VIO 97/ 49100 WO 97/49100 PCT/ US97/ 10045 perrusem
H GH OLEI C ACI D ELECTRI CAL | NSULATI ON FLUI DS AND METHOD OF MAKI NG THE ANE

FI ELD OF THE | NVENTI ON The invention relates to a high oleic

- oil 5 cnposoition useful as an electrical insulation fluid, to [err]

el ectrical insulation fluid conpositions and el ectrical. appar at uses
whi ch conprise the sane.. . The high oleic oil .conpesi tions .of. . the ..

~invention have electrlcal properties whi ch make them wel| suited as

insul ation fluids im 10 ~el ectri cal ¢onponents. v BACKGROUND OF THE
| NVENTI ON. - . ... - The electri-cal 1ndustry. uses.:a. vari ety of-
|nsulat|ng f|UIdS which are easily avail abl e and cost 15 effective.

" Exanples are nineral oil, silicone fluid, and® synthetlc hydrocar bon
7 oils used in- fransforners;mpomer.: : cables and capacist ors: Exanpl es of
~ such fluids include those. described in U S. Patent, Nunber 4,082, 866
i ssued Aprll L ' T -

HIGH OLEIC ACTD ELECTRICAL INSULATION FLUIDS AND METHOD OF MAKING THE SAME

FIELD OF THE INVENTION | | -
: The invention relates to a hlgh olelc 011 :iji
5 comp051tlon useful as an electrlcal 1nsulat10n fluld :.to
electrical insulation fluid composxtlons and electrlcal
, apparatuses Wthh comprlse the .same. The hlgh olelc Oll
: comp081tlons of the 1nventlon have electrlcal propertles
whlch make them well sulted as 1nsulatlon flulds 1n L
10 electrlcal components _

BACKGROUND OF THE INVENTION - IO CL
_ _d The electr1cal 1ndustry uses a varlety of
1nsulat1ng fluids whlch are ea51ly avallable and cost
15 .effectlve. Examples are mlneral oil, _5111cone 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 4ff.6,066 issued June 3,
20 1980 to Rlnehart u. S Patent Number 4 621'302 1ssued
November 4, 1986 to Sato et al . U.8. Patent Number _
5,017,733 1ssued May 21 1991 to Sato et al - U.8. Patent
Number 5,250,750 1ssued October 5, 19935 oTShubkln et al.
. and U.S. Patent Number 5,336,847 issuéc August 9, 1994 to
25 _Nakagaml, which are each 1ncorporated?
h Many of these flulds are no ;
blodegradable in a reasonable tlme frame :'Some have
electrlcal propertles which render them_less than optlmal

_reln by reference.

In recent years regulatory agenc1es have become increasingly
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SUMMARY OF THE INVENTION

15 The present invention relates to high oleic acid
triglyceride compositions that comprlse fatty acid
components of at least 75% oleic acid, less than 10%
diunsaturated fatty acid component; less than 3%
triunsaturated fatty acid componeot;_and_less than 8%

20 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 conduotivity of less

25 than 1 pS/m at 250C, a flash point of at least 2500C and a

pour point of at least -150¢.

The present invention relates to an electrical
insulation fluid comprising at least 75% of a high oleic
acid triglyceride composition that comprise fatty'acid

30 components of at least 75% oleic acid, less than 10%
diunsaturated fatty acid component; lees than 3%
triunsaturated fatty acid component, and less than 8%
saturated fatty acid component, and whereln sald composition
is further characterized by the propertles_of a dielectric

35 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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. conponents. of @974 75% ol eic acid, less 't han 10% di unsat
I-fatty acid conponent; |ess than 3% triunsaturated fatty acid Co A3
'dnd |l ess than 8% 20 saturated fatty acid conponent; and wherein said

- composi tion is further characterized3by the properties of a dielectric
gap, a di ssi pation factor

zstrength of st_35 KV/100 mi| (2.5 nm
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-~a  flash poi:nt*f-’of‘: atlggé St fgé’[s&sr] C and a pour -pojnt-of. :at,least. .. ..
o= 150C, and- one. or. . nor.e . d0ei Present! deivethtilcdMAdig (oup, of an )
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DETAILED DESCRIPTION OF THE INVENTION ..
o +no- This present invention provides a”aovél:_;_l_
- @pplication for high oleic vegetable oils as electrical:
insulation fluids. Vegetable Qils=usuallx,h;;e;ﬁ;hiéﬁ=i
20 pencegt of triglyceride esters of saturated and .';uhsatu]_;a_ted
;??Sa?;ggapiés: ¢Whentthe,agid.is*saturated'-the £¥191Ycéride
18 either a semi-solid or & ligquid with .high freezing point
Un§§gprated=a°ids;P?Oduce;o;ls with low freezing Poinﬁs. .
H?WEV%;,:mqppgnsappra;ed §¢¥d§:3r§hpreferrad;over,H«w_.j
* dlunsacurated-§qd”t?iu3§atur3ted acids:because,the,iatéer
.tend to dry fast in air due to cross-linking with L
'=19¢?%§$ingﬁtbe:am°qnt Oﬁ:dinﬂsaturatesﬁand,tfiﬁnsgﬁuréﬁe;
makes the oil more Vulnerablegto.qxidaticniﬁincreaSiﬁg o
30 saturates raises the pour point. Ideally, the higher thee
E;EEZ?turate content. the better the oil-as an electrical

' Oleic acid-is:a;mngunsaturated-acid found as
trJ..glyceride ester in many natural oils.such ag sunflower
olive o0il and safflower in relatively high proportions ’

35 (above ;60%_.)___..,:_._____: High oleic acid content is usually above 75%
of the total acid. content. Oleic acid qgn-ﬁ_eﬁt_- ‘above 80% is




The. pres??ﬁ?ﬁéﬁ@él on relates to a process for prepari pgr,

ol eic aci eride conposition conprising the steps o conblnlng
efined, bl eached and deodori zed ,high oleic acid triglyceride to with
clay to forma 15 m xture and fllterln_g the m xture to renove the clay.
DETAI LED. DESCRI PTI ON OF THE | NVENTI Thi s present

I nvention S Iﬁ&g} i r g le oils
as electr?ggﬁgbga b?h %Eﬁ§1ﬂﬁlﬂ léﬁidﬁtgﬁ bé&éﬁhﬂ%sug?VS ﬁ%@g a hi gh:
20 per cehPaBf ArF; &Pfé‘@l“l adadda % e‘&"’a‘ifﬁfi u%’é%"é%?a‘t’éﬁh high
.organi c ateds. ac\i\ﬁe&ohlt@rﬁ@laild a@atsgaiﬁheé haeré rsghFrewedeoil ah8 either
a sem-solid 3? a. #%5 hfre |n Unsatﬁ a%ed aci ds
produce off8° tﬁl (M%ﬁ%;o %w%&wprﬂgﬂﬁﬁﬂg 498t ed aci ds
are pref equaﬂilbyellubilc@tmngatmrlai é:iltari'l;h\temcrisdme&mtwsledmdsthecause t he
| atter dr [ fking, with oxygen.
IncreaS|nBr%§Hgt&8n 0*0Fﬁ%&ﬁﬁggfﬁ}a Fes eué}§$||Jnsa ur at es makes the oi

more vul nerabl e to Bickaoleic dide amay rke tdrrived stxomaplant aseedst he pour
point. |dgahl ¥s tsﬂﬁf'ib@)é‘i“ atdae Hho P RASAIH N Fe %@ﬁrggnéafcéﬂyef the

oil as an el_ectri_cal fl AQeic acid
nonounsat APgiEdedcte vdgdd z@-gh okeiqy SRkeNte osThe P‘hr?raﬂl}flﬁaﬁﬁﬁal oils
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97/ 49100 no double bonds, 1t is a saturated o#T/aiR®71i408dS5ignated

-4 Cn:0 where n is the number of carbon_atoms.' Chains with one
double bond are monounsaturated and are designated Cn:1;

15 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 ac1d 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

20 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

25 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. '

30 A typical 85% high oleic oil has the following
approximate composition:
Saturates: 3-5%
monounsaturates: 84-85%
diunsaturates: 3-7%
35 ‘triunsaturates: 1-3%

While the present invention provides for the use
of vegetable oils, the invention may use synthetic oil



achi eved by gorséi ni pul ati on and breeding. Two oils that are
currently évgi-l abﬁl%lﬁ the United States with -high ol ei ¢ “adPCE/ESN(10045
-and | ow saturates are sunflower oil and canola oil. These oils are of
|"“val ue in producing high 5 quality lubricating oils but have not been used
~in the production of electrical insulation fluids. Hi gh
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“contain ”Df.e?kgggnz-5%}1§| i, G _aci davré conblcgn%gd s sa‘%iei’gmn"\Afjf‘ﬁl‘gﬁy'ce?be) , the
- remai ni ng_berng-comnmpos G AOR Prgvides. the '@rmﬁchrmbtﬁﬁﬂsﬁt%ﬁgshgahﬁg
in conbi Hed SPeEEEdrt Brructyirplennk) phyBiesa aHLs A& Kiom, as, steari c,
1-inol ei c____anobropef{;,ggggnhgt Q! gfw'mta%_.,a_ higgﬂh per cent a.ge__o"? dotitte and
triple 25 unsatiyated holecules are "andt SHCE FamRasiGioralelectrical
‘appl i cat i on HAETAtREIPReGLuddst whilch ‘gompaidiep thdledmpos B4 St I%@Efﬂé‘gis
- Monounsat ur spphoat 9s68CRhAEh0LE8Erdshdhe «§2LELS MBY .al sSQ react wih-arr,
" but nuch sl . and can ge ‘ g‘?ggugiai'?e‘ﬁj\?ﬁ?ﬁ%&%c ft i SPY iR fluide

- A typi cal?‘-:;S%%i'&%%?é%Q”i fngulathngr slrotrigal appaparusey QHHP Wb ON:
-Sat ur at d&.: £luids 3:5%. e, .= . nonounsaturates:. 84-85%"

“di unsat ur at es: 3_.7_%131?(3 . ' - . LT : - '
While the present inventT on- provT dbRVeBFiPReProuides of higheidlelic aidig t he

“inventi onr egridrt¢emposition useful as an electrical insulation

. fluid and more particularly as a component material of an

_ elecpriqalzinaulation~fluid;*-A"triglycerfdehbbmposition is
29.,a}glycgroquackbpnet1inked4taethﬁeetfatty acid molecules.

. mhe_triglyceride;compasitiens ©of the invention comprige
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%

25 . triunsaturated fatty acid component ;' and less than-8%" -°
saturated fatty acid :component. TERT s Eend
The-triglyceridé:ccmpositions:of the invention
preferably . comprise fatty acid:components:of at least 80%
.oleic acidjh,The.triglyceride'compositionSéoffthé'invention
30 mqre,preferablthOmprisesfattyfacidicomponEntsﬂéfﬁat least
:85% oleic-acid. . In-some embodiments, the triglyceride
compositions of the invention comprise fatty deid components
.- of 20%:oleiCnacidggyIn:some*embodimEnts,*the'tfiglyceride
compositions:-of -the invention comprise fatﬁy“acid:components
35 of greater than-.90% oleic acid:- : R A :

iunsaturates: 1-3%

__ Di-unsaturated, - triunsaturated and’ satiurated” fatty
-acid .components present -in the:triglyceride are bréférabiy
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isolated fromplants. While plant derived material is sui table for

al nost all applications, synthetic_ngtgrial may provi de a desirable
alternative in sone applications According to the present

|nventumblg1égbole € isOPrgﬁégrﬁgnEﬁQE g mﬁm&%sghs pstartlnqlnaterlals

for the productron
properti dRtunefacid wompeoeméaarﬂngaBadnynsaturraé;edrh ériunsamssaed '

i nventi oy Qd¢lesat 8§ BRLEGSALIAEOTROSI tl.%&l@@él ”Qm%@.exﬁl&e‘a :1]
structural and physj cal characteri stics_an W@H pertles nmet hods of

maki ng s&@@ﬁﬁﬁﬁxﬂﬁ%¢%n refRertivety - InlﬁQGPaF heh conpri se

the cepeHEinsHturiesd]i ﬁﬁiunsatuﬁﬁﬁadahnﬁeSawhb:ﬁhleﬁo'ﬂé.'t't:%}e atdi% el ectrical
I nsul ation fluids I nsul at.i ng appar at uses

S I ctrlcm
usi ng sudiP™ en??d?ﬁstﬁe trlgTycerlde FrEP 5F§§eﬁ$ ST i’ FRAGes a
hi gh ol eiaxiati dless thanl $selideledapasiitl, ohessethianadsamtelaadd ixaid

i nsul ati Irwuéguéﬂaﬁn? nggfmggéglgpkarkg @argtggpgﬁ_ nt material of an

electrlca atron f cerrge co nis 20 a glycerol
backbone |inked to Th¢eérlgévﬁ9raé¢dCﬁmpeéaFé9ns of thiee imvegitjicer iake

conpag t Idmserpfew@ttﬂaegfaaa Coﬁﬁétsﬁs, t:nta§t h¥vaCisheedBN §Hys 'Q?aft
| east 75% ol eic acid Ha g hé iCId gonponent S |n€T e |less
t han 100/oPr°P9cF“cﬂ-%%\t‘ﬁ’i%FBdm?§Ft§ § |Ba B Ry Sudtedy fonme as an

triunsat Wik icdl yinsullacponopeaid. anmhéeaietlb&nr&% streidjtl afed fatty
acid co y e co Qsi t,i on f t e vention
preferag%fﬁéxﬁﬁ?gﬁg?a???pggfgiggngg gﬁ?slgye PEadf §%0 c acid.
The tri glKAXQ@entbnp2sbt mwhsgap, t hbei digstipasion factor is less than

15 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. o . ' '

The dielectric strength, dissipation factor,

20 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,

25 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

30 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

35 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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" the triglyceride conposi tions of the bnvegtlon conprise fatty acid

~ conponents 35 of greater than 90% ol ei ¢ acid.. o
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:?eﬁbddineh?s,%%€§g§wﬁ%}uﬁﬁﬁﬁeéﬁﬁht?r?%ﬁ@%?ﬁ%@geﬁpangesaapdansdt????ﬂa%g;g
- conponent s Ome@m@g@mmmmw%ﬁtfieﬁ% Zﬁ-;./&gkggﬁéggl}h&ﬁlm a

i nolei e aci'd . Oh steari ¢ ac e
tgfi% f’ ?/Ocl gg?gg ?g?&;agﬁceéd%&an _%es .fssfpatrih%n-t- frgrorerfds.conpositions
of the i nvenfEéFLycerigierfcampastition cofrae. ifheht i6n iB-ei?EEVEhEB%'.%%

: : X - ' paticularly spited for use as
Py RbopsTL eantichi ERCTAIGIR RN RARLY, Sty ig leserthapceri de
electric?é |§38%%t|pn fluid. hgaﬂgiggcéﬁnﬁimeﬂﬁ#ﬂiﬁtrﬁé-1835 BHA0ap, . t he
anppSiE'og-ogéies'rgﬁFSEEE?ﬁgf”15;% Ogibat 25[é}f]C.'ihéaacidity Ps | ess
| ssi pation 0agLsr S. Ul i cal conductivityv is l'ess than 1°pS/ m at
KCH g, th eglectrical conductivity is le _ p>im
tzgflgr(r)]' & the Ut as Ao AR Vit OEASURSS] &Y |G LR g D o D&t i on
‘at least  voleherpfCoil with a soluthish @elaidis £t resgth, dissipa
T ;L0 Galijeondyetivity flash point and pour poi nt
factor, h20 %étrgiéidé%as.?%gg%zhe%%&&%lsh CRY O &theg @1k im grams per mg
- are eac lgm%ﬁﬁh is referred to interchangeably as the acidity number or .
. the neutralization 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 than 0.02 mg-
KOH/g .- _ oo
20 e .;The;electrical-conductivity is .measured using a
.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,
it is less than 0.25 pS/m.

25 . ... . 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?iglygeridgrcomppsitiqn of--the invention is at least2500C.
In some preferred embodiments, it is .at least 3000C.

30 .- - The .pour point is determined by ‘cooling an oil
samplejwithmdry:ice/aqgtoneuand:determininguthe 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 -

. 35 greater than -200C. 1In some . preferred. embodiments, it is
-not. greater than -40oC. '
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per Ay 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

20 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,

25 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

30 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

35 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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PCT/ US9 1083%2"9&%011' 3.% CgPress, 1992 which @re incorporated. ‘hefraigone

tion is
et.he triglyceri de . conposition of the inven
A L i ?t?/ a dielectric strength of at |east 40

. &C?&ggterlzed by then#$D ap aqg'gi qﬁ]qgﬁgqﬁsqg ageerding toOfkeat 5
25[err] C aE?‘EIFF’}toF-nV§9§1ﬁmn-rﬂ o&ﬁemg HOYilolasisiTabich cf ttﬁé'iﬂﬁéi%h
of |less thapro?ér@ﬂ':@ Q.?t g?cftgﬁlae? hg err{raflcnlthe P‘}F}%’gﬁtkﬁ%f%ﬁr e as
anggrﬁgﬁigéegﬁén%éug Sopﬁ§1p§aﬁ@p tdil is necessary.because ‘trace - .
polar compounds.and acidic materials still.remain in the
0il, making it unfit as an electrical £luid.- The - .
purification process of the present invention uses clay:

_ iwp;gatment:which,involvessessentially-a ‘bleaching process .

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

. clay and mixed for .at least abOut 20 minutes. It ig.: -
preferred if. the oil is heated to about -60-800C. It ig: '
preferred if the mixture is.-agitated. .The clay particles

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

25 conditions or a neutral .atmosphere (by nitrogen) during this '

. Process. .prevent, oxidation. Slightly stabilized oil .is . -
preferable. .. More stablllzer_israddediatnthetendnof the:: .’
process. The,purityiis-monitored'by:eiectrical'
conductivity, .acidity and . dissipation factor- measurement .”

30 Further treatment. by . deodorization techniques is :possible’
but not. essential. . The: polar compounds. that’ interfere most
with electrlcal,groperties;ane-organometallichcmPOundeSuch
as. metallic. spaps, chlorophyll pigments: and -so-on. The

.- level of PurifipatiCn;Dﬁﬁdedﬁiﬁfdetermined;by;the*measured

- 35 properties and the 1imits;used.iWAn_alternatiVeﬁémbodiment
provides passing RBD oil through a .clay column. . However;
stirring with. clay ‘removes trace polar impurities better:-

-a sem -soli




t han -400C. 10 I n sone preferred enbodi nent s, t@éﬁﬁgﬁhﬁggrrde
conposrtr?ﬂ?%ﬂ“?%k i nvention conprises fatty acid conponents

| east 75% ol eic acid, linoleic acid at a proportion of | ess than 10@6
linoleic acid at a proportion of legg than 3% stearic acid in a
proportion of less than 4% and 15 palmtic acid in a proportion of |ess

than 4% 354, ighss ingrarf&i@ﬁiaeewy éBEuﬂﬁOpeIhl gee@braed el ectric

strength of ~at l|east 40 i S tion factor
of o' | embadimens ooneRt 53} b TRPubgi bE: G187 | ERBI ALY, 3078, el o
el ectri C@lz@m(ﬂﬂ?tus&d vimfaleasivhapf 1250pSthagt bgsweigh€. aIno so‘iﬂeash

' Some. SARRERR ot Reer et RO ofr " Bhefel Bhing eAEEE, 100,200

-40[ esr ] @referably paperﬁllgthzerwueb i Phrhr ghzel oifc 1a5| ¢mgi | Thentent are

d i b
Fiok and 00 e RERLY el H56n 400 ARl in R SSRa e £ ok,

whi ch ar@ﬁﬁﬁiﬁ%ﬂﬁ%&%ﬁ?%er%#ﬁeﬁywbéFErEﬁﬁec ay 1?h§§et8FF§ 8¢ftﬁﬁ%§9Mtr1
simlar imiipesas d F@,’B@@ﬂ@ﬁtsynthﬁeﬂ&eﬂilﬁQQOéHEBQSt ﬁhaiyhbepli.\%‘éant:.ﬁ rvention

may be processed ield an_oil e _de h sical properties.
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as RBR oigexrilcdi¢alElly béphaded.and deodori zed) - mhrch are further
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useful in electric nsul ation onposi tigns ere are several
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f Y/
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M nnaapolgsintNidpeesséks . manuf act urer goes " through an el aborate

process, to obtain BED.ol} duslngp¥LEl 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

20 (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

25 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.

30 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

35 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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performed by -I‘.?ducizng the temperature serially to 5o, po
20 and ;120C for.iseveral hours, and filtering the solids with -
diatomaceous earth. - : ) |

. .~ s In.some embodiments, .the electrical. insulation
. £luid of the invention.that comprises at least 75 percent
triglyceride composition;of the. invention as described above
25 further comprises about 0.1-5% additives and then up to:
about 25% other:insulating: fluids such as mineral oil,
synthetic esters,- and synthetic hydrocarbons. ~In-some
embodiments, the electrical insultion fluid- comprises: 1-24%
of 1nsu1at1ng fluids selected from.the group consisiting of
30 wmineral 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, synthetic. esters; synthetic hydrocarbons and
35 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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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
20 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
25 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
30 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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a measure of electrical losses due to_cqhduction caused by
conducting species, usually organometallic trace components,
and should be below 0.05% at room temperature. The clay
. treated oils had dissipation factor of 0.02%. Untreated RBD
20 oils had DF ranging from 0.06% to 2.0%.
Example 3 o -
_ Oxidation stability tests were conducted on
treated and untreated oil samples using ASTM and AOCS
methods. The untreated and treated RBD oils failed the
25 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- Tertlary Butyl Hydro.
Quinone) in 0.2% by weight in oil. 'In the AOCS method used
30 (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.
35 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



U S. Patent Nwhew4930B36, 847, which are referred to above . APETNUS9710045
_incorporated herein by reference describe various 20 applications "of”

! electrical insulation fluids for which the electrical insulation fluid
of the invention may be used. In addifion, U S. Patent Number 4,993, 141
, 1 ssued Februar 9, 1991 to Giines et al., U S. Patent Nunber 4,890, 086
i ssued [)e?%?-f*‘g}é?dz%nlxgég‘*twem | | TBHQS prieatesh tt o\ieh atheb Kkt 949 25

' issued June %tﬂ&eﬂdé@tﬁdki ‘BReCthebe,. U e 4,972,168
. i ssued Noverrngx 14990 to G“emssﬁée ﬁtﬂgétt % ng&l Afhibitor
4126, 844, ant U ZLTPIRR %%@Flﬁne,v?uéézmrod%Mr@mammerdézwhﬂaehéo

Lanoue et al thamlmmnteactlo ac1dis;eblcbh69.lép0re§tt@q‘§1e Qdé é’ ference

contai n desch ectrical aratuses in 't he
el ectri cal ]deQ:td nsul at | oﬁg‘?ﬁ'ﬂ%? ?tﬁ%‘ég}‘ﬁ%m. %ﬁ% faflsctadcal Iai)m&tus
pref erred eni'fé%ﬁ%é’fﬁ% a thluid einsebat dpnaoperatko :th&ow oxy RN Oyt -

t ransf or ner, r f or mer di,stribution
transf or mer . ﬁz‘é@%{ﬁ%ﬁﬁeﬁgo%% the cbh80EnO6¥8k oxidation is not: .

PCT/ US97/ 1008&eat. . . .. .= 13 - . . EXAWPLES Exarrple
1= Exampi@/earal hlgh olelc 0|Is werefurther purified and

stabi |l ized according tg, t he esent |nv ntion to make them "5 el ectri cally
sui t abl e” . El ect-ti cal A48 P ‘gfﬁ)\%l’?q'\a? stl® treptedfpdd wabstypdcally -

properties seAPFar T dmwes:nttllqa y=adr bheint f&?ﬂﬁéiat thé trhdsqg of its

.in-distribut{gpet | & coppare ropertires o
purified oil s of ?%g%%?ggé{ at ?;olr)fventl B wi :Fg é f?’én??‘@eﬁi‘%dhppﬁﬁdsand 10

Tabl e 1 the solids that Separated were filtered with diatomaceous
_,.__earth The lowest. pour, point reached so.far was -380(C,
15 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 PMA (polymethacrylate) which has.been used for
. mineral oil. . : '



Conparison of Purified Vegetable G ls with -H gh Tenperatur Used
100 FbTﬂI%?M@ﬁz

in Trans WQ2H4¥ H gh Oeic High Terrp tic
Veg. Q| Mneral O1' Ester FIU|db rxplnrfr.n 40 45
50 Strength, 15 KV/ 100 m| gap;¢ _
0.1 Factor, % at 25[err] C Neutr i' “ﬂﬁl "I“EU
0.03 20 cKoKing: El ectrical . 0.25-1.0. 0)*
Conductivity pS/ m 250C . Fl ash
Poi nt 3280C 275-300[err] C 25700 25 Pour Point 28[err] C
24 OC 1. 480 A high oleic aditFamigipeariadaspbbit fofystem

ol yol Esters educed fromresistivity e properties
listed fGPUPKaSHNgh EAthY: afid Fomgahe qﬁ?[ﬁ%lfled oils with no additives.
*BO~E . E: . .ax least 75% AMRIY/a&dD0

PCT/Q§97/10045 less than 10% dlunsaturated'fatty aciad

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

mil gap
15 a dissipation factor of less than 0.05% at
250C ' o
acidity of less than 0.03 mg KOH/g
electrical conductivity of less than 1 pS/m
at 250C
20 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
25 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
30 claim 2 wherein said composition is further characterized by
the properties of:
a dielectric strength of at least 40 KV/100
mil gap,



“estanated VOB (. JAMMMPIEARRIA o5 ge, O ey o5 BEmismonts!

bécause trace pol ar conpounds ahd #cidic materials still 5 remain in the
oil, making it unfit as an electrical fhuid. The purification we
attenpted invol ved clay treatnent as foll ows: approximately 1 gal. of
the RBD oil was treated . -audisd{avié@peadtée 6Eayesh thuasopbeguaed W th
el ectri cal conductivity.of Tess than | pS/m -The attapulgite treated 10
oi | showed @8R&uctivities as fow as 0.25 pS/m “Comerci al grade oils
had conductivities in the ramgditf JfSléss 1Phan 0pGLmmg KOHdgeti vi'ty bel ow
1 pS/m(or resistivity aboy 3] ohm cm..is -dest el ggt (i
grade oil. Oher iruﬁcxﬁ%%%é%#iéé%i?? %Q%E |%E?p§?i%%ggagpéP é%% %?9%
neutral i 2at abn 2B9fber (acid nunber). Dissipation factor is a neasure
of electrical |osses due to, corgictpOincaygesde bieast §669ect bpa speci es;
usual |y ‘organonetal |ic trace conponents, and shoul d be bel ow 0. 05% at
room tenperat ure.. The clhay. 2 POU¥ RRWRE PF sahaleaPtsrglPFfon factor’ of

0.02% Untreated RBD.20  oils..had. DF. rangi ng from.9::06%to.-2. 0% . . :
Example 3~ “° Oxidatian stability tests viere conducted on
treated and4untreat ed O % Iéi?%@i?ﬁﬂ Eg*$3i3¢$fﬁge °°m98Fﬁ§&§P'?ﬁe
untreat ed ardatied ethdimidasid acdmposhiei@d isefurthetxcHatracherikzied byr s

wer e added to ' -the 4 esisoere repeated. Several oxidation

inhibitgﬁs'%e-ém%fgééggtgk‘%g%liiiéylgﬁzggkwdroxy'TQIuene, BHA (Butyl at ed
Hydroxy Anisole), and: TBHQ: (:rono-Tertiary: Butyl Hydrio.” =" -Quinone) "in 0:2%
by weight i® oil. In tde AXsh ®ldDd ssed Piglfdet2ae’rokpPBsik idampires are

bubbl ed wi th _air at 100C , and t he geéoxide ornmati an was neasured at
sever al tinElalmi%ﬂﬁﬁﬂ&ﬁ%ﬁ*?&nﬁ%F?ﬁ~?'ﬁ'h°365°ﬂ%ﬁt5f°geroxide wer e " not ed.
Since copper is always pressntleast hesel eTétccakid @ -environnent, alt oi
sanpl es had copper wire ple N emo 35 _\\ n A?ditive, the time to
reach the limt was 18 hou?@%gs Eh%#tﬂbgdgf?¥%%gfogﬁ$ , the times were 100
hours faB BHT + = . ‘BHA - \iess TEMO 3%echimpleniqoachburs; the peroxide

val ue e o .. less than 4% stearic acid, and

.less than 4% palmitic acid
wherein said compoéition is further characterized by the
. -properties of:. . . - . . P & o
20  -a-dielectric strength of at least:40 KV/100
mil gap, '
o .a.dissipation:factor of:less than 0.02% at
250C, P Lokt o ' 3
.acidity of less than 0.02 mg KOH/g,
25 o eleectrical . conductivityof less: than .25 pS/m’
at. 25¢C, bl o T
:a flash point’ of-at'least :3000C, and
-é pour point of at least -200C. ::. .~

. 6. . -The: high oleic acid triglyceride: composition of
30 claim 5 wherein:isaid;composition:is:further characterized by
a pour point of at least -40¢C.




WO 97/ 49100 PCT/ US97/ . Seods
- 15 -  WOPS248W8J only 8.4 meq. TBHQ proved to be the begteﬁ%rsg’”mm5

anti oxi dant of the three. Wthout an Oxidation inhibitor the oils upon
oxi dation woul d produce hydroperogi?g which is then converted to acids,
al cohol s, esters, aldehydes, 5 ketones and pol yner.structures, Most

eIectrich appar at ys, eleéé¥§cﬁfﬁéﬁ?é 44 £hh NBUL AT O8mPPEERRG. i n | ow oxygen

or oxyge freé environnment, e concern over ‘oxidatton is not.
gr eat . Exanpl e 4 10 at least 75%Rf jehe BighioleiendCifeated o0il was
typlcalI¥riglyg@fyag(eomgggigmﬁﬁ dhecpoim point further, the treatedoils

were winterizéd at 50, Qo ang -12[err for veral hours, and t he
solids that separated VWQE;TqﬁtQﬂé&Pﬁ#%%P%i%ﬁ%ﬁ%ﬁ%%Us Hearth The
| owest pour point reached so far was -38[err]C, 15 close to the specified

val ue_of -40 C t f . O] . h LRg i e
Doty cr | LSrl, S1ESLBE bl aciof ELOFE LEVELAER boylasail e b

ext ended®wi nt eri zat approach i
depressastdid amuicxiatamtredditulivecisaeeleated fnpohthasgveup used for

mneral Qil._i:ows
PCT/USQ?%T%@&?tIng Of\ﬁaévié%géthdroxY toluene, butylated hydroxy

err _
anisole ané mono-tertiary butyl hydro quinone.

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

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
15 -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.

20 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
25 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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1 /\rn!ﬂusmhmmo acud triglyceride conposition - CO”pr'gkﬂﬁméﬁhhﬁw

aci-d. conponent s- 6f: - at least..75%oleic acid
| ess - t-han- 10@6d|unsaturated fatty-aci-d . conponent .C16-.C22;.. .
| ess than 3% triunsaturated fatty acid @]516-- TIEIER2. corrponent, “and:

| ess than 8% sat urat ed fatt£%¢0|d conponent 10 Cl16-C22; and* :mhereln sai d
conp05|t|on|¥;¢L”ther %mae_ ”trlqah_@ppah&tus_ﬁb pe&bhagfq%e electrlcal
a di electr i c iHghenpt $o.0f £ Bhi § 666 ~}§V 100 'mf.ga g :

di ssi-pati on factor -of-|ess-than.0. -oa_iw_sw ' : .
acidity of less than 0.03"ng KO¥§ : et electriccali e ow :
conducti vity 18f. | ess t heite le&#t®ical & ﬁ;*é%ﬁi 0 flash
p0| nt of at l%"i’ﬁ\tr QIOE[ err] C a_ ' P %E cla:.m %3 H’P%Pla& qae‘ésst

claimi cérrpFlaﬂaﬁ-'étm or aan delaannmmml sl;@é;casig: O ar | eas't 75%

oleic acid 25 Iess than 10@6I|nole|c acid

| éss t han. 3@6]|nolenlc acid L ‘I'ess: than 4% stearic- aci d;

arg c acid tz 591966kd22§zémﬁﬂé eyaéfraﬂafzﬁg”ﬁhe st ﬁlgafdagééggsrlggn

ol ei | r i ei

is further characterized h properléﬂgﬂﬁcomprlSIRQ ‘the ‘stepsgof:
J%@bé@ q@ﬁiﬂﬁflned"blq;qhed_and deodorlzed

dlelectrlc strengt h of T~
_ - high oleic acid. trlglycerlde with-

S0 neutral clay to form a mixture” - -
FREPEIN P malntalnlng said mixture for at least about 20 -
.minutes, and R T e :

filtering said mixture to remove said clayw

_15 .20. ; The process of clalm 19 whereln sald clay is 30/60'
S mesh size clay.

Hllllll IHIH lllﬂ ﬂlll Il Ill!
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a dissipatian_factor of | eﬁs_Lhan 0. 02% at 2 WEPLACEMENT SHEETS  SG

~acidity of less than 0.02 c J ﬁpﬁb&cpa%%mpﬁtgi 3%’
|Ofea|ste Sgof)g?:n Lﬂﬁmmﬂl’lﬂu III?IIHW[ err] a podf- pdi ﬂIIf‘@E--"za;’“b eggi“"-ZOg%ga?ed |

~"The high oleic *acfd bri'yl fcer*l de conposition ¢f 4 wm-QJ(lal gnd@h,e_[gj p‘,ﬁl ,,,,,
' conmposition is further characterized by 10 la pour poi nt %Bsﬁ

-40[err] C. 5 . The high oleic acidt VGEr: f
t.claim1 conprising fatty aci d component s of ﬁAﬁL (9‘8 ﬁ}?@E > 30
- oleic acid 2% An electrigal signsfaemer tomprisinglagink, am FldcttiBal companeri ¢ms

. than 396PHRDSeH wraidioils, and insulating fluid withissud lank andcverny said sleéwicaland

. | ess t haempefignal wihidréin saidiwaisularingtferid tamprisest conmposition is further

© char act eri zed) byleish85% offrigiesleiceidiigRReride composition compﬁsxﬂg ?elng%[d c

- strengt hoﬁboﬁfémﬂ gast 40 KVv/ 100 m | gap, I sSI pation
factor of [ess th%{lle 0398 gfeic ac1d25[ err]C ‘acidity of |ess

“than 0.02 ng KOH rlcal copduetivity of less than
25 pSim at 2508 aa\ﬂ%dmnsaturatedfat%‘acx om h |nr’ of at | east

: _ less an’ 3%. riunsanr; ogggbe -20[err]C
300ferr]C, and less than 8% sdturated gny acid component C16-C--, | ]

b) 0.1-3% dIll'lOded.nI additive;
wherein said insularing fluid is characterized by the properties of:
_ a dielectric swength of at least 35 KV/100 mil gap;
o/ ' a dissipation factor of less than 0.05% at 23°C;
o acidity of less than 0.03 mg KOH/g; and,
electrical conducrmry of less than 1 pS/m ar 25 °C.

22, The elect‘rical transformer of claim 21 wherein said msulating fluid -
comprises a high oleic acid wriglyceride composinon that comprises fatty acid components of:
at least 75% aleic acid;
less than 10% linoleic acid;
less than 3% linolenic acid;
less than 4% stearic acid; and
less than 4% palmitic acid.

23. The electrical ransformer of claim 22 wherein said insulating fluid is
further characterized by the properties of:
a dielectric strength of at least 40 KV/100 mil gap;
a dissipation: factor of less than 0.02% at 25°C;
" acidiry of less tHan 0.02 mg KOH/g;
: elecrrical conductivity of less than .25 pS/m at 25°C;
a flash point of at least 300°C; and
a pour pomt of_ at h;ast -20°C. ‘ -

24, The elecmcal transformer of claim 23 wherein said insulating fluid is
further characterized by a pour point of at least -40°C.
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6.7~  Thée hi g}h oleic acid triglyceride corrpSsi tion of 30 claimb5 wherein
said conposition is further characterized by ~ a pour point of at |east

-40[err] C ~WD 97/ 49100 REPLACEMENT SHEET:

crectrical MBI corprising2 = ™7 7 o fcast Tstaor

‘the high oletc tacitd * £riylyceride conposition of claiml

~ 0.1-3% antioxi dant additive. - .5 8. The el ectrical insulation fluid
“of claim7 wherein sai d antioxidant additive is selected fromthe group
consi sting of butylated hydroxy t ol uene, butyl ated hydroxy ani sol e and

nono-tertiar3s,butyl hy¥heekttiosingnsformer i¥.claim 21 whefdi s€ill emsulatiog fluidisul at i on
fluid ofyrbkAtHBraciMiRH By e fop&absofant i oxi dant additive is nono-tetra hydro

l_---gglnggpgl g up téoadlelecmc oﬁﬂmﬂehﬁablmﬁuba&ﬂ% fluid of claimo
el ectrical insul a? égﬁ?%ﬁ %‘i:fo?o Fa%mgg_yag %grsrprl si ng ét | east 94% of the
0 { =

) hi gh ol ei ¢ acid tr‘{c ;241 A ucnvny f}fpblmugg C;

a flash point of ar least 300°C; and
a pour point of at least -20°C.

26. The elecmrical ransformer of claim 21 wherein said insulatng fluid
o compriscs at least 94% of the high oleic acid iglycende composition.
: 27,7 - The electrical ransformer of claim 21 wherein said insulaung fluid further
comprises 3 pour point depressant additive.
28, The electrical transformer of claim 27 wherein said pour point depressant
additive is polymethacrylate.
.29, The electrical ransformer of claim 21 wherein said insulating fluid further
comprises less than 1% of a copper deactivator additive.
30. The electrical ransformer of claim 29 wherein said copper deactivator is 2
benzatriazole derivative.
31.. The electrical ransformer of claim 21 wherein said insulating fluid further
comprises up to 25% of mineral oil, synthetic esters, synthetic hydrocarbons or combinarions
RN thereof.
L\ . .
32, The electrical transformer of claim 31 wherein said insularing fluid further

comprises 3-20% mineral oil, synthetic esters and/or synthetic hydrocarbans.
33, The electrical wransformer of claim 32 wherein said insulating flud further
comprises 5-15% mineral oil, synthetic esters and/or synthetic hydrocarbons.

.34. The clecmical ransformer of cluim 33 wherein said insulaung fluid further
comprises 5-15% synthetic esters and/or synthetic hydrocarbons.

3s. The elecmrical transformer of claim 21 wherein said insulating fluid
comprises 0.2-2.0% of a combination of one or more antioxidant additives and meta! deactivator
additive, said combination having a ratio of about 5 parts antioxidant additives 10 about 1 part
metal deactivator addirive. :

REPLACEMENT SHEET
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12 © The electrical insulation fluid of claim7 further conpri sing

a pour poi rt—depressant--—additive. 13. . The el e REPLAGHEMENTS BHEET on
id of claim12 wherein said pour point depressant is

flu

pol yrret hacr y””ﬂ l"ﬂn 'IH“L The electrical insulation fluid of claim
urt her er deactff4ator additive, said electrica

7 furth pper deact ddi id electrical

“-insulation fluid corrprr s’ ng | ess than 1% of said copper deacti vator.

':?__15 The electrical insulsation fluid of clai m 7 wherein 25 said copper

- deactivator is a benzotriazole derivative. The el ectri cal

I nsul ati on qurd of Cl’Phem7 further Eorrprr |ng up 25%. of mneral
~0il, synthet¥ esters, CcA! Fanstermay of s1ar Bo e sad mepiating fluids
t her eofcomprises 0.5- le%guf /agquj;gguon of one or more antioxidaat additives and metal deactivator

" PCT/ USo#dindE4 5 - 19 -

- 19 - 17. An el ectrical apparatus conprising the electrical
i nsul ati on f3nid of cl Thewléermrical wansfofiner of clairk2¢ wilegsth sdid adsuRApg Aaiqus of
- clai m lpnikieeeD3- B0%MbS a conbiidtibA blEnd & Abreahe6kiArk Aldin VésHRE ¥iiReactitor
. el ect 1 gotkrived sai ABABInaRn Hivxﬁ’é‘a BhisQrab&i !4 AANGALGAdNE additives to abour 1 pant

- metal deacuvator addidve.

38. The electrical transformer of claim 21 wherein said insulating fluid
comprises 0.5% of a combmanon of one or mere anrioxidant additives and metal deactivaror
addirive.
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15.© "““R'brocess for preparing the high ol eic acid triglyCog

conposi

parts refined, HP€dhed and, dWSRSINTELECTUAL PROJERTH ORGANZATIBN | d tri g

o with 1
. mai nt aj

tion of claim1l conprising the steps of: :

. lnterra.tlo f it -
o, Iy AR ol poshiep v ook mpRi da00RsRATION TREATY (PCT)

Cfilter

claimfl9 wpaseissy said clay is 30/60 AElsh’ si ze cl ay. [err]
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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.component; and less than 8 % saturated fatty acid component; and having
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, acidity of less than
0.03 mg KOH/g, electrical conductivity.of ‘less than '} pS/m at-25:°C, a:flash, point of at least 250 °C and a pour point of at least -15
°C are disclosed. An clectrical insulation fluid comprising the triglyceride composition is disclosed. Electrical apparatuses comprising the

preparing the high oleic acid triglyceride composition is disclosed.




