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HIGH OLEIC ACID ~ICAl.. INS.~~TIO~~t)~ AND.~()D OF -~~Klt,:l(l ~.S.~ME 

'· 

FIELD cifi m :tN'1ENTioN 
' Th~· inven_tion re_i~te_s. to a _high. oleic oil 

s compdsiti.on ·u~ef'ul as an elect.rical insulation fluid, .,, to 
electrical insulation fluid comp9sit.:i,.ons.an4.e1ectricct.l. 
apparatuses which comp.rise the .. same. :.Th¢:.h.igh oi~ic. oil ; .. . . . . . .. . .:·· .· ·. . . . ··.. .•·. ..... . 
compositiorts of the invention .h.ave elec:tr;i.cal properties 
which ~ake them well s~ited"'.a's' i~sula'.t~i.~n· fl.uids in, . . 

·: ·' 
10 electrical components. 

: ~ : ' . . ~- . . . . . ' 
BAcKGROuND OF THE INVENTION. 

' . . ' 

The electrical. indu~~~ uses-a_v~fiety.of 
insulating fluids which, ar'e ea'sily available and cost . . ... ·•··· ·. . . . .. . ; . . ·. ~- ; .. 

15 effective. Examples are minere1:~ oil, sil;L.cone fluid,.and . . . ' .• .· ··: ··--· . ..·· . 

20 

25 

sY'nthetic hydro.carbon oils. us.ed in tranf:jformers, powe:r 
cables and c~pacitors. Ex~~pi'~s of 's\i~h. fl\lids i~~l~de - ...• . • ; . : ·' 1 .. :: • ... : 

those described in u. s. Patent :Number· ·4; o.~2 I 866 iss.µeci April . . . . .. ' . . . ; 

4, 1978 to Link, U.S. Patent. Nurnbe~ 4/2'06,066 issued June 3, 
l.~80 to Rinehart', u.~Li. Pate~;t·:Number 4~62~,~·02 :issued . . ·' -:~: .. ',: . . .. ., . 

Novembe_r ~, 1986 to Sato -et af., u.s .. Patent Number 
s, oi 7 ~ 733 issued Ma~ 21·;, .. ~~9l tp s~~~ '~t·,:~:i'.· u. s .. ~ ~ate~t 
Number s, 2so, 7so i:s~ued:· Oc~~b~r. s, l.~·93 :~·P.· Sjlµbkin. e~. ~l., 
and u. s. Patent ?'!umber s ~ 3J6, 84 7 issued, A,ugµ~t _9, 1994 to 
Nakag~rni, whi~h are each ; i~~c)rpp:t'.ated" h.er~i~. by. reference. 

Man~ of t.hese flui$i~· a~e. not.:\6oA~id~red_ t:o be : 
biodegr~dable. in a reasonabil: t~.~e framEi'. Some have 
elect;ri~~i prop~r~i~s ~hich rend~r th~tri'.'i~ss ,tha~ t::>P~irn?-1. 
Iri:rkcent years regulatory agencies haye become increasingly 
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concerned about oil spills which can contaminate the ground 
soil and other areas. A biodegradable oil would be 
desirable for electrical apparatus such as transformers used 
in populated areas and shopping centers. 

5 Vegetable oils are fully biodegradable, but the 

oils presently available in the market are not electrical 
grade. A few vegetable oils such as rapeseed oil and castor 
oil have been used in limited quantities, mostly in 
capacitors, but these are not oleic esters. 

10 There is a need for a fully biodegradable 

15 

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

SUMMARY OF THE INVENTION 

The present invention relates to high oleic acid 
triglyceride compositions that comprise fatty acid 
components of at least 75% oleic acid, less than 10% 
diunsaturated fatty acid component; less than 3% 
triunsaturated fatty acid component; 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 2soc, acidity of 
less than 0.03 mg KOH/g, electrical conductivity of less 

25 than 1 pS/m at 2soc, a flash point of at least 2sooc and a 
pour point of at least -1soc. 

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; 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 

35 strength of at least 35 KV/100 mil gap, a diss~pation factor 
of less than 0.05% at 2soc, acidity of less than 0.03 mg 

' 
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KOH/g, .. elec~~,ic.al. .. co11~uctivity of ... J~ea,i;:1. t.hcir.i. l pS/m.:at·,2soc, 
, > · .:: .. ) ~ ;·.: : ~.:.-·'· :. ····" :·:. ·~ .. ·• · .. h •• i. 

·• - • • :•>.·;· ,):r' ... ·. ·· a ~l?tsh. .. PoiI1~ JS£ a:t least 2sooc, a.µQ.. ~''.p.otJ.:r::. pq;i.nt:Pf at .least 
:· ! . - . . ··: . . . : . . . ..• :-. . ,: .. . ... : : . : ' : .. . . . .. . . . . . . ' 

5 

7 1soc,,.,(;l~d: ?~.7.··. o:i:- .more ad9-.itiv:e, se.l.ec;:~~d. f-J:'P~ ·J:,he group of an antioxidan.t. ,ad,dit.ive, a .pour. P<>.:i.111: ,~~pr~ssant;. additive 
. . . . ··-·· .. >.. . . . 
·-·· .····· . . 

and. a .. coppe:i; deafti vato;r. .. : "; ··;- -.. . ·. ~ . : . 
··, , .. 

The pi;esent invention F:~lClt:es., .. ~.O e.le.c·t:c\ical .. :.,· ... ·. . ··- .: -

'l'he. pre.$ent invention. rel(ltes, 1;:q t:h.e.: µs.e of·, .. · 
. ... : . :.. : -~ '.: . ; ' . :- : .. : . : :. . .. . . . . . . e;Le,ctr.t9al .... :ix:isulation ~l\lid to proyic:i~ ins:µlat:ion: in· · 
~- ·: ·. : .. . '., . , ..... - . '. . . .. . . .... . . 10 elect:ricci:J..apparatus~s. 

_,,' 
', : ... · .... 

.. ,. ·-· 

. The. present invention relates .. , to, a ... proce~~'. for 
' . . ~ .. · . ':i. . ·... . . . . •.. ; _, . . '···· . . ' '· . • . . . .. . . . . ·... . . , .Pl.='~PCl.J:j,.ng ~l;ie."}J.igh, oleic f!Cid t:r~glyceride- cgmpo~i,f:ion 

; : .. ,. .. ~ ... . .: . ' . . ~ , . . . ·. . . .. . 

comprising the. s.t:eps .. of .cqmb~ning.,.re.f~n~d, ,b],eci.c:Ped and·· . 
. : " ., .:·; . . .. . ,: . . . . 

deodorj,:z;ecj _)1igh. o),eic .. ac:id. t:i:iglyc;:e,ride·:.w~t:h c),ay to :form a 
. . . . . . . . ~-·· . . ·. . - .. . . .. . •.• . . .. 15 _ mixtµre and f i;l.~~ring the mixture to· remove ,the clay; · 

.::.' . : . . :· .: . . .. . ' . . 

. '\: 
: ; ·,_ .· .. ; 

DETA.lLED. DESCip:J?TI9N QF; .. THE I~IO~ 
Tl;lis Pr.esent. inv~ntion proviciefi?_ ~-:novel ... 

\ . . :·::. ·: .. . .. : •. . . . . . . .. ~pplicati9n for .. hi_gh oleic vegetab),e oils c;lS: .electric~l :: . 
•• •• • < •• ... ' •• •... ••• •••• • ., • 

20 

~nsu:lation ;f+.u;ids. Veget.ab,,le oils , usually. have .. .:a.. high ; 
perc~n.t. of .. trig~ycerid:e ,~s·ters qf satu~pted and :'\;\nsaturated prgan~c:, p,cids,~ When, the a,cid is., saturQ;ted,. the triglyceride is e.:i,ther a sem.:i,,-solid or 9- liquid. ·Wit;h ·lligh freezing :point. 

. . .. . : . . . ... . ..... ~ . 
Unsat:urated. acids ,produce oils with low freezing points.· 

i .. . ·;: . . • .. . . •. 

Howev~r1 .mono~nsat:µra~ed a9id~: ar.e .. pref.er:i;ed: over · . , .··· 25 diunsaturated and triunsaturated acids because the, latte·r 
' ... ·. .. ,: . ;_. ·:. ; ··' . .· . : . . . .. . . ' te1'd,.to P:,ry: ~~st i~ aip,du~. 1:,9 c=:r;-<>.~s-li11}ting- with .. oxygen . . I~crea,sing t;.l;l.e amount of diun~at;urates· :and:· t~iunsaturates 

. : . ..•:.. . .. . . .. : . . ..... 
makes the oil more vulnerabl~., .to o:xi:ciat ion:; . :increasing the sa,t:u.ra,t,es rais~.s,. th.e pour .poip.~.. Ideal:ly, ·the higher the 

. '····.·· .. . . . .... 
30 monosaturate content, ~he better th.e. oilo:as ·an- electrical fluid. 

. .. · '.-_ ·, 
: =.:. 

Oleic acid is .a .n:io~qunsaturateq acid found as triglyceride ester in .many nC!,tural.oils.such as sunflower, olive oil and safflower in rela.ti vely high proportions 35 (above 60%L., .. High. o).eic acid content is, usually above 75% ';:f ~~.e .~P~~i ·.acid:·.~o~tent .... Oleic acid c,pritent above 80.%" is 
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achieved by genetic manipulation and breeding. Two oils 

that are currently available in the United States with high 

oleic acid content and low saturates are sunflower oil and 

canola oil. These oils are of value in producing high 

s quality lubricating oils but have not'beenused in the 

production of electrical insulation fluids.· 

High oleic oils may be derived :from plant seeds 

such as sunflower and canola which have been genetically 

modified to yield higholeic content. The pure oils are 

10 triglycerides of certain fatty acids with a carbon chain 

ranging from 16 to 22 carbon atoms. If.the carbon chain has 

no double bonds, it is a saturated oil, and is designated 

Cn:O where n is the number of carbon atoms. Chains with one 

double bond are monounsaturated and are designated C:h: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 acid is 

a C22:1 acid. The acids are in the combined state as 

triglycerides, and.when the oils are hydrolyzed they are 

separated into the acid and glyce.rol components. High oleic 

20 oils contain more· than 75% oleic acid (iri 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. Oils 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 

35 

approximate composition: 

Saturates: 3-5% 

monounsaturates: 84-85% 

diunsaturates: 3-7% 

triunsaturates: 1-3% 

While the present invention provides for the use 

of vegetable oils,· the invention may use synthetic oil 
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hav;ing the sam~-.c::qmpositional. characte,.ristics.'. of those. oils .: ~- i~~i;·t~~-.~_fr~tp:.- .. :~:Lants." While plant dei!ved.:materiar:is· •'·· 
sµitap+e. for_:.:c:i,lmQst. :all. applications,., synthetic material may provi,de •:a. cie.$,i,rable -alternative in ;some···applications '.• • · · s . ~- ;A.ccq+ding to the present· invention·;· high ·'6leic 
c:i,Cid.;.9ont~n,,:t: o~ls are ~s.ed· as start;:ing materials·".for<the 
~,r~c:il,l_Ct_ion .. ·of .. an -oil -composition whi.ch"- has physical 
properties :~~efuJ,. for e.lectrical .insulation; f·ltiids<· · The· 
pre~e.I1t·. inv:ention provides_ -the processed compositions having 10 ,. E!Pe.c~fip J:i;tl;'._uctural and: physical. <characteristics :and:· 

. . .... .. ~ 

prope_rt-ies, .. m.e.t:.hod$. of making such composition/ -ele'ctr~c:al 
insula,~ion .fluid,s ·which .-compris:e the ·composition,· -'elebtrical 

.• . ··" : ... 

appa:r;:CitU;ses w.ltich pompri·se the'· ·electrical · insulatioh fTuids : •.;' and m_ethod~: ·of insulating:: .electrical apparatuses using such 15 .. fluids. ~" : ''· .• c . . · ,, 
: , :~The p~e~ent-..inven·tion provide·s a•· high oleic· a'cid . ,,, -t+igly_ceride .. composition useful as an electrical" ·insulation fluid and more particularly as a component material of an electr:ic,al Jn$:ula.tion -fluid.:" A .. triglyce·ride",d::>mposition is 29. ,a:. giyc;:~rQl,: backbc:>ne .. linked. to.• three··. fatty acid molecules'. :The ~riglyceride, compos-ition$ !Of· the •invent:L<:m compris'e' · fatty ~cid components of ·'at :l·east 7:S:% oleic- acid.' .·: Tbe " 

rero~~ning- fatty· .acid components include'· less than· l'O%' di unsaturated, fatty acid component; less than 3% · · ' 25 . t-:i;iµn,sat;:urated fatty· acid component; and 1-ess ;than Bll(' 

30 

saturated :fatty.acid:componen1;. .. . . : ·:~ : 

. ., ., Tll.e tr.iglyceride compositions.- ·of the invention pre:feJ::'ably:c;:c;:>mpris,e fatty acid,•components'of at least 80% ''- oleic acid ..... The . triglycE;?ride compositions •of ·the invention more. preferably•. comprise fatty' acid components ·of: at least :85% oleic ·acid;. . In "some embodiments, the>triglyceride" 
compositions of the invention comprise fatty acid comp6:rients of 9,0% oleic ,acid;., .• In• some· embodiments; ··the ·triglyceride 
compositionsof :th:e invention comprise fatty acid. components 35 of greater tl;lan.-.90% oI:eic' acid·~:·:- - · .. 

Di-:un~aturated, , triunsaturated and-' saturated' fatty :.~q.;~::·qQ111ponents present. in the···triglyceride are preferabiy 
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Cl6-C22. It is preferred that SO% or more of the remaining 
fatty acid components are C18 diunsaturated, triunsaturated 
and saturated fatty acids, i.e. linoleic·1 'linolenic and 

stearic acids, respectively. In some ·embodiments, the 

s diunsaturated, triunsaturated and saturated fatty acid 

components of the triglyceride comprise at least 75% oleic 

acid, less than 3% linoleic acid, less than 4% stearic acid 
and less than 4% palmitic acid (saturated C16·) . 

The triglyceride compositions of the invention are 
10 of an electric grade. That is, they have specific physical 

properties which make them particularly suited for use as an 

electrical insulation fluid. The dielectric strength of .. a 
triglyceride composition of the invention is at least 35 
KV/100 mil (2.5 mm) gap, the dissipation factor is less than 

15 0.05% at 2soc, the acidity is less than 0.03 mg KOH/g, the 
electrical conductivity is less than 1 pS/m at 2soc, the 
flash point is at least 2sooc and the pour point is at least 
-1soc. 

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 Conshohocken PA 19428, 

25 which is incorporated herein by reference. The dielectric 
strength is determined using ASTM test method D 877. The 

dissipation 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 92. The pour point is determined using 

ASTM test method D 97. 
The dielectric strength is measured 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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.. strength,. of a ·triglyceride composit·ion. of the. invention is 
. at . i~~~·~ ,' .~ ~-'. K~f)/i:o Q • mil. { 2 . 5 mm} gap . '. :'··:in some :. preferred 
,e~odilll~n~~, it is 40 KV/100 mil. (2 •. S mm). gap. · 

~h.e dissi~ation factor is·: a,, meas.llre ·.of. the 
5 elect~~ca~ .+oss due .. to conducting· spepies and .. is:.tested: by 

meaf!ur.;i.ng-,the capci.citance of fluids in:. a test cell. using a . .: ...... ··:. . · .. , . . . 
capacitc;ince bridge. .The dissipat.ion-:.factor of. a.·· : :' . . . : . ... . . ·~·' . .. 

triglyceride .. col!lposiJ.ion of 1:he invention. is, less than<o. 05% : ::. . .. •. . 

at 25C. In some preferred embodiments, it is.less than 
10 O •. Q.?.%. . ~n. ;some pre+er;-ed ~mbod;i.ments, it .. is :less than 

15 

0.01%. 
~· ;, 

The: acidity i,E? ·meas~red. by titrating a known. 
velum,~ of oil with-a solution of alcoholic KOH to 
neut;:f.~lizatiqn point. · The weight of the oil irt grams p·er mg 
KOH is :refer:red to ip,t;erc:;haJ:),geably as t.he :acidity number. or .. 
the neutralization number. The acidity of c:L triglyceride 
comp9sition of the invention is less than O .;03 mg KOH/g: . 

. In~ s9me. p:i:::efer;r-ed .• embodiments, it is less :·than o .'02 mg ... 
KOH/g.: 

2 o The electrical . c.ondu.c.ti vi ty is . measured . using ·a 

25 

. conductivity met.er such as an Emcee meter. The elect.rical . ; . . ~- . . ·. . 

conductivity of a triglyceride composition of: ·the .invention 
is. less than ·1 pS/rn at 25oc. In some preferr.ed embodiments, 
it- is less than 0.25 pS/m. 

The fl.ash point is determined by placing ~an oil 
_sample in a f la!3hpoint tester and determining the 
temperiiitur~ at wti.ic1'.1 it· ignites. .The ·f·lash point' of: a . 

. tr:iglyceride_-: -comppsitipn of. the invention is at least.>25'0oc. 
In some preferred embodiments, it· is .•.at ·least 300oc. 

30 T.fl~_pour po;j.nt is determined by,coolingan oil 
saml?le . with- dry, ice/ae:~tone and determining .. the temperature 
at which the l_iquid .:pe901lles a semi-solid.·' ; The. pour point of 
a trig~yce;-ide. c9mposition .·of the invention: is· n·ot greater 
than -1soc. In some .. preferred embodiments,. it is not 

35 greater than. -2ooc. In spme.preferred.embodiments; it is 
no~. grea_te.~ 

1than ~4QoC. ··:; · .... 

. ) 
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In some preferred embodiments, the triglyceride 

composition of the invention is characterized by the 

properties of a dielectric strength of at least 40 KV/100 

mil (2.5 mm) gap, a dissipation factor of less than 0.02% at 

s 2soc, acidity of less than 0.02 mg KOH/g, eiectrical 

conductivity of less than .25 pS/m at 25oc, a flash point of 

a·t least 30ooc and a pour point of not greater than -200.c. 

In some preferred embodiments, the pour point is not greater 

than -4ooc. 

10 In some preferred embodiments, the triglyceride 

composition of the invention comprises fatty acid components 

of at least 75% oleic acid, linoleic acid at a proportion of 

less than 10%, linoleic acid at a proportion of less than 

3%, stearic acid in a proportion of less than 4%, and 

15 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 2soc, acidity of less than 0.02 mg KOH/g, 

electrical conductivity of less than .25 pS/m at 2Soc, a 

20 flash point of at least 300oC and a pour point of not 

greater than -2ooc. In some preferred embodiments, the pour 

point is not greater than -40oC. 

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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Cargill C:c;>rp. ,. M,inneapolis. _MN ..... _ ;°rhe:. o.~:+;;;manufacture,r goes ·' .•, . . . .... ~/ >.,:!. . . .-; ·.;'f;~ .. _ thrpµgh· an. elaborate_ proces:s. tc:> e>l:>taiil- :RBD -oiL:during: which ·· ... , :.. . . ' ... -·· '··. . . . .. . 

. a],.l nonoily. C<:)Jl\Pc:>nents {gl,irns, phospholipids,>·:pigments·-.etc.) ..... ;. . .· ... ···::: ..... , . 

are removed .. _, .. Furth.er . steps ·may invol.ve winter.ization · -, ·: '. . -' . .. . ~:;.· .. ·. ; ' -.. · .. ·. . . . .. : ·. . . ... . -· . . . . '·· 
5 (chillin,g) to: remoye .saturci.t:e$,,_ .. an~ stabilization using . . : . . . . . . - . . . 

nonte>xic. a(idit;.ives. The proce~ses. for. converting:: oil t·o RBD '·, '· " . .. . . . 
.. _oi·l are desqri~ed in Bailey' s Indust·ria·l Oil -and . Fat · : ..... ,. - :; : .. · ·. . .. . ... ... .. .. . . 

Products, y9l~ .. _l, __ 2 &_3-;:fc.;>urth J;:c:lition 1979:.JohnWiley·& . ~ ... . . .. . . . . . 

Sons. and in, Blea.china and•: Purifying Fats and. Oils:. by H. B ~ W. 
10 Patterson, AOCC Press, 1992, which are· incorporated .. herein 

by _reference . . -. 

RBD.oils are i;:urttier-processed: according to the 
present iI1yentic:>I1 in 9rdeJ: to yield an oil with the physical 
_E).roperties .. a~. de:f~~ed he;z:_et-n. Tne purification of:. the as 

15 received oil designated RBD oil is necessary .. :because . trace 
poleir co.mpounds .. anci acidj_.,c m.q,terials st-ill ,remain in the ~ . .·. . .. , . . ·-·. 

oil_,. making. i.t. unfit as an electrical fluid.·· The · 
purification ,pr,c>qf;!SS of t}'ie pres.ent invention uses clay::··· 

:'··:t;rf!!,atment, which involves <ess.entially ·a bleaching :.process .. 
20 usin.g_ ~eutral, !=:J.ay. ·RBD oil ·is .combined with 10% ·by weight · 

cl~y and mi~e<i fpr .at lea.st about: 20 minutes . · It· -is .: 
preferred if, tl:lE;! oil is heated to ab,out '·6·0-80oc. It ·.'is 
preferred if t:.,he ,mixtur~ i·$: ·:agitated. ·.·The ·clay particles 
are removed ~ubsequ~I1tly by ,a, filter press. Vacuum · 

25 cqri«:iitions:_ or a. neut:ral :c;i.tmosphere (by .nitrogen) du-ring· this · 
, .. Fl:_'pcess, prevent., :oxidatio..n -:. Slightly stabil·ized oil -is . ·•· 
preferabl,e .. ':·Mor~ s,tabilizer 4s added. at the ··end of the 
process. The; p_ur-ity. -_is monitored by electrical · < " 
condµctivity, :a_cid-i.~Y and: .O.issipatiol'l factor measurement~·· 

30 Further t:z::-eat~e:n~-- py deodorization te.chniques· is :po·ssible· 
but not:: e~sen1:_~al. , The, pQ-l.ar' :compounds .that· inte·rfere .most 
with electrical·,. prop~rt~es, ,:al:'.e organometallic· : .. compounds· :such 
a~, metal,lic: sp_aps, chlorop:hyl;], pi9U'ents· and ··so-.bn. The 
level qf pu:r,if.i:cation ;n~~qep ,,i$;' determined by the~· ·measured 

35 propert,j,.es a_nd J.he limits :u.seq. , ·An a1ternative-.·embodiment 
provides passing ~D oil through, _a clay ·column.•· . However~ 
stirrins wit~.· c_lay removes tra.ce .polar.-impur.ities bette·r '· 
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than passing through a clay column. In preferred 

embodiments, neutral Attapulgite clay,· typically 30/60 mesh 

size, is used in.a ratio of l-10% clay by weight. In some 

embodiments, clay particles are removed using filters, 

5 preferably paper filters with a pore size of 1-5 ·µm. The 

clay is preferably mixed with hot oil and agitated for 

several minutes, after which the clay is filtered off .using 

filters. Paper or synthetic filter sheets may be used if a 

.filter separator is used. ·The filter sheets are 

10 periodically replaced. 

Electrical insulation fluids of the invention 

comprise the triglyceride composition of the invention and 

may further compri-se one or more additives~ Additives 

include oxidation inhibitors, copper deactivators and pour 

15 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 

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 oil is oxidized by air at lOOoc and the formation of 

peroxide is moni tared. -The time to reach 100 

milliequivalents (meq) or any other limit is determined. 

30 The higher the value, the more stable the oil is. In the 

OSI 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 lSoc. In 
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. some. embo9,iment.s, -the pour .point ciepr.~.f:!sarit is .. . . .;.,. . .. . .·.. .. '• ~-.'{ -~ ' .··· ... 

p9~ymet;tia.crylat~; J:l?~) • - '. ~--

?inc;:e_ cgpper is always pre-sent· in the· electrical 
eriyii;onmer:it, .,ariother ;type of ac;iditi.-ve is: ·copper. ·. · .·· .... ·.; . . . . . . ... .. . 

s deact:iv:at:c;>rEi • ... Copper ·de~q1;,:i.vatqrs such as .. benzotriazole 
derivative~. :are commerc~ally available.. ;.The use ··of these in 
.s~all ,: . sucJ1 .. ~s below 1~, · may.~.e beneficial in -reducing the 
catalyt~c actJv:ity of cqpper in ··electrical apparatus. In 
.some. embodiments,. the electrical insulation fluid contains .. _.. • •. • ........ < • ·•.• . • •. • • . .. . 

10 less than 1% of :·a copper ~.e.<lct:i.vat:or. .In. some embodiments, · 
the copper deac,tivator is .a _be:p:zotriazole derivative . . i :. '. . . 

· .l,I:l .. s,ome .~mbotj.im.~nts, the pour. point , may be : further 
reduced .. by,,:WiI1ter.izi_ng processed. oil. E·ssentially, the· oils 
are winte.ri-zed .. by lowering. the· temperature to near or below ;_. ' - .. . . 

15. QoC and,re~o.ving,,solidified components. The winterization . . .· .... ·. . . . .. . 

... proces~ may .be perf.ormed, as a series of temperature 
_,. ~.eduqtiqp;s followed by: removal. of solids. at the various 
tem:pe.ra~ure, ... In some -embodiments, winterization- is 
performed, by r:educi~g the te.mperature ··serially to· so, · oo 

20 . and- ;~·?PC· . . f9r·'~;ev~ral hour~_,: and filtering the· solids with · 
diatomaceous earth. , . ~ .L . ···' -. , . - ~ 

J .·.: 

:" -·j- ( :' In ::sqme em;t>odi.rnents, . the electrical insulation 
.fluid of th.e. invent,ion··tha:t comprises at least· 75 perC"ent .:• .·-- . 

tr.iglyce.:ride composition; of: the. invention· as described· above 
25 fur,ther ,c;::omprises abol,lt 0.-~1:-5% :additives and then,u:p··to 

~}:)out 75% other-insulating· fluids. such ·as·mineral oil, 
~ynthetic est;ers ,. and. synthet'ic. _hydrocarbons. ·In· some 
emb.odin;u~nt_i:;, the e.lectr:i-cal, ins\lltion fluid -comprises' 1-24% 
of ~I1Stflating fluids sele9ted from.the group consisiting of 

3 O mine~al oil,. syn the.tic e:$ter$:, synthetic hydrocarbons and 
combinantion; of, two or mor:e.:·of. such· materials·. In -some• ' 
embodiments, . the electri~~l·.; ... ins11ltion fluid comprises. 5-15% 
of insulatirig fluids s~lect~d ~rom. the group cons·isitirtg of 
mineral oil, synthet,i<;::·· 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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invention is RTEemp, Cooper Power Fluid Systems. Examples 

of synthetic esters include polyol esters. Commercially 

available synthetic esters which can be used as part of the 

invention include those sold under the trade names MYDEL, 

5 REODEC and ENVIROTEMP 200, Cooper 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 fluid comprises at least 95% of the 

10 triglyceride composition of the invention. 

The present· invention relates to an electrical 

apparatus which comprises the electrical insulation fluid of 

the invention. The electrical apparatus may be an 

electrical transformer, an electrical capacitor or an 

15 electrical power cable. U.S. Patent Number 4,082,866, U.S. 

Patent Number 4,206,066, U.S. Patent Number 4,621,302, U~S. 
Patent Number 5,017,733, U.S. Patent Number 5,250,750, and 

U.S. Patent Number 5,336,847, which are referred to above 

and incorporated herein by reference describe various 

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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EXAMPLES ·. ·. '. : ··;. 

. , ~lllPle 1.: . '· r. ·~;· ·':. : ... , __ :·· .. 
.. ::.~. 

''": ·: .. severa:l-high'>oleic :oils were·: fuZ.ther'·purified and 

st;al;>i:l.iZE!ci ~<::~ord;i.ng to the present invention-· to make· 'them 
s el~9tric.~:J.ly su;itable. :Electrical tests.showed that·sU:ch 

pµz:ifj.eP, .c;:>ils ~ad .properties· similar: to· cu·rrently: tised>high 

te~Pel:"~ture· fluids ·in :.distribution transfo:trtters ~- Table· 1 

. ,-. ~compares. the properti_es ::of .. the purified· oils' of· the· present 
. ir:ivent;.ion 'with:· currently used fluids .. ,..··· 

10 

. \ ·\. 
·-··· .. 

.. .., ···Table· l 

Comparison ·of Puri.f ied :Ve.getable Oils ·w:j.th -High· Temp·erature 
Fluids Used ~in ::T-ransforme·rs_;·_ ··· - ; 

. ·. 

St::rength, 

High cir~i'c ·. High ·Terhp. · '·· 
Veg. oii :' :·Mineral. OiP' .. 

':.. ., ,. '• 

42.4 40-45 . ; :: 

Syntheti~' ..... 
. •. ..._ ~· . . 

Ester· :Fiu~db. 

50 

1s· · Kv/l.o:b. ~il gap 

20 

25 

Dissipation 

Factor, % at 
~- : ::.. '. ,; . ; '. •.. , ' 

2soc 

Neutr. No.; mg 

KO'f:I/S 

ElE!ct,ric::::al 

Conductivity 
pS/m, ,25.oc 

·Flash, : Po·int :• 

Pour Point 

0.02 0.01 0.1 

...... ~ ,_.: . ·:·, _; .. :. _: ··:· 

·.; ;. 

0. OS. 

o.2s,..i:: .. o · co . i o 1 o r•< · . ('S • () >'* . 
. •.: . : . ~ '. 

.=:· . .-· .•.. 

328<>C : 275-300oC · '·"· · · 257oC ' 

a RTEemp~ Cooper ·Power·· Fluid.: systems ' 
· .. .. P Polyol Esters <· ·· · 

*· deduced from ·reslstivity< ,,. '· ,. . .. -:.· ·· 

.· The properties listed for the high o'leic ·oil are :for 

30 purified oils with no adc.U.tives. 
: .. : 

.. _."! :·· 

··. · .. ::. 

lllTllDTE llEET (llE 28) 

'_! ...... :· 

.·. . .. ·. ~ i . 

'.:· • .. 

. ' 



. 
WO!n/49100 PCTIUS!n/10045 

- 14 -

Example 2 
The purification of the as received oil designated 

RBD oil (refined, bleached and deodorized) is necessary 

because trace polar· compounds and acidic materials still 

5 remain in the oil, making it unfit as an electrical fluid. 

The purification we attempted involved clay treatment as 

follows:. approxima:.tely 1 gal. -of the RBD -oil was treated 

with 10% Attapulgite clay. Oil was produced with electrical 

conductivity.of. less than.1.pS/m. The attapulgite treated 

10 oil showed conductivities as low as 0.25 pS/rn. Commercial 

grade oils had conductivities in the range of 1.5 to 125 

.pS/m. Conductivi.ty below 1 pS/m (or resistivity above 1014 

ohm.cm} is desired for electrical grade .oil. Other 

indicators of purity are dissipation factor and 

15 neutralization number .(acid numberl .. Dissipation factor is 

a measure of electrical losses due to cqnduction 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 OF ranging from O. 06% to 2 •. 0%. 

Example 3 ·. · .·. .. . . . · '· · · 

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. Several oxidation inhibitors were 

tested: BHT (Butylated Hydroxy Toluene, BHA (Butylated 

Hydroxy Anisole} ·and .TBHQ (mono-Tertiary Butyl Hydro ... 

Quinone) in 0.2% by weight in oil. In the AOCS method used 

30 (Cd 12.57) 100 ml samples are bubbled.with air at 100C, and 

the peroxide formation was measured at ~everal time 

intervals. Hours to reach 100 meq 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 
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reached only 8 .4 meq. TBHQ proved to be the best :::- · .. ' · ... .. ·~ antioxidant or'·~the three. Without ah oxidation inhibitor 
the oils upe>I,1. oxida.t,j.pn. \'!O\lld .. prqduce:· hydr9peJ::"OXide which is ··:,• . · .. ·:·-.. ·= ••..• :.. ·····.: ...... -··, .:._., . •·•····. . ..... . 

then converted to acidf:r, ,_: ial9p.l.19Ji:i1, E?S-~ers, : ,\ild~_hydes.~; :. 
s ketones and polyme~,~~rpct1J_re~ •. MOE;t:.e;I.~ctrical apparatus 

tha1;:. use. a. ,~l:ui_d .,i,ns\l+at:iC)l'l op~rat~-: in-- low oxygen or oxygen-.. _;. .. . ,. ....... . 

10 

free environment, so the concern over o~ida~ion.is·not< 
grea~ .... ·> .: . ·.· . . ' :·:·.;,-, 

Example 4 ,.··,.·· . 

.;::.:. :' ··;: 

2soc. 

.. Th.e po,µr pc:dnt. pf the treat~d ,oil was typically -
To lower the pour point further, the t:reated ;oils 

were winterize<i ~~- So,, oo .. and -12oc for: ,s.~yeral .h9urs,. and 
the s61id~- tha~· ·s~parated .wer~ filt~r~d wit}} :diat:omaceous 

. earth.. The .J.owest pour .. point i:eached so ,·far was -38oC, ' .. ,: _; '<·; .. ::::·. , ...... ·, .. · .. . . •' ..... . 
l.5 close to the specified value of -40oC for transfo:z:ine_r oil. 

Further l,ower.i,..ng .. ,is poss,i.J:>..le ,by ext;ended winterization. ·• ': ' • ' : • . : , ;_ - :· • . . ·' ' ·• . • i • • : ~ • ,. • ,, ·..• . . . :· • • . 

Another approach is by the use of pour point depressants 
such as PMA Jpolym~thaFryl~te) which ha,elL,been used for 

. miI1eral oil . . 

···,·:· .. ; ' 

'··' 

. ' . ~: . . . ;· . ; . -~ /·. !::. {' 

· .. ,. 

.. :-: . 

. . : :.~ ~· :. . 

. : _; ·:. :"·' ;;_ 

: ' ··'. . 

: I:.·• ... · \.:.: > ;.; ; __ , ·.· .. , .. ·.:·· .' ·. , 
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* C L M S * Claims 

1. A high oleic acid·triglycericie composition 

comprising fatty acid components of 

at least 75% oleic acid 
5 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 

10 C16-C22; and 

15 

20 

25 

wherein said composition is further characterized by the 

properties of: 

mil gap 

2soc 

at 2soc 

2. 

a dielect.ric strength of at least 35 KV/100 

a dissipation factor of less than 0.05% at 

acidity of less than 0.03 mg KOH/g 

electrical conductivity of less than 1 pS/m 

a flash point of at least 2sooc and 
a pour point of at least -1soc. 

The high oleic acid triglyceride composition of 

claim 1 comprising fatty acid components of 
at least 75% oleic acid 

3. 

less than 10% linoleic acid 
less than 3% linolenic acid 

less than 4% stearic acid, and 
less than 4% palmitic acid. 

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, 
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2SoC, 

___ .. · ... -- . . . ·:,a_, _q.;~l:liPa~iP~ ,,factor ,~~<less than 0. 02% at 
. ..- ~ . , : ' : . ,, 

. ''; : : ·. ~':"- : ~ . 
. .. , _;/· ... 

acidity of less· than 0.0'2:-mg KOH/g,.: 

.. ,.elect:.r:ical conductivity -of less than . 25 pS/m 

5 at 2soc, 

,.:,, 
a .flash pc;>i,nt:, :.of at least 300oC, and 

a pour _po:i;.'3.t of at leas-~ -2-o~c~ · .. -

4. Th~, _h;ig4. oleic_ ac_id,_tr;iglyceride composition -of 

claim 3 wherein said composition is further characterized by 

10_ a _pc;:>ur .point of at, least -4·ooc. 

15 

. ~ :- .. --.· 
: i 

s. The high oleic acid triglyceride composition of 

claim 1 _,cOtnP:t:.is:i:n:g -fatty ac·:La- ,components of 

. ..... :.·· .-. 

.at __ least -75% oleic acid' ·• 

less than 10% linoleic acid 

-. l~~-s than -;3_%_ linolenic ·acid-
:_ less .than• .4% -stearic acid, and 

-less than 4% palmitic acid 

wherein said composition is further characterized by the 
. ,pr9perties 9£·: ... ::: . . .. -,... · .. · 

20 

25. 

mil gap, 

.·; : .. 

2soc;, 

at. 25<;><:=, 

... ·'' 

a: d~e.l.~ctr-ic strength ot at: ·least' 40 -· KV/1:00 

ct:. dissip.a_t·ion ·:factor of>Tess than O. 02% at 
'··:-· ; " :. 

:-! .. ·: ~ ; __ · .'.; ·•··.··\ 

acidity of less than 0.02 mg KOH/g, 

:e:l.ectricaL :c.onductivity' ·of less than . 25 pS/m 
'·/ .. : :.· ....• :·: 

-.: .... .-r:· ... 

• __ a. ,flash point.: o~ .at: least :Joo.oc, 'and 

a pour point of at least -2ooc. ··- : .. 

6. . :· 'l'~e:·· high Qleic: acid triglycer~de' composition of 

3 o claim 5 }'TJ:i~rE!.-.. in .<19~id::_ 9o:mpo~li t_ion.:: is. further -chara·cterized by -
a pour point of at least -40oc. 

_f,,.· 
.. L .. 

-:: : ... ~; . . : .. '. 

.. -.. . ): .. - .. : ' : : __ ,~. ,, .. 
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7. An electrical insulation fluid comprising: 

at least 75% of the high oleic acid 

triglyceride composition of claim 1 

0.1-3% antioxidant additive. 

5 8. The electrical insulation·fluid of claim 7 wherein 

said antioxidant additive is selected from the group 

consisting of butylated hydroxy toluene, butylated hydroxy 

anisole and mono-tertiary butyl hydro quinone. 

9. The electrical insulation fluid of claim 7 wherein 

10 said antioxidant additive is mono-tetra hydro quinone. 

10. The electrical insulation fluid of claim 9 

comprising up to 2% mono-tetra· hydro quinone. 

11. 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 l.4. 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. 

l lll\lll lllll\ Ill\\ \\Ill \l llll 
* C L M S * 
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. ::···:. ._.., .· 17 . An_ e.leg;r,ical aJ;>,p~i;-at:us; 9,9~~=isirig ·the· ~l.ect.r.:(q~l insul·ati'c;n fluid/ of· claim 7. :/·:·./·"-< \ ,~ . 
·.· .... :::·-"· ·.: .. :. . .:\.:.··._. - ;. ,. . '· ... -:--

: :.:·.,,, ::· ·,~.'. '. .. ' ... 

18 . The electrical apparatus of· claim 1·7,: wherein saici 
. · .. ~P.~~~at.~~ ·is· c;u1 ·e:l;e9t:~:i:-~f'7l,'' t:.i;-aQ~;Ec;>z:rner·, :_ ari .~.l~c.ttipai . 5 capacitor or an electrical power cable. 

1.9'·~·· 
.. ,:.· · · ·.'A· process '·f 6r 'p~epar'in9>·£J:i~ high'.· ~I~I~ · ~eta· ··· .· · 

, . . . , . '· . :=-~ .... triglyceride compositj,ol',!.,, qf ,qlaim . L :comp·rising the ·steps ··of: 
.mixing. 10 parts refined, '1:~1eache(3. ·al:lci::deqdorized! high .. oleic acid triglyceri-~J'~ \,1.:tli .' £ ~~rj: ~~ ; .le~~ -· b;'.: -~~ight · 

>.:];Q . neutral c:lay to form a· 'mixture.,,.", ' .·:·•·· > 

. ~aj,ntaining said .. niixt1p;e for· at "le~st .abou.t 20 . 
:·· :~ minutes, and · • .. ·::,":. 

... ,· filtering said mixture to remove said clay . 
; ~ ' / ' ·. ~'.· ;_ ·.-:-· .. _-_.:: ;:=_·: .... : ."· /·. . . 

lS .... 20.. The process of '.claim. 1.9; whereih s'aid' clay is 30/60 ;·-:. :·· -:·· -·· tne·Sh · size clay. 

:;.:: :·:! ·. :: . :·<··. ·. <:" • '.· ·' :. ;: • ~ ·. ,··. · .. · .. · .... ·· .. 
---------------- -·- -------------·------ ·: ; .. • 
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