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NOMEX® TYPE 994

Type 994 is a densified, rigid board which has
a unique combination of superior resistance to
compression, even at elevated temperatures,
along with relatively high oil absorption
characteristics. This combination resultsin a
product which is especially useful as spacers
or other structural components in liquid-filled
systems. With a specific gravity ranging from
1.1t0 1.2, Type 994 presshoard is available in 13
thicknesses from 1.0 to 9.6 mm (40 to 380 mils),
asis shownin Table I.

Electrical properties

The typical electrical property values for
Type 994 presshoard in air and oil are shown
in Tables Il and lll. The AC Rapid Rise dielectric
strength data of Table Il represent voltage
stress levels withstood for 10 to 20 second
time periods at a frequency of 60 Hz. These
values differ from long-term strength potential.
DuPont recommends that continuous
stresses in dry-type transformers not exceed
1.6 kV/mm (40V/mil) to minimize the risk of
partial discharges (corona). The Full Wave
Impulse dielectric strength data of Table IlI
were generated on flat sheets, such as in layer
and barrier applications. The geometry of
the system has an effect on the actual im-
pulse strength values of the material. The di-
electric strength data are typical values
and not recommended for design purposes.
Design values can be supplied upon request.

The data in Tables Il and 1l are representative
of data for all thicknesses of Type 994. Type 994

presshoard will pick up 8 to 10% oil by
weight, with the oil absorption being inversely
related to density. This impregnability is rare
among rigid insulating materials. As with
Type 410 paper, the values for the properties
listed will vary somewhat with changes in
thickness and density. The effects of tem-
perature on dielectric strength and dielectric
constant are shown for Type 410 paper in
Figure 1 of the Type 410 data sheet. Since
Type 994 presshoard is chemically identical
to Type 410 paper, its electrical properties
will react similarly to temperature changes.

Table | - TYPICAL PROPERTIES

PLEASE NOTE:

The properties in this data sheet are typical, or average
values and should not be used as specification limits.
Unless otherwise noted, all properties were measured in
air under “standard” conditions (in equilibrium at 23°C,
50% relative humidity). Note that, like other products of
boardmaking technology, NOMEX® brand pressboards
have somewhat different properties in the boardmaking
machine direction (MD) compared to the cross direction
(XD). In some applications it may be necessary to orient
the board in the optimum direction to obtain its maximum
potential performance.

Nominal (mm) 1.0 15 20 30 3.2
Thickness(mil) 40 60 80 120 125

40 48 50 60 64 7.0 80 96
160 190 200 240 250 275 315 380

Typical” (mm) 100 149 200 3.01 318 401 478 501 6.00 634 7.01 802 962
Thickness(mil) 39 59 79 118 125 158 188 197 236 250 276 316 379
Basis

Weight?(kg/m?) 115 171 231 3.45 3.66 455 548 569 6.77 7.15 8.04 9.07 11.07
Density ®(g/cc) 1.15 1.15 1.15 1.15 1.15 1.14 115 1.14 1.13 1.13 1.15 1.13 1.15
1 ASTM D-374; Method D, using 17 N/cm?

2 ASTM D-3394

9 Calculated using basis weight and thickness

Table [l — TYPICAL ELECTRICAL PROPERTIES IN AIR

Nominal Thickness (mm) 3.2 6.4
Dielectric Constant™ at 60 Hz 35 35
Dissipation Factor” at 60 Hz (x10-%) 7 10
Volume Resistivity? (ohm-m) 10" 10"
Surface Resistivity? (ohm/square) 10" 10"

Values shown above were measured at 23°C after drying at 120°C until bone dry

1 ASTM D-150
2 ASTM D-257




Mechanical properties

The typical mechanical property values for
Type 994 pressboard are shown in Table IV.
These data are representative of data for all
thicknesses of Type 994. As with Type 410
paper, the values for the properties listed will
vary somewhat with changes in thickness
and density. The effects of temperature on
tensile strength and elongation are illustrated
for Type 410 paper in Figure 5 of the Type 410
data sheet. The effects of exposure to high
temperatures will be similar for Type 994
presshoard. As with Type 410 papers, the
tensile strength of Type 994 presshoard at
minus 196°C (77K) exceeds its room tem-
perature value while elongation to break is
still greater than 3%. This makes Type 994 an
excellent candidate for cryogenic applications.

Table 11l = TYPICAL ELECTRICAL PROPERTIES IN OIL
Nominal Thickness (mm)

Dielectric Strength - AC rapid rise” (kV/mm)

Dielectric Strength - Full wave impulse? (kV/mm)
Dielectric Constant® at 60 Hz

Dissipation Factor® (x10%) at 60 Hz

Volume Resistivity* (ohm-m)

25°C-4.0
25°C-11
25°C-10"

3.2

27

70
125°C-4.4
125°C-16
125°C-10%

ASTM D-149, 50 mm electrodes, rapid rise; corresponds with IEC 243-1, subclause 9.1, except for electrode set-up of 50 mm

2 ASTM D-3426

9 ASTM D-150

9ASTM D-257

Table IV — TYPICAL MECHANICAL PROPERTIES

Nominal Thickness (mm)

Tensile Strength” (kN/cm?) MD
XD
Flex Modulus? (kN/cm?) MD
XD
Flexure Strength? (kN/cm?) MD
XD
Izod Impact? (joules/m) MD
XD

Shear Strength® (kN)

Hardness® (shore D)

Elongation" (%) MD
XD
Shrinkage at 240°C® (%) MD
XD

Compressibility® (%)
Compression Set® (%)

" ASTM D-828
2 ASTM D-790
9 ASTM D-256
“ ASTM D-732
9 ASTM D-2240
% ASTM D-3392

3.2

10.7
83

360
255

545
375

43
84

18
17

0.0
0.0

1.1
0.3

6.4

11.0
1.2

415
365

355
285

68
84

22
20

0.2
0.2

0.2



Thermal properties

Arrhenius plots of thermal aging behavior for
NOMEX® brand materials are exemplified by
Figures 7, 8 and 9 of the Type 410 data sheet.
Similar aging of Type 994 presshoard at
elevated temperatures has resulted in its
recognition as a 220°C insulating material.

The thermal conductivity of 3.2 mm (125 mil)
Type 994 presshoard is shown in Figure 1as a
function of temperature. DuPont has also
tested the thermal conductivity of this product
impregnated with various types of transformer
fluids. This data is available upon request.

Chemical stability

The compatibility of NOMEX® brand paper
and presshoard with virtually all classes of
electrical varnishes and adhesives
(polyimides, silicones, epoxies, polyesters,
acrylics, phenolics, synthetic rubbers, etc.),
as well as other components of electrical
equipment, is demonstrated by the many
UL-recognized systems comprising NOMEX®,
as well as longstanding commercial expe-
rience. NOMEX® papers and presshoards
are also compatible with transformer fluids,
including mineral and silicone oils, ester fluids,
high temperature hydrocarbon fluids and
other synthetic fluids.

The Limiting Oxygen Index (LOI) of 6.4 mm (250
mil) Type 994 pressboard at room temperature
is 39%, declining to 29% at 220°C. Materials
with LOI above 20.8% (ambient air) will not
support combustion. 6.4 mm (250 mil) Type 994
presshoard must be heated to above 380°C
before its LOI declines below the flammability
threshold, as is shown in Figure 2.

Figure 1 — THERMAL CONDUCTIVITY VS. TEMPERATURE 3.2 mm (125 mil) Type 994
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Figure 2 — LIMITING OXYGEN INDEX (LOI) 6.4 mm (250 mil) Type 994
45
40
35
30 ~
\\\\
s‘\
\\\
25 ~‘\
§~~
\~~s~
20
10 T T T
0 100 200 300 400
ASTM D-2863 Temperature, °C



USA
DuPont
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Customer Inquiry Center
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Tel: (800) 453-8527
(804) 383-4400
Fax: (800) 787-7086
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E-mail: afscdt@usa.dupont.com

SOUTH AMERICA
DuPont do Brasil S.A.
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BR-06454-080 Alphaville
Barueri, Sao Paulo, Brasil
Tel: +0800-17-17-15
+55 11 4166 8449
Fax: +55 117266 8904
E-mail: produtos.brasil@bra.dupont.com

www.dupont.com/nomex

Product safety information is available upon request.

This information corresponds to our current k on the subject. It is
offered solely to provide possible suggestions for your own experimentations.
It is not intended, however, to substitute for any testing you may need to
conduct to determine for yourself the suitability of our products for your
particular purposes. This information may be subject to revision as new
knowledge and experience becomes available. Since we cannot anticipate all
variations in actual end-use conditions, DUPONT MAKES NO WARRANTIES
AND ASSUMES NO LIABILITY IN CONNECTION WITH ANY USE OF THIS
INFORMATION. Nothing in this publication is to be considered as a license to
operate under or a recommendation to infringe any patent right.
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