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[57] ABSTRACT -

An improved thermally stable polymeric insulation for
use in electrical apparatus and particularly in trans-
formers operated in the presence of transformer oil is
a substitute for the conventional cellulosic pressboard,
which improved insulation consists of an isotactic ‘pol-
ymeric hydrocarbon resin in at least partially crystal- -
line form and cross:linked, 1,2-butadienes and copoly-
mers having ‘a low dielectric constant - substantially
matching that of the liquid dielectric and having rela-
tively -low swelling charactéristics: when immersed in
hot liquid petroleum oil dielectric over an extended
period of time. '

15 Claims, 6 Drawing Figures
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SOLID INSULATION FOR ELECTRICAL
| ' APPARATUS
RELATED APPLICATIONS
This application is a cGiitinuation-in-part of our U.S.
Patent application Ser. No. 146,238, filed May 24,
1971.

BACKGROUND OF THE INVENTION

1. Field of the Inventioii

This invention relates to an improved solid polymeric
insulation material for usé in an -oil immersed trans-
former and, more particiilarly, it pertains to irisulation
material especially ‘suitable for use in’either a core or
shell-form power transformer.

2. Descrip‘tion of ‘the Prlor Art
‘paper, cotton cloth, cotton tape, pressboard, and wood
‘have long been employed in- the électrical industry as
insulation for various types of apparatiis, because of
their excellenit overall diglectric properties; satisfactory
initial- dielectric stiénigth and low cost. The electrical
-and physical propertiés of eellulosic material, however,
deteriorate ‘at an ifi¢reasing rate when .the operatmg
temperatures  of the “electrieal apparatus rise -above
about 100°C whether exposed to zir or in contact with
fluid dielectric compositions such &s trafisformer - oil.
The deterioration in the physical propeities is accom-
panied by a correspondirig decrease in électrical instila-
tion properties. For these reasoiis, ‘there has been a
need for more satisfactory solid spacing taterials for
use as insulators for the electrical windifigs in an oil im-
mersed transformier particularly where the highest elec-
trical .stresses may: ‘be present and good impulse
‘strength is Tequired.

The primary réquirements for such asolid insulator
are a low dielectric constaiit and low swelling charac-
teristics when immersed in transforfier oil 4t elevatéd
temperatures over an extenided period of tiirie. With re-
gard to the dielectric constant, in ‘oil finmersed trans-
formers a reduced intensity of electric stréss may be

obtained if properly selected solid dielectrics are uti-

lized as substitutes for oil impregnated c¢ellulose whose
dielectric constant is 3.75. For best resilts, such sclid
insulator should have a dielectric constarit of about 2.2
that more nearly matches the dielectric.constant of the
transformer oil. The dielectric constait of the refined
petroleum oil used in'transformiers is about 2.2. Gener-
ally, a solid insulating material of low dielectric con-
stant closely or exactly matching that of il 4s a substi-
tute for oil impregnated pressboard in areas of high
electric stress (including particulatly high electric
Stress in the case of impulse currents due to lightning
strokes), enables a reduction in msulatmg thickriess or
spacing to as much as about 2/3 of that now used.

One of the principal problems associdted with
achievement of that reduction of insulation ¢ledrance
i§ that available low diélectric constafit’ fesins, such. as
‘hydrocarbon polymers; are €xcéssively swollen by ¢on-
tdct with hot transformer oil so that after a brief period
of time it renders the resins uifiservicéable. Many com-
mercially available résins, such as ataétic. ipolystyreiie,
ppolyethylene, 'and isotactic polypropyléne, soften ‘ex-
‘gessivelyat 125°C and show cotisiderable swelling and
weight pickup.
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SUMMARY OF THE INVENTION =
In accordance With this invention, it has been found
that the foregoing problems may bé overcotie by pro-
v1dmg an improved solid polymeric insulation for use
in transformers, reactors and other electrical apparatus
in which petroleum oil is used as insulation, which poly-
meric insulation'consists of a material selected from at
least 6ti¢ of the group eéonsisting of certain thefmoset-

ting 1,2-polybutadiene hydrocarbon resins and ceitain
copolymers of these, arid partially crystallirie isotactic

- polystyrene, which materials have a dielectric constant
- of fréin about 2.0 to about 2.7 and which- closely corre-

sponds to that of the oil, and have long term swellmg
propertiés of less than about 15 weight per cent in pe-
troleum oil at a temperature of about 125°C.

The advantages arising from the use in oil impfeg-
nated electric apparatus of such solid insulating materi-
als instead of oil impregnated cellulosic pressboard, are
cost savings, due to smaller size and total lower weight
by virtue of reduced insulation-¢learance otherwisé re-

. ~quired, and longer life of transformers and othér oil in-

25

sulated apparatus.

Thus, a cellulosic pressboard ¢ylinder of a thickfiess
of 1 inch, is replaced by a cylinder of isotactic polysty-
rene of a thickness of about 0.65 inch with equally ef-

_ fective electrical insulation.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a bétter understandmg of the inverition, référ-
€iice is made to the attached drawings in which sitiilar
numierals refer to similar parts thiroughout the sevéral
views of the drawirigs, and in which:

FIG. 1 is a schematic elevational view of a magiiétic
core and winding assemibly; .

FIG. 2 is a fragm’entary enlarged, perspective vigw,

partly in section, in detail of a core type transforiiér;

FIG. 3is a graph showmg the weight per cerit gain for
various types of resins versus time;

FIG: 4 is a graph showmg the volume per cent swell
for various types of resins. versus time;

FIG. 5 is a graph showing the weight pickup of tras-
fornier oil in isotactic polystyrene as a functlon of time
of anneal; and .

FIG. 6 i$ a graph showing the per cefit compressxon
under a pressure of 750 p.s.i, load in- 011 at: 125°C for
various resins versus tlme :

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A core type transformer is specifically disclosed and
described hereinbelow, bt other formis of transforiers
such as the shell type, reactors and other oil immersed
electrical apparatus are suxtable for the practice of this
invention.:

In FIG. 1, there is shown schematlcally a three- phase
core type of power transformer generally indicated at
10, comprising a casing 11 in Which is disposed a itidg-
netic core 12 having thiee spaced legs 14 with a wind-
ing assembly 16 which comprises primary and second-

‘ary coils, dlsposed around each leg. Each winding as-

sembly 16 is comprised of separate coil sections 18,
each of which includes one or miore paticake coils or

coil discs. Radial spacers 20 separate e4ch coil sécétion

18 to provide flow pdths for oil dieléctric coolarit anid
to electrically insulate the adjacent discs. Thtéreotitiec-
tions 22 electrically corinect the turns of the &cil séc-
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tions 18. The type and placement of the interconnec-
tions 22 between the discs depends upon the type and
class of the winding assembly 16, for which reason the
interconnections 22 as shown are illustrative only. Ter-
minals 24 and 26 provide means to electrically connect
the winding assembly 16 to the associated apparatus or
circuitry, however, other terminals at other terminal
positions may be utilized. ‘

One practical construction of a core type transformer
is more particularly illustrated in FIG. 2, wherein the
leg 14 of the core 12 and the winding assembly 16 are
shown partly in section with their associated solid insu-
lation. The core 12 is provided on each side with lower
channel members 40 fastened thereto for supporting
the working components of the transformer in casing
11, and upper channel members 42 between which
channel members the windings 16 are clamped. To ac-
complish this, a heavy steel ring 44 rests on the lower
channel members 40, while an upper steel ring 45 abuts
against the bottom of the upper channel members 42.
A flanged ring 46 of solid insulation of molded fiber re-
inforced resinous material rests on the ring 44 and a se-
ries of spaced insulating members in ring arrangements
47 and 49 are disposed on the flanged ring 46. Inner
phase insulation barriers of solid insulation are pro-
vided to isolate each of the transformer phases from
each - other.. The barriers comprise - a rectangular
flanged bottom sheet 48 with its center cut out just be-
yond ring 49 on which it is disposed, insulating side
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between the shells when the transformer is in -opera-
tion. -

The high voltage winding 70 is then applied by slip-
ping individual pancake coils over the shell 66,at least
some of the coils fit closely, the bottom coil resting on
the insulating sheet 48 and concentric with ring ar-
rangement 49. Thick radial spacers 72 and thin radial
spacers. 74 are disposed between each pancake coil of
winding 70. -

In practice, a thin insulating tube 'is- applied to the
outside of the winding 70 to direct the flow of oil.
Schwab U.S. Pat. No. 3,548,354 -shows' various ar-
rangements of such insulating tubes and baffles or bar-
riers about coils to direct oil flow over the coils.

After both the high voltage windings:70 and low volt-
age windings 62, as well as the several insulating shells
60, 64 and 68, are placed around core leg 14, an upper -
spaced series of insulating members in'a ring arrange-
ment 76 is placed over the top pancake coil of the low
voltage winding 62, the upper rectangular insulating
sheet 53 is placed over the top pancake coil of the high
voltage winding 70, and a.second spaced series of insu-
lating members in a ring arrangement 77 is disposed on
sheet 53 in line with winding 70, a flanged solid insulat-
ing ring 80 and the steel ring 45 is then disposed on top
of the windings. The rest of the-magnetic core compris-
ing the horizontal yoke 82 is then assembled on the ver-

- tical legs 14. The upper channel members 42 are put in

walls 50 bolted to the bottom sheet 48'by bolts 52 of 30

electrically insulating material such as fiber reinforced
molded resin, and a flanged top sheet 53 which is a mir-
ror image of bottom sheet 48, also bolted by bolts 52
"to the side walls 50, the whole forming a rectangular
compartment. The transformer casing walls usually
close the open front and rear sides of the compartment.
" In the larger transformers the legs 14 are not rectan-
gular, but are composed of laminations that diminish
stepwise in width from the widest extending from face
56 to a corresponding face on the left side in FIG. 2, to
the narrowest width at face 55. The stepwise arrange-
ment of the laminations results in corners 57 in which
are placed filler rods or strips 58. The filler strips 58
may be round or quarter round or of other suitable
shape and are of a solid insulating material. The pur-
pose of the filler strips 58 is to support a cylindrical
shell 60 of solid insulation which shell in turn supports
and electrically insulates low voltage windings 62 of the
electrical coil comprising a series of pancake coils 18,
. The pancake coils 18 are separated by two types of in-
sulating radial spacers 20, which may comprise rela-
tively thick spacers 63 and thinner spacers 65 to enable
flow of insulating oil between the coils. The thick spac-
ers 63 enable a greater flow of cooling oil as well as
providing a space to apply electrical taps, and for other
purposes. :

After the entire low voltage winding is built up by
stacking coils 18 on ring 47 with intervening insulating
radial spacers 63 and 65 between them, a cylindrical
insulating shell 64 closely conforming to the other pe-
riphery of winding 62 is slipped over it, then a larger
outer tubular insulating shell 66 is placed about the
shell 64 and vertical spacer strips 68 are introduced in
a predetermined pattern in the space between shells 64
and 68. The vertical spacer strips fit tightly into the
space so as to enable the shells 64 and 66 to strengthen
each other, while enabling oil to flow freely upwardly
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place and suitable bolts are applied to bolt the channels
to the magnetic core and to apply pressure to the plates
45-44 s0 as to compress the windings 62-70 therebe-
tween. The electrical connections to the several coils at
terminals 24 and 26 and any coil taps have also been
made during the assembly process. The transformer
tank 11 is filled with oil so as to cover the core 12 and
windings 62 and 70. ' RS o

When the transformer is put into operation, hot oil
flows over the insulating tubes 60, 64, 66, the strips 58
and 68, and also the various insulating members 46, 47,
48, 53, 63, 65, 72, 74, 76, 77 and 80. All of these insu-
lating tubes, strips and members are also subject to
heavy pressures both static, as when the-transformer
coil assembly is bolted firmly together, and dynamic
when surges and short circuits'pass: through the wind-
ings and affect the transformer. The sudden increase in
current flow during surges and short circiits on the
windings creates shock forces that severely stress the
spacers and tubes. It is necessary that the hot oil not
react with or adversely affect the resinous insulation
comprising these tubes, strips and spacers.

Furthermore, the insulating members immersed in
the insulating oil must be capable of withstanding the
voltage and electric stresses applied to the windings.
When the solid insulating materials have a dielectric
constant nearly the same as that of the oil, namely from
2.0 to 2.7 and preferably about 2.2, the electrical volt-
age stress is graded more uniformly and neither the oil
nor the solid electrical insulation is subjected to a dis-
proportionate voltage gradient. Consequently, the solid
insulating materials, namely, tubular members, strips,
spacers and the like resinous insulating materials as
shown in FIG. 2, may be much thinner than more con-
ventional solid insulating materials with dielectric con-'
stants of 3.7 and more, ' L

Petroleum base dielectric liquids such as those com-
monly known as transformer oil are highly refined pe-
troleum oils of a very low acid number. Stabilizers and
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antioxidants, such as para-t-butyl phenol; may be pres-
* ent therein. ‘

In accordance with this invention, the several solid
resinous electrically insulating parts subject to the high
electrical voltages and strésses, particularly comprising
members 46, 47, 48, 76,77 and 80, the radial spacers
63, 65, 72 and 74, the vertical spacers or strips 58 and
68, and the insulating tubular cylinders 60, 64 and 66
are composed of certain ‘Hydrocarben-pelymers having
dielectric constants substaitially matching that of the
transformer oil and resistant to reaction with or adverse
swelling action of the oil dt temperatures of up to about
125°C for extended periods of time. .

- More specifically, the Hydrocarbon polymers found
to fulfill the requirements of low dielectric constant
‘and’ minimal swelling characteristics in petroleum oil
consist of a material selected from the group consisting
of thermosetting cross-linked 1,2-polybutadiene hydro-
carbon resins and copolymeérs thereof with vinyl mono-
mers, and at least partially crystalline isotactic polysty-
rene. o

- The thermosettifig cross-linked '1,2-polybutadiene
hydrocarbon . resins: and certain vinyl copolymers
thereof which are derived from butadiene exhibit low
dielectric constants and low swelling characteristics in
hot transformer oil. '
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rate is relatively slow compared with otheér crystalliz-
able polymers, such as polyéthylene or polypropylene.
Amorphous isotactic polystyrene has properties some-
what similar to those of converntional atactic polysty- -
rene. ' o

However, crystalline isotactic polystyrene has a high
melting temperature showing a first order transition
temperature of about 240°C. It is insoluble in most
comiftion solvents for polystyrene, and, as a resiilt of the
spherulitic structure of the crystalline phase, is opaque.
From X-ray data the density of the 100 percent crystal-
line polymer is caleulated to be 1.12. Polystyrene with
a high degree of isotacticity is readily prepared. On an-
nealing, partially crystalline ‘isotactic polystyrene -has
been obtained, generally with less than 35 percent rela-
tive crystallinity. '

As indicated by Sorenson and Campbell in “Prepara-
tive Methods of Polymer Chemistry,” the various poly-
meric configurations of polystyrene may be visualized
by imagining the carbon-carbon polymer chain laid out
on a plane in the extended zigzag conformation. If the
substituents (in this case, the phenyl group) from the
monosubstituted vinyl monomer are arranged at ran-
dom above and below the plane of the carbon chain,
the polymer lacks stereochemical regularity and is
called atactic. The chain configuration is as follows:

H H R R "HBEH

"R B H
A -
C

\C' _\C' \C/
-~ \C/ \C/

R R

\C' \C-,

‘v Cmow

Isotactic polystyrene at least partially crystalline is
;particularly suited for use in the practice of this inven-
tion. The crystalline structure comprises at least 10
percent by weight of the total resin and is preferably
greater, for instance, up-to about 30 to 35 percent. So
far as is known, up to the present time isotactic polysty-
rene has crystallized in amounts of up to about 35 per-
cent of the whole. "

wherein R represents the pheny! group.
Generally, the titanium-based catalysts give, by a .

35 mechanism which is still unclear, a stereoregular chain

. . 40 chain structure:

in which each succeeding asymmetric carbon has the
same configuration as the preceding one.

If the substituents all fall on one side of the plane, the
polymer is said to be isotactic; and has the following’

E REH RH RH ) RH R
\C/ \C \Cx » \C/ \Cx \C/ \C/
c\/ \c\/ \c/ \c‘/ \0( \c\/ \c(’
7 “mww’ tmw uw ‘v’ w o Cm ol m

Isotactic polystyrene may be»pfod_uped by polymer-
ization of styrene with stereo-specific catalysts of the

. Finally, if the substit’uenis fall altemaiely above an"(_i .
below the plane of the chain; the polynier is designated.

Ziegler-Natta type as set forth more particularly by (1) - syndiotactic; whose chain configuration is as follows:

R

N, -
. C [o] C
\/\C(\C/\C/\C/\C/\C/

B

G. Natta and F. Danusso, “‘Stereo-regular ‘Polymers
and Stereo-specific Polymerization™ -Pergamon Press,
Inc.; N.Y. 1967, (2) N. E. Gaylord and H.F. Mark,
“*Linear and Stereo-specific Addition Polymers,” Inter-

H

‘seience Publishers, Inc., N.Y. 1959, and (3) Wayne So- 69

fénson and Tod W. Campbell “Preparative Methods of
‘Polymer Chemistry,” 1961, pages 201 and 202, Inter-
‘science Publishers, Inc. As a result of the regular iso-
tactic structure it cdn‘be crystallized and has a three-

fold helix-chain cohfofmation. Isotactic polymer can' 65

“exist in the amorphous or crystalline state. Samples
‘quiénched from the ‘ihelt afe amiorphous but become
crystalline if annealed for soime time at a temperature .
below the crystalline melting point. The crystallization

H
N

N
»

H

AN A
o

R H

ERN -
, »

H R'R. ~ H-

7 u H/‘ w5’ w5 Cmr Cm

The stereoregularity permits the chains to crystallize,
hence the properties of the isotactic and syndiotactic
polymers differ markedly from the random couriter-
part. Thus, atactic polystyrene is clear, noncrystalline,
and of a low melting temperature, while stereoregular:,
polystyrene is hazy like nylon, crystalline, orientable
and of a high melting temperature. The nature of the
R group also affects the melting point markedly; in gen-
eral, the bulkier it is the higher melting the polymer. -

Theoretically, the syndiotactic polymer should crys-
tallize in a sufficient amount that it is of potential intér-
est in this invention.

Unlike ordinary atactic polystyrene, the crystalline
isotactic polystyrene is relatively insoluble in such sol-
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vents as benzene, chloroform, acetone, and more par-
ticularly it exhibits low weight increase when contacted
with hot mineral oil over a period of time. Isotactic pol-
ystyrene has a low dielectric constant, high ‘melting
point, and a low power factor. It is a solid insulating
material that in highly crystalline form exhibits low
swelling in hot transformer oil. Moreover, the material
has a relatively low cost because it is readily made from
styrene by polymerization with ‘a special catalyst. Be-
cause of such low cost the isotactic polystyrene can be
used in transformers as a highly improved substitute for
paper, pressboard, wood and similar cellulosic insula-
tion. - . R v .

The partially cross-linked 1,2-polybutadiene hydro-
carbon resins and copolymers thereof with vinyl mono-
mers and the partially crystalline isotactic polystyrene
can be employed alone or with various fibrous fillers to
produce strong molded members. It is-important that
the fibrous fillers be of a dielectric constant close to
that of the resin. A particularly suitable fibrous mate-
rial is crystalline isotactic polystyrene made into fibers,
as set forth in U.S. Pat. No. 3,078,139. The fibers can
be woven into cloth, matted, chopped or employed as
strands and impregnated with partially crystalline iso-
tactic polystyrene, or the 1,2-polybutadiene hydrocar-
bon resin or the latter resin partly dissolved in vinyl
monomers such- as monostyrene. The fibrous-resin
composite can be laminated or molded under heat and
pressure into plates, tubes, sheets, rods, washers and
other shapes for use in transformers or other-electrical
apparatus. Polypropylene fibers have excellent strength
and a satisfactory dielectric constant, but swell exces-
sively in hot oil. Short chopped polypropylene fibers
completely enclosed or embedded in the resin, such as
partially crystalline isotactic polystyrene can be em:
ployed as long as no fiber ends extend to or protrude
from the surface of any member. ;

. The partially crystalline isotactic polystyrene may by
admixed with small amounts, up to several percent by
weight, of other polymers prior to crystallizing the iso-
tactic polystyrene. The added polymer may be also
crystallizable. After crystallization, the mixed polymer
product may be shaped to the desired insulator mem-
ber and used in the practice of the invention. In some
cases, there may be added to the monostyrene small
amounts of other copolymerizable monomers, as for
example, methyl styrene, and then the mixture is poly-
merized into a copolymer comprising primarily isotac-
tic polystyrene groups and then crystallized. Further,
after the isotactic polystyrene is produced, but prior to
crystallization, coreactive monomers may be added
and reacted in situ to function as end-blocking groups,
or the added monomer may be primarily polymerized
into polymeric groups relatively homogeneously ad-

* mixed in the main body of polystyrene, and then the co-
polymer, or mixture, is crystallized into a body suitable
for practicing the invention. The added polymers pref-
erably should be relatively insoluble in oil and have a
low dielectric constant comparable to that of the iso-
‘tactic polystyrene. ,
~ In a similar- manner the thermosettable 1,2-
polybutadiene hydrocarbon resins and vinyl copoly-
mers thereof may be admixed with small amounts of
one or more other relatively oil insoluble resins. ‘A ho-
mogeneously, admixed resinous body may be prepared
which is suitable for the practice of the present inven-
tion.
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It should be understood that the resinous insulating
members, such as tubes or’cylinders, separators, rods
and spacers, will comprise essentially the crystalline
isotactic ~ polystyrene* or the ' thermoset 1,2-
polybutadiene hydrocarbon resins and vinyl copoly-
mers thereof, and any added or admixed resin and/or
fillers therein will not appreciably impair the oil insolu-
bility and non-swelling properties thereof, nor raise the
dielectric constant of the entire insulating member
above about 2.7, so that when incorporated in oil filled
apparatus, the dielectric stress is not disproportionately
distributed as between the oil and this solid insulation.

The following example is exemplary of the invention:

EXAMPLE

Sample discs of isotactic polystyrene, atactic polysty-
rene, and a polymer of 1,2-butadiene with 20 percent
by weight of monostyrene were molded at tempera-
tures of from 225° to 250°C in a compressiori mold.
The isotactic polystyrene discs were then annealed at
175°C for about 1 hour so that crystallization occurred,
and the samples changed from transparent to opaque.

The discs were then immersed in hot transformer oii
and held at 125°C for 60 days and weight gain and vol-
ume swell for the isotactic polystyrene as well as the
other polymers was found as shown in FIGS. 3 and 4,
respectively. In FIG. 3, the weight gain comparisons in-
dicate that atactic polystyrene (curve A) increases rap-
idly. The isotactic polystyrene (unannealed curve B)
has a decrease in weight gain with the passage of time;
however, when annealed at 175°C for 1 hour to effect
a high degree of crystallinity (curve C) it has a greatly
reduced weight gain. ,

In FIG. 4, somewhat similar results were obtained for
the property of per cent volume swell. The atactic poly-
styrene (curve D) hasa very rapid increase in swelling
as compared with isotactic polystyrenes. Further, swell-
ing for highly crystalline isotactic polystyrene (an-
nealed curve E), is considerably less than the noncrys-
talline isotactic polystyrene in the unannealed state
(curve F). More particularly, the as-molded isotactic
polystyrene (unannealed curve F) in the relatively non-
crystalline state, swells (FIG. 4) up to over 16 percent
in volume in 58 days. The. swelling, however, was
greatly reduced. by annealing the isotactic polystyrene
to the crystalline state to just over 4 percent in 8 days
(curve E). ' - R '

The effect of annealing time on the isotactic polysty-
rene on the weight pickup is shown in FIG. 5. Samples
of isotactic polystyrene were annealed at-175°C for
periods of 2, 4 and 6 hours and then immersed in trans-
former oil at 125°C for a period of time. The results,
shown in FIG. 5, indicate that annealing for the isotac-
tic polystyrene some time between 2 and 6 hours, since
an optimum value is:achieved in 4 hours, for a mini-
mum weight pickup in transformer oil.

. As'is also shown in FIGS. 3 and 4, the cross-linked
1,2-polybutadiene-styrene copolymer resin has a satis-
factory property of low swelling and' per cent weight

‘gain as compared with the other resins included in this

Example. The test samples which provided the data for
the curves plotted in FIGS. 3.and 4, were cross-linked
by incorporating from’ 1 percent to 2 percent of dicu-
myl peroxide as catalyst in.the viscous resin-and curing
in an oven for 1 hour at 110°C followed by an overnight
cure at 130°C. Other cure schedules may be employed
depending . upon the ratio of 1,2-polybutadiene to
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monostyrene and the resin catalysts used. The samples
were then tested for weight increase in hot transformer
oil at 125°C and displayed an extremely. low volume:
swell and. low weight gain. The. cross-linked 1,2-
polybutadiene resins exhibited only 0.7 to 0.8 percent
weight increase in 60 days with no visible evidence of
change in appearance of the aged samples. (Curve G,
FIG. 3, and Curve H, FIG. 4). This type of cross-linked,
1,2-polybutadiene resin is a satisfactory material for in-
sulators in oil filled transformers. |

- Electrical measurements were also. made on the sam-
ples of the cross-linked 1,2-polybutadiene resins and
the data obtained thereby is listed in the following Ta-
ble: ' ' v

TABLE

Frequency - 100 " Dielectric Resistivity
Temp. Hz tan . Constant (ohm-cm)
25°C 60 0.15% 2.3
’ 10° 0:14 2.3,
104 020 = 2.3
108 0.32 2.3
) DC resistivity test: . : 1.8x107
100°C 60 3.2% 2.3
: 108 2.6 . 2.1
104 0.47 2.1 .
108 0.13 2.1
DC resistivity test: -1.xio7

The dielectric. constant of 2.3 for cross-linked 1,2
polybutadiene resin. is substantially identical to that of
between 2.1.to 2.2 :for ‘transformer oil. The :power
losses at 25°C are excellent but the losses (3.2 percent)
at 60 cycles at 100°C were higher than expected or de-
sired -and were attributed to the presence of residual
catalysts remaining in the polymer. To prove this a
sample of non-cross-linked 1,2-polybutadiene resin in
liquid form was extracted in deionized water for several
days while the conductivity of the water solution was
monitored. Washing was continued until the conductiv-
ity of freshly added deionized water remained low. It
was then cross-linked in the manner mentioned earlier
and the electrical losses were substantially reduced.

Otlier samples were prepared which consisted of co-
polymers of 1,2-polybutadiene with varying amounts of
t-butylstyrene and monostyrene. The swelling effect of
hot transformer oil on such samples is shown in FIG. 3,
where the 1,2-polybutadiene content is 80 percent, the
balance being styrene (curve I) and t-butylstyrene
(curve J, FIG. 3). Use of styrene or t-butylstyrene as a’
co-monomer with the 1,2-polybutadiene has an advan-
tage in reducing the viscosity of the latter so that the
mixture is easier to mold and form.

Although the cross-linked 1,2-polybutadiene resin

possesses excellent properties for per cent of volume’

swell and per cent of weight gain it was relatively brit-
tle. By incorporating.in the resin a low dielectric con-
" stant reinforcing fiber such as isotactic polypropylene
fiber and mat structures, prior to curing in the oven, a
better thermoset polymer product was obtained. To en-
.hance the product, the polypropylene fibers were
chemically treated to condition and oxidize the surface
of the fibers by immersion in sensitizing baths followed
by subsequent oxidation in chromic acid-sulfuric acid
‘bath solutions, whereby polar and more readily wetted
surfaces were obtained. Polypropylene fibers were par-
ticularly suitable reififorcing fibers because of their low
dielectric constant 5o that the overall dielectric con-
stant of the impregnated resin system was not signifi-
cantly ‘increased. Thus, 50 grams of polypropylene
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resin containing 2g. of dicumyl peroxide catalyst and
cured in a press as outlined earlier. Such compositions
were useful for oil-filled transformer applications be-
cause of their low dielectric constant, low electric loss,
and otherwise. improved physical properties. Data on
-0il swell are shown in FIG. 3, (Curve K).

A polyester- fiber reinforced sample of cross-linked
1,2-polybutadiene resin system was prepared by im- .
pregnating 10 grams chopped polyester fibers (derived
from polyethylene terephthalate) in a liquid resin com- -
prising 80 grams of 1,2-polybutadiene resin, 30 grams
of divinylbenzene, with 3 grams of dicumyl-peroxide,
and molding to cure in the manner described earlier.
Swell data obtained in hot transformer oil are also
shown in FIG. 3, (Curve L). :

In addition to the foregoing tests, samples of selected,
cross-linked 1,2-polybutadiene resins some having high:
molecular weight and others lower molecular weight
were subjected to compression tests under 750 psi
loads in oil at 125°C and the results compared with
tests on other materials including isotactic polystyrene,
bis-phenol epoxy resin hardened with hexahydroph-
thalic anhydride and the same epoxy resin filled with 30
percent of cross-linked 1,2-polybutadiene powder. The
results as shown in FIG. 6 indicate that under the com-
pression load tests, the high molecular weight cross-
linked 1,2-polybutadiene resin had the least physical
deformation (compression under load). Next in value
was the low molecular weight version. The isotactic
polystyrene is found to display nearly identical values

-of compression to filled bisphenol-epoxy resin. The pri-
mary disadvantage of cross-linked 1,2-polybutadiene
resins in the non-reinforced condition is that the mate-

- rial is fragile and requires care during handling and in-

stallation in a transformer. S

Other isotactic hydrocarbon substituted polystyrene
polymers that may be employed are-the isotactic poly-
mers derived from vinyl toluene (i.e., the isomeric
methyl styrenes) and from t-butyl styrene_in at least
partially crystalline form for example, between 10 to 35
percent crystalline structure. ,

In summary, certain selected polymeric hydrocarbon
resins are shown to have low dielectric constants which
closely-match that of transformer oil. These selected
polymers likewise have relatively low swelling proper-
ties when immersed in hot transformer oil over ex-
tended periods of time. These properties of low dielec-
tric constant and low swelling are in contrast with cer-
tain other hydrocarbon polymers, e.g., polyethylene,
iSotactic' polypropylene, atactic polystyrene; and the
like, which have very high swelling, substantially
greater than 15 percent by weight, in a few days in the
same hot oil medium. As a result, the isotactic polysty-
rene and selected cross-linked 1,2-polybutadiene resins
are outstanding materials for use as solid.electrical in-
sulation in oil-filled transformers for replacement of
cellulosic press-board and thereby result in cost reduc-
tion through a reduction in insulation clearances. The
dielectric constant of the solid resinous insulating ma-
terials is optimally between 2.0 and 2.2, and preferably
between about 2.0 and 2.5, however the solid insulating
material may be as high as 2.7. -

What is claimed is: :

1. Electrical apparatus comprising an electrical con-
ductor, solid electrical insulation applied to the con-
ductor and an insulating pétroleum oil applied to at

fiber were incorporated in 100g. of 1,2-polybutadiene

least a part of the electrical insulation, the electrical in-
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.sulatlon havmg a dielectric constant of from about 2.0
to 2.7 and being relatively insoluble in the oil and of
low swelling in hot oil, the solid electrical insulation
comprising essentially a solid insulating material se-
lected from at least one of the group consisting of ther-
mosettmg cross-linked 1,2-polybutadiene hydrocarbon
resins and copolymers thereof, and at least partlally.
crystalline isotactic polystyrene.

2. The electrical apparatus of claim 1 wherem the
solid insulating material comprises essentially a ther-
mosettmg cross-linked 1,2:polybutadiene hydrocarbon
resin.

3. The electrical apparatus of claim 1 wherein the
solid insulating material comprises essentially at least
partially crystalline isotactic polystyrene.

4. The electrical apparatus of claim 1 wherein the
solid insulating material comprises essentially a ther-
moset copolymer of 1,2-polybutadiene hydrocarbon
resin and a vinyl monomer.

5. The apparatus of claim 3 wherein the polystyrene
has a crystalline structure of at least about 10 percent
of the total resin.

6. The electrical apparatus of claim 1 wherein the
solid material has a dielectric constant of from about
2.0 to 2.5.

7. The electrical apparatus of claim 5§ wherein the
solid material has a dielectric constant of about 2.2.

8. The electrical apparatus of claim 1 wherein the
solid material exhibits a swelling of less than 15 percent
by weight over a prolonged period of time when im-
mersed in petroleum oil at a temperature of about
125°C.

9. The insulation of claim 1 wherein the solid mate-
rial has a dielectric constant that is substantially-that of
the petroleum transformer oil.

10. The insulation of claim 1, wherein the solid insu-
lating material includes fibrous material having a di-

electric constant close to that of the resin and the oil. -

. 11, The insulation of claim 1, wherein fibers of iso-

" tactic polystyrene are imbedded in the cross-linked 1,2-
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polybutadiene resin:
12. The insulation of claim 1, wherein ﬁbers of poly- '
ester resin are imbedded in the cross-linked 1,2-
polybutadiene resin.
13. In a transformer comprising a magnetlc core. and

electrical windings disposed on the legs of the core, and '~

an insulating oil having a dielectric constant of about-

2.2 applied to the electrical windings, solid electrical - - '

insulation disposed between the electrical windings and
the magnetic core, and between portions of the-electri-
cal windings, the solid electrical insulation being se-
lected from at least one polymeric material from the
group consisting of thermoset 1,2-polybutadiene hy-
drocarbon resin and copolymers thereof with vinyl
monomers, and at least partially crystalline isotactic
polystyrene, the polymeric material having a dielectric
constant of from about 2.0 to 2.5, and being resistant

to swelling when immersed in the insulating oil at tem-

. peratures of up to 125°C, whereby improved: dielectric
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strength is exhibited by the combined insulating oil and
solid polymeric electrical insulation, and the solid poly-

meric insulation exhibits good mechanical strength. -

14. The transformer of claim 13, wherein the solid
electrical insulation' comprises essentially the poly-
meric material and a fibrous material combined there-
with, to provide a strong insulating material capable of
withstanding the loads present during service.

15. The transformer of claim 13, wherein the solid
electrical insulation is employed for tubular insulating
members interposed between the electrical windings
and between the magnetic core and the electrical wind-

ings.
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