
Typicsl Valus
Tenalla Bongathon Tt . Tt
Property Ratainad, % Ratained, % Comdition Mathod
Chremmisal Rexleiinmce
sqpropyl Akaohol » B 10 min et 23C IPC TW-850
Talusna - 1 Mathod 2,238
Muath Ethyl Katona 28 ]
Mathylana Chioridaf
Trichioroothybons (1) i) "
2 N Hydmohlaria Aaid -} &
2 N Bodlum Hydroxida B4
Funigus Revivisnas Monnutriont IPC TdA-950
Method 281
Modeture Alaaarption 1.8% Typaa HN and VN 5% AH ot TI°C ASTM D-570-81 (19681
2E% Typat HM and VN Imnmecgan for
Hh et 2°C{T3F
Hygroscopls Conlficlent
of Expanalon Z2 ppen™: AW Z3C {73°F}, 20-B0% RH
 Parmssbiity )
i misMdhMPe N I00AZeham  RCITXFL BIGRM ASTM D-1434-82 (19650
Carban Dioxide 8340 L] -
Qawpen 3800 5
Hygrnogen 84,000 250
NHirogan #10 L]
Hallum 83,060 16
Vapor gAm*2 h) 100 in".24 i} ASTM E-86-87
YWatar & 15
Tahle 11
Chamizal Propariies of Kapton®™ Typs FN Film
Mroparty 1:0FNS18 13001 DX
Molsturs Absorption, %
of 22°C [73FL. 60% AH 14 0.8 ol
oa% RH 7.8 1.7 1.2
Water Yapor Pecrmeability,
h} inb 2.5 4
@100 In®24 h} 1.13 o.82 018

TI-NHTSA 018520
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Radiation Resistance

Because of ite excellent radjation resistance,
Kapton® is frequenily used in high radiation
environmaents where 4 flexible insulating
material is required, [n outer space, Kapton® js
used both slone and in combinatior with other
materials for applications that require radiation
resistance at minimum welght. U8, Govern-
ment laberatory test data om gamma and
neutron radiation exposure of Kapron® ars
summarized in Tables 12 and 13.

Teating the suitability of Kapton® for nuclear
reactors and linear accelerators imvolves
exposire to an adverne chemical environment
in addition to radintion. For example, loas of
coolant accident (LOCA) teats for qualification
in containment areas in nuclear power plants
oxpase the syetem to gteam and sodium hydrox-
ide, bath of which tend to degrade Kapton®.

Accardingly, when Kapton® is used in nuclear
power systems that require certification to
IEEE-1323 and -383, enpineered designs that
protect Kapton® from direct exposure 1o LOCA
Sprays are required.

The excellent nitraviolet resistance of Kapton®
In the high vacuum of outer space is demon-
strated by the data in Table 14. In the earth's
aimosphere, however, thare is & synergistic
effect upon Kapton® if it is directly exposed to
some combinations of ultraviolet radiation,
oxygen, and warer. Flgure 23 shows this effect
as a Joss of clongation when Kapton® was
expased in Floride teat panels. Figure 14 shows
the lIoaa of elongation aa a function of exposuse
time im an Atlas Weathetometer. Design con-
giderations should recognize this phanomenon.

Table 12
Effact of Gamma Radintion surs on Ka Polylmlde Film
(Cobalt 80 Sourca, Oak Ridga)
Contrad 10* Gy 0 Gy 100 Qy 1% Gy

Pronarty 1 mil B T1h 10k 4d d2d
Tansllo Strangth,

MPa MIT 7 i 214 182

pei & 109 a0 1303 3 1) {22
Elongsilan, % .} = ] 8 42
Tenelle Modulus,

MPa i Fi g zm 2802

{pal x 107 (460} (7al 13 1479} 4211
Valuma Resist|vity 4B a8 6.2 1.7 1.4

Oam x 10" at 200°C {352°F)
Dielctric Constent 3.4 3B 3683 M 3ED

1 kHz at 23C {(73°F)
Diegipaden Factor G020 0.0023% 00024 0.0037 00029

1 kHz at 220 (739}
Didmcirie Strangth EL 2y 28 21 254

Whimn (kimm

T 13
Effect of Electron Exposurs on on®* Polyimide Him Mixed
utron and
19 dy

B = 10" nautrons/cm/s FiAm Carkened Film Darkared

Flux &t 175°C {34T°F| ard Tough

TI-NHTSA 018621
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Tabls 14
Effect of Ultraviolst Exposure on Kapton® Polimide Film*

1000 h Expasurs

Taralla Btrangth, % of Injtial Valee Retsined
Elongatian, % af Inktlal Vake Aeteinad

108
74

*YmoUun s AT, 2 x 104 mmig st BO°C (122, LUV intemity squal ta space sunligh to 265004,

Figurs 23,

EHect of Aorida Aging on Kapton® Polyimide Fllm
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Flgurm 24,

" Effact of Waeathering on Kapton® Polyimide Flim |Atias Weatharometer}
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Kapton® ba usad a8 primary
msulation for traction motars
bacauss of [tz outstanding
combination of thermal,
mechanioal, and slectrical
Propartiss.

Volea colle made with Kapton® posssss wuperlor
high-fracmency sound psformanoe &t operating
temparytures.
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Fihe Type Information

Kapton® Flim Type Information

Tahle 16
Type and Thickness
Mominal Thiokmnaes Arsn Factor
Typa L [ ] miky ] )
30HN 18 0.4 | 458
S0HN 1.7 0.8 1] m
15HN 16.1 0.7s ar |
100HN 25.4 1.0 7B 198
200HN 504 20 14 8
J00HN 752 an 52 o
BOOHN 127 50 58 0
ROV N 123 0.6 1] m
BN 18.1 .75 ar "
100WN 5.4 10 28 128
200N GOB g 14 (]
00N 783 ic $.2 5
0| i LA 8.5 n
T0OFNGR 5.4 1n 3 110
120FMB18 .4 1.2 4l 104
1ROFNIRS 3B.1 1.6 L[ [}
150FNRTS 8.1 1.5 " 17
200FN01Y L F ) T ]
200FMB1T KO8 29 11 H
ISLFNNX 836 25 10 T
300FMNOE1 752 an a0 LT
FOFNRY 78.2 an 8.0 39
400FMDZ2 1018 a0 .5 7
400FNO31 101.0 4.0 8.1 i
SCOFMN131 15 5.0 AT FE|
A0OFMOE1 1824 a0 i3 |

Nominal Construction, Typs FN

In the Kapton® Type FN order code of three {0.1 mil}. Example: 120FN615 iz a 120-gauge
digite, the middle digit cepresents the nominal  stracture consisting of & 25.4 pm (1 mil) bese
thickness of the base Kapton® in mils. The ficst  filem with a 2.54 pm (0.1 mil) coating of

and third digits represent the nominal thickness  Teflon® on each side. Illustrated in Table 16
of the coating of Teflon® FEP fluampolymer are geveral examples of the meny film types
resin in mils. The symbol 9 is used to represent  avallable.

12.7 jum {01.5 mil) and 6 to represent 234 pm

Tabla 18
Type FN Flim Constructions
Comttriciion
FER HA FEP

Trpe pm mii Ren il 1T il
100FNOS8 127 0.0 127 0.50
120FNG1E 28 010 5.4 1.00 254 0.10
1BOFNSPY 127 0B 127 .60 12.3 0.50
1B0FNODR 04 100 12.7 0.80
J00FNO1 6.4 1.00 6.4 1,00
200FNGS 127 0B0 .4 1.00 127 0.0
ZROFNOZE [LF ] 00 12,7 .50
S0CFNG21 Bo.g 2K %4 100
JNFNEY 127 0B bO.8 200 127 0.60
ADDFNA22 (VL] 200 6O 200
A00FNGIY 782 3.00 254 100
SDOFN121 kA 100 8.2 100 m.a 100 TI-NHTSA 018524
SOOFHOS1 13 5.00 5.4 1.08
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Kapton? bar code labals s uzad In the harsh
anvironmerts PC boards are sxposed to durlng
ualdering.

Kapton® Is an axcallant dlalecttio substrate thet
meats the stringent requirsmanta of Aexibla

clraultry.
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Safety and Handling

Safe handling of Type HN and VN Kapton®
pulyimide films at high temperatures requires
adequate ventilation. Meeting the requirements
of OSHA (29 CFR 1910,1000) will provide
adequate ventilation, If small quantities of
Kapton® are involved, as is often the case,
normal air ¢irculation will be all that is needed
in case of overheating. Whether or not existing
ventilation is adequate will depend on the
combined factors of Hlm quentity, temperature,
and exposure time. For additianal information
on the Teflon® FEP coating used on Type FIN
Kapton®, refer to the booklet “Guide to the Safe
Hendling of Fluoropolymer Resins™ (H-48633).

Soldering and

Hot Wire 3tripping

Major uses for all tvpes of Kapton® include
elecrrical insulaticn for wire and cable and
other electronic equipment. In virwally all of
these applications, scldering is a routine
fabticating procedure, as is the use of a heated
element, 10 remove insulation. Soldering
aperatioms rarely produce off-gases to be of
toxicalagical signlficance,

Welding and Flame Cutting

Direct applxation of welding arcs and torches
can quickly destroy most plastics, including all
types of Kepton® film. For practical reasons,
therefora, it is beat to mmove all such parts
from equipment 1o be weldsd. Where removal
is not possible, such as in welding or culting
coated pars, mechanical ventilation should be
provided. Becauss Kapton® can he used af very
high tlemperaturas, parts mada from: it may
survive at locations close to the point of dlrect
flaroe contact. Thus, some in-place walding
opcrations can be dooe, Because the quantity of
film bgated is usually relatively small (lesg than
L Ib), ventilation requiroments seldom exceed

I iiod Houdling

those for normal welding work, Because af the
pessibility of insdverent overhicating, the use
of a small fun or elephant-trunk exhaugsy is
udvisable.

Scrap Disposal

Disposal of scrap Kapton® polyimide films
presents ao special problem to the user. Small
amounts of scrap may be incinerated along with
general plane refuse, The incinerstor should
have sufficient draft t exhaust all combustion
products o the stack, Care should be taken 1o
avoid breathing amoke and fumes from any
fire, Because Kepton?® is sp difficult to burn, it
is often best to dispose of scrap file in a
landfill.

Flre Hazards

Whether in storage or use, Kapton® is unlikely
to add appreciably to the hazards of fire. Bulk
quantities of Kapion® {over 100 Ib} ghould be
stored awny from flammable materials.

In the event of fire, persunnel entering the area
should use a fresh air supply or a respirator. All
types of chemical extinguishers may be used to
fight fires invalving Kapton®, Large quantities
of water aleo may be used 1o cool and extin-
Euizh a fire.

Static Electricity

The processing of Kapton® can penarate a
strong static charge. Unlesa this chatge is bled
off as it forms by using ionizing radiation ar
tinsel, it can build 1o many thousand of volts
and discharge to people or matal equipment. In
duat- or solvent-laden air, a flash fire or explo-
sinn could result, Precautions for static charges
should alzo be taken when removing plastic
films used as protective packaging for Kapton®

For additional information, wsers should refer
to the bulletin "Kn[!ﬂn' Polyimide Film—
Producta of Decomposition™ (H-E6512).
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United Statea Europe ASEAN
DuPont High Perfocrmance Filme  DuFont de Nemours DuPont Singapore Pe= 1id.
P.O. Box 89 (Luxembourg) 5.A. | Maritime Square
Routz 23 Sputh and DuPont Road  Copntemn #0701 World Trads Centre
Circlevills, OH 43113 L-20%4 Luxembourg Singapore 099253
Ocdering Infocmalion: Grand Duchy of Luxembourg 65-279-3434
{400} 967-3607 152-3566-5575 Fix: 65-279-3436
Product Informaticn: Fax: 152-1666-5000
(00} 2374357 Hang Kang/China
Fax: (900) 87%-4481 Degizchiand DuPoet Chine Lid.
DuPant de Namours ({Deutschland) 1122 New World Oifice Bldy.
Canad OmPH East Wing
DI“mgmldl.lnc DuPort Strafle | Saligbury Rosd, Eowloan
FB Bow 2200, Streatsuills D-61343 Bad Hombuzg v.d.H. Hang Kang
s, o tavi 49-6172-87-2790 £52-2734-5401
M ;;I;?ESL ntario, Canadia Fax; 49-6172-§7-2930 Fax: §32-27214117
Inquiries: {905) 821-5603 France
Cuostomer Sarvice: (R00) 263-2742  DuPont de Nemours {Frince) S.A.  India
Fax: {(503] 521-3230 Z.A. de Coartaboauf DuPont South Asia Lad.
3 Av. Du Canads—B.P, 83 503-%03, Madhave
Latin Amarica F-91543 Les Ulis Cadex A Bandra Kurds Commarcisl Camplex
Argensing 3116982 54 76 Bandea (E)
DuPont Argentina Fax: 33-1-69-82 54 98 mrﬂllﬂil
CP 1884, Bacazategui, Argeating Pomt de Neame 91-22-543825 516438256
S4-1-156-2438 120093 Cologno Monzesa (MI)  Kores
wx; 54-1-319-4451 39-2-25-102 336 DuPoot Korea Lid.
Brail Fax: 39-2-25-433 10 % F\lrm Asin Tmm o
DoPoot do Brasil  Yoclaurn-dong, Kangnam-
AL %06 United m Seoul 135-082, Koy
DuPoat (U. §2-2-221-5398
(6454080, Alphavlile Maylands Avenns
Barueri, Sna Prula piny He e Fax: 42-2-222-3474
S5-11-421-B689 Horis HP. TDB Talwen
Fax: 33-11-421-8686 44-1442-21-8637 DuPant Taiwaa Lad.
Mexico Fax: 44-1442-2 | -3639 1. Tlu-{:h;lnng 1nt Rewed
DuPont 5.A. de C.Y. Chungli, Taoyuan
Homero 206 Asla Paclfle Talwan, ROC
Col. Chapultepee Morales Japan 866-3-4543204
Mezico, D.F. L1570 DuPans Kabushiki Katsha Fax; 366.3-4520576
$25-722-1184 Arcn Tower .
Fax: 525.722-1370 -1, Shimomeguro L -chome
Venezusia ]Magum-m ku, Tokyo 153
Dufont wh . B1-3-3434-6135
&Ed“ui““h oart § Fax: 81-3-5434-5193
Urbanization Chy
CP 1060, Caracas, Yenczuela
38-3-52-8547
Fax: 5B-2-91-%638

Contect DuPont oo the Istenet at www, dupont.cons

Tha infomurtion gpive hapm ia bt oo cdete belivid be be ralinbke, et DiPost makes i wimariies express o Lmplied i o i scccracy aad
maumas 02 [lablllty meicing calof ita wsaky ollers. This publice: i s 5ol W be tuite 20 licamss o operye umdar, o rac s rendsion iz isfringa,
WY patzil,

Carllen: Donat pee ie medical spplcations invol vieg pormasant ing laniation i e hosan body. For other medical spplicallons, see * Dul'onl

Maikice] Caution Sousmant,” H-50 100 E

DuPont High Performance Films

{87 J00NTIA  Frinksd s U9 A
Faplarar: H-28H-1)
Rmorder Mo = H-34aid-3
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AUTOMOTIVE FLUID TESTING
KAPTON® FILM AND LAMINATE TEST

ATF = DEXRON ATF OFF SHELF » 300 DEGREEF

GM SOUR GAS « INDOLENE H 03(AMOCQ) 0028% T-BUTYL

. ANDROPEROXIDE (90% PURE) ¢ ROOM TEMP.

BRAKEFLUID + BERKEBILE 2 +2" DOT-3 « ROOM REMP.
ANTIFREEZE - "PEAK" FULL CONCENTRATION « ROOM TEMF.
DETERGENT » "JOY" DISH DETERGENT LIQUID 50% CONCENTRATION
IN'WATER » ROOM TEMP,

SALT SOLUTION » SATURATED ISIITMSNlCIJ 13502‘.’IGRAME

. TAP WATER » ROOM TEMP..

BATTERY ACID - OFF SHELF H2504 - srm'?-uﬁs -mm

. ISOPROPYL ALCOHOL = FULL CONCENTRATION ¢ ROOM TEMP,
LLI'TRJCHLOROETHANE + FULL CONCENTRATION » ROOM TEMP.

CAUSTIC CLEANER (PH > 10) - TAPWAJENTEISGDILMPHDSH{&TE
II.D!M . R.OOMTM

PRODUCT AND TEST INFORMATION
FILMS IN TEST

1) 300HN -
) 300EP
3) 300HMK

4)  100EP LF-0111 {5457-0616)
5)  100HMELF-0111 (5457-0677)
LAMINATES IN TEST SEE CARL KILUIAN

TESTS TO BE COMPLETED
1) TENSLE
2)  ELONGATION
3)  MODULUS
4  SWELL

5) INITATION TREAR

TESTINGRUN ATETC. :

ALL CONTROL SAMPLES EXCEPT SWELL ARE THE AVERAGE OF FIVE
DATA POINTS

AILTEETP{)INTSEWTHWEELEETHEAMDFIHREETEST
POINTS . : :

SWELL DATA IS DIH.YOIE;TEETBD]HI TWDPOINTS'WHBBE
RECDRDED BUT BﬁT&WAS SGEEERODI.E‘&BLE DNLYGIE WAS USED
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Kapton

for innovative solutions to extreme-tempe;
design engineering problems.




RKoapton

L L TE BT

for innovative solutions to extreme-temperature,
design engineering problems.
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KAPTON? a versatile space-age material
with down-to-earth applications.

The space shutile’s solar array;
the Lunar Excursion Module;
miniatwized slectkronic compo-
nents: mara efficient oll well
pump motors; elisble flexible cir
cuits: thin, lightwelght electrical
heaters; preche electrothermal
fual lavel sanscrs; high-tem-
perature electrical Insulation. For
the past twenty years, KAPTON
has contributed to the Imovatlve
design and commerclal auccess of
a wide varlety of new and Im-
proved products. The reason
KAPTON was selected far such
demanding applications Is Its
unique combination of outstand-
Ing mechenical, alectrical and
chemlcal rties and its ability
1o retain these propartles over a
wide range of temperatures
where other dngineering mate-
tials de nat function.

KAPTOIN has proved itself as
the material of choke in applica-
tiens that invelva very high or
low cperating temparatures.

Dosigners sre finding that the
application potenta! {or this
urdque ndustrial materlal has
barely baen tappad.

A variety of new application
possibllities for KAPTON are
now being explored by Du Pont
ard It customers, Inchuding seml-
cenductsr pads and micro-
processor chip carriars. Hawever,
a number of usex for KAFTON
are well established. Some axam-
ples from the electrical and elec-

tronics Industries are: field coil In-

sulation; substratea for Aaxible
printed circuits, motor and genar
ator armature slot Lners;, magnet
wire Insulation; transfarmer and
capacltor insulatlon; magnetic
recording and pressure-sensitive
tapee and tubing; and wire and
cable Insulation,

Three types of KAPTON

are commercially

avallable.
B KAPTON Type H is an allpin-
E:ue. all-polyimide film that hes
en used succensfully in applica
tlons raaching temperatures as
low as -269°C and as high as
400°C. Type H film can be lami-
rated, metallized, dieast, dit,
formed, or axlhesivecoated. It 1
available a5 0.3, 0.5, 1, 2, 3, and
5 mil film.
B KAPTON Type V 15 an alk-pur
pase, all-pohimide film with all
of the proparties of Type H Him,
plus superior dimensional sta-
bifity. It is available In 1, 2, 3, and
5 mil thickness.
B KAPTON Type Fisa Type H
filrm coated on one ar both skdes
with TEFLON' FEP fluore-
polymer resin to impart heat
sealability. provide a maoisture
harsley, and grhance chemical re:

gistance. It is avallable o a variety

of constructons,

Ona of the important benefits
of KAPTON pelyimida fitm ts ite
ablilty to be bonded, Jaminated,
coated, and otherwise converted
to fuliill a broad ramge of Righ-
perlormanca operating requite-
ments, This cuistanding ver-
satiity — and tha fect that all
thrae types share the same
unique balance of properties in-
harant In the basic material —
allows KAPTON ta be customn-
tailared ta fit an almoet endless
variaty of applications.

Armed with X0 vears’ experi-
ence with a high-guallty material
and backerd by the considarable
resources of the Du Pont Com-
pany, we are cammitted to re-
malning the warld leader in the
manuiacture and diversification
of polytmide flms. In response to
the needs of our customers and
thelr Intevest in films that can in-
aulate or conduct eleciriclny, heat
shrinkable films, pigmented films,
haat conductive fims and new
adhasive systema, we ara making
a significant investment in re-
search, development and equip-
ment — aimad at dellvering
higher quelity, Improved produc:
tivity and bettar end use products,
2 aur ARlmars.

When sufficlent business po-
tentlal exists, our resources can
be made avalleble for the joint
development of customrtallored
products and programs to fulfll
your most stringent design requine-
ments — during the Zightkes and
bevorud.
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KAPTON offers inherent heat and flame resistance

and excellent thermal performance.

For all of #*s outatanding prop-
erfies, KAPTON i probably best
known for its ability to “take the
heat” With a LIL/% mting of YO
for flammability — the best pas-
slble — KAPTON polyimide fllm
wil not sustain or propagata flame.
Nor will it mek, drip or produce
any significant smoke when ex-
poied to flame.

Rated at 240°C for continuama
um:fﬂ, KAPTON can still fune-
ton aftor axpodura to ternperaturas
up to 400°C for brief periods.
Baet of all — It retains its high
dielectric strength even at elava-
ted temperaiures — 2,500 voltn/
mi! at I00°C,

Thase outstanding thermal
properties provide significant ad-
vanteges to the designer. Insula-
tlon thickness on the windings of
large colls for motors can be sig-
nificantly reduced In size; flexible
circults can be wevaesolkdared with-
out distortion; and, when used
in combinaton with inorganic insu-
lating tapes, high-performance
cables will continue to aperate in
direct exposure to flame.

KAPTON nahimide fllm is
compatible with a number of
high-ternparature Impregnating
varnishes used tn medemn elec-
trical equipment menufecture —
including pohimides, esterimides,
epoxias, slliconas, amidesimides,
and argano-sllicones. Megnet
wira made with cerialn combina-
tions of polytmide Him and var
nishes has a [EEE #57 thermal
stability rating of 260°C.

But flame and haat resistance
aren't the only thermal advan-
tages of KAPTON, It also per-
forma very well at the other end of
the temperature scale. KAPTON
film retains its flexibility ot -269°C
without embrittlernent or signifl-
cant Joss of ather properties.

Kxaping praple and equipment warm
b a natural kar ¥ M. As a strong,

bghtweght, Rexlitde Eminated sheat, it
can ba used to insulete and pratect am-
badded heater wires for such diverss
rpplications as car saat or kit chair
hantera, akcralt wing dakeers, engine
warmurs, hot iras and daeciric blankan

T-Aurp ol KAFTON Type Hfiim I
posiisned over the pins In this IC
tmchat bo prevant wicking during wine
soldaring. Tha sirip also providan a
diglectric barrier batwaen the keads end
printed clreuit.

. A steel mill now gets 3.000 extra
homepower from the same aze mator
thanks to KAFTON as the cal
inaulation. The motor masuisctursr
reparts that imisted windings of
KAPTON [sat ag muzch ax 3 Limas
longer at the 200°C pated operating
termnperature varss chase with
pravisuly usad imulations.

9. Usad a& imsilation in rotor and stator
windings. KAPTOM reduced the waighi
of traction mators In the warkd's lnsleat
train by 5% 1t also helpad reducs
mabor produckon cosik end incrzated
horgepower.

1€, The low smoke properties ol
insulation of KAPTON permil 1ts usa
o1 e czble |acker lor plenum cable.
allmineting the need Tor experaive
metal conduly.

11. Aa e ph grid array, KAPTON
allows Insection of alf ping into & clreuit
board In a single. high-spesd operadion.
Redtetraton ba perfuct, and tha need for

axpenaive Inading machlnery 1s
diminated. KAPTON withatands tha
high temperatures of wave soiderin
and allown visual inapection o
completed connectlons. After soldering,
KAPTON can sithar be pealad away or
left in place uladiliiunnl uupTort 'né
ns during further saing &n
o] 2 Wlu g,

12, PC boarde ara identiliad for quahly
contral and inventory purpeses by bar
code labels uring an suarle ol
KAPTON, Sinca KAFTON can
withatand the temperaturas of waa
salderlng without significani shrinkege
ar distortion, 1t can by used [or
Jnbeling on the underside of printed

chrcuit boards where sypace is not 2t
a premidm.
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KAPTON® has superior strength, toughness,

abrasion resistance and workability.

KAPTCN polyimida [ilm can
solve a host of parts’ periarmance
prablems that fibers. realna, met-
als, composites, glass, ceramics,
mica or asbestos and conven-
Honal films cannot. The high
tenaile stra and inltlal tear
resistance of KAFTON provide -
the meechanical durability neces-
sary for many critical manufactur-
Ing operations, such as printed
cirewlt processing and installation.
Its axceptional toughnaess and re-
gistance to cutthrough and sbra-
sion make it especlaly useful as
insulation for aerospace com-
municalons wire and cable

even the tightest rouiing,

Since the outside diatmeter
& wire or cable msulated with
KAPTON = amaller than con-
ventional wirlng uaing exiruded
Insulatiora, mare cablas can be
run through a glven slze condudt
ar plenum. Stripping and terms-
nation are easler, 190,

The strength, toughness,
fexibllity and wear resistance of
KAPTON fim are leading to
greater numbers of nonelectrical
applications as well. Applicailons
such a3 drive belts, presnme
switch disphragme, waar strips,
washers, and sealy.

Aa n metarial for usa in space, KAPTON
has virtually no imitationg. Daslgnas
abeady anvislon huge inflatakle strug-
turax that could ba used 1or m venwty of
praposen, Incuding space station ze-
pales, anargy collaction and tranwnls
Eon, and wemnparary protecton of
unassernbiad squipment componants.

13. Flaxiible circulta of K&FTOMN can ba
bent, colled, folded or twizied — end
rernain thag way bor tha lifa of tha
product — without impaliing circuit
integrity while ofiering additional
design {reedom.

14. KAFTOM protects plenum cables
from damags by sbraden, kinking apd
snagging duting inmallation whaa it &
"Hahed"™ over sharp places In plamems
and through ducting and condult.

5. Automalive pressure sensing
surtches use KAPTON for the
diaphracm because it s 1exlbla, sasily
fabricated and withsiands the dramatic
tamperature changes under the hood.
KAPTOM alsa resists maost organic
schventy, olls and greases.

15. KAPTON Is an ideat material fer
tractar bake on high-vpeed camputer
i Interi. Bacause of Its excellent
toughnasi, diransional stability and
thermal properies, KAFTON stands
up ta tha shack ol abrupt start end
etop oparation and the heat of high
apeed opeeration. The tractor belt teeth
are injectlon mokded dirmetly into
KAPTON fllm.
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KAPTON" has outstanding electrical properties.

Next to ita thermal E:Iuprrﬂﬂ
KAPTON palyimide le se-
lacted by designers most fre-
cuiantly because of ita axcellant
dielectric dielectric
consiant, and dissipation factor.
The diglectric strength of 1 mil
KAPTON — 7,000 wolts at roam
temparaturs (23°C) — Is yp-
lcally 2,500 volts aven at an ole-
vated temperature of 300°C. In
fact, shart-term exposure to temn-
peratures ns high as 400°C will
not significantly affect the aec-
trical proparties of KAPTON.

Tha combination of high di-
efectric strength, thermal stability,
unlform thicknass and excellent
mechanical properties allows de-
signers of electrical ¢quipment to
specily thinnwer baulation on colls
for tranaformer, generatar or
motor windings. This ls very inr
portant berause morg conducioes
ean be physically located within
a given spocx, yielding grester
power per unlt, Or, if the power
requiramant is constent, the
waight and dimensions of a glven
coll, stator ar rotor can be sub-
stantially reduced,

In fisdble circats, the kigh
diglectric conatant of KAFTON

and low dissipation factor com-
bire to reduce signal losa to a
minimum st rélatively kay operat-
ing valtages.

KAPTCH fiim will play a majpr rala im
the workds largest Hnear parhcke acoat-
eraloe, Propasad an tha insulatlon for
the ragoarch Instrunants superconduc-
Hva magnel wine, KAFTON Is the only
matarial — repest, the only materal
— that ean previda the exiramely close
tobarances, axceflant delectric srength
and remptance to the lquid helium tem-

that ara required Tor thie
unlque application.

17. This slactric locomiotive, aquippad
with 3,000 volt DC irection mators.
usan KAPTOM Type F a3 an Insulation
on ity mator windinga. The KAPTON
permitted an 8% Increate in power
awver the conwentonal Inaulation

material it replasad.

18, A thin. cicoular band al KAPTON
provides outstandlng electrical and
thermal ipeulstion kar 1his high-
frequency “supertwaater” voice call.
KAPTON resists distortion at high
operaling ralures. end 1s Tu
comgiible with the apoxies. realns and
painis used In speaker manutachre.

19, The ckmgation of KAFTON
potyimide Firn @ such thal magnet Wik
ingulsted with KAFTON Type F
senlabla Flm can be eanly bﬂl:tutl;
desitad 1 without craating Bir g3
In tha rﬁ:lrhliun. which eauld baad hE
tilabectric failure or “hot spotr’.

20. By utillzing KAPTON on the ol
winding of this akacirlc utilfiy line trap.
the size and weight of the device can
be reduced 30% — a significant
advantaga for substations in locatkeny
where real salate is at a préemivm.
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KAPTON® has outstanding resistance to most cheniicala,
solvents, lubricants and fuels.

KAPTON is an idesl material
for use In demanding enviran-
menis in which a combination of
hostile ekments such as chaml-
cals, gasses, radlation and high
temperature b present. No mat-
ter whether you're talking about
the motar windings Insulation in
an oll wall pump operating In 2
pit of gas and brine 20,000 feet
below the surfaca of the earth, a
protective imyer for a tiquid level
sensor submerged n an organic
solvent, o ln & pressure awitch In
the cooling system of an auto-
mohile — KAFTON can tahe the
punishment and st dellver rall-
able performance.

in flexible elecuitry condue-
tors bonded between layers of
KAPTOWN polyimide flim are prc-
tected against chemicals, molsturs,
gasses and farelgn materials so
they can operate rellably In dg-
manding envirgnments, in mill-
tary and induatrial applications,
KAPTON film remains tough and
flexdhla auen after exposure to
10 RADS of gamma

radiation. Jtnd although It is
unnffected by most organic
chemlcals, sclvgnts, fuels and
lubrcants, KAPTON can be dis-
solved by cortaln strong bases —
a fact that peinted ciroult man
ufacturers use to advan In
the chermical milling of in
printed clreults.

Ay moblla research vehicles brove the
hestlle arvironmenla of distant planets
and traveran thalr rugged surlnces
guthering samnlas and data, they will
undoubtedly have the protection of
KAFTON film. In epolications rarging
{rom wire and catle insulsllon to wur
fare pealecton — from tractor Balte to
solar pangly — KAPTON will maks
these obal axplorars lightar, stronger,
move reulatant to chemicaly, radiation
and abraslon, and ultimaldly — morse
rehiable.

21, Thiz 2,200 VAC submarsitle oil
wall pump wies KAPTON pakjimids
firri i the magnat wira and slot limer
inslation wstem. Motors of this type
witen operate wl dapths of 20,000 luer
of more in haostlle, high-tamperatire
wrvironments which contain brine,
patrachemical and hpdrogen sulfide.
Manufacturars raport & SO% Improve-
mant in sarvica lilz usng motars
iraulsted with KAPTON,

22, Sprdalty conductors metallized
barwsen shams of N comprise
o highly raliable and accuraa
sutsmativa alactrothermal fuel lavel
senaor daveloped 1 Germany by VIO
In additlan to 1t aulstanding therimal
ord diglectric propartias, KAPTOM can
ba divactly imwnarsad In a wida varlary
of fuals, Including biended ethanal

and methencl.

23, KAPTON {3 an ideal mibsirate far
this 15 theoitle pasition transducar,
Mot andy I It rasistant to sutcmallva
chemicals and lubricania: it can also
withatand both high underhood temper
atures. and cold winter mornings

while sl perlorming rakably.

24, Critical fusl inew of 2ntelliies in
spece ere kapt fram Ireczing &t ubralow
temperaturas by haater cables nsu
kled with KA TON. Nicke-chromium
haating elements are ancapsulated in 2
sandwich ef KAPTON which pror

vides bath swpanior didacric properbias
amel full protaction against the tharmal
shock of entraraly high and extramely
oW temperarures.
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Kepton ... only from Du Pont

This technical information, cffened without chargs as part of our service to Customers, i kased upon our tasting and
Exparionce amd & believed o ba relidble. Howevar, the Du Pom Company malds Mo guaratee as o results
gchiaved by cthers and assumss no obiigation or labikty in cornsotion with the 1o of thin information which is
intanded for use by parscns having technical akdlia and il their own diacration and risk Determingticn of product
Euitability for any speciiic sppication i the reaponsibiity of the user. This information & not imended 88 & licanss 1o
cperais uider, or recormmeandation to indringe, any patent of Du Pant or others cowaring arry ratenal or L,

DUPONT ELECTRONICS DEPFARTMENT

nUSA
Cu Pont Company
Elsctronica Department
Wiimington, DE 10868

Literature & Tachnloal information
BOC-527T- 28

Opdgra to Customer Sarvica Cenlar
800-441-8454

in Canpcin
Du Pont Canada, inc.
Packsging Divialon
PO Box 2200
Streetgville Postal Statlon
Misgiggauga, Ontario
LEM 2H3
[418) 821-3300

in Europs
D Pont de Nermours intemat/onal
Elctronics Dapartmant
78-82 Route dee Aceslas
CH-1211 Gereva 24, Switzeriend

{022 37 81 11

Wonldwide
Du Pont Company
International Customer Banices
Caneord Plaza - Asad Bldg.
Wilmington, DE 18896
(302 T72-6120
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In Japan
D Pont Toray Co.
§-8 Nihonbaghi-Honcho 1-chome
Chud-ku
Tokyo 103, Japan
B1-3=245-5061

In Asia Puciilc
Bu Pont Asia Pecific Limltad
1122 New Workd Office Bullding
(Esst Wing}
Sallsbury Road
Kaowdoon, Bang Kong
BS2-3-7345345

In Brazfl
Du Pant do Brazil S1A
Divisaa da Plastioes or Elastamers
Calxa Postal, 26 - Alphavills
06400 Baruer iSac Paulo, Brezil

B-msa.milE g




Texas Instruments

/

FACSIMILE TRANSMITTAL

To: -
Neme: &D ME Keor €

Locgtion;” Du Famr — Ciecevnes

Mail station:

Phone Number: & 14-474- 07730
Factimile Phone Number: &1 = 474 ~ 06 ¥0

From:

Name: I"H""'EEEW
Location: 72~ 4 oo
Mail station; 1o ~13
Phone Number; So¥- 455~ 1347
Facsimile Phone Number: sog/- &9 9~ 3y7§

Total Nunber of Pages: 4%
(Including Header Page}

Additional Information: JEssé Aove %ﬁ“""’ Aevreed
TS %—-Md';ﬁ!' Ay Bomned ST,

-
34 Forest Street MS 10-13 Attleboro, MA 02703

;Lé

TINHTSA 018654




Taflon Filuy

Taflon 1a Du Fant'"s trademark for thelr flusropolyner satearisls. Teflon refeaxe o
oth palyteczafluszowthylens {(PTFEY and fluoyioemted sthylwne propylans (FEF}, and othar
fluoropolymers.

TEF is a copolymar of tstraflusrcathylacs and bhexaflvoropeogrylans. Ic haw tha
chamicel zepsst structnra of -CFyCOFoLT(CP4)CFp;—. Tha parsntheass ipdiosts that the CFy
unit is & side group pandaot from the thivd C in tha oepeet unie,

FEF in mwlt grocessable. It way dewaloped to mchisrk the pzopatims of PFIFD with the
added bhoaous of being manufsgtursble on cooventliomal pelymer procesaing seuipoent. FEP
fiilm is produosd by malt sxtyusien. Lir is saally remowsd fyom the thin polysex lavar, sa
nicrovolds or poroslty ie net an lssus with FOF £ilm. -

TEE is ona of tha lanst pasmesblia of all palymer sstecials. JAong odoswm polymece,
oaly polyrinylidans chlozide {Ssazrmn] bhas w soaller seistures vyaper traonasission rate than
FEF. Mora infoomaticon os water parmsability through FEF und FRER/Eapton laminatas can bw
cbeained from the work of Smchas and Susko {J. Apph. Poly Bei.,47, 3893 {1982) and L
Arpl. Foly Sci, 30, 1393 {1%8%)).

PITE ham the chemlonl repsat wnlt of -CFzCFop-. FIFE is #0 visoous when molten that
it cannot be proosssed by ocopventional injeotion Delding or male sstrusien. FEFE emn only
Da manufactured by aintering oxr by oasting. Both sirtering snd casting can ba waad to
preduos PTPR films,

Bintwring is ascomplished io m mannwr similer o powdhr Betallurgiosl teahbiqoed.
rine RFTFE powdars are coopranayd anod h-m:-:l.. This aintering oauses the powiscs to
oomlepoe ints n eolld Eillar. Files can ba sade from this billet by ontddng thin seckions
from 1lv. This im callesd skiving.

Croting iy dans by disparsing fine PYFE pnrdaes late & liguid, The dispeatsisn 1w
daponitad ne & thin layar. The liguid i{r driven off, and the powdiacs coplasge under heat,
A PITE filwm zesults.

Skived Film saod omat film sre sselly distingulsbable. Cast £ilm i oleux, whazsas

skived film is vhitw. The RIFE film rimdoed from Waks swlbabes are yRlved rilmae,
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Bsth processing techolguas crsabts migegvedd] porosity in the finel PITE prodmot.

vhie is u bigger problam in gkived film than in ceat film. Tn sintesing, it is difficule
to remove air from the thick billet. EBmsll eir bubbles are trapped in the blllat., Whan
the billat is out doping akiving, the bubblas are cross-sscticnsd, oresting microvedd
porcaity in che film. 3kived film is more pemeabla than gape film ap & rasalt. The

pacmaabllity of geat PITE fils is approximstely squivelent o that of FER.

Thias inforsation is besed op sonvaraation with Haurios Saumenn af Du Pent, sod foom

sacerial in Enginssciog Polymer Sourcaiouk by Raymend B. Seymous.
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TETLOM THAr PILM
Helt procasaable
Minrovalida and parosity not & problima
Very lew pacwssahil ity
Filmn is clear

TETLON PTFH FILM
Hot malt procasasbls
Caat £ils—olesr
Skived film-—whits
Florowsld poxosity in akived £ils
Higher parmeability in sklwved £ilm
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PROPERTIES OF TYPE HN FILM
MECHANICAL

Thermal Durabllity

The thermal durabllity of Keptorn® polyimide flim
depends on the smironmental conditions under
which It Is aged and tasted and lifetlme depanda on
the erlterfon of feilure. "Kapton” Is routinely tested at
the manufacturing elte in the fllawing mannern

Shasts of flim 8% " % 11" are fresly suapendad |n an
oven st 400°C, The tampanaturg of tha oven g

2

*1 hou for 30 and 60 qugé Tk 4

monitored with a thanmecoupla ta Insure A tampars: -4
turs accuraoy of +2"G. Sheets ere removad after A
2 howre* and testad on an Instran Tenslle Teator 49 . 4
describad above urkler "Elongation.” Tha alongation 3

{at 23.5°C) of tha flim should not bs lass then K% §
mfter this aging et 400°C. This conforme to the )
"Ejongation after Aging &t 400°C* iest {paragraph B
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4,4.5) and “Elongation, parcont, after 2 hour 400*C."
mequinsmeant {Tabla 1) of MIL-P46112 B {MRL
Underwrltars Leboratorias Inc. lists a thermal Index
of 200*C.-220"C. (depending on gauge snd type) for
mechanical propertfas and 220 *C.-240"C. idapending
on gauge and typa) for alectricsl properiks under
their file no. for "Kepton" polylmida film,
1 oL or 30 8, B0 o M-

PROPERTIES OF TYPE FN FILM

A. Heat Seal Strength

1. Flim to Flim Sens

The heat sesl pasl gtrength between tha coated
and uncoated elde of one slde coated Kapton®
polyimida fllm or the ooated to cosbed aide of one or
two slde coaled "Kapton" is measured In the fol-
lowing manner; Seals sa mada in & Jaw sealer at
350"C., 20 pel, A sec. dwell tima. After cocling, the
conla ara cut to 1™ wide at/ipa using a Thwing-Albert
JDG sample cutter or equlvedant, The strength of the
saal ja measured wlth an Instron type tanslls testear.
Senl strength 1a defined as the peak Instantaneous
atrength occurring |n each saal. Flve epacimen valuee
sra everaged. '

The minimum pesl atrength befween the coated
sldes of one or two elde coatad "Kapton™ potyimide
fiim will be 800 gmaJinch excapt for 120FNE18 which
will ba 450 gmetin. Tha minlmum poal strangth be-
twaen the coated and uncnated mlde of ona alda
coated “Kapton" will be 460 gmsJinch.

PROPERTIES OF TYPE VN FILM
MECHAMICAL

LU WITRMCITEY

BTN Y CI

Sl S Ll el

L RE g

Ls-Hs-4

2. Flim to Coppar Seala for J20FN816 Flilm

The ebllity of 120FNEH film to adhers to coppar le
measured by uslng the same heat scal pasl atrength
technigua as desoribed above,

The pesl strength obtalned when 12)FNSIE Ia
sealad 10 the untrested slde of ¥ 0z QT copper foll
{1 mil) will ke a minimuwm of 250 gmeJdin.

3. Ae-Rocelvad Strangth {Cold pagl) of Bonds Batween
ths Typa HN “Kapion™ and “Taflon” Layers
The band betwseen the Typa HN "Kapton™ and
Teflor® fluarocarbon realn layas on all type FN prog-
ucts excapt 120FNG18 will have 8 minimum peel
atrangth of 225 gmeSin as measured Lsieg an Instron
type tanslla taster and & 180" pesal. !

B. Dinlectric Sirangth

LA
1 1l

RLEY AR 1 FEH I [

L e el oL
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ELECTRICAL

Tharmal DurabiRy

The thermal durablilty of Kapton® polyimide flim
dapondds on the environmental conditlons under
which It Ia aged and teeted and lifetime depands on
the adterdon of fallure. “Kapton™ Is rautinely tested at
tha manufacturing ette In the followling mannar:

Ehoota of flim 814 * % 117 ara frealy suspendad In an
cven al 400°C. The tamperature of the oven I8
monitorad with a tharmocoupla to Ingure a tampam:
fure azouracy of +2°C. Sheats pra removed aftar
2 houm and tested on &n Instron Tenslle Tester as
doecr bad above under "Elongation.” Tha slongation

GENERAL

A. MATERIAL
Typa HN and Typa VN Flm—aA polyim!da polymar
In tha farm of a flim.
Typa FN Flim—A combinstlon of Kepton® paiyl-

mide fllm Type HIY with Teflon® FEP fiusmocerbon
resin on one ar bath eldsa.

B, UNIFORMITY
Matarlaf sha!l ba uniform in composition ard free

fror defaeota which Impalr seevicoabllity andfor ap-
psaranca In proven applioations,

C.CORES

Gores shall ba of aufficlent atrength to prevent &Gl
lapaing on handling. Standard core LL.D.'s ara 3"
and &" with the following specifications: 3% 1.D. Is
3032700084 &* LD, ls &.0287=0.010% Core
metarizl will be plastic for 3* 1.D. coms lees than
%" wids. Gora material wlli ba fibre for 3* 1.0, cores

{et 23.5°C.) of the film ahould not be lasa than 10%
after this eging &t 400°C. This eonforma to the
“Elongation after Aging at 400°C.” test {paragraph
449 and “Elongation, peroant, aftatr 2 haye 4000
mquirarsont (Tabéa 1) of MIL-P48112 B{MR).

Undarwriters Laboratorias Inc. lists a tharmal
index of 200"C~220C, {dopending on_gauge and
typa) for meshanical propertins and 220°C.=-240"C,
{depanding on gaugs and type) for elactrical proper
tles under thalr file no. E33505 for *Kapion™ polyl-
mide fllm.

wider than %" and 8* L.D. corea. A apiit 3" LD, flbre
cora |8 standard for all univarsal volls, Core width
for universal wind le 244",

If theea cores are not sultable, further Information
on othar optlona may be obtained fram your Elec-
tronles Dapartment marketing mpraventat!ve.

D.WIDTH TOLERANCE

The maximum varlation In film width from that
spoecifled on the order ahali be ae foliows:

Sitt Width Renge Talaranoe
h"or less Unlveraal anty = 7mila
1% ar loas + 18 mlle
11547 + 3 mila
&fu" of wider + 6 mils
E ROLL TYPES

"Kepton" fHim la supplled In two typea.of rolis, pad
and universal wind. Avallable fllm widthe and roll
0.0."5 are specifled on tha next page.

THNHTSA 018680 .
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Specifications for pad rolla ane:

1, Cora width will bs flim width +'%", —0".

2. Cora edges shafl net project more than ™ beyonc
rofl faca on elther alde.

& Cora shall not be reassssd on alther eide,

4, The outslda and starting ends of the fllm ahall ba
fastenad In such 8 manner &3 1o prevent unwinding.

5. “Dishing” or "cupping” may not excasd Yu*
maasured with a stralght edge scroes the diemater
of the roll,

Bpoolfications for the unlvaraal rolls are:

1. The diffarence baetween the length of projecting
care on aech elda ahall not excaad Y.

2. Flim ahall not preject from the maln bedy of the ralt
mene than Ya*,

4. The outslde and starting ende of the flim shall be
faatened In such & mennar as fo prevent urwinding.

4. Roll face deprassion, the diffarsnce betwasn tha
highaat and laweat polnta unatreased, shail nat
exceed He",

5. Width of traverge 18 1%", =Y, + 1h".

F. SPLICES

1. Dascription
Thraa typea of apilea ars available.

1. Mylar® polyaster fllm baesed yellow tape spllce
{standard),

z Kaptor® polyimide flim bessd aplice (apealal
raqulramsnts only).

4, Heat saal splice {Typa FN) In width, 12* or Iess.

s -4

* Al unhivasl rallm &fd dvelimbin 10 %" width Iscremanty wih e
drpchrrounf] iriethis, Thes kT sl |9 %% For 374 B .0 Oy Tnm mimbmam
Wk, b e o A W, A BT 10T B OO

Eplicea witl be sufilclently smaoth and wrinkle-fres
&0 28 not ko distort adlacent layera of {lim and epprox-
Imataly cantered-to + 1",

Taps mpllcea ama standand on all gaugas of "HN"
and "VN? flim and alad on all gauges of "FN" Him
moee than 12* wide,

Tape aplices are meda ae follows. A butt spiloe with
flim ende novarad on both sRdas of the Alm with splice
tapa. Far fllma lzas than 0.002" thick & 1" wide
pre=sure aensltive tepe |9 usad. Forflime 0.002" thick
and greater a 2* wids prassure aansitive tapa will ba
used,

Hoat manl aplicas e macde aa follows. On all flims
but 260FN329 the apllge a an overlap aplive a min-
mum of %~ long. On 250FNID20 abutt aplice ks made
ualng 120FNG16 as the |ainlng tape applied on the
FEP surfaca.

Ovarlap hoat seal splices are orented with the
laeding edga of the new flim on the bottom for univer-
sal put-ups ard pad put-upe lor two elde FEP struo-
tures. Pad put-ups of one aide FEF compositas have
the leading edge on the top.

The 250FNOZ) butt eplice | orlantsd with tha
120FM&16 1apa cn tha top of the film as It unwinde
fram & unhveraal put-up and on the bottom as It
unwinds from a ped.

2 Maximum Spllces par S|kt Roll

Tha minimum average foctage betwean splloses for
moat ralis ie shown In Teble |. Te caloulate tha
maximum nurnber of spllces In a ol divida the nomil-

nel feat per roll by the misnimum avarags length be-
twaon aplioos and subtract ons.

TI-NMTSA 018581
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4, Splice Placement

Tabla [ shows e minimom langth batwean aplices
and from the baginning and end of & rofl, for moet
=Kapton® rolfs, No aplloa Iz allowed, however, onca &
roll has reechad the minfmum 0.0,

TABLE |
MINIMUM AVERAGE SPLICE FREE LENGTH (FEET}

WOTEE: ' To 50" wica for 30HM, 52" wids for S0HN
* Toa 80" ylcks
*To 8" wids
‘10 'Iﬂ;'l:'::!' wirktha greciier Than 18* ba Sl Maxkisn, e minimuom avarage footage wiil ba one heif thil ahown in the teble
) Ih r

ROLL (FEET)

MINIMUM LENGTH BETWEEN SPLIGES OR BEGINNING ANG END OF A

Q.AVERAGE THICKNESS TOLERANCES
{UNIT WEIQHT)

Taat Mathod and Sampling Procadure

Waigh test specimens aqual to the width of slit roll
and not less than % metar Jong to the nearast 0.10
gram on & toraion balanece.

To confirm avarags thicknasatolarances, obtein a
aampla consisiing of a.minimum of ana Bpaciman from
aanh of several randomly selectad ellt mlla as follows:

Mindmum Mumbay of

b Sitt Roll Width Silt Aolls to bs Sampled
it i Undae 87 25+ slit rail width (in.)
i e N - : &* and Over 4
TI-NHTSA 018582




H. MICROMETER THICKNESS

Thickness tolerances are basad on a staffsticel
analysls of routine proceas contral data. '

GE887-4
Test Mathod '

Maka the following meastraments to confirm thet
film from & afngla alit roll meats the micromster
folarencos: -

1, Messure in accordance with ASTM-D-374-78,
Method A or C.

2 Dbtaln the average of 10 rantomby salected
raadinga frem a minlmum area of 12 aquere tnches,
Fechack before rajecting any st roll. Abnarmal
readings may occaslonaily result from dust par-
tlioles or spot surface Imparfections. Discard suoh
reacings as thay will edversely affect the accuracy
of measurements deslgnated o Indicate general
sheet thickncan .

Qauge Deprasalon

* Ta reduce web handiing difflaultles which would

aceur If film rapresenting thickness extramas wera

shippad in the same rolf, a gauge depression stan-
dard |3 applled.

Roll dapression la the dlfference in diamster ba-
tween the hardasat and scftest part of the rofl or the
differenice between the undapreescd and depresasd
{finger preasure) diameter ot the softest part, which-
ovar |s greater.

Tabla 11 llets the maximum allowable deprasalon
for moat pad rolls. Thera |8 no gauge deprasalon starr
dard for unlvarsal wind since that rll [s lImited o &
maximum of %" wide.

TABLE |l
KAPTON® POLYIMIDE FILM QAUGE DEPRESSION STANDARDI—PAD ROLLS

(Maximum allowsble depression In V" Incramans)

TI-NHTSA 018583
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RKapton

POLYIMIDE FILAT

GENERAL

INTRODUCTION

Tha Electrenics Deparimant of the Du Pont Company
manufactures and salla a varisty of high qualily
plastio flim produsts.

Thase apaciflcetions deecriba the values and tot
aances for fllm propertles and charectsristies of
"Kapton™ polyimide tllm. Whene nobaagary for thoe
ough undsrstanding, test methods and proceduras
have bean Included.

Any aapacts of tha apacifleationa rquinng further
Interpratetion or ¢dmdfksation should be disousaed
with reprogentativas of the Du Pont Electronlcs
Department.

Types of Kapron?® Polyimide Fiim
Cu Pont maken threa fypee of "Kepton™ polylmida
flim, Type HM, Type FM and Type VM.

Typ2 HN Flim

"“Kaptan” Typa HW la a tough ssomatic polyimida
fllm, exhiblting an excellent balance of physical,
chamlcal and elestrical proparties over a wide tam-
pereture ranga, partloulady at unusually high teme
peraturea. Chamically, Ita potylride polymer make up
i the mauit of a polycendenestion reaction between
pyromelliitic dlanhydride and 4 4-dlaminodiphanyk
ethar. "Kapton™ HM le avallable In 30, 50, 100, 200, A0
and 600 gauygaes.

Typa FN Flim

"Kapton” Tvpe FN flim 1w & host Sealable grade
whiah retaina the unlgus balance of properties that
“Kapton” Typs HN possssess over a wida tampare-
tura rarnge. Thia 1= achtevad by combining Type HH
“Kapton” mnd Tefion® FEP fluotocerbon realn
togethar In a compealte streaturs. Listed below are

GENERAIL
SPECIFICATION
BULLETIN GS-87-4

ihosa combinetlons commerolally avallabla at this -
time. Other combinations are svallable. Sonsul your
Elgctronioa Department marksting raprassntathve for
further Information.

Type VN Fim

"Kapton™ Type VN is the same tough polyimide
film 2% Typa HN Flim, exchibiting en exoellont balance
of phyaical, chemtcal and electrical propartles ovar &
wide temparaturs rangs, with supserior dimansional
gtebility st elavated temperaturea. Thia product Is
svallable In 100, 200, 306 and BO0 pauges.

Certiifcation

“Kapton" 1z certlifiad to meet tha reqilremanta of
the military specification MIL-P-48112 B (MH) in addl-
tlon to the Hema eoverad by this specifications bulle-
tin. Writieh confirmation Ia avallabta with aach de-
livary upon raquest.

Pl U oy o T T

TI-NHTSA 013584




e into the

The thermal, physical, chemical resistance and electrical properties

KAPTON are exceptional. And, the benefits don’t stop there. KAFTON can be
easily fabricated by a wide variety of techniques, including die cutting, pundh-
ing and thermoforming, It offers excellent adhesive bondability as well;
And, KAPTON is backed by a team of DuPent experts who are ready
to provide technical support to designers, fabricators and original equipment
manufacturers. In addition, the DuPont KAPTON Marketing Development

Group offers a unique opportunity to form partnerships in selling products to

the automotive mdus.trjrr

7 Weh0pethatﬂﬁsbm?lmrehashelpedy0udismverhnwm_

can accelerate your design ideas for cars of the future. For more information

983810 YELHN-IL

to talk to a DuPont Representative, please call {1-800-237-4357.




M Spark Plug Boot

M Speaker Paris
Cones
domes
spiders
surmounds
voice pils

B Switches
air conditioning system
{pressure, punched)
button for undar-the-hood
thermostat (punchad)
fransmission prasswre
vacuum electrical -

995810 YSLHNIL
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rent and Potential

OFKAI"I'OII‘I

#l Atarnator Heat Sink Insulator Pads

H Diaphragms
air bag
air conditioning system
fuel pressune regulatar
ol prossurs switch
power steering switch
pressure switch in brake systems (punched)
B Disposable Pin Carrier for PCB Intsrconnections
B Flaxible Circuit for Dashboard
H Fuel Pulsation Dampaner
B Fusa Plane
¥l Gasket {under the hood, punched)
B Miniature Pressure Transducer
B Radiator Plug

H Seals for Air Condiioning System

W Sensors
accelorator pedal
ar conditioning systam {pressure}
automatic windshield wipers (membrane)
brade pedal
braka system {pressureg)
cltch slave cylindar
door buzzer
EGR
memory seat
shock height
tamperatura
throttle position
transmission
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Typical

Of [kapTON"

Thermal Properties
Useful Temperature Range, °C ("F)
U194 Rating
UL Thermal Index (100,000 hours)
Mehing Point

Physical Properties
Ultimate Tensile Strength at Z3°C (73°F), MPa {psi)
Yield Foint at 3% at 23°C (73°F), MPa (psi)
Siress to Produce 5% Hlangation at Z3°C (73°F), MPa {(psl}
Ultimate Elongation at 23°C (73°F), %
Tensile Modulus at 23°C (73°F), GPa (psi)
Impact Strength at 23°C {73°F), N*cm (ft*ITb)
Folding Endurance at 23°C {(73°F) (MIT), cycles

Electrical Properties
Dielectric Strangth, kv /mm (V/mil)
Diglectric Congtant at 1 kHz

Cheieal Resistanoe

-269 to 400 (<452 to 752)
V-0
290°C (464°F)

MNone

231 {33500}
£9 {10,000)
90 (13,000)

2.5 (376,000)
78 (0.58)
255,000

300 77003
34

Most organic chemicals,
sodvenis, fuels, lubricants
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KAPmisusedinmelpulsatiundampeners,ﬂmeplanes,ndﬁng

replacements, power steering switches, EGR sensors, ABS CoOmponenis
and a host of other automaotive applications. In addition to outstanding

chemicalrﬁistance,KAPI'DNfeaturesaUL‘%V-Draﬁ:gfor

It Provides Excellent Electrical Performance] KAPTON plays

a key role in insulating and providing static drain of electromagnetic and
mdioﬁtqumqmm{mmfﬁhﬂfmduemitslﬁghdielec&icshmgﬂl
{7,700 volts/ mil} and high-temperature resistance. Certain KAPTON films
have unique, combined properties, such as greatly enhanced thermal

corcluctivity with heat resistance. These combinations can be critical in @
motive paris where both Properties must play a role in performance, such

the characteristics needed in temperature sensors for instrumentation.
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of 240°C (464°F) and can operate at temperatures ranging from -269°C

to 400°C (-452°F to 752°F).

Even If It's Flexed a Million Times| Although thin and light-

weight, KAPTON is amazingly flexible and resilient. It can withstand flexing
without developing cracks or tears, which are typical problems encountered
with rubber and other common materials. KAPTON enables diaphragms and
other parts that work “in movement” under high pressure to remain flexible

and functional, while performing for millions of cycles.

Exposed to Almost Ay Solution)| KAPTON resists most

organic chemicals, solvents, lubricants and fuels. In fact, its unmatched

fesistance to fuels, fluids and other harsh chemicals is the reason
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Time and time again, KAPTON* stands up to the harshest
conditions — temperature extremes, mechanical siress and cortact with
organic solvenis, to name just a few — while performing better than ordinary
materials. That's why more and more automotive engineers and parts
designers are specifying KAPTON for diaphragms, insulators, gaskets and
parts that must withstand harsh operating environments, such as

those found under the hood.

KAPTON Can Take the Heat! Because today’s and tornomow’s

engines will run at increasingly elevated temperatures, high-temperature
stability is a critical concern for any under-the-hood part. But temperature

extremes are no problem for KAPTON, which carries a UL? Thermal Index




automotive, aerospace and electronics industries. These engineers have seen
first-hand that KAPTON can fake brutal punishment and keep on performing

1 like few other malterials.

For example, automotive engineers have used KAPTON in a newly

designed throttle position sensor that helps maximize fuel efficiency.

Aerospace engineers have sent KAFTON to the moon as a radiation
shield on the Lunar Excursion Module and as the multilayer insulation blankets
that protect cargo and crew from the intense heat of lifi-off and reentry.

And, electrical engineers have come to rely on KAPTON as
insulating and shielding material for a broad range of applications ~ from
microwave and satellite communications systems to electronic medical

diagnostic equipment and computer components.

— FL5840 YELHN-11
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Whmynutakealmkintumefuturenfmeautomoﬁve

industry, what do you see? Engines that will run hotter than ever before?

innovative designs. They simply don't offer high-temperature stability,
flexibility, durability, chemical resistance and space and weight savings.
KAPTON polyimide film can help you meet whatever challenges you're
Iike]ytofaminthefuhuebynffe:hga]lﬂmsebmeﬁtsandmnre.
Known for its outstanding thermal, mechanical and electrical

pmperﬁes,KAPIONisanadvancedmateﬂalusedbyengineemmm



How tTo

mﬂ? DuPont KAPTON®
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DuPont Electronics

DuFot Company

Barioy Mill Pinca

PO Box BODMY

Wilmington, Delwars MBE-008

Dear Customeri

Thank you for calling Du Pont. Enclosed please find the
litarature you requastad on Kaptone®. Your interest in our
product is greatly appreciatad.

Also enclosed is my business card if edditicnal information
or tachnical assistance is neadaed,

sincerely,
mldﬁ.: Farrelly,’ .:rr.ﬂ’

DJF/ tlp
Enclosuren

®fu Font Reglistsred Trademark

TI-NHTSA 018578
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£ |. BUPONT DE NEMOURSR &k CO TELEFHONE NUMBEES B .
. POLYMER FRODUCTS DERARTMENT——— MEDICAL EMERGENCY BM=IAT~-30NV .
ELECTROMICE DEPARTMENY PRODUCT INFORMATION 304—4d1-Ti18
1007 MARKET STREET TRANSPORTATION ENERGENCY DOd—424-0300
WILMIRCTCN, DE 1HB
MATERIAL IDENTIFICATION
PRODUCT NAME Kapton® Polyimide Fllm, coated types
F, FN, XF, ZN
CHEMICAL NAME Aromatic Polyimide
plus up to 1% dimethyl acetamides and a
&olrﬂunrmrbun coating.
€AS REGISTRY NUMBER A

TSCA INVENTORY STATUS  All reportable ingradionts are listed in the TSCA
' Chomical Substance Inventory.

DOT HAZARD CLASS Not regulated
SHIPPMING NAME NA
PREPARER C. B Swoaffer  DATE September 27, 1989
HAZARDOUS COMPONENTS
MATERIAL Dimsthy! acetamide
CAS NO, 127195
CONCENTRATION % gpmxe?ﬁ -
ppm
ACGIH TLV 10 ppm (-u:;
DUPONT AEL 10 ppm (ski

*The "skin” nctation serves as a remindar that axposure can result through skin
absorpticn ax well a1 through inhalation, and that appropriste precantions
should be taken o prevent both types of expasure.

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

EHYSICAL/CHEMICAL DATA
APPEARANCE Trapaparent film, light amber eolor
QDOR None
MELTING POINT None
SOLUBILITY IN WATER Insoluble
VOLATILE CONTENT 1% max
SPECIFIC GRAVITY 14

TI-NHTSA 018576
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EIRE_AND EXPLOSION _HAZARD DATA

FLASH IGNITION TEMPERATURE Hh.

UNUSUAL FIRE, EXPLOSIQN HAZARDS Cherv but docs not burn. Static charge <
may build up during bandling of Kapton® film.

HAZARDOUS COMBUSTION PRODUCTS Hydrogen fluoride, ¢arboo monoxid
R —— .__w fluorkde — — —— - - i —n 1

SPECIAL FIRE FIGHTING INSTRUCTIONS Waear self-contained breathing
apparatus and clothing to protect from hydrogen flaorids, which react
with water to form hydrofluric acid. Wear Neaprena glovea when bandling
refuse from a fire Involving flucrocarbon resins

EXTINGUISHING MEDIA Water, carbon dioxide, foam, dry chemical

HAZAROOUS REACTIVITY

CONDITIONS TO AVOID Temperaturea nbove 260°C without sdequate
ventilstion. Conted types of Kapton® will burn in an atmosphere
of 93% oxygen.

MATERIALS TO AVOID Alkali metal snd interhalogen compounds.

HAZARDOUS DECOMPOSITION PRODUCTS Above 2680°C costed types
of Xapton® can evolve toxic gaseous materials such ax hydragen fluoride
and perfluornolefine. Mujor off-gases are carbon monoxida and carbon
dioxide.

HEALTH HAZARD DATA “

Read "Safety in Handling and Use” Bulletin E-72084 before using Kapton®. Avold
contamination of tobageo producm.

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

SKIN No irritation expected. Leas than I ppm dimethy! acetamide was
extracted from fitm by distilled water at 40°C for 4 hours.

EYE Not a probable route of exposure. Mechanical irritation

INBALATION Vapors and fumes liberated above 260°C or from smoking
tobacco or cigarettes contaminated with coated types of Kapton® film
may cause influenza type symptoms {polymer fume fever) witk chilla
fever and sore chroat, which mey not occur until saversl hours after
aftor cxposare, and pass within 3548 hours, even without treatment.

Inhalation is not & probable route of exposure for film. For the polymer
from which this film is made, do Poat recommends treating polymer dust as

f1.NHTSA 018877
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& tuisance particulate, and has established an AEL of 10 mg/n® toca! dust,
the came a1 the TL.Y {or nuisanca partculates.

EMERGENCY FIRST AID
& [{ axposed to fumses from overbeating or combuation, move to fresh air,
Consult a phynician if symptoms persist. '
® For prolongad skin contact, wash with scap aid water, In caze of skin
Irritation, consult & physician
- @ Flush eyes with plenty of water. Consult a physlchsin If symptoms persist
CHRONIC EFFECTS None knowa. i

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE Nooe known.

PROTECTION INFORMATION

EYE Safety glasses recommended,
SXIN Gloves racommended.
VENTILATION Local exhaust for operation wbove 200°C.
RESPIRATOR Not required for normel processing.
DISPOSAL
SPILL, LEAK OR RELEASE Sweep op to avoid slipping hazard
~ WASTE DISPOSAL Landfill or incinerate in compliance with federal, state,
and local rogulstions. Incinerator should be squipped with scrubber
to remove neldic hydrogea fluoride Irom off-gases.
AQUATIC TOXICITY Insslubls
STORAGE CONDITIONS Store sway from flammzble materiale

The information in this Material Safety Data Sheet relates only to the
specific material (5) designated berein and does not relate t0 use in combination
with any other material or in any procema

NA = Not applicable

NE = Not established

AEL w Du Pont Company's Acesptable Exposure Limit

> = New or revised Information in this scctlon when " > i3 in left margin

TI-NHTSA 018578




KAPOO2
page 4

SECTION 313 SUPPLIER NOTIFICATION <

This preduct containg a0 known toxic chemicals subjeet 10 the reporting
requiremants of section 313 of the Emergency Planaing and Community Right-To-
Know Act of 1986 and of 40 CFR 372

No cubstances on tha state hxrardous substapces list, for the states indicatad
below, are used in the manufacture of products on this Maierial Safety Data Shast,
with the axceptiona indickted While we do oot specifically analyze these products, or
the raw materials uaed in thelr manufaciure, for substan¢es oo various state harardous
substances lists, to the best of obur kgowledge the products on this Material Safety
Draca Sheet contain no such substances except for those specifically lsted below:

SUBSTANCES OK THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST
PRESENT AT A CONCENTRATION OF 1% OR MORE:
Dimethyl acetamide (19 maxinum)

SUBSTANCES ON THE PENNSYLVANIA SPECIAL HAZARDOUS SUBSTANCES
LIST PRESENT AT A CONCENTRATION OF 0.01% OR MORE: None known,

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

LAS Na.
Polyimide film 25038-81-7
Polyfluorocarbon coxting 25067-11-2 or

26633-00-5 or

25028-71-3,

WARNING; SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE CANCER: Nonc known

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE BIRTH DEFECTS OR OTHER REPRODUCTIVE HARM: Nooe krowa.

SUBSTANCES ON THE NEW JERSEY WORKPLACE HAZARCOUS SUBSTANCE <

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

SUBSTANCES IDENTIFIED AS CARCINOGENS, MUTAGENS OR TERATOGENS):
Dimeathyl acetamide (1% maximum)

TI-NHT3A 018374
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GENERAL

INTRODUCTION

The Elsotronlos Department of the Du Pant Company
manufaciures and salis a varlely of high qualtty
plastic fllm products.

These specificailons describe the velues and ol
asnces for film proparlles and charactedatics of
“Kapton® polyimide fim. Whene neceasary for thor-
ough underatanding, tast mathods and prooceduras
have baan includad

Any sspaots of tha spacifications requiring further
Iinterpratation or clarification showld be disoussed
with repreeentatves of the Du Pont Eleoctmonice
Dapartment.

Typas of Kapton® Polyimide Film
Du Fonl makes thras typea of “Kapton" polyimide
film, Type HN, Type FN and Type VN.

Type HN Film

"Kapton" Typa HN {s 2 tough smmetic palyimide
fim, sxibiting sn sxoallent bulances of physicel,
ctamical and stactrical properties over & wide (em-
poratura hvige, particulaty st unusually high 16m=
pariiures, Chamically, [ts polvindde podymer meka up
ia the result of a polycondensation reaotion batwesn
pyromaliitic dianhydrids and 4. 4'-dlaminodipheny-
ather. “Kapton™ HN is avaliable 1n 30, 53, 100, 200, 300
and 600 gauges.

Type FN Film

"Kapton" Type FM flim |2 a hent sealabls grads
whioh rataine the uniqus balanos of propertles that
HRapton™ Typs HN possasgsas ovsr & wida tempera-
tura rarnge. This in achlaved by combining Type HN
"Kapton™ and Teflon® FEP HRuorocarbon rasin
togather In a composite etructure. Listed haelow ara

GEMNER A
SPECIFICATIO
BLLLETIN G5-87

thoss combinationa cormmeroially svailabia at this
time. Othiar combinations are svaltable. Consult your
Electronica Dapartment marketing representativa for
furthar Information.

Typs VN Film

"Kapton" Type YN Is the same tough polyimide
Hm ae Type HN Fllm, sxhiblting an axcallant balance
of physical, chemlcal and slectrioal propartlas ovara
wide temparaturs rangs, with supericr dimenalonel
atablilty at alavaiad temparaiures. Thia praduoct |9
avallsbla In 100, 200, 300 and 500 gauges.

“Kapion” is certifled to meet the requirements of
the milftary epscification MIL-P-48112 B tMA) In addl-
thon to the ftame covered by this specifications bulle-
tin. Writlen conflrmation fe avalleble with aach de-

ilvery upon request.
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