WD 98/ 31021 PCT/ US98/ 00242

H GH OLEI C ACI D ELECTRI CAL | NSULATI ON FLU DS AND DEVI CES CONTAI NI NG THE
FLU DS  wo0 98/8382SS REFERENCE TO RELATED APPLI CATI ONS PCT/US98/00243; - s
application is a continuation in part 5 application of Serial Nunber

08/ 665, 721 filed June 18, 1996, pendi ng, which is incorporated herein
by reference. FI ELD OF THE | NVENTI ON The i nvention
relates to a high oleic oil conposition useful as an electrical
insulation fluid, to 10 electrical insulation fluid conpositions and

el ectrical appar atuses which conprise the sanme. The high oleic oi
conpositions of the invention have el ectrical properties whi ch nake
themwel|l suited as insulation fluids in el ectrical conponents. 15
BACKGROUND OF THE | NVENTI ON The el ectrical industry uses a
vari ety of i nsul ating fluids which are easily avail able and cost
effective. Exanples are mneral oil, silicone fluid, and synt hetic
hydrocarbon oils used in transforners, power 20 cables and capacitors.
Exanpl es of such fluids include t hose described in U S. Patent Nunber
4,082,866 issued April 4, 1978 to Link, U S. Patent Nunber 4,206, 066

| ssued June 3, 1980 to Rinehart, U S. Patent Nunber 4,621, 302 issued
Novenber 4, 1986 to Sato et al., U S. Patent Nunber 25 5,017,733 issued My
21, 198IGH OLEXC ACGID EIECTRICALANSURLATION FLUIDS AND DEVICES CONTAINING THE FLUIDS

CROSS REFERENCE TO RELATED APPLICATIONS
This application is a continuation in part
5 application of Serial Number 08/665,721 filed June 18, 1996,
pending, which is incorporated herein by reference.

FIELD OF THE INVENTION
The invention relates to a high oleic oil

compogition useful as an electrical insulation fluid, to
10 electrical insulation f£luid compositions and electrical

apparatuses which comprise the same. The high oleic oil

compositions of the invention have electrical properties

which make them well suited as insulation fluids in

electrical components.

15 BACKGROUND OF THE INVENTION
) The electrical industry uses a variety of

insulqting_fluids which are easily available and cost- R
effective. Examples are mineral oil,_sﬁlicone fiuid) and
.sﬁnthetic‘hydrocarbon oils used in transformers, powér i?-.f

20 cables and capacitors. Examples of such fluids include
those described in U.S. Patent Number 4,082,866 issued April
4, 1978rto Link, U.S. Patent Number 4,206,066 issued June 3,
1980 to Rinehart, U.S. Patent Number 4,621,302 issued
November 4, 1986 to Sato et al., U.S. Patent Number

25 5,017,733 issued May 21; 1991 to Sato et al. U.S. Patent



- 2- Nunber 5, 250, 750 i ssued October 5, 1993 to Shubkin et al. and
U.S. Patent Nunber 5, 336,847 issued August 9, 1994 to hbkagan1 whi ch

are each wisogpoesiat ed herein by reference. l\/an)PCd‘TUSS’ﬂIGwZ
fluids are not considered to be 5 biodegradable in a reasonable tine frane.
Some have el ectrical properties whigh render themless than optinal.

In recent years regul atory agenci es have becone increasingly concer ned
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el ectrical appar a conpri se suc an oi here 1s~a need for
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conponery ; defsiscatﬁnail ﬁ% eledéttitant apphedciiat bychche canprfinetdduseds

t han 8% . satur atty acid.c n erein said conposition

S furtherjﬁhé}é§f 3 cﬁfgé?h%g% §%§§ ?%é oénge%@électric gPrength of
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Conprlse'hﬂqgf but these are not ic esters _

There is a need for a fully blodegradable
electrical £fluid. There is a need for electrical
apparatuses which comprise such an oil. There is a need for

20 a method of processing vegetable oil to electrical grade.

SUMMARY OF THE INVENTION

The present invention relates to high oleic acid
triglyceride compositions that comprise fatty acid
components of at least 75% oleic acid, less than 10%

25 diunsaturated fatty acid component; less than 3%
triunsaturated fatty acid component; 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 42 5 mm) gap, a

3b dlSSlpatlon factor of less than 0.05% at 250C, acidity of
less than 0.03 mg KOH/g, electrical conduct1v1ty of less
than 1 pS/m at 250C, a flash point of at least 2500C and a
pour point of at least -150¢C.

The present invention relates to an electrical

35 insulation fluid comprising at least 75% of a high oleic

acid triglyceride composition that comprise fatty acid

o -



conponents of at |east 75%oleic acid, |ess than 10% di unsaturated fatty
aci d conponent; less than 3% triunsaturated fatty acid conmponent: . and

| ess t hanVWs)88/31021at urated fatty acid conponent; and wherein ’HS98’°°242
conposition 5 is further characterized by the properties of a dielectric
strength of at least 35 KV/100 m | gap3 a dissipation factor of |ess
than 0.05% at 25[err]C, acidity of |less than 0.03 ny KOH g, electrical
conduct i vi tpmplorleasts tdfinatl pShatalvse50leic amifd,adlegmitiamfles | east

250[err] C nd a q‘%rao (%néagé aéckgaégmégne%?[erle](fanttar&g,al or nor e
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pour point depressant  ad i'n sonme enbodi nents_is

pol ynet Hacry fuxther CharaCterlFﬁdstfetb@e%ﬂ%te‘rﬁﬁ)d?%tél?%‘é“rlc
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insulation%?fU| .Qﬁi é?é??égefhétpgﬁgaQRHkl éﬁ?%vgié%%%p??ggkggé
conbi nat i orpxst 4FQ99E9@L §¢Ctlva§ﬁF|OX|dant, | RGANOX L-109 anti oxi dant and

| RGAMET- 30 netal - 30 ﬂeagé:inéa eeferkbd embodivddrth thad éhecepibhnation is
provi ded at, a ratio of

| RGANOX L-57 antj oxi dant .2-4.
B 6 RoARaR TP i Poat usAmBEs bebog, PousmRint | dganessant arditive,
deacti vil8 Ofwhich in some embodimentpr disepcddmetitrEldise. t he el ectrical 35

insulation fluid conpyj segwgt lLegst..- é% (?tdlqnef}{% @Lgi&fect%gggi

triglyceride corrp05|t|%n Bore preterre € €l ectrical

|nsulat|onjﬂsnlhmxmmrfkesdfgpmprlses a combination of antioxidant -4-
acid COMPOngE :gﬁe at 'fﬁsgo&é"g%%ex%@ S ptnd a8, 1088 elgeee&@aq
acid, less an 3%1inol enic aci | ess 4%  stearic acid, and | ess

than 4% palifgukatien. f1nidopemprigest & ORI ARIH AR RS %M%&Prﬁam
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conduct i vi tinsnfladtesent Bhaid2bopbiriseals 25 [capde deactlvator In some
preferred embodiments, the copper deactivator is IRGAMET-30
metal deactivator.

25 In some preferred embodiments that antioxidant
additives and copper deactivators make up about 0.2-2.0% of
electrical insulation fluid. It is preferred that the
additives comprise a combination of IRGANOX L-57

. . - antioxidant, IRGANOX.L-109 antioxidant and IRGAMET 30 mgtal
. 30 deactlvator It 1s preferred that the combination is
prov1ded at a ratlo of about 1 part 'IRGANOX L-57 ant10x1dant
. to 2-4. parts IRGANOX L-109 antioxidant to about 1 part
IRGAMET-30 metal deactivator.
In some preferred embodiments, the electrical
35 insulation fluid comprises at least 94% of the high oleic
acid triglyceride composition. In some preferred
embodiments, the electrical insulation fluid comprises fatty



flash point of at |least 300[err]C, and a pour point of at |east 10
-20[err]C, and in sone enbodi nents, at l|least -40[err]C In some

pr ef err ecdvewmetiznent s the el ectrical insulation fluid C OPPF/DEWBL00242
0.5-1.0% in sone enbodinents 0.5% of the conbi nati on of | RGANOX L-57
anti oxi dant, | RGANOX L-109 anti oxi dant and | RGAMET-30 netal deactivator.
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achi eved by genetic nmani pul ation and breedi ng. . Two Oil S, ,
apparatuses comprising the electrical insulation £luid.

The present invention relates to the use of
electrical insulation fluid to provide insulation in
electrical apparatuses.

25 The present invention relates to a process for
preparing the high oleic acid triglyceride composition
comprising the steps of combining refined, bleached and
deodorized high oleic acid triglyceride with clay to form a

. mixture and filtering the mixture to remove the clay. .

30 DETAILED DESCRIPTION OF THE INVENTIGN
_ This present invention provides a novel
application for high oleic vegetable oils as electrical
insulation fluids. Vegetable oils usually have a high
percent of triglyceride esters of saturated and unsaturated
35 organic acids. When the acid is saturated, the triglyceride

is either a semi-solid or a liquid with high freezing point.



that are currently available in the United States with high oleic acid
content and | ow saturates are sunflower oil and canola oil. These oils
are of vaM@9/HOP oduci ng hi gh quality lubricating oils HRET/HEWBROAE
been used in the 20 production of electrical insulation fluids.

High oleic oils may be derived from pl gnt seeds such as sunfl ower and
canol a whi ch have been genetically nodified to yield high oleic content.
The pure mUnsanuratedrégi&seprddacefodéstﬂutHeﬁd@lﬁxééblmgtboan@@tbon
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with gﬁﬁ{ These acids are known as stearic, linoleic and
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oleic acid .5 esters % al'so_react With_air sl ower,
st abi | | zed e Bd Handnsakhievesr 4n relatively hlghtBﬁﬁE@¥t8§m$hlgh

gl eic oil habdwe d0t) OWRYgh olappr a¥idRcenteMosid ially above 75%
at ur at es:

4- 8504
di unsat ur atS&s - £h tfa):ai' acid content. ?nou%ﬁtﬂt’”at 65311833/983\,3 80% is
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The = present inveniion Bf QYL dgs: LNga0" RLCaRsd LY Masld ' STSn2YLog,
such as sunflower and canola which have been genetically
modified to yield high oleic content. The pure oils are
triglycerides of certain fatty acids with a carbon chain

25 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 w1th three double

30 bonds Cn:3. Oleic acid is a Cl8:1 acid while erucic acid is
& C€22:1 acid. The acids are'in the combined state as
triglycerides, and when the oils are hydrolfzed they are
separated into the acid and glycerol components. High oleic
oils contain more than 75% oleic acid (in combined state

35 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



specific structural and physical characteristics and 25 properties, nethods
of maki ng such conposition, electrical I nsul ation fluids which conprise
t he conpowotsssmg2lel ectri cal appar at uses whi ch conpri se PEBUSPERN242 cal

i nsul ation fluids and nethods of insulating electrical apparatuses

usi ng such fluids. 30 JThe present invention provides a high
oleic acid triglyceride conposition useful as an electrical insulation
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than 90% ol ei ¢ aci d. iunsa gcdpsatugared, triunsaturated and
saturated fatty acid conponen%s present I n fhe triglyceride are

preferably 15 C16-C22. |t tmsiypedurageshat188% or nore of the renaining
fatty acid CO”ponent%ﬁﬁfé(Qﬁ%be@@@ﬁﬂr§ﬁ€gnti6huﬁ§ébﬂﬁéhe%or Eﬂgir

saturated fatt aC| e. linoleic, linolenic and steari c aci
respecti vePy. rﬂﬁiﬁt&ﬁﬁ% igyention; YA¥ LR F¥REhetignSithir at ed and
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present invention provides the processed compositions having
specific structural and physical characteristics and

25 properties, methods of making such composition, electrical
insulation fluids which comprise the composition, electrical
apparatuses which comprise the electrical insulation fluids
and methods of 1nsu1at1ng electrical apparatuses us1ng such
fluids: - . i

30 - . The present invention prov1des a high oleic acid
triglyceride compos1tlon useful as an electrlcal insulation
fluid and more particularly as a component material of an .
electrical insulation fluid. A triglyceride cowposition is
a glycerol backbone linked to three fatty acid molecules.

35 The triglyceride compositions of the invention comprise
fatty acid components of at least 75% oleic acid. The
remaining fatty acid components include less than 10%



The dielectric strength, dissipation factor, acidity, electrical
conductlv@ flash poi nt and pour point 35 are each neasured usin the

publ i shed W9 8¥82Hs set forth in the Annual Book of ASTMR¢HHE

Vol unes 5 and 10) publ i shed by the Anerican Society for Testing
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D 877. The tr1€h§§{:8 E't%& fFAGLQY USI n %ﬁ&fgtrﬂgrgt “S'ﬁgdf‘gﬁﬂ Eg%; ’5‘13%1200' D5

924. The acrd rm ne est
el ectrical %@h‘dn@tﬁdl tfyttéf Gerisk rﬁqulﬁﬁﬁqg ASTM test nethod D 2624. The

flash point is deter”Tﬂﬁdt%@dl&cerﬁﬁgnﬂéﬁﬁﬁsf@i@ﬁg Oe92ne Tha VRO I JIPI Nt 'S
determ ned usin ASTM test neth The dielectric

strength |sPﬁ%§§EF‘EEIYb§*'°F‘Q¥’1ﬁ§ OtY ac;L’Si) q’f?mB?lPe’%'éﬁpPg PR depsdt &% | and
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preferred esbmpgonents, 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 C16).
The triglyceride compositions of the invention are
of an electric grade. That is, they have specific physical
25 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 dcidity is lessithan-o.OB-mg KOH/g, the
30 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
-150(C.
The dielectric strength, dissipation factor,
acidity, electrical conductivity, flash point and pour point
35 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
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- 10 - The dissipation factor is a measure of the

electrical loss due to conducting species and is tested by

20 measuring the capacitance of fluids in a test cell using a
capacitance bridge. The dissipation factor of a
triglyceride composition of the invention is less thanlo.OS%
at 25C. In some preferred embodiments, it is less than
0.02%. In some preferred embodiments, it is less than

25 0.01%.

The acidity is measured by titrating a known:
volume of oil with a solution of alcoholic KOH to
neutralization point. The weight of the o0il in grams per mg
KOH is referred to 1nterchangeably as the acidity number or .

30 the neutralization number. The ac1d1ty of a trlglycerlde
composition of the invention is less than 0.03 mg KOH/g.
In some preferred embodiments, it is less than 0.02 mg
KOH/g. .
The electrical conductivity is measured using a
35 conductivity 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,



1986 to Fick and U.S. Patent Nunber 4,743,402 issued May 10, 1988 to
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as an electrical flui t he sent
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i s heated to about 60-80[err]C. I erred 1f the mxture'is
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organonetal I ic conpougdsSgeweNpreferred embodiments, the triglyceride
composition of the invention comprises fatty acid components

25 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 propertiés of a dielectric strength of

30 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

35 point is not greater than -400oC.

Triglycerides with high oleic acid oil content are

described in U.S. Patent Number 4,627,192 issued December 4,
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be beneghoigly! areedusbidnkhe in BAALYLL CZAGLEYFINI10bIG0BRR! pidl. ol ectri cal

apparatus. In some_enbodi ments, the elecirical .insulation fluid contains
| ess than 13/6"6‘Fiu§t€op§5€9-5de&ct i dt G, EW%M@%bBPn&ﬁF@ John Wiley &

Sons and in Bleaching and Purifying Fats and Oils by H.B.W.
Patterson, AOCC Press, 1992, which are incorporated herein
by reference.

25 RBD oils 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 stiil'remain in the

30 oil, maklng it unfit as an electrical fluid. The
purification process of the present invention uses clay
treatment which involves essentially a bleaching process

. using neutral clay. RBD oil is combined with 10% by weight
clay and mixed for at least about 20 minutes. It is
- 35 preferred if the oil is heated to about 60-800C. It is
preferred if the mixture is agitated. The clay particles

are removed subsequently by a filter press. Vacuum



t he copper deactivator is a benzotriazole derivative.
According to some preferred enmbodinents the present invengi
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_ Electrical insulation fluids of the invention

25 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..

30 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

35 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. Oxidatioﬁ
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Mcanite and Insulators ester_ UK) ' _ )
Manchest er ERBKCORREEN G FE AL Q00 oBpbenzotpdnaols (derkyative). I n sone

preferred enbodi ment scddied £8g et 6Chbmeaprefehrald @hdddirkego8PEhses at
| east 85% of the . triglyceride conposition %fﬁtd?qe, invention. I n sone
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Accordi ng 0 odj . Jt.h £Se i hveption, hi gh.
ol of ¢ aci a"ash Rt HELE  ELRCELIED e abl SompdH b ihs | B PheR
product i onedechrisal dorpokation fluids. The additives include a

combination of combination of. The combination of additives
included in the electrical insulation fluid of the invention
25 include three additives: IRGANOX L-57 antioxidant, IRGANOX
L-109 antioxidant and IRGAMET-30 metal deactivator which are
each commercially available from CIBA-GEIGY, Inc.
(Tarrytown, NY). The combination of additives is present in
a combined total in the fluid at between 0.2 and 2.0%,
30 prgferably-between 0.5-1.0%. In some preferred embodiments,
the combination of additives is present at about .5%.
. The combination of additives may be present in a
ratio of about 1 part IRGANOX L-57 antioxidant to aboﬁt 2-4
parts IRGANOX L-109 antioxidant to about 1 part IRGAMET-30
35 metal deactivator. In some preferred embodiment, the
combination of additives is present in a ratio of about 1
- part IRGANOX L-57 antioxidant to about 3 parts IRGANOX L-109



whi ch has physical properties useful for electrical I nsul ation fluids.
The high oleic acid content oils are 35 conbined with a pref

conbi nat i WR %B1%%t i oxi dant and net al deactivating addit |€é@%g%8l?ﬂz&/i de
el ectrical insulation fluids. Sonme preferred enbodi nents of the

- 15 - present invention relates tb3stch electrical insulation
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L- 57 t dant. 9_antio nt a net al
deact | vl oF oSt ingh W rRREK pEnABRAR LR ShCHt for st hett AbPRE FERAICR R ch as
m ner al 0|I synthetlﬁR@BN@KsL ana @mﬂﬂ&ﬁmdaﬁQmﬁ@CQQMm8301a1lbn sone

enbodi nent%fv s € SHEGRACTBATERGORA] Uil o nERRRETERLIE Hekiane

i nsul ati ng ect ed rou cons I Ng of fineral
synt hetic @élﬁé?%ll%y%mﬁet)xedanthybﬂ-édémﬁm%l-aimlriédmtnét&on of two or rore
of such fcgréélﬁﬁaﬁaggbOd'ImX ther ¢ e&ﬁﬂsﬁ&dhﬁ%ullast ipn

fluid conprlse Yo of I nsul a flLuids selected fromthe group
consi st fﬁ rﬁer‘gjr ~BF¥t- EVHY}’IBB%E‘O@S@&%’-V%Y%HW 20 hydrocar bons and
conbinatlon of two OrIRGAMEDF3suUmBtal WRizyHidlftot MmEOAE aesbediiRRiisx: ide

|l ectrical |_at 159 | at fl.uid
cel oot ed- 1 SIS 1Al Ly (A EbRBE8, Frgto R TR O 1o St Roiec T s
synt heti ¢ dexhiyitoices bo¥s ﬁﬁhlsOWﬂPEMhyih&ﬁylhwﬂHﬁlnﬁré tfriquzcll 261

materi al s. anamine. I1Ne present invention relates to an electrica

appar at us ﬂklc conprises the electrical insulation fluid of t he
i nventildn. The el ect rTRGANG@EpEr BFuankdpxidant ang| EBREANCXK| Li-A&®forner, an

el ectrical aﬁﬁ&@ﬁti&&n@raﬁé éﬁt%ﬁ&aah%@ wrxmm Yo SpeRanent Nunber
. 4,082, 866, Pat ent Nunber 4,206,066, U.S. Patent Nunber 4,621, 302,

U S. Patd(?rﬁCtNd‘fﬂ}é?rSl’Bl"’f gQppey BaspyahAr \unbRre5e955ie8d  and U. S.
Pat ent Nunmagparalditsdd/, cm;bpeb dsewidedry Qd;éd) #HoySnductbe ameD Iquded

el ot on TGRS T 6T R Crothact 1 S e e foRTArul 418 the
i nvent i2éh et dmxidant s | neactawdichi nr,eeu.ﬁyg%ai dritenelnpeprévesd it tlssued
February 19atter from attacking the oil.

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.

25 Only low percentages, such as 2% or below, are needed
normally to bring down the pour point by 10 to 150C. 1In
some embodiments, the pour peint depressant is
polymethacrylate (PMA).

In some embodiments, the pour_point may -be further

30 reduced by winterizing processed 011 Essentlaily, the 01ls
are winterized by lowering the temperature to near or below
0oC and removing solidified components. The winterization
process may be performed as a series of temperature
reductions followed by removal of solids at the various

35 temperature. In some embodiments, winterization is
performed by reducing the temperature serially to So, 0o
and -120C for several hours, and filtering the solids with



- 16 - - 1991 to Gines et al., US. Patent Nunber 4,890, 086 issued
December 26, 1989 to Hill, U S. Patent Nunber 5,025, 949 i ssued June 25,
1991 to AM@I9®E103t al ., U. S. Patent Nunber 4,972, 168 i ssuBETS9¥P4342 20,
1990 to Gines et al., US. 5 Patent Nunber 4,126,844, and U.S. Patent

Nunmber 4, 307, 364 | ssued Decenber 234 1981 to Lanoue et al., which are
each her eby i ncorporated herein by reference contain descriptions of
various el gehkbfidlcepippleadittges in which the electrical insulation fluid

of the invention may be used. In preferrced enbodi nent
el ectrical apparatus 1BF SRe o™y @%m??%ﬁ éﬁ ﬁ§ﬁ§F3F lﬁ%ﬁ?ﬁﬁ%?%ular a
power . tfgandiBooferthe imverstiohuthab CDmpsiseseat leasﬁavmﬁﬂéfbent

Bxampl & 1 45 c1ycexide SUBSALLDIOR OkolheOt hsolRuEy Wd Neladfba Bl

stabilized acgb prese P Aventi on to
sui t abl &. Euechﬁmtmompﬁmsﬁsﬁﬁbmﬁtt%al §ﬁcﬁddltpwﬁﬁhaaﬁ(ﬁh@ﬂrnml?mopertles

simlar toaskshﬁ:e&tsl,v SR ngématiﬁgpfma&ageshlcw @% Irﬁrfaféi iyt | on

transforners. Table 1 20 conpares t properties of the purified oils of
t he presenfynt hﬁ%ﬁﬁﬂQQﬁ?Wﬁtrﬁ%@r$¥ﬂFh9t&§egyﬁFﬁF&§ bons. In some
- 17 - embodiments, the electrical ifslllation FlCdpaidngeri HésPurphked

\,fgﬁt avle O3 ‘M@@rﬂzﬁ;‘ fo%’@ﬁ% A Eotea ER . ee%r'orhpﬂcac{‘;gsfgfsf%ers of
M ner ah 00 tfieerjal ksitler sF;Irnnhﬂ@EIc]estersD eyvatheitdc hydrokarbons and40- 45

50 5 Stre@%‘n%’ln%tz,[clﬁ”&pq%v?% ?éﬂore 09 §§bBaHa%%r1als 0. O.T.Zn some 0.01

0.1 Factor
embodiments, the electrlcal insultion fluid comprises 5-15%

of insulating fluids selected from the group consisiting of
mineral oil, synthetic esters, synthetic hydrocarbons and

15 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
invention is RTEemp, Cooper Power Fluid Systems. Examples
of synthetic esters include polyol esters. Commercially

20 available synthetic esters which can be used ae part of the
invention include those sold under the trade names MIDEL
7131 (The Micanite and Insulators Co., Manchester UK),
REOLEC 138 (FMC, Manchester, UK) and ENVIROTEMP 200 (Cooper
Power Fluid Systems). In some preferred embodiments, the

25 electrical insulation fluid comprises at least 85% of the
triglyceride composition of the invention. In some
preferred embodiments, the electrical insulation f£luid
comprises at least 95% of the triglyceride composition of
the invention.

30 | According to some preferred embodiments of the
present invention, hlgh oleic acid content oils are used as
starting materials for the production of an oil composition
which has physical properties useful for electrical
insulation fluids. The high oleic acid content oils are

35 combined with a preferred combination of antioxidant and
metal deactivating additives to provide electrical
insulation fluids. Some preferred embodiments of the
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nmet hods. Thé untreated and treate D oils f iled, the
materials. In some embodiments, e electrical insulation

fluid comprises 3-20% of insulating fluids selected from the
group consisting of mineral oil, synthetic esters, synthetic

20 hydrocarbons and combination of two or more of such
materials. In some embodiments, the electrical insulation
fluid comprises 5-15% of insulating fluids selected from the
group consisting of mineral oil, synthetic esters, synthetic
hydrocarbons and combination of two or more of such

25 materials.

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 eleqtriéal capacitor or an _

. 30 electrical power cable.. U.S. Patent Number.4,082,é€6, U.Ss.
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

35 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,



10 tests. Oxidation inhibitors were added to the oils and the tests
were repeated. Several oxidation inhibitors were testedH%S(ﬁg)dqy at ed
Hydr oxy TEPPEAZIBHA (Butyl at ed Hydr oxy Ani sole) and TB tiary
Butyl Hydro Quinone) in 0.2% by weight in oil. In the ACCS nmet hod used
15 (Cd 12.57) 100 ml sanples are bubdéd-wth air at 100C, and t he
peroxi de formati on was neasured at several tine intervals. Hours to
reach 100 nexplftpetoimes ekralnoted.S. Pitesy dbppesris, 8P0a986piesaed i n
the electri gro ty il I ed in
[ iftlembe£¥e [ ODGES! £odtii 18] RAIPIERR. A0 HaRREE ¥ ggﬁpb%

them 20 no ad fve, the tine to reach th

with addit ihssyes] agne 1 2%, t LAB3 &er KBk f¥ or IBH% +PateBr-|ANumbpnr TBHQ,

even after 44@3@01%@ is56eQeNBYEABYARWE 19dacdhatr Dney St4aley. yTBHQ
proved to be t he best ant i oxi dant of L&ﬂhe three. Without an oxidation

i nhi bi t & 2RteHe HiTReTpAnlegi B4Li oA W & pricthRRet INWPBEEr 8xP 88 whtch i s
t hen converitgfhidd Betskber| eRholggleselmncalddadtydel,, whkehoaes aadh

I .. M | f.l ui d
mstil at | on TRAEY GRTOTBRE DR G e RoRP et or94s SrbEFsfnerborprinps
concern ovesf wanctamhs)nelecnntcaa appeaiatuses iExawipleh4the electrlcalThe
pour poi nt 1% rLE%ﬁ::lt.(S e 1?18' LVl &R%?Jé%n may %éeuél;gt EF e the

pour poi nt reated oils erized O[err]
and - 14 Gr ﬂ@ﬁ@r%@v%mhpdhtﬁaflﬁ}s:aﬁ@%@%@mahsaﬁm%¥a§‘éﬁa95t é ever e

f'lterEd‘Mﬂﬂ%éﬂ@&&ﬁaf§oﬂStransformer, in partlcular, aC?ower - 19 -
earth. The | owest pour point reach SO far vvas -3 éerr] close to the
[g S orm

speci fi ed VHIRSprmen Frf‘CdF'ﬁFr TFurther lowering is

possi bl e by extended wi nterization. Anot her appr oach is by the use of
pour p0| nt ﬁgﬁﬁﬁﬁgnts 5 such as PMA (pol ynet hacryl ate) which has been used
for Exanple 5 A | aboratory oxidation

stabili ty tResampkae 1 conducted using the OSI (Gl Stability |Index) Method,
AOCS 10,4 12D-92. Theepdduhl g‘i WRNRNSEH 1) e Stdrt AbEOpAls £ 163 1!

concenttations in bot ei c vegetable o in regul ar
m neral oi Istakblizedr aASPEAABSs toI r‘;h@mpment %Y%HlOBOtﬁi mé\ket ke | is

taken in a Lpaekeiéxily s@likable . andliecty el tdstsbahbwkapthat Eufterr] C.
AT s bUb%uegl 1eéh Eghhlagl %E:‘opertles .Snlmlfe efél g&?‘%e%‘:ﬁ.ycont % Ui ng% the
temperature fluids in distribution transformers. Table 1
20 compares the properties of the purified oils of the present
invention with currently used fluids. '



volatile fatty acids is passed through a vessel
The conductivity of the water
When t he Wot9s@021ant
observed. This taken as the 20 end point.
val ue at
97.8[err] C OSI

wat er .

t he OSI

110[ er

i's consuned,

S
a

r]C

It 4 stsual

cont ai ni ng dei oni zed
noni t or ed as a function of tine
sudden rise in condu@ﬁWﬁ?"’P’s"z

The nunber of hours is noted as
to convert these values to a
val ue to correspond to the tenperature used in another

oi | stability test, the AOM (Acti tabde/den Method), A O C. S Cd
12-57. 25 Table 2 summarizes the test results:
Table 2 Comparison of Egrifilede¥yeagetahihes Qbts vittudigh femperature
oSl EXrids Used Ag\fransformers 110[err] C
97.8[err] § 97.8[ err] Cl gigh ke enegegempl. | Synthetic 3.0
3.1 “Wiith Cu 30 Sane, \ﬁ\ﬁé?_h;Oo’ﬁ% TBHQMindZad 0i1* |Hster FluidB2.6
Sane, W t h—0—29%-Cl-BA- +9—] 1852 1928 Sarre; w-tr—6—5% T‘| BA
226 Dielectric 548 {42.4 40-45 50 - 20 -
Tr ansf & ngrSwiength, 162 377 392 (nfineral oil) + Cu
H gh Tenp. Iﬂ(ﬁe@@l mil ggp 315 328 all + cu 5
Conposi ti s, WAl thgﬁprlse(}nﬁgaddltlveg.a& 0. 5% gogjcgntration in gi
Is as effg g@ éegelar transf or ner ol l, and norle effective that |the
hi gh tenpqr oi | used in|sone transforners. Another
superioritpy of fhﬂ Pnnh'naLLgn—ei—adjitéves Fs—thati—the—ei—eonduetivi ty
at 10 1®. ':%ie:@'menlloat mgn el g6 2 pS/ m | eonpared to 4. 50p$75mfor oi |
with 0.2%|TRgY Exanple 6 M xi ng the conposition wth
ot her f|UI fs-Tam—, ST T, 1 ower T h POt FOL exanpre, t he
15 electrl e?ﬁngé |on f|Lﬁk#%%%' ejq%rghorgéular is g oi | (gour
poi nt of - ?Pfg? § Bel o) and at a 5% concentration |n the m xture
(i.e. findlP2&{BetfPcal insdlator fluid includes 5% Mmineral oil) thd
pour ppsnt| pRsshedused to -| 32840[ err] Cj 275-30atieer enpesrent, the
el ect ri cal p+rAst-at+-enr—Hti-o
: Pour Point -280C -240C -480
* RTEemp, Cooper Power Fluid Systems
> polyol Esters (such as MIDEL 7131 and REOLEC 138)
* deduced from resistivity
20 The properties listed for the high oleic oil are for
purified oils with no additives.
Example 2
The purification of the as received oil designated
RBD o0il (refined, bleached and deodorized) is necessary
25 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 oil was treated
with 10% Attapulgite clay. O0il wéas produced with electrical
30 conductivity of less than 1 pS/m. The attapulgité treated
oil 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
35 indicators of purity are dissipation factor and

neutralization number {(acid number) .

Dissipation factor is

a measure of electrical losses due to conduction caused by

conducting species, usually organometallic trace components,

SUBSTITUTE SHEET (RULE 26)

T



20 was mxed with the synthetic ester Reolec 138 and at a 10%

concentration in the mxture (i.e. final electrical i nsulator fluid

i ncl udes w@gs@ioziheti c ester), the pour poi nt was | ower ecaraUus9g@pzmer | C.
The above fluid may, for exanple, be mxed with regular mneral oil.

- 21 - CLAI V5 1. Apggh oleic acid triglyceride
conposition conprising fatty acid conponents of at

| east 75% OhRHCsRELUA be below 0.05% at rdcsb tHdtpedflageunsehur ahed fatty
acid'5 conponen han 3% triunsat urated

Cl6-C22;. .. . . | ess
fatty acid CHGRced oigsad,dinstpatinn factor of 0.028" “Upjre
saturated faily hsddDForpagény from CLOER 2o and 4D Wb’eheian%‘fiﬁ'bd‘ grade
conposition_ks rth character.i t operties : o
a diel ectri%fs?ir'%%gt Fher 35p8, Se'”%s?{‘ﬂg% %’/“fgﬁ be a%%g‘éé% with only 2% of
a di ssi patiohayact dr £dlterssephaator0asatprEferEfere|€ £ilter column.

acidity of less than 0.03 ng KOH g el ectrical
conductivity of less than 1 pS/m at 25[err]C - a
fl ash poi ntEsampie| dast 250[err] C and 20 a pour point of

at least -15[err]C  oxidat2on stabillR§ HaHt®|wdfe agbHatibtahkyesri de
conposli tron o I SI.N at '[é/q acl d congonent s of

f cl.aiml1l connqr
at |east 759%58RERE gegduntreatg% oil ‘sampleg aiging ASTHoAPANSPES: acid 25
| ess t han 3fethodteni Thacudtreated and treated RESSoibanfdydstieahec aci d,

5 =< )
ﬁingh ol %Pc %%Is Stri 87‘%93%?%?&1 %gl%‘g'ggiéic%?nmoﬁtfec ‘-9&&%? atl-’cr)n Ehﬁlhg?‘éﬁn aglgi &Lhee
conposi ti ontést&uvener repersieder i Sevehpl3®exidaipn opehibitork: were
a diel ectrigegtEgnobiTol(RALYIERG M dPEP0ro1uend | BERP(Butylated
Hydroxy Anisole) and TBHQ (mono-Tertiary Butyl Hydro
Quinone) in 0.2% by weight in oil. 1In the AOCS method used
15 (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 meg of peroxide were noted.
Since coppex is always present in the electrical
environment, all oil samples had copper wire placed in them.
20 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 wvalue
reached only 8.4 meq. TBHQ proved to be the best
antioxidant of the three. Without an oxidation inhibitor
25 the oils upon oxidation would produce hydroperoxide which is
then converted to acids, alcohols, esters, aldehydes,
ketones and polymer structures. Most electrical apparatus
that use a fluid insulation operate in low oxygen or oxygen-
free environment, so the concern over oxidation is not
30 great. - ' - -

Example 4

The pour point of the treated oil was typically -
250C. To lower the pour point further, the treated oils
were winterized at 5o, 0¢ and -120C for several hours, and

35 the solids that separated were filtered with diatomaceous



- 22 - a dissipation factor of less than 0.02% at
25[err] C, acidity of less than 0.02 ny KO_V/(?S

el ectri caWO®8RMt i vity of less than .25 pS/m5 at 25[ er r FET/USIBN00242

a flash point of at least 300[err]C, and a pour point
of at least -20[err]C 4. - 19 The high oleic acid triglyceride
conposi tion of claim3 wherein said conposition is further

char act eri zad-dly. 10The alpwestppontr pbiat reasthedierfdC was -380§F,

The hi gh ol ei ¢ aci Lo ¥ C | 140N 490 | Ik§iing
farty oo dcg&;peoﬁae%tgﬁ% gkyeeLEdea fag&% WOl foc fox c%%}g%fg?@ggg ogan

| ess than Fagstihew|kdwenind is possible by extendad wirkeBigarAePeni c acid

lless than 4pstsdy | LpBebdchald by the use of pour ﬁ@ﬁ&tt@%ﬁré%sléﬂt@ tic
acid ereln said conEoleon is furth r,%gacterlze béthe :
properti%®s s3ich s PMA (polymethacry 'té)eé“g}“li F2REFRoRSEE EO8%st 40

KV/ 100 mifAdr&BPoil. - a dissipation factor of |less than
0. 02% at 25[err] C, - acidity of less than 0.02 ny
KOH g, 25 el ectrical conductivity of |ess than .25 pS/m
at 25[err] @xample 5 a flash point of at least 300[err]C, and

? pour point of at !eﬁsiabﬁ%ga&bcoxidagi\%rp-stabili%JhEeQEQQaQ' eic acid
riglyceride conposition o claim ereln sald conposition is
further chaendecteddusjng theagOfdur(Qidi Rtaliikity cbadexhoeghpd, AOCS 7.
An el ecf ichd 1subat i oppbl HudieqRRed et used in a 1:3:1 ratic?lad east
75% of the high oleic acid ] , ) ) )
several concentrations in both the high oleic vegetable oil
and in regular mineral oil used in transformers. In the OSI
method, 50 ml of the oil is taken in a conductivity cell,
and is placed in a bath kept at 110°C. Air is bubbled
15 through it at 2.5 ml/min. The effluent air containing the
volatile fatty acids is passed through a vessel containing
deionized water. The conductivity of the water is monitored
as a function of time. When the antioxidant is consumed, a
sudden rise in conductivity is observed. This taken as the
20 end point. The number of hours is noted as the OSI value at
110°C. It is usual to convert these wvalues to a 97.8°C 0OSI
value to correspond to the temperature used in another oil

stability test, the AOM (Active Oxygen Method), A.0.C.S Cd

12-57.
25 Table 2 summarizes the test results:
Table 2
OSI Values in Hours for Various Oils
08I, osI, AOM,
110°C 97.8°C 97.8°C
High Oleic Veg. oil 1.3 3.0 3.1
with Cu
30 Same, with 0.2% TBHQ 13.5 31.3 32.6
Same, with 0.2% CIBA 79.7 185.2 192.8
Same, with 0.5% CIBA | 226 526 548




REPLACEMENT SHEET -23- triglyceride conposition
of claim1l 0.1-3% anti oxi dant additi ve. 8. The :
el ectricatwoigsswdnati on fluid of claim7 wherein said anti oxi BERUSAYM2M2Eve i S
selected fromthe group consisting of butylated hydroxy tol uene, butyl ated

hydr oxy ani sol e and nono-tertiary but g hydro qui none. 9. The

el ectri cal insulation fluid of claim7 wherein said anti oxidant additive is
nono-terti but fryoro, ui mone} IO The elrecyTscar T nsurhati on
fluid of cI | RS ﬁ’hg gﬁ t o| 398 mono- t a??f’ary but yl %ro qui ohone.
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94% of the qtgf?of@m ﬁfhgrgllglyggﬁide cofmpasi tion. Bas The
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electrical insulation g
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combina ong LhergRbentrilion velol's P4, ' Silpd Poy! 8L! 25T WAL Fout! @I M

16
oil with 0.2% TBHQ.

Example 6
Mixing the composition with other fluids can
result in the lowering of pour point. For example, the
15 electrical insulation fluid was mixed with regular wmineral
0il (pour point of -50°C or below)and at a 5% concentration
in the mixture (i.e. final electrical insulator fluid
includes 5% mineral oil), the pour point was reduced to -
40°C. In another embodiment, the electrical insulation fluid
20 was mixed with the synthetic ester Reolec 138 and at a 10%
concentration in the mixture (i.e. final electrical
insulator fluid includes 10% synthetic ester), the pour
point was lowered to -42°C. The above fluid may, for
example, be mixed with regular mineral oil.



- 24 - conmprising 3-20% mneral oil, synthetic esters and/or

synt heti ¢ hydrocar bons. 18. The el ectrical insulation f|UId of
claim17 WO98103%r i si ng 5-15% m neral oil, synthetic esters /09242

synt heti ¢ hydrocar bons. 19. The electrical insulation fluid of
claim 18 conprising 5-15% synthetpg esters and/or synthetic

hydr ocar bons. 20. An el ectrical apparatus conprising the

el ectrical 10 insulation fluid of claim?7. 21. The

el ectrical ?gggg tus of claim20 wherein said apparatus is an

el ectrical ornmer, an electrical capacitor or an electrical power
cabl e. 22 The el ectrical insulation fluid of claim?7 15
conprising 9. 2-2. 0% O%\ figMEIAld o 04 & kié@ compoditd 1l dant

| RGANOX L-109 anti oxi dant | RGAMET- 30 deacfivator, said

conblnat|oncﬁﬂprhglégr5ﬁﬁ§XﬁaQﬂﬁnE°@P?Eﬁ¥ts "ot | RGANOX L-57 anti oxi dant to
2-4 parts | RGANOX L-109 at q_rga@(w:@%\tol@l@bagidl part | RGAMET- 30 net al

deacti vat or 20  23. The electrjcal insulation fluid of claim22
wherein said el ectrical insifiSfitdhen| é $§u?ﬁ?gﬁﬁﬁke& éﬁ%ﬁ%ﬂﬁ%ﬂézed by a
pour posnt ebmpbneastc1eAdz ;] C. The el ectrical insulation

fluid of claim 22 conprls n i ' of . Rgpﬁﬁx
L-57 25 anti oxi dant, Qﬂi‘-ﬁg anttl'/%%na E%SWfoé%t a

deacti vat or €22 comeﬁént andThe el ectri cal |nsulation fluid of claim 24

wherein said conbi nation ofyd 67200 9% b8k he | Ladf9
anti oxi dant and IRGANET 30 netal eat?lv%tor y acid&Bifote

Cl6-C22; and
10 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
15 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
20 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
25 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
30 the properties of:
a dielectric strength of at least 40 KV/100
mil gap,

R ) R




- 25 - has a ratio of about 1 part |IRGANOX L-57 antioxidant to

about 3 parts | RGANOX L-109 anti oxi dant to about 1 part | RGAMET- 30

nmet al deawio 98zs1021. 5 26. The el ectrical insulati oRCAVIRNO¥2c| ai m
22 wherein said conbination of | RGANOX L-57 anti oxi dant, | RGANOX

L- 109 anti oxi dant and | RGAVET- 30 net.alsgleacti vat or has a ratio of about
1 part | RGANOX L-57 antioxidant to about 3 parts | RGANOX L-109

antioxidant to about 1 parh &9ssibBEAMRI-f3uetat Af deass i ¥YR&Ar0.02% at 27,
The electrical insulation fluid of claim22 conpri si ng about 0.5% of
sai d conbi m®?6n of | RGANOX L-57 anti oxi dant, | RGANOX L-109
anti oxi dant and | RGAVET- 30anttdlty of leessctiheat 00.02 Wig KORZg, The

el ectrical insulation fluig,af tgh@%gl%éggycﬁﬁ%%giJgfnge%gtgﬁaﬁC[qs pS/m

conponent s of I C acl
| ess than 1886 26nBGLeic acid | ess than 3%l inolenic acid

20 | ess taa&lééqqstp%qrﬂtc FCigh Poukt 3000c, and | ess

than 4% palmtic acid wherein Said conmposition is further characterized
by the properties of: & pour point of at %F%ﬁ%lé%??Fc strength of at
| east 40 KV/100 25 m | gap, a d|55|pat|on factor of
| ess than 0. 02% at | ess than

25],
0°05 my Korbg, the’ BiGH bleicagid ixiokermtipy FopPorifder dhn
pS/ m 30 atlaﬁﬁesrkﬁerein said compositiom fd aflirphént chhrattlegdsted by

20, 118 ABepE peiEs Ofnsh AT TR claimas o wherein aid
conp05|t|on is further characterized by a pour
5. The high oleic acid triglyceride composition of
claim 1 comprising fatty acid components of
at least 75% oleic acid
less than 10% linoleic acid
15 less than 3% linolenic acid
less than 4% stearic acid, and
less than 4% palmitic acid _
wherein said composition is further characterized by the
properties of:

20 a dielectric strength of at least 40 KV/100
mil gap,
a dissipation factor of less than 0.02% at
250(C,
acidity of less than 0.02 mg KOH/g,
25 electrical conductivity of less than .25 pS/m
at 250C,
a flash point of at least 3000C, and
a pour point of at least -200oC.
6. The high oleic acid triglyceride composition of

30 claim 5 wherein said composition is further characterized by
a pour point of at least -400C.

7. An electrical insulation fluid comprising:
at least 75% of the high oleic acid

* c L M S *




- 26 - poi nt of at |east -400C. 30. ' The el ectri cal

i nsulation fluid of claim28 conprising at |east 94% of gl eic
aci d tri gos3te conposi tion. 5 31. The el ecté&gggl”%%z
insulation fluid of claim 30 further conprising a pour—point—depressant

wherein said pour point depressant is pol ynethacrylate.

el ectrical tniglmteondel gotpokitlignmo? cl@ickpri si ng about

combi nati on of | RGANOX L-5% 4 9aggﬂygﬁgggntlgg3@g¥§é 109 a

| RGAMET- 30 net al deactlvator The el ectrical insulation
fluid of claim 22 further conprising a pour point depressant additive.
15 35, .8 The elt ekl bQélctlr{lﬁiﬂlat:{r%h]fdﬁ&oflﬁial 8f3él_?ﬁ.m wlﬁeﬂféfeﬁlal d
pour poin epressan acrylate e electrica

i nsul ation $?h¢daBFlEF&ﬂﬁ$§2a deﬁﬁ%qﬁﬁ et gr?mzﬁéenSEQHQ oi l,

synt hets c espReSstingand/ butsieited iydyatocasboase, biABylatad hydroij’le

] ical | | fI f | Sk -30% m I
o1 T+ synt hethESatbepbdy i Yyl Buey) pOdRBidine. OO0 nerE

The electrical insulation fluid of claim37 25 conprising 5-15% m ner al

oi I, synthegic estersqgﬁplglct 1c£¥”§ﬂ§ﬁié&f&ﬂr9fﬁigoa§ claim 7 Iherein

The el ectrical insul ation of clam 38
said antioxidant additive is mono-tetra hydro quinone.

addi ti ve. 32. The electr+c2a8 +nsulation fluid Qmscléﬁﬂg;sﬁcenmﬁ csd

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

11. 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
15 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

20 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 £luid of claim 7 further
25 comprising up to 25% of mineral oil, synthetic esters,

synthetic hydrocarbons and combinations thereof.

17. The electrical insulation fluid of claim 16

* c L M S *
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REPLACEMENT SHEET - 27 - conprising 5-15%
synthetic esters and/or synthetic hydrocarbons. 40. An el ectrical’
appar at uswoosptizsi ng the electrical insulation fluid of claPGIA398/00242
The el ectrical apparatus of .claim40 wherein said apparatus is an

el ectrical transfornmer, an electrical xgapacitor or an el ectrical power

cabl e. 42. An el ectrical apparatus conprising the electrical

i nsul ati on Jdmﬁﬂsm‘ngpl:aiMQ&nmeﬁal oil, syAthiegholesitemsishd/ogl yceride
corrposition rls g%{%attg éCI d corrponents of : at | east 75%
ol ei ¢ aci d3% o)t ]Pif; further characterized by the properties
of : a dielectric strength of at least 35 kV/100 m| (35
kV/ 2. 5mm) a fo an- 0. 05% at
25[er1]C, 430, The electc:irﬁcg Egtg'a? ol ?18%1.&3 %(ﬁaitﬁ 117

el ectrical Cm!mﬂeﬁtmgt@-w%lTéé@:elfﬁ&noﬂ:lpSﬁW%[Cérqﬁt@rS and/or a
flash @0|ngyﬂtﬁgti@Q§§dg§Q£§55h§ and a pour point of at

| east -15[err]C he conposition according to claim43,
wherein the trlglycerlde conp05|t|on conpri ses: up to

10[ err] % dizgnsat ur at ethé&] eLedtEieal] 1hat1t1gta©irﬁ fdanpbnehtelaim 18
up to 3%triunsaturate aghd_conp
Wb to 8% sAATERAAL of o8 E7RrRRLEE, BRER A G (s het 1c

hydrocarbons.

20. An electrical apparatus comprising the electrical
10 insulation fluid of claim 7.

21. The electrical apparatus of claim 20 wherein said
apparatus is an electrical transformer, an electrical
capacitor or an electrical power cable.

22. The electrical insulation fluid of claim 7

15 comprising 0.2-2.0% of a combination of IRGANOX L-57
antioxidant, IRGANOX L-109 antioxidant and IRGAMET-30 metal
deactivator, said combination having a ratio of about 1 part
IRGANOX L-57 antioxidant to 2-4 parts IRGANOX L-109
antioxidant to about 1 part IRGAMET-30 metal deactivator

20 23. The electrical insulation fluid of claim 22
wherein said electrical insulation fluid is further
characterized by a pour point of at least -400C.

24. The electrical insulation fluid of claim 22
comprising 0.5-1.0% of said combination of IRGANOX L-57

25 antioxidant, IRGANOX L-109 antioxidant and IRGAMET-30 metal
deactivator.

25. The electrical insulation fluid of claim 24

wherein said combination of IRGANOX L-57 antioxidant,
IRGANOX L-109 antioxidant and IRGAMET-30 metal deactivator

* [ L M H *




- 28 - 45. The conposition according to claim44, wherein the
~triglyceride conposition conprises fatty acid conponents of:

at | east wWB®sBIeElc aci d; up to 10% ! i nol ei PCIAVE98/00242
up to 3% Il inolenic acid; up to 4% stearic acid; and
up to 4% palmtic acid. 46. - 2Bhe conposition according to claim

45, further characterized by the property of: acidity of less than 0.02 ng
KOH g. 4Eas a ratldTme@m@@si1iparac¢RGANng Le5d amdxidantheb

characterlz rOpfﬁ%éﬁéﬁvizlgﬁnfntlOXIdant e éﬂéhemir'c %trength

of at Ieas?

dissipatloERGmMET F thetszltdeactivdtont 25[err] C,

acidity of less than 0.02 ng KOH g, el ectrical
conductivity of less than 0.25 pS/mat 25[err]C, a flash
poi nt 6f af6l-east 300Tker¢lechnrygcal insulation fluigd wfurchaimt 28f at | east

-20[err]C. whe%m %&%&%iﬁaemoﬁceer SREANDR ¢l-HMahhide{488E,
characteri zed y a pour poi nt of at el ectrical

st -40 err
i nsul ati onIR ,ﬁ@thdeant ang 4Qﬁﬂﬁt@%9@%?cFHEQEQﬂ1

ol SI c aci dulald @ mi@leof cappasi i paracmcckmg msavnmﬁﬁl@kﬂdaﬁt%ot 0 48,
an

x dd|t|ve
electrlcal%qﬁﬂﬁzﬁlgﬂF??u¥§é%§§% g gg Fgﬁﬁﬁ&?t\ﬂﬁﬂﬁﬁqp?h% 8ﬁF|0X|dant
addi t Lee |iRQﬁMEI{&DfmGMabudyhatedahyﬂroxy t ol uene, butyl ated hydroxy
ani sol e and nono-tertiary butyl hydoqui none.

27. The electrical insulation fluid of claim 22
comprising about 0.5% of said combination of IRGANOX L-57
antioxidant, IRGANOX L-109 antioxidant and IRGAMET-30 wmetal

deactivator.

15 28. The electrical insulation fluid of claim 27
comprising fatty acid components of
at least 75% oleic acid
less than 10% linoleic acid
less than 3% linolenic acid
20 less than 4% stearic acid, and
less than 4% palmitic acid
wherein said composition is further characterized by the
properties of:
a dielectric strength of at least 40 KV/100
25 mil gap,
a dissipation factor of less than 0.02% at
250(C,
acidity of less than 0.02 mg KOH/g,
electrical conductivity.of less than .25 pS/m
30 at 250(C,
' a flash point of at least 3000C, ana
a pour point of at least -200C.

29. The electrical insulation fluid of claim 28

wherein said composition is further characterized by a pour

R




- 29 - 51. The electrical insulation fluid according to claim 50,
wherein the antioxidant additive is nono-tertiary butyl hydroqui none.

52. wolggiediectrical insulation fluid according to cl aiP@TBIS98/00242
conprising up to 2% nono-tertiary butyl hydroqui none. 53. The
electrical insulation fluid accordingg any of claims 49 to 52, conprising
at least 94% of the said high oleic acid triglyceride conposition. 54.
The el ectrigalnd nepl At i po,dd uiglosgcording to any of claims 49 to 53,
cont ai ning~a pour point depressant additive. 55. The el ectri cal

i nsulation fluid according to claimb54, wherein the pour point depressant

i s pol ymet bacryl at e. Thébelectricalhénehdatiiosalf ivisllet ieraihupd according

to any of clains 49 to 5 cont ainin ss,t.han 1%.0of a copper deacti. vator
addi {1 ve. Cprising aqiedl 4P 8P HRESRIGH e ALQEPE alvEs AR |
56, wher ei redriposioppsn. deacti vator additive is a benzotriazol e derivative.
58. The el ectrical insulation fluid according to any of clains 49 to
57, containing up to 25% of mneral oil, synthetic esters, synthetic
hydocarbons3land canbiBe i ehectnéradf insudgtion fluitheok|@ltaincal

insul ation d] iy ofq ﬁﬁfﬁ&ﬁoééuﬁogb%@ R s % M B £0EDI nat i on of
| RGANOX L-57 anti oxi dant, | L- 109 anti oxi dant and | RGAVET- 30 neta

deactivator, said conmbination having a ratio of about 1 part | RGANOX L-57

anti oxi dant3g 0 2-4 parhée éReARNEXch1109sankbEitded@tuid abodlaimpant

| NET_BOdﬁgfgiﬁkggiévgégé'point depressant is polymethacrylate.

33. The electrical insulation fluid of claim 22

10 comprising about 0.5% of said combination of IRGANOX L-57
antioxidant, IRGANOX L-109 antioxidant and IRGAMET-30 metal
deactivator.

34. The electrical insulation fluid of claim 22
further comprising a pour point depressant additive.

15 35. The electrical insulation fluid of claim 34
wherein said pour point depressant is polymethacrylate.

36. The electrical insulation fluid of claim 22
further comprising 1-24% mineral oil, synthetic esters
and/or synthetic hydrocarbons.

20 37. The electrical insulation fluid of claim 36
comprising
3-30% mineral oil, synthetjc esters and/or synthetic
‘hydrocarbons.

38. The electrical insulation f£luid of claim 37
25 comprising 5-15% mineral oil, synthetic esters and/or

synthetic hydrocarbons.

39. The electrical insulation fluid of claim 38

T



- 30 - 60. The electrical insulation fluid according to any of
claims 49 to 59, containing at |east 94%of the said triglyceride

conposi t iwo 9831031 . An el ectrical apparatus contai ni nECTAS%RPE4R | cal
insulation fluid according to any of clains 49 to 60. 62. An

el ectrical transfornmer, an electrical z2¢gapacitor or an el ectrical power
cabl e according to claim®6l. 63. The el ectrical transforner

accor di g bemphdigiRP.5-1%5%. synthetidhesteest ahdibrpeyertizahie according to
claim62. hydrocarbons.

40. An electrical apparatus comprising the electrical
insulation fluid of claim 22.

5 41. The electrical apparatus of claim 40 wherein said
apparatus is an electrical transformer, an electrical
capacitor or an electrical power cable.

42. An electrical apparatus comprising the electrical
insulation fluid of claim 28.

10 43. A process for preparing the high oleic acid
triglyceride composition of claim 1 comprising the steps of:
mixing 10 parts refined, bleached and deodorized
high oleic acid triglyceride with 1 part or less by weight
neutral clay to form a mixture
15 maintaining said mixture for at least about 20
minutes, and '

filtering said mixture to remove said clay.

44. The process of claim 43 wherein said clay is 30/60
20 mesh size clay.
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