WD 2011/ 005675PCT/ US2010/ 040881 ELECTRI CAL EQUI PMENT CONTAI NI NG ERUCI C ACI D

DI ELECTRIC O L TECHN CAL FI ELD This invention relates to electrical
equi prentwoantiAiond7ag di el ectric oil having a high eruci eCaaisdoioomisent .
5BACKGROUND Dielectric (or insulating) fluids used in electrical

di stribution and power equipnent -- including transforners, sw tching gear
and electric cables -- performtw inportant functions. These fluids act as
an el ect r iFdCTRIGAL EQY IRMENI CONTAINING BRUHAEEPDIEIHCERICIand
they transport generated heat away fromthe equipnment, i.e., act as a

cooling 10medi um Wen used in a g EQI ¥ fOr exanple, dielectric
fluids transport heat fromthe w ndings and core of the transforner or
connect ed ci r Clhi$ swvtatianoolakasdo slectr@elesuipiyant torftaiomgpbdsass biidgadinglaect ri ¢
strength ha d cooli ragﬁ ca%aci ty, an ideal dielectric fluid for electrical
equi prent™&} SYCERRAPE i tt1 e or no detrinental inpact on the environnent,
is conpatible with materials used to construct the equipnment, and is

rel atively 15nonfl ammmabl e. FBACKGEREUNPan a century, mineral oils
derived from g¥; . i i i .

ool i ng 11 qui 2R B g P S R oo P BOREL Qe

sat i sf act-einchdiired eatsfarmess, seitgtifiy gead aad electopablicht-eeviotrh teq winponeamit
materials, the e npt.considered .nonfl ammabl e, and, because they are
pot r ol eurBE, ThreyRidsacon 8t raerd v Bag M (R BRARCIBRHUF | onmrent
cost. In &bgol Al tRePRidspSit gbitirsted 88t WhMy fiden SR GhYnhANdandss hecsnk, nor e
demandi ng for many i'ndoor and vault equi pnent installations, mneral oils

wer &) r eplragbdmt OVizen wede exumiorniey, fooefdnariealidlecttic fuidd sragspont est from

pol ychl orj nat ed bi phenyl f.luids. PCBs eventually were recognized for
Pl < oy Bl Rn O b Rt B conened FREN R s aiS S0
PCBs as VRdrh passeisie diclds@ic2bbmthemnd @&ﬂin%ga%ﬁcitw{&l faas@sdectric fluid fBecause of
t he di sadvantages and shortcom ngs of PCB-based fluids and because of the

i ncreasi rile Pauipment alse axhibits dittmern ngl degdmentsleimpaet arohpeRtiENaRpaEt of

m ner al Odo'fxyf%a {5‘1‘3 \x%%hg%tt%ﬁkl ug%(ft%r Rk 4l h%nf]%}{&sbr%ﬁﬁvaf‘d continue to be
nunerous errorts undertaken 0 devel op relatl vel'y | nexpensrve,

envij onmemhdbinyhadkf e, and nonfl anmabl e dielectric 30fluids. WO

2011/ 005675PCT/ US2010/ 040881 . Due to. an increasing awareness _and
sensitivity tdiRAMPTR AN AGTRBEL Aingighity ¢rgived fropherudepdirieym ¥ceasergl y

desi r abl \J L t 31 : : STm,y :

envi ronn%%%egf{g% zdesl(r;lﬁél ; “?g)%ggg@ﬁ@&@“%ﬂ%%ﬁﬁfﬁf%‘&@? y ggb 1’%%%1;%?1 ICEB}Iﬂ s do
not cont grisseas e sdtiséacsoy dicdectd heronathemdtaadt@npaviblcamith squgpimtntoaattriger i od of
time; and, (3) does not interfere jn 5 significant W th patural

bi odeqr adit §h 19t B cerd Ronhamimaple! yitl BesEBes g s E st BB 61 o
repp@ce nQRsiHEREWREIE, &R MLEASe Wi AMCRRLYRR! B thE RIS Bt oPBiS dcatllr@rdsy
given the undesirabil'ity of dependence on petrol eumderived products, and

t her e gersefcty styndagds esema swde demansingdier ey iimdbos end wdultgydipmegnai | mar ket s
o o ) 5y, TS5 S P T Bl R 7
by- pr odugiosych@M¥RRbiphenyl (PCB) fluids. PCBs eventually were recognized for their

environmental hazards, and as a result the production and sale of PCBs as well as their use

25 in new equipment was banned.
Because of the disadvantages and shortcomings of PCB-based fluids and because

of the increasing sensitivity to the potential adverse environmental impact of mineral oils

and available alternatives, there have been and continue to be numerous efforts undertaken

to develop relatively inexpensive, environmentally safe, and nonflammable dielectric

30 fluids.



At | east one aspect of the present invention seeks to address the need for
el ectrical equipnent using an insulating liquid that is non-toxic,

bi odegr adaibl2e11/msd7at i vel y i nfl anmabl e, i nnocuous to thePemxiSe@00eiss]
conforms to existing specifications and 15guides for dielectric fluids, and
exhi bits performance characteristics that are conparable with, or superior
to, presently used insulating oils. I n one aspect, the present

i nvention provPwRels aa lpgredsena awascHasyprl senpitisky ©vfasd cageonmengl eenacimsalt

t
o bt h o PG ALERIAE deibhf SRS TR A D SRR SRR 000
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i nt erchangeah|y herein) cranbe ojil. and HEAR nbodi ments of the
present it %ﬁl ?r&hgwae&éab@? Oré&%ﬁéﬂléﬁﬁ%t Rﬁl?ﬁ gtl@ﬁu%ﬂdg(e ég@f‘& NOLHYER 8F  at

| eas W%%Cg[n?ﬁca %w@t‘ﬁ il b%dg ]Zre s¢bs. Or at least 60 w %

Anot of the invention pr vices for transform ng,
gener at i ng, ardalso 1s<h@st>mutgunomgiesltaéa¢¢ t0| repllaceeurcer @ymwabic Fasdumegs witkect ri cal

transm ssi on bles, swit 25 e d.t rner t hat orporate a
MRt e B o S g AR A R L R i
cranmbe oiderigbdlpidahits Odnld tﬁ’éi‘él gONRal8f is R Ehsed d&ﬁérﬁlr‘ti}ft'h@%d%trffa[ anpeaferifled
cranmbe oil and HEAR o As used in this invention: "Erucic acid" neans a

rmnounsatmatr&@t@(ﬂorfaélt meyulabpmdulféa ﬁlrmaused,ileast g impar@ dromi ik atienfgingagdiodhei |
oi | t ai a nbhe . oi | R oil, esterified
or ande oilPIESHE < 3%@9% ﬂaéed”i?éi%q@?lf degt t‘?BHW(S%%‘E%APCT/ US2010/ 040881

An advant age of at Ieast one enbodlant of the present invention is that it
provides a dielectric oil having a PENNAECosi ty, which inproves therma

conductivity. Atleast oﬁ@é’stpg@crof @%’ﬁ@ﬁeﬁgﬁw@ﬁtl(ﬁf seEl@S’J‘t%tadeé@s aehed e @Iecf?fcaF he
present invention is that it is biodegradabl e. 5Anot her advantage of at

| east oneﬂenbﬁmtnﬂngamﬂmuhenghewémmﬂu&m&nﬂpxmnbwéqﬁh@ﬂﬂeb@@@ﬂ%ﬁ hi gh erucic

acid oils_are ner a t,.edible t hese dielectric
Frufde. adelifadBa bRpiben LSS Lmdh Bkt ilet il S ERRoS iRt e” The
aboy® su ¥ fef ditloerip TRSRNAnd ék\hﬁﬁislpéffofrﬁaﬂ&@fchara&t@ﬂﬂfég tHa@® aﬁ%ﬁ{paﬁfbl@ ach
di scl osed enbodi nent or every inplenentation of the present invention. The

Fi gures aw&lP@G@féwrédpﬁé§@b”ﬁﬁdﬁﬁuﬁﬁagOﬂ%lIom1belom1nDre particularly
exempl ity i11ygt 'hgta&pegt ?rrg)laqg§eﬁ1rafﬁkz§ntlon provides a dielectric fluid suitable for use in

electrical equipment. The dielectric fluid comprises an oil component comprising one or
both of crambe oil and high erucic acid rapeseed (HEAR) oil and one or both of esterified
20 or transesterified (which terms are used interchangeably herein) crambe oil and HEAR oil.
Some embodiments of the present inventions have oil components with a erucic acid
content of at least 45 wt%, at least 50 wt%, at least 55 wt%, or at least 60 wt%.
Another aspect of the invention provides devices for transforming, generating,
and/or distributing electrical energy, including electrical transmission cables, switching
25 gear and transformers, that incorporate a dielectric fluid comprising an oil component
comprising one or both of crambe oil and HEAR oil and one or both of esterified or
transesterified crambe oil and HEAR oil.
As used in this invention:
“Erucic acid” means a monounsaturated fatty acid designated as C22:1.
30 “High erucic acid oil” means oil containing at least one of crambe oil, HEAR

oil, esterified crambe oil, and esterified HEAR oil.



DETAI LED DESCRI PTI ON The followng is a detail ed description of the
preferred enbodinents. It is to be understood that other enbodi nents may be
used, andwetzuaowss’al or | ogi cal changes nay be 15nade wprChastoidepsst i ng
fromthe scope of the present invention. The follow ng detailed
description, therefore, is not to be taken in a limting sense, and the
scope of the invention is defined by the appended clains. | ~In sone
enbodi nent s ofAR kdvaptags eht lpasy epe bodimget ofithe prspryd Huwntionl thaddipr i se at

| east 45 [ 9 [ wt %
2t 4 S HELRBRL Rl EP iR A )

el ectrical apphnatidriadnantagsarfet leageinakhmbodinient uf the pirdsyntlisedhtion iethecit isi cal
applicatio con ain oleic acid (C18.1) as their major conponent. Because
of its Idﬂ@%ﬁ %on chain, erucic acid provides better thermal stability
and g esi st ance, gk aﬁbﬁit’a?%]ead-‘f'a‘é’leaétrbn@tenlb%éﬁﬁen‘é’Bﬁth%?)&ght'iﬁ@énruoh hsethQﬂ gh erucic
acid oil of the present i1hvention 25contalns han 76 W % of

nono- uns dteoxwst dzhf atdiy aadiods arel\gmcrallyl sat Qdﬂaib,ad;ufgahegc calsitol sake dichwtre

thermal |y, S%ﬁ$ Q@nlg %% l)unsat at e Eatt acids and are,

t her ef or d! _IOLUYE H“?%?l @ﬂlﬁngﬁ§ﬁ R THGUPYHls in electrica
applicati ons. The abovd fiEn@alyRIfshd faben iR chsieis hoPimdndsd & @&TBgbsachiEAR oi |
provide excellent el ectrical resistance, making themalso ideal for use in
el ectri cailscekppd ﬁmbpdmt ortvsreisnEehéritetinn ofithopresart investen. P Figates ond
reaction r.abl n alk ster, haV| on chain of 1 to
8 cgé bonsdoelia‘%l 53 espcr'é % )fﬁ]f e;il M %Bar?g]fﬂaﬁ% eXGI\fmul?' 111u5%6p Cause the
glycerolfmmkﬂnhangennved durlng esterification, thereby providing

i ndi vi duat ed carbon chains, the esters have a |ow viscosity. The | ow

viscosity can inprove the oil qeofdieb PE9EEesIAUri ng utilization in
el ectrical applications. The viscosity of a vegetable oil can be two tines

hi gher than m%rfallowinlg s m/ldf:t@ﬂem@crbletm afgkelp d@né»@éiremﬁs yit fsgp be

electrical_ a ns veget abl e oil s ecau

Vi scosi ¢ ynapRBoy RLORRT B RRTA S SosERRLT Br Dl Ridns L HERS s ¢ nan
m neg al thtde&ﬂﬂldiﬁﬂeph@l@@gt fry@lthe sdaspa@fthte ipeesbntflﬁv@{noﬁl ght folkavin@ etaidéent

such as a_ transfornmer. Includln% the esters of the present invention in the
conposi t idshCraTtionHECHHQE s nof te beftelcy 1e adnybrgscase.rad fhasters ohthefnvepgomn; |

conponeng¥g&ﬁﬁﬂlggﬁggﬁﬁgh&i&g» |. To obtain the high erucic acid oils

sui tabl e use-’in resent invention, oil is 10first extracted from
cranbe or HEARnsemds:mbédﬁn/q@itmm@pﬁesmtnmﬁtmr, oleesis compdngdiesay bempisse aof

hexane as a solvent to i ase_t he anount  of iI rempyed fromthe seeds.
As with dF"r?éﬁ %é“eftr‘é%? aci ﬁtgeasm{)r%{h"ﬁwl%%‘ﬁﬁé Capi P SNEARCICICACKY, 8T typically

unsgg i st eLppY whlerti§€aaa. @hfl'& a%&ltf"of fisdih !éétr'fb%?%ﬁ%at‘id}ﬁy SeRRLRbGalet er and

ot her conductive contam nants egraﬁe thei r perfornmance p?opertles as
a di el ectail n&hﬂyd&mhemkmgedl&ﬁﬂmmMHE@oannamcam@dﬁéBdﬁasﬁmhrmsmpomer and

distribution tr or nmer Ther ef ar e, referabl t he. cr e .and HEAR oil s
0 the proegrnGtn BeriE R it BPG e car ae s TigRY ATREUERE t o omove

vat er, ackbilitgRHd QNMACE A8 SQPLERT nant s.
In at least one embodiment, the high erucic acid oil of the present invention
25 contains higher than 76 wt% of mono-unsaturated fatty acids. Mono-unsaturated fatty
acids are more thermally stable than di- and tri-unsaturated fatty acids and are, therefore,
better suited for use in insulating fluids in electrical applications.
The esters that are made from the crambe or HEAR oil provide excellent electrical
resistance, making them also ideal for use in electrical applications. The esterification or
30 transesterification reaction preferably results in an alkyl ester having a carbon chain of 1 to
8 carbons, more preferably 1 to 4 carbon atoms. Further, because the glycerol unit is

removed during esterification, thereby providing individuated carbon chains, the esters

3



Renmoval of polar contam nants including pigments (e.g., chlorophylls), wax,
and phosphol i pids such as lecithin may be conducted in which phosphoric or
citric acwo,202@op16sphol i pid enzynmes, silicates, such agCratsaé1001#088Ddi um
silicates, or clays are added to the oil. A suitable anpbunt of such
materials is typically about 3-4 ww% These materials typically agglonerate
the contamnants into particles. The particles can them be renoved by
filtratidwvealewivisapdiy. f Tha st Yissosite sdruimnrgys @apilyoelitpriesesp dpEing| es i n t he
range of Q.5 to B mcr r 5. Fi Rer i .2 Lcal ly

br of or r et i s SATEL o, AAE LGSR HERDITE XL EREY by

el uting thighaitleheanineiat ofl| whidh aanpes uké¢dmorendevalgitigfot yletthicdughlicdsns pt i on
medi a incjuding, but. not limted tq, Fuller's earth, diatonmaceous earth,
acti vat ec}L@} \é%ggfabﬁermISatBtea%}t@P @} fhir Migher visgasigy e VoEotiple of1 FR2Y TRFBIISFY ect ed

wi t hs knovgerdeRydioRhk BRCRIARESRERral B dyBRhLE n EXATRY SRpQlt i drRld.ARal
processes incldgé, %gtcaﬁe not If%itéh to,ng%h??kg Phe %?%Iectrfc %0 fluid
conposi t icgpipuredérsuclr @ transtdrmeughchdsgy the esiors we diegpresceninverftiogah tieepar at i on,
and vacuum dehydr at.j.on.. .Sui.t abl e adsorption nedia.to renove water include,
but are. HOMIOMHD QGHPGC Rk colaetich 41 05 Quth OB of IOBROBEI 1o anhydr ous
magnesi Uurgcsagtaidle®el. starch WO 2011/ 005675PCT/ US2010/ 040881 or nol ecul ar
sieves. Preferably the water concentration is reduced to about 100 ppm or

| ess. Rermetdiinghe high dscimacibeilefuiteblicdor usg in e paehght ingention, gibti um or
pot assi um hydr oxi in_an.al kali tek .based _solution. Thi rocess forns
PoafT "t natr el B o Aaf of AEAT B R RSP DB BB SRS e ove

t he separdstthic@ihek atsbRefdpscrédse thd 4i8o@it bf oil removedFednt thédeedsr anbe and HEAR
oi |l s may undezgo one or nore purification processes to provide a dielectric
f1ui d conposi tAowiththsr vegetablaoitse unisEpedberambe and REAde oy #rs tyrieallyor use in

el ectri C%lngﬁ%‘féc? Bhr ustQ iFEATOR AN AEAR O b ftallPYadt HRASLARu @ e

esterification ﬁggcess. Eg'ester|¥|ca€|on or transesterification reaction
pr ef er ablgpntaesndrtswhith alogabl & jHeirgetformiae ippgpcaticc ak halicleduae fluefwhentuze®

carbons, nore preferably 1 to 4 carhon atons. Known esterification t hods
el e tlﬂé{eatg_@abﬁppa@_é@ YFh atp Eapar q@%ﬂ_owrafl am@fg-af#%rs rofPr¢RE Yas e

cat al yst GORRKbSGnd @}Emﬁygftﬁﬁg{?’&en&f?&&ﬁ%h s swjim&'t&?uﬁﬁ&(eibﬂ RLkQyi des,
pot assi um 15al koxi des, al kal i tal al koxylate catalysts selected fromthe

group cornsirghovegwatr, sadi amh eoptlhavelcattemismel. um et hanol at e, sodi um

pr opanol at e, di um but gnol at e,. t assi um net hanol at 0 i um

Gt hanol ate, | poriedil ol pigpeanbriptt ARG thmgth e SoPRhaM Yfhent
t her eof , dnoksonpRRlsadh NeeciBtlnidl, bk ¥befuctdigh edfichipspidiricernaL asidof the acid
catal yst conprise inorganic acid catalysts selected fromthe grou

condl st i myosthodinid weywceGHisrEs. phbapmetal er sedivm siigeenohrleys ercadial toor
m Xt ures tﬁup § l.egfsu-llzgﬁe %%toeﬁtl offl sﬁgl &Ia{e ialP8Y ¢ E? aﬁuralt)(g It%(-j4 I n%f bl%esseaiggteﬁglnner . as
the crude orls. Her types O vegé’a 200 s and ‘est 6r's nay Be mi xed

W t h t he tgpiaiibeag@neh it ©édraraingnte $it6 partickds efTae padicRs kan el it ot bidse
having relatively high |l evels of erucic acid, such as_ other types_ of
rapeseed Wifilgatiq) Appighds ikwagn sradiumiypirehly samewsdartisies in fisd DRIt ar d seed
oi | but . b - E il so be suitable
additivegB?ﬁﬁggﬁgﬁéﬁbgﬁFﬁgﬁgggﬁu%gﬁkﬁ?hﬁgg%%®éﬁ§%g?%ents of the invention

t he2di el ect r i RdrhavatloCimipo®intantnarits mhy nishde abteamdstedby bluadgltteidrdsctseach as
anti-oxiaﬂgés and .netal, scavengers (corrosion inhibitors). The. oxidative

st abi | i t y '8 CPRBOHHA WACF BRVHY Direnaipeiiieh StrdeaRciydingnit d9edmEgd Budi t i on
of Fuller's earth, diatomaceous earth, activated clays, and attapulgite.
Removal of water may be effected with known dehydration processes. Suitable
examples of dehydration processes include, but are not limited to, eluting the dielectric
30 fluid composition under gravity through adsorption media, centrifugal separation, and

vacuum dehydration. Suitable adsorption media to remove water include, but are not

limited to, chemical desiccants such as silica gel or anhydrous magnesium sulphate, starch



30anti-oxi dants and/or netal scavengers to the dielectric fluid

conposi tion. Anti -oxi dants conprise one or nore conpounds that
absorb, owozemvesge, oxygen that ot herw se woul d di ssol PeTius2els4d38gh
erucic acid oils and result in oxidative WD 2011/ 005675PCT/ US2010/ 040881
breakdown of the oil. Suitable exanples of anti-oxidants include, but are
not limted to, phenolic anti-oxidants such as | RGANOX L109, | RGANOX L64,

| RGANOX L@@olwré@tvw Risterahly Yeavaer QnpeTsTHipR it Tsaucsdte BbauidAP SPHWEh as

| RGANOX L4 (al | available under these trade names from C ba Corporation
(now part of BASF), Tarrytown, NY), 5ETHANOX 4702 (available from Al bemarle
Cor por ati on, BainwvaRofgéds thdy) bBHFecfdiiiyyihateditiby df mdﬁ&niospd)tﬁss,lurﬁl-ﬂ'

(butyl at ed hydroxyt ol u (tertiary. butylh droxqu none), THBP

(tet rahycl}ya‘;a;mﬁm&aw@w@awa@g&wwuﬂa& #tsar%ceé% Faedps dhat pan By opy|

gal I ate, ﬂ@e@ﬁ%@he oiPCER: sﬁ{a?q?sl ol ngfrgsle i mtﬁng;}‘the%hlgsai%rﬁ
exanpl es of nmetal scaveng ncl u re not Nimte copper
10scavenghbe silsuch as t ol ut r| azol e, benzot riazole, and triazole derivatives

h th | abl de d t I t |
dor 1 vativey . i AT S e HEAS iy GG AL epoF PooGm tcs 2% ©

Cor por at itgprdvi &%fe%tr&fﬂﬂ%ﬂlposmon witiM iR ForformaidcechatacRriRli &er
cont ai ni ng an antioxi dant and netal scavenger i's KEM N BF 320 (avail abl e

f rom Kemiuse Illnda@tlﬁfil@sulpwgt Moi nes, | owa) whi ch contains the

150?(?' n- br eaki 4 OXI(P&E}XJFL trna%luah Q ﬁ/(fjeego n%??er%cgttl? H]?Oﬁ%gfjg h:t WFE)\?\/l

chelator citric acn&

t enper at LHS%Slﬁb§t1dnrmﬁfaﬁl§fmeriﬂ%aﬁ@ﬂﬁaa[mﬂ pr@ﬁfdb?nfbsulﬂ_shﬁ af hiRestartthvidpAR oi | s
may have pour %m nt val ues higher than are desirable for sone apgl i cations.

For exanplaebonghaiuafdp 8eqaghoms.ireene pseftksblydl 9r4 ¢35 HAMS O KPRV CHETBEtI8qUI 1 es
that a C%étﬁ@&s 1H?Y186 ﬁleﬁx?é%f PRERE 08 lcamy?ﬁ ﬁglg Q arnpl of Wt & tat ure

characteristics typically |1 nprove upon onrof X he cra e and/ or
HEAR est e;fomptn@e bddurahytiosi den pétassiddcAfRiokids, soB[Lﬁ!deioandei lpemesicanponent s can

pr ovi de I po oi nts than the i Vi uaI constituent oils because
cra nﬁk %E%IE ﬁ]akkex ate G Ysﬁéﬁgctﬁé 1o thg groyneonsistingel SOAIUNEAR o |

al One %%&ﬁat@fsoafﬁh{ &H&rﬁﬂa%é%&ﬁ% mgmﬂa& %Balu'rr{‘sdth'&ﬁatéw&b%ﬁl froma
bl end of about 1 to about 99 wt % cranb ['or HEAR oi|l with about 99 to

about 1 vm%lmodiﬂhwomdbmethmmtesmmsum@pmdlm potassitim tmtanpbutet argls desi r ed.

Exanpl es of ble i.table for sgne | | cat s ..incl ud t 5. to about
o o o orarBeshaReR Highgectimint 4 HDiR S&%h Bt Sstifes ek Al and) o

HEAR est ejafal @ Bordpi9ietind@ahie asidQital s% SRR Bhcate PEonsIEAR: 6f dulfikich about
70 to 30abou}?S 30 %Q%%c%%nbe and/ or}7HEAR esters. elagt? vIv?I be undeur st ood t hat

t he3® bl eastil, ph@ﬁ@é@nm@drimdrmlmwsmd/er@mu@s&le@erqfered merely to illustrate
t he nature of ti t al so, be added to
t he high er ucﬂl(;:ﬁ%amedl\f%al lgn]fly%gé nﬁg&ﬂl i nve%[%‘%1 s E%m&e Otls.

resen

2011/ 005675PCIHHE2GHEY SFARQE&1LIA 0$lbl aﬁca@dtas tyrbepmb(ad w@kﬁpheeaaﬁlrﬂé ah$HBIAROCt Y|
am | ate, available from 3M Conmp The dielectric

fluids ofoibnad exednPrdprest @iSeW%fi ’ élr%e Pﬁ‘gﬁé&l@é‘@ly high ltm%s of lcBctG 33l
equi pentg i a@otﬁ@tntg}ﬁés 3&9}565@&%1@ #88050& £&PEE, Yh&dBH 5438 sécehlb'ﬂd ati

at nospheric oxy
25 mustard seed 011 but other vegetable or non-vegetable oils may also be suitable additives

in some embodiments.
In some embodiments of the invention the dielectric fluid composition is further
blended with additives such as anti-oxidants and metal scavengers (corrosion inhibitors).
The oxidative stability of the diclectric fluid composition can be improved by addition of
30 anti-oxidants and/or metal scavengers to the dielectric fluid composition.
Anti-oxidants comprise one or more compounds that absorb, or scavenge, oxygen

that otherwise would dissolve in the high erucic acid oils and result in oxidative



5noi sture, and other contam nants that could adversely affect their
performance. A suitable process includes drying of the tank contents,
evacuat i omOoand/®sdyst i tution of air with dry nitrogen ga®CTfiskéiongessander
partial vacuum and i medi ate sealing of the tank. The dielectric
fluids of the invention may be used in any application into which
conventional dielectric fluids are enployed. Thus, the high erucic acid oi

based f I Uirerkdewn phtheeoil. riusiablesranmales Beanthowidpep achulc; butaranot lingiredsto of

|l ectri ; h :
Fegul at ottt RN NGl S B AN B3bo, IRELREX O, IROANER L3I M OPR L
cabl es. octylatechetgrlated:caphénywmsﬁe amrxsdaamcbushvas IGARIOX 1Lp7 Ceal alv;aﬂahsle

constructed by inmersing the re,and wi ndings and ot her electrjc
equi prentUdE ot B SERTE TP o S9mPuied élPWd’aﬂfg%é I REEaVE o, nents in
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Product NaReIISBR 82 (HEARDE from Kemin Industries, Des Moines, Iowa), which contains the
15 chain-breaking antioxidant tert-Butylhydroquinone (TBHQ) and the metal chelator citric
acid.
The performance of diclectric fluids at low temperatures is important in some
applications. The crambe and HEAR oils may have pour point values higher than are
desirable for some applications. For example, a typical electrical power distribution
20 application requires that a coolant have a pour point below about -20°C.
Low temperature characteristics typically improve upon the addition of the crambe
and/or HEAR esters to the crambe and/or HEAR oils. Blends of these components can
provide lower pour points than their individual constituent oils because crambe and HEAR
esters have a lower pour point than the crambe or HEAR oil alone. Examples of suitable
25 blend proportions include anywhere from a blend of about 1 to about 99 wt% crambe
and/or HEAR oil with about 99 to about 1 wt% crambe and/or HEAR esters, depending on
the properties desired. Examples of blends suitable for some applications include about 5
to about 95 wt% crambe and/or HEAR oil with about 95 to about 5 wt% crambe and/or
HEAR esters and about 30 to about 70 wt% crambe and/or HEAR oil with about 70 to
30 about 30 wt% crambe and/or HEAR esters. It will be understood that these blend ranges
are not exhaustive and are offered merely to illustrate the nature of the invention. Pour

point depressants may also be added to the high erucic acid oils of the present invention.



HEAR G| Technol ogy Crops International, Wnston-Salem NC Sol ubl e Sodi um
Silicate PQ D PQ Corporation, Valley Forge, PA Refining Oay (bleaching
adsor bentWwORWREWFIZ® B8O Natural G |-Dri Corporation, Chipcags20i/o@sanbe
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The dielectric fluids of the invention preferably are introduced into the electrical
equipment in a manner that minimizes the exposure of the fluid to atmospheric oxygen,

5 moisture, and other contaminants that could adversely affect their performance. A suitable
process includes drying of the tank contents, evacuation and substitution of air with dry
nitrogen gas, filling under partial vacuum, and immediate sealing of the tank.

The dielectric fluids of the invention may be used in any application into which
conventional dielectric fluids are employed. Thus, the high erucic acid oil based fluids of

10 the invention may be incorporated into all types of electrical equipment, including, but not
limited to, reactors, switchgear, regulators, tap changer compartments, high voltage
bushings, and oil-filled cables.

Electrical transformers and switchgear typically are constructed by immersing the
core and windings and other electrical equipment in a dielectric fluid and enclosing the

15 immersed components in a sealed housing or tank. The windings in larger equipment
frequently are also wrapped with a cellulose or paper material.

The dielectric fluids of the invention can be used to fill new electrical equipment in
the manner described above. The fluids can also be used to retrofill existing electrical
equipment that use other, less desirable dielectric fluids. Retrofilling existing equipment

20 can be accomplished using any suitable method known in the art, though because of the
increased sensitivity of vegetable oil fluids to moisture, it is preferable to dry components
of the electrical equipment prior to the introduction of the high erucic acid oil based

dielectric fluid.

EXAMPLES
25 The following examples and comparative examples are offered to aid in the
understanding of the present invention and are not to be construed as limiting the scope
thereof. Unless otherwise indicated, all parts and percentages are by weight. The listed
test methods and protocols were employed in the evaluation of the illustrative example

that follows:



Fl ash Point and Fire Point - ASTM D92 (2005) 5Pour Point - ASTM D 97 (2009)
Kinematic Viscosity - ASTM D445 (2009) 60 Hz Di ssipation Factor - ASTM D924
(2008) Suwbur11@OsE78si vity - ASTM D1275 (2006) Aci d Nunb@CTAISABINWGBST 4
(2008) 10water Content - ASTM D1533 (2005) Refining HEAR Ol In a 1-liter
reactor, 0.4% by mass Sodium Silicate was added to the HEAR G |. The

m xture was continuously stirred at 750 rpmat a tenperature of 80-85C for

30 ni nut atgHalsLig pl anket of Low Water Content Nitrogen. 15Refining O ay
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Vat er CdrigeRk dMit rogen. HEREOMM Xt ure was tIRehnolqgyt@pay ngrnatinng.
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t ube equi§£&qe§n6&iﬂma§i[iégt5i Ngpatpt he bottom to| kA Corphetibn Yeteyd®medi umy a
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Esters Wer4aVeAgSh-esters ohtained fromthe tramsesterification reaction 5of

cranbe aiMecty-ton Seavengeobhol bIRGAMET 8%- C8 al cokdB4.— Bascel, Swilzerlanghve process
descri bed above for refining the HEAR G| was used on the Cranbe Esters.

Exanpl e lrejtggzgq”gglels-iEAR Ol with Cranbe Esters (95 wt%5 w%
The refi s blended with the refined Cranbe Esters at a ratio
95:5 10wt % f orSpdEfiR (@iabity © ASTIDE 208 (H0S) The anti oxi dants and

netal -ion scav ns%glgs ETHANOX 4702,  KEM %55 320, and | RGAMET 30 were then
added at concdntsdtaiRiedFaredios - A5HM 8°bpm respectively, under

agi tation at gd,epReK aAY®VY 97089 The oil was then stored under vacuum
of about -30 nmmHg (-4 kPa) at a

Kinematic Viscosity — ASTM D445 (2009)

60 Hz Dissipation Factor — ASTM D924 (2008)

Sulfur Corrosivity — ASTM D1275 (2006)

Acid Number — ASTM D974 (2008)

10 Water Content — ASTM D1533 (2005)

Refining HEAR Qil
In a 1-liter reactor, 0.4% by mass Sodium Silicate was added to the HEAR Oil.

The mixture was continuously stirred at 750 rpm at a temperature of 80-85°C for 30
minutes under a blanket of Low Water Content Nitrogen.

15 Refining Clay was then added at 0.4% by mass. The mixture was again
continuously stirred at 750 rpm at a temperature of 80-85°C for 30 minutes under a blanket
of Low Water Content Nitrogen.

The mixture was then filtered at room temperature using a lab-made filter cartridge
which consisted of a plastic tube equipped with a fitting at the bottom to hold the filter

20 medium, a filter having nominal particle removal in the 0.5-5.0 micrometer range,
available under the trade designation ZETA PLUS S SERIES 05S Grade, from CUNO, a
3M company. Compressed air at a pressure in the range 10 — 30 psi (69 kPa — 207 kPa)

was used to facilitate the flow of oil through the filter medium.

8



15t enperature of about 70C for at l|least 12 hours prior to testing. The test
results are shown in the followng Table 1. Table 1 Property Units Val ue
Speci fi c v@avitopsdBA 0. 91 Fl ash Point C 313 Fire Poi nt EC3AB2R00108PDI nt C

-18 Kinematic Viscosity ¢St at 98 C

10

15

20

The filtered oil was then subjected to vacuum of about -30 mmHg (-4 kPa) at a

temperature of 70-80°C for about 36 hours.

Refining Crambe Esters

The Crambe Esters were mono-esters obtained from the transesterification reaction

of crambe oil with an alcohol blend of C5-C8 alcohols.

The same process described above for refining the HEAR Oil was used on the

Crambe Esters.

Example 1 — Blending HEAR Qil with Crambe Esters (95 wt%-5 wt%)
The refined HEAR Oil was blended with the refined Crambe Esters at a ratio 95:5

wt% for HEAR oil to crambe esters.
The antioxidants and metal-ion scavengers ETHANOX 4702, KEMIN BF 320, and

IRGAMET 30 were then added at concentrations of 3000, 500, and 50 ppm, respectively,
under agitation at a temperature of 70-80°C.
The oil was then stored under vacuum of about -30 mmHg (-4 kPa) at a

temperature of about 70°C for at least 12 hours prior to testing. The test results are shown

in the following Table 1.

Table 1
Property Units Value
Specific Gravity N/A 0.91
Flash Point °C 313
Fire Point °C 340
Pour Point °C -18
Kinematic Viscosity cSt
at 98 °C 10
at 40 °C 42
at 0 °C 261
60-Hz Dissipation Factor %
at 25 °C 0.1
at 100 °C 1.4
Sulfur Corrosivity N/A NOT Corrosive
Acid Number (mg KOH)/(g oil) 0.02
Water Content ppm 50

Although specific embodiments have been illustrated and described herein for
purposes of description of the preferred embodiment, it will be appreciated by those of

ordinary skill in the art that a wide variety of alternate and/or equivalent implementations



10 at 40 C 42 at 0 C 261 60-Hz Dissipation Factor % at 25 C 0.1 at 100
C 1.4 Sulfur Corrosivity NNA NOT Corrosive Acid Nunmber (nmg KOH)/ (g oil)
0.02 WO 2011/005675 PCT/US2010/040881

may be substituted for the specific embodiments shown and described without departing
from the scope of the present invention. This application is intended to cover any

adaptations or variations of the preferred embodiments discussed herein. Therefore, it is
manifestly intended that this invention be limited only by the claims and the equivalents

5 thereof.

10



Wat er Content ppm 50 Al t hough specific enbodi nents have been
illustrated and described herein for purposes of description of the

pref erredworntbudionent, it will be appreciated by those ofPCZQsedionars$l skil |
inthe art that a wide variety of alternate and/or equival ent

i npl enentations nmay be substituted for the specific enbodi nrents shown and
descri bed wi thout departing fromthe scope of the present invention. This
appl i cat iWwparSs OihenfsE:t 0 cover any adaptations or variations of the
preferred enbodi nents di scussed herein. Therefore, it is manifestly

i nt ended { hat LSl on-he limted only by the clains and the
equivaleh%s Sf%2?@%?£“§ﬁ¥%§#%¥?§65675PCT/U82010/040881 VWHAT |S CLAIMED | S:
1. A conpositi onadadgtiictlng.comprisingan dileospbnéent, tht oil dompopent sompriging oi |

conmponent, the oil co nent. conpri.si ng .one or botfh of cranbe oil .and high
oruti ¢ ac| d rapesedodr POLHY CHREGH! BBt HEBSRCISLER] Fprsed o AAentet bodhg
estegifled high erugiGcantdchaPedaaddirifidd hitR@rnkRTROSHpbQRd8fl. claim 1
wherein the oil conponent has a erucic acid content of at |east 45 wt% 3.

The conposi ti i i e &ﬁgﬁ WG icd
content of at éﬁ%?ﬁkg&aké{”@ﬁﬁ?fﬂ%*%ﬁﬁ%%%}t. nQ%ﬁH%FE%ﬁﬁ%:ﬁﬁgggﬁﬁﬁﬁﬁe oi
conponent has alestidd wt%@ci d content of at least 55 wt% 5. The conposition
of claim1l wherein the oil component has a erucic acid content of at | east
60 Wt % &. Therteaopgskitiveodf ohirg 1 aHerdin the dih€@mm@ept Has larkgucddadd toraxit@dant .
157. The conposition of claim1l further conprising a netal scavenger. 8. The
conposi tion ofatéasi i W% herein the oil conprises at |east 76 wt %
nonounsaturated fatty acids. 9. The conposition of claim1l wherein the oi
conmpl i sest. aboukherontposisiboaf clodn wivhesdin greeoibgonpmianidfas greawbeacad dotiewjtolfer uci ¢
acid rapeseedzgﬁémgggkd%gout 30 to about 5

5. The composition of claim 1 wherein the oil component has a erucic acid content of
at least 60 wt%.
6. The composition of claim 1 further comprising an antioxidant.
15 7. The composition of claim 1 further comprising a metal scavenger.
8. The composition of claim 1 wherein the oil comprises at least 76 wt% mono-

unsaturated fatty acids.

9. The composition of claim 1 wherein the oil comprises about 70 to about 95 wt% of
one or both of crambe and high erucic acid rapeseed oil and about 30 to about 5
20 wt% of one or both of esterified crambe oil and esterified high erucic acid rapeseed

oil.

10.  The composition of claim 1 wherein the oil comprises about 95 wt% of one or both
of crambe and high erucic acid rapeseed oil and about 5 wt% of one or both of

esterified crambe oil and esterified high erucic acid rapeseed oil.

25 11.  An article comprising:
electrical equipment containing a dielectric fluid comprising an oil component,
the oil component comprising one or both of crambe oil and high erucic
acid rapeseed oil and one or both of esterified crambe oil and esterified

high erucic acid rapeseed oil.

11



20wt % of one or both of esterified cranbe oil and esterified high erucic
acid rapeseed oil. 10. The conposition of claim1l wherein the oil conprises
about 95 wO%0tfo0os616é or bot h of cranbe and hi gh eruci c aecu/usapesesdl oi | and
about 5 wt % of one or both of esterified cranbe oil and esterified high
erucic acid rapeseed oil. 2511. An article conmprising: electrical equipnent
containing a dielectric fluid conprising an oil conponent, the oi
conponent!Zeconpkhicsiriigjc ehelagn 1 bathrredt theodmoapenent dasia kiugle asidieqnéemh of of
rapeseed oi l qggtgggngf both of esterified cranbe oil and esterified high
erucic acid rapeseed oil. WD 2011/ 005675PCT/ US2010/ 040881 12. The article

of claimll rein.the oil conponent has a erucic acid content of at |east
25 weob 13 ThieaBit PEedim of SRR Mied i Brfhofi Ht Mt SRS a6 uche
aci d content qfasab0kermst 50 wt % 514. The article of claim 11l wherein the
oi | conponent has a erucic acid content of at |least 55 wt% 15. The article
of cdai miyl whelsiicit BEcIQinh 1§ WRRMEH: NADnoREMHal a RAICE LANEGKNt8F adl | east
60 wt% 16. The article of claim 11l further conprising one or both of an
anti oxi dant arlcesa5ion¥t al scavenger 17. The article of claim 1l wherein the
oil conprises at |east 76 wt % nono-unsaturated fatty acids. 18. The
article dfs.cl alhaattislbef eaim 1 hevhordin themplrdosgenadidias a éfictooacabaunter®bf wt % of
one or both of crgﬂbq)and hi gh erucic acid rapeseed oil and about 30 to
about 5 wt % of 58X both of esterified cranbe oil and esterified high

erucic acid rapeseed oil. 19. The article of claim 1l wherein the oi
conpr i seslfaboukhegsticle of ghping hé figthep sempTing prgeyeboshaf # Hiozidgnt #rdxci d
rapeseed oi l d.2RQut .8 Wt % of one or both of esterified cranbe oil and
esterified high erucic~acid rapeseed oil. 20. The article of claim1l
wher ei n tlhl‘.a e'”l":hcetarr%icclgl Iof Sk ?%%%eir'l ’['\:he"ioilt go%]psffsgsr I8 Last %’ wt% mono-unsaturated
fatty acids.
18.  The article of claim 1 wherein the oil comprises about 70 to about 95 wt% of one

or both of crambe and high erucic acid rapeseed oil and about 30 to about 5 wt% of

15 one or both of esterified crambe oil and esterified high erucic acid rapeseed oil.

19.  The article of claim 1 wherein the oil comprises about 95 wt% of one or both of
crambe and high erucic acid rapeseed oil and about 5 wt% of one or both of

esterified crambe oil and esterified high erucic acid rapeseed oil.
20.  The article of claim 1 wherein the electrical equipment is a transformer.

20
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