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FIELD OF THE INVENTION

10 The invention relates to a high oleic o0il composition
useful as an electrical insulation fluid, to electrical
insulation fluid compositions and electrical apparatuses
which comprise the same. The high oleic oil compositions of
the invention have electrical properties which make them

15 well suited as insulation fluids in electrical components.

BACKGROUND OF THE INVENTION

The electrical industry uses a variety of insulating fluids
which are easily available and cost effective. Examples are
mineral oil, silicone fluid, and synthetic hydrocarbon oils

20 used in transformers, power cables and capacitors. Examples
of such fluids include those described in U.S. Patent Number
4,082,866 issued April 4, 1978 to 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.,

25 U.S. Patent Number 5,017,733 issued May 21, 1991 to Sato et
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reference. Many of these fluids are not considered to be biodegradable in a
reasonable tinme frame. Some have el ectrical properties which renggyodggaem

| ess than optimal. In recent years regul atory agenci es have becone

i ncreasingly concerned about oil spills which can contam nate the ground
soil and other areas. A biodegradable qil would be desirable for electrical
appar atus such as transforners used inzpopulated areas and shoppi ng
centers. Vegetable oils are fully biodegradable but the oils presently
avai lable in the market are not electrical A feM/vegetabIe orls such
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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; 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 gap, a dissipation factor of less than 0.05% at 25°C , electrical conductivity of



| RGAMET- 30 netal deactivator. In sone preferred enbodi ments, the electrica
insulation fluid conprises at |east 94% of the high ol eic aci 7t Jdnpgozeri de
conposition. In sonme preferred enbodi nents, the electrical insulation fluid
conprises fatty acid ., , , 27 January 2003 WO 00/11682 - 4
PCT/ US99117794 conponents of: at |east ,[75% ol eic acid, |less than 10%
linoleic acid, less than 3@6Iino|enic'§6id, | ess than 4% stearic acid, and
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pref err gdagtivheei nents the electrical insulation fluid conprises 0.5-1.0%
in some enbodi nents 0.5% of the conbinati on of | RGANOX L-57 anti oxi dant,
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about 1 part | RGAMET-30 netal deactivator. 20 The present invention relates
to electrical apparatuses, conprisi the electrical insulation flujd. The
pr esent 1 AOBRUTGRTPAISHRCGITENE e GBLiR BRWEteN B SoEas AcPrRAtien; o

pr IOVI de ahtisxidant i éuuitlvﬁ?EH@C&dm@a;_bremeédr %h\}b%@iﬁqeln?é me.ew&&gntinsmmg;gt o
relates to a process for pr i e hi el idotri cerjde
Commos: EPOR e abrarargror el EBRNO-SE antivant ave R GRNCx 1k Hi g
deodori zed high oleic acid triglyceride with clay to forma m xture and
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is either a sem-solid or a liquid with high freezing point. Unsaturated
PCT/ US99/ 17794

aci ds In237orh]éjl B}'Je?ér\(edz gr%éodihehtsvt\%toaor{tilogdggl% a_ddﬁives 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
metal deactivator. It is preferred that the combination is provided at 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.

In some preferred embodiments, the electrical insulation fluid comprises at least 94% of the
high oleic acid triglyceride composition. In some preferred embodiments, the electrical
insulation fluid comprises fatty acid
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useful for steps of comblnlng 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 INVENTION

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 uﬁgaturated organic acids. When the

35 acid is saturated, the triglyceride is either a semi-solid
or a liquid with high freezing point. Unsaturated acids
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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

30 acid. The acids are in the combined state as triglycerides,
and when the oils are hydrolyzed they are separated 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

35 acids (also in combined state with glycerol). These acids
are known as stearic, linoleic and linolenic. Oils with a
high percentage of double and triple unsaturated molecules
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The present invention provides a high oleic acid

30 triglyceride composition useful as an electrical insulation
fluid and more particularly as a component material of an
electrical insulation fluid. A triglyceride composition is
a glycerol backbone linked to three fatty acid molecules.
The triglyceride compositions of the invention comprise

35 fatty acid components of-at least 75% oleic acid. The
remaining fatty acid components include less than 10%
diunsaturated fatty acid component, less than 3%
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electrical conduct1v1ty is less than 1 pS/m at 25°C, the

30 flash point is at least 250°C 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

35 Annual Book of ASTM Standards (in Volumes 5 and 10)
published by the American Society for Testing Materials

(ASTM), 100 Barr Harbor Drive West Conshohocken PA 19428,
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The present |nventL n relates {o an e rical ﬁgp tus which conpri ses

the el ectrical C#R84 étFBEPfPUMHnB?aPﬂianvgnt|3 @PEEFPF&&Feﬁpﬁaﬁﬁtus
may be aglmbecthroaghtaﬁneiabaeateaprebessrtoabbcamaCRBDro&a anr&hFCWhncwl
power cabl e 2,86 s ectriga
Pranstormer cofiphi SohgThy, aapenénCHC dtRe ' BhERRHRIEELAE, Bloman®L EhE: S
and coil s, andarﬁsneaOVﬂg 0|FuthhrnS§aP§ markiavelvevwinggrdgzagionectri cal
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Pat ent Nunber 017 g S. Pat en 5,2 g 750, _Pat ent
Nunber 5, 336, BE?ntRﬁFEhaggéthFérrg et8r858§§e§n °Fn€8PB@F§P@@ ﬁé#e R B¥P
reference ggscoibeayar iegerappli tat Badd epf selraeusitadlali w3ul andFaft ui ds for
which the electrical insulation fluid of the invention na%gbe used. In

addi tion, U.S. PredugtsNuiNpeF- 41093 &43,i §oUEEhrERiGdrR 197939chaoWidey &

Ginmes et al., t ent 8 0
HIl, US. Pat g}ﬁj{lgl\laﬁge?HSnggggﬁgél gg‘%e%%?ur@%?d F%%lg{ﬁgéklsné?’ %gw
U.S. Patent Nuphetersw@ ORbtt682ess] 71922, Jahtiahy a2@03 ndoHYdS3t el Fe4ein
4,972,168 issu enber 20, 1990 to (}lnes et al., U S. Patent Nunber

4,126, 844) andgﬁ §e¥9§?8ﬁ9 ‘Nunber 4, 307, 364 i ssued Decenber 22, 1981 to
Lanoue et abp. RBDCblABeaeecﬁuhehehyprncespedaagﬁch@n@@ntbytmef@nem@@t

cont ain descrlg LRASiS o&nngngstgl gg&apgh eaaa%ak%$%§é'bﬁyg‘3éthe

el ectrical insulation Iu d he i nvention be use I'n “some preferred
embodi nents, t RECEEEELEBcaB dgfangdubeseipnhe frﬁ?em‘ﬁrd-tflicsa%qq afsftdands in

particular, a &@&é&véaaa&ﬁoaae&gmt@ddmbr i0aat iieN decaarrynBiecallbEXAMAES
Exenpla 1 Severa h oleﬁg oi_| urt her pérlfle and Stabl|l Z%
according to tR& Fe ERPOHRGEN naF&%ﬁgk@aFﬁﬁﬁa S ATda SR bl

El ectri cal ZISeSDslshmwkdngha.t snfhtlasp@ami faled:tmﬂcahefdhwd)pemhees simlar
to currently U@‘E&;E&%t&%ﬁp %tc\érs% bleuice g%:' d A OTdRES -

Tabl e 1 conpar e proper |es of the puri present
i nvention wit ht&eRLEROLy whdsh Anycdyes essentlally a bleachlng process

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

=g

clay and mixed for at least about 20 minutes. It is

30 preferred if the oil is heated to about 60-80¢C. It is
preferred if the mixture is agitated. The clay particles
are removed subsequently by a filter press. Vacuum
conditions or a neutral atmosphere (by nitrogen) during this
process prevent oxidation., Slightly stabilized oil is

35 preferable. More stabilizer is added at the end of the
process. The purity is monitored by electrical
conductivity, acidity and dissipation factor measurement.
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Fl ui dbDi el ectric42. 440- 4550, Strengt h, KW 130 . |

gapDi ssi pati on0. 020. 010. 2Factor, % at 25CNeutr. No.

ng0. 05- 0. 03Kc*ﬁﬂﬁiﬁékrtEéth@ﬁtle(aebdgrighﬁﬁénofe@ﬁﬂggﬁbeEEYBgéghble
25CFl ash Poi nt 328C275- 300C257CPour Eplnt-28f RTEenp, Cooper
Power Fluid SyRgenioh Pﬁ??BFlﬁéter? Fsgeﬂa§sCHWBEEn¢§BEh9ﬁdlREEEE€¢f3@PS£
deduced fron1restnteyetyrzethprapeme&bsearblstgdnbméthhelhlgbmpbanasoehch

are for purifl ddi rif| atiop,of the
as received oi d@é#é Sﬁ% e Fh?%géphgéangﬁgméﬁgg §8odbri z 8 i's
necessary b@cabs@eQSOfrBU§1§@batl©uan@ﬂ@§ aﬁdd&cedmgnndt@yi&he measured
remain in the g fb?eﬁﬁkbggaha EHE'ilﬁﬁt@nu%gﬁptrhﬁahlEEQthlzgeeﬂBBH&h&ﬁk'On

we attenpted ihvo clay treatnent ollo roxnm.eé
the RBD oi l maBr?VéQ?EdPﬁFFHnQO&PRtP&&uF&FPHQPIéyCleylcﬂé§m&rod @@&VﬁFb

el ectrical 30 §@ﬂﬁﬂﬁhngﬁynoﬁlhys&emb&@slcmeélpamara&m@pwhgube beegeed oi
showed conduct

I es_as Io as _m ner Ci e_oil.s had
conduct|V|t|esé?ﬁﬁtﬁasﬁéﬁae FOTQQ Fogifg gﬁ%mEUndggtg %?rﬁgpow 1 pS/'m
(or resistl@itemhbdinends’ nhntra&)Amsa@@dBn@@ tdayel@ypnﬂeéﬂygﬁadéoombsh
Qher 35 indicgfops agéatxnaaeer&%ﬂB%tuoao&aeha %de%qghka"%ﬁtb%&e

number (acid nunber). Dissipation factor is a neasu el éctrical | osses
due to Conductpgﬁf@gﬁg@degpodlmﬁpggﬁ1f@g2neutral Attapulglte clay is Ultra

Clear neutral Attapulgite clay 30/60 LVM-GS (0il Dri
Corporation of American, Chicago, IL 60611). In some
15 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

20 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

25 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),

30 Dbutylated 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

35 stability of the oil is determined by AOM or OSI methods
well known to those skilled in the art. In the AOM method,
the oil is oxidized by air at 100°oC and the formation of
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al dehydes, ket B7ES %maoébmﬁﬂ%? SFPECF&FSErlﬁBit1BFBgFFF8§IfiBﬁQrSPG§aEH%
use a fluid i nsesatthanoperaf eai dopperodggenivatoxygelnf semeeembbdinents,So

e 30 ,Concer neRYCLoRXl ok 0, 3208k 95C3! poRXARRLE .S T BLRUE chORN of the

treated oil was € pour
treated oilB meA@CQF@¥@g|EédSQPGSErgéeaﬁéd-meeﬂﬁmﬁn§§v§hélPﬁ@ﬁﬁgy and t he

35 sol i ds that;seerE 86Rd weésnﬂtaihaeaeﬁ Wit Badi 85 9BBCaRYS £83thhherelR
00/ 11682 - 20 27 Januar 003 PCT/ U$S99/ 17794 The | owest  pour pOIQEﬁEr%&gﬁq

so far was - 38BR¥TLFH %r¥5 tReSShEEFRVEIWREPUEEEH igoeompinatingy
Further |oweriogeis @O$dlbtﬁngcexidédedmpbste&bﬁatt@nfo&mObﬂeht&ﬁnBQaCh S

by the use of pouLI Be10b HEAFE32NkACoUGH; 23, RUR R0 RALYIELREI YL RN ak, W Cf

has been used n Gor a OX|dat|on St ab
test was caﬁducowluetngnt @€ . CBhe( combgnabiibnt p£| nddx):lwasm@clnd@s d;dl the

12b-92. The adgléb&f§c&@r§n ﬁ? tthafiuédloEaEh% @hv%%%&bﬂ il1ude three
concentrations in ﬁA§ﬂ§o ei C ve%eta e ol in requl ar mneral

oil used in tr%ﬁ@%%%ﬁ%?s IR BsP 7méfhedxiggny 6?GPNPXOH 09 taken in a
conductivity cehtiofidaht ghaCERGAMET-Bat helkant dahctlif®@Etod whixhbuire edch

through it at 3oém£¥éQLleTQ$a§iL£E%”%r%RTc&%ﬂl&%&bﬁq &Q%. (Tarrytown,

25 NY). The combination of additives is present in a combined
total in the f£luid at between 0.2 and 2.0%, preferably
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

30 about 1 part IRGANOX L-57 antioxidant to about 2-4 parts
IRGANOX L-109 antioxidant to about 1 part IRGAMET-30 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 antioxidant

35 to about 1 part IRGAMET-30 metal deactivator.

IRGANOX L-57 antioxidant is commercially available from
CIBA/GEIGY and is a liquid mixture of alkylated
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as effective as regul ar transtorner nore efrective th
tenperat ure ni ABFaFagiVeysed in sone transformers. Another superiority of
t he conbi nati onIREANE®-Riovaktal td@aﬂicth]%t@ﬂ meeaduddadtiiyatbor0is%

concentration /. / Qi l W|th 2% TBHQ 10
Exanple 6 M Xi %éhﬁ%rcé%'%lg']sﬁ %oqﬁ%vﬁt%h I%? Eﬁ&%aﬁ@e%&l & ﬁ'ltaﬁéﬁ
| ower i ng ollOpoderpyattiveroiN,elanilse, (&-W@hmlélemldallﬁ s @l, dt-itend afzlodied Inas

mxed W th regpbahafipgnal. oi | (pour point of -50C or below)and at a 5%
concentration in_the 15 m xture (i.e. final electrical insulator fluid

i ncl udes 5% mi n&RGANGK| - 5t7h@r15619x1|53@|nﬁt afes IRGANOX] L3 094 @Bt ippigdasthare

enbodi nent, t hanehe&itahtls, reid atRaamMeT-@icd m&&&lﬁwé%@t\&'vfahotxh&ss)émdwpé‘r
ester Reolec 138 and at a 10% c_]onctlfntrq_ll on_in the mxture (i,

electrical 20 PREAVEESE | SEPaRRRS: sobpey tenwidsly mAse
was | ower ed5t oas426ndﬂ¢£oab(amd fdoppeeminas feorcadedytlic, affemitxdad wheh

regular mnerabyQightion of oil. The antioxidants react with free oxygen
thereby preventing the latter from attacking the oil.
Pour points depressants may also be added if low pour
points are needed. Commercially available products can be

20 used which are compatible with vegetable-based ocils. Only
low percentages, such as 2% or below, are needed normally to
bring down the pour point by 10 to 15¢C. In some
embodiments, the pour point depressant is polymethacrylate
(PMA) .

25 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

30 reductions followed by removal of solids at the various
temperature. In some embodiments, winterization is
performed by reducing the temperature serially to 5, 0° and
-120C for several hours, and filtering the solids with
diatomaceous earth.

35 In some embodiments, the electrical insulation fluid of the
invention that comprises at least 75 percent triglyceride
composition of the invention as described above further
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conpri sing fawogomnsst conponents of at |east 75% ol ei ¢ acid anficWpgidi7hg,
said conposition is characterized by the properties of: a dielectric
strength of at least 35 KV/ 100 m | (2.5m35gap; a dissipation factor of

| ess than 0.05% at 25C; electrical conductivity of less than 1 pS/mat 25C,

a specific heatccmm@etsf o d ela%t» &dfa?itqazle/s( @nk) ta.anﬁgl t@@b@uttharsml
ol eic

duct t f 15 W at h
Cr1glycer | de cORBSa Ao e e hrae AR g MPeERloSide: SYRSHFELe
conponents of leegexsharmnt)%dithessic gptde deationsaci dncsmp&nemao@mﬁre@x&
I ess than 3% t rpns tetgﬁtleé%f %ﬁgﬁé‘%%’ncééuﬁz c%&gﬁggggt 1-3h4 lgss than 8%

sat ur at ed fatty aci nponent oleic acid trlglycerlde
conposi ti onSof %%%tﬂ%lﬁr‘%@%@eﬂ@ﬂ%d&fr@%&#&oH§ﬁP§ 6PSdSS i P£10%

linoleic acid hseddlanid% |st}ﬂ£d1f§t1103 a@t@xise;ss;yhhmt&% htyairdc@x&;arfb atitl

| ess t han 4@6paln1t|c acid The hi_gh ol%% %h %@Fg er|a§1c05P03|t|on
of claim1 whe “f?lg%ﬁt&‘%rﬂﬁ)sqvﬁ & i SHCEh AR A

properties of: etmhd:dalmantra,c tshe earigidtmfcﬁt insadit 00 KVALE0 conipx(izes Hl5%

8a8,2 o dl o patdq)g-é{sl’qfltéq{ con UCt | Vlt eQ.Tt%%oeSS t“ﬁ%ﬁe %&Ioﬁgt %O(HSJ?S??J%]%

fl ash poi ntloof “H{nqr@éstOJQOO@Y%tdfp(ﬁﬁt%'ntSY@ft@ttllceQMdnombOHSZ'ﬁnﬂan
2003 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
15 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 MIDEL
7131 (The Micanite and Insulators Co., Manchester UK),
REOLEC 138 (FMC, Manchester, UK) and ENVIROTEMP 200 (Cooper
20 Power Fluid Systems). In 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 £luid
comprises at least 95% of the triglyceride composition of
25 the invention.

According to some preferred embodiments of the present
1nvent10n, high oleic acid content oils are used as startlng
materials for the production of an oil composition which has
physical properties useful for electrical insulation fluids.

30 The high oleic acid content oils are combined with a
preferred combination of antioxidant and metal deactivating
additives to provide electrical insulation fluids. Some
preferred embodiments of the present invention relates to
such electrical insulation fluids, to electrical apparatuses

35 which comprise the electrical insulation fluids and methods
of insulating electrical apparatuses using such fluids.

In some embodiments, the electrical insulation fluid of the
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o or oo SpvEhB CEhaR EOMBOTLELOR: Seall® 78 BEHCHR drigHAidi e
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s a benzot 1l azg8e090i W3l bt erl insligcanec ffwz@s i ald ers Sy&tahcla'm

6 further conprising upt m nera etic es 'eti c
hydr ocar bons aﬁﬁnébﬁﬁﬂﬁaﬁﬁ6#§sthéPéoﬁYHEQEtTﬁethﬁﬂﬂﬁnﬁﬂnﬁ nsAMSARE f | ui d

of claim12 combbauﬂ@n%sm%@ EQééltrQlcb.J. sm@hfl%tﬂlqarﬁ%l@rﬁ UMY idemtheids
hydr ocar bons. % The electrl |nsuhat|o fl ui d cIa|n113 co r|5|q¥%
e

5-15% mi neral Ol 1nSATdnd: £ EFSFSSE EFSP fﬁ?ﬂbﬁ
el ectri cal 10nsuiaerad ©ildi,dsyhtbleaim &4temspr |S§1|ntglé3:115%ysiﬂﬁdﬂbansasamis
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apparatus conprising the el ectric Insul ati o
el ectrical app&frkeddventsaithel 8lgrsrdicals dngudardan foluisl femmaes ciit20%

transforner, apreli@@uiatdngt FasdsOteectRde! T itdR VWY HY¥ring of
mineral oil, synthetic esters, synthetic hydrocarbons and

15 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 materials.

20 The present invention relates to an electrical apparatus
which comprises the electrical insulation £luid 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, which describes an

25 electrical transformer comprising a tank, an electrical
component comprising a core and coils, and insulating oil
within said tank and covering said electrical component,
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,

30 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,

35 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
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el ectrical twmangfaegzer wherein said electrical transforner coppiiResiBog
tank, an electrical conponent that conprises a core and coils, and said
insulating fluid within said tank and copering said el ectrical conponent.
19. A method of insulating an electrical transfornmer that conprises a tank

and an el ectrigCaly2CapRORgRh N doverirY 305 NRIgY dldidignds Watdng fdtsd
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Dissipation factor is
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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
through it at 2.5 ml/min. The effluent air containing the
15 wvolatile 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
end point. The number of hours is noted as the OSI value at
20 110°C. It is usual to convert these values to a 97.8°C 0SI
value to correspond to the temperature used in another oil
stability test, the AOM (Active Oxygen Method), A.0.C.S Cd
12-57.

Table 2 summarizes the test results:

25 Table 2
OSI Values in Hours for Various Oils
0SI, 0S1I, AOM,
110°C 97.8°C 97.8°C
High Oleic Veg. oil 1.3 3.0 3.1
with Cu
Same, with 0.2% TBHQ 13.5 31.3 32.6
30 Same, with 0.2% CIBA 79.7 185.2 192.8
Same, with 0.5% CIBA | 226 526 548
Transformer oil 162 377 392
(mineral oil) + Cu
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insulation fluid was mixed with regular mineral oil (pour
point of -50°C or below)and at a 5% concentration in the

15 mixture (i.e. final electrical insulator fluid includes 5%
mineral oil), the pour point was reduced to -40°C. 1In
another embodiment, the electrical insulation fluid was
mixed with the synthetic ester Reolec 138 and at a 10%
concentration in the mixture (i.e. final electrical

20 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.
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electrical conductivity of less than 1 pS/m at 25°C;
a specific heat capacity of at least 0.47 cal/(g/K) at 25°C; and
a thermal conductivity of at least 0.15 W/(mK) at 25°C.

2. The high oleic acid triglyceride composition of claim 1 further comprising fatty acid
components of

less than 10% diunsaturated fatty acid component C16-C22;

less than 3% triunsaturated fatty acid C16-C22 component; and

less than 8% saturated fatty acid component C16-C22.

3. The high oleic acid triglyceride composition of claim 1 comprising fatty acid
components of

less than 10% linoleic acid

less than 3% linolenic acid

less than 4% stearic acid, and

less than 4% palmitic acid.

4, The high oleic acid triglyceride composition of claim 1 wherein said composition is
further 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 25°C,

acidity of less than 0.02 mg KOH/g,

electrical conductivity of less than .25 pS/m at 25°C,

a flash point of at least 300°C, and

a pour point of at least -20°C.
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5. The high oleic acid triglyceride composition of claim 1 wherein said composition is
further characterized by a pour point of at least -40°C.

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

7. The electrical insulation fluid of claim 6 comprising at least 94% of the high oleic acid
triglyceride composition.

8. The electrical insulation fluid of claim 6 further comprising a pour point depressant
additive.

9. The electrical insulation fluid of claim 8 wherein said pour point depressant is
polymethacrylate.

10. The electrical insulation fluid of claim 6 further comprising a copper deactivator
additive, said electrical insulation fluid comprising less than 1% of said copper deactivator.

11. The electrical insulation fluid of claim 6 wherein said copper deactivator is a
benzotriazole derivative.

12. The electrical insulation fluid of claim 6 further comprising up to 25% of mineral oil,
synthetic esters, synthetic hydrocarbons and combinations thereof.

13. The electrical insulation fluid of claim 12 comprising 3-20% mineral oil, synthetic
esters and/or synthetic hydrocarbons.

14. The electrical insulation fluid of claim 13 comprising 5-15% mineral oil, synthetic
esters and/or synthetic hydrocarbons.

15. The electrical insulation fluid of claim 14 comprising 5-15% synthetic esters and/or
synthetic hydrocarbons.
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16. An electrical apparatus comprising the electrical insulation fluid of claim 6.

17. The electrical apparatus of claim 16 wherein said apparatus is an electrical
transformer, an electrical capacitor or an electrical power cable.

18. The electrical apparatus of claim 16 wherein said apparatus is an electrical
transformer wherein said electrical transformer comprises a tank, an electrical component
that comprises a core and coils, and said insulating fluid within said tank and covering said
electrical component.

19. A method of insulating an electrical transformer that comprises a tank and an
electrical component that comprises maintaining insulating fluid within said tank and
covering said electrical component a core and coils within said tank, said insulating fluid
comprising at least 75% of the high oleic acid triglyceride composition and wherein said
insulating fluid is further characterised by the properties of a specific heat capacity of at least
0.47cal/(g/K) at 25°C and a thermal conductivity of at least 0.15 W/(mK) at 25°C.

20. The method of claim 19 wherein said insulating fluid comprises
0.1-3% antioxidant additive;
less than 10% diunsaturated fatty acid component C16-C22,;
less than 3% triunsaturated fatty acid C16-C22 component; and
less than 8% saturated fatty acid component C16-C22.

21. The method of claim 20 wherein said insulating fluid wherein said composition is
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 25°C, and

electrical conductivity of less than 1 pS/m at 25°C.

22. The method of claim 20 wherein said insulating fluid comprises fatty acid
components of

at least 75% oleic acid

less than 10% linoleic acid

less than 3% linolenic acid
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28. The method of claim 20 wherein said electrical insulation fluid further comprises a
copper deactivator additive, said electrical insulation fluid comprising less than 1% of said
copper deactivator, said copper deactivator is a benzotriazole derivative.

29. The method of claim 20 wherein said electrical insulation fluid further comprises up to
25% of mineral oil, synthetic esters, synthetic hydrocarbons and combinations thereof.

30. The method of claim 20 wherein said electrical insulation fluid further comprises 3-
20% mineral oil, synthetic esters and/or synthetic hydrocarbons.
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15% mineral oil, synthetic esters and/or synthetic hydrocarbons.

32. The method of claim 20 wherein said electrical insulation fluid further comprises 5-
15% synthetic esters and/or synthetic hydrocarbons.

33. The use of a composition comprising at least 75% of the high oleic acid triglyceride
composition as an insulating fluid in an electrical transformer, wherein said electrical
transformer comprises a tank, an electrical component that comprises a core and coils, and
said insulating fluid within said tank and covering said electrical component and wherein said
insulating fluid is further characterised by the properties of a specific capacity of at least 0.47
cal/(g/K) at 25°C and a thermal conductivity of at least 0.15 W/(mK) at 25°C.

34. The high oleic acid triglyceride composition of claim 1, wherein said specific heat
capacity is about 0.57 cal/(g/K) at 25°C.

35. The high oleic acid triglyceride composition of claim 1, wherein said thermal
conductivity is about 0.17 W/(mK) at 25°C.

36. The method of claim 19, wherein said insulating fluid has a specific heat capacity of
about 0.57 cal/(g/K) at 25°C.

37. The method of claim 19, wherein said insulating fluid has a thermal conductivity of
about 0.17 W/(mK) at 25°C.

38. The use of claim 33, wherein said insulating fluid has a specific heat capacity of
about 0.57 cal/(g/K) at 25°C.

39. The use of claim 33, wherein said insulating fluid has a thermal conductivity of about
0.17 W/(mK) at 25°C.



