DuPont™ Kapton®

POLYIMIDE FILM

MOTOR AND MAGNET WIRE INDUSTRY BULLETIN

Introduction

This bulletin describes the values and
tolerances for Kapton® polyimide film
properties and characteristics known
to be of significance in the motor and
magnet wire industry.

For a more thorough understanding, test
methods and procedures are included
and values are expressed in both Sl and
Imperial units.

Minimum and/or maximum values are
provided as a guide to those requiring

a better understanding of current
product test limits for design purposes.
These values should not be incorrectly
interpreted as being representative of
“actual/typical” values. Therefore, if

you require typical value data, please
contact your DuPont marketing or
technical representative for Kapton®.
Data provided herein should not be used
alone as the basis of design. Because
the many different uses and conditions of
use cannot be anticipated, users should
conduct their own tests to determine the
appropriateness of the products for their
particular purposes.

Any aspects of the data requiring further
interpretation or clarification should be
discussed with your DuPont technical
representative for Kapton®.

Applications

The unique properties of Kapton® allow
it to be used extensively in the motor
and magnet wire industry. In very thin
sections, Kapton® conserves space for
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conductors, which ultimately yields more
power without increasing motor size.
Kapton® provides exceptional overload
protection and long motor life, even in
the most demanding applications and
environments. Kapton® has superior
chemical resistance to most solvents,
hydrocarbons, and lubricants. Kapton®
also carries the UL 94-V0 flammability
rating and will not melt, ignite, or
propagate flame.

Typical motor applications include magnet
wire, turn-to-turn, strand, coil, slot liner,
and ground insulation.

Kapton® is routinely used in laminations
with other insulating materials as well as
in pressure-sensitive adhesive tape.

Types of Kapton® Film

DuPont offers a variety of Kapton®
films for use in motors, generators and
transformers.

Non-Heat-Sealable Kapton® Films

Kapton® HN Film

Kapton® HN is an aromatic polyimide
film exhibiting an exceptional and
unigue balance of physical, chemical,
and electrical properties over a wide
temperature range, and particularly at
high temperatures.

Kapton® HN film is available in standard
thicknesses: 25, 50, 75, and 125 um (1,
2, 3, and 5 mil). Additional thicknesses
can be made available by special request.
Please consult your DuPont marketing
representative for Kapton®.

Kapton® CR Film

Corona-resistant Kapton® CR has been
developed specifically to withstand the
damaging effect of corona discharge,
which can cause the eventual breakdown
of an insulation material or system.
Kapton® CR has a corona resistance or
voltage endurance that is significantly
higher than standard Kapton® HN.
Kapton® CR provides a thermal
conductivity that is more than twice that
of standard Kapton® HN, allowing better
dissipation of heat in motors and other
electrical equipment.

Kapton® CR is available in standard
thicknesses of 25, 50 and 75 um (1, 2
and 3 mil). Additional thicknesses can be
made available by special request. Please
contact your DuPont Films marketing
representative for Kapton®.

Kapton®WR Film

Continuous exposure to hot water can
affect the tensile strength, elongation, and
dielectric strength of standard Kapton®
HN. Waterresistant Kapton® WR has

been developed specifically to combat the
effect of water on insulation systems and
for applications where hydrolytic stability
is important.

Although Kapton® WR is available in
the standard thickness of 25 ym

(1 mil), additional thicknesses can be
made available by special request.
Please contact your DuPont marketing
representative for Kapton®.
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Heat-Sealable Kapton® Films

Heat-sealable Kapton® films are used as
primary insulation on magnet wire. These
films are coated with or laminated to
Teflon® FEP fluoropolymer which acts as
a high temperature adhesive. The film is
applied in tape form by helically wrapping
it over and heat-sealing it to the conductor
and to itself. The heat-sealable films are
designated FN, FCR, FWN, and FWR.
Table 1 lists heat-sealable films typically
used in this industry, which are UL

listed as 240°C for electrical properties.
Other types can be made available.
Please consult your DuPont marketing
representative for Kapton®.

Certification

Kapton® is certified to meet the
requirements of specification ASTM
D-5213 as well as the items listed in this
bulletin. Product certification is available
with each delivery upon request.

Thermal Durability

The thermal durability of Kapton®
polyimide film depends on the
environmental conditions under which it is
aged and tested, and lifetime depends on
the criteria of failure. Films are routinely
tested at the manufacturing site in the
following manner.

Sheets of film 215 x 280 mm

(8-1/2 x 11 in) are freely suspended in an
oven at 400°C (752°F). The temperature
of the oven is monitored with a
thermocouple to ensure a temperature
accuracy of £2°C (+3.6°F). Sheets are
removed after 2 hours and tested on a
tensile tester as described in Tables 2 and
3 under “Elongation.” The elongation (at
23°C [73°F]) of the film shall not be less
than 10% after aging at 400°C (752°F).
This conforms to the “Elongation, %, after
2 hours 400°C (752°F)" requirement of
MIL-P-46112B (MR). (See Table 2.)

Table 1. Constructions of Heat-Sealable Kapton®Types

Film Constructions,* pym (mil)

Film Designation

* Commonly used in magnet wire and covered in this bulletin.
See General Product Bulletin for details regarding other Type FN films.

Under their file number E 39505 for
Kapton®, Underwriters Laboratory Inc.
lists a thermal index of 220-240°C (428-
464°F), depending on gauge and type,
for electrical properties, and 200-220°C
(392-428°F) for mechanical properties.

Thickness
Test Method

Table 4 lists thickness of Kapton® films,
measured in accordance with ASTM D-
374-94, Method A or C.

The average of ten randomly selected
readings from a minimum area 77 cm?
(12 in?) is obtained and rechecked before
rejecting any slit roll. Abnormal readings
may occasionally result from dust
particles or spot surface imperfections.



Table 2. Properties of Non-Heat-Sealable Kapton® Films

Product Designation
Property | | Method

Note: If your product is not shown in this table, please contact your local representative.




Table 3. Properties of Heat-Sealable Kapton® Films

‘ Product Designation
Property ‘ Method

Note: If your product is not shown in this table, please contact your local representative.




Table 4. Thickness of Kapton® Films

Product Designation

Cores

Cores shall be of sufficient strength to

prevent collapsing during normal handling.

Core Type

Core Material

Core
Material

Core Width Tolerance

Roll Width Tolerance

Roll Configurations

Kapton® polyimide film is supplied in three

types of put-ups: Step-Pac®, universal
wind, and pad wind, described below.

Step-Pac®
e Film shall be centered on the core to
+4.8 mm (+3/16 in).

e Film shall not project from the main
body of the roll more than 3 mm (1/8 in).

e The outside and starting ends of the
film shall be fastened in such a manner
as to prevent unwinding.

¢ Roll face depression, the difference
between the highest and lowest points
unstressed, shall not exceed 4.8 mm
(3/16 in).

e \Width of traverse can be either 65 mm
(2-1/2 in) or 105 mm (4-1/8 in).

Universal Wind
e Film shall be centered on the core to
+4.8 mm (+3/16 in).

e Film shall not project from the main
body of the roll more than 3 mm (1/8 in).

The outside and starting ends of the
film shall be fastened in such a manner
as to prevent unwinding.

Roll face depression, the difference
between the highest and lowest points
unstressed, shall not exceed 4.8 mm
(3/16 in).

Width of traverse can be either 44 mm
(1-3/4 in) or 100 mm (4 in).

Pad Wind

Core width shall be film width +3 mm
(+1/8'in), =0 mm (0 in).

Core edges shall not project more than
1.6 mm (1/16 in) beyond roll face on
either side.

Core shall not be recessed on either
side.

The outside and starting ends of the
film shall be fastened in such a manner
as to prevent unwinding.

“Dishing” or “cupping” shall not
exceed 1.6 mm (1/16 in), measured with
a straight edge across the diameter of
the roll.



Standard Put-Ups
Standard put-ups for different roll types

Film Width

The minimum width of film wound on

Weight Tolerance

Weight Ordered

are given in Table 5. pads is 9.5 mm (3/8 in). Universal winding 0.4536—4.536 kg (1-10 Ib) +20%
is available for film widths from 3.2 mm 4.536-45.36 ka (10-100 Ib +109
Table 5. Put-Ups for Different (/8 in) to 22.2 mm (/8 inl gl ) ik
Roll Types ‘ : >45.36 kg (>100 Ib) +5%
Roll type ““ The Step-Pac® is available for film
76 mm (3in) | 152 mm (6 in)* idths from 3.2 mm (1/8 in) to 38.1 mm . .
i : ) . : | s /s in) Splice Options
Step-Pac® | 76 mm (3in) | 203 mm (8 in)* (1-1/2 in). A vari f splices i ilabl
76 mm (3in) | 292 mm (11.5in]* | o | variety of splices is available:
76 mm (3in) | 152 mm (6 in)* The increments in width are 1.6 mm (1/16 in). e Heat seal (limited to 305 mm [12 in]
i i i width or less).
Universal | 76 mm (3in) | 203 mm (8 in)* Width Tolerance
76 3i 292 11.5in)* ® imi ihm-
mm ( !n) mm ( .ln) Slit Width Range e Kapton poly@l.de film-based
76 mm (3in) | 152 mm (6 in) pressure-sensitive tape.
Pad | 76mm(3in) | 241mm (95in) Pad Rolls
T (1.1' ; <38 mm (1-1/2 in) +0.18 mm (7 mil) * Mylar® polyester film-based
mm e MmN 380 102 mm (1-1/2-4in) | + 0.76 mm (30 mil) pressure-sensitive tape.
*depending on width >102 mm (4 in) +1.52 mm (60 mil)
- - The minimum average distance between
Universal +0.20 mm (8 mil)

Other put-ups can be made available upon
request. Please consult your DuPont™
marketing representative for Kapton®.

Table 6. Minimum Average Splice Free Length for Common Kapton® Films

Roll Type Core ID Roll OD
mm mm

splices is shown in Tables 6 and 7. To
calculate the maximum number of splices
in a roll, divide the roll length by the
minimum average length and subtract
one.

Product Designation

150FN019

150FCR019 200HN 300HN
150FWR019 200CR 300CR
150FWNO019

152 610 610 304 162
Step-Pac® 76 203 610 610 304 152
305 610 610 304 152
152 610 610 304 152
Universal 76 203 610 610 304 152
305 610 610 304 152

Pad 5 152 154 50 61 61
240 195 107 102 102

‘ in ‘ in ‘ Feet

2,000 2,000 1,000 500
Step-Pac® 3 2,000 2,000 1,000 500
12 2,000 2,000 1,000 500
2,000 2,000 1,000 500
Universal 3 2,000 2,000 1,000 500
12 2,000 2,000 1,000 500
o 3 6 505 165 200 200
9-1/2 640 350 885 88h



Heat seal splices shall be made as

splice tape. For all films, a 50 mm (2 in)

Table 8. Information Contained

follows: On all films but Kapton® wide pressure-sensitive tape will be used. on Labels
250FN029, the splice is an overlap splice . N : Shipping ~ Core
a minimum of 10 mm (3/8 in) long. On Splices shall be sufficiently smooth and Container Package Label
250FN029, a butt splice is made using wrinkle-free, so that adjacent layers of Gl e e X X X
Kapton® 120FN616 as the joining tape film are not disturbed and approximately Customer Order
applied on the FEP surface. centered to +6 mm (x1/4 in). Number X X X
_ _ _ . DuPont Order X X X
e Overlap heat seal splices are oriented No splices will be made after the roll has Number
with the leading edge of the new film reached minimum OD. Gauge X X X
on the bottom for universal and pad . Type X X X
rolls for two-sided FEP structures. Pad Packaging Width X X X
rolls of one-sided FEP composites have Kapton® shall be adequately packed to No. of Rolls per
the leading edge on the top. prevent loss of contents or damage Container X X
e The 250FN029 butt splice is oriented during routine shipment. Net Weight X X
with _the 12_0FN61.6 tape on thg top of All film will be wrapped with a non-fibrous R X
the film as it unwinds from universal or ) Mill Roll Number X X
Step-Pac® rolls and on the bottom as it material. ID and OD? X X

unwinds from pad rolls.

Pressure-sensitive splices shall be made
as follows: A butt splice is made with
the film ends covered on both sides with

Marking

Kapton® is identified as described in
Table 8 to allow traceability back to the
raw materials and processing conditions.

' Affixed to the core on all cores, 57 mm (2-1/4 in)
wide and over; include with the package on all
cores less than 57 mm (2-1/4 in) wide.

2 Available for up to 12 characters.

3 Inside diameter of core and nominal outside
diameter of roll.

Table 7. Minimum Length Between Splices and/or Beginning and End of Roll for Common Kapton® Films

Product Designation
150FN019
RollType el Roll OD 150FCR019 200HN 300HN
150FWR019 200CR 300CR
150FWN019

162 30 46 30 30
Step-Pac® 76 203 30 46 30 30
305 30 46 30 30
152 30 46 30 30
Universal 76 203 30 46 30 30
305 30 46 30 30
. 6 162 30 30 30 30
240 30 30 30 30

in in | Feet
100 150 100 100
Step-Pac® 3 100 150 100 100
12 100 150 100 100
100 150 100 100
Universal 3 100 150 100 100
12 100 150 100 100
o . 6 100 100 100 100
G112 100 100 100 100




North America

United States

DuPont High Performance Films
PO. Box 89

Route 23 South and DuPont Road
Circleville, OH 43113

Ordering Information:

Tel: (800) 967-5607

Product Information:

Tel: (800) 237-4357

Fax: (800) 879-4481

Canada

DuPont Canada, Inc.

PO. Box 2200, Streetsville
Mississauga, Ontario, Canada
L6M 2H3

Inquiries: (905) 821-5603
Customer Service: (800) 263-2742
Fax: (905) 821-5230

Latin America

Argentina

DuPont Argentina

Av. Mitre y Calle 5

CP 1884, Berazategui, Argentina
Pcia de Buenos Aires

Tel: 54-1-256-2435

Fax: 54-1-319-4451

Brazil

DuPont do Brasil, S.A.

Al. ltapecuru, 506-Alphaville
06454-080

Barueri, Sao Paulo, Brazil
Tel: 55-11-4166-8640

Fax: 55-11-4166-8686

Mexico

DuPont S.A. de C.V.
Homero 206

Col. Chapultepec Morales
Mexico, D.F. 11570

Tel: 525-722-1184

Fax: 525-722-1370
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Venezuela

DuPont Venezuela

Edificio “Los Frailes”

Calle la Guarita

Urbanization Chuao

CP 1060, Caracas, Venezuela
Tel: 58-2-92-8547

Fax: 58-2-91-5638

Europe
Luxembourg

DuPont de Nemours (Luxembourg) S.A.R.L.

Rue Général Patton
[-2984 Luxembourg
Tel: +352-3666-5935
Fax: +352-3666-5060

Russia

DuPont Russia LLC
Krylatskaya St. 17 bldg 3
121614 Moscow

Russia

Tel: +7 495 7972220
Fax: +7 495 7972201

Asia Pacific

China

Du Pont China Holding Co Ltd
15th Floor, Shui On Plaza,
333 Huai Hai Road (Central)
Shanghai 200021, China

Tel: 86-21-6386-6366

Fax: 86-21-6386-6333

Japan

DuPont Kabusiki Kaisha
Sanno Park Tower

11-1, Nagata-cho 2-chome
Chiyoda-ku, Tokyo 100-6111
Japan

Tel: 81-3-5521-8660

Fax: 81-3-56521-2371

registered trademarks or trademarks of E. |. du Pont de Nemours and Company or its affiliates.

Step-Pac® is a registered trademark of KT Industries, Inc. and Web Converting, Inc.

Hong Kong

Du Pont China Limited
26/F, Tower 6, The Gateway,
9 Canton Road, Tsimshatsui,
Kowloon, Hong Kong.

Tel: 852-2734-5345

Fax: 8562-2721-4117

India
E.|.DuPont India Private Ltd.
High Performance Materials

701-B Bonanza, Sahar Plaza Complex

Andheri Kurla Road, Andheri East
Mumbai 400 059, India

Tel: 91-22-55515038

Fax: 91-22-28393960, 28387463

Korea

DuPont Korea Inc.

3-5th Floor, Asia Tower

#726, Yeoksam-dong, Kangnam-gu
Seoul 135-719, Korea

Tel: 82-2-2222-5397

Fax: 82-2-2222-5476

Singapore

Du Pont Company (S) Pte Ltd
1 HarbourFront Place # 11-01
HarbourFront Tower One
Singapore 098633

Tel: (65) 6586 3688

Fax: (65) 6272 7494

Taiwan

DuPont Taiwan Limited
45, Hsing-Pont Road,
Taoyuan, Taiwan 330
Tel: 886-3-3773668
Fax: 886-3-3770480

NO PART OF THIS MATERIAL MAY BE REPRODUCED, STORED IN A RETRIEVAL SYSTEM OR TRANSMITTED IN ANY FORM OR BY ANY MEANS
ELECTRONIC, MECHANICAL, PHOTOCOPYING, RECORDING OR OTHERWISE WITHOUT THE PRIOR WRITTEN PERMISSION OF DUPONT.

H-24923-3 (8/06) Printed in the U.S.A.

This information is based on data believed to be reliable, but DuPont makes no warranties, express or implied, as to its accuracy and assumes
no liability arising out of its use. Whether the data listed herein falls within the normal range of product properties or is stated as minimum
and/or maximum values, it should not be used to establish specification limits or used alone as the basis of design. Because DuPont cannot
anticipate or control the many different conditions under which this information and/or product may be used, it does not guarantee the
usefulness of the information or the suitability of its products in any given application. Users should conduct their own tests to determine the
appropriateness of the product for their particular purposes. This information may be subject to revision as new knowledge and experience
become available. This publication is not to be taken as a license to operate under, or recommendation to infringe, any patent.

Caution: Do not use in medical applications involving permanent implantation in the human body or contact with internal body tissues or
fluids. For other medical applications, see “DuPont Medical Caution Statement,” H-50102.

kapton.dupont.com
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