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Use 3M"™ Flexible
Insulation for:
e Ground, phase and interwinding

insulation for dry-type transformers

e Slot, phase and wedge insulation for
electric motors and generators

e Flame barrier insulation for appliances

e Collars for voice coils used in
speakers

e Wire and cable wrap

e Layer insulation used in cast coil
transformers

Inorganic paper technology offers:

Voltage endurance

3M Flexible Insulation retains a high
percentage of dielectric strength
even after extended exposure to
high operating temperatures while
its inorganic content helps reduce
damage caused by partial discharge.

Thermal conductivity

The high thermal conductivity of
flexible insulation helps achieve
the heat dissipation required

in today’s electrical apparatus,
allowing more efficient operation
or the design of smaller, more
cost-effective equipment.

Varnish absorption

The good varnish absorption
characteristics of flexible
insulation can enhance its already
high thermal conductivity, helping
equipment to run cooler, quieter,
and last longer.

Low moisture
absorption

Manufactured with less than
1% moisture content, flexible
insulation papers exhibit
dimensional stability even in
humid environments and do not
require extended drying time
prior to varnish saturation.
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3M™ ThermaVolt
Calendered Inorganic
Insulating Paper

For high-temperature electrical

. . .. L.y
insulation applications up to Class %
220(R), the high thermal conductivity K\h
of 3M ThermaVolt Electrical Insulation A
Paper helps achieve the heat dissipation \
required in today’s electrical apparatus,
allowing more efficient operation or the
design of smaller, more cost-effective
equipment. 3M ThermaVolt AR (TVAR) 3M ThermaVolt Calendered Inorganic Insulating Paper
paper combines the long-recognized Typical Properties
advantages of 3M ThermaVolt
paper with improved
mechanical properties.
Nominal D-645 0.08 mm 0.10 mm 0.13 mm 0.18 mm 0.25 mm 0.38 mm
Thickness 3 mil 4 mil 5 mil 7 mil 10 mil 15 mil
Data Sheets* DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS
Features 103 g/m? | 156 g/m? | 1959/m? | 274 g/m? | 366 g/m? | 561g/m?
. s ) g g g g g g
and benefits Basis Weight D-202 | 19 Ib/yd? | 0.29 Ib/yd? | 0.36 Ib/yd?| 0.49 Ib/yd? | 0.67 Ib/yd | 1.04 b/yd?
. Tensile b.gog | 17b/inch | 281b/inch | 31lb/inch | 41lb/inch | 53 Ib/inch 100 lb/inch
e UL systems recognition Strength, MD 30N/cm | 49N/em | 54N/em | 72N/em | 93N/em | 175 N/em
through Class 220(R i
9 R) :':;’;f(";':g to D-828 15% 15% 15% 15% 15% 2.0%
e Excellent thermal conductivit ’
Y Elmendorf D-689 60g 1329 142g 302g 3549 734g
e Good dielectric breakdown Tear, CD 0.6N 13N 14N 30N 35N 72N
resistance Dielectric
Breakdown D-149 11kV 2.6 kv 31kV 3.3kV 5.0 kV 8.0 kV
e Thicknesses: 3 mils (0.08 mm) Strength
to 30 mils (0.76 mm Thermal E-1530
( ) Conductivity @Boc)| ° 0.21 0.21 0.21 0.25 0.25
Flame Rating
. . . UL94 | V-0,5VA | V-0,5VA | V-0,5VA | V-0,5VA | V-0,5VA | V-0,5VA
Appllcatlons UL File E65069
High temperature electrical 3M ThermaVolt AR Calendered Inorganic Insulating Paper
|nsu|at|on for: Typical Properties
e Dry-type transformers, coils P
and reactors T
. ° Me
- Ground insulation -
Nominal D-645 010 mm | 013 mm | 018 mm | 0.25mm | 0.38 mm | 0.51mm | 0.76 mm
-  Phase insulation Thickness 4 mil 5 mil 7 mil 10 mil 15 mil 20 mil 30 mil
- Layer insulation Data Sheets* DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS
- Interwinding insulation . . ) 105 g/m? | 168 g/m? | 244 g/m? | 326 g/m? | 501 g/m? , | 1032 h/m?
s Basis Weight | D-202 | ()49 1, /ye | 0.31Ib/yd? | 0.45 Ib/yd? | 060 Ib/yck | 094 Ibryc? | 88 9™ | 19 byyae
- !Electrqmagnet layer : Tensile D.gog | 52Ib/in | 72Ib/in | 81Ib/in | 98lb/in | 190 Ib/in | 234 Ib/in | 319 Ib/in
insulation Strength, MD 91N/cm | 126 N/cm | 142 N/cm | 1772 N/cm | 333 N/cm | 410 N/cm | 559 N/cm
+ Elongationto | 1, 555 | 559, 2.3% 2.9% 2.5% 47% 4.5% 3.9%
3M Thermavolt AR Break, MD e e =7 o0 e o0 =7
paper after 2 weeks Elmendorf b-6ge | 5308 780g | 10509 | 1M0g | 2184g | 27529 | >3200¢g
aging at 260°C Tear, CD 52N 77N 103N | 109N | 214N | 270N | >314N
» Dielectric
Breakdown | D-149 | 0.98kV | 15kvV | 28KkV | 65kV | 74KV | 86kV | 148kV
Strength
Thermal E-1530
Conductivity @107 13 016 017 0.20 0.21 0.21 0.23

* DS = Data Sheet, SDS = Safety Data Sheet
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https://multimedia.3m.com/mws/media/847189O/3mtmthermavolt-3-mil-calendered-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847186O/3mtm-thermavolt-4-mil-calendered-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847187O/3mtm-thermavolt-5-mil-calendered-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847190O/3mtm-thermavolt-7-mil-calendered-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847191O/3mtm-thermavolt-10-mil-calendered-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847520O/3mtm-thermavolt-ar-15-mil-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMYtv5xm95v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847522O/3mtm-thermavolt-ar-4-mil-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/844352O/3mtm-thermavolt-ar-5-mil-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/844350O/3mtm-thermavolt-ar-7-mil-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/999459O/3mtm-thermavolt-ar-10-mil-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/847520O/3mtm-thermavolt-ar-15-mil-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/999458O/3mtm-thermavolt-ar-20-mil-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/999457O/3mtm-thermavolt-ar-30-mil-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xMY_ZmY_ZMv70k17zHvu9lxtD7xtBevSSSSSS-

3M"” ThermaVolt
Insulating Paper

(10 mil)

3M CeQUIN |
Insulating Paper

(10 mil)

Aramid Paper

(10 mil)
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3M ThermaVolt Laminates

3M ThermaVolt TvF
Calendered Inorganic
Insulating Paper

A two-ply composite of 3M

ThermaVolt calendered inorganic

paper bonded to polyester film.

3M ThermaVolt TvFTv
Calendered Inorganic

Insulating Paper

A three-ply composite of

3M ThermaVolt paper bonded
to both sides of a polyester film.

3M ThermaVolt FTvF
Calendered Inorganic
Insulating Paper

A three-ply composite of

polyester film bonded to both
sides of 3M ThermaVolt paper.

3M ThermaVolt Calendered Inorganic Insulating Laminates Typical Properties

Nominal D-645 013 mm 018 mm 0.20 mm 0.23 mm 0.25 mm 0.38 mm 0.38 mm 0.45 mm
Thickness 5 mil 7 mil 8 mil 9 mil 10 mil 15 mil 15 mil 17.5 mil
Data Sheets* DS |SDS DS |SDS DS |SDS DS |SDS DS |SDS DS |SDS DS |SDS DS |SDS
Basis Weight D-202 180 g/m? 727 g/m? 314 g/m? 351 g/m? 388 g/m? 600 g/m? 570 g/m? 664 g/m?
9 0.33 Ib/yd? 0.50 Ib/yd? 0.58 Ib/yd? 0.65 Ib/yd? 0.711b/yd? 11 1b/yd? 1.05 Ib/yd? 1.22 Ib/yd?
Tensile D-828 53 Ib/inch 63 Ib/inch 60 Ib/inch 68 Ib/inch 87 Ib/inch 95 Ib/inch 142 Ib/inch 220 Ib/inch
Strength, MD 93 N/cm 285 N/cm 105 N/cm 119 N/cm 152 N/cm 166 N/cm 249 N/cm 835 N/cm
Elongation to o o o o o o o o
Break, MD D-828 9% 3% 4% 4% 3% 2% 3% 3%
Elmendorf D-689 1579 232g 232¢g 2569 498 g 5409 648 g 896 g
Tear,CD 15N 19N 23N 25N 49N 53N 6.4 N 89N
Dielectric
Breakdown D-149 8kV 9 kv 6 kv 9 kv kv kv 15 kV 18 kV
Strength
Thermal E-1530 o o o o o
Conductivity | (@ 180°C) 022 021 021

* DS = Data Sheet, SDS = Safety Data Sheet

** Data not available at this time
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https://multimedia.3m.com/mws/media/1325280O/3m-thermavolt-tvf-32-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1074267O/3m-thermavolt-tvf-52-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1325277O/3m-thermavolt-tvf-71-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1325276O/3m-thermavolt-tvf-72-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/968468O/3mtm-thermavolt-tvftv-4-2-4-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/968463O/3mtm-thermavolt-tvftv-7-1-7-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/968465O/3mtm-thermavolt-tvftv-5-5-5-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/968464O/3mtm-thermavolt-tvftv-5-7-5-5-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xm8tvP8mGMv70k17zHvu9lxtD7xtBevSSSSSS-

3M™ CeQUIN
Inorganic Insulating
Paper, Laminates
and Boards

3M CeQUIN Inorganic Insulating
Paper is for high-temperature
electrical insulation applications
up to Class 220(R).

3M CeQUIN 3000 Inorganic
Insulating Paper

3M Inorganic Insulating Paper CeQUIN
3000 is a modified version of

3M CeQUIN | paper designed

with higher mechanical
strength. Available in
3-mil thickness.

Features
and benefits

e UL systems recognition through
Class 220(R)

e CSA Component Acceptance:
Temperature Class 220

e Very good thermal conductivity

Applications

High temperature electrical
insulation for:

e Dry-type transformers, coils
and reactors

- Ground insulation

- Phase insulation

- Layerinsulation

- Interwinding insulation

- Barrier insulation

- Core wrap

- EndFill
o Electromagnet layer insulation
e Switchgear insulation

e Spiral and convolute tubing

6 | 3M Flexible Insulations

3M CeQUIN Inorganic Insulating Paper Typical Properties

M
Nominal D-645 0.13 mm 0.18 mm 0.25mm | 0.38 mm 0.51 mm 0.76 mm
Thickness 5 mil 7 mil 10 mil 15 mil 20 mil 30 mil
Data Sheets* DS|SDS | DS|SDS | DS|sSDS | DS|sDS | DS|SDS | DS|SDs
. . . 125g/m* | 175g/m? | 270g/m? | 410 g/m?* | 540 g/m? | 810 g/m?

BB O] D202 | 5 53 1b/yd? | 0.32 Ib/yd? | 0.50 Ib/yd?| 0.75 Ib/yd? | 1.0 Ib/yd? | 15 Ib/yd?
Tensile D-828 6 Ib/inch | 9lb/inch | 121b/inch | 16 Ib/inch | 20 Ib/inch | 23 Ib/inch
Strength, MD 11 N/cm 16 N/cm 21 N/cm 28 N/cm 35N/cm 40 N/cm
Elongation to o, o o o o o,
Break, MD D-828 <2% <2% <2% <2% <2% <2%
Elongation to o o o o o o
Break, CD D-689 <2% <2% <2% <2% <2% <2%
Dielectric

Breakdown D-149 1.0 kV 1.3 kV 1.8 kV 2.6 kV 3.2kV 3.8kV
Strength

Thermal E-1530 - "

Conductivity (@180°C) 014 017 017 017
** Data not available at this time

M

Nominal D-645 0.76 mm 1.00 mm 1.50 mm
Thickness 30 mil 40 mil 60 mil

Data Sheets* DS |SDsS DS|SDs DS|Sbs

9 . g 865 g/m? 1140 g/m? 1640 g/m?

SOOI i 1.6 Ib/yd? 24 Ib/yd? 3.0 Ib/yd?
Tensile Strength, D-828 511b/inch 55 Ib/inch 65 Ib/inch

MD 79 N/cm 96 N/cm 114 N/cm
Elongation to o o o

Break, MD D-828 <2% <2% <2%
Elongation to o o o,

Break, CD D-689 <2% <2% <2%
Dielectric

Breakdown D-149 6.5 kV 75kV 9.0 kV
Strength

Thermal E-1530 - 0.21 o
Conductivity (@ 180°C) )

* DS = Data Sheet, SDS = Safety Data Sheet
** Data not available at this time



https://multimedia.3m.com/mws/media/873165O/3mtm-cequin-i-5-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZNx_xMv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873166O/3mtm-cequin-i-7-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZO82UOv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873167O/3mtm-cequin-i-10-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZOxteov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873168O/3mtm-cequin-i-15-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZOxteov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873169O/3mtm-cequin-i-20-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZOxteov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873170O/3mtm-cequin-i-30-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZOxteov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873171O/3mtm-cequin-ii-30-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xM8tU4Yt1Nv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873172O/3mtm-cequin-ii-40-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xM8tU4Yt1Nv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/873174O/3mtm-cequin-ii-60-mil-high-temperature-electrical-insulation.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xM8tU4Yt1Nv70k17zHvu9lxtD7xtBevSSSSSS-

Voltage Endurance Comparison
ASTM D2275-89

Calendered
Aramid Paper -
(10 mils)
3M™ CeQUIN |
(10 mils)
0 1000 2000 3000 4000
Tested per ASTM D-2275: average of 5 data points.
60Hz, 20° C, 50% RH
Varnish Absorption
Calendered
Aramid Paper
(10 mils)
3M CeQUINI
(10 mils)
0% 10% 20% 30% 40% 50%

3M test method reflects percent weight absorption.
(10-min dip in polyester resin (250 cps). Excess varnish removed with steel rod.)

3M CeQUIN 3000 Inorganic Insulating Paper Typical Properties

Nominal Thickness D-645 008 mm 013 mm 025 mm
3 mil 5 mil 10 mil
Data Sheets* DS |SDS DS |SDS DS | SDS
q q ~ 72 g/m? 106 g/m? 228 g/m?
ESOUEYE Rt 013 Ib/yd? 019 Ib/yd? 0.42 Ib/yd?
" 7 Ib/inch 13 Ib/inch 35 Ib/inch
Tensile Strength, MD D-828 12 N/em 23 N/em 61 N/cm
Elongation to Break, MD D-828 <2% <2% <2%
Dielectric Breakdown Strength D-149 0.8 kV 1.0 kv 1.5kV
Thermal Conductivity ASTM E-1530 (@ 180° C) oM oM *

* DS = Data Sheet, SDS = Safety Data Sheet
** Data not available at this time
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https://multimedia.3m.com/mws/media/1092010O/3m-cequin-3000-3-mil-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZox_eNv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1092011O/3m-cequin-3000-5-mil-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZox_eNv70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/993588O/3mtm-cequin-3000-10-mil-inorganic-insulating-paper.pdf
https://multimedia.3m.com/mws/media/847520O/3mtm-thermavolt-ar-15-mil-electrical-insulation-paper.pdf

3M™ CeQUIN
Inorganic Insulating
Laminates

Features
and benefits

e UL Systems
Recognition from
Class 130(B) through Class 220(R)

e CSA Component Acceptance:
Temperature Class 220

e High temperature capabilities
e Long-term dielectric strength
e Good thermal conductivity

e Low moisture absorption

e Cost effective
...Combined with the added
benefits of polyester film

e Improved cut-through resistance
e Good Stiffness and snap back

e Higher mechanical strength

e Improved resistance to tear

e High initial dielectric strength

”
/
/

K

N

3M CeQUIN IF Inorganic
Insulating Paper

A two-ply composite of
3M CeQUIN I inorganic paper
bonded to polyester film.

3M CeQUIN IFI Inorganic
Insulating Paper

A three-ply composite of
3M CeQUIN | paper bonded to
both sides of a polyester film.

3M CeQUIN FIF Inorganic
Insulating Paper

A three-ply composite of
polyester film bonded to both
sides of 3M CeQUIN | paper.

3M CeQUIN Inorganic Insulating Laminates Typical Properties

3M CeQUIN 30F Inorganic
Insulating Paper

A two-ply composite of
3M CeQUIN 3000 inorganic
paper bonded to polyester film.

3M CeQUIN 30F30 Inorganic
Insulating Paper

A three-ply composite of
3M CeQUIN 3000 paper bonded
to both sides of a polyester film.

3M CeQUIN IG, CeQUIN IGlI,
and CeQUIN GIG Inorganic
Insulating Papers

3M CeQUIN papers also can be
laminated to glass fabric for extreme
high-temperature applications

. . 013 mm 015 mm 0.18 mm 0.28 mm 0.41 mm 0.33mm
Nominal Thickness D-645 5 mil 6 mil 7 mil 11 mil 16 mil 13 mil
Data Sheets* DS |SDS DS|SDs DS |SDS DS |SDS DS|SDs DS | SDS

q q - 154 g/m? 172 g/m? 210 g/m? 310 g/m? 454 g/m? 386 g/m*
Rasi il sioht Bt 0.28 Ib/yd? 0.32 Ib/yd? 0.39 Ib/yd? 0.57 lb/yd? 0.84 Ib/yd? 0.71Ib/yd?
Tensile Strength, D-828 44 |b/inch 23 Ib/inch 42 Ib/inch 30 Ib/inch 40 Ib/inch 64 Ib/inch
MD 77 N/cm 40 N/cm 74 N/cm 53 N/cm 70 N/cm 112 N/cm
Dielectric
Breakdown D-149 8 kV 5.5kV 8 kV 5.5 kV 5.5kV kv
Strength
Thermal E-1530 - - -

Conductivity (@180°C) 014 019 014

* DS = Data Sheet, SDS = Safety Data Sheet

** Data not available at this time

8 | 3M Flexible Insulations



https://multimedia.3m.com/mws/media/993585O/3mtm-cequin-30f-32-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1092001O/3m-cequin-if-51-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/922648O/3mtm-cequin-if-52-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732530O/3mtm-cequin-if-101-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/922647O/3mtm-cequin-if-151-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmxPx29Ov70k17zHvu9lxtD7xtBevSSSSSS-

'\.@ I'b'-".'.'ll—

3M CeQUINBORD CGA Inorganic Insulating Board
Typical Properties

. 0.8 mm 1.6 mm 2.4 mm 3.2mm 4.8 mm 6.4 mm
Thickness D645 | omil | 62mil | 94mil | 125mil | 187mil | 250mil
Data Sheets* DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS | DS|SDS

. . g 0.88 kg/m? | 1.81kg/m? | 2.6 kg/m? | 3.52 kg/m? | 518 kg/m? | 6.8 kg/m?
SEER LI D202 | 4 5 ib/yd | 3.3Ib/yd? | 4.8Ib/yd | 6.5 Ib/yd | 9.5 Ib/yd? | 12.5 Ib/yd?
Density 11g/cc 11g/cc 11g/cc 11g/cc 11g/cc 11g/cc
Tensile D-828 55 Ib/inch | 80 Ib/inch | 130 Ib/inch [ 190 Ib/inch | 215 Ib/inch | 240 Ib/inch
Strength, MD 96 N/cm | 140 N/cm | 228 N/cm | 333 N/cm | 376 N/cm | 420 N/cm
Elongation to o o, o, o o, o
Break, MD D-689 <2% <2% <2% <2% <2% <2%
Dielectric
Breakdown D-149 4.5 kv 12 kv 14 kV 20 kV 24 kV 28 kV
Strength
Thermal E-1530 - - . - - -
Conductivity (@180°C)

* DS = Data Sheet, SDS = Safety Data Sheet

** Data not available at this time

3M™ CeQUINBORD
CGA Inorganic
Insulating Board

3M CeQUINBORD CGA Inorganic
Insulating Board is directly related
to 3M CeQUIN I paper and exhibits
many of the same high performance
capabilities in a semi-rigid
board form.

Features
and benefits

e UL systems recognition
through Class 220(R)

e UL 94-VO and 94-5VA
Flame Rating for 1.6 mm 3M
CeQUINBORD CGA Products

Applications

High temperature electrical
Insulation for:

e Dry-type transformers
- Spacer Sticks
- Core Tubes
- Barrier insulation
- Pads
- Endfill

e Motors (including traction)
and generators

o Flame barrier insulation for:

- Home appliances
(washers, dryers)

- Electronic devices (TVs,
computers, microwave ovens)

e Heat sinks
e Specialty gaskets

e Switchgear
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https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581421O/3mtm-cequinbord-cga-inorganic-insulating-board.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxmZoxmZ4v70k17zHvu9lxtD7xtBevSSSSSS-

3M™ TufQUIN 110 and
TufQUIN 120 Hybrid
Insulating Papers

For high-temperature insulation
applications up to Class 200(N), 3M
TufQUIN 110 Hybrid Insulating Paper is
a tough, flexible and conformable paper
with good dielectric characteristics and
thermal conductivity.

3M TufQUIN 120 Hybrid Insulating

Paper is similar to 3M TufQUIN 110

paper, but uses a modified manufacturing
process that maintains conformability

at high thickness.

Features
and benefits

o UL systems
recognition through
Class 200(N)

e CSA Component Acceptance:
Temperature Class 200

e Tough and conformable
e Good dielectric strength

e Excellent stiffness and
tear resistance

e Very good thermal conductivity

Applications

e Motors and generators
- Slot liner
- Wedge
- Phase insulation

e Dry-Type Transformers, coils
and reactors

- Ground/interwinding insulation

- Phase insulation

- Layer insulation

- Barrier insulation

- Wire wrap
e Spiral- and convolute-wound tubing
e Switchgear insulation

e Pressure-sensitive tapes
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3M TufQUIN Hybrid Insulating Paper Typical Properties

AST
Test

Meth
Nominal D-645 0.05 mm 0.08 mm 013 mm 018 mm 0.25 mm
Thickness 2 mil 3 mil 5 mil 7 mil 10 mil
Data Sheets* DS |sbs DS |sbs DS |SDS DS |SDS DS |sbs

. . g 50 g/m? 94 g/m? 148 g/m? 202 g/m? 304 g/m?

Basis Weight D-202 | 5092 Ib/yd? | 0173 Ib/yd® | 0.273 Ib/yd* | 0.37Ib/yd® | 0.56 Ib/yd?
Tensile D-828 12 Ib/inch 20 Ib/inch 27 Ib/inch 45 |b/inch 50 Ib/inch
Strength, MD 21N/cm 35N/cm 47 N/cm 79 N/cm 88 N/cm
Elongation to o o o o o
Break, MD D-828 10% 15% 19% 14% 18%
Elmendorf D-689 1459 200g 5259 7059 1335g
Tear,CD 14N 20N 51N 69N 131N
Dielectric
Breakdown D-149 0.4 kV 0.7 kV 0.9 kv 1.0 kV 2.5kV
Strength
Thermal E-1530
Conductivity (@180°C) 0.16 0.18 0.18 0.17 0.18

AST

Test

Meth
Nominal 019 mm 0.38 mm
Thickness DA 7.5 mil 15 mil
Data Sheets* DS |SDS DS|SDs

. . . 208 g/m? 422 g/m?

Basis Weight D-202 0.38 Ib/yd? 078 Ib/yd?
Tensile D-828 45 Ib/inch 90 Ib/inch
Strength, MD 79 N/cm 158 N/cm
Elongation to o o
Break, MD D-828 14% 14%
Elmendorf Tear, . 7059 1620 g
CD D-689 6.9N 159N
Dielectric
Breakdown D-149 1.0 kV 2.7 kV
Strength
Thermal E-1530 017 o
Conductivity (@180°C) !

* DS = Data Sheet, SDS = Safety Data Sheet
** Data not available at this time


https://multimedia.3m.com/mws/media/732524O/3mtm-tufquin-110-2-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732486O/3mtm-tufquin-ftf-1-10-1.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732525O/3mtm-tufquin-110-5-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732526O/3mtm-tufquin-110-7-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1092013O/3m-tufquin-110-10-mil-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/921360O/3mtm-tufquin-tf-57-5-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1761406O/3m-tufquin-120-15-mil-electrical-insulating-paper-data-sheet.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-

5-mil 3M™ TufQUIN

Insulating Paper

(5 mils)

Calendered Aramid

Paper (5 mils)

Moisture Absorption

dekk

1 |
|| 22°C @ 94% RH

B 22°C @ 48% RH

0

2 3 4 5 6 7

Percent moisture absorption

***Tested for percent moisture absorption per ASTM D-644

3M TufQUIN Laminates

3M TufQUIN TF Hybrid Insulating Paper
A two-ply composite of 3M TufQUIN 110 Hybrid paper bonded to polyester film.

3M TFT Hybrid Insulating Paper

A three-ply composite of 3M TufQUIN 110 paper bonded to both sides of a
polyester film.

With 3M TufQUIN TF and TFT Hybrid Insulating Papers, the polyester film
provides an excellent dielectric barrier and adds stiffness and snapback
characteristics to the composite, uniquely suited for motor/generator slot liner,
wedge and phase insulation applications.

3M TufQUIN Hybrid Insulating Laminate Typical Properties

Nominal D-645 013 mm 0.15 mm 0.23 mm 0.28 mm 0.34 mm 0.38 mm 0.51mm 0.32 mm
Thickness 5 mil 6 mil 9 mil 11 mil 13.5 mil 15 mil 20 mil 12.5 mil
Data Sheets* DS | SDS DS | SDS DS | SDS DS|SDs DS | SDS DS|SDsS DS | SDS DS|SDS
Basis Weight D-202 144 g/m? 180 g/m? 306 g/m? 376 g/m? 470 g/m? 484 g/m? 659 g/m? 423 g/m?
9 0.265 Ib/yd? 0.33 Ib/yd? 0.56 Ib/yd? 0.69 Ib/yd? 0.87 Ib/yd? 0.89 Ib/yd? 1.22 Ib/yd? 0.78 Ib/yd?
Tensile D-828 52 Ib/inch 711b/inch 96 Ib/inch 128 Ib/inch 1611b/inch 127 Ib/inch 212 Ib/inch 1411b/inch
Strength, MD 91N/cm 124 N/cm 168 N/cm 224 N/cm 282 N/cm 222 N/cm 371 N/cm 247 N/cm
Elongation to D-828 27% 26% 28% 30% 30% 17% 29% 33%
Break, MD
Elmendorf D-689 600 g 6259 190¢g 1260 g 1430¢g 2700 g 3050g 1300g
Tear,CD 59N 61N 17N 123N 14.0N 26.5N 299N 127N
Dielectric
Breakdown D-149 6 kv 8 kv 1 kv 15 kV 18 kV 15 kv 22 kv 18 kV
Strength
Thermal E-1530 o
Conductivity (@180°C) 0.17 0.17 0.18 0.17 0.17 0.18 0.18

* DS = Data Sheet, SDS = Safety Data Sheet

** Data not available at this time
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https://multimedia.3m.com/mws/media/586338O/3mtm-tufquin-tft-2-1-2-laminate.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/844362O/3mtm-tufquin-tft-2-2-2-triplex-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/844360O/3mtm-tufquin-tft-3-3-3-triplex-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/586340O/tufquin-tft-3-5-3-laminate-triplex-data-sheet.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/844361O/3mtm-tufquin-tft-3-7-5-3-triplex-electrical-insulation-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
ttps://multimedia.3m.com/mws/media/586336O/tufquin-tft-5-5-5-laminate-triplex-data-sheet.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/581417O/3mtm-tufquin-tft-5-10-5-laminate.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/921360O/3mtm-tufquin-tf-57-5-duplex-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732524O/3mtm-tufquin-110-2-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732486O/3mtm-tufquin-ftf-1-10-1.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732525O/3mtm-tufquin-110-5-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/732526O/3mtm-tufquin-110-7-mil.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-
https://multimedia.3m.com/mws/media/1092013O/3m-tufquin-110-10-mil-electrical-insulating-paper.pdf
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu9n_zu8l00xmxt9M8tx5v70k17zHvu9lxtD7xtBevSSSSSS-

3M" Flexible Laminates DMD

3M Flexible Laminates DMD is a family of tough, formable insulation
designed for high reliability for such common uses as slot liner, wedge
and phase insulation. It has UL Systems recognition through Class 155 (F).

Applications

e Motors and Generators
- Slot Liner
- Wedge

- Phase Insulation
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Why use a polyester
film laminate?

Polyester film can provide mechanical support for
inorganic insulating paper. However, considering
the thermal, mechanical, electrical, and UL factors
together can be complex.

What are the thermal
capabilities of
polyester film?

Polyester film is a component rated as a 130°C
material; it will shrink and embrittle when aged

at high temperatures. The primary mode of this
degradation is oxidation. However, Lamination

will help slow this process as will properly applied
varnish or impregnation. As the film slowly oxidizes,
it breaks down into its constituent chemicals which
do not attack other components nor carbonize the
film. This “friendly” degradation is one of the reasons
that polyethyleneterepthalate (PET) polyester film is
so widely used in electrical insulation applications.
Despite the concern of some that this 130°C material
will melt, the actual melting point of PET polyester
film is over 240°C. Although it will begin to lose
mechanical strength at high temperatures, polyester
film can withstand short-term thermal excursions if
protected from oxidation.

Won't polyester film shrink
and embrittle at high
temperatures?

Shrinkage and embrittlement due to thermal aging can
be addressed through equipment design. For example,

in a tightly wound unit a 3M™ CeQUIN Inorganic
Insulating Laminates (paper/polyester) will be held in
place, greatly reducing shrinkage. Likewise, a tightly
wound, well-varnished coil will significantly reduce
mechanical stress and vibration that could affect the
polyester film portion of the laminate as it ages.

How long have polyester
film laminates been used?

From a historical perspective, inorganic papers
laminated with polyester film have been used
successfully for more than 40 years in Class 220(R)
coil applications, ranging from small H.I.D. ballast
transformers to medium size dry-type distribution
transformers. For example, 3M CeQUIN IF inorganic
insulating paper laminate is used as a wire wrap in
the manufacture of a 250°C-rated appliance wiring
material (UL Style 5288/CSA Class 1, Group A/B)
for use in high-temperature, severe environments.
The acceptance of inorganic insulating paper
paper-polyester film laminates for use in these high
performance applications speaks for itself.

3M Flexible Insulations | 13
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UL recognition

3M" Flexible Insulations have
undergone extensive thermal

aging evaluation per UL 1446,
“Standard for Systems of Insulating
Materials — General.” As a result
they are UL Recognized for use

as major insulation in electrical
insulation systems as listed under
3M Innovative Paper Technologies
File No. E65007 and may be found
on ULs Electrical Insulation Systems
Database at http:/data.ul.com/
systems/. All systems listed on this
database are available for use by any
electrical apparatus manufacturer
by contacting the nearest UL office
UL 1446 systems with 3M Flexible
Insulations also comply with IEC
Publication 85.

Recommended
usage

Optimum performance of an
electrical insulation system is
dependent upon many factors
including proper choice of materials,
acceptable design criteria, and

good manufacturing procedures.
Varnishing is recommended for
construction of equipment that may
be exposed to the elements. For
design purposes, it is recommended
that operating electrical stresses

in electrical apparatus not exceed
40 V/mil (1.6 kV/mm) in order to
minimize the risk of partial discharge.


http://data.ul.com/systems/
http://data.ul.com/systems/

Insulating &
Conductive Tapes

3M offers a wide variety of electrical
and electronic insulating tapes

for insulating, holding, protecting,
bonding, resin impregnation,
harnessing and electromagnetic
compatibility. Most of these

tapes feature industry component
recognition, such as UL, as well as
excellent mechanical, electrical and
physical properties.

3M" Insulating and Conductive Tapes
are designed to provide a high level of
protection for electrical and electronic
components. All 3M tapes and related
products feature exceptionally high
quality backed by experienced
technical support.

Liquid Insulating Resins

3M Scotchcast™ Electrical Liquid Resins are 100-percent solid,
thermosetting, electrical-grade insulating resins. These two-part liquids are
classified chemically as either epoxies or polyurethanes. These resins have
electrical and physical properties that make them excellent for insulating
and protecting electrical and electronic parts and assemblies.

Powder Resins

3M Scotchcast Powder Resins are a series of one-part, 100-percent

solid electrical-grade systems offering fast curing, excellent thermal and
mechanical shock resistance, significant cut-through resistance, high
adhesion, excellent chemical and moisture resistance, high-to-low flow
characteristics, and excellent electrostatic coating capability. Insulation
systems established per UL 1446 and IEC 85 requirements are available in
this family of resins up to Class H (180°C).
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3M is a trademark of 3M Company. UL is a trademark of UL LLC, © 2019. All other trademarks are property of their respective owners.

Important Notice

All statements, technical information, and recommendations related to 3M’s products are based on information believed to be reliable, but the
accuracy or completeness is not guaranteed. Before using this product, you must evaluate it and determine if it is suitable for your intended
application. You assume all risks and liability associated with such use. Any statements related to the product which are not contained in 3M’s
current publications, or any contrary statements contained on your purchase order shall have no force or effect unless expressly agreed upon,
in writing, by an authorized officer of 3M.

Warranty; Limited Remedy; Limited Liability

This product will be free from defects in material and manufacture at the time of purchase. 3M MAKES NO OTHER WARRANTIES
INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

If this product is defective within the warranty period stated above, your exclusive remedy shall be, at 3M’s option, to replace or repair the
3M product or refund the purchase price of the 3M product. Except where prohibited by law, 3M will not be liable for any indirect, special,
incidental or consequential loss or damage arising from this 3M product, regardless of the legal theory asserted.
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Phone 800.676.8381
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