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ABSTRACT OF THE DISCLOSURE
A unique, fire resistant, environmentally safe insulating
oil comprised of selected vegetable oils, fortified with additives
to 1improve stability and low temperature viscosity characteristics.
The electrical equipment comprises an oil-sealed tank, the
insulating oil f£illing the tank, and electrical components such as
a transformer, switch, or fuse immersed in the described oil. Also

contemplated is a solid-liquid insulation system comprising porous
insulating materials saturated with vegetable seed oil.
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VEGETABLE SEED OIL INSULATING FLUID

BACKGROUND OF THE INVENTION

Internal parts of electrical power transformers and
switchgéar are normally immersed in an electrical insulating fluid.
The electrical insulating fluid performs several functions and has
specific requirements. It acts as an insulating medium between
energized parts of the electrical equipment. It cools equipment by
transferring heat from the windings and core of a transformer to a
cooling surface. It quenches an arc created in the operation of
switchgear or a fuse.

In case of accidental spills, the fluid should not be
hazardous to animal or plant 1life. It should be biodegradable,
meaning that microbes present in soil and water should be able to
break down the chemical compounds of the fluid over time to
substances that are less toxic, non-toxic, or inert. The fluid
should be chemically stable during the useful life of the electri-
cal equipment. It should exhibit low flammability, in case of a
fire involving the electrical equipment.

Liquid insulating or dielectric fluids in electrical
transformers and switchgear are well known in the art. See for
example, U.S. patents 3,000,807; 3,095,366; 3,587,168;: and
3,753,188. These patents describe the use of insulating fluids in
equipment and the types of fluids so used. The most commonly used

fluids have been petroleum oils, silicone fluids, or synthetic
hydrocarbon fluids. However, each of these materials has certain

drawbacks, particularly with respect to environmental impact and
biodegradability.

Silicone fluid, for example has been used widely as a
fire-resistant insulating oil, but has been shown not to biodegrade
to any appreciable extent. 1In addition, silicone fluid polymerizes
when exposed to an electric arc, forming silicone gel particles
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that later interfere with the dielectric or insulating function of
the fluid.

Petroleum fluids work well in most applications, but,
depending on their chemistry, biodegrade very slowly. Spills of
petroleum fluids have damaged soil and water ecosystems and can
persist in the environment for years.

Petroleum, silicone, and synthetic hydrocarbon fluids
Chus perform well as insulating oils, but do not address the ever-
lncreasing demands that fluids be more easlly biodegraded and less
harmful to the environment when spilled onto soil or water.

Due to lack of standardization of test methods and
agreement on desired characteristics by industry, many levels of
biodegradation exist. Petroleum products, for example, have been
shown to biodegrade to a certain extent, if the proper conditions
and speciles of bacteria are available in soil or water.

Because of their molecular structure, vegetable seed oils
can be shown to biodegrade much more rapidly and completely than
the above described electrical insulating fluids.

Vegetable seed oils have been tried as insulating oils in
the past, but thelr use has been hindered by their poor stability.
Vegetable seed oilils age and become unstable at a much faster rate
than petroleum or silicone products, especially at the elevated

temperatures and in the presence of metal, typically found in
electrical transformers.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to an improved vegetable
seed oll based electrical insulating fluid that is stable in use,
relatively nonflammable, <rapidly and highly biodegradable,
environmentally safe, and competitively inexpensive.

' The present invention also relates to improved methods
for manufacturing electrical insulation fluids of this type.

The fluid of the present invention preferably comprises
highly saturated vegetable seed oils obtained from various sources
including genetically improved species of plants. Vegetable seed
oils can be used "as is" if they are naturally highly saturated.
On the other hand, 1if the oil is highly unsaturated, it may still
be used as an insulating oil if it is first processed by hydrogena-

tion or other means to increase the degree of saturation and thus

.
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the degree of oleic acid concentration to improve stability. Such
olls may be used either alone or as blends of oils, and may
advantageously further include appropriate chemical additives that
enhance the oxidation and chemical stability of the seed oils,
improve low temperature viscosity and flow characteristics, and act
as metal scavengers.

More specifically, the improved electrical insulating
fluid of the preSent invention may preferably comprise vegetable
seed olils or blends of vegetable seed oils found to have greater
stability than previously used oils or combinations of oils. Such
oils and/or blends, when processed in accordance with the methods
of the present invention and fortified with additives described
herein, form an electrical insulating fluid that meets all
functional standards set forth in ASTM D3487 for conventional
transformer oil.

The present invention also relates to the use of the
improved insulating fluids in equipment, and to equipment contain-
ing such fluids.

Various other features, objects, and advantages of the
invention will be made apparent from the following detailed
description and the drawings.

DETAILED DESCRIPTION OF THE INVENTION

The following examples are representative of the types of
vegétable seed oils that can be used to manufacture an insulating
or dielectric fluid that exhibits chemical, oxidative, and
hydrolytic stabilities: sunflower seed oil, canola or rapeseed oil,
castor o1il, meadowform seed oil, and jojoba oil. Each of these
olls has sufficient saturation to function as an insulating oil.
, Experimentation has shown that seed oils that exhibit
enhanced anti-oxidant effect perform better as insulating fluids.
Thus, other vegetable seed oils, which initially are highly

unsaturated and are therefore normally undesirable for use as
insulating fluids, may also be used as insulating fluids if their
stability and resistance to oxidation are enhanced by genetic means
or by chemical processing of the oils. These other vegetable seed

oils may include, for example, corn oil, olive oil, peanut oil,
sesame oil, coconut o0il, and soybean oil.
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These other oils listed can be used as insulating oils if
they are stabilized with respect to oxidation. The measure of
oleic acid concentration is a measure of the number of saturation
of double bonds in the oil’s molecules. Processing by hydrogena-
tion or other means to increase the degree of saturation will
imprové the stability of any of these o0ils whether they were
initially of the high oleic acid variety or not. The other oils
listed will make insulating oils that are functional, but not
optimum, because of poorer stability when compared to the oils that
are stabilized through genetic means (cultured to have high oleic
acid contents) or chemo/mechanically, or both.

~ Good predictors of oxidation stability in oils include a
naturally high oleic acid content in seed oils (oleic acid is
saturated, and therefore more stable than other, nonsaturated acids
that could be present). High oleic acid contents are indicated by
the following test results:

o Todine Number, AOCS Cd 1-25: <« 86
o Peroxide Value, AOCS Cd 8.53 1.0

Another way to achieve a high degree of saturation is
through hydrogenation in a processing plant.

Tests for oxidation stability: ASTM D2440, ASTM D2112.

Essentially, the seed oils are blends of paraffinic or
iso-paraffinic molecules of 16 to 20 carbons that contain one or
more double bonds (i.e. unsaturated bonds). These bonds are weak
points in the molecular structure and are the first sites of
oxidative degradation. 16-20 carbon atoms give the oil a molecular
weight and structure that provides the optimum tradeoff between
flammability characteristics (vapor pressure) and viscosity. An
olil having a carbon atom chain that strays too far above or below
this range results in an oil too volatile or too viscous for use as
an insulating fluid. Therefore, molecules with the lowest number

of double bonds are desired. Vegetable olil with 16 carbon atoms

and only one double bond is particularly desirable. This particu-
lar molecule is called oleic acid. Preferred oils are those having

enhanced olelic acid concentrations due to genetic screening and
selective breeding or by chemical or mechanical means.

The vegetable seed oils can be blended with themselves or
with other oils for use in electrical apparatus. These other

fluids may be added to improve stability or oxidation resistance,
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to lower the cost of the resulting blend, or to improve the
functional characteristics of the vegetable seed oil. These oils
may be those refined from natural petroleum oils, or may be
themselves synthetic hydrocarbons such as poly-alpha olefins,
organic or inorganic esters, or alkyl silicone compounds. There
are other fluids that are compatible with vegetable see oils and

impart enhanced stability. These blends with other fluids are also
intended to be covered under this patent. '

Vegetable seed o1l blends that have been found to be

useful as electrical insulating or dielectric fluids are as
follows:

Blend 1:

78% by volume High Oleic Acid Sunflower See 0il, Lubrizol 7631
brand

22% by volume High Oleic Acid Rapeseed (canola) oil, Lubrizol 7633
brand

Blend 2:

40% by volume High Oleic Acid Sunflower Seed 0il, Lubrizol 7632
brand

80% by volume FloraEster Jojoba o0il, manufactured by International
Flora Technologies

Blend 3:

65% by volume High Oleic Acid Sunflower Seed 0il, Lubrizol 7632
brand

30%¥ by volume High Oleic Acid Rapeseed (canola) oil, Canola
Industries Canada brand

5% by volume FloraEster Jojoba oil, manufactured by International
Flora Technologies

A preferred blend of vegetable seed oils is as follows:

Blend 4:

90% by volume High Oleic Acid Sunflower Seed 0il, Lubrizol 7632
brand

10% by volume FloraEster Jojoba oil, manufactured by International
Flora Technologies
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These vegetable seed 01l blends exhibit the following
characteristics when processed in the manner described herein:

Characteristic and Blends
ASTM test method: 1 2 3 4
Fire Point, D92, °C 341 335 345 350
Pour Point, D97, °C -21 -5 -18 -18
Viscosity @ 40°C., D445, cSt. 37 = 24.2 39.3 31.6
Dielectric Strength, D877, kV 44 46 35 38
Dissipation Factor @ 25°C,

D924, % 0.08 0.05 0.04 0.05

~  The vegetable seed oils should preferably have an iodine
value of less than or equal to 86, preferably less than or equal to

82. The free fatty acid content of the o0il should be less than
0.05%.

In general, the base seed o0il blend used in the present
invention should preferably have the following characteristics:

Characteristic and Test Method: Test Value

Physical Tests:

Fire Point, D92, °C., minimum: 300
Viscosity, D445, cSt. at 40°C.,

maximum: 100
Viscosity, D445, cSt. at 100°C.,

maximum: 13
Pour Point, D97, °C., maximum: -18

Moisture Content, D1533b, ppm, maximum: 200

Chemical Tests:

Acid Value, D664, mg KOH/g, maximum: 0.05
Iodine Value, AOCS Cd I25, maximum: 86
Free Fatty Acids, AOCS CAS5a40, %,

maximum: , 0.05

Stability Tests:
Oxidative Stability, D2272, minutes,

minimum: 20
Thermal Stability, Cincinnati Milacron test:
Copper Appearance 1
Iron Appearance 1
Sludge, mg/100 ml 3
Copper Corrosion test, D130: 2a
Biodegradability, %, CEC-L33A94: ‘ >97
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The finished dielectric £fluid made from the above-
mentioned seed oill blends, when processed and fortified in accor-

dance with the present invention, should have the following charac-
teristics:

Characteristic and Test Method: Test Value

Physical Tests:

Fire Point, D92, C., minimum: ' 300
Viscosity, D445, cSt. at 40 C., maximum: 100
Viscosity, D445, cSt. at 100 C., maximum: 13
Pour Point, D97, C., maXimum: -18
Moisture Content, D1533b, ppm, maximum: 200

Chemical Tests:
Acid Value, D664, mg KOH/g, maximum: 0.05

Electrical Tests:
Dielectric Strength, D1816-0.08" gap,kV,

minimum: 56
Dissipation Factor, D974, % at 100C,
minimum: 0.30

Stability Tests: .
Oxidative Stability, D2272, minutes,

minimum: 20
Thermal Stability, Cincinnati Milacron test:
Copper Appearance 1
Iron Appearance 1
Sludge, mg/100 ml 3

Copper Corrosion test, D130: 2a
Biodegradability, %, CEC-L33A94: >97

The processing method used to purify the vegetable seed
01l blend 1is as follows: The o0il is heated to 80-100 C., then
introduced to a mixture of activated adsorbent clay and activated
alumina. This adsorptive filtration process removes polar
contaminants and free fatty acids from the o0il. These materials
have deleterious effects upon the 0il’s color, electrical proper-
ties and stability in use. A preferred composition of the adsor-
bent mixture is 60% activated clay and 40% activated alumina.
However, any adsorbent material may be used to clean impurities

from the o0lls so long as it is substantially compatible with the
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oil and it does not substantially adversely affect the insulating
characteristics of the o0il. An example of an optimum mixture would
be 60% Filtrol 20 activated clay with 40% A2 activated alumina from
Kaliser Chemical Co. The activated clay is efficient in removing
simple polar molecules, while the alumina is more effective in

- removing free fatty acids, a more complex molecule. The described

mixture of adsorbents has been found to result in a more stable oil
with better electrical characteristics than either adsorbent used
alone and the mixture of activated clay and activated alumina
adsorbents has been found to be optimum in the removal of polar
material from the oil.

'~ Non-activated clay ("Fuller’s Earth") may be used, but
will not produce an o0il product with as high electrical dielectric
strength. A particularly desirable clay is LVM 30/60 Fuller'’s
Earth avalilable from Engelhard Minerals. Microfiltration technolo-
gy could also be used to remove polar contaminants.

Polar contaminants removed in processing are of two
primary types, water and those chemicals that occur naturally in
the o0il that give o0il a darker color and poorer electrical
characteristics. Naturally occurring chemicals are ionic materials
such as metal soaps of Mg, Ca, Cl, etc. They may also be sulfo-
nates, resins, or partially oxidized molecules. Trace metals are
also preferably removed. Peroxides, ketones, and other oxidation
byproducts are also preferably removed.

The vegetable seed o0l1l may be introduced to the mixed
adsorbent material by several methods; percolation, forced pressure
flow through canister filters filled with adsorbent, or by mixing
the adsorbent into the o0il for a specified period of time and then
removing it with plate and frame filters (the "slurry" method). Of
these, the slurry method has been found to work the best, as it
offers the most complete contact between the active sites on the
adsorbent particles and the oil.

The preferred embodiment of this invention comprises
heating the vegetable seed oil to 90°C., mixing it with one pound
of adsorbent mixture per gallon of o0il for 70 minutes with
continuous mechanical mixing, then removing the adsorbent with
plate and frame filters. Processing the vegetable seed oil in this

way removes a large amount of polar contaminating material possi-
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ble. Further processing yields limited additional removal of polar
materials.

After the adsorbent filtration step, the purified oils
have had the vast majority of polar contaminants removed, but they
still contain small particles of clay and dissolved moisture and
gases. These contaminants will lower the dielectric strength of
the o0il. To remove the particulate contamination, the fluid is
passed through a particulate filter, with a nominal pore size of
less than five microns. This type of filter will remove the
majority of clay particles from the oil. The oil is then passed
through a degassifier whereby dissolved moisture and gases are
removed. The degassifier acts by exposing a very thin layer of the
oll to a high vacuum, allowing the dissolved moisture and gases to
boil away from the o0il. The thin film can be achieved in various
ways; the most common being a fine spray of the fluid into an
evacuated chamber. This process removes nearly all dissolved

moisture and gases from the oil.

The o0il is then blended with appropriate additives that
will enhance the oxidation stability of the oil, causing it to have
a longer service life. Various types of oxidation inhibitors can

be used. It has been found preferable to use oxidation inhibitors

in combination with metal passivators since the combination has

been found to work better than either compound alone. Additive
concentration may be between 0 - 3% by weight, but is preferably

between 0.2 - 0.3% by weight.

The additives are called "hindered phenols" and act by
trapping free radicals in the o0il solution which are both a by-
product and an 1initiator of oil oxidation. The free radical trap
mechanism sacrificially oxidizes the inhibitor, rather than the
vegetable oil. The preferred hindered phenols are butylated
hydroxy toluene [BHT] and di-tert-butyl para cresol [DBPC].

Particularly preferred is 4,4 methylenebis (2,6, di-tert-butyl-
phenol) available from Ethyl Chemical Co. as Ethanox 702.

Another type of oxidation inhibitor is the so-called

"amine" chemicals. One example is Additin RC 7001A, from Rhein-
Chemie Corporation, which provides excellent oxidation stability at
treatment 1levels of 0.6% - 0.8%. Other examples are phenyl

napthylamine (trade name Additin RC 7130), and stearinated
diphenylamine (Additin RC 7135 from RheinChemie Corporation).

-Q -
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These 1nhibitors can be used together in combination with one
another or separately.

Metal passivators, as used here, are compounds that coat
metal surfaces to prevent ion migration into the oil. These
compounds often contain mercaptans, or sulfur-containing chemicals.
RheinChemie’s Additin RC 8210, which is mercaptothiadiazole, when

added to oil at 0.05% by weight, provides excellent protection

against o0il dissolution. Benzotriazole and tolyltriazole,
avallable from Bayer Chemical as Preventol C18 and C17, respective-
ly, may also be used. Other possible antioxidants are propyl

gallate and TBHQ - tertiary butyl hydroquinone.

- Oxidation inhibitors developed for use with petroleum
fluids do not give the same results when used with vegetable seed
oils. The most common antioxidant compounds used with petroleum,
DBP (di-tert butyl phenol) and DBPC (di-tert butyl para-cresol) do
not produce the same level of oxidation inhibition activity when
used with vegetable seed oils at the same concentration as they are
used in petroleum.

A unique combination of antioxidants and metal passiva-
tors that adds the necessary oxidation inhibition effect to enable

the use of vegetable 01l blends as commercially wviable dielectric
olls 1s comprised of the following:

0.4% by weight dimeric hindered phenol antioxidant (trade name
RheinChemie RC7115)

0.01% by weight benzotriazole, a metal scavenger that removes
copper i1ons from the o0il solution

0.005% by weight of RheinChemie RC4801, a mixture of amine-type
antioxidants

‘ The percentages by weight are based on the weight of the
vegetable oil blend.

Dissolved metal ions in the oil, particularly copper and
iron, can act as catalysts in the oil oxidation reaction. Although
they are not directly used up in the reaction, the metals provide
a pathway for the oxidation reaction to proceed. By incorporating
a chelating agent to "tie up" the metals in solution it is possible
to remove this pathway and significantly slow the kinetics of the
oxldation reaction. When chelating agents are used along with

sacrificial inhibitors described above they act in an interactive

-10-



10

15

20

25

30

35

CA 02204273 1997-05-01

manner, each multiplying the effectiveness of the other. The
preferred chelating agent is benzotriazole (BTA) at 20 - 100 ppm
concentrations.

This additive combination has proven itself to be highly
effective at inhibiting both the onset of oxidation (called the
"oxidation induction time", or "OIT") as well as retarding the acid
formation and molecular polymerization that occurs when oxidation
has begun. OIT 1is measured with a test called ASTM D2112, the
Rotating Bomb Oxidation Test, in which an oil sample is subjected
to high heat, copper ions (which catalyze the oxidation process)
and high pressure oxygen. The o0il pressure in the test cell is
measured over time to determine when the oil begins to react with
the oxygen, indicating the onset of the oxidation reaction. The

processed vegetable seed o011 blend of the present invention has

been found to resist the initiation of the oxidation reaction for
more than 400 minutes. The standard wvalue in this test for
conventional transformer oil is 195 minutes.

The formation of acids and sludge during the ageing
process 1s measured by ASTM Test Method D2440, in which oxygen is
bubbled at a standard rate through a test tube of o0il, held at
110°C. A pilece of copper wire is immersed in the test sample, to
provide copper ions, which will speed the oxidation reaction. The
test 01l is subjected to these conditions for 72 hours and also for
164 hours. Samples are removed at the end of these periods and
tested for acidity and sludge content. For oxidation inhibited

conventional transformer oil in this test, the results should fall
within the following limits:

Acid Value, mg KOH/g Sludge, wt%:
72 hours 0.3 0.1
164 hours 0.4 0.2

The above described vegetable o0il blend, having been
treated 1n the manner described above and fortified with the

disclosed additives, exhibits the following results in accelerated
oxidation tests:

-11-
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ASTM D2440: Acid Value, mg KOH/g Sludge, wt%:
72 hours 0.06 0.03
164 hours 0.15 0.05

An added feature of the vegetable seed oil based blend of
the present invention is that it 1is resistant to ignition by

electric arc or flame. The U.S. National Electric Code recognizes

the benefit of fire resistance by creating a classification of
insulating oils called "less-flammable". This classification re-
guires that an insulating o1l have a fire point, as measured by
ASTM D92, of greater than 300°C. As noted above, the vegetable
seed o0ll blends of the present invention have fire points in excess
of 300°C. As a comparison, conventional transformer oil has an
ASTM D92 firepoint of about 150°C. The use has of less flammable
fluids been recognized as a reduction in the risk of fire and
explosion since the late 1970s.

While the present invention has been described above in
connection with applications such as transformer and switchgear, it
will be appreciated that the invention is not so limited and that
the invention will find use 1n other applications, such as
capacitors or voltage regulators, or more gJgenerally as a heat
transfer f£luid.

The actual insulating medium of a transformer and a
capacitor is made of porous paper that 1s saturated with the
insulating oil. The transformer windings are insulated from one
another by kraft paper or a newer material called "Nomex" which 1is
manufactured by DuPont. The oil saturates the paper (or Nomex) and
it is the oil-paper combination that actually acts as an electrical
insulator between the energized windings of the transformer.

It 1s recognized that other equivalents, alternatives,
and modifications aside from those expressly stated, are possible
and within the scope of the appended claims.

-12 -
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CLAIMS

1. A method for manufacturing a vegetable seed oil based electrical insulating
fluid comprising the steps of:

providing a vegetable seed o1l or blend of vegetable seed oils containing oleic acid and
consisting essentially of a vegetable seed oil or blend of vegetable seed oils having an iodine
number of less than or equal to 86;

heating the vegetable seed oil or blend of vegetable seed oils to a temperature of
between about 80°C to about 100°C;

purifying the heated vegetable seed o1l or blend of vegetable seed oils to remove
substantially all polar contaminants, free fatty acids, and particulate materials therefrom to
produce a purified vegetable seed oi1l, wherein the step of purifying the oil comprises
mixing the oil with a blend of activated clay and activated alumina, and thereafter
separating the oil from the blend of clay and alumina by passing the oil through a filter;

degassifying the purified vegetable seed o1l or blend of vegetable seed oils to remove
moisture and gases therefrom, said degassifying step reducing the moisture content of said
oil to less than or equal to 200 ppm; and

stabilizing the vegetable seed o1l or blend of vegetable seed oils to 1nhibit oxidation

thereof, wherein the step of stabilizing includes mixing an oxidation inhibitor with said oil.

2.  The method according to claim 1 wherein the vegetable seed oil is selected from
the group consisting of sunflower seed oil, rapeseed oil, meadowform seed oil, and jojoba

oil.

3. The method according to claim 1 wherein the vegetable seed oil is highly
unsaturated oil selected from the group consisting of corn oil, olive o1l, peanut o1l, sesame
oil, coconut oil, and soybean oil, and further including the step of increasing the degree of

saturation of said highly unsaturated oil to enhance stability and resistance to oxidation.

4.  The method according to claim 3 wherein the step of increasing the degree of

saturation comprises hydrogenating said highly unsaturated oil.

-13-
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5. The method according to any one of claims 1 to 4 wherein the 10dine number

1s less than or equal to 82.

6. The method according to any one of claims 1 to 5 wherein the blend of
activated clay and activated alumina comprises about 10-90% activated clay and about 10-

90% activated alumina.

7.  The method according to any one of claims 1 to 6 further including the step of

adding a metal passivator to said oil.

8.  The method according to any one of claims 1 to 7 further including the step of

adding a chelating agent to said oil.

9.  Electrical equipment comprising an oil sealed tank, insulating oil filling the tank
comprised of a vegetable seed oil or blend of vegetable seed oils manufactured in

accordance with the method of any one of claims 1 to 8 and electrical components ot said

electrical equipment exposed to the insulating oil.

10. A method for insulating electric equipment comprising the step of immersing
components of the electrical equipment in an insulating o1l comprised of a vegetable seed

oil or blend of vegetable seed oils manufactured 1n accordance with the method of any one

of claims 1 to 8.

11. A solid-liquid insulation system comprising porous insulating materials
saturated with a vegetable seed oil insulating fluid comprised of a vegetable seed o1l or

blend of vegetable seed oils manufactured 1n accordance with the method of any one of

claims 1 to &.

-14-
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