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36th Annual Conference, Reinforced Plastics/
Composites . Institute, The Society of the
Plastics Industry, Inc. February 16-20, 1981

IMPROVED SMC SYSTEMS FOR

ELECTRICAL APPLICATIONS
by

W. D. LUZIER and F. J. HOWATINECK*

INTRODUCTION

i At the 1978 SPI conference, ICI Americas introduced a novel
polyurethane thickening process and a family of isophthalic and. vmyl
ester ITP™ resins specifically developed for urethane thickening. '
Empbhasis concerning this new technology was placed on structural
sheet molding compound (SMC) applications to confront rapidly in-
creasing demands in the plastics industry. As development work pro-
ceeded, the additional potential of urethane thickening and ITP resin
in other more diversified types of applications, particularly electrical-
grade:SMC,; became apparent.
« Urethane thickening of SMC involves the, reaction of a polyisocya-
nate with a polyol incorporated in the styrenated vinyl ester or polyes-

» ter resin. This results in the in-situ formation of a polyurethane net-
work which mechanically thickens the system’by resin entanglement.

This is in contrast to conventionally thickened systems using alkaline '

earth oxides which thicken SMC formulations by interacting with car-
boxyl andfor hydroxyl groups of the base resin resulting in polymer
chain linkage. The unique properties of ITP resins and the polyure-
thane -thickening utilized ‘provides distinct advantages in structural
and non-structural applications. Specifically, this paperdeals with the
unique water absorption, electrical properties and production practi-
cality:exhibited by these materials and théir potential in electrical ap-
plications. Emphasisis placed on the propertiesof ITP 1054 vinylester
resin recently investigated complementing data previously compiled’

on the isophthalic polyester ITP 1050 resin.

PROPERTIES OF ITP RESINS
A. Electrical Properties

Because of the continuing growth of the plastics industry, the use of
SMC in-electrical applications has increased. Durable surfaces, di-
electric properties and the lightweight nature of SMC moldings have
ali contributed to this growth.

In many electrical: applications, properties such as dielectric
strength, volume and surface resistivity, dleleetnc constant and other
electrical requirements exist. Not only are these properties important
upon initial measurement, but the retention of electrical properties af-

ter long-term humidity exposure must be considered. ¥
. Complicated part geometries, elevated temperature resistance needs
and good electrical property requirements are some factors which may
dictate resin choice. In addition, the presence of magnesium oxide in
SMC formulations has been reported to cause high water absorption
percentages.’ Thus, the need foran easily moldable resin designed fora
thickening system other than alkaline earth oxides led to an investiga-
tion-of ITP 1054 vinyl ester resin. Evaluations of water absorption, ini-
tial electrical properties and retention of those properties after long-
term exposure to high humidity. conditions were performed.

Since electrical applications of require a degree of fire retardancy
_but only moderate:strength requirements, SMC formulations studied

*ICl Americas, Inc.
P.0. Box 900
Woodbury, N.J. 08096

used 30%, 1” chopped random glass and 40% alumina trihydrate
(ATH) formulations. 127X 127X 1/8” plaques were molded and tesled
according to. ASTM standards.

Plaques made from ITP 1054 were conditioned ina Blue M Humid-
ity Chamber under the following conditions:

48 hours, 50% Relative Humidity (RH), room temperature

2 weeks, 100% RH, 100°F

4 weeks, 100% RH, 100°F

8 weeks, 100% RH, 100°F

12 weeks, 100% RH, 100°F

At the end of each conditioning period, the plaques werc wxped dry,
weighed and tested for the following properties:

1) water absorption

2) dissipation factor

3) dielectric constant

4) dielectric strength (1/16” thick plaques were used)

5) surface and volume resistivity

6) arc resistance

The property measurements after the 48 hours conditioning were
used as initial data points. This data is graphed in Figures 1 through 7.
Comparisons are given of a conventional thickened (MgO) vinylester
resin as well in order to indicate the degree of property improvement.

Water absorption properties are very important in a variety of appli-
cations. This importance is magnified where retention of electrical
properties of molded parts exposed to humid conditions is concerned.
Figure | graphically shows the water absorption properties of plaques
molded for urethane thickened ITP 1054 and a conventional vinyl es-
ter using iagnesium oxide thickener. A distinct difference between the
two systems is readily apparent. While ITP 1054 absorbed water at a
decreasing rate during the first two to three weeks, and then absorbed
no more water over the remaining nine-week study period, the conven-
tional vinyl ester absorbed water at a constant rate. The water absorp-
tion of ITP 1054 leveled off at approximately 0.42%. The magnesium
oxide thickened system on the other hand, absorbed 0.50% water after
only six weeks and exhibited a trend of significant additional
absorption.

Water absorption can drasncally affect electrical property reten-
tion. Figure 2 illustrates this for the dissipation factor. This is a mea-
sure of the ratio of the electrical energy lost to the total energy stored
by a material. A very significant difference in the retention of this
property after humid aging between the ITP system and the MgO
thickened vinyl ester is clearly shown. The dissipation factor of ITP
1054 increased at a decreasing rate and showed little change after four
weeks of humid aging. At the end of the twelve-week period, the dissi-
pation factor was 0.0233 MHz. In constrast, theconventional vinyl es-
ter system’s dissipation factor increased at a very high rate between
two and six weeks. In fact, a measurement of 0.0530 MHz made at the
end of 'six weeks represents a change of 458% from the initial value.

The dielectric constant is the ratio of a material’s ability to store a
charge (i.e. capacitance) to that of a vacuum. Figure 3 shows the rela-
tionship between dielectric constant and long-term aging. The ITP for-
mulation showed only a 10% change over the entire twelve-week study
leveling off after about three weeks and possessed a dielectric constant
of 5.126 MHz at the end of the test period.

The dielectric strength of a material is a measure of the voltage re-
quired for electrical breakiown of an insulating material. ITP 1054 ex-
hibited a dielectric strength of 494 V/mil after eight weeks’exposure to
high humidity conditions as shown in Figure 4. ; y

Surface and volume resistivity are important parameters in some
electrical-grade SMC applications. These properties are measures of
the material’s resistance to conducting an electrical charge along its
surface and through its volume. As shown in Figures 5 and 6, surface
and volume resistivity of ITP 1054 appeared to level off after about
three weeks of humidity exposure.

Another electrical property frequently of sngmﬁcance is arc resis-
tance. This is a measurement of a material’s resistance to a conducting
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path formed by the action of a high-voltage arc close to the material’s
surface. As shown in Figure 7, the arcresistance of ITP 1054 was 128.5
seconds and showed no signs of deterioration upon long-term humid
aging. v v . : il

The product of the dielectfic constant and the dissipation factor is
the dielectric loss index. This represents the amount of electrical
energy lost in the material. Figure 6 graphically depicts the loss index
of ITP 1054 and clearly shows the leveling off trend after humid aging.

Emphasis has been place on the ITP 1054 vinyl ester resin system
and associated electrical property retention advantages were pointed-
out. These advantages are believed to be a function of the resin system
and, particularly, the urethane thickening used. Some evidence of this
is indicated by the fact that the ITP 1050 isophthalic resin system in
clectrical-grade SMC urethane thickened formulations exhibited the
same trends as ITP 1054 in humid aging studies. A summary of these
data and data on MgO thickened isophthalic resin given in a previous
paper*are shown in Table I. These electrical property retention values
of the urethane thickened resin were superior in every long-term
humid aging test performed. - g ; '

To further investigate the effect of urethane thickening on SMCfor-. -

mulations for electrical applications,castings of four systems were sub-
jected to a four-hour boil in water. The resultant water absorption of
the neat 1054 resin, 1054 resin urethane thickened, neat conventional

vinyl ester resin and MgO thickened vinyl ester resin was calculated.

These results are shown in Table I1. Addition of a polyurethane thick-

" ening network to ITP 1054 was beneficial to the system in terms of

water absorption. However, addition of MgO thickener to the conven-

tional vinyl ester system increased the water absorption properties by

16.1%. - T é 4
Another experiment climinating resin differences was performed

which further demonstrates urethane thickening advantages in terrhs -

__ of electrical properties.” Electrical-grade SMC (i.c. 30% glass/30%
resin/40% ATH) was made, molded and tested for water absorption
and-electrical properties. Two formulations were tested based upon
ICI Americas’developmental polyester resin, XPL 1061. They differed
in the thickener type used in that one system was thickened by the in-

situ formation of a polyurethane network and the other with MgO.

" Results of these evaluations are shown'in Table 111. With the éxcepﬁo‘n

of surface and volume resistivities, the retention of the measured prop- °

erties was greater. for the urethane thickened system than the MgO
thickened formulation. This significant difference appeared after only
one week of humid aging. These data clearly demonstrate the advan-
tage of using an in-situ formed urethane to thickened SMC as com-
‘pared to MgO where water absorption and electrical properties are
concerned. - - y '

B. Mechanical Properties . . ,
In most electrical applications, mechanical property requirements

exist in addition to the electrical properties mentioned. SMC moldings

based on urethane thickened ITP resins have mechanical properties

. equal or superior to conventionally thickened formulations. Table IV

shows physical property measurements on an electrical-grade for-
;mulation, These values, the electrical properties and. the processing
.. and molding properties of urethane thickened ITP systems which
follow, suggest meaningful improvements in electrical-grade SMC
formulations. AR

PROCESSING AND MOLDING
CHARACTERISTICS OF ITP 1054

In order to capitalize on the previously described benefits of ure-
thane thickened ITP resins, production-practical formulations are a
necessity. The preparation of ITP 1054 electrical-grade formulations
are readily adaptable to satisfy both batch and semi-continuous opera-
tions. The same reinforcements and fillers commonly used to prepaie
electrical-grade compounds are also used in the preparation of ICI
Americas’ urethane thickened SMC. A uniform and stable maturation
rate is consistently obtained for a given formulation. Urethane thick-
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ening of ITP resins results in a finite and stable viscosity plateau there-
by yielding improved SMC quality and consistency. Molding viscosity

- and initial maturation rate may be varied by adjusting the amount of

urethane thickener. Table V shows maturatign rates for two systems of
identical composition but different total urethane contents. As ex-
pected, the increased urethane maturates faster and to a higher ulti-
mate viscdsity. The percent rate of increase, however, is quite uniform
throughout the first hour and from one to three days. Ultimate viscos-
ity of electrical-grade formulations are infinitely stable with shelf-life
being a function of the care taken to prevent styrene loss and base resin
polymerization. :

Compounds used in electrical applications normally require pig-
'mentation in-a variety of colors. Actual field molded parts as well as
laboratory configurations have shown ITP compounds to accept a’
wide variety of pigments. Pigments from various suppliers have been
evaluated and found to be acceptable in a variety of formulations. The

- ability of ITP resins to maturate, maintain a desired rate of viscosity

and accept pigments enhances their potential for use. in electrical
applications. §

The molding of electrical-grade compound based on ITP resins
offers advantages to the electrical part molder not available from MgO

 thickened material. One of these is its low pressure molding properties

‘which results from the unique rhealogy of the-urethane thickened ITP
resin. ITP electrical-grade resin systems have been molded at periods
of up to cight months of age using pressures of 300 psi and mold cover-
ages as small as 22%. These materials have exhibited exeellent glass
and filler carry, even:in boss and ribbed tooling. Diagram 1 shows an
experimental box tool with the percent of glass, filler and resin re-

-ported from the extremities and center of charge ares when only22.3%

mold coverage was used. These numbers are from comipound that
originally showed 27% glass, 42% filler and 319 resin in flat plaquesat
56% mold coverage. This uniformity-over-time characteristic allows
the part molder to hold inventory of material to be molded over an
extended period of time if necessary. The age of ITP 1054 electrical
compound has little effect on its ability to mold at low pressures. Of .
course, routine precautions must be taken to avoid styrene evapora-
tion and vinyl polymerization of compounded materials. This ability
to mold at low pressure effectively allows for larger and more complex
geometry tooling without increasing press tonnage requirements.

SUMMARY AND CONCLUSIONS '

To meet industry demands, improved SMC systems based on ITP
resins and a urethane thickening process have been introduced. Major
emphasis was placed on the potential of these systems in electrical ap-
plications with production-practical R30 F40 formulations.

ITP resins, with specific emphasis on ITP 1054 vinyl ester resin,
were evaluated in electrical-grade formulations. The testing included

_ Water absorption measurements and effects of humid aging on electri-

cal properties. As illustrated, the water absorption and retention of
electrical properties of urethane thickened ITP systems are superior’
when compared to metallic oxide thickened resins’The deleterious ef--
fect of MgO thickener on water absorption and electrical properties
was shown and contrasted to the effect: of urethane thickening.
Experiments. using castings and a ‘polyester resin thickenable with
MgO and urethane were performed to demonstrate these thickener
characteristics. 5 = '

After characterizing the mechanical properties of the ITP 1054 sys-
tem, the processing and molding properties of electrical-grade ITP sys-
tems were discussed. Many advantageous characteristics in terms of
electrical properties were pointed®ut. These included ‘the stable ulti-
mate viscosity of urethane thickened compound, pigmentation, low
pressure molding and excellent glass carry. e
" The uniqueness of urethane. thickening in conjunction with ITP
resins in terms of electrical properties, processing and molding char-

$

* acteristics suggest considerable potemia] in electrical-grade SMC

applications.
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. TABLE I
Summary of Electrical Property Advantages of ITP 1050 Resin . TABLE ¥
in 30% Glass/30% Resin/40% ATH SMC Upon Humid Aging Maturation Profiles of ITP 1054 Electrical-Grade Formmulations
’ Viscosity .
Tiane Trv 1030 Roghthalic Risln ) % Urethane - 8.2 % Urcthase = 93
e ) Gormthens hened) el Time - 'NCO/ON Hado - 1.3/18 ‘NCO/OH Rado - 1.3/10
in Humidity Chamber 8 043 174 0 minutes 9600 85800
Diclectric initial 427 342 10} pinestes 17400 - 39500
(v/mil) ~ . 20 minutes 34.000 75000
Surface Resistivity initial 766 x 10" 145 x 10 30 minutes 46,000 101,000
e = hon: e ome now e
A x X
(Qcm) 8- 158 x 10 113z 10" Ty JAxI0 ‘ aexe. .
Arc Resistance . initial 181 181 "2 days Wxlo 178x 100
(seconds) 8 162 135 3 days Rk 27x 100 . i34x100
Dielectric Constant initial 5.020 5.100
- (MHz) 8 5512 ; . >1080 .
Dissipation Factor initial 0.0098 00118 : i
(MHz) 8 00490 02238 . C .
Loss Index initial 00492 07868
8 0.2712 >24138
TABLE I -
Water : of Castings After Immersion in Four-Hour Water Boil - : !
Absorption 'our] GURE ;
: Water Absorption
% Water Absorbed incsease by ve. S
Besin/Thickener _After immersion Thickener Addidon o Time in Humidity Chamber
ITP 1034/none ) 097 E ' ) (100% RH, 108°T)
TP 1054/urethane 091 H2% 0.60 » - .
Conventional Vinyl Ester/nonc 093 ’ <
Conventiona] Vinyl Ester/MgO * 1.08 - ) 16.1%
: 0.50
i 0.40 B
TABLE I g 0.30 A
Effect of Thickening Agent in Electrical-Grade 5=
SMC Formulations on Electrical Properties M 020
- Timeof 3
Humid Aging Urethane Thickened - MgO Thickened - ITP 1054
Property (weeks) . .. XPL-1061 Polyester XPL-1061 Polyester. 10 Coaventional “Ilyl Ester
% Water Absorbed 1 029 01 0. =
in Humidity Chamber 2 060 - 0.9~ ‘
Surface Resistivity * initial 2.37x 10" 124 x 000
(Q)/square ) 1 461 x 10 559 x 10 1 1 |
: 2 487 x 10" LA™ x 100 o 8 10 12
Volume Resistivity initial 818 x 10" ~33x 100 . * Time (Weeks) -
(Qin) 1 172 x 10" 105 x 10
= ‘ 1.08 x 10 H.‘"’ x 10 .
Arc Resistance initial 1388 140.2 . i
(seconds) 1 1364+ - 1320
2. 2 1326 1340
Dielectric Constant initial 4.729 +.%41
(MHz) 1 4941 5.218
2 5138 S84
Dissipation Factor initial 0.0096 00099
(MHz) « - 00167 00281
. 2 - 0.0280 0.0567
Loss Index initial 0.0454 00469
1 00825 - 0.1466
2 0.1439 0.3297
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