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HIGH OLEIC ACID ELECTRICAL INSULATION FLUJDS AND METHOD OF MAKING THE SAME

FIELD OF THE INVENTION _ . _ o

h The 1nventlon relates to a hlgh olelc 011 :Lji
comp051tlon useful as an electrlcal 1nsulat10n fluld :.to
electrical insulation fluid composxtlons and electrlcal

"_'r <-:~ hlgh oleic oil

' comp081tlons of the 1nventlon have electrlcal propertles

which make them well sulted as 1nsulatlon fluids in |
electrlcal components _

BACKGROUND OF THE INVENTIQN - e S
_'_d The electr1cal 1ndustry uses. a varlety of
1nsulat1ng fluids whlch are ea51ly avallable and cost

.effectlve. Examples are mlneral oil, _s111cone fluld and

synthetlc hydrocarbon 01ls used in transformers _power
cables and capac1tors. Examples of such flulds 1nc1ude

'those described in U.s. Patent Number 4 082 866 1ssued Aprll

4, 1978 to Llnk u. S_ Patent Number 4 206 066 issued June 3,
1980 to Rlnehart U.s. Patent Number 4, 621 302 1ssued
November 4, 1986 to Sato et al U.Ss. ;Patent Number _
5,017,733 1ssued May 21, 1991 to Satodet al . U.Ss.. Patent
Number 5, 250 750 1ssued October S, 1993 to_Shubkln et al.
and U.S. Patent Number 5, 336,847 1ssued""'Au'gu'st 9, 1994 to

_Nakagaml, whlch are each 1ncorporated hereln by reference.

blodegradable in a reasonable tlme fra_ | Some have
electrlcal propertles which render themﬁless than optlmal
In ‘recent years regulatory agenc1es have become increasingly
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concerned about oil spills which can contaminate the ground
soil énd other areas. A biodegradable oil would be
desirable for electrical apparatus such as transformers used
in populated areas and shopping centers.

Vegetable oils are fully biodegradable, but the
oils presently available in the market are not electrical
grade. A few vegetable oils such as rapeseed oil and casﬁor
o0il have been used in limited quantities, mostly in
capacitors, but these are not oleic ééters.

There is a need for a fully biodegradable
electrical fluid. There is a need for electrical
apparatuses which comprise such an oil. There is a need for
a method of processing vegetable oil to electrical grade.

SUMMARY OF THE INVENTION

The present invehtion'relatéé to high oleic acid
triglyceride compositions that comprise fatty acid
components of at least 75% oleic acid, less than 10%
diunsaturated fatty acid component; less than 3%
triunsaturated fatty acid componght;_and_less than 8%
saturated fatty acid component;.and wherein said composition
is further characterized by the properties of a dielectric
strength of at least 35 KV/100 mil (2.5 mm) gap, a
dissipation factor of less than 0.05% at 250C, acidity of
less than 0.03 mg KOH/g, electrical cdnduétivity of less
than 1 pS/m at 250C, a'flash point of at least 2500C and a

pour point of at least -1S5oC.

The present invention relates to an electrical
insulation fluid comprising at least 75% of a high oleic
acid triglyceride composition that comprise fatty'acid
components of at least 75% oleic acid, less than 10%
diunsaturated fatty acid component ; leés_than 3%
triunsaturated fatty acid component; and less than 8%
saturated fatty acid componént; and'whéfeiﬁ said composition
ig further characterized'by the properties_of'a dielectric
strength of at least 35 KV/100 mil gap, a dissipation factor
of less than 0.05% at 250C, acidity of less than 0.03 mg
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‘KQH[g{felqu;icalﬁgqqductiVitY of.less: than 1 psS/m at:250cC,

L at least 2500C and. a”. our. point: of at least

Q"51$°¢hm?§¢wéﬁﬁzqr'm°re-ad@itiveasele¢t§d;frgm=;he:group of

an.antioxidant additive, @ pour: point depressant. additive
an@;a;QPPPQF deactivator.. S T ST LR
The present invention relates.to electrical -

,apparatuses comprising the electrical insulation fluiq.

_,:H,:f;;;;?hésPFeﬁenC inventiop,rela;esgtq_;heﬁpsg,ofgtﬁ
élééﬁfiééiliﬁsulationaflyié to provide insulation in ' .
éléqtriégi;éﬁpératuses; . LR i e e
- nhfi?he;preéent invention relates.to. a.process. for

_Preparing the.high oleic acid triglyceride composition

» qqmpf;siqg_the_sséps“of,comb;ningﬁrefinedqibleached and:
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d$°dari§e§f§igh;OleicfacidnEtéglyqaridgaWith clay to :form a

;,mixtg;e,ahdifilggring the mixture to remove the clay: - -

'DETATLED DESCRIPTION OF THE INVENTION

_This_p;gsen;:inveqtion provides a.novel . . ;.

,,éﬁélééatiqqdfqr,high oleic vegetable oils as.electrical:

Iinsq;a;iqn £fluids. Vegetable oils,usuallx;have;ayhighf-

pencgqt_qﬁ,trig%y¢gridgjgsters-nysatQKHCEd and unsaturated

Organic acids. ¢Whenttheqapid-is*saturated,.the triglyceride

is either a semi-solid or @ -liquid-with . .high freezing .point.
Un§§§#rated:acids}p;oducezoils with low-freezing points.
Howeﬁér,:moppgnsapprated §?¥d§:3r§upreferred;over»3a~u;~
diunséﬁuratgd_qu”tgiquaturated acids:because;the,lat;er

.. tend to dry fast in aitgduﬁ-§9~¢¥9$S-linking:with:oxygen.
_:ngrgﬁgingﬁgbenamoqnt oﬁ:diugsapuratesﬁandptriunsaturates

makes the oil more vulnerablg,to.qxidatiqn;qincreasing the
satq;;pgs.:a;sgghthe.pour4poigp, Ideally, -the higher the
mohbséturate content, the better ;he_oilqas-an~electrica1
fluid. _ : SRS

Oleic acid-is:a;mngunsaturated-acid found as
triglyceride ester in many natural oils. such asg sunflower,
olive o0il and safflower in relatively_high Proportions
{above GO%Lﬁﬁ_Higp:oleicfagid content is usually above 75%
°f Lhe tOtal ac:deontent .. Oleic acid content -above 80% is
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achieved by genetic manipulation and breeding. Two oils
that are currently available in the United States with high
oleic acid content and low saturates are sunflower oil and

canola oil. These oils are of value in producing high

quality lubricating oils but have not’been used in the
production of electrical insulation fluids.

High oleié oils may be derived from plant seeds
such as sunflower and canola which have been genetically
modified to yield high oleic content. The puré'oils are
triglycerides of certain fatty acids with a carbon chain
ranging from 16 to 22 carbon atoms. 'If the carbon chain has
no double bonds, it is a saturated oil, and is designated
Cn:0 where n is the number of carbon_atoms.' Chains with one
double bond are monounsaturated and are designated Cn:1;
with two double bonds, it will be Cn:2 and with three double
bonds Cn:3. Oleic acid is a C18:1 acid while erucic acid is
a C22:1 acid. The'acids are in the combined state as
triglycerides, and when the oils are hydrolyzed they are
gseparated into the acid and glycerol components. High oleic
oils contain more than 75% oleic acid (in combined state
with glycerol), the remaining being composed mainly of
C18:0, C18:2 and C18:3 acids (also in combined state with
glycerol). These acids are known as stearic, linoleic and
linolenic. Qils-with a high percentage of double and triple
unsaturated molecules are unsuitable'for electrical
application because they react with air and produce
oxidation products. Monounsaturated oils such as oleic acid
esters may also react with air, but much slower, and can be
stabilized with oxidation inhibitors. '

A typical 85% high oleic oil has the following
approximate composition: - '

Saturates: 3-5%
monounsaturates: 84-85%
diunsaturates: 3-7%
‘triunsaturates: 1-3%

While the present invention provides for the use

of vegetable oilé, the invention may use synthetic oil
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. having the sa@ghgqmpositional-charactﬁgistiCSiof-thbseﬁéils
- isolated  -from plants. . -While plant deérived material-ig-:

Su%taP}Q+ﬁOrkalm98t{all.applicatiéns,vsyntheticﬁmatérial may
provide.a desirable alternative in ‘some:rapplicationgi *
. .- According to the present - invention; ‘high ‘6leic

. acid..content oils are used:as starting materials “£or the

.'.Erqqgg;iqngofﬁaneoilacomposition which:has physical .. -

10

15..

properties useful er~electrical:insulatiOniquidswﬁ-Thé

. ppesegtginvention-providesfthe:procesSed compositions having
-specific structural and physical. icharacteristics dng’

properties, methods of making such composition, ‘electrical

_iinsu;g;ion.fluids~whichfcomprise the ‘composition, ‘electrical

apparatuses which Compriserthe%electrical”insulatioﬁ?fTﬁids

.. and methods. of insulating electrical apparatuses ‘using such
fluids. & .. R L S AP -

.« ¢ The pregentninventibn“provides~éuHigh'oleié"abid

-ua,triglkceride~composition'uséful'as an electrical insulation

20.

25

30

35

.of greater than-.90% oleic-acid: -

fluid and more particularly as a component material of an
electriqalzinaulation~fluidgﬂ'A"triglycerfdehbbmposition is

,agglycgroLrbackbpnet1inked¢taethﬁeetfatty-acid-moleéulés.

mhe_triglyceride;compasitiens ©of the iinvention comprise
fatty acid- components of -at least ‘75%.cleic-acid. “The
remaining fatty acid components include’ less than 10%°
diunsaturated: fatty acid component, less than 3%

-triunsaturated fatty acid component ;' and less than-8%" -°

saturated fatty-acid:componént.
The-triglyceridé:ccmpositions:of the invention
preferably :comprise fatty acid:components:of at least 80%

.oleic acidjh,The.triglyceride'compositionSéoffthé'invention

mqre,preferablthOmprisesfattyfacidicomponEntsﬂéfﬁat least

.85% oleic acid. . In -some embodiments;-theltriglyéeride7

compositions of the invention comprise fatty deid components

-of 20%:oleic»acidggyIn:some*embodimEnts,*the'tfiglyceride

compositions:-of -the invention comprise fatﬁy“acid:components

Di-unsaturated, - triunsaturated and’ satiurated” fatty

;acid.components present -in the:triglyceride are bréférabiy
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Cl16-C22. It is preferred that 80% or more of the remaining
fatty acid components are C18 diunsaturated, triunsaturated
and saturated fatty acids, i.e. linoleic; linolenic and
stearic acids, respectively. In some embodiments, the
diunsaturated, triumnsaturated and saturateéd fatty acid
components of the triglyceride comprise at least 75% oleic
acid, less than 3% linoleic acid, less than 4% stearic acid
and less than 4% palmitic acid (saturated Ci16).

The triglyceride compositions of the invention are
of an electric grade. That is, they have specific physical
properties which make them particularly suited for use as an
electrical insulation fluid. The dielectric strength of .a
triglyceride composition of the invention is at least 35
KV/100 mil (2.5 mm) gap, the dissipation factor is less than
0.05% at 250C, the acidity is less than 0.03 mg KOH/g, the
electrical conductivity is less than 1 pS/m .at 25¢C, the
flash point is at least 2500C and the pour point is at least
-150C. . . ' '

The dielectric strength, dissipation factor,
acidity, electrical conductivity, flash point and pour point
are 'each measured using the published -standards set forth in
the Annual Book of ASTM Standards (in Volumes 5 and 10)
published by the American Society for Testing Materials
(ASTM), 100 Barr Harbor Drive West Conshchocken PA 19428,
which is incorporated herein by reference. The dielectric
strength is determined using ASTM test method D 877. The
digsipation factor is determined using ASTM test method D
924. The acidity is determined using ASTM test method D
974. The electrical conductivity is determined using ASTM
test method D 2624. The flash point is determined using
ASTM test method D 22. The pour point is determined using
ASTM test method D 97. ' '

The dielectric strength is wmeasured by taking 100-
150 ml oil sample in a test cell and applying a voltage
between test electrodes separated by a specified gap. ' The
breakdown voltage is. noted. The test is preferably run five
times and the average value is calculated. The dielectric
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,Wstrength of a: trlglycerlde comp081tlon&of the invention is

at least 35.KV/100 mil (2.5 mm) gap.:’ In some: preferred

ﬁembodlments, it is 40 KV/100 mil (2.5 mm) gap..

The dissipation factor is a. measure of  the

electr1ca1 doss due to conducting :species-and is- tested: by
”measurlng -the capacitance of fluids in.a test cell. u31ng a

capacitance bridge. .The digsipation.factor of .a.
triglyceride composition of the invention . is. less than-0.05%

'at 25C. In some preferred embodiments, it is less than
0.02%. .In some preferred embodiments, it is less than
0.01%. '

The . ac1d1ty is measured by tltratlng a known .

_volume of oil with a solution of alcoholic KOH to

neutralization point. - The weight of the oil in grams per mg
KOH is referred to interchangeably as the . .acidity number or .

. the peutralr;at;on number. The acidity of a.triglyceride

composition of the invention is less than 0.03 ‘mg KOH/g:.

. In. some preferred. embodiments, it is less-tham 0. 02 mg -

20

25 .

30

35

KOH/g .- _ .
- The .electrical . -conductivity is. measured. using a

.,conduct1v1ty meter such as an Emcee meter. The electrical

conductivity of a triglyceride composition :of -the invention
is. less than 1 pS/m at 250C. In some preferred embodiments,
it is less than 0.25 pS/m. ’ E

-The flash point is determined by placing an oil
sample in a flashpoint tester and determining the
temperature at which. it ignites. . The ‘flash point of a ..

,t?iglyceridgrcomppsitiqn of--the invention is at least2500C.

In some preferred embodiments, it is .at least 300ocC.

- The .pour point is determined by ‘cooling an oil
sample with- dry ice/acetone and determlnlng the temperature .
at which the liquid becomes a semi- solid.: The' pour point of
a triglyceride composition.of the invention. is not greater
than -150C. In some. preferred embodiments, it is not
greater than--20°C. In some. preferred embodiments, it is

-not. greater than -40oC.
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In some preferred embodiments, the triglyceride
composition of the invention is characterized by the
properties of a dielectric strength of at least 40 KV/100
mil (2.5 mm) gap, a dissipation factor of less than 0.02% at
250C, acidity of less than 0.02 mg KOH/g, electrical
conductivity of less than .25 pS/m at 250C, a flash point of
at least 3000oC and a pour point of not greater than -200(C.
In some preferred embodiments, the pour point is not greater
than -400C. '

In some preferred embodiments, the'triglyderide
composition of the invention comprises fatty acid components
of at least 75% oleic acid, linoleic acid at a proportion of
less than 10%, linoleic acid at a proportion of less than
3%, stearic acid in a proportion of less than 4%, and
palmitic acid in a proportion of less than 4%, and is
characterized by the properties of a dielectric strength of
at least 40 KV/100 mil (2.5 mm) gap, a dissipation factor of
less than 0.02% at 250C, acidity of less than 0.02 mg KOH/g,
electrical conductivity of less than .25 pS/m at 250C, a
flash point of at least 3000C and a pour point of not
greater than -200C. In some preferred embodiments, the pour
point is not greater than -400C.

Triglycerides with high oleic acid oil content are
described in U.S. Patent Number 4,627,192 issued December 4,
1986 to Fick and U.S. Patent Number 4,743,402 issued May 10,
1988 to Fick, which are incorporated herein by reference.
These oils or those with similar fatty acid component
content according to the present invention may be processed
to yield an oil with the desired physical properties. High
oleic vegetable oils may be obtained from commercial '
suppliers as RBD oils (refined, bleached and deodorized)
which are further processed according to the present
invention to yield high oleic oils useful in electrical
insulation fluid compositions. There are several suppliers
of high oleic RBD oils in the USA and overseas. RBD oil
useful as a starting material for further processing may be
obtained from SVO Specialty Products, Eastlake OH, and
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Cargill Corp.. + Minneapolis MN. . The. oil:manufacturer goes

_athrough an, ela'orate process, to. obtain RBD 0il- ‘during: which
Mall nono;ly components {gums, phospholipids, pigments etec. )

are removed Further .Steps-may involve winterization -
(chllllng) to remove saturates,. and stabilization using
nontoxic additives. The processes for: converting:oil to RBD
a: ‘s Industrial 0Oil and Fat .. -

Sons. and in. Bleac and-: Purif Fats and Oils-by H.B:W.

Patterson, AOCC Press, 1992, which are incorporated. herein -

by reference. R
RBD o0ils are further ‘Processed: according to the

present invention in order to yield an oil with the physical

properties as. defined herein. The purification of .the as
received oil designated RBD oil is necessary.because trace
polar compounds.and acidic materials .still remain in the

©0il, making it unfit as an electrical fluid.: The:

purification process of the present invention uses clay:

iw;reatment:whiph,involves-essentially-a-bleaching‘procesS'

using neutral clay. . RBD oil is combined with '10% by weight

.. clay and mixed for .at least aboOut 20 minutes. -Itdg s o

preferred if. the oil is heated to about 60-800C. It 4ig:
preferred if the mixture is.-agitated. -The .clay particles

-are. removed subsequently by a filter press. Vacuum -

cqq@itione_or-a,neutral;atmosphere (by nitrogen) during this '

“Qrgcessfpreventwoxidatiqng_;Slightly;stabilized oil is .+

preferable. .. More etabilizer.israddediatnthetendnof the:: .’
process. Thexpurityiis.monitored'byieiectrical'
conductivity, .acidity and . dissipation factor- measurement .”
Further treatment. by deodorization techniques is :possible’
but not. essential. . The. polarcompounds that’ interfere most
with electrlcalggropertiesxare-organometallichdmpOundeSuch
as. metallic. spaps, chlorophyll pigments: and -so-on. The

~level of purifipaticn,nQQdEdﬁiﬁfdetermined:by;the*measured

pProperties and the limits;used.:wAn.alternativewembodiment
provides passing RBD oil through: a clay column:. . However;
stirring with. clay ‘removes trace polar impurities better:-
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than passing through a clay column. In preferred
embodiments, neutral Attapulgite clay, typically 30/60 mesh
size, is used in.a ratio of 1-10% clay by weight. In some
embodiments, clay particles are removed using filters,
preferably paper filters with a pore size of 1-5 um. The
clay is preferably mixed with hot oil and agitated for
several minutes, after which the clay is_filtered off .using
filters. Paper or synthetic filter sheets may be used if a

filter separator is used. The filter sheets are

periodically replaced.

Electrical insulation fluids of the invention
comprise the triglyceride composition of the invention and
may further comprise one or more additives. Additives

- include oxidation inhibitors, copper deactivators and pour

point depressors.

Oxidation inhibitors may be added to the oils.
Oxidation stability is desirable but in sealed units where
there is no oxygen, it should not be critical. Commonly
used oxidation inhibitors include butylated hydroxy toluene
(BHT) ; butylated hydroxy anisole (BHA) and mono-tertiary
butyl hydro quinone (TBHQ). In -some embodiments, oxidation
inhibitors are used in combinations such as BHA and BHT.
Oxidation inhibitors may be present at levels of 0.1-3.0%.
In some preferred embodiments, 0.2% TBHQ is used. Oxidation
stability of the oil is determined by AOM or OSI methods |
well known to those skilled in the art. In the AOM method,
the o0il is oxidized by air at 1000¢C énd'the'formation of
peroxide is monitored. The time to reach 100
milliequivalents (meq) or any other limit is determined.

The higher the value, the more stable the oil is. 1In the
0SI method, the time to reach an induction period is
determined by the measurement of conductivity.

Pour points depressants may also be added if low
pour points are needed. Commercially available products can
be used which are compatible with vegetable-based oils.

Only low percentages, such as 2% or below, are needed
normally to bring down the pour point-by 10 to 150C. 1In
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. Some.. embodlments, the pour point depressant is

polymethacrylate (PMA) . : S
Since copper is always present in the: electrical

-.env1ronment ~another type of additive is/copper.:.. - -

.-deactivators. Copper -deactivators such ds.benzotriazole

d_defiveti?ee,ere_commercially available.:. - The use ‘of these in
,s@allﬁ’suqh:gs”belowZlﬁr-may;be beneficial in reducing the

catalytic activity of copper in-electrical apparatus. In

Some embodiments, the electrical insulation £luid contains

less than 1% of .a copper deactivator. — In some embodiments,;
the copper deactivator .is.a benzotriazole derivative.
-In some .embodiments, the pour. point ‘may be further

reduced by . winterizing processed oil. Essentially, the oils

are winterized by lowering the-.temperature to near or below

- 0°C and .removing, solidified components. The winterization
- process may be performed as a series of temperature
.. reductions followed by removal of solids at the various

temperature.. . In some embodiments, winterization is
performed by reducing the~temperature~serially'to- 50, 0o

_and-;;?pc,fer@SQVexal-houxsf-and:filtering-the-sclids with -

diatomaceous earth. : ST
.. In.some embodiments, . the electrical. insulation

. £luid of the invention.that comprises.at least 75 percent

triglyceride composition;of the. invention as described above
further comprises about 0.1-5% additives and then up to:
about 25% other:insulating: fluids such as mineral oil,
eynthetic esters,- and synthetic hydrocarbons. ~In - some
embodiments, the electrical insultion fluid- comprises: 1-24%
of 1nsu1at1ng fluids selected from.the group consisiting of
mineral oil, synthetic esters, synthetic hydrocarbons and
combinantion of two or more: of such materials. In séme :
embodiments, the electrical; insultion fluid comprises 5-15%
of insulating fluids selected from the group consisiting of
mineral oil, synthet;q.esters,msynthetlc hydrocarbons and
combinantion of two or more of such materials. Examples of
mineral oils include poly alpha olefins. An example of a
mineral oil which may be used as part of the present
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invention is RTEemp, Cooper Power Fluid Systems. Examples
of synthetic esters include polyol esters. Commercially
available synthetic esters which can be used as part of the
invention include those sold under the trade names MYDEL,
REODEC and ENVIROTEMP 200, Cooper Power Fluid Systems. 1In
some preferred embodiments, the electrical insulation fluid
comprises at least 85% of the triglyceride composition of
the invention. In some preferred embodiments, the
electrical insulation fluid comprises at least 95% of the
triglyceride composition of the invention.

The present invention relates to an electrical
apparatus which comprises the electrical insulation fluid of
the invention. The electrical apparatus may be an
electrical transformer, an electrical capacitor or an
electrical power cable. U.S. Patent Number 4,082,866, U.S.
Patent Number 4,206,066, U.S. Patent Number 4,621,302, U.S.
Patent Number 5,017,733, U.S. Patent Number 5,250,750, and
U.S. Patent Number 5,336,847, which are referred to above
and incorporated herein by reference describe various
applications of electrical insulation fluids for which the
electrical insulation fluid of the invention may be used. In
addition, U.S. Patent Number 4,993,141 issued February 19,
1991 to Grimes et al., U.S. Patent Number 4,890,086 issued
December 26, 1989 to Hill, U.S. Patent Number 5,025,949
issued June 25, 1991 to Adkins et al., U.S. Patent Number
4,972,168 issued November 20, 1990 to Grimes et al., U.S.
Patent Number 4,126,844, and U.S. Patent Number 4,307,364
issued December 22, 1981 to Lanoue et -al., which are each
hereby incorporated herein by reference contain descriptions
of various electrical apparatuses in which the electrical
insulation fluid of the invention may be used. In some
preferred embodiments, the eletrical apparatus fo the
invention is a transformer, in particular,a power
transformer or a distribution transformer.
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EXAMPLES

“ Several high-oleic .cils were" further purified and
stablllzed according to the present invention to make them
electrically suitable. .Electrical tests showed that such
purified.oils had propertieés: similar'to clurrently’ used”high
temperature fluids in:distribution transformers. Table 1

. .- compares. the properties:of .the purified’ olls of the present

10

20

30

. invention ‘with- currently used flulds

'hiéiébtric't': 42. 4 _Jf;ff24o a5 -.:: 50

- Table %

Comparlson of Purlfled Vegetable 0ils ‘with -High' Temperature
Fluids Used in :Transformers: . P e e _

‘High Olelc ' H],gh Temp ”SYIIthetlc
Veg. 0il  © Mlneral Olla""'Ester Fluldb“

Strength
KV/100 mil gap T T EE
Dissipation 0.02 o lo.oa ‘ {o0.2
Factor,“%:et )
Ne?tF-.N9~ mg. J0.05 ... . }-: o .n oo 10,03
KOH/g . : .
Electrical .. 0.2571u6 1 (0. L o 10)*® 1 L (5.0)y* =
Conductivity R SR R B B
pS/m, .250C

~| Flash ‘Point * ~ |3280Cc - ' )275-3000C"" | 2570C -

25 | Pour Point © |=-28eC *F [

-240C ETETES _48°an
¥ RTEemp, Cooper Power Fluid: Systems

-2 Polyol Esters =

*- deduced from resistivity'”““i*

- The properties listed: for the hlgh olelc 0il are forv
purified oils with no addltlves S

SUBSTITUTE SHEET (RULE 26)
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Example 2

The purification of the as received oil designated
RBD 0il (refined, bleached and deodorized) is necessary
because trace polar compounds and acidic materials still
remain in the oil, making it unfit as an electrical fluid.
The purification we attempted involved clay treatment as
follows: approximately 1 gal. -of the RBD o0il was treated

with 10% Attapulgite clay. Oil was produced with electrical

conductivity .of less than .1. pS/m. The attapulgite treated
0il showed conductivities as low as 0.25 pS/m. Commercial
grade oils had conductivities in the range of 1.5 to 125
pS/m. Conductivity below 1 pS/m (or resistivity above 10
ohm.cm) is desired for electrical grade oil. Other
indicators of purity are dissipation factor and:
neutralization number (acid number). . Dissipation factor is
a measure of electrical losses due to_cqhduction caused by
conducting species, usually organometallic trace components,
and should be below 0.05% ét room temperature. The clay
treated oils had dissipation factor of 0.02%. Untreated RBD
oils had DF ranging from 0.06% to 2.0%.
Example 3 - L |
_ Oxidation stability tests were conducted on
treated and untreated oil samples using ASTM and AOCS
methods. The untreated and treated RBD oils failed the
tests. Oxidation inhibitors were added to the oils and the
tests were repeated. Severai oxidation ‘inhibitors were
tested: BHT (Butylated Hydroxy Toluene, BHA (Butylated
Hydroxy Anisole) -and TBHQ (mono-Tertiary Butyl Hydro.
Quinone) in 0.2% by weight in oil. 'In the AOCS method used
(Cd 12.57) 100 ml samples are bubbled with air at 100C, and
the peroxide formation was measured at several time
intervals. Hours to reach 100 meqg of peroxide were noted.
Since copper is always present in the electrical

environment, all oil samples had copper wire placed in them.
With no additive, the time to reach the limit was 18 hours;
with additive (0.2%), the times were 100 hours for BHT +
BHA. With TBHQ, even after 400 hours, the peroxide value
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reached only 8.4 meq. TBHQ proved to be the best ... . . -
antioxidant of’'the three. Without ah ‘oxidation inhibitor
the orls upon. oxldatlon would. produce: hydroperoxide which is
then converted to ac1ds,:alcohols, esters, :aldehydes,.
ketones and polymer. structures., Most. electrical apparatus
that use a fluid insulation operate.in.low oxygen or oxygen-
free env1ronment so the concern over oxidation .is not:

great.

'Example 4.

.-The - pour p01nt of the treated 011 was typlcally -

“iébéd To lower the pour point further, the treated oils

were w1nterlzed at 50,, .00 and -12o0C .for . -several hours, and
the solids that- separated were filtered with. diatomaceous

_Hearth The lowest. pour point reached so.far was -380(C,

close to the specified value of -40cC for transformer .oil.
Further lowerlng 1s p0551ble by extended winterization.
Another approach is by the use of pour point depressants
such as'Rga_xpolymethagrylate) which has. . been used for

 mineral oil. .
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1. A high oleic acid*triglycéride composition
comprising fatty acid components of

Claims

- at least 75% oleic acid

less than 10% diuns&turated'fatty acid
component C16-C22; A

less than 3% triunsaturated fatty acid C16-
C22 component; and
less than 8% saturated fatty acid component
C16-C22; and - |
wherein said composition is further characterized by the
properties of: '
a dielectric strength of at least 35 KV/100

mil gap
a dissipation factor of less than 0.05% at
250C ' :
acidity of less than 0.03 mg KOH/g
electrical conductivity of less than 1 pS/m
at 250C
a flash point of at least 2500C and
a pour point of at least -150C.
2. The high oleic acid triglyceride composition of

claim 1 comprising fatty acid components of
at least 75% oleic acid
less than 10% linoleic acid
less than 3% linolenic acid
less than 4% stearic acid, and
less than 4% palmitic acid.

3. The high oleic acid triglyceride composition of
claim 2 wherein said composition is further characterized by
the properties of:

a dielectric strength of at least 40 KV/100
mil gap,
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-a:.dissipation factor .of less than 0.02% at

 acidity of less than 0.02:mg KOH/g, . *°

..electrical conductivity of less than .25 pS/m

at 250(C,

.~ a .flash point .of at least 3000C, and
. .a pour point of at least -200C. - .

4.h; Theﬁhigh oleic

aqid«tniglyberide composition of

claim 3 wherein said composition is further characterized by

~a pour .point of .at. least

5. The high oleic
claim 1 comprising fatty

-400C.

acid triglyceride composition of

acid components of .

. ;at least. 75% oleic acid ' «

less than

. less than
4;less,than

.less than

wherein said composition

.«properties of:. = . = ¢

10% linoleic acid

3% linolenic acid.
4%. stearic acid;, and

4% palmitic acid
is further characterized by the

-a-dielectric strength of at least:40 KV/100

mil gap,

250C,

at. 250¢C,

.a.dissipation:factor of:less than 0.02% at

.acidity of less than 0.02 mg KOH/g,
‘glectrical conductivityof less  than .25 pS/m

:a flash point’ of-at'least :3000C, and
-a pour point of at least -200C.::- .~

6. . .The high oleic.

acid triglyceride: composition of

claim 5 wherein.said: composition:is:further characterized by-

a pour point of:at least

-400C.
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7. An electrical insulation fluid comprising:
at least 75% of the high oleic acid
triglyceride composition of claim 1 '
0.1-3% antioxidant additive.

8. The electrical insulation fluid of claim 7 wherein
said antioxidant additive is selected from the group |
consisting of butylated hydroxy toluene, butylated hydroxy
anisole and mono-tertiary butyl hydro quinone.

9. The electrical insulation fluid of claim 7 wherein
said antioxidant additive is mono-tetra hydro quinone.

10. The electrical insulation fluid of claim 9
comprising up to 2% mono-tetra hydro quinone.

i1. The electrical insulation fluid of claim 7
comprising at least 94% of the high oleic acid triglyceride

-composition.

12, The electrical insulation fluid of claim 7 further
comprising a pour point depressant additive.

13. The electrical insulation fluid of claim 12
wherein said pour point depressant is polymethacrylate.

14. The electrical insulation fluid of claim 7 further
comprising a copper deactivator additive, said electrical
insulation fluid comprising less than 1% of said copper
deactivator.

15. The electrical insulation fluid of claim 7 wherein

said copper deactivator is a benzotriazole derivative.
16. The electrical insulation fluid of claim 7 further

comprising up to 25% of mineral oil, synthetic esters,
synthetic hydrocarbons and combinantions thereof.
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17. .An electrical apparatus comprising the electrical

“”1nsulatlon fl

of clalm i 2

18. The electrical apparatus of: clalm 17 wherein sald

Apparatus-is an electrical transformer, ‘an 'electrical | .

kcapac1tor or an electrlcal power cable.

g T SR process for preparlng the hlgh olelc ac1d
triglyceride composition. of .claim 1. comprlslng the steps of-
leached and deodorlzed

) - ~-mixing. 10 parts- reflned
o hlgh oleic acid. trlglycerlde w1th~1 part or less by welght
%wrom“neutral clay to form a’ mix€ure™ " ER A _
- malntalnlng said. mlxture for at least about 20,&?

lminutes, and
s filtering said mixture to remove said ClaY~

..Hiéi:Zb;.;E. x The process of clalm 19 whereln sald clay is 30/60
mesh size clay. -
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