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DI ELECTRI C FLU DS AND PROCESSES FOR MAKI NG SAME Field
of the Invention The present invention relates to
woi2neuleedssng di el ectric fluids conprising oil PracdScas®42475

derived from highly paraffinic wax. The present

invention further relates to processes for naking

these dielectric fluids conprising oil fractions

derived from highly paraffinic wax. BACKGROUND OF THE

| NVENDIERE OrRil€ RLIUIDS ANDIER @CESSESIRBR MIAKINGN'SAME

sustain a steady electric field and act as an

el ectrical insulator. Accordingly, dielectric fluids

serve to dissipate hepl 086 Al &didRy energi zing

conmponents and to insulate those conponents fromthe

edb present l@mll@smiaéesa@ thstilatmg diclselric| !Cbrcﬁmlprlﬁ)‘ag 8 figpidons
denve%neﬁ%rﬁ ﬁ%h Mﬁﬁp yretserﬁ rllj\%g?@b ﬁlrtgk éls\c;% F)loldésgtas for
makingehé¢sa ldh@?edtﬂimﬂmdeﬁdlmmgaﬁﬁfridnbﬂs qroivad frohﬂaghly @mfﬁmg/wax

viscosity over a range of tenperatures, inpulse

br eakdown strength, gassing tendency, and pour point.

Due the varyi ngARIQEROUNG OF THESINGENTEON! Ui dS, t hey

are often defined by these properties rather than by a

s pPédleqtiie ﬂe@ﬁn@@sﬂwwﬁm CER st ¢ pteady algcdc fieldand act as an electrical
insula Jra%c%r?{h%lj Mﬁe%&[& %fef'iv%wﬁﬁg tEﬂQ&t%&éﬁér&Q@B?EEé@ g

Icone ol ls, or sy et1C organitc esters.
compdientsraali tcomlsulbaslwse dorepmchmfmnf thaledsipmameenbbemre and from other
et 9] Sl SRS Ao PRt Pl AT G iyt
functioh bffedtiavl§ ahe kaiabMahyludeOMish bas Hregdthtf H\daﬁcdib@d:lfy, $iscosity over a range
hl ori nated bi - phenyl s (PCBs) were devel oped as

Pol yc
of tergepbit Fa TRAISHERIET et .ga%?mgﬁ@@sm%@éd BRE @O Pue the varying
propefic€ bEGEIebFic WuﬁﬁeﬂhH/ & oRBA aLiiRY bPikest BopbRRS rdihd fﬂmtﬂy% specific
than mneral oils.” Government agencies, at one time,
Compfvﬁamt ed the use of PCBs whenever there was a safety
%gcfé:“ A 1c el%lfl% %aﬁvceg aﬁltlton%i (}/dtbeferll 4 ﬁll 0 'Ee¥n%%tuFeg¥ﬂrPe U?f%ci%ptaya%mc bise oils,
silicorteasiiay mi(sgrﬁtham @pardt est&s.| Mingd odli Hasedadielediiig |ﬁlum§ |he®dl£eaﬁ

droc ans . currently rank as t nost
extensiyiY ted FSE B TR GRS TRV PRGC e R SBEes: howerer,

minerall dills @aveﬂ@laﬂvﬂ}'% hessel R ﬁﬂ@s: P§M@Bl€ﬁﬁét§d BiacheRAL W@ﬂ}s) were
: ester-based fluids and 3%/@1?9‘ eti c hydrocarbons are al so

develqué as alm‘attﬁé d%gpcyﬂtgqis have gxaet o dlidlgctusprgpériies and they are
far lesgj 'ﬂghﬁﬁue' tﬁaJ llaneg\? oll$ é&\’&ﬁrﬁgft agén@ieg,qt Bhgtl&g,%%a%ﬁ %he use of

PCBs whenever there was a safe'ty concern related to fluid flammability. Unfortunafely PCBs

have turned out to be an envirbnmentally hazardous material. Silicone oils and high-molecular
weight hydrocafbons currently rank as the most popular choices in applications requiriné less
flammable fluid. To a much lesser extent, synthetic and natural ester-based fluids and éynthetié
hydrocarbons are also used.

As the supply of oils traditionally' used in dielectric fluids is limited, dielectric fluids are
beéoming increasingly expensive. Further, commercial demand for such oils may soon exceed

their supply.
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becom ng i ncreasi ngly expensive. Further, commercia
demand for such oils may soon exceed their
waapphy2Iher e has been research i nto devel opi NBCT/US2005/042475
processes for making oil conpositions useful as an
el ectrical or transfornmer oil and into oi
conpositions useful an electrical or transfornmer oil.
By way of exanple, EP 0 458 574 Bl, U S. Patent No.
6 TQ&@ h8SBeen @E@ar&ﬁ’%@@ éev%%ﬂfg%rgée%&!s @&E‘mﬁﬁ@g@ﬂ? 8&ipdsRons useful as

produci ng fornul ated transforner oil a oi |
an elecMGE itnensfprgnan odfand inde o norepesetians eerfulan electrinat ot trassformer oil.

By waal qf ex% SI%IWS I4 gﬂ?ﬁ’g Uk f’sﬁgnt%fd) 6t,e()?3 RRS #8 ?Pﬁ%ﬂ'fﬁwb%lsclose

ere ave 'een’ man opmen
proce&ts for prbdating fEntadael trahsoihsr o.ﬂ dnld ol c@huppﬁnf)mr wsefut @s an electrical or
characteristics. By way of exanple, EP 0O 776 959 A2,
transferpiey) oOggg 342 Bl, WO 00/014179, WD 00/14183, WO

0Q/id 448 TnoWDr0RE 14 1B5rod D Odih ARG Ak her MRV BLASHE
A2, WD 02/ 070629 Al,” WD 027 070630 Al, and WD 02/ 07063

develapagental ettefipte gt rreducin esynibRGs ¢its Witlbhiek Agrforgjance characteristics. By

way of %%é | P%‘%@B@ /(E*@W§68fﬁr211ﬁl‘g%%b)b@4ﬁbe W 0b ﬁﬁéf WO

ant ol |l ‘conpdsitions re remai ns’a nee
00/14th7e M&@ 00414188, W@@Mﬁ)&&li‘ﬁgAUé&Or(ﬁbMMmA&eWO @%070629 A1, WO

i A TGNy R E TR S p———
method¥ thr @rsaking e Jyfihetis RibHESR kT QWRpSAi@RYt h. There al so
remai ns a need for. an abundant and econom cal source .

f Shera Ferainset heegifertticlasitic Buigh BRTieaiesARe gtpertisp, including, high fire
point, ﬁlf@%@h %\InI RERBeAt Cﬁél@&ltlé br%alIdOWnd OOd%M\é%?XCIQ: e-la_gcellent impulse

The present invention Telates ectic
breakdq“m stiengtbnphers |ah;g remainoz nepdrfer an dbuhdant andoeveneisicalsdrce for or an
hl.y_paraf f el ectric
efﬁcwfl F U 2“ o'goxlﬂlx%l K Ocﬁss %n Hm\aaéré %rﬂlgsce (g]?lg%tfgaov\bd hi gh flash
p0|nt, and hi gh f|re poi nt. In ohe enbodi nent, the
present inventign relates to a dielectric f|UId

conpri sing one UMMARY QF THERN RN T H%Vlng a T90 >

IPROFreseht BRI rEIGteY tcﬁcﬁ@l%éﬂcyﬂd?&t ARRRisRR Q)HE 016m%1$;t mﬁf%’ctlons
about 20 cSt at 100C, and a pour point of > -

derived fienphighfy paradfinic ercrhesss t pqteieflpidg exhvikit gtgh d%lectnc |
oreak SRRl Sl FRORE BHARRNET L0l Gparatfine

f Innoie icombadintent, tlenpledeesiavéntian rﬂatB@tovailghctm@/d]afdmm’tprxsmg one or
more %Pg%ctlﬁ\l/s alsv?r%,g:ag 9{9:“29(140& 3 a-ygslcgsll'g/ te’[v!/é:en gggt?tl%dc%t anc? about 20
¢St at 100°C; and a pour point of >-14°C. The one or more oil fractions comprise > 10 welght '
% molecules with monocycloparaffinic functionality, < 3 weight % molecules with
multicycloparaffinic functionality, and less than 0.30 weight % aromatics, and the dielectric fluid

has a dielectric breakdown of > 25 kV as measured by ASTM D877.

DETAILED DESCRIPTION OF THE INVENTION
It has been surprisingly discovered that dielectric fluids comprising certain oil fractions
derived from highly paraffinic wax exhibit exceptional properties. Accordingly, the present

invention relates to dielectric fluids comprising these oil fractions and processes for their
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DETAI LED DESCRI PTI ON OF THE | NVENTION It has been
surprisingly discovered that dielectric fluids
W@ oupn6msang certain oil fractions derived fronrdi/ghkiogso42475

paraff nic wax exhibit exceptional properties.
Accordingly, the present invention relates to
dielectric fluids conprising these oil fractions and
processes for theirmanufacture. Exanples of suitable

manuficgié. yEmfpﬂésfdf rahmb\lmhq glily ipaakfide wrksdhdudefisphsc fropsch derived
derived wa deoil ed sl a efln d

wax, flafdt Wiy #P@ledvﬁéw Vg0 Qflfu‘Y?ét‘/ié’“Cﬁmﬂ% Wp{ep,fi-paratfin

waxedVaS&tal alpBh @'ﬁalﬁn‘”ﬂ\] Rlep valxed, WaxéNAQAuck@ K Bsheni@X BRinDFroEkdsRdeoiled
I'n chemcal plant processes, deoiled petroleunlderlved

petrobgrim astived \Em@;rry@toamstaﬂélewme% anpixtiies theraed. These ighly paraffinic
waxes zﬂ?% ocgés?cri] c%psrgﬁidélwl e Fong\@éﬁﬁ%aesﬁeﬁ)bﬁ)ggﬁl%§ CIL@?% aoggo %Q)SO"F,

ractio avi ng eS|r roper s inclu
and tHeseoi® 50@iens aredistchepeoddd a diekctricdhusd bavéngisgldflash qpd dive peints and

.a dielectri.c flujd having high fl and fi.r nt.s . .
having A3 e gt WPk O BB PreL T SRR i TG Pafatinic wax i a
Fisch&fﬁﬁﬁich@@n%mm dRProvildia Hidnbr- Tro@@dhafehlvéu 6il WaxionS a

Fi scher-Tropsch derived wax and provides a
Fﬂ%ﬁé?mﬁuwemlw@ﬁq%@d dhat dietegtrcfhyids qomprigigg gd drpctions derived

from @gf;}l‘g ﬁa?&fﬂgl: ¥va?' Onip¥sin nsfd(}gerlﬁ ﬁlnﬁfecrule@ Jl{}#h&ﬁ)cycloparafﬁmc

I sing ol ct|
functipmlw < hwelgha% mcdocmbwswthmgumcsmomfgmc f%cmohdau,l and less than 0.30

Co W ocC ara ini.¢ functi

weigh BEAHAPRE ot ifng et PPE' 4 MinerBoet bR befygen about
6 oSt hrﬁBefbohhﬂTlcSQ aBloorei ghita Béuapeiresfi>c < 40 dx kb bi@llént?ﬁ@ecmc
breakgqyﬂh?p %2@ g Téﬁgagjggho{y Azg'l‘ » n 727?53?8#@%@%3 ﬁreg%%{\tg e'rllhuls these

011 flaﬁ%d%tcaﬁﬁdﬁntaéé&s%| Red 2N @B ieNhiadi el ectric breakdown
25 kV as neasured by ASTM D877 and hi gh flash and

f |Th@dﬁ@pﬁpglux¢mggordmgé@gle(pmsemtrla‘cemlgm gorgpiise one or more oil fractions

derlveg Iﬁlg}éﬁfﬁn g%valﬂ%ggm 3 'Ido l?(llﬁx?%dlﬁt 3 §§U ? pret]enl% ¥3 > IOOO°F and

s accor resen |nven
a kmematrp |v1ss<mtg; ibetvaen almrue 6 0Bt arfdraboutl 2§)n§t aitelr(]ov(é dThe bngh ibbging‘pomts of

these B rBesong ront o e afies s e o higk deih i e pokligh fir

pomts&bﬂi;bbreﬁ t6 StheptalafibR Wils Psifmihr ﬁbcol@@@ GavehBoupihdhe oil fractions of
poi nts of these oil fractions relative to

the Pr?%%‘i ‘PV‘%HUQE 637 hl@sb%h@&p%ﬁitﬁ@mtm flow el ingughsn ppoidaatfective |
coohn%n &P 'dg:h:ctrlcr f?ulﬁ’sodce&%l tCin %?lﬁ%{m] g FIIE?J ef dndiof ndid it

simlar viscositie oug fractions )
fractlcms dtrh'@dpfrcss blghl}a mwéﬁmp Mxh ahe dhiegtnctfhucﬂs awgoqdmgrtb $he present

L8RQ h<t o rOV|§ Hﬁ&

mventéo&lgl%/ave a d1 lén gbrgzr ? ;ég d(l\/t oSS micasure gﬁ Z\ST H@Z? preferably > ?O
kV anf Ih&ﬁeﬁltefdrﬁbl? nt @KV C Bf@d’rhlﬂ?, tﬂﬂ&leﬁﬁtmmuﬁis&bborﬁﬁlg 66 iHepBesent

derived from hi Jaraffinj $a The dielectric
mventfqnlhadg a fixepYIg g——t33;0 gmf)er @g%ﬁﬁb a fire point of > 325°C. Preferably, the
dielectric fluids according to the present invention have a flash pomt of > 280°C.

The dlelectrlc fluids according to the present invention compnse one or more oil fractlgdris
compnsmg > 10 weight % molecules with monocycloparaffinic functlonahty, < 3 welght % ‘

molecules with multicycloparaffinic functionality, and less than 0.30 welght % aromatics. The

high amounts of monocycloparaffinic functionality provide the oil fractions of the present
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i nvention have a dielectric breakdown of > 25 kV as
nmeasured by ASTM D877, preferably > 30 kV and nore
w@e@besabt y > 40 kV. Preferably, the dielectriect/isiods042475
according to the present invention have a fire point
of > 3100C, nore preferably a fire point of > 325C.
Preferably, the dielectric fluids according to the
present invention have a flash point of > 2800C. The
mven%ﬂvﬁﬁ bbdLsdit i flS08E S deﬂ&nmt}t hRd BEESRNLILIRY Wihi BMkr oils. The
onprise one or  nore oil fractions conprising > 10
very lmlangn%oﬁmuamypbsawftnkp fupetisag ity ppeirids the il dractions of the present
. . ' y. t
invenlyA'Fleh BREAcxgcrich WRER, T VBLAGY af bl sromics prgig heoi
fractioB ivg tht ex¥eliamooatiates. stabiigy hindyli Vastability.s of
ocycl o atfinic functionality provide the oi
r RhE Eefr@eah s M ettt R R P Bo0a S aneyne
medi@RAH n6@ahd eABMAL pdWdr bhd/ dis@RiBHtAOQEk 1 a3 eprairdtiid, ¥udM dsRransformers,
other oils. The very | ow anmounts of
regulaiqrp.tireyig brsplsgrafspiitahgear, yndargionad ¢lesrip pahl¢sgdend aitendant equipment.
Th ! {
oy SRR JhishBfE, PPOGne HER SORM IR e
compgstbde/wlle emhtmgﬁplparfattac Themslialtctric fuidedf thapresuit dateminn comprising
st abili.t stabi.lity. The diel.ectric.flui
oi raf R et IR ReANN Bl hie ¥ ircdr B S48 LR S mgedii e high fach
point, ¢1¢gh| fiire @oﬂi&@kwﬂem diele@yic Bredkdars hlhd’lg)dﬂQl\&ﬂitlvaBdublhty In partlcular

stribution el ectrical apparatus, such as
the diglpciic it (B PResERi{BYeBen CamArising:oikffasHRes derived from highly

paraffiild #5088 e usHN AP OMBHs BIVAGEH 4 fi gh @l ﬁ(ﬁnt 1ﬂﬂqatﬁ{gto‘?ﬂg ?&ﬁured In
. equi-pnment ... They are functionall nlsC| A
additienithese pig fragtinas dprivid froma bighlydiagd e was ekhublt@smlnnlt eidation
apparatus. These dielectric
remsw&? gséolgb% é)B%F g&s%%{nlb?gy/ent ion conprising oil .
f Thﬁ:d}li fragiote dénned ffomomghllygahfafﬁrpa wafc bhthe pdﬂ)éntﬁﬁﬁbnhen are prepared

appl.ications re n fl ash 0|nt
from (¢ gty o Bl 35 Y ol e SV s iom e T the highly
paraffieivisd i@ §1@is@bﬂehtécﬁ/u51ﬂgrh dhapd defedlivd mte%'ﬂ@dﬁﬂe%?e%ﬂé 1Rolecular sieve
fluids of the present 1nvention conprising

éommsllrtgcet nobirsmelel hydsegenatinm demprngnt paqi%ﬁcpmdﬁl@nswéab@a §OBF to 75 0°F.
o uﬁﬁﬁ‘le?ﬂ:f@?&i é 'irﬂaﬁ th@hlggfy%ra‘?ﬁxggl & cl)éh 4 ?isﬁlp r-p[tr(())psph denved wax

. insulating oil is requir ese
and prpyidestad Oschedd ropséddefrrvedmﬂ ifigbdion. ﬁalea)ﬁlfframtlcnsma( pepinet iftom the
ey B S R S AT RGBS A BSh i cions
used apareli:fchcrﬂrﬁds\me(rrﬁﬂe bhepRCes eﬂrﬁ‘lphﬂﬁgiﬁérfdiﬂmfg' £FRERPATQHAch

fromthe h#% garafflnlc wax rocess includi ng
synthegis i Bo¥iRe ‘%ii’ﬂ frampisglaipg Py, thq prRdHgt gHgam aavbafwrlﬂiwparafﬁmc

wax féé@mﬁ%lwrﬁir%qﬂ@gdb%ﬁﬁitlﬂﬁ/'}ﬁngﬁmé bap ?eeﬁelsgﬁ{lhg fm 1somenzed oil;

: i nt ernedi at e pore size "ecul ar sieve co
and optigpally hydrafinishyngrtbe @nlafmmd oeloer@nehetprqcms@ra H}mhdn-ﬁopmh derived

oil fracq{ona&%sﬁq%gofo \tNgngta% molecules with monocycloparafﬁmc functlonalrty, <3
welght % molecules with multlcycloparafﬁmc functionality, and less than 0.30 welght % A
aromatics and having a Ty b0111ng pomt > 950°F; a kinematic viscosity between about 6 cSt and
about 20 ¢St at 100°C; and a pour pomt of > -14°C is isolated. The herein-recited preferred

embodiments of the Fischer;Trop"sch oil fraction also may be isolated from the prb'c'ess'.‘
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In one preferred enbodi nent, the highly paraffinic wax
is a Fischer-Tropsch derived wax and provi des a
woe@ehensdr opsch derived oil fraction. The oi | PCT/US2005/042475
fractions are prepared fromthe waxy fractions of
Fi scher - Tropsch syncrude. As such, the Fischer-Tropsch
derived oil fractions used as dielectric fluids are
made by a pr.ocess .conprising performng a
Prefela l)%cﬁ'lg bhark f?ﬂes Ghx ?ééﬁt @Wr&sé&er%@\ihﬂ@ a Shadpé @QH&lveSﬁtéﬁﬁdﬂiate pore
fating om t he '‘product stream a substanti-ally
size nﬁﬂefcafafr smvecmlﬁrwjﬂoblwm:ﬁ@l leysinegenationgompenent under conditions of

about: 6§§ﬁf§t§ ?%Qﬁl | gla{ I’gl% esses 1oy yelgg%tlleﬁ%ﬁ:lﬁé B?x{llhdeerlved oil

fract1d)r&QE’@cﬂdsEt€l§edGh |U.S EH\D monhe ,3P0,dilebBecembei 33 |§Z903 , heogirs imlorporated by

e e Sy FRTP LR S Hogtons v i
monowdlal}laf%mcﬁsw|n¢lﬁnwcldfbamrlsla%/@és&ﬂawaﬂ U.SIBAN. 10/744,389, filed
functionality, and l'ess than 0.30 weight % aromatics
Decembet zsamqaghqemgmommra%gy pr¢ramcesn GSeEEtYa ki nenati c
i et t 1
&f&%ﬁln % ﬁ@%s%ﬁt 1ﬂg(91ﬂbn q]bé: &tele?ﬁ]g fﬁg&%gﬁgtsée:gle Q]'*l_’ more oi
fractldnerdenmdfemnm@hl)ppaeﬁféimcedaxsrmamu@m@atwlytlhgh Welght percent of

ot S 035 S SR S Rl LB R

moledﬂﬂ’e@ rvﬂthstﬁﬂl'ﬁl‘:ycﬂ@ﬁrdfﬁhlﬁ Juittishapearkkdrembiiose The b rﬂ‘ﬁedd)r&taecordmg to
por.e size nol ecul ar sieve conpri Si n&}a nobl e e

the PIRSFAIF BRYETHIANICEFPERH b O BIStEN TP IeEiFRy ¥ BRECFIORE] hic f““Ftlonahty
and <6§) QRfsht 9, fAQ8Tes ﬁ%ﬁ%ltﬁ?cl@%ar%ﬁfc%ﬁ&ﬁnglﬁfy mi!fbfe%r?ehe ’

Fi sciier-Tropsch derived oil fractions are described in
embodin8n& i, oill Biction dertted frarh bighDenaeafivic v23,copposes *hit wright %
molecg%gwa f al%lo%glclf)ffaﬁaf%%%rﬁrrl]%tr%gegghlﬁsaq%ﬂ%elr g%#’él{%eﬁis Toot Ln?%t QEe 011
fractubelei)ﬁ/y@ Fropitigiill psradivdc bv@)d\lcdiﬁiﬂﬁsies:idli‘)\@aghﬁ}fermt mbhecules with
multu@@ ara qglfq%cpmpb gpg%gt Zr%leé cbergllhcgﬁgelﬁe E%Fg)tl%[actmﬁ derived

from El@l]l'yrp%léaYﬁm@\%Q le@inPesds X 1.5 @ ehesRbtnt dRMlel Giith nilcycloparaffinic
dielectric fluids conprise one or nore oil fractions.

functigaglity.ctn et enathar grfgresbematodiment, thagil Sastion deried fom highly
parafirilﬁl: %l{ %?}Jngar agFatYl%% %lﬂﬁ)éﬁgrﬁtof glolémlg@ och%&l?%arTfﬁmc

nonocyc Inic lonality and a relati
functiesalgito \peaghtqmceof ofrodleaudsesithimthicyaldparafivicdpaatmhélity |0ﬁ greater
ct | t f :
than % PG o e et R PR o capiia 8 o of weight
percelﬂNEHf %Hlec%d@@&lﬁﬁrﬁbxﬁﬁy&lb}ﬁﬁaﬂﬁﬁﬁmxy&loﬁﬂﬁ? &f #kighCpercent of molecules with
functigpality and < 3 weig %m)Ie% es with.

multigyelaparaffinie B’é’F%l?‘fal“Fll (er hehe*fqlzm aeteeny of melegulss withy r g
mono ﬁil) H}‘EH& furtdiBndit) afd l%@rt\k'é?%lt%%fcle?{ﬁﬁ Qv ¥

finic wax conprises > 15 wei ght % nol ecules with
multlmmwﬁﬂimp amflonarhw afagreentionall dwh;ctrm AuidpoE sy though these oil

fractupnsedfenvede tcrjo rl‘qbg?l“ljy paraftﬁ’mc w:S( conlam a high paraffins content, they unexpectedly
exhibit good solubility for additives and good miscibility with other oils, because eycloparafﬁns
impart additive solub1l1ty ‘These oil fractions derived from highly paraffinic wax are also |
desirable because molecules with multicycloparaffinic functionality reduce oxidation stab111ty,

lower viscosity index, and increase Noack volatility. Models of the effects of molecules with
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fraction derived fromhighly paraffinic wax conprises

< 2.5 weight percent nolecules with
wondosioeozss opar affinic functionality. |n anot heprCT/US2005/042475
- preferred enbodiment, the oil fraction derived from

hi ghly paraffinic wax conprises < 1.5 wei ght percent

nol-ecules with multicycloparaffinic functionality. In

yet another preferred enbodi ment, the oil fraction

multitgelopaaffiicdimdtioghlity apegiad inV.L Geato, eaipfThedsfleencabi Chemical

of wei ercent of lecules with A S
Strugiy Sy A a e PPEres M T BRRT A e SPenstial Hbdropiapkedtesg Stocks and
PolyABhRWHnES IV frithdie Lubsivstloanariaabtindgof ppgtigonal i ty of

greater than 5. The oil fraction derived from highly

pafedordingly, naprefenedembatimenthihg Hiclestricluids ageprging to the present
e PR o S 68 ot MOBOUEL R A Bl compising very
low weikht eyeehspd naldoules evithunotdtofahdtiopal{tpra tiglyveighi pirtent of

rce of nolecul.es wt nocycl raffinic

moldB i B b AP AT, s e G e R o it asrogof
moledules Wl &loapaycaphtafiitic fithagénadinadoi weight pEReE eftllécanahvith

dielectric fluids, Even though these oil fractions
multigyslppaseffipicdinatiognlity (Favigl wrighieieent efonelasesavith gh
o Ry Y IR BB B ibkealar P
multigy¢leparaffing, fubdivadlsw). cycl opar af fins inpart additive

ar it e A8 SRy GELP PGS bR gt Bali b conaining
greatet thiin 9lveighy%| sapigate dsideteemindd by clarianh bdlyr(rj]h eméography, ASTM D
~_.oxidatjon stability, |ower viscqgsity index, and
254971 (g TOBER 1 £ T eshAyae gtefé%l? HQO@E#@&@H 81 Nuclear
Maghdtc §ed Rac IS Echbh ¢ W@P.apl%?efram?,%él EhEds vARRArbin¥ti @i ctionality

given.in VJ. Gatto, et al, "The 1nfluence of Chem.cal ,
are pRyseni én yneurshlessibarPhy syaigit pecers by RS- BiYd antheandixinddhy ASTM D

529/ BA0AE MBI IRAEA A0S, 5 BRI Mgt o it
arom200RinctixmaBtybBe prasano irdinnginyg, lessnham (tekeigheskrenh pekiferablty, less than
the . dielectric fluids.accordi t.q the present . :
0.05 b et ctrs et S o ol YedightPEeR ErE0iably, gty is present

in anfou@1¢sk el Y ORRHR o prefer@ry LONMRLA S bpdl, MRI eh AWrdBlefidbly less
ercents of | ecules with aromatic functionality, a

, nmo h
than ﬁp@rﬁ, Hedegpamingd by eravigletibiosseanse byASAM D 5453-00.
' m&&%)’cﬁﬁ%&@tfl@{nfeg%it ﬁlvteﬁ'tﬂﬁ% h gﬁ?écﬁﬁmui@%smﬁﬁ df'i?fréc?iogfderived
wei ght” pércent of nolecules wth nmonocycloparaffinic _
fromthighty payathinictwaxt is pridgidt The inselatingdieleotrie dmidesf the ptesent invention
nmul ticycl oparaff. nic functionality. (0 gp' h ight = ... .
may S¥persh s B bt R0 PR nS ABayeisaP il byt W and having o
Ty bbiling pbanaf grestertthish sredgyall to RSO%eI ght dieRicGRMidsdccording to the present
) nDIeFuIes.mLth:nulticycloparaff q{c functronalltxs.;”g o
invention also may optionally comprise one or more additives. In addition, the'dielectric fluids
according to the present invention may optionally compn'se other oils typically used as dielectric
fluids. These other oils may be Fischer—Tropsch derived oils, mineral oil, other synth'eti'c oils,

and mixtures thereof. The use of more than one oil allows for upgrading of a less desirable o

broperty of one oil with the addition of a second oil having a more preferred property. Examp~less
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The dielectric fluids conprise oil fractions derived

fromhighly paraffinic wax containing greater than 95
wWOwR0ght02%6 sat urat es as determ ned by el uti on cedTOB2005/042475

chr omat ogr aphy, ASTM D 2549-02. O efins are present in

an amount | ess than detectable by |ong duration C13

Nucl ear Magneti c Resonance Spectroscopy (NWVR).

Preferably, nolecules with aromatic functionality are . A
of RS Bl 3RS 87 pLRR e Bl oo askind v ponc,
interfag algemseon, mvddlewahcaraahMWms In preferred enbodi nents

nol ecul es with aromatic functionality are present in

amounts l'ess than 0.10 wei ght percent, preferably |ess
Defirlifitii afld @ernyeei ght percent, nore preferably |ess than

0. 01 wei ght percent. Preferabl sul f

ardgrieldowiag terp il Eteui?ﬁﬁtmwg éPf‘étéJPan%n P@é‘gﬁﬁm{ﬁ th following

g.%gt, RO BMEATRIi&tRy. ef erably I ess than 1 ppm as
mean Ir]mggﬁ?ed by euI tlr aviol et fluorescence by ASTM D .

548@-t¢t “deovert fn‘omg Itltcht:ﬂﬁBrOpt?CélsemeSS "oy ERiseherr Trgpsch derived,” means
that tgr%rﬁ] {f'cttr e}ctloxlt Lor egoq&ma%s rt}t%n‘%} 19 Etodge’egqt%gﬁtg QQ él?@ﬁprlscher-

par a nrre wax i s ating
Tropdheplrcﬂxetsrl c fluid of the present i nvention may conprl se

one or e t hese o fractions derived fro

oA NS FRHOIEHY 8 R OBUM CHY D GPF Gt e product
fractigh,RAE&M Jx‘@ﬁﬁte@ froffihehapd? o9afiefd strthi@s dofl B&tlhnEpdifoldugBerude and

‘according to the present invention also may optlonall¥ ’
the resisivplrfgle | ll@h@reéhe PRSY APAHIEHbIG FPEEIniNgPOSURI. tA sohreg plehe petroleum
der1vgd 94neo%tftan9 a gtyﬁéta QREALHL Ng to the present invention

al rise other oils typically used as
d i }enghloftparafﬁrﬁlb lwad sneaﬂ'shaewex baieg a bigh somtent df@-paraffins, generally

s LRSS BS s SRS Bme Gy s

75 whiblavs ORf@hbly athk mgﬁlyfparafﬂmg raslkNgedin de lpasentdeshtiabile have
operty of one oil with the additign of a second, ail

very ﬁmteh@s af mepgensndsaifitegensralydse fhan g2 pRp) tgeb pombined nitrogen and

eQahadBYphe HRERALSS WithPpRh AR DikeR Rt may b d i

Smfugi{ s@ﬁéﬁ%& E%ra pol #}ﬁ Tl asr% and\(\% .’P‘é poi nt s, may cusedin

the piestre ifvauticl intleds slack wanes, débidddetiackivenxis, eeflagdipnts oils, waxy lubricant

rafﬁr?ﬁels,orhgﬁgﬁn S‘ifﬁgdg‘gfi@ aixgsg%ia%%sl ;l)rgdw 9 ¢ %h%ca%fﬁiltt ;9'8cel§§e§dde01led

petrofdilh‘l dutived) wﬁﬁ@nmitgﬁcrwﬁlhﬁeSwﬁ»teb e 1WhSETrdpd¢}c\aiRsl andméixtures thereof,
erm” der| ved from g Fischer-Tr ogsch Process

The popf BRiAoF Hreg B PHE TR BN AR D BT than §0°C and

prefefdbﬁpéﬂeagvth% choeed origi nates fromor is produced at
sone stage by a Fischer- Tropsch process.
The term “derived from hlghly parafﬁnlc wax” means that the product fractlon or feed

originates from or is produced at some stage by from a highly parafﬁmc wax.

Aromatics means any hydrocarbonaceous compounds that contain at least one group of
atoms that share an umnterrupted cloud of delocalized electrons where the number of
delocalized electrons in the group of atoms corresponds to a solution to the Huckel rule of 4n+2
(e.g., n=1 for 6 electrons, etc.). Representative examples include, but are not limited to; benzene,

biphenyl, néphthalene, and the like.
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The term "derived froma petrol eumt or "petrol eum
derived" neans that the product, fraction, or feed
wmeaiogeases from the vapor overhead streans fream/uS2005/042475
distilling petrol eumcrude and the residual fuels that
are the non-vaporizable remaining portion. A source of
~the petrol eum derived can be froma gas field
condensate. Highly paraffinic wax neans a wax haV|ng a _
h 'M&le&ﬂ’é&t\ﬁm C}Qfopﬂramﬁ@ﬁfn'cﬁ&lal@ﬁﬂ@inadnly){n(ﬂé&@é At ik, hﬁ@oﬁ‘t@ms as
wei ght % preferably greater than 50 weig % and
one opHPES SYbETtagndh pynegeeylisor ¢ fisad mltmﬂgmat%tetht&r@%mrygroup The
oGl L 4GS ey 308 e e
substisuehfsu Reprpeerdataieleyarhplssinthde b2barppot lurottfai tocoyriipneyl, cyclobutyl

excloSy S ratP B kg P e P i ofelne SR lage el Byntadecan-

6-yl)dyBloh&@n)136E EMtridy e RERyIfRAtali Eahe) decahlydok] - RN R ecad &Ry R@hthalene,
sl ack waxes, refined foots oils, waxy |ubricant
and thedikei nat es, n-paraffin waxes, NAO waxes, waxes

PRAAMGED With Iﬁ&%aaﬁarpﬂﬁmtfumfaﬁaﬁ %fean Qﬁ}thc)Fegule that is a

pet rol eum derived waxes, mcrocrystalline waxes,
monofgycdie lsetnrataddpydesicathar gwup afithred tetseveagingtrerbeos or élﬂyeneiewle that is

substlﬂlg({:/J\% h fsmgﬁ%JHoggcltl t?lL flérgb)éa ﬁ%rsougsoﬂ onse%h I?n&carbons

|on fer gr éa
The cydieparGEGOIC. grd’d’penﬁ}elbmphd)ﬁﬁliwsuﬁstftﬁtﬁWi‘lﬂhgiﬂe ysr mafeabfdfmlﬂy one to

that the uct ction,
three %S&fqﬁ%ei{@%ﬁﬂw&we ega 8%‘8618916 - it arp lgeu@etObgyc#qpmﬂya

cyclolhitﬁh&))éldl’l@f{ﬁf @c[ﬂp@nﬁ%%yol&ie@@%h@rﬁad@@ﬁﬂ@ yBBYclohexane, and the like. o
drocar bonaCGOUS conmpounds that contain at |- eaSt one. g

ulss “aﬂldﬁ%ltlt:wéﬂpaéqﬁéme fupstionalitit @eangyanoleswethabis a fused '
a d
multm?@h@&?drht%@ ﬂ%ﬂoﬁzﬁfjé Lﬁpgr%@[?{)famlorb? nﬂ)ltlgﬁl%gd 8%% ?116))9&1"611&1%3 ghat 18

[ectrons i at ons corresp
SubStlSklﬁdut’ ittopnet @ nadre ﬁHe«t kellltlciycﬂhcesaofratddlh)’&lréwlgm, rimggrofwfof &wo or more

| ectrons Re ative e Ies i ncl ude u
fused §p S E M rpolEh s b S SRR B ERE B S recl BT B At erburaed
hydroéuibri greup bikreyad veh B8 Birbbhse )7[¢1|3 m@a ﬂfuflthdjflcﬁc saturated hydrocarbon

functlonallty mean- any nolecule that is, or contains

ring gLouP BHECTBPIY it veubediringent b cyslonpmbinje gioep grayderoptenslly
substlfurk’édt\in?ry&{e'& i@t Wratadiypndk ﬁl?erebém)s% 1% R%—}%@sentatlve ecr:amples )

. cycloparaffinic group may be optlona
includg up axgret bmitad top dquhgdrgma@bthyleon@ctabydrhp@@lene 3,7,10-

tneycl%H?&?ﬂeBﬁ?Q«%ﬁe odqgﬁlyﬁlls ep pg%y\fligcagy é{[grggﬁtg}?lggl ud(? 81'%3 L are
" cKoleopgavistositg ycd mhmnteyﬂe,nt dt&haiwdt‘aﬁbﬁitbfﬂdﬂﬁbﬁlﬁuld under gravity.
Many %y%?_r}/tgai qlgyg | 1%@91% B;éﬂt:sa tga%l ) Cyﬁ%: gor}ree)c(:gjl Q[Saratlon of
equipriert ﬂ%&d@'@p‘(ﬁﬂ‘he aﬁ’ﬂr&ﬁ%%%sﬁﬁ@f the fluid being used. Kinematic v1scos1ty is-
determined by ASTM D 445-01. The results are reported in centistokes (cSt ) The oil fractlons
derived from highly parafﬁmc wax of the present invention have a kinematic viscosity of
between about 6.0 ¢St and 20 ¢St at 100°C. Preferably, the oil fractions derived from hlghly
paraffinic wax have a kmematlc viscosity of between about 8 ¢St and 16 cStat 100°C.
Viscosity Index (VI) is an empmcal, unitless number mdlcatmg the effect of temperature

change on the kinematic viscosity of the oil. Liquids change viscosity with tempefétufe,

8
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and the like. Ml ecules wth nonocycl oparaffinic
functionality nmean any nolecule that is a nonocyclic
wa adodnei2edl hydr ocarbon group of three to sevenpPe€T/Ig2005/042475

carbons or any nolecule that is substituted with a
si ngl e nmonocyclic saturated hydrocarbon group of three
to seven ring carbons. The cycl oparaffinic group may
be optionally substituted with one or nore, preferably

becorfifig lds@vﬂ‘shfu@ &vhef hbagtd; thedriplser tmépkcefaamlathewcavﬁxﬂnpidescy to change

v1sco%$18)ly1u ae. ?r%%uég Lﬁgﬁ%lfs Tﬁ%;%ggetﬁlg\ﬁle?%/v%lr g@aé%ﬁ’ed&’%‘m v1scos1ty is
require® §mﬂg@%@m% ¥pedaelreh exiangy beaditeriniedlak Kescritbd RCASEM D 2270-

mul'tic oparaffm c functionality nean any
93. Prnf¢reb1w the pi éiqacﬁl@saierlx@efaommgblyagﬂeafﬁewwxmaaf édlscomy index of

betwelgx ?EOQJ‘E 15 6) ?rﬂia{dd’]agndgﬁcgej Pre?&aﬁl%etq;e AR [ MP&f fdongs, any

ecul e ituted Wi th one or more fused _
mitbti yiolis € meaduneredné df thy ¢maesativont whiwg agamplefofl willpegin to

or, nore. fuse I ngs,..0 cu that is
flow e YL EPriacl kY AP R Bty By EPRmindy s desgrped in ASTM
D 595;@)/032" gﬂﬂrrl&?ﬁs @{elCiH;Fbr&ﬁtlﬁ Mg?&gtCﬁlsg&V @Jl‘adgl cﬂgmﬁbatflbld[ibmcaﬁhlﬁhse oils

use mu I CyClI C saturate rocar bgn r|n

have ypeeifigdtions §OTIP§“U?°1?W€H‘S(@H hf“Y"n]Q§' pOPh@megscﬁhsb aFaprllely to have
o S TRCHSOATg USRS LELOSl i 08  fn poi
and lcg&x@rmyb@glrg oahkidg Vlsmﬁgtya Eéoqd(ppmt (k) mgqj;u[emeglt complementary to the .
pour }%oefrgtghr%l;j% %i%gé LS :tg%ggr%f;n&g%%aﬁﬁpae&%lggﬁhe §tl %eélgs to developa =
haze dndéml‘dfﬁldi)eqﬁ:nrﬁ@d ybr)dnﬁkpist h?dtblﬂnfemtm@ bfehletekmkled by, for example

n tic v osity is a neasure I st anc
ASTN B 0 Ol e ettt BRaw P W diiFets et dhe pour
point Rnjperanfrk BhShedidud Boink fftperaiBetoddwbdun8sC A0dediliBle. Higher

correct operation of equi pnment depends upon the

pour-%{w Ryt sa{eédsvlieg@lgesprpg,esgjflg theeoiktp YRy lpwipaur padetd in order to meet cloud

point egmﬁdnl(s\ \ﬂlé 68 %rlatzt:‘{orfs Je %ﬁ% Hl{%ﬂl&yg%é&dg'gﬂ- yggt %%%eoélltﬁseent

e results are reported 1 n centi : ,
invenmﬂ hdvpaomnnms oder—il‘%/”éblpfelf@mblhtgm%ﬁ paraffinic wax of
lnv ave lnematic vl s
bEPHRT A b BT ORAS£8 o DPER TR BB i g when
the 01I 8 eemd atf256 A MRy @d 1 mmzdnv etbay) ue&ivaitfrioepmm;xa test
have -a_ki nematic viscosity of between about 8 ¢St

crucibjgthgagigh ghichpprpmstans as i 4iis dppaandor OF Minwess pocoring tOc%@TM
D58008! HA%&§ %oMHi@ﬁ‘{ metﬂgdl ERLhIRGab N &Ici(%fatlﬁ{g atnﬁrmg lrv&fﬁtidillrc(:'orrelates

ch ange on the ki nematic viscosi ty of
well v ahFEVMVD B04$ by using htheonpgrasimetres eboei tag (Wéé\é by ASTM D6375.

TGA T(‘oac‘c(i(%ﬁttlﬂlﬁs uh ec?th?o%ghguh Eh P dlgagsrure unqestg Iothe]:'WJﬁcra1 st?i{ed Prel}erably, the

oil frat:@cm@@ltaﬁvedlr feom hiighty MrafﬁhicSNa? (ﬁ'\zht;;g;dt inhetievérve a Noack volatlhty
of less t%an 56 Xv%fg t ¢ %oarr]l trr?o% pyeIfeSra y Ilesg/ than S weight %.

The aniline point test indicates if an oil is likely to damage elastomers (ruBber ‘
compounds) that come in contact with 't}ie oil. The aniline point is called the “aniline point
temperature,” which is the lowest temperature (°F or °C) at which equal volumes of aniline
(C¢HsNH,) and the oil form a sinéle phase. The aniline point (AP) correlates roughly with the

amount and type of aromatic h'ydro'carbons in an oil sample. A low AP is indicative of ﬁigher
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required at widely varying tenperatures. VI may be
determ ned as described in ASTM D 2270- 93.
wee@bes@bs y, the oil fractions derived from hiptil/ys2005/042475
paraffinic wax have a viscosity index of between about
130 and 190 and nore preferably between about 140 and
180. Pour point is a neasurenent of the tenperature at
whi ch a sanple of oil will begin to flow under
arom 1%5 &itlel h @PM’H@ InliRg EOtdb érQRSmatR¥bntBRi Mhe BRYinB Boint is
et’er m ned descri bed in ASTM D 5950-02. The results
determined by ASTM B)6i1 hOdie Brefasablzehe pil Gractipas derdsghitone highly paraffinic wax
of the pnrese?tqg%\trﬁgﬁgfe anha%rlnr%\f)g)w? ggﬁdr(f ﬂgg?g"(ﬁ; n&ccfoﬁfméi? gge %lr] gractions
denvéd fierh Yighby ;Inaaa/fﬁnmtmae:rexgmrtcgobdmlastempmcam;mnblllpy operties,

haslo o) fllter in iy
oo Eu drbopbiar L8l miroot S sB e ytion by
meanp@f dboine- gp%ﬁﬁéﬁ @Hﬁiﬂﬁtl(ﬁ@lﬁ?irﬁmm v \Ddrotet ORidacivh of Whlte Oils,”
poi nt, is expressed as a te er ature at vvh

ch
Indusgahmchraﬁmqeﬁ@g ehemisiyi Yial 1 paes, a@rcondmons are one

atmos%ﬂer@ n‘leX 8§g§&ll It B?@Ie:)i%ﬁ'p ihé Q%Sér_lunrg 69 ngs?gﬁioﬂtof 'T@UO RE€of O, by 100 g

of oilh&viha @xprbllmr BN wittl Lpb Catalsspﬂesta@@ n(luof eatalystrie usﬁdfpfee t @hgrems of oil.

e G TPy Bp e SRRSO A Al

analy§196f used Oﬂdk@@d: Gil. $hy @bdsre l‘oé spluble nfetad ﬁqﬂﬁhdﬁgtet bienudités th@average
very low p 0| nt er. to nmeet . cl

metal@ﬁ@wf e srtakcarriel T orhe Rrelef msines ks G f%ﬁfﬂﬁ%ﬁ §°Pper—

6 927%&@&%1{& g og\@gsprﬁf Lehte=B02ESpim; Ma%@&de@éh B504$HnP 0= 3565 ppm.
poi nt 14C, referabl)é>-1c Noack vol atility
i

The aﬁ@tluepachw 1880 milimpdesof gnc apolyes@pwk@w@anylﬁlﬂmp@mphw per 100
grams\/\(t}1 oﬂg orl( %pk@‘.}&r&g@@eln%éggrs %'f L'(%A@ 0. ef‘hea(t)x %étgp gNa\pﬁjh £9 Catalyst

nmbar oW at mosp Reric in
Test rh@sures:ﬁleeesipbmetdﬁ adimgihe&\/]ububarm 1ma3s18mh1|tﬁd a{pbhwtrofl a]hgh Vasl;ues or
wn for accor AST 0. A no
tong (e BAT L Oqfe'ftﬁro%*[ Fpere AT étaklél&‘{: hleihtt S|ama<7'r°5wa for

Oroni@TEubARtedy O MdeitRt@SwhRh lis We@ﬁteﬁﬁﬁMd%&@ﬂ(ﬂleb&nﬂl‘Sﬂaﬁg Oronite
a therpo gravinetric analyzer test (TGA) by ASTM

Compagg75. TGA Noack volatility is used throughout this |
d 'C%ﬁergﬁy life HRHIGSS Bﬂt\pﬁg W4S@at§lglﬁt ygt reﬁr‘it? %ﬁtﬁ@tﬂ)é’ abdvB ?bout 7 houre

fractions derived fromh paraffinic wax o
Preferably, the €xédatoriBIN sithilofh vilae efllhbcfxgiaetkr that ahqult ﬂ@ yowﬁ Pl@ﬁgably, the
oil fra\%g?nsh enb}e%ff%gthég@)ﬁ) aef‘i‘%bcl V}'é) ? er &g%eé lélaFIélon v%lresults| greater than
aboutil® hbuﬂse Tiie FRcEiTRGECE dadted Bl fRac(ionsiialie presrénoixmdﬁ)ontﬂaeé results
cmslncntactvmththeml The aniline point is .-
m“"hegéqafeééhapﬂ hoUssi | i ne poi nt

Flash pomt is the minimum temperature at which heated oil gives off sufﬁcrent vapor to
form a flammable mixture with air that w111 ignite when contacted with an 1gn1t10n source. It is
an indicator of the volatility of the oil. According to the present invention, the flash pomt is
determined by ASTM D92. Preferably, the dielectric fluids of the present invention have a flash
point of > 280°C. ‘

Fire point is the minimum temperature at which heated oil gives off sufficient vapor to

form a flammable mixture with air that will ignite and sustain burning for a minimum of 5
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tenperature,” which is the | owest tenperature (OF or
0C) at which equal volunes of aniline (CoHsNH ) and
wo bwensd2sd orm a si ngl e phase. The aniline poi neCT/BEI005/042475
correlates roughly with the anmobunt and type of
aromati c hydrocarbons in an oil sanple. Alow AP is
~indicative of higheraromatics, while a high AP is
i ndi cative of |ower. aromatics content. The aniline . ..
secoanQ '\Jllxten bSntfGL e ith Be nonASIM. %15 alﬂ 1lecat5)f SftRe @&hlyustlt)ﬂ‘r@y of the
ol |l fractions derived fromhig araffinic wax -of ‘
oil. Adverdimgwaht pnemempmwnh&r@éﬁrwmhm etrempsil by ASTM @2t Freferably,
the dlﬁleém(c: ﬂu'é\ 5 gft}?e ;?{Ig%e%%lx gl)?ﬁ hgve{ i Ak Odé)?rﬂ%f g%rl by@ q‘ncfrE BFQferably >
325°conpati bility. The Oxidator BN with L-4 Cat aI yst Test

is a test measurin resistan e 10 xi dat i on

ofDiglepi5e b eék@%wd%@éhm%sva 46 Al é%ﬁowr oceurs in an
oil. 19948 ReBsurX¥f HahbiBR fan'\Hith Qithhthfd eledtAEH) Stréss @t pdWdd frequencies

Engi neering Chem’'stry, Vol. 28, page 26, 1936).

withawo faitre. , lowhaluederdthe distestrigrbscakdewn vakizastasnarally sqsyasdo indicate the

sy FERREL ot YA pSRSRL B it

breakdewn Gahedsystl at@sding @ 8STM D877 dfteldyd¢ctiic fluide df the prek@0 invention
f I [ ' f I

have el s RAHRNR 0S ook breGuee Sl hS 2 RS RIS 242 k-

Meto waleAbohSdns istecdsSAY t€ blsAIK GAS tha@itdin aJd&@taBle)Gldéhﬁ;aDitrength and
. sol.ubl e nmetal naphthenates -sinul ates the average neta
low digleqtyjsiogsesn sWatiy ypRBAS Acerding thide PEspelt iyenfgn, éh%wrtﬁr Contem
is detgﬁﬁngﬁfkg?ﬂd b?SﬁS lfré}trlag%the GRGC fuills e PRSnt ul\)'eﬁ’tﬁbn have a

pm; Mnganese= 350 ppm

water‘honbenefffesssplm 100ipemadd>|r¢ Pmﬁerqbé)cl@a@téan 35 pomandlevemimere préferably - -

less t %pnc bi spol ypr opyl enephenyl di t hi o- phosphat e per 100
%’W “oil, or approximately 1.1 grams of OLOA(r)

2Gfkerfddisl t@slrdiﬂif&h obINé thde tfbrcd indd yiad péry;sﬁtnﬂ'asﬁreqmwub ﬁipture the oil
t he response of a finished lubricant in a il nmul at ed
film existing aban Ghwalgr greripse-yBdien geraieRJItamipats sush a8 SeAPS: RYHUS,

varniéHeb eahd%&rd@%&gﬁedudt@é}b oAkt GPRE ol ﬁ@'ﬁllrhtsbfen EAGE bil I1s§weakened
an acronymfor Oronite Lubrlcatlng G| Additive(r),

thus rginiitihg less foreectgirentetee dheeordinariatic p@«fse@he‘oqnbﬁrrékeméﬁrfacwl tenswn is

dete r{% Ib;lascﬁg??ﬂ 1 es%{}%lg’ht fhgfeE %O&\%g)tfgg o&g }94 #{)erlﬁoﬁ exhlblt an’

interfRrigif texsidol qu gréane ti2ai Xatnore [Bdfewbtyhgrkatdr tha 365 and bvenbrore preferably
?grreatéﬁ) an about- 10 hourss. Preferably, the oil : _
greatgr than &B’rlved fromhighly paraffinic wax of the

PG aalizatioy aihb&brRAVE i £Hhsuke GTBAdméurk Bastidiborilkdithe materials
hours. . The Fi scher-Tr OcﬁtSCh derived oil fractions of.

presepty AytilsEnin Servies Hecidiypad thesdlipredhamraifraliFabar apmbgigpcreases. A
used &th}& 2 high neutralization number indicates that the oil is either oxidized or

contaminated with materials such as varnish, paint, or other foreign matter. A basic
neutralization number results from an alkaline contaminant in the oil. According to the present
invention, the neutralization number is measured by ASTM D974, Preferably, the dlelectnc
fluids of the present invention have a neutralization number of less than 0.05 mg KOH/g 2, more

preferably less than 0.03 mg KOH/g, and even more preferably less than 0.02 mg KOH/g
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Fl ash point is the m ninmumtenperature at which heated
oil gives off sufficient vapor to forma flammbl e

WOorRoobmemrseaM th air that will ignite when contaceeEmusaon$o42475
an ignition source. It is an indicator of the
volatility of the oil. According to the present

invention, the flash point is determ ned by ASTM D92.
Preferably, the dielectric fluids of the present
' 'ﬁ{?ﬁa‘u% AR 2 dfd st Med &ttheéos?neaﬁ%gpha@ wgmsatmed S
nimum t enperature at whi ch heat oil gives off
smus&dﬂfpomneaitapph@bﬂo thepoit andntheirespléingraiyirent. rl?lﬂftlpﬁt@n\mtw ipdigates the

st T 0 4P A R RO o

the pragent 16l data@iindfonton detefivdaticat prodibdtd .wcbfas trostuae,| carbon or other
According to_ the present |nvenc%15l the fire point
erazdatipy,

condugding pi#{tee Biek) spRBTMIDRdugH AEFREdigE iy GE presgat invention,

the dlgglféeltféﬁ &or 1?%69§u?eﬁWASTMQ§\§24O PréterdBlyathkidicedd®d MiidOf the present
more preferably > 325C. Dielectric breakdown is

inventipwe haversi dissination fagtps oflesswhpe . Oé labE°Fiand llesp has RedPeat 10°C.
OCICﬁu li)glh ing tpﬁﬂx{sodtl éhe +1is e?iv%da f hz}éﬁ)z{ar?ﬁﬁgc Bl b thy pr%gen‘?ﬂwentlon
are méisefﬁdehycsnmslamdﬁmuatldnmsingrﬁTMD @&62\/aaxlduepdmd it Pieat different mass

dielectri a| volt age .general.ly serv t .
percefitiareastiEts R BPLoE Raes P BN s Ry fifagtine e Ts

ilcént r@ovEe tiopgthRAL] (96 ness bércéhi@ecdivtred) boiling point, in
mmmgxeleétrrc %EggﬁggﬁMqls neasa%gd acggrglng tolng&lmgp
°F. D877 The dielectric fluids of the present invention

[ f:

LR S PP A AL AU .o

ASTM<Type Hetmdard speci Hizttian rﬁoramdemrhmamlamng mbm@éumﬁb@rlcal apparatus

ASTIﬁ&gﬁé?gtO:ég%p éétﬁqsg@%ar nsggc})ﬁ«\f/gﬁlgh? h;ﬁrﬁrpé)érés Fectncal 1nsulat1ng oil

(high nfbI&Mlar SRight hpdrv@iriein spedifiedtion); SEHR IS0 112 et IbsntﬁtS‘BK/EBlcmcal and
33. Preferabl the dielectric fluids of the pre
gesﬁ% mmable

Elecmonveﬁﬁtgrreﬁrsﬂge%¥%ﬁwéiﬁ farntaspianesrand Maintepapse 9

Hydr&@ﬁﬁmﬁfllﬁﬁ &l @@nyfohﬁ% atnh 3pcy 595’ RAInteRAdtiGH4E B18Rb Ehemical
preferably | ess tha ppm Interfacial tension of an

Comrpis$ion §p¢cirfecatlgm tie Uwswm@epe Orgaig Esters éfvr Elerqmaﬂ &urpoggs. I not
spemfxec{? {ndreSnd llowm me{ho{ﬂ \%Xrle%tsé 9 R E)?a%lqu hitltic Vlsc051ty, ASTM

face I'n contam nant SUC as so
D445pAbpdasancy @ BS"S]‘,I 8Ksuah S TOK DA 424; dmterfa@dtl@hs;oa,r&S’ﬁVld&%’ﬂt

Neuatio SmbEr Ay N C T e et e Aob T g e T

ASTMITRS8PL i nvention, the interfacial tension is
determ ned by ASTM D97 1. Preferably, the dielectric
fluids of the present i nvention exhibit an

Highly Paraffinic Wax

The highly paraffinic wax  used in making the oil fractions of the present mventlon can be
any wax having a hlgh content of n-paraffins. Preferably, the highly parafﬁmc wax comprise |
greater than 40 weight % n- paraffins, preferably greater than 50 welght %, and more preferably
greater than 75 weight %A. Preferably, the highly paraffinic waxes used in thev preeent invention
also have very low levels of nitrogen and sulfur, generally less than 25 ppm"total combined

nitrogen and sulfur and preferébly less than 20 ppm. Examples of highly parafﬁnie waxes that
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interfacial tension of greater than 30, nore

preferably greater than 35, and even nore preferably
w@emanansde han 40 dyne/cm Neutralizati on nunmbepCDUSANS/042475

oil is a nmeasure of the anobunt of acidic or alkaline

materials present. As oils age in service, the acidity

and therefore the neutralization nunber increases. A

used oil having a high neutralization nunber indicates

may Hehbd fnhﬁe peeLenlt svehddiahclQad FAkarhxes, de&mdesmcra aJaez@s Yéitd foots oils,

material s such as varnish, paint, or other foreign
waxy hubtricent raffinktas incpanafiin meakesz MA@ waresnexes rpetsiyllce%quhemqahplant
n cC .
processeL( %e!) E%%Ip%&ce)fﬁ ;'}‘I'd%%()% \IVQXCtS{}'? ‘1‘3!“7255 ?ng%%&gr;%‘elgrcgf:%’ﬂ%psch waxes,
and nﬁiEta&sl tl&cbdﬁyTlQéﬁ'ddr pOifds offthecifighlgiphsafiiditi@axkisalsefnt ini this invention are

fluids, of sent i ven .-on have a neutralization
greatel’idi?ﬁgﬁ (gfm @Pﬁbﬁ’éﬁeﬁe’b f%(}v g, nore preferably

| @fs bé@ru&ooe?remamegn gl galﬁﬁﬁﬁb WL chti BE Sloskdsyd dogesvide oil
than 0.02 ng KOH g. Di ssipation factor of a dielectric

fractigns fipeing ightbeilingionds wstativh to thpia yiscesiips e Aseardiaghy, these oil fractions
can begusréhl ?@#t@@ide ARI&H ﬁgdsgwglﬁ% glt'cgﬂ 9} é(nﬁts oﬁl# ngﬂe%otul&g anf}I high dielectric

esulting current. ctor tes
breakdbvm elotoma preffarsst enfbodimani,|the hiphly pataéfirde ehgdt a Fischer-Tropsch

T e e R

products such as noi sture, carbon or other conducting
mat ter., . et a,I soaps and products of oxidation.
Proce vi o esent i nvention, the dissipation

fagd @1%16[:1%0 %@&%&S%dﬁ tcﬁﬁ-gl&@gl?t‘}nveﬁﬁ&t &&ﬁﬁﬁ@ém& BEmore oil fractions

dielectric fluids of the present invention have a .
derivedifrpm highlyparafleic oraxofThe e §ra€tmi1ﬁ deiv® feum Rblypadatfissovax of the

T I|n ol nts of the ai
preser 20 e Bleph o BE R BB AP M b s
hydrmsnmemualtlom Bn’eﬁeradﬂﬁsthldf Bighlyypagiffinit atied didedisdoha@izicdDsitg b Sigape

352 and reported.in OF at. different
selectyE ATeg ARaEBy SO STHE S SPHE HARA OB dtsIarogenation

compdrenfider @naRioBHbAILRE! SV BIDISOEE t THG Rt Fom(iRe ﬂ?{ﬁ&somerxzauon
ercent recovered) boiling B@l nt fromthe T95 (95 nmass .. .-

is frachnateddp Provida /ey )nqg@frpthgs ing 2 Tyorboging point greater than or equ‘alv to

e PR 5y T s ol i s ERATH 9ot s

than osgmal toi-¢4G. SPhef ik fravitines @k usedgol baivudmgl dielecttis @did having a dielectric

ectric par at M D5222-
oreak e By BRF SR Y Femisore tor TR, o Hadions
derlved ok }ag]hl@@aﬁfﬂimé Riag Blso0baptdedEss WRIndI0 \bM@ﬂWJ@h@ﬁomatlcs and >

‘Reom fi catll on); | EEE C57. 121, an Institute:
10 weighgGrmeIEGe 3Rl EPERAF SRR Tk feReinaliy 908 <|3egeg@%@eo_lecules with

multichQbpALEGRR ARG RHnARY. Mai nt enance of Less Fl-anmabl e

In one preferred embodiment, the highly paraffinic wax is a Flscher-Tropséh derived wax
and provides a Fischer-Tropsch derived oil fraction. "

These oil fractions are made by process comprising providing a hlghly parafﬁmc wax and
then hydroisomerizing the hlghly paraffinic wax to provide an 1somenzed oil. The process

further comprises fractxonatmg the isomerized oil obtained from the hydro1somer12at10n procéés
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Hydrocarbon Fluid in Transforners; and | EC 1099, an
I nternational Electrochem cal Conmm ssion Specification
wo ooocbnzsed Synt hetic Organi c Esters for El ectr@Tab2005/042475
Purposes. If not specified, the follow ng test nethods
were used in the Exanples: Kinematic Viscosity, ASTM
D445; Appearance @ 25C, Visual, ASTM D1524;
Interfacial Tension, ASTM D971; Neutralization Nunber,
to pro‘%&i@dr@%? HiorafaktiBas hdvnxig Bﬂé’dgﬁllﬂg%fdt Bﬂgﬂeﬁ’t@r than 8153qu€11-rt3®50°F
m nus T5), ASTM D6352., Hi ghly Paraffinic Wax The
FraCtWQMeﬁh%‘aﬁeb?FYeﬁﬁhaéhw%hﬁwe ¢t fagl piogettiB®e oi | fractions
of
con B BERRERd AL O 8 € ihe e R ReribAlL o
Fischpra ¥ mpfdhndeciveddl frocrtwm Jbe grselaﬂréﬁ'ropdchdelﬁ@d\mll fgéh:’tloﬁ/alsed asa

raf.fi n r than 5 .
aietedli® Bt e g Pl teyosth SN S B U8 P BY bydiggeization
of the Wgxyhrgkibys qfahaFikihet-Tropdtesmusdel i N the present

i nvention al so have very |low |l evels of nitrogen and

sul fur, generally less than 25 ppmtotal conbi ned
FischBl-Trop8@svaidsisul fur and preferably | ess than 20 ppm

Exanpl es of highly paraffinic waxes thatmay be used in

t A Fiselesdmepsch okamipton symesk ischonwdrtedito Muaéélyd@eaxbbx@doy contact with
a Fls@gxfaﬂoﬁé}?écg&?‘alys[ Slgdep fegctfl oﬁd&oh%&l‘d\/ﬁ@c}%% alln%aa%i optionally heavier
hydroparbdmﬂieﬂhanmamlﬁ&awetaIcatpbaMt mmxgha%ﬁvendeﬁul |s§2:£§as generator to -

B R RS ey merseu el e peneel SO
may ipelideSmbHor Erh@uxhs gihdayboRakiidd dHdfor Wae s TH@ Elfeb'éncb Bf §dMu$, nitrogen,

i nvention are greater. than-500C and erably greater
halogerh, s¢{empmophasphiusanderasenisi copigranants mrﬁlmsma@seumﬂegmb}e For this
reasoxpﬁ{@éeﬁ)bﬁﬂl 8@%@3 ﬂﬁ? opgqg @?r%%?sl?ﬁ%réf&r&f t?\f% Hove uhfult' and.of other

fractions avin pO nts re
contaminggigdion s fecddm&rdpﬂgiryung the§ Esclmar4Tr6psah bhemmstryz: aMehs for
remO\}‘ilr‘c?ﬁ ﬁixtese coﬁ %ﬁﬁaf% S a% \8/'8 é\;vrcl: %thlojslr?d ﬁ né F}gé?{] Ir %)%ample Zn0O
guardb)a‘ds aiﬂiﬁmrred ﬂx@dﬁﬁmﬁﬁ@itﬂfuﬁ afpeitiee dMEBH for ioﬂﬁ)vmggﬁﬁéf contaminants
Fi scher-Tropsch derived wax and

raffinic
are W% Vi ﬂH’S?PﬁW&’“ the 6‘[{53 kil Sﬁé‘i*"}y\}@dieé‘ifa}bkf ‘ioa%lﬂﬁoﬁe Syngas prior to
the Fl@h@ﬁ?ﬁfﬁsd(h%ac%rqy kB bon Bl p%Hu-gQ@dqui tﬁﬁ‘p};ﬂggs reactlon and |
fluids according to the present ‘I nvention conpri'se o
any adglitiopg slfyr forpounds mmiglr |r€ﬂedvefdr dihishiag hbycmﬂsnedg far example
f

by cotitimg JaEy s NURERMIR SRR KRG QRSP pPB m osnate) ina
packedhpagjhiny par af finic wax by a pr ocess i ncl ud| ng C

'In the Flscher-Tropsch process contacting a synthesis gas comprising a mlxture of H2
and CO with a Flscher-Tropsch catalyst under suitable temperature and pressure reactlve
conditions forms liquid and gaseous hydrocarbons The Fischer-Tropsch reactlon is typically
conducted at temperatures of about 300 700°F (149 -371°C), preferably about 400 550°F (204-
228°C); pressures of about 10-600 psia, (0.7-41 bars), preferably about 30-300 psia, (2-21 bars);
and catalyst space velocities of about 1100-10,000 cc/g/hr, preferably about 300-3,000 cc/ g/hr.l
Examples of conditions for pérforming Fischer-Tropsch type reactions are well known to those

of skill in the art.
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hydr oi soneri zation. Preferably, the highly paraffinic
wax is hydroi sonerized using a shape sel ective
WO mioenemshd at e pore size nol ecul ar si eve conpriBCTIYSA05/042475
nobl e netal hydrogenati on conponent under conditions
of about 6000F to 75Q0F. The product fromthe
hydroi sonmeri zation is fractionated to provide one or
nore fractions having a T O boiling point greater than
0 r"l“h@?lﬁlﬁlluctls @Qf %Q@sﬁheﬁl‘ IohRBRBAthEsid/Ppro6Rs hla%i Q%E WRANC AR, with a
and about 20 cSt, and a pour poin reater
majorgtty am therCséiey Gado+ range. 1l reaptien bff Mémt@d@ aa\raéletyszsfdeatcwr types,
r
such% Bin E%@d %agtfo% cr%gla rlu?g %x{e;llﬁq%cl;lgle{:gglgft%tegs, glgﬁ&{r/&lacgors, fluidized bed
reactdraaas la rceﬂbhyndkﬁdﬂ\dlﬁ)&zﬂt typdheadors. Sndcteadios pteessee end readtors are
g} araffi x al so conprise less than 0.30
WCIHWQ giind gagmsie alP R %nd > 10 wei ght % nol ecul es _
WTHhB sRIB QGG E0PRpsthipratess, uithtis ?ﬁ?érleﬂ)in RGractide Y8 fvention,
% nmol ecules with nulticyclopararfmc functionality. In
utilizesrsapgstos heat (e reamsbiEinsten charpieristipgior thesipngly iexptherig synghesis

reactlén 5111 5 A6 td bR B E&Zkeﬂﬁ(fély & h"lﬁtlleéllllél M&Y#%ﬁﬁcinrocarbons when

|sc er-Tro Ived ol fraction ese 0
usmgfarcabztlt atdystr b tiedlerty prasescesgigeoapmprisingg prxowe of hgiragen and
anaffinic wax.an droi sonerni zi n
carbo111 ¥1dg ésrbéxialz Ie% ug a )lnrt% da‘llnas,egl\glxl'oaglll gluny s clgl‘ <P s a partlculate :

FlschélthopS’chGﬁ&ShyﬂtUchllbeﬂ sﬁrﬁlém]lc‘sl csaﬁlsfqdla;ﬁdr%edfaﬁﬂ sigetided ina slurry l1qu1d
i.SO oi | t-al he romthe roj sonerizatjon. B
comprisigg nE)éf%?%?r P@J@tsaféheosryn%flérw%m Vs awd\auwguralemhe reaction

condiiéts! RS nf Atio Of (HMSaloBEn follﬁ@ca?ﬁorﬁqyl%xule(h%%gdly range from
Fractions are then Sel ected that have the .dbove Set

about{06y telabpitdpbitiis msre typicallpw ishie thegngaiduinmelaut 0He abaut 2.75 and

preferélglg ‘l‘{] i g g 2 g(ﬁ Hgﬁ; IE \3e aﬁh;g rﬁ%u?ﬁﬁ&%refeﬂgc? E.{] shid. T'rgps%h process is
taughtFinﬁltﬂGé@QOV P opdscdongdetely éatogpdratéd hﬂéllﬂﬁﬂ refeeegic@for all purposes.
F
FERE) S5PB5 LERR PR BRE OBy aied SRS op Bifabpn a met

oxide E\ﬁ}ﬁ)owame tatagths ey atb chheink &%l&hetﬂﬁ@ﬁ@l&r@)ﬁlﬂyﬁQl?ystallme
Fi scher-Tropsch Synthesis. In Fischer-Tropsch -

molecplag HP¥isy yuitaiinfischerJrepsely ety eamprisqond owgﬂefedz,feﬁeblsn €0, Ru
and REOWwiBPEba% bei E)l:lefél'relf_jl ¢ ferr-EP ?ps?lfgl frﬁg l‘ﬁ‘t“l}g‘g%t Iprls%ﬁ effectlve

C o react ive con | tl ons. prca ne an on
amourtigef/gabalt hlydzlmma:rrmg of Retlhaﬂ?e Fanii, Ao, &if) UcHig abé Lsema sultable

r enerator to p

inorgsb{f SR BERR BRI prS VRED R RBERS Bhlr HEiePERRLST meta oxides.
In genhl;&dirth)@ﬁﬁotﬁ:m df @ﬂaﬁb Presem Mo detalyaiig beméen Atsdut! d @ndhBuak 50 Welght

an arbon di oxi de and/or water. The presence - -
percergf) tlmt?ta]rcataiy(slt F%}éqsnmn The catalysts can also contain ba51c oxide promoters
such as ThOz, La;03, MgO, and TiO,, promoters such as ZrO,, noble metals (Pt, Pd, Ru, Rh, Os,
Ir), coinage metals (Cu, Ag, Au), and other transition metals such as Fe, Mn, Ni, and Re.
Suitable support materials include alumina, silica, magnesia and tltama or mixtures thereof.
Preferred supports for cobalt contammg catalysts comprise tltama Useful catalysts and the1r
preparation are known and illustrated in U.S. Pat. No. 4,568, 663 which is intended to be

illustrative but non- l1m1t1ng relative to catalyst selection.
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hal ogen, sel enium phosphorus and arseni c contam nants
in the syngas is undesirable. For this reason and
walependizag on the quality of the syngas, it i SPCT/US2005/042475
preferred to renove sul fur and other contam nants from
the feed before perform ng the Fi scher-Tropsch
chem stry. Means for renoving these contam nants are
wel | known to those of skill in the art. For exanple,
Z'@rﬁ%a%@ssar@kﬁovpd & 6V HaB orb GRPYoDebiBtksfthit are relatively low
impurities. Means for renoving other contam nants are
to mogetate, kmbihn rmtlomp@éum ingkid¢ b rélativiehehigh propprtiog|of épvwryaplecular
S|r bl e ton
(Corprg BRI afid o R R o S PR 2 B Blochi: b3ty Coo) waes.
Certat{ aﬂuftﬁdd)dtsrarmnd\hetoqjym&sretaeady ihigh chaich @mythqﬁdbdbilnma,l and the
sul fur conmpounds, not al read ved Thi s

reactigh PEIAYPHS MR ATBlatsl% Y BroP 08 BhlescplegHIznL leag'gt olefins and a

relau%l% RigR prdgoRtionh & i r'anécvﬂer WiERNC(L) Vaxes 2GH@OMSalysts are well known
assi um carbonate) in a packed colum. In the

to thdﬁrt ststall inmthe pg ehd pardaeers@dlly@bm@@ltamﬁ/@r areﬁyrﬁti hesis gas
CORR Irédu??fr(%g::yhﬁ%:cggre"{r%éfﬂﬁan?egs c%gt \‘M edaommantlly eparafﬁns The

Fi sc 0 er suitable te
prodndfrgmm Esssherel ropsah tréactorc@raérbllyyimslutie n hight rieapmod paotaict and a waxy

hyd bops. The Fi T
reac i il VR RO ERERO PG AP e DR EBslio 3000 Fo0oF

hydrdcah3ns3Hoifing b6 @ aBER DY AR @Y tai EHReDthRANE (B ddie d%ﬁﬂ&@fuels) largely

pressures of about- 10--600 psia, (0.7-41 bars),
in thefr e€mrangeywih égﬁreagmgmupt@,ua to e@ug Cip a’l}l@)waxaﬁepctlon product (i.e.,

the w%ﬁ‘gr? &gf‘ﬁnﬁbﬁ&%"ﬁ%@@g ggéﬂ% ?dl@%%odt%xgganfg eéégov(_?@&drﬂ 59' orl through
heavy:pmdﬁﬁms)o hsgdiyom theChw rangn,gNth decheasing popsuth doypeo Cio. e
ot RS o Bttt o TRe ey Sond o Dbl g the vaxy

prodLQE Q&ﬁ%ly%ﬁrph@é&%@eaﬁd’r@lﬁn@O WegHE20 ornvill phrafingpdnardftey ‘g'rdater than

to C 0Q+ range. The reactjion can be copducted
80 wrlahtaﬁ) \rawaétpyraéffmr dhetigpt re3fHeR prodyelcomprisgs,papl Hjaig products with a

mgmﬁ@aﬂf:}%r‘d?&tl&q B At HoNardNFe . WPIotnLAtAl M8 llighedotion prddu¥t may
reac fluidized bed reactors, or a conbination of

compgiis¢ asemmit astSPpreci ghe é@ta@d sverdughteraesbplsand plebioesBesthamaxy reaction
produc?fl & gl%eswz%(r Frat%\@%l L ur r %@q fge(dg E‘l?{ottﬁﬁ pro@edsrfgr romﬁmg the

ure SCher ro SC proces
FlschbSTﬂip@cf}ﬁidhedd bih fradtéonp n@adtals @ehed)éctrﬁdﬂﬁurd nvemnding ity the present invention.

* orienfEiehes LBt e nph O o ener Bt s ARl of carbon

numUe?@@Bif at8i@ prédudlo cArBoPhidbkE 8010 bthieY 61 Mssth40.18. The welght
ol ecul ar wei ght, paraffm c hydrocarbons when using

ratio e%madrcteﬁoarq@gtnumbﬁr elhver sealpry Pirlaeie g 5oarkonsymes 30 o greater is
deterfr A", E ?dlﬂ)q'sal)nhfegdﬁrrﬁg e d&‘lq{g%?rﬁ d%bution of the Fischer- Tropsch wax

by simulated distillation using ASTM D 6352; 2) converting the borlmg pomts to percent welght
distribution by carbon number using the boiling points of n- -paraffins published in Table 1of
ASTM D 6352-98; 3) summmg the weight percents of products of carbon number 30 or greater;
4) summmg the weight percents of products of carbon number 60 or greater; and 5) d1v1d1ngthe
sum of weight percents of products of carbon number 60 or greater by the sum of wei_ght'

percents of products of carbon nimber 30 or greater.
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car bon nonoxi de is bubbled up as a third phase through
a slurry which conprises a particulate Fi scher-Tropsch
W0 y@e/obnzds ocar bon synt hesi s catal yst di sper sedpemnus2005/042475
suspended in a slurry liquid conprising hydrocarbon
products of the synthesis reaction which are liquid
under the reaction conditions. The nole ratio of the
hydrogen to the carbon nonoxi de may broadly range from
about 0.5 to about 4, but is nore typically within the
e of fromabout 0.7 to about 2.75 and preferably
Othque dimsats of thys ngentivowse Pischer-Arenseh wex hawing a preigheratiodf products
C 9079
of b1 SO BBl BT a el LB hurhll T3P B bt Rpiam 015, anc
pmﬁpﬂﬂpoﬁbsﬁthQaneral Fi scher - Tropsch catal ysts
co Ln . a ou V transition on.a_netal oxid
oo Dokt achs {ffgwgmﬁﬁif 439 BE i i FEtEC ABB e RRgpaiee from the
wax P iradiohe bf G F@Bﬁérolf rofdcht S{thhdensy aPRb&SHndludfg@Y/@isomerization. The
Sui t abl e Fi scher-Tropsch catalysts conprise one or

Fischggrlgopseh pid frapfions qepy brunashs by Reproags 4s destytied ihiSayN. 10/744,870,

ﬁledﬁje%gﬁf)er% 2(@%@5&&% g% étgcﬁ:ﬂ efel;'e%d%siﬁ I& %ﬁr@{ ysIthe Fischer-Tropsch
conpri ses e éctive a unts € or nore

oil freétidRe psddutp pRivideFeedielitric 'fllu;d aceqrdiifg, to the Ijb@;seamdvémion may be

e R AT T L T

dielebfticgRi®sdreceiviae aﬂdTBlldﬂdedOf cobalt present | n t he
catal yst is between about 1 and about 50 wei ght
~ percent of the total catal yst conposition. The
HydfoRoRle¥isitdncan al so ‘contain basic oxi de pronoters such
as ThQZ, La2@3, MyO, and Ti-O, pronoters such as ZrQ2,
noﬁh@hlg@y@p@ﬂ@m ware, arﬂpbj eRhad t@ prdcpgs couprisiag daydmtsatnsnzatlon to
S_suc
prov&}hgt‘he]fgfraﬁg)l% s%?ug lEJIIS g e(g rlscu qu]) orcicml;galg%ii,o g gref;eﬁl& rrwalétlon
al Hyfdmmomsmiatloﬁ;s inegdekt angrde tHetcahi Bow propesties! bLhe oil by the
| ther$ gefeLred supports for cobalt containing -
seleciye ‘{})té‘fré cbé?fﬁ ingdntpithemplsculpsbppfure aﬁﬁr‘}/‘é‘?f‘ée%ami ’rﬁ’éi‘l}y Wl“
achid¥e %?rc%h{/émoﬁ IRel ROWR HadHlly barhifBid \@5)@1@ rlof- v%x? isdy ﬁ'&rafﬁ%@ while at
_ 663, which is intended to be illustrafive but
the S?ﬂiﬁtlmﬁ mininHging dleponvession by aragkipst P@édrédy,utbmc@értms fpr
r I
hydr%?%rge %ZEFH&% Iﬁl etge %1%9&@ gltrvgm?{e a\féf* Qo%tﬁ%ﬂé‘# %hvc\:/g tﬂga\Mrr}% C‘:oant-rsmn of téle
compduedy leaking ahovpalmiw 20G:°H maheidex feed & aimpmah&s llimljllig below about 700
op ;. RI OpOr t Iegul éﬁ t olefins o
F iR aed GG b IEBE a0 S P Y BESRSR | S GHDY 45 W%
( BécbrdiM@rase pleedrit aivent®n) BYdr6RdméNatidn %rc%nlﬁlﬁé’éfhsﬁr% a shape
v grOV|de relatlvely hi gh chai n_grow h probabilities,
selec H%II“tt%'é‘eﬁhéféd’PFeoﬁﬁzedP@é%%@quﬁc é@w@mreéuzatqmﬁerayysrsmﬁpful in the
ot R |
e PS8yl SIPAEH ALl 6L Pl DS,
OPUO@%OBI-QMMMXC@!W a@u@hnttalt}a/kimbwtmn eompbienk oroavrefractory oxxde support.

The phrase * ‘intermediate pore size,” as used herein means an effective pore aperture in the range

of from about 3.9 to about 7.1 A when the porous inorganic oxide is in the calcined form The
shape selective intermediate pore size molecular sieves used in the practice of the present '
invention are generally 1-D 10-, 11- or 12-ring molecular sieves. The preferred molecular sieves

of the invention are of the 1-D 10-ring variety, where 10-(or 11-or 12-) ring molecular sieves
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to those of skill in the art and can be readily
obt ai ned and/ or prepared. The product froma
wo-e@elensdr opsch process contai ns predom nant | RCT/US2005/042475
paraffins. The products from Fi scher-Tropsch reactions
generally include a Iight reaction product and a waxy
reaction product. The |ight reaction product (i.e
t he condensat e fraction) includes hydrocarbons boiling
{ : ' ; '
have IP& L I I OL{ %’) t]g:tra egsallg'l%ggrdir}ate% alto '@@@98&?23818?9%39%1“ the 1-D
moled&a}rs&as i th) 1 @AY (drdarger) pores breparall8Dwith vl otexyandeladivpt on

product (i.e racti i ncl udes hydroc rbo
intercgyqet nraotablewva%gm T%ﬁb‘ﬁnﬂn% arogeczrlar/%stﬁﬁ et e brod
definftioh @9 83 ieAYAi RAPAE kizB folechRF Si8Ve/but iR nﬁgﬁé‘ctfr@%ﬁas having 8-
W th decreasing anounts down to C 0. Both the |ight

memb@gtmp@ﬁnammeng@fgpqsp@l ‘Wélbé? t}mvc}ggmglpn 8f the molecular sieve of the
preseﬁtl'mvc'én‘ff‘iml | ghd é’lasﬁﬁfc@'&i gtdaz-ggﬁte Wﬁﬁﬁﬁeﬂ Q4L l{?tZ ﬁ%ﬂ? f%"j]b igYset forth by
nprises greater an wel ght % nor paraffins,
R. MaBuiTemﬁxt Bevliggse StiencetahdTe@Mologl ghulitedbn br Moqm'@uaé fliPsRollman and
r..sSes .para

C NaSPETA QAT S g T BheBEvBiagPt o aoalBaR it ent &

refer&b@(sbagammaﬂ;}o@qu;es the light reaction product nmay
nprise as nuch as 50 wei ght % and even hi gher,

|Péefﬁra¢c§sha%seéqc@re préermediatepopeaze Rl HFviED Hseerfard uct
hydr&ﬁon%nzatwﬁ%ré’\@&%eé it dhﬁmnuﬁﬂﬁ%sﬁlﬁtéé Ss%gh assarheqd §Af’9k3 1, and

he process for providing the Fischer-Tropsch |
SAPQ+éi i $680el1 1 andrHRO éhsrelm@rd pﬁeraeddwethéaﬁtﬂ(} -¢1 being ghost preferred
accor p esen 0]
w33 B O et S e RO st Sm b s

crystal\kiiiegdmﬁlctmﬁd ﬁaD1n@fw1ﬂﬁdelHCdf&h®SAEGF Hanolatindraieved) e preparatlon of
greater to products of car nupber te

SM-3agd &' pighe pharestenties %F‘@%‘?PE‘?‘QP it Jfat. ﬁ%géﬁg 13fand3.0 06

Also PréfieRl sRideQblefiiveah®fmdPuPpod Yt %o@écuﬁlﬁﬁle@é% ReRer 30

or greater is determned as follo 1) nmeasuring the.

hydrofisohieripaioparazeotites suplbag 29V- @s ZSNb23;|Z§Mé6 A5G SMa§<7 SSZ-32,
offretR¥ a%h?%’rh%t%d di Shi },h%‘sM’% A%E\"réﬁ 6352, 2)

canve ng t boi° I'ng po o percent wei ght o
d |Aspnefelnnet1 mumx’myhamapobo mzmnn’@eular sigveng cludnm:térmeti bR gelected

oryst9bis Mes BRI e e SREC st PosfluS st Foghpbrung o

select@@&lﬂﬂﬂelﬂéﬂﬁﬁ@r antlseREte@a6ialtfr DedpabRlbITELID alﬁﬁlc\/i’ﬁﬁegiliﬁmeters of the
percents of products of carbon nunber 6 greate

ehanrr&ﬁ@f the replwrd@rrfgeveh@re dytheganggef frm a&@ld%?ﬁf%alwt pi efdlgérf@m
havmgf n?a@(qlgﬁ)rﬂ c glgc Ple faﬁé&e‘f‘ bf Qyt r{%&@ t}?aW‘?‘ Péndvﬁlh%um

ercents o pro car bon nu
crystajlogapleic fiee Idam@bédotmmanca‘ 9 Ahggrom vlénferabﬂw ths enaximum
ch .wax  havi

o R A B B Sl P e
diameleHTHast 18R tinin 40 aageionnf Mbagseftiably the haxinmmdcrystallographic free
diameter is not more than 6.5 and the minimum crystallographic free dlameter is not less than 4.0
Angstrom. The crystallogfaphic free diameters of the channels of molecular §ieves are bubliShéd
in thé “Atlas pf Zeolite Framework Types”, Fifth Revised Edition, 2001, by Ch. Baerlocher,

W.M. Meier, and D.H. Olson, Elsevier, pp 10-15, which is incorporated herein by reference.

18



10

15

20

25

30

preferably of |less than 0.10. The Fi scher-Tropsch oi

fractions used to provide a dielectric fluid are
w@e@paseds f rom t he waxy fractions of the PCT/US2005/042475

Fi scher-Tropsch syncrude by a process including

hydr oi soneri zati on. The Fischer-Tropsch oil fractions

may be made by a process as described in U S S N

10/ 744,870, filed Decenber 23, 2003, herein

i ﬁcﬁr@&ﬂﬁtﬁﬁeﬁﬁed pi@meMieR pore dlieSmelféEulﬁﬁlidle whieh is useful in the
Fi scher-Tropsch oil fractions used to proyi

e
presentipedcsss is desctibed, dorxamplgi wd nigd dtdesdiad iﬂ%ﬁ»é%ﬁ nr»282,958,
the con tsko% Qﬁéﬂﬁléfg @r%oﬂteﬁ'b&qeﬁfefn&efn%&r Eﬁtﬁgt‘yt e URitdEStates Pat.
e ot I onal conponents of
No. SQBE,Dé&tsuclcarf intendediate ppecsme\mcdecam Siﬂve h@bea:lcrystalhte size of no more
oon S FRTEELA 0TS S A RT3 gy v

maxirh@n Riiandtetdfbbeut 9ill A f Thetdtains hhl@ﬁffﬁchelﬂ&cﬂltgl isethac0.5igeams thereof
flui.d according to the presen |nv nt|o

t
when pogjHenedda ibeAFaci cPverts plseRt dOtedt| ﬁ’fﬂdﬁ?ﬁé‘etah%mc Gt gypressure of
1200 %41@ W 1RIRREhH Ho&Srabo HWmQ' dnd QM‘eécn%teﬁﬁ l18R1H:Y ehadsthlybiiso. exhibits .
branchlng into the nol ecul ar structure.
isomeigatfap ssbnte‘rltyzceftﬁomqrqemtea|gre,atem(llsq>mmaanelw eeleptigity is determined as
[of0) o f t he &1
follow TU(? X iwglg}éto/_e Yngarngl%e?i LG lﬂ1 MHP Xt/ t(w@%ﬁ é)al#%r?%h}é@ém i} product + weight
% C1mﬂ’prﬁdm)l’kghdnheed:ﬁxmeecmdﬁmnb}eadmg@cki?@@ cofreefien afoymalt khaaadecane
Sondltlons for hydroisonmerization in the present

(thQﬁ%gﬁ?ﬁ%ﬁmg?e control | ed such that the conversion, of .

t REcIEOPRANNSISy Prefekicd ehoddame siskomhy Ailkherbd &aié&_ﬁén‘ﬁ@d(by pores or
feed to conpounds boiling bel ow about 700 QF is.

channglsihayiag s ceystsdlogierhic Sise diameter it theganga o fomapput 4.0 to about 7.1 A,
and pl%'fe%tﬁ?] ﬂpdh¥ T EW?@ 0 t?lﬁ 3\/)( O/TM sz%él \l% ﬁw“ﬁ&%&lg&grs%@ tHeRRannels

prese I nve tlon r0|sone I Za i s conducted
of molesitlaysiaves hequbbdleéon the:é‘Anlm ef Z\@diutealt‘rempwpré< Bypes’, Fifth Revised

Eaiiafne (e b STt e P AR SRR i

1ncorpdfdt6dliﬁi€ih&ty&ef9&hee si ze ol ecul ar sieve and optionally
talytjcally active- net ¥Fro enati on conponent
8 Bl bt

) O}]f tge Fré(pt@]é(&gr@}vc & Q}émgtﬁxa spcrfradgglecu ar sieve are unknowh

the effebiN 5B ELAL£HP RlofeciilaZ Seve Af b HRAsEd Glifk BRAARI ARorption
effecti ve pore aperture in.the range of trom about 3.9
techmnoesmdlhm/dmcqrbmaﬂmﬁ compoyrsls efknawromgamim kendtigaliameterp See
t v r [
Breck Q&lﬁ@i\@%&ﬁ% g%&@aﬂﬂe@ﬂgﬁﬁ% %ﬁ!&ﬁg} %) gn!iér}gaoc elqgg J g(?zﬁ?lﬁsm 58
114 (197e% and Ui$1\PanNooh,440,87 Iy eegreatideyt dorfors®f, whldh- ar@incorporated hereln

2-r11i |-ecul I ev Th referr I | ar
by ref%ﬁeg% gg pm%om%rlilg g sofc’pn%n ?nseasurergerﬁs teo deeterr%(ljner}%reesqge gtandard

" techniques are used. It is convenient to consider a pamcular molecule as excluded if does not

reach at least 95% of its equilibrium adsorption value on the molecular sieve in less than about
10 minutes (p/p, = 0.5 at 25°C). Intermediate pore size molecular sieves will typlcally admit
molecules having kinetic diameters of 5.3 to 6.5 Angstrom with little hindrance.
Hydroisomerization catalysts useful in the present invention comprise a catalytically
active hydrogenation metal. The prese‘nvce of a catalytically active hydrogehation metal leads to

product improvement, especially VI and stability. Typical catalytically acti,{/e hydrogenation

19



10

15

20

25

30

of the invention are of the 1-D 10-ring variety, where
10-(or 11-or 12-) ring nol ecul ar sieveshave 10 (or 11
w@roodAg02set r ahedr al | y- coor di nat ed at ons ( T- at oPG)/US2005/042475
j oi ned by oxygens. In the 1-D nol ecul ar sieve, the
10-ring (or larger) pores are parallel with each
ot her, and do not interconnect. Note, however, that
1-D 10-ring nol ecul ar sieves which neet the broader
metald $cllelchRIiniBh, HRHbLEGHST, TRAERY S12BRHE c§lba4te t\ﬁﬁ%kt@ﬁ: liluﬁsr platinum, and
si eve but include |ntersect|ng por es havi-ng 8-
palladrembdhe mqtalmglstmmy arl pAdlagiameane esvpasléaenr@fﬂrteﬁi itk platinum most
he no resen
especi iy anbbsRy BhisBFagyprBBRisR 1S e PhERe B acive, o
hydroggnatiod,me2al [k @pd:aﬁ%y [ theramge of @I tdS h)ynglRt peM:enIBaf fhenotaln:atalyst,
eolites, Sci.ence and Technolo edi t b
usualéof%fm g8 2 Weight PRISERtnR! IO P RO %fa’coc\a%lﬁ%t peﬂ’vy&ﬁ'b ASI
Serthe@8fracld?P x B s Gl oftl rAS, S ef defedded @dni tﬁoéeﬂﬁ@daoé%ﬁér@sd whith are
its entirety by reference Ssee partlcularly page 7
convenitiepayrused Ehaplelysiel iselndipg silisg, @hming. ilicapbireing, ragnesia, titania, and
i eves used for hydroisonerization are based
Comb%klﬁﬁa %r% f;Swm phosphat es, such as SAPO-1 1, SAPO 31,
: aerhe jcoBARASsAbr hﬁﬁcﬁ@»mérlzamh \BAF@tSﬂorad E) erchre&e pu efl énactmix
t h. SA ferre IS e
compfsing <56 Fap oy D5t SRS arfistioS ar Bl A & sl T b weight %
moled¥dds@vit mencoABIGharitfinedfuficfonality) nditladsthaheor ehiidl €6 BfRight %
falling wthin that .of the SAPO-1 1 nolecul ar. sieves.

molecigs ‘ﬁf}bfaalﬁlayqleﬂ?r%fﬁmsmr@naﬁﬁlty .+ Brefgmabindhe spadigions pioyideas ol
fractiGd &)I’%ﬁ'ﬁﬁ{g F6fed tRar4 ﬁwelgﬁt% mB&uled vv@én?inc‘)]i%% él rafﬁng: functlonahty

Al so preferred shape sel ectlve erme
and 1€|§83rhén oF oquahil %% WIer@ht %l reqlealesseith mohlcwapanafﬁowénnqmalam and

more %fﬁ é@? ég%%_sag Q? Q%P r e | %Mg%g% g?ur ?SeWI > uﬁg&%@%@tfﬁngz

functiZﬁiM-t)’Z,BPlafeEahmnbe @mdft'em pﬂbwdA ap bﬂffﬁbfl@dhavﬁﬁg@l’ rEidiofitveight percent
e nDIe ul ar characteri zed sel ected

of mofeeyfes X sprprplepefa e ks ‘FeIEPFé’e&Cl?ah Qecules with

It 1 6labh @ﬁmat@m F 9ot (HaR0, hRSOME R t%fs{hsﬁtmda d "
mulﬁﬁgﬁnel Fengtﬁ)ﬁlgﬂdggelected acidity. ﬁ%%él?a neeven

more prefratbly prsgienpian §0f ABecaridiinss é?fsh}’élfm@h@rléﬁmwﬂ@h@fbeﬂh@red to
achlexrg)aln%yﬁ&rtloﬁ 'a?&%@n@é'd bbik lﬁe{\]fﬁg 20 %off gb?@?ﬂgr tﬁarhor cequal to

‘about Angstrom having & naxi nune ograp
950°Ff 11 bmemamsmslty)ﬁf bﬁ(bwedlmbeultdm aﬁd dbcain ﬁO aStmt ADOADR pour point of
stallo a ree
aretch U T e B b1 R hamaeh e pih i AR feigaving

dlelecdioaﬁeatlabwmf Behtefag of faal (6. 215 kan@ls th&RBufed by BTM D877.

[[‘Xg E:(%ldllt?onrs ormy(c:lro]:sro%eceniatlon will depend on the propertles of feed used, the |
catalyst used, whether or not the catalyst is sulfided, the desired yield, and the de51r¢d properties
of the oil. Conditions under which the hydroisomerization process of the current invention may
be carried out include tefnperatures from about 500°F to about 775°F (260°C to about 413°C),
preferably 600°F to about 750°F (3 15°C to about 399°C), more preferably about 600°F to about
700°F (315°C to about 371°C); and pressures from about 15 to 3000 psig, preferably 100 to 2500
psig. The hydroisomerization pressures in this context refer to the hydrogen parﬁél pfeééure |

within the hydroisomerization reactor, although the hydrogen partial pressure is substén'fially the
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di aneter is not less than 4.0 Angstrom Most
preferably the maxi mum crystall ographic free di aneter
WO 200600602601 € than 6.5 and the m ni mum cryst al | pQI/ERIV®042475

free dianeter is not less than 4.0 Angstrom The

crystal l ographic free dianeters of the channel s of

nmol ecul ar sieves are publ ished in the "Atl as of

Zeolite Framework Types", Fifth Revised Edition, 2001,
Sameg%(slg\% %rﬁ% %ﬁhqgji%%g tow\/\% CSM%F Sr lilenco[ r pgl?dg% esdgaﬁé;féé?crlltyg;mg
contacggeis gmmallﬂy ﬁnemtab@luIOalr t10y20rhr€1f prefezably frowrabedi Git & gopeS hr-1. The

hydr%egg elg)édr?cgr d)gxrgas %gla Wi }qglra rélr)l( ORI %{x;sut 1I o taggutgo rﬁ(?l@g H, per mole
hydrd?ﬁibop] N@sre pﬁef&-ragl.yﬁﬁﬂn ahitﬂht 50 ﬂﬁﬂ)d ,ogﬁm m?leeH@ pai moleshydfocarbon.

I ch_are herepy | ncorporate, y reterence | t
Suitablcppditigns PR ydzgisaanepptiongse desenias! 1g 12“&31510 any282,958

and 5. SQBEEMHL 88:ReRObLwBiLE SreMoBsothtdd by teMend2as th"élr entirety.
¢rystallite size of no nore than about 0.5 m crons and
pdﬂ;eizogmnhpxasqw i the madiiemasne duibig the hy@azspmabzﬁ!ilpn@r@e% typically
in aha’glioan fe%arsn?lgu Cbl%g téog ?%Q{S gtllquus]dBd\%taJ&?d cubic feet per
barret)hla'e&ﬁfbly\hem aposti 1ttbmbad IOM&CF/bb)Ie H;emgeo nna}dmsepa:rstedifrom the
a oof hexadecane at 3700C, a pressure of 1200
pmd‘t?%ia‘g‘fre‘éy S dRfEia4OB\OR: 160 M /nin, and a feed rate
of 1 m/hr. The catal yst al so. exhi b| ts isonerization:
selectivity of 40 percent or greater (isonerization .
Fractipnpéent j vity is deternined as follows: 100 x (wei ght %

pr'@%g)g?c%_s'_sq Wg}r ?é’ t@g ég?aclllor&\ﬁ%ﬁgegluct ﬁgﬁ&uzggﬁ]cﬁ%d xS I’ptlonally

includoftalitionativg thehnghkyg)arafﬁﬁs Yag dmzleprris»ir trhydfoismneration.

‘ h adecane ot her, spec, L
Fedhean oyt B PSR RAE & STR DT Pl ipgudes

fractlﬁﬂﬂfng‘éﬂf el Alesbtdie dofosie ﬂle(lfydﬁ‘d‘lﬁ)lﬂ&elbﬁtldﬁ@tbc&gs ® prov1de one or more oil

cry stallojgraphlcfree di aneter in the range of fro
fractighiat ing 01 BOWBE PO SR CTARD Qregraia BTG e ﬁféctf%ﬁtj‘é“ of the

hlghlg}ar%ﬁﬂué af fe'éd%r thERSonferiysd &l ln@cgfrgmhglsfgeﬁ@raﬁy %E%Hfah%ed by

e channels of nol ecul ar sieves are published'in
eithet dtmoSphetiasr vicumlistilletidty, aneyww pwnmyfpem ‘of afthéspheriRearidsgguum

dlstllgglgrtl ! Xprﬁségenc dla}ilaggﬁﬁ aecr:all usetho s\%%te I}f?é lgh’teir%%llgre%actlons |

I hCcor
such Befi#phthakyd reddie &i’sﬁlﬂiated frotrhﬂodttbyﬁtfabﬂl@glﬁﬂp’(g an ihitiBboiling point

oo Sh LRI (O S5O0 8B Sy SEHLE 31 1 s rerma

crackl g%ﬁh@l@ﬂr&%r%@%ﬁ& @ﬂ(e 3B Geadingd N6l Butin @ g5 Mk R hiBMent and to lower
techni ques arid hydrocar bonaceous conpounds of known ‘

yieldsphtherheavidr satsi & agivawrdiselagiondpepplby ksed Fegfpprage the higher boiling
mate%ds%%hl 9{he%ﬁl%?/a%ﬁgnsl%ac§’ dlﬁ‘i%ﬁcﬂ%(g@ﬁé %ng]aﬂ; er 8);

rson
Fractionating the isomerized oil into different boiling range cuts enables an oil fractlon

with the propertles as set forth herein to be obtained. Accordingly, the 1somenzed oil is
fractionated to prov1de one or more fractions having a Ty boiling point of greater than or equal
to 950°F. The fractions obtamed from the isomerized oil, having a Tq b01lmg pomt of greater
than or equal to 950°F, also have a fairly wide Boiling Range Distribution (5-95). ‘The Boiling
Range Distributions (5-95) of the fractions obtained from the isomerized oil, having a Too boiling
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114 (1979); and U. S. Pat. No. 4,440,871, the pertinent
portions of which are incorporated herein by
wo edoenense. | n perform ng adsorption neasur eneEPCEUSD05/042475
determ ne pore size, standard techniques are used. It
is convenient to consider a particular nolecule as
excluded if does not reach at least 95% of its
equi li brium adsorption value on the nol ecul ar .sieve in
point b??@atgmgn 80QMh1 1695 anHlta§ Pe g&/afepthan Qbdut 20 5%51H) certain embodiments
ernedi at e pore size lecul ar sieves will t pi cally
greatea dhrantabows] 166%H, esd hraspmgmhhorl@mqn@s g’rﬁaéwéh@rﬂsbom 200°B. to 6.5
A;}? tnrsg{rhw &Q N nctflu(lec% ?@ tﬂg I%Qe%? nv'é%% r?s@tohg Qr more
S in esen I nven |on onpri s
fractlmtohtayrtddcfﬂirﬂl meas:ﬁnmeedwmd I‘naglag atTiyoloiling @dint OTIgeeamreh}mnn equal to

950°F8I % t al ; I' Cal l ftng télléxﬁj:%th ﬁdr o ePlantglﬁr%lno&ncgtm%pﬁev?‘ﬂe%sttt\%o
fractioné %&ﬁ{edqm{}%tléo%ﬂzlnlzyd @i@ thhVigig BYI‘;J RGRAEHdiUTREkS than or equal to

i ncl ude chrom um _nol ybdenu ni ckel , vanadi un]ﬁ
950"Fetr1|g£oshnglﬁmwggﬂ>e~ﬁnblmoﬁc{5 95) efi the\oikfragtiemns pall penerally beygreater than
s platinumand pal | adium are especially
ab°“tg§{%?3 rred, with platinumnost especially preferred. If
plDasueiﬂLﬁncannb’ ae sqjadtecbtdrpmmdesa @rsledtmtﬂued haying dldmjumbreekdown by

ASTl\g?Jt %*]gre eréﬁ%k:%}a gﬁéﬁé%]?rah% ﬁ%‘aft@ 08{]% rgrre referably

greated Sbdlabyutfanam. 0. 1 to 2 weight percent, and not to
exceed 10 wei ght percent. The refractory ‘oxi de support
may be sel ected fromthose oxide supports, which are
N tlonaIIy used for catal ysts, including silica,

HydrdtRANED
_Y‘—I"m na, silica-alumna, nagnesia, titania, and
c b highlyi ramasfinin evass feedm thedodwisomsrigatioprprocess may be hydrotreated

1. S ti I hi
prior tf))ilgd{mso(r)nreg{z)%%)?ll S}fyﬁrot ea 1 5‘g 1't%|f]ersa {o oga? (iith; p§gcces§ e%lfallgzrea%ed out in the
presere @ffficé hgzdro@heai\ehnch hﬂrprlmarﬁqugbsetmthﬂz Permevad) bf vdtious metal

nol ecules with. rro{wntl clo nic functi naI

contaqn@ggtst 4 a%qrs%%a U, cg t &}gtﬁ{ﬂa@mr %p§ 1H%1}{' an(? nifrogen,

oxygeibtes: o€ ¥onfipad ﬁf)ﬁlﬁh&fefsdlﬂﬁél& QietAly; 1n|:}’fy§fo$r%é’tmglope¥4ﬁ16ns crackmg of
condi ti ons pr ovide an oil fraction conprising greater

the hydragarbes medecgles, oo, srakingteslagger hywmdn@lsgﬂ@ﬁlmqﬁn@uer N
hydroéaHP A u?fé@&ll&:st tshrﬁﬁﬁjrr Z§(§ San{i B%%n?{t?ﬁféld%drto‘ea%oés t e rf]l.g?y or c

S W t1cyclopara uncti ona
partlany)hmrpgamﬁtedably Iess than or equal to 1.5 wei ght %

LR RS AR08 AUl BB UM oBR Ha T g e art. See

for exthdpleNU.SA PEANOS 40847121l ghd 48€0,8€T7) theddonteBls@F Whash abk héteby
_ m)noc%;:l gparaffinjc functr onal i t(% of wei ght percent of
incorpgAtectil wwheretice in thairentisgbl & sFagrel P%‘PPBWc?f hydEqtiepyngef

hydro%@l@ﬁg fand Bp@péal ﬁ?&ﬁfstsﬂfs@é &Y &bh ¥r @& %ﬂ}cggs% hﬁﬁtaﬂfé caﬁﬂgts mclude
noble metals from Group VIITA (according to the 1975 rules of the Intematlonal Union of Puré

and Applied Chemistry), such as platinum or palladium on an alumina or siliceous matrlx and
Group VIII and Group VIB, such as nickel- molybdenum or nickel-tin on an alumina or s1llceous
matrix. U.S. Pat. No. 3,852, 207 describes a suitable noble metal catalyst and mild condmons
Other surtable catalysts are described, for example, in U.S. Pat. Nos. 4,157,294 and'3,904,5 13.

The non-noble hydrogenation metals, such as nickel-molybdenum, are usually pr'eseﬁt'm the
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nore preferably greater than 50. The conditions for
hydr oi sonmeri zation will also be tailored to achieve an
w@rdoshsmss i on as descri bed above having a T90 bOI/US1895/042475
poi nt of greater than or equal to 9500F, a kinematic
vi scosity of between about 6 cSt and about 20 cSt at
1000C, a pour point of greater than or equal to -14C.
. The oil fraction will be used to provide a dielectric
final éa'tzﬂ&sq cg'lﬂiﬁbsnt% PasWx e Hut be uBEA ?‘%@We@fm @1@@ %(ﬁl%e& Badified forms
equal V as neasur ed gg
When(sodmunlﬁctm@nfponndsymfr ma@bn@rm fromrthwdmmd@pmtd inyplydde Preferred
L fe t.he cat al wst whet h
non-RERRFHY FRRE] sreiRR s EEF e SRS Doy et gl Seraoty
aboutt5he atestid0ecti gt ppetitingd ylafentith@ndfot tun@ﬂﬂd lahdl a18asu Bisteik 0.5, and
whi ch the hydroi songeri zatio e the current
generpli ahou bip dHept hevelg ReBenbRmifksL Tk oo Hpestemipekasthom
correspBRYthg 89S ¢Ra13N0Wntal il nbHl6 Pfald, QuALRMathkBClontain in excess of
prefefably 6000F to abouf 7500F (3 15C to abolUt 399C),

0.01 pergent weteh areforbly debeen 80COR 1{dpeatstimetab00embiBati®s of goble metals
t ut 15 to 3000
may a?s%oéé’ us%rY é %Qasbqq&w%s Jf??a%ggég%nﬁ émdﬂgﬁ
hyrapmaﬁqﬂmneZMg mmdpmassary eseri anmtlb range ot genbral, ehiceoveral LHSV is

hi
sbourigl 5 2, R hhar DR T I A s P Reashs digreater than 200

psia, ;ﬂafetab@l raﬂgmg $M>hﬁan§t ﬁwt}ﬁstaas tab&lt2wod bﬁzs aH§2dr6§én ﬂé@l%dléhon rates
total pressure, hour |

are tyB‘ﬁ%lb(egf%fFrotgﬁlt y0 aﬁFfE% apd AreEeferaglyi @ﬂg@ﬁgpﬁﬁ) pyd. ?QQS’:ﬁCF/Bbl )
Temp@ﬁﬁh‘és 19 tHe IjéQCtgrQNﬁ‘lrraﬂge fﬁfn@gl%'u@@g(ng tb QBB I%)GHF <t9b Tl@?°c to about

about hr-1. The hydrogen to rocar on ra

400°CGo4 mrhfenabéy reagige fiformodh 08B buT258F 02106Ca®&8ﬁ°C50 mol es H2 per
nol e hydrocarbon, nore preferably fromabout 10 to
about 20 noles H2 per nole hydrocarbon. Suitable

Hydrofmisttirtei ons for perform ng hydroi sonerization are
d ribed in US, Pat. Nos. 5;282, 958 and 5, 135, 638,
¢ Ha oS ffigds pRYHATAHNG PRCETIClAL v dedidedds & wertolawing n

hydrotsbﬁleﬁza%m] it So¥ide i PERBohSIRIVES EBn Hi Phil, BErafRAc ivhen
zone during the hydroisonerization proceSs, typically

Hydrqﬁﬁlsalquarr@@éﬁd toonfpee oxigdatien staljlityabiyLstatolity, ansl ppearance of the oil -

fractldgge I aé)vn% P?%?ngg 0 %lfi‘(%d?l%ﬂn gglltopl]_{ﬁ%sagf{% en{’sr %\ds)USed in this

disclosmay, thetesre il sthiitityf refiem tohke patobityeif theerd] ﬁrmysﬁ loedletd(i)elédﬂrec fluid
Eractio at| n The s to..provide

when pERSG] By BB apH S ek JEPH s MEGHEY ah AR IRl Brepigiate forms,

usuall9PéenQB ot Yr L18GdiHELS, (fr ra&ﬁﬂée@ Baiby d@e%ﬁ@uﬁﬁn@ib&su?@foﬂflfréﬁbl@t light
' wax feed (ﬁrl or to droi soneri zation. rocess t

and aipy - geprsalidecription pf M?l‘é‘ﬂ@l%mwb@fwﬂém HlsgﬁptyNos 3,852,207 and
4,673,R87.af finic wax |ncludes

The oil fractions derived from highly paraffinic wax of the present invention may be
hydrofinished to improve product quality and stability. During hydrofinishing, overall liquid
hourly space velocity (LHSV) is about 0.25 to 2.0 hr! , preferably about 0.5 to 1.0 hr''. The
hydrogen partial pressure is greater than 200 psia, preferably ranging from about 500 psia to
about 2000 psia. Hydrogen recirculation rates are typically greater than SO'ASCF/Bbl, and are
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fractionating of the oil obtained fromthe
hydr oi sonmeri zati on process to provide one or nore oi
wo e@ehsmss having a T90 boiling point of greatBeT/URBNS/042475
~or equal to 9500F. The fractionation of the highly
paraffinic wax feed or the isomerized oil into
fractions is generally acconplished by either
at nospheric or vacuumdistillation, or by a
prefeﬁgmeﬂ@&hQBo@Encﬂfﬂmmblc T%ﬂl%eﬁéﬁ&éé%é@ 5drh lab@iti300°F to about
Atnospheric distillation is typically used to separate
750°K, peetéralipitranging o 4pAtEto6P8dt i ons, such as naphtha and

SRS T e B DSOS

the 197akrales oBthe GrttatdialUndadEPureAnd Mipghet Chaniseyatwhes platmum or

st ST LRSS eht e LY drccabone it L AKC LSSy v,

as mcxelerhélsrb@é‘num @AYt bn sﬁmlamlﬂéa&tsm&@ussﬁmhk AULDPat. No. 3,852,207
|caII used to separate the higher boil

deSC”r‘?ﬁ% @3%“41@]3 noblermetal catplyshand mildeandgiwss. Oen swa%¥eéfa@msts are

I tq
desrl bR EAG, O B Nb8 3159294 s 00| 2 O RSN et (such
as nickelarpolybedenwint dndfdn ¢ungstepentl iaelsasisbaw 0.5 and genketlgiabottd thebout 15

. .obtai ned.. Accordingly,.the. isonerized oil. is.

weighf PRpHER aickG PG PeRal el Bined BT A Fphding fuidsss T gogle meta
(such 29Plabifirh) dagalpdicoittaias indsxeess @F 0.0 pBrcerit nedialpprefePatiIpbtiveen 0.1 and

The fractions obtalned fron1the i somerized oil, havin
1.0 pescepgmeish; Compinaiitnstof aeble retasanay Hambosedaivsh 23 Bixgwepef platinum
andpﬁhﬁgmhave a fairly wi de Boiling Range Distribution

(5-95). The Boiling Range Distributions (5-95) of the. .

f (Chast tragHng tshremiome tmsurisies. ok descrbarerelovads o alferhriive figalgprocess step

to proy%g Eqirac &%FJ&W% g{)m%ﬁgﬁg&t&g%ﬂy& equal to 9500F,

e greater I'm"certain enbodi nents
greater t han about 150F, and in sone enbodi nents

Aft greater t han about 2000F. The insulating dielectric
& of the present invention may conprise one or

NThepilotasitd MARe MRlbodi tArdorsidevddBorh %@W% HEMnR Wax may also
havi'ng a T90 boiling point of greater than or equal™to

mclud@@eeﬁfeﬂw@% sepefollpyingdhe greipanaizationepopash. dAgerieaeng of the
B 380 SO AL I SERAL 38 IO LLAEH W oo
pomt pj@iunt: th@fhagmew fHTd futiber rehuce QI@aWaXtOOHQBOﬁF‘éhe trérgedBdadtiong Processes

s LN LI DT T

contetftﬁ afwhion Sreaﬂébrﬁ(ﬁhte@ hedinty rBfeEBﬁbd B tBeil hﬁlr@@t Précebdetuéing a
di el ectric breakdown ASTM D 877 greater than

h
sorber} o R PR POt HF SFREPSH Brdal 5L REBLBERS 30, k. - ot
PE&hEHe BécfuIFb LAt R cating BreRRLHAI Y1 Yrarticulate matter having high

sorptive capacity. Crystalline molecular sieves (including aluminosilicate zeolites), activated
carbon, aluminas, silica-alumina and clays, are examples of useful sorbents. The sorbents most

useful for reducing haziness have a surface having some acidic character.
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Hvdrotreating The highly paraffinic waxy feed to the
hydr oi sonmeri zati on process nay be hydrotreated prior
WO 000bpelnes soneri zati on. Hydrotreating refers tBCEHUS2005/042475
catal ytic process, usually carried out in the presence
of free hydrogen, in which the primary purpose is the
renmoval of various nmetal contam nants, such as
arseni c, alum num and cobalt; heteroatons, such as
sul fur and nitrogen; oxygenates; or aromatics fromthe
demﬁ%%“%§% k. Generally, in hydrotreating operations
*——tratkrngg f the hydrocarbon nol ecules, i.e., breaking
t HEhd po@ss tohyiakeahaoild ﬁ'ﬁctmﬁb dmﬁeéfromnlilghlfylmfdfﬁmc wax may also

) dr ocar hon nol ecu m zed, an

mcluaﬁga?‘ Vet sﬁaﬂ%ft&tﬂﬁﬂ H%Y%PF%F“%PP 9r°8FSSp§Plveaq qeaxing -

optlolﬂ?ﬂgf ReepaLd to %{@L«axﬁﬁaﬁ aSBls bNrefRIHNG Wik yPMblecules from the oil after
otreatlnﬂ operations are well known in the art.

hydr@g@nerfzg‘@ore)( nhdewpxg)g ipgdpne hyodissolyimthe pfin agejvent, such as methyl
t by

oy B4R A5 B 5O 3 Bhe RDB DEGPYo pgsctes s auses

in Clgeneal ﬁbclnhebgy iopPetuﬂeerBrdhEdﬁmhx‘é’dtmm@iru#@@d@m&ﬁdta@m,

ca aI use n_eac f e o

MeaREE Bt LaRpaihiR- MY Pi Dihefiudspi L’ Selvgnidewaning s
also ddseribedinURS. at. Ms(@mml Bg73,650 &Rl 1A esul es of the

I nt ernational Union of Pure and Applied Chem stry),

such as platinumor palladiumon an alum na or
Dielesirlcfgus matrix, and Goup VIII and Goup VIB, such

as ni ckel - nol ybdenum or nickel-tin on an alum na or

Si Theg@qj@;grmﬁmmagcordjng to fhgtprestio mV@p&@Qqudewcprbwe all fractions

and m, I.tions
R PR O SR Ry e
relatively bligB. wdbgtt pefderst.of 41101&?1162 YthanshodyehrdtliBic filli@ionality anda

~..ngn- nobl e h dro netal s, .such as. . S
rlac B SR RRIEE R PR G uh Iy 53 ee tinie Reinaly. and
mode@zﬁél?'lé’\ﬁ bo@@imﬂs Thé ARuBENLNERESic RN 0BT PI&Ad ih¥ention have a hlgh
oyed in their reduced or sulfided forns when such
dwle@m Pregldopndda e drastiensaseiiling 1¢ epeetentinyantipe have certam propertles
P. o]

vt RO AT e 4 5 L BT0PDR R o
high beligghpoiptareleting to the efa@saptapgalychith frovideslnmat eléﬁrmﬂlr@diﬁtance and

N O PN T e T

monodfclopazdfihicamibtionaltppalvided 86 QT Bl veaely, 260d 81 compatibility, and
' rresgond|n9 oxi des. Catal ysts containing noble '
miscipplifpwith othgeeiisa duphemmonethertisltixe!y 19w weighbrasca ofmgtecules with

multIPﬁ:‘IdiﬁfhtfﬁrH@ ?@Jctlorpﬂl?}f ﬁ%@ﬁl&é’ e)&‘é‘ltlé’x\@ Sﬂdghojn <RI t% R/L cﬁvgg Eﬁelr

nmbi nat1 ons of nob erretasmaya
modem@h l%pwrmmt ebows a bltghttrlwnjdmﬁmd Vp&ﬂOhaldqmnng excessive y1e1d losses

due to heavy dewaxing.

Preferred embodiments of the dielectric fluids of the present invention also have very
high flash and fire points, making the dielectric fluids according to the present mventlon useful
as high fire point insulating dielectric fluids. The oil fractions are very responsive to small -

amounts of additives, including pour point depressants, antioxidants, and metal deactivators.
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Typi cal hydrotreating conditions vary over a w de
range. In general, the overall LHSV is about 0.25 to
wWQ@2@g/0p0286 er abl y about 0.5 to 1.5. The hydr ogeprcpasioosb42475

pressure is greater than 200 psia, preferably ranging

from about 500 psia to about 2000 psia. Hydrogen

recirculation rates are typically greater than 50

SCF/ Bbl, and are preferably between 1000 and 5000

SR TR 3l RSB Aol BAE 0o cion
derivéd @00) highly haffalit wax.aAgsud), the dmeletE0fuidoacé@dmg(td diSesent -

. to 385C).. kK finishi finishing is a o

inver3a SPGB LS o ol el pireDidif e Fhag giscosiy of

betwéd dboUd A1E5tANE DO SR 00TR & IToYbdibngdsdmi dd@rdake tiinlor equal to 950 °C,
fractions derived fromhighly paraffinic wax.

and apoyF awph?fsgwaﬁ@r than neaetlded 4 S iTrpredsreedsmbedimens, the oil fractions
have?t"l%pbéllntré’ p% f}fré@rlt}ﬁa@br e@l.'iébg tfPR@a@cance of the oil

racti ons noving tra of aromatics, olefins,
c olterdigedrie ﬁmda acbosbhg/mths pregent inyeuntidnrhayvk a dielectric breakdown of

f
sreafy B Sl p 2Ry Silaptfad by RS T ¥17, G pdl oifocimeey the
dielevdie flukd posrding @ tlHV pldsghtinvaftiorDiayg @rdiel¢onsd Briakdotwn df greater than or

ndi cated, when a_visible precipitate forns, usu
equa"s ‘i%’ apqd @@recﬁre%fa@fr IRdgdtharyer eaugé? RBKV caém&ﬁasrrséfgr SpdM 877.

The MPRErENRAES ld&ft‘)r(ilﬁg HJ ﬁré Bt Blvehii @ dxhdickx@éllent @ieﬁ@t@i%rb?eakdown
description of hydrofinishing may be found in

and tigh fashiosd S5 ES S OvpreIcd HOnlimaNts, ik dicbpwicihidtdoanding to the

presqunk/ %nfha%q Etegi%é’t é)? al ?f(f bnrngreﬁ%e(ﬁle&ﬁj Ijebﬁreg)rogrz 32% 325?’C’, and have

ven I ni She ove
aﬂammintbfoaﬁt}PCSt ability. Dur| ng hydrofl ni shi ng, overall

| Iﬁr%hﬁgh?b {W%‘?(@E 91\6/:351 E?IF%I%’! érL]@B\Qltodﬁ%:a elgé'lotsmeﬁgrowd% them w1th

high YA REROaBKiEh Ble fUiRS SoHhSaréBroPRR barafitiiasilLAQimBirdiscosities.
pr ef er abl i/@r ang |g€throm about 500 psia to about 2000

Evenﬁhq%h thayait Bediens elche pieset inysniien ke hied boylisispalnty they still flow
d f bly bet
well g%ggﬁ ﬁornpggblgg 8{:} $%g%(ﬁmg_rean arepreferably between

nperatures range from about,.
3006k fractiabobaving>0f bohingipeimabf greatamtyamer efqlualm) &SO‘GHna}oalso have

s R0 BT R S Rt 28 LR IR IR0 o

fractlerﬁs liahﬁlg| a1l 43 boiihj poiat oft ittty thin dilgBalan d5EBRdyast greater than about
m stry), such as I atinum or pal |l adi um-on_an

125°%|lra ﬁrrﬁan 6‘?‘5%4“11113‘&1%6{?% erihep piout 4 pf Foprd infspiape gmibpdigents greater than
abouMdoP and Goup VIB, such as nickel - ol ybdenum or

nickel -tin on an alumna or siliceous matrix. U S.
pélfhe oNdracgomsierized from highly paraffinic wax comprise less than 0.30 welght

percent aromatics and > 10 weight % molecules with monocycloparaffinic functronahty'and <3
weight % molecules with multlcycloparafﬁnrc functionality. The oil fractrons accordlng to the
present invention comprise extremely low levels of unsaturates. Accordmg to the present
invention, the dielectric fluids comprise one or more oil fractions derived from highly parafﬁnic
wax containing a relatively high weight percent of molecules with monocycloparaffinic
functionality and a relatively low weight percent of molecules with multicyeloparafﬁnic

functionality and aromatics.
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descri bes a suitable noble netal catalyst and mld
conditions. O her suitable catal ysts are descri bed,
wo envepsaspl e, in U S. Pat. Nos. 4,157,294 and PCT/US2005/042475

3,904, 513. The non-noble netal (such as
ni ckel - nol ybdenum and/ or tungsten, and at | east about
0.5, and generally about 1 to about 15 wei ght percent
of nickel and/or cobalt determ ned as the
COhLeraeRd Qﬂb&ﬁ%gﬁsthe S &0l Rrived Bbm(t$aEN pASffinic wax comprises
platinum catal yst contains in excess of O 8 per cent

> 15 wetight mopn@éewab mpnpesicloperafitnid fuaaiionelity. Ja ran@thcr m’eﬂeafsd

embo IQ?IUBQ% OIE%aﬁtfoélt elolgle frorath%h?){ gngf %lcs\%)p & Uf 156 ‘|<' zgc\{)elgﬁt percent

moleélﬂéﬁ)mfh mﬂnu&blbpaesfﬁn&Sfuﬁk&S)ﬁﬁlltbeﬁl hﬂk}&mlprelfararembodlment the oil
| ternative final ovij de oi

ocess ste
fractipp dertVear Bk aurE AR GG i?a.;aﬁ I psent molecues with

multlg*;ctl(ﬁfak{fﬁﬁ‘ifc 'fﬁ'rg:tlgﬁlaﬁlt?r RGRS Snokifer PR rddentddlmdnit, aRé biPRSction derived
rived fromhighly paraffinic wax may al so i ncl ude an

from highbyr paraffinicrvpxsroaprises| A rglp AW eight n@wnb@fgewﬁwlczsawﬂo n
mono%&&ﬁéa%?fﬁn@ffLSJt%ol}lglf}k t@&e%ﬁ%ﬁeﬁ%n?&i Iﬁgltegﬁfsf Wit Ehg[&?rclgéagafﬁmc

optionally may be“us
functioﬁalhtg:\mé prehfeethan Gy prpferably gneaelutthm {hanthamrapstratdy dreater than 50.

f r qﬁ %}éﬁg‘%ﬁsgf{,ftég(gg\é\ﬁu%aﬁg 11&10 Oggt 1%{ Brolyglagl&eeml fractions of the

presehﬁﬁbaﬁ%ﬁ wath o@&%@l%rﬁ@dgdoﬁ skl QomPaibilithognd food ﬁﬁsc‘ﬂ‘ﬁﬁty&ﬁﬂ‘n other
6, 468, 417, e contents of which are I ncorp or at ed

oils. e xery oy arn@fl@qs ehwalticyclppassffinierfangtionylity Proydesbe sl {fastiggs of the
preseﬁtoé 51@?9 %1 EE%%%P@X@QMBS Bili'?)tl are described in EP

693. Sorbent's useful for
aftherponepdints gf the @ildantiors| dsgd @cdwldctpa fluids ateadl é°Gmtdt }egher

rp apac ne nol ec .
pretedP Bl A2 PR BB R oa fossriopefty |-AEgete gt Gh g made in
abundsAEOWthod theyisidSoss Shat bﬁcﬁlrﬁ\biﬂlﬂhéh&yaedaﬁh@yec,esﬁf)eto produce oils of

exanpl es of useful sorbents, The sorbents st ..usef ul

lower §FeopiBHTS IRYCRRAF RESS- Ko dingstie pildeectien igd Sxfiglectric fluids can
be m'ﬂﬁ'lﬁ‘ 'la(f%é:{léhﬁﬁés%'hd NN at Q@%ﬁf\ber%&@@u%‘?ﬁee&édér&elﬁkﬁ pour

he oi actions derived fromhighly Earaffnlc wax
pomtnﬁyachiltm, theaiilfepstionssafthie frtvertionerinegd stel jo pdditivasi lﬁgluzime pour

point I?%?Je?s'ar?t?”tﬁéﬂe?o%, tlgl)é’]p(Rlr g&s?‘ SF thﬁsgl s on? Fé%ﬁ% ng} be lo%vered through the

O renove snm
use of emrrplong dmxssamﬂémué ederd mach lower pour pafrttedre required.

oner ti Sol vent dewaxi ng .is.dope by . .. *

o B Jrar D ofthe pirscpt Sieuiam e Lire S THETRG Incbionyine

medileBY BNRw z{fﬁteméltm s&w Y diskfuabe ele@thcilcblpblﬂﬁll@s sQEh as transformers,
precipitating. the wax nol ecul es as di scusse

regulators, circuit breakers, switchgear, underground electrical cables, and attendant equipment.
They are functionally miscible with existing mineral oil based dielectric fluids and are
compatible with existing‘apparatus}. These dielectric fluids of the present invention can be uséd
in applications requiring high flash point, high fire point, excellent dielectric breakdowri, and
good additive solubility. In particular, the dielectric fluids of the present invention can be used
in applications in which a high fire point insulating oil is required. In éddition the oil fractions

derived from highly parafﬁmc wax, and thus the dielectric fluids comprising these fractxons

exhibit excellent oxidation resistance and good elastomer compatibility.
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in Chem cal Technol ogy of Petroleum 3rd Edition,

WIlliam G use and Donald Stevens, McG aw Hi || Book
w@Eoupaen2se | nc., New York, 1960, pages 566 to SFOT/US2005/042475

Sol vent dewaxing is also described in U S. Pat. Nos.

4,477,333, 3,773,650 and 3,775,288. Dielectric Fluid

The dielectric fluid according to the present

i nvention conprises one or nore oil-fractions derived.

f ron® it inyenpaf @E fristiatinyaielevdric Hluadshof gis bﬁrieﬂltid’n@reﬁéelﬁil as

diclesi Gk CopERE RO VBE RONBER SRR PR RO T Bt ek apparatus,
such gﬁthsfoﬁrgéjs bhy s@ﬁ%g@arg evl/}%h% igh ‘ﬁre! Mt"iﬁéu@ﬁﬁl %ﬁrl.@ ?eﬁblr&f H1 gh fire

s wth nmul"ticycloparaff nic funct| onal ity,
point gnspiatieg ail differs fywnponwenpgmahtnsufaheg P1hBYI pesseIsinSd féle@@tnﬁ Pf:at least

o E i PR AL S g
requliegi\fgﬁ:ogGf&??ig?al;ﬁlhﬁgltr?iahcmﬂmrﬁlg 450-2 hiadr ohicpugateies. leg examples
of speFifeeBo ok FESPORGNAnE AU Pre?ﬂfgﬁ Sb%ﬁ?ﬁ%{ 6@%4&“% ASTMD

5222J'O@I atHe\Re F)@infshﬁ A RGP nlg)i d1 RGEuiMh b CRisRARMEE il Béefilly be
electrical resistance and |ower flash and fire points.

greatqrthaacittputi 25R7 C tmveferabhyegreatentban abengORe; mpre noeferabin greter than
aboutrg%% glhoe& %&ugg&e%gﬁ!ag Q%Lgfzﬁwq Grﬁggrgsglﬁt@g@}iétléycyﬁcaggd of this
mvenm)ls nseﬁlllas hggh\/ﬂré poiat imeulatmg @l megehheHyrha\e a fiflegiomt between about

s00°G Tyl ek T PR BREE Bal ey o bt oL i ol of

must X6 Petkés8 fﬁx&l@?élht &yt 1NRGOMEI Thd Mh rponmtﬁrtm \@xlslylaﬂui@/\dxelecmc
pour. point allows .a higher yield of oil, wt

fluidsraf & mvra@l%%s@xevélw@lted hagsbeu IéQec,tpéefﬁ@thygreater than about
280°c? égfégeraﬁgg{eﬁfe&%n%ﬂaﬁ%wts of the dielectric "

present 1 nventlon also have very high .
f Ihasrtotlm @mbbdimepbj the ssulatikg dlglecthe flgids|of gtis inyeritiomiageuseful as

dle]ecgccz?{{dqils?@wngtffuhcg g ezgrt },mcp 4& Q qtrical € cablfsefllﬁe i atmg r(‘ileflecgrlc ﬂuld

in addiﬁ(ﬁh toelettricabipenlationtintisis 5458) ;ienamwths SLﬁrfacéEddithd: m&ﬁrground
- di ng pour point depressants, antioxidants,
clectrial 995 lede AupeNFanY MOisHHE apl g Erprpent g Enois i am{ﬂang the
cablet he present invention conprise one or nore oil ‘
fractions derived fromhighly paraffinic wax. As such,
t Aie @il dragtéansiof thel puesgst iavendipal irg a5 diclaseriopfledeenntain greatef than 95

weigHt ‘“/"?a?u%rht%@ %sc mé/;@%ﬁe% bﬁr’ éllgfo\ﬁ}fégtuggfct%r&ﬁ{tb%ﬁﬁv% 'EA%?}\JS W{’ﬁ% 02.
OleﬁnsSire pueskn? bh aStmaint ]b@s()tﬁan dcta'c@:ﬂ)ld:)b)y long dupabm C 0 ucdgae Magnenc
TN A T
in am@ilts fek@®hh ONSveight percent by HPLC-UV, and confirmed by ASTM D 5292-99
modified to measure low level aromatics. In preferred embodiments molecules with aromatic
functionality are present in amounts less than 0.10 weight percent, preferablylless than 0.05 ‘
weight percent, more preferably less than 0.01 weight percent. Sulfur is present iﬁ amounts less
than 25 ppm, preferably less t'hani 5vppni, and more preferably less than 1 ppm as determined by
ultraviolet fluorescence by ASTM D 5453-00.
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have a T90 boiling point of greater than or equal to

1000 OC. The dielectric fluids according to the
wEe®@seasé nvent i on have a diel ectric breakdownpP@f/Us2005/042475

greater than or equal to 25 kV as neasured by ASTM

877. In preferred enbodi nents, the dielectric fluids

according to the present invention have a dielectric.

breakdown of greater than or equal to 30 kV, and nore

p mat efl #@abyorgdeaboeintiohdnr aay usdpsaiblé chaddtdadtias invhakingy, & example,

ASTM 877. The djelectric fluids gecor g to the
hlgh AN FPURAFOHOR RGP e dP e chtas B’?’r

brigakdoun dand ol fhasin fradin fabdRding tdthe prdséhtﬁﬁ\%fnﬂbﬂi RG
embodi ments, the dielectric fluids according to the
Flschmﬁgewh deriveshail Beetioay BisgheriTrepsgly erived vaxegarg perticpigply well suited
er, e
for prgwﬁ (8 FRh-BiohldhGROL 18 ctlgggﬁﬁﬁéhega@?%{]gysg?%% B5dhics.
fractlons relative to their viscosities provide them
with high flash points and high fire points conpared
to other paraffinic oils of simlar viscosities. Even

Aromhmm%bs&%em by BIPBCiUlNS of the present inventi on have
Tg boiling points, they still flow well
priay

ou
PsghodruseioimesEg oY %Fgelsvﬁ Boscpleapith affgn%wg ngoaah#y in the
: it
o ol BEO0PRR Y 0 SSHERO bR e A0Wh e AL o
Chror(lﬁe%phy (HA.BopstemgoRdedywitbDa iiPr I%QtDlodﬁsA(ISy 05/ Verf detdstor

mterf%ced O{iﬁ Cg)%égs?%]gn T@enbl 1gzlgt!rolélg) te}{r% 1?&£1§1rduaélbaou %& gcg?)sfspsam the highly
saturaGel d1EIV\Fhs @itide dh Iﬂ}&ﬂiaSls of fh&tr&);]V tsﬂibatgalqhﬁéﬂh ahB ﬂ(h‘l-'rhelﬁlitdl tile. The

. sone enb nts t.han abouyt - 2000
aming Golwpn ¥ g%a,gg AvFis 3#?%?%@9 angmaLle mogqc ﬁm 5}5%#}6&3@&5 of
their Illr%s SuhbBaoPm3R d@?ﬂe&'ﬂ} dPEB16-8HLd RIERY. Ihws, AR sitgl Qing aromatic  ©

wel ght % nol ecul es wi't h nnnocycloparaffn1c
containinganelesddsi wapld lgtedirst, fdloyhd bysheatobistlissarqinatics in order of
1ncreamﬁ%tdlo g'bgrpcpﬁlﬁﬁger gbﬁm&‘é é ' pd}%kdntlz}ﬁcs I&ht% sﬂjn larfdrogglie 'bgﬁf character,
t resent I nvention conprise ex y
those kwithy olnbl\/célk)d saifstiun®atou rtiat g wéldd eludh smgndzrohetrhho@rwﬂemcloparafﬁnic
nventlon the dielectric fluids conprise one or nore
ten fractlons derived from highly paraffinic wax

C URbQiiVécaDidantRdafién ¥Bhy vitidab oiMaid@kitic BOaREsboRS from their UV
nol ecul es with nmonocycl oparaff nic functionality and

ab'sor@nﬁ%mﬁrwp%/sqwh%mmhcyéé b e fat thid reakelestropie fransitions were
all red@ﬂ&é&)éﬁho@ﬁar e Fur@ '&d@%ﬁoﬂﬂ@&aﬁ s%‘g d%er?@@téigﬁ ent Qn f’he amount

preferred nment, the oil frac ion
of alkj agxﬁlcyclpmraﬁﬁwnubstﬁatwmtbc riggsystem. These bathochromlc shlfts are well

known to be caused by alkyl-group delocalization of the 7-electrons in the aromatic ring. Since

substi

few unsubstituted aromatic compounds boil in the oil range, some degree ‘of red-shift was
expected and observed for all of the principle aroﬁlatic groups identified. o
Quantlﬁcatlon of the eluting aromatic compounds was made by integrating A'
chromatograms made from wavelengths optimized for each general class of compounds over the
appropriate retention time window for that aromatic. Retention time window limits fot each
aromatic class were determined by manually evaluating the individual absorbance spectra of

eluting compounds at different tlmes and assigning them to the appropriate aromatic class based
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> 15 wei ght nol ecul es with nonocycl oparaffinic
functionality. In another preferred enbodi nent, the
wordoshsm@sd i on derived from highly paraffinic We&T/US2005/042475
conprises < 2.5 weight percent nolecules with
mul ticycl oparaffmic functionality. In another
preferred enbodi nent, the oil fraction derived from
hi ghly paraffinic wax conprises < 1.5 wei ght percent
on theRlqeakhBR sWtht?w hb& @bﬁﬁ&hﬂfafbﬁﬂrﬁtufﬂ"ﬂ)@@tk@ Nith v exddptions, only
yet anot her rred enbodi nent, the oil fraction -
five gJessesddrgmasio qqm@hvryis Seeraplseried inhighly satrateded PEGroapilband III
Mbn&RtW%'%pg percent of nolecules with
nonocycl oparaffinic functionality to wei ght percent of
nol ecules with multicycloparaffinic functionality of

r than 5, preferably greater than 15, and nore
‘HPLg‘Z?gsé Bi®%°%r eat er than 50. The high amounts of

NOMPEY-G) W passad for fdetifyiiCthbseadsbdsof Brodiatid @ofnPeur kven at very low
fractions of the present invention wi th good sol venc

levelgy oMyltisung atemwhien R 3psoil te dBtimesmIPKS Stiopgly Whantsingle-ring
arom%&e rAl&dI sﬁbstl-{lpcﬁ)n\égoyaﬂ*e&\éﬁ Qﬁ%;ﬁﬁoﬁ b?/fabout 20%. T erefore it is important

mul'ticycloparaffinic functionality provide t oi I
to us¢ HRELitonepaudte aridaidentdy hetvarionseapedionofirerhates erd kmw how efﬁmently
q%ngtlon stability. The pour points of the oi
#3Cti ons used as dielectric fluids are -14C and

hi ijheclasspy &f MIﬁhic}cOﬂibBOﬁZisaWie fegtifed. With t}fereaeépt@ﬁﬁf a small
- W lh these er at el our s. can be, nad '
overlg ehEFit emﬁ‘a&ﬁymé ?ff 0108yl ving e pdtie east highly

retai®@AWY1 APHEREIAGs, IR GEBRAFIMmALR o@ﬁ@%ﬁr&clgséssw&é bhQWRE resolved.
vi scosity and I ower our points. Accord t he oi

Integratige dimats Sorntheer-alyting etanqi é- rfnlg@rcd@at@aﬁt 27 nievdere inpade by the

e r ki v
perpénafcgﬁe%gglflérﬂg({dels\gg\%ﬁjewg& Igcfglnﬁiesp%ﬁ‘lgg ﬁgtgﬁ for Qﬁ’ch%gt%rglﬁromatlc
class Mem:ﬁnsoctmmiﬁnedmymnstmnng Beerrselsxpopidts\feini pure nadei ¢compeand

ud n our poin ore, the pour
ity e PR B Sp Pl el S5 Ry Mrsienishaspgatc nalogs.
t |'H’o® u@mﬁ]aalmeycgéheaymeﬁuen@ﬁiomculeemcﬁﬁs‘eaﬂlhtadﬂdtw&ak
en much | ower pour points are required. The -
absore%r@rs 8t thmoa@sp@nd% ‘I"?éhfb?a@see(fﬂrbidg%"é AERgHomhat wisebstituted

tetral ASmbdep %rgﬁduﬂgs a5t %680k %’ﬁ%%loh%f oK t—?&‘ljoaﬁ{}} 2 Ileﬂ;égaromatics

power and distribution e ectrl appar
in oiltsarapls$ wasealailatedlppidsatoing, that jits ogildr abseeptietysesponse factor at 272nm

e R R PR LB Ry s
plots V\Mteighepensént Rgndehiationk of):lubmbﬁé‘saderd calbwsted bg aishﬂllmigsth@tﬁﬂe average

are tible with existing apparatus. These
moleciag R s AP ATAaRs STpfsavasABRRRIATY 63 ShiDE dterbis Telegplar

weightfordRPWhERLIIRRSpleequi i ng hi gh flash point, high flre
poi nt, excellenF di el ectric breakdown, and
This calibration method was further improved by 1solatmg the 1-ring aromatlcs dlrectly

they

from the oils via exhaustive HPLC chromatography. Calibrating directly with these aromatics
eliminated the assumptlons and uncertainties associated with the model compounds. As
expected, the isolated aromatic sample had a lower response factor than the model compound

because it was more highly substituted.
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good additive solubility. In particular, the
dielectric fluids of the present invention can be used
w0 nooappi2scat i ons in which a high fire point i nBei/asiongo042475
oil is required. In addition, the oil fractions
derived from highly paraffinic wax, and thus the
dielectric fluids conprising these fractions, exhibit
excell ent oxidation resistance and good el ast oner
c omips spbditicdlly, e c@ateDdialibiate thé HPLE-UWStdthdd, B substituted benzene

di,el ectric flujids of th%éiinyention are useful as )
aromatics| e peparalesfrerp die ik ofhs eiresinga f¥akere semiceraratitg HPLC unit.

10 gBRVWBT seiifile HhsS &1 9n Rbemt RhE BljectiARAERHninS Wod@Ssilica
transforners and sw tchgears, whéere high fire point
columayficat ¥ AZ4wint 1IN guard dollavead. byHivg 2 Seinrxe2 2onmitIDi aodummstaf $gl 2
.opl diff f.rom ent i { syl at | oil b .
micr i oAt gl PRI A, PG re) BT o B e
Califbinizg withindiexpriegsahd gnobise plasesisalow tate ef 1@@ts/thin. Coiphiy eluent was
W th cert ai pplication requirements of the National
fractigheic] bySedpn s e epar fosegnse &s%l.az%aapgeve_imm ng@Fﬁffoéé‘?t at 265nm
and 2998 € XaRIEfra@fons Refel oll6Add @13 e 5RinGBsdrbarRe BRIV a change of
insulating oils are | EEE Std C57.121-1988 and ASTMD ~
0.01 gorhane: umithevhick gigpediths opget ehwnglasng aromage diusibecfirsingle ring
sromyi iR o Bl R} 0Bt IR b ok PEocl L Bl decrcased
to 2.0yordécaping fheroabit pf greatgarotmatnelatiout Pu3ieiin amdskparation of the single
: ;refFrﬁbkﬁ reatgr»tha about 3 5Cf The insulating wav from’
ring PR Hag B PY [T O RO ERPTIDR MedBYRTORAtS; ftien gygay from
the “taidingY sdtitaidh &hitiG vhith WehitedFRME o ArloydingvR HPLEE elup@l Nt '
bet ween, _about 3000C and about 35CC. In addition to .
ha\hiseyrEieq jagmaticr stapdardt showed hat atkid sybstitetiqnfiggreased e molar
Ak f ' ast 275C
o B B 2 B PR oaPar Bt U s
of this invention are generally greater than about
1 C f er.ahl eater than about 28Q00C, npre
Conﬁﬁ'?goeﬂr%(g’{rgmﬁl?cesla% é@g{i'han about 29Q0C. In anot her .
erithe cieighn percerit b€ moles ules tviith gradh gic doictiofalfty it M8 pofifiédinsno-
inventi%n are useful as dielectrjc and insuratiq%w o
aromechtﬁtadlga- vas ram téqegd/hadlo@g- Biagipr garoen, b3 ggllR CEIVHER R was easier
to calibists tiahIHFL U Redust ¢ sirthplly SheabiRePateinaliOBarbSh & tﬁgwst)&rﬁg did riot
insulation in this case, penetrates the surfaces of ...
dependrpa therelasscf aramenties being prshyzed abheNMR reswhtneera trypnslated from %
i 0 hra j e Fram .
wom R S o RLERRALAUTRL A ENTRIPT VR gy
knowingubattoS 9% stttle amndiied mdtighl ¢ sdthraied 9ils antesinglgripgb®matics.

ot 95 wej ght. %.sat urat es as. determ ned by %éytion

c o Ehovt g SR B s S g De ot B gpraely
measite QfoRitict Bova DU RForhRRSmélbaikesdet ect abl e by | ong |

duration C13 Nucl ear Magnetic B

More specifically, to accurately measure low levels of all molecules with at least one

aromatic function by NMR, the standard D 5292-99 method was modified to give a minimum
carbon sensitivity of 500:1 (by ASTM standard practice E 386). A15-hour duration run on a
400-500 MHz NMR with a 10-12 mm Nalorac probe was used. Acorn PC integration software
was used to define the shape of the baseline and consistently integrate. The carrier fre'cjuency‘ l

was changed once during the run to avoid artifacts from imaging the aliphatic peak into the
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Resonance Spectroscopy (NWR). Preferably, nolecul es
wWith aromatic functionality are present in anmounts
wo ems/osi2zam 0. 3 wei ght percent by HPLC- UV, and eonisron®c2475
by ASTM D 5292-99 nodified to nmeasure | ow | evel
aromatics. In preferred enbodi nents nolecules with
aromatic functionality are present in anounts | ess
than 0.10 wei ght percent, preferably |ess than 0.05
aromMRir8§1bn. PBY Ekitg spBRfCori¥iBbLdi @b ithé &88ertsPadiradi kesoRitBRtwas
percent. Sulfur is present in amounts [ess than 25
improypdrigpifietsbabl y | ess than 5 ppm and nore preferably
| ess than 1 ppm as determ ned by ultraviol et
fl uorescence by ASTM D 5453-00. The oil fractions do
not introduce any undesirable characteristics,

| ncl udl high volatility and |npur|t|es
Dewr o8 8 %@ﬁéf ﬂFﬁﬁgg@ga the dielectric fluid. In a

prrat eefgdbpabdiRdt sRfiks whd@teininelibgProton- NMRGPROTON NMR) as set
t he Eresent invention is a Fischer-Tropsch derived oi
forth fythe fqllghyingstepsndr2:Tr opsch derived waxes are
Paj Pﬂesyfle arsbnauw%f 538 el & bdr R R IHiRQarlbbR ﬁh@e’me}samsfbm
derived oil fractions wth the above-describ
p |bb peqires nopad pmt@m@emae of atrieast 12h3pn1-m®rW1dfhhed accurately

reference IHOd el’rll%ea S {%t (g)e m? g)%lg R lt%}/rrelerﬁ ugefd nrlrl?slt g\ilﬂeiles\ifﬁ(;(lentt gain range to

ar OlTH unc e olls uses a
acqulﬁad{@faﬁwﬂtﬁ&ﬁ oﬁaﬁdaﬁﬁg@)ﬁeeelﬁafwe dheant3OHdegite pulse is applied, the
Per f or mance. Li quid Chr (HPLO) . system .. . ..
mStruE’Gﬁth\éstﬂn%Wet AR el O lon/xl%alg}ww Fe3ePlckrgferably the

c@nmﬁ@&ﬁﬁéaﬁﬁgeggo@@)&ﬁnggen}stat|on Ident|fication of
the individual aromatic classes in the m

& 81 et Uit intssiah nsrities BHENED Bacs P foleligi 3 200 ppm o
rn and their elution tine. The am no
andl@gf§h@ﬂ6 Iag'gt%or this analysis differentiates aronatic
nd) ébsulgabe fnafegellalyweughtt dfehdrastissbadnct determinedpy ASTIVDBI2502 or

re,c ctI doubl e- bond nunber). Thus, the B
ASTB&?{&@ Ay % ]ﬁ“@ N&ont ai ni ng mol ecul es woul d el ute
first, 1Ymid aﬁ"éﬁge BioldchRr RRMURYE theCsafihREEHYdFScakiongy der
of increasing double bond number per nolecul e. For

ar omat FeSaaveRes melacyler istisleof Hisletdsar act er, those
W th ogy %eatb&aylme%wffﬁtbﬁs%yl(%np& atllhﬁteglla[‘ﬂbst g 9 elute

sooner than those with cycloparaffm tion. ‘
Unequi 4B mie@@h tnutefmsmamr(smmplfe hyfegem(Stotakintigtal/ anmbeitdfc
hydr oc ulf UV absor bance spectra was
somewhat ated” by. the fact their peak electronic
transi §) T}reS'xuW&feEOQIbﬁlf kyliredtiné (-edefirehpiaventéQaltfREhPlto gen);

nodel - Qfpoun n to,a d e dependent on the
g) € number ota Aouglse bonds (—oFe%n%ydrogen times hydrogens n oleﬁn

ﬁré%%%)e S rn

anount
formula/2); and

7) The weight % of olefins by PROTON NMR = 100 times the number of double
bonds times the number of hydrogens in a typical olefin molecule divided by the
number of hydrogens in a typical test substance molecule.
The weight percent olefins by PROTON NMR calculation procedure as set forth is step d) works
best when the resulting weight percent of olefins is low, less than about 15 weight percent. The

olefins must be “conventional” olefins; i.e. a distributed mixture of those olefin types having
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of al kyl and cycl oparaffm c substitution on the ring

system These bathochromic shifts are well known to be
w@a00s06b2by al Kyl - group derealization of the  PCT/US2005/042475

7T-electrons in the aromatic ring. Since few

unsubstituted aromati c conpounds boil in the oil

range, sone degree of red-shift was expected and

observed for all of the principle aromatic groups

hydrdge@mttaémeado i blefondbarBensalich 44 aBhaltvimi@idend BRLHags, and
ounds was made b nt egrati ng _chronat ogr ans made

tﬂsubrsv n%deWP elefinrhgoes p«wi}{ hﬁ\f@oﬂgeﬁe@fab&a?éhhg Eneletm ing¢gaa) gatist between 1

and aP&H%U REARNQNS Fatfo@c%‘&p LodU Baﬁ thdidales ch Ogglré {:ér%t@e%‘#%or tetra

or that aronmtic tention time wn
substitetedholgfinnart preseritasd thaedifferbat asswinpleshs myushipmadd tp calculate the

ev at | he Jj ndividual absorbance spectra of
numbgf ?ﬁ#)ﬁéieg)g solﬂﬁi&es l%l fferent tinmes and assigning
themto the appropriate aromatic class basedon their

qual jtative simlarity to nodel conpound absorption
Cy"l"gﬁreqéﬁ’fQ’”’W‘t"l‘f”fl’é\f\‘;ﬂyﬁcept| ons, only five classes of

apafRtinsCaré SRR NE "st%bl@ k@%f ?@@pérgfﬁ'ﬁ% Wa)fdsgdg';&&ﬂtﬂatn €4hd therefore,
APl Goup Il and 11l lubricant base oil

more degijableatManecydlimacattin ars copsidgrddonore dtahtei thgn mgltmlwésmrafﬁns

of; nds eve t_ very low |levels.
v B3R IS GERAUIBSYSE S Gl VLB
cyclopmraféinszt fumtg:lnys vdraiove lm:gi @l thenxgdmve 8Elubitisy is low and the elastomer

| -substit ut .50 .af t ed ~ab
comp T BRET Bt BTy rone s iser-fippoch ols (GTL oils)

with 18€RRnedbeuEsYd chélepratiits. t TEinYRb T O Sse TRESHRS 1ﬁﬁnﬁﬁ%¥)ﬁ&§s
and ‘know how effici ent I%/ they absorb.” Five classes of
9

eXPEngive RREPNCTY FHSH 3h G CTREIIS féfé‘ﬂ’[elaflfl@d PWQT#bIYs be Ql)kére«ptqng,rﬂeﬁved
from HFhl? pﬁﬁ?flimc Qv\éﬁ k f@Qse@%E WRRR ki 480 %rg}%kcfg hYgI{ whi b{]pegcent of

I'-cycl oal kyl - 1I-ring aronati ¢s
molediy]eg rvmtgn m@toaycriemhrdﬁkyl fumgiohdlhphehekbw wblghtqfer(tehEOf molecules with

N e Y T i —
volatiRtyl gaog miscibitity with athe2didy) poodeidaitivedelubiity, A8d good elastomer

$@ endi cul ar drop net hod. \avel engt h epen ent
compgt élg%nse factors for each general aromatic cI ass were

f Th& tubEEdne b e oPMhi CiRPSHOH Gletd \GhaBeREZ Ig'e)a IS I S(? S atk b and

pure nodel conmpound m xtures based on t
molecgbé wthaiufqu@amuauszsroﬁan@egatmst Tike distibttienuefatolacwesit itlee oil

fractlo?rlg @Jggg?tgrsnll: Iﬂ%]d l%?(ﬁ 1dt za%I @Qass d%%%t?orsg %@Qﬁég%%%%gga were
obtainad o2 7 Mimmottaad VGOIOVESEramd Spdctroinaeer. Sahﬁésa(tfp(lld‘sbi'éiﬁl ﬂﬂh)oduced viaa -’
solid prgl%nﬁc’l{o theo snpetc opho%lor}r?el'tlgrsérle}"erab?y by placing a small amount (about 0. 1 mg) of
the base ol to be tested in a glass capillary tube. The capillary tube was placed at the tip of a
solids probe for a mass spectrometer, and the probe was heated from about ;10°C up to 500°C ata
rate of 50°C per minute, operatmg under vacuum at approximately 10 Torr. The mass 4
spectrometer was scanned from m/z 40 to m/z 1000 at a rate of 5 seconds per decade. The
acquired mass spectra were summed to generate one “averaged” spectrum. Each spectrum was

B3¢ corrected using a software package from PC-MassSpec.
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tetralin nodel conpounds do at 268nm The

concentration of al kyl-cycloalkyl- 1-ring aromatics in
wordosmenzpt es was cal cul ated by assum ng that iPcT/DBL08F/042475

absorptivity response factor at 272nm was

approximately equal to tetralin's nolar absorptivity

at 268nm calculated fromBeer's |aw plots. Wi ght

percent concentrations of aromatics were cal cul ated by

aSeeprnsg factezs for plé cerrauag éynep MELASaIMSo 8t G évchéhfefﬁvelght
s R 8 O FERG FRUR h, Q066R g
one ﬁ,\aalragbd’aipeomun’mtf he dutpatstrdnu teHdMS emplyew @&:Ithbyve;rggﬂ w¢ightpercents of
matics.dir
kg, ARt o P e B PNy § APl Fagspypions, and
6-unsifutdliohd RSRe REQARDIecS el im nated the assunptions and .
uncertainties associated with the nodel conpounds. otAS

exijpe sadepules path; difersptaymbers pi tnsatwalinns ey he Cémlpb‘\?\?élr
cycloﬁ%§ﬂﬂﬁ Stﬁ?]ffré%ﬂrar(;rgﬁﬁst feshaRs “%%@ééﬂglntk%%&%t ArhoW@in the

y substituted. More specifical
lubncantmseoléﬂyy @@IUICbnaftt dikelpide HRntfied/inthe HIMS atlalhsﬁls as 4-unsaturations.
WhenD(H? rgsov%el%% ﬁges b Im ugmﬁ ?%1{1&? mv¥§é %b?ga?ng%g}e aotql tgé}pﬁb@@?nost likely
be idemitied inliBe EIMS‘Bnﬂij:&mphﬁSaMMIOdS I 'I]hdaldtalbﬂ.thbrl -unsiterations, 2-
ected onto, an am no-bonded silica,colu
ansat{gaots et o B UG DY REN B AP ST o the

FIMSCRb M58 Sm s ﬁm%l%iagé&&t%%ﬁgnpws@%nwmc andirls GheSFeight
manuf act ur ed Inin Instrunents, Enmeryville,

percentgfiarematicaby Wiﬁ -V Hethsrataleeighioersi fangierades with ca/cloparafﬁn
functxfollzﬂ fiBhe hﬁfnc%]'g %s%/ o'ﬁs ¢ th@inUMm | Hgo {ot%@)% tkrerZa&ﬁ &%ﬁg 3.

on t tector response from a wavel engt
unsat\hMMEst fohorurs@ins a- ulﬁﬁﬁmnoamdmﬂ 65meatuiBaons fadne tHer FIMS omalysis,

min R RGP DT A ar N aL e * G BRG] S mpRges wit

multi©@REphraffinis ﬁﬁh@ﬁ@aht}ﬁﬂ tly SIFRIf s BiveiitiodN Nofe ianig ke d%d)tﬁ@lcs content
aromatic fraction was collected until the absorbanc

was npLFUISaL A BB OoT SR Lt ioand gt ingugedgn the calculation for
total W&Qﬁt%?de%ﬁnﬂﬁeéﬁ%%&tlthcgycfoiﬁQrafﬂlﬂgfuﬂEmhfyc el ution.

Purification and separation of the single ring
almonmsg mbordrramt,l tbmoihErsctinag éettuvgﬁdrfear@ hltgbhmacﬁgﬁmp hvangnat/ma weigh
r om t ’
perce TR i AR T e Bl ol Bkl By sqpeimde
preferbﬂbz(grmtdrmlmn 15Thidsa \wghn‘peasinmfomlbmﬁes mtlmndmo@clogmmeb
t he

substi tution no,
foncr gy B 031 PegBth e TR By GHbtheantbs Pl e pigferably
less tHdzﬂ%H B&tal tf. £ dPic@irs,ithe oiCRAIonEBEAVRA [Rfn lﬁ"g@l@%fa@ﬁm@)évax also

have a ratlo of weight percent of molecules with monocycloparafﬁmc functlonahty to welght
percent of molecules with multicycloparaffinic functionality greater than 5, preferably greater
than 15, more preferably greater than 50. )

The moditied ASTM D 5292-9§ and HPLC-UV test methods used to measure low level
ardinaticé, and the FIMS test method used to characterize saturates are desé'ribed in D.CA. Krameg,

et al., “Influence of Group II & III Base Oil Composition on VI and Oxidation Stability,”
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The wei ght percent of nolecules with aromatic
functionality in the purified nonoaromatic standard
wowamenanssé rmed via | ong-duration carbon 13 NVRPCT/US2005/042475
anal ysis. NVR was easier to calibrate than HPLC W/
because it sinply neasured aromatic carbon so the
response did not depend on the class of aronmatics
bei ng anal yzed. The NWMR results were translated from %
: | i REQBE MEet R iff $18Li88n ( €6, 1999, th t
presele APl S e B R B TR e o e a6, o9, he contens
of widch B@Béoqforathcbhaeiorimtts clglrctm h| ghly sat urated oils were
singl e-rin rorrat . :
g dg@’%’gég} )éﬂ%rra g}l?c wax %gd ogevgsrsgnt{a?ln g{?g 93 8¢ehﬁp ’01lapr1]<§lcessmg
tec §U£rﬁnﬂ6%lf6&foldﬁ&s ,Gepdeialle abhigbaanmnabres, diIBIt(EiBuickiEng reactions. In
eci ficall t o accur teI measure | ow l.evel s of
the pmncm@F b P Vi hh olalin SaIpo BRE 7 T A g AR F R rxpight
prodMﬁ’hattéaﬁ ol 1Dr Baird 9tiAntEh BafratasieiR@ah beeenidved during the
give a m nimum carbon sensitivity of 500:1 (by ASTM
process ahm&rldvqmtlamby bdrpfigsigng opby daneatmefr ati on run on a

4 I .
ug‘@ﬁ. pr%e(gtrleﬁ og&xelzmn;%leélg/r a%cgigrﬁf‘légw AR 39 E\a%ge i{i}g g eas\ﬁ?egeec];rllcnféulds are
sum@rdgﬁeshﬁpzﬂ:l@flfmheﬂmmleisne and consistently integrate.
e rrier fre was changed once duri the r. .
Fieptss IRCRLE RS PREGOR ST PR G esived of
fract1'oﬂ§ Hhvtlr{keﬁﬂa BYS0CF foqabAle a Bilcb e MG BAGSE 4 @eléﬂtnelbfréhﬁﬂown of
he carrier spectra, the resol ution was

greatﬁmtbaromt 27 Vi Ailcmativs)y, tedigleniris dluidef the Piagang mVP%ﬁl%ﬁ%y

iy SR  ERD 18 TS R A o o
desuécbblll frattions ot eqEsr nderDaddidioral e amild ha'esmﬂmtmg)Ramg'e Disttipution (5-95)
e gk S BB AP BAL RGP on

or mSleQadifiaés. W dt h and accurately reference the cheni cal
shift (ppm axis. The instrunment used nust have
sufficient gain range to acquire a signal w thout
AddifV&r | oading the receiver/ADC. \Wen a 30 degree pul se
IS applied, the instrument nust have a m ni mum signal -
di Bt diglettiio fluidy aenvrding torthe prshens S1veaidon rm)eﬁléthattﬂoynnrﬁé one or more

addit; %P énF glllcrhaﬁ'% é)H\é&atcll%rés' elzlggd p grg é)?%xl)%)%gfﬁn& J\ﬁb §$ Hés)snlge!aenerem are
blended2vith ¢hepp Mof@hdditives Yo pr@ﬂﬂe ]1 A9l @t ﬂ)nplfh M&&h umsat, ¢)e one or more
additives are present in an effectlve amount. The effective amount of additives or additives used
in the dielectric fluid is that amount that 1mparts the desired property or properties. Itis
undesirable to include an amount of additives in excess of the effective amount. The effective
amount of additives is relatively small, generally less than 1.5 weight % of the dielectric fluid,
preferably less than 1.0 weight %, as the dielectric fluids of the present invention are very '
responsive to small amounts of additives.

The additives that may be used with the dielectric fluids of the present invention

comprise pour point depressants, antioxidants, and metal deactivators (also known as metal

passivators when they deactivate copper). A review of the different classes of lubricant base oil
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d) Using the nol ecul ar weight of the test substance
determ ned by ASTM D 2502 or ASTM D 2503, cal cul ate

wo b@webal2sow ng: 1) The average nol ecul ar f or nub@r/os20041€42475
saturated hydrocarbons; 2) The average nol ecul ar
formula of the olefins; 3) The total integra
intensity (=sumof all integral intensities); 4) The
integral intensity per sanple hydrogen (=total

addltN%E ﬁﬁ&@ka/f&hhﬁ’f?ﬁ FL @i AP e chffor OEATIIBY THRY Mﬁ? and Wllfned
nber of olefin hydrogens (=olefin intégral/integral

Dﬁmﬁem38§dﬂégen) 6) The nunber of double bonds (=ol efm

ARSI AT B A G B oo

suspénhed muheils, o fothabysealbarcslid mliESmtth@mﬂn,l tHue Ipr@fentmg flow.
dro ens in a typical olefiq nmol.ecu] e di vi de X t he
Exanﬁ L P

Psepl pRME PRIgEdRPTessAnts 4rg polymethpgryjates; palyagnylate

polyd®P}1561dk8 -col s MR PR duLR 0F RAbpLA i Wik e P dARGThEIN %ounds vinyl
cal cul ation procedure as set forth is step d) work

carbdxglate MJgnemmdrt@@gllymerﬁg)me@fhfunmese mnybgstess ef faty a¢1§s and alkyl
vinyl'd s 1%%? biflege ?Q%‘t & dié@ atin RES, Cl%%t IP% é§é)%fsb 3d 4,753,745,
nmus 80 nve I? (0] P

i ona Ins;, I.e |s tr
whiclfhpetmasoepcnﬁteﬂ hasm Wl referance. y“phaesarimnt n'gmmi ipoye depresssrac indsldd is

L R T AT e

mvmhaMe a detectable allylic to olefin integral ratio

between 1 and.about 2.5. Wien this rati 0 exceeds about
3, Excellery @xidatiensstabikty ghay importartprepsety der diglectyr fuidsy 91elecmc

ﬂuldéwhﬁédtwﬁﬁ%%ﬁﬁh@ stab 1t§’£r@%§ﬂﬁzeﬁrﬂlﬁdérhﬁ%mﬁh&{c%ro? Blcessive

assunptions nust to calculate the nunb
tempeiatriné andomrygen, |pnrttchlerls anth pres@ygelod pxaalhfdetahpmlslm, |V1du|¢h aghas

catal%%sC \g/[\(EIng}Fefa ag)&ic%xa&r}a &fethggng!g} ﬁe%l.ﬁ{j in$ uélg? ﬁrécf d pgsltts E}n the worst case

scendHRdS tHe&blm Rnaldhinde y@lippait dtdonisblacked and ﬂiedﬁﬁtpfheﬁmh&rheats, which
stabl e than multicycloparaff ns towards oxidati

furthexsyacesates gibpxidationiilgpidagen E@Mﬁ)rqsiﬂcmhar%&ba&ip&ocmch as acids

and @Hrdp@l%%de@ Rehi&Y Ch@RAeAi e MhCinf ARG RBpdrSes\dTiile diOMEtHD 1A, Due to
the additive solubility is I'ow and the el astoner -

the lqmncp‘a@nt lof motegulies wizh arultiqyg leppra Emigfunetinglity, the didlectréc fluids of the
prese%{ %Qgr{tltolneg%nghﬁy Edv%%QgéileH—J og(ﬁ)&sa%gn géahlht}( ﬂh‘ou‘? 't}le a)ddltlon of antioxidant.

However, when additional oxidation stab111ty is desired, antioxidants may be added. Examples
of antioxidants useful in the present invention are phenolics aromatic amines, compounds
containing sulfur and phosphorus organosulfur compounds, organophosphorus compounds and
mixtures thereof. The amount of antioxidants added is preferably between about O 001 to about
0.3 weight % of the dielectric fluid of the present invention.

" Metal deactivators that passivate copper in combination with ahtiox'idants show str.o'nvg‘ "
synergistic effects as they prevent the formation of copper ions, suppressing their behavior as
pro-oxidants.' Metal deactivators useful in the present invention comprise triazoles,
benzotriazoles, tolyltriazoles, and tolyltriazole derivatives. The amount of metal deactiyators '
added is preferably between about 0.005 to about 0.8 weight % of the dielectric ﬂui'd of the

present invention.
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with |l ess than about 5% cycl oparaffins. To inprove
these properties in finished products, expensive
W@ 00050602601t S such as esters nust often be addeRCT/US2005/042475
Preferably, the oil fractions, derived from highly
paraffm c wax and used as dielectric fluids, conprise
a high weight percent of nolecules wth
nmonocycl oparaff nic functionality and a | ow weight
P LS8AMpH of TR 8G1HL & SW fhat by bEye b PRl dictinc fluid of the present
functionality such t the oil fractions have high
inventign thatisctased indBiS) Patgnt Nm@%éﬁ&?,ulmwmtg@ berein bycefsrdnice.y
Wi d Vi .
"Ithg tdgetrlr%‘r?nccﬁglh% E?mgp Tm% 8\% df:tnlnor ?Jlagtg&{ dtgég%cﬁfggrr %%glgr paraffinic
wax dndiofe bnmefetaddmvwmey Bhﬁfaéﬁ:bﬁblleﬂchdg the ol fdStiom terived Ki@nekighly

nd nol ecyles with differe urmber s of un at uratj ans,
paraflpig v 2t TP Gh BT HONBELP LRG0T 1 Pate ot ou gt ar
The d@&é&ﬁm&ia@owoﬁén&l Hay RB1&RIclH §a KBSIS s&peBInp It Mé individual
M5 spectra were obtained on a M cromass VG

compmgg LEms §ls§hﬁc"ﬁfpléﬁ?’é@élﬂvedphleﬂ@ﬁ%Ia@umlét qeptqsert @ad an

antlo%?%*t)gc}la 1%/ QH)E/}BQQQ tﬂe%ae&q@ﬂ el i QH&%Q@@ ﬁlre'oﬂ fractlsm d?nved

'acing a small anount
from higblylyasdiioi wak (an&b end aglitect (i.e, me ghagwing alppﬂeksanly ntaytbe blended

m1t1a|y€ ﬁc?no | ggs %Eeﬂﬁ%ﬁ'yg) acig?d \%&htars]gcr?tgh E?cgg%ea (}\gg Itlileda%tioxidant).

The bhﬁldfoe dlefdilcﬂ’ﬁcﬁbﬁ) Bérived GouPhipBly pPaRBGhiavar ah@tiR bt 2408Ce may be

m nut e, erating under vacuum at approxi matel.y 10

lsolated auSo%th orthe aﬁ*ﬁﬁ%%n B PCORBAH I FIBAYRAERHEIN S By T 2~ 40
to mz 1000 at a rate of 5 seconds per decade. The ~
acqui red mass spectra were sunmed to generate one

Additiamek@dged” spectrum Each spectrum was 13C corrected

; acgglreg:cﬁ'lg rﬁu accgrﬁmg%ggl Iprrgsg}lte&:gerwzigré %fsge u Shees grggnsf odle or more
other silctypichidy usseiag) Bielep&fcd‘ﬁfﬂs thsedﬂh@roﬂs neg bk rF(imha’F"Bapsch derived

n The acquired SS spectr re
oils, ’E‘QFFQ S} othSHEMRNE g A T FEE T eaiﬁ%@eorfs.ﬂ&ﬁwﬁgﬂ allows

for u@aﬁﬁgﬂﬂ@llé@ Id8sitableldSp Ry IT @Q@OW@(‘EC RRUERYS s8dond oil having a
al kanes,  1-unsaturations, 2-unsaturations,

more prefeed Papstty o H¥ampey pkrioRartiesi thtsnaysheymeraded with Slesding e
v1scosgty¥'}?(§.\"i’g9ﬁ@tﬂa §nd ﬁ]reyaﬁust ﬁﬁérfa%ﬂlmngbn Tal?lﬂ d@éc‘?&%r@ﬁ(dg«v&? '

nt nu ers of unsaturations may be conprise
cY\sIsoga thefdil fm&nonﬂ ‘@ivad fromriiglay pmafﬁnm:swa)l fas desoribed leesein, are

resent nlflcant e Iubr| ant
blena i B g olhst P et 1 DG e Tt BEy oRT PR used. the
dlelecﬁld\ﬁiuaéalcyﬁirﬁg 18 $hedpréneffitvirioh @RS conVitae 5ab 60 WSshees 61 fraction
resent in si nlflcant amounts in the |ubricant base

derlvqslI from héxg WorAral g Srax qngé|t9 95 weight % second oil.

When another oil is used, the dielectric fluids according to the present invention may be
made by blending the oil fraction derived from highly paraffinic wax with one or more additional
oils and optionally one or more additives by techniques known to those of skill in thé art. The
dielectric fluid f;omponents may be blended in a single step going from the individual |
Combonents directly to provide the dielectric fluid. In the alternative, the oil fraction derived
from highly paraffinic wax and one additive may be blended initially and then the resulfing blend
may be mixed with the second oil. The blend of the oil fraction derived from highly paraffinic
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be identified in the FIMS anal ysis as 1-unsaturations.
The total of the 1-unsaturations, 2- unsaturations,
wW@2006860286 at i ons, 4-unsaturations, 5-unsat ur atPONE$2085042475
6-unsaturations fromthe FI M anal ysis, mnus the
wei ght percent of olefins by proton NVR and ninus the
wei ght percent of aromatics by HPLC-UWV is the total
wei ght percent of nolecules with cycloparaffin :
wax drdREd RO didve hdy BeiSolhtedkd SRAbr BR2BiADA 6 BE séd¥nd oil may occur
~invention. The total of the 2-unsaturations, 3-
immegdipdedy.ur at i ons, 4-unsaturations, 5-unsaturations, an

d
6 t
B L0 00y BN AL ) b
differpetrfoem theaite pokkich ﬂes:ompbinenmnftth@&ﬂﬂclectpa laid arn lrezcelved and blended.
inong PP Ghe ! BReted it B 8ot b Sl d Bt PropShaon e, and the

diele@66 AG1ds blendd ak 8Side Whiah isiffershOfr@h then@t at WhicH d@dFikdher-Tropsch
the cal culation for total weight percent of nol ecul es
deriveg oihfragsiondperiginalivinader fuethsraess, thecompanegsyieofsh diglegtistiluid (iec.,
the Flfsaﬁ:rmlpstﬁ @&lv‘e@ B fa@ﬂ;anvaft delf?lElhell'o@lQ' aﬁdwafd&mgﬁnml be
have a wei g per cent O nol ecul es WI
manufﬁ@h@@@x@ldﬁémrafsﬁcmumefb@hbt th@rfachhGImipsogrdeat/@i oit fragtiopris
manu?a%lll%d f%t% %8ote%ltg ie %t’ll)(y tlﬁrﬁ g\%%il;ro%raarre]ﬁnery ]pra ngrket W%lglhlocatlon

"6 W c oparaftinic
may lfauElalhlghEﬁldst of hsthesen tlhﬁthe&fost&ﬂlftahstmetlcal atplicefefibérploy market. In
| ess than or :equal .to. 2. nore preferably Jess .
quantitpfivg tgrmsethg isange 9f hspBtigr Bigen R acTpte 5K dd thg pefinery or
markél €4 4tV@dt fooamikl glefeatPpfafd d thﬁlrl S:OO’Yﬁ?lesalu%meﬁ\b?ef@ral')@td]&e than 1000
of wei ght per cent of nolecul es wt
mileshpnocycl oparaffinic functionality to wei ght per cent of
ml”le?&%ll)l? lé\”Flsgh&mIer &N G @\%ﬂro?lflg b’ﬂlﬂ&?%ll&ﬁt Eg ll@t rénYote site and
greater pre era greater an , nhore :
shippggk tefaesﬁedﬂd)sltgr Téhet Elldltldmal’DIBOO b& heludedlirf the dieASTd flnid may be

t hods used to sure |.ow
mans ARG o TS T e o e TSt Bt HodP R B it The
second bigg ﬁeélecfsl theF ﬁﬂieﬁ-ﬂ'&t;ﬁSh aérBred 08 Grachisif] tHeohdBitfonal SiREB, the

"I nfl uence of G ou II&IIIBaseOI .

addlt‘tﬁn%é@ idislesHcohmdLs %?mlf@k‘lrﬁ(g@tl this sexoasits-t v, " pr esent ed

at the 1999 AIChE Spring National Meeting in Houston,

March 16, 1999, . the contents of which is incorporat ed

herein in its enti rety. ENAMPEFS t he highly paraff| ni c

\g?g% l;pglgﬁlﬁon%%lﬁ b%sfﬁﬁlllj% 3 plg:llélléecll b et%e gf inngé lgFliSll'ﬁ%tlve examples that are
intended pelod Ialnl-lymmlnghl gh t enper at ur es due to 'cracking'

reactions. In the presence of heat or WV light,

ol efins can polynerize to form higher nol ecul ar wei ght

PR&HpIES Sf HyldddtreaRA FRRhQLITrbHRh %(ldu@trm&ﬁllﬁﬁlgsael@ PRES Fisbidr-

eneral, olefins can be renoved during t
Tropsch synthesis catalyst and a Co-based Fischer-Tropsch catalyst were analyzed and found to

have the properties shown in Table I.
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process of this invention by hydrofinishing or by clay
treatnment. The properties of exenplary Fischer-Tropsch
wmedos/ogasd abl e for use as dielectric fluids arBsCT/US2005/042475
summarized in Table Il in the Exanples. The dielectric
fluid of the present invention may conprise two or
nore desired oil fractions having a T90 > 95Q0F to
provide a dielectric fluid having a dielectric
breakdown of greater than about 25 kV. Alternatively,
the dielectric fluid of the present invention may
addi tional |y conprTabe biescar-Tropssh drKies i onal oils. The
dielectric fluids conprising two or nore desired oi
fractions or one or nore additional oil will have a
Boi | i fg Range Distribution (%-9%)-Basent ef CbaBusabo|t

200F. W?’a{%‘fﬁﬁﬁﬁﬁlpéi%{rw,d Of ThegopfeSenf NovEHed O
may fu r corrpr se one or re additives. Additi es

The di f?r% Li f,/l ui ds according tqgthe p esent
I nventli ] (\V}urther conpri $e one,or e addi tives.
As sud u{uﬁe

tlons d r|ve§l rom
par af f ’f’l’?g;@va é‘crl bed | her e

one or ditives to proyide a diele
When used Coptsat DnZloWtfore a dltlv(ég ar e
ef f ect[ RayT BASLRE. The effective amdunt o g&ﬂﬁeftf*‘be or
additlv%IMQ@@drBPn(Wﬁéhtc%bIoEc ric fluid il that anodint

that ijnpafdass the desired property’® propert#bs. 1{ is
undesi unt 833 addilti ve§65 n

bl e@g%d wilt h
t]&l C fléx:

==
=
-
o)
~—+
o
5
12
[
o
1)
)
5
)

t
of additites is relatively s an
1.5 wgi ghl3% of the dielectri
than 1. 0 mgi ght % as the di ¢l ect s f1 uf ds @49the
presert imyention are very responggye t
of additimgs. The additives {hat jmy be [usedgydth {he
dlelectrkg fluids of the pregent jpayentifon cggmpri s¢
pour doi nf depressants, anti oxidapks, and neyg|
deactlvapggs (al so known as et al;qpassi
t hey deagglvate copper). A review,ghk the diffgsent
: ;i

cl assds of | ubricant base oi | addifjhyes oundl in
" Lubrl o~ IL99~ Aand | e At 1 AN ~l: 2 h e

’I A ] I_ULII 1 L;ull \WAN] O Ul LILIL U LI} ‘nd
Wlfrile € mnl% .39+ pp- 85..1..14 Dnl96C$:nI nt rlzn‘l:szgsgn S
| ower tWﬁlgWi’)ﬁ’rCGmhl nt of oils hv r@ﬁfnm n fhP?’ 1Znde iIcy

of max,Cwu@pended in the oils, td®brmcrvst@P% orla
solid mass in the oils, thus preventing flow
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The Fischer-Tropsch waxes had a weight ratio of compounds having.at least 60 carbons
atoms to compounds having at least 30 carbon atoms of less than 0.18 and @ Ty boiling point
greater than about 950°F. The Fe-based wax was hydroisomerized over a Pt/SSZ-32 catalyst or
Pt/SAPO-11 catalyst which contained between 0.2 and 0.5 wt% Pt on an alumina oxide support.
Run conditions were between 670 and 685°F, 1.0 hr'! LHSV, 1000 psig reaétor pressure, and a
once-through hydrogen rate of between 2 and 7 MSCF/bbl. The reactor effluent passed directly
to a second reactor, also at 1000 psig, which contained a Pt/Pd on silica-alumina hydrofinishing

catalyst. Conditions in that reactor were a temperature of 450°F and LHSV of 1.0 hr™'.
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Exanpl es of useful pour point depressants are
pol ynet hacryl ates; pol yacryl ates; pol yacryl am des;
w@eondesrsd i on products of hal oparaffin waxes aP@I/US2005/042475
aromati ¢ conmpounds; vinyl carboxylate polyners; and
terpolynmers of dial kyl fumarates, vinyl esters of fatty
acids and al kyl vinyl ethers. Pour point depressants
are disclosed in U S Patent Nos. 4,880,553 and
4 ﬂé grgddﬂéts b in%Qb@Je%S'Oﬂle @Eﬁ%a@h%téﬂﬁa@uw d‘fs@iil@t'i&ﬂ% @roduce oil
nmount o our point depressants added
fracnmseffeinf&:br;t virebsityegraded. omcst datg onispecafrodjstilliation wefrs gbaful as oil

ielec f the present
frac“?’?ﬁ}gﬁqe pcfﬁseng?gg}%logﬁfe oX| Ida% jlr%Hr%Qg?abl lity is an
| 'RRQF FidtHer M GREN Hatived bil diaeti@B twerEtehted E‘HS6 3[FEJ7e€(; Tk 10, and FT-

fluids without suff|C|en%>ox'd t'on.§§?€|¥

14. Tttt e RSy FRSUIPRY S6h gt thepardyeation are

showABHoNa8Ple Particularly in the presence of snall
metal particles, which act as catalysts. Wth tine,
the oxidation of the oil can result in sludge and
deposits. In the worst case scenario, the oil canals
in the equi pmrent becone bl ocked and the equi pnent
over heats, which further exacerbates oil oxidation.
G| oxidation may produce charged by-products, such as
aci ds and hydroperoxi des, which tend to reduce the
insul ating properties of the dielectric fluid. Due to
the I ow content of nolecules with nmulticycloparaffinic
functionality, the dielectric fluids of the present
i nvention generally have excellent oxidation stability

. Without the addition of antioxidant. However, when

addi tional oxidation stability is desired,
anti oxi dants nmay be added. Exanples of antioxidants
useful in the present invention are phenolics,
aromati ¢ am nes, compounds containing sul fur and
phosphorus, organosul fur conpounds, organophosphorus
conpounds, and m xtures thereof. The anount of
anti oxi dants added is preferably between about 0.001
to about 0.3 weight % of the dielectric fluid of the
present invention. Metal deactivators that passivate
copper in conbination with antioxidants show strong
synergistic effects as they prevent the formation of
copper ions, suppressing their behavior as
pro-oxi dants. Metal deactivators useful in the present
i nvention conprise triazoles, benzotriazol es,
tolyltriazoles, and tolyltriazole derivatives. The
amount of netal deactivators added is preferably
bet ween about 0.005 to about 0.8 weight % of the
dielectric fluid of the
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present
that may be usef ul

i nvention. An exanple of an additive system
in the dielectric fluid of the

wEe®@sea2sé nvention i s disclosed in U S, Pat ent PADUS2005/042475

6, 083, 889,

i ncorporated herein by reference.
dielectric fluid conprising one or nore oi

derived fromhighly paraffnic wax and one or
addi ti ves may be made by bl endi ng the oi

T
fr

frac

he
actions

nore

tlon

derived from hi ghhy ip#RhEL THopscher@Bdollge one or nore

addi tives by techniques known to those of skill

in the

art. The dielectric fluid conponents may be bl ended in
Prope?tlbl fgte ;I. cp gw ”?,..Ip;?m L:,c Iv!:HFhfl ydl Fa[UbIBUI t‘ljjt_iQ”F FT-14
p0|nt depressant and g$d§ﬂt38§| ?ﬁ %¥%%%? ﬁ%?lf SAPO-
nrn\/ldn the dielectric fluid—|nl he nlfnrnnt_Lulcl the 11
Kmemﬁtlc Y‘F%’(S}t}’ ?)trflo(qGr‘FSFed from-hi th 3Q;§§ af f L3r?r68 )(55:4%7’d 95
Kineragiis Veledisity 9%l 00PCecS! t he pour poil A26depr|dsdnt )| ¥ bel 14.62
Viscobiteldex D2270i al |y and then the f&8%ltind78l end i9dy bel 160
Pour Poiri8iCMDI990a second additive (i /el the-8nti oxi-dant).|-1
Aromdtie, Bitnd of the oil fraction deNoved fimun hi ld.9162 | Not
paraffinic wax and the first addindehdy/e Mayeabe i|sol at ed| meas.
OlefirdbyF46idn NMRNEtxddi t1 on of The $gqond 4agdd t1ve gumy 0.7
NoacOG6HTlifyTRRE arely. Additional O3 The gigiectT|t <05
Anlllﬂe'%llﬁ{b°(f’“ﬁ6“i'lu' Iy to I.IIB [Jl eaelm I IIVEIII.: OfT TTay I1L317t her
U thetr U1 3 l_y[JI L.cury tseg—as
Sln}“lategﬁgg @Ldg )J(E} dlbslﬁé?ﬁgse other ¢ may B
OFlggﬁ 3 8@9 derived oils, nih al CH otkéﬁ7 933
5synthetlc oils, and m xtures thefedf . THe*use |G 'mor g 977
't han one oil allows for upgrad|1§6%f a|l’d8s desilabl g 986
Toproperty of one oil with the addf{fon 9844 seqdBl ojl1|999 - -
T3<haV|ng a nore preferred property89&Exanpl88s of | 948 1009
Taproperties that may be upgraded| @4 h bl|&A8i ng |&58 1020
Tswvi scosity, pour point, flash ang9fire pd®Bdts, |971 1034 -
Ted nterfaci al tension, and diel ect92& bre&§8own.| 98S 1047
Ti;such, the oil fractions derived| $3%m hi|@8by parabfi niiclo64
Tgvax, as described herein, are b|eswed wibi2 one 1013 norie1092
ToPther oils to provide a dielectfogr fluijdosdthen 1850 1153
Tosecond oil is used, the dielectfomp fluidgzaccondyng tjo208
ngtsf(FmeI?&ﬁHgPdnﬂMeml on_can conpr| $ge> 0 19% weilght7 % | 1300
lin@Rankd BEUIRROABORET fTomra i Ny parahhp i T gy and 537
hg&}l Y% second or i —YWhemanotier—oir i s user s
AlfE t ric fluids according to.t pgﬁ 31 760
115 [yention may be nmade by bIendlng E oi | ti 22&
HV%H ?ron1h|ghly paraffinic wa th E‘ o 22
@WFVBH%I oi s and optionally oneoér mor addltiJes 1.8
AWRLARY ques known to those of in PRe art90rhg 00
4- Unsaturatlons -0.0 0.6 0.2
5-Unsaturations 0.0 0.0 0.0 0.0
6-Unsaturations 0.0 0.0 0.0 0.0
Total 99.9 100.0 100.0 100.1
Molecules with Cycloparaffinic Functionality, 21.9 15.8 18.7 23.4
Weight % by FIMS
Molecules with Multicycloparaffinic Functionality, 0.4 0.0 23 2.0
Weight % by FIMS 5
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dielectric fluid conponents may be bl ended in a single

step going fromthe individual conponents directly to
we@emeierse he dielectric fluid. In the alternatP@BUSIN®042475

oil fraction derived fromhighly paraffinic wax and

one additive may be blended initially and then the

resulting blend may be mxed with the second oil. The

bl end of the oil fraction derived from highly

PafyRf (fﬂ thé GYRXTARDadder-i 4 hodre adlividndgd Way oewkigRl BhvEStoplex®
as such or the addition of the second oil may occur

Serieg hfr@cbbrrmtbawylatvh@ow ppint depeesbant  Additipnallys p okt 7 weight % FT-
%)

14 anf 3D RV TS M e RE o TAULRE) ViGER AR BRI £
(polyﬂhieﬁbﬂgzlatd) poiin pmrd dapmsslamc dihe @cbparml:s bf Elmste&dmplds aonghown in Table
1 enbodi nent the oil fraction is derived froma Fi scher

* Tropsch process at one site, and the dielectric fluid
is blended at a site which is different fromthe site
at which the Fischer-Tropsch derived oil fraction is
originally rrade Futhah’érIﬁDP@lecfﬂFeFIB@ﬁponents of the

Pertoim hdﬁ‘“{‘eété cf aﬁéa'tlo,xFStandbfd?jE' STHer=11 J%;Tt'd)ll‘sc,! [ ved R
Orr—tractiot sx‘éw FOET 'ﬁz'%gu' Sy e RS0 A0t 1Y €50 Fr-14
may al| be Cti s95h af 8 {er BfifgoS| L €s. 30% FT-10

-

r'l efer dUI Y Lne |—| %{é}-ﬁl% M%fn ID éska‘ﬁ? Jo.gi j ro:}fii oIy 2

| ) IIU.IIUI d.bl. ur CU d.l. a 1 $h¥v y a 1T'otat 1 Ull

- ..u“. F e i o tatoR—Hay
]Qﬂﬁ ﬁi §38 d? cons“@déplon hah the clost. .of| -
at. Ih r ot L
. T | || C1l LI
%I}ns,:%%o %'5ﬁce of trjansportlation
" At A bhao vicaf i o r\+ M=
I-—E_;:,Id Lf Dézl.lc & I% LA Cf§l45iﬂ‘24;“r\nl T il
Bright” > | Briglt = T Bright o Ig d) oudy .
L AR TR
Flash, Pt IS D5 TiEPSCIr SR T vedgi-—Hsgggnpt act ured—at—ag,
F”eid’d’&t?f(? P KNI T IS o AN IR
et et uod—at S TIGAL ORGS0 4 ho cons as the
Interralc‘fa%?enf“%‘?mte Die or3t o WP rlehot el St e, [PIS | 411
Bt ond s:te receives the IFischer-ITropslch derilved o
Nem Tlé% ?1,/ Jdi 1 |%93al o8, andfHel QU ti[\PeB0 TrPe024
ﬁym t.;% fyid—i-s—pprufactured-lat thi s secdnd sitle
DlaSt W’é@mThe Phvent foh wi ||l Pbe fdr 2% Expl ai|dd by 2
ol :_! ! L;t:ﬁaf: \vlt'\ r\van%es ¥ha¥ are i I"\At'ﬂh od
1o be a¥a¥al L ‘:’n ti ng QQ}EE%@CEFPPWIFM ot d o
D‘el é_/,’ga‘i%‘lkd%p%ﬂ prod@ftt ned@e-¥sing a Aetbased 46i scHed-
Dlss1pat10n Factor, %,
D924 o
: . @25°C | €0.05 .05 <0.05-0.1 | * 0.011 -0.003 0.023
-@100°C | €0.30 .30 0.30-1.0 | 2.5 0.25 0.26 0.18

* No Specification Available
' The three samples in Table III exhibit properties making them good non-limiting

examples of the diclectric fluids of the present invention. In addition, the blend prepared with

FT-10 and FT-14 also has very high flash and fire points, making it a good example of a high fire
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Tropsch synthesis catal yst and a Co- based
Fi scher-Tropsch catal yst were anal yzed and found to
whamwe/ 060286 properties shown in Table | . Tabl e |PCT/US2005/042475
Fi scher-Tropsch Waxes The Fi scher-Tropsch waxes had a
wei ght ratio of conmpounds having at |east 60 carbons
atons to conpounds having at |east 30 carbon atons of
, |l ess than 0.18 and a T O boiling point greater than
- poi & oSN EERE HR efectiveness
pmntg%g%}nscgmggfghg gﬁsglgtlp%ﬁggtn yg%%@% catal yst which ]
ofrelatdmrd)asmuarb@mvedrpomﬂmqwl@@ BowitpwirPderypssant ahradueing pour point.
u ort C r 6
. é’g@?et% % ent inve l?a%%a%d cgc{:%?réﬁ’g? evggf f‘e\p%ur%g é% Z %m@i@%&n odiments, .
this aﬁﬁlﬁﬁtlbrhfsdmgﬁﬂehyd b@@e thosatazion$ climapeseand sBbsimdions that may be made by
VBCF/ bbl he react effl uent sed directl
those Of ppstinpry %‘ﬁﬁt"bﬂ’e a&wélg*oat PaBHe 5@?1; ?‘G\R}H‘F‘EF\“ S&ﬂ?%?fffga appended
claimPt/ Pd on silica-al um na hydrofinishing catal yst.
Conditions in that reactor were a tenperature of 4500F
and LHSV of 1.0 hr 1. The products boiling above 650F
were fractionated by vacuumdistillation to produce
oil fractions of different viscosity grades. Test data
on specific distillation cuts useful as oil fractions
in the present invention are shown in Table I1. Four
Fi scher-Tropsch derived oil fractions were tested:
FT-6.3, FT-7.5, FT-10, and FT- 14. Test data on the
specific fractions useful as the dielectric fluid of
the present invention are shown below in Table
|. Table Il: Fischer-Tropsch Derived O lsTwo of the
oils, FT-10, and FT-14, were each blended with 0.2
wei ght % Vi scopl ex(r) Series 1 (polynethacrylate) pour
poi nt depressant. Additionally, a m xture of 70 wei ght
% FT- 14 and 30 wei ght % FT-10 was bl ended with 0.2
wei ght % Vi scopl ex(r) Series 1 (polynethacrylate) pour
poi nt depressant. The properties of these sanples are
shown in Table I1l. *No Specification Avail able The
three sanples in Table Il exhibit properties making
them good non-limting exanples of the dielectric
fluids of the present invention. In addition, the
bl end prepared with FT-10 and FT- 14 al so has very
high flash and fire points, making it a good exanpl e
of a high firepoint dielectric fluid of the present
i nvention. These exanples al so denonstrate the
- effectiveness of relatively small anobunts of
pol ynmet hacryl at e pour point depressant at reducing
pour point. While the present invention has been
described with reference to specific enbodi nents, this
application is intended to cover those various changes
and substitutions that nay be nade by
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those of ordinary skill in the art w thout departing
fromthe spirit and scope of the appended cl ai m WHAT
WO BocoédED |S: 1. A dielectric fluid conprisiPQr/usIes/042475
or nore oil fractions having a T90 > 950F;, a kinenmatic
vi scosity between about 6 cSt and about 20 cSt at
100C, and a pour point of > -14C, wherein the one or
nore oil fractions conprise > 10 wei ght % nol ecul es
wi t h nonocycl oparaffm c functionality, < 3 weight %
nol ecules with multicycloparaffmc functionality, and
WHATSIEAMED IS0 wei ght % aromatics; and wherein the
dielectric fluid has a dielectric breakdown of > 25 kV
as neasured by ASTM D877. 2. The dielectric fluid of
cliai m A diwbgrieflnididoempeisiagor nore oi | fracti ons is a
Fi scher - Tro sch SSTerlved oi | &ﬁa fl},l
dees eicneieQiliraghensiieving T z 25\ife RS Viheb g berpien 2bout 6 oSt
and aB¥uk 26 EQCH: 11007 ; GRIPpbeDomt 8 S -eicght % nol ecul es with
mul ticycl oparaffinic functionalify. 4. The dielectric
f mliergirothe ehapmmare aieactipis omwrigha 18wenght & wiojecules with

monobEAALEARS SIEAAR. = o B R B8 ot e
functibh&lit}d aod last tham0 B0 wdight &6 arotrladic amd or rmr e oil

Ctl c rise rat.i o af vve ht°/
oiic R BisaTi e €0 GriGt bR o2 TBY R Trsgired by ASTM

D877nDI ecules with nulticycloparaffinic functionality of

greater than 5. 6. The dielectric fluid of claiml1,

wherein the one or nore oil fractions conprise a ratio

05 wei gﬂé?( REIFIEEN EimA, wlemﬂﬁwﬁ& emmfa‘ul Rcfions is a Fischer-

functiona to wei ght % o6f nol ecules wit

TrOpsnlmdetm@gi@ildpamaffl nic functionality of gr eat er than

15.7. The dielectric fluid of claim1l, wherein the one

or nmore oil fractions conprise a ratio of wei ght% of

mal e c uTkesdielet thic fanbefotdimpia ik feimthe oﬁ&lﬂxcm'bﬁnﬂ frdcyiohcomprise <

ht%of nol ecules with pultic paraffinic

2.5 W?‘&lht %ﬂ“}etswg‘fmwl@é’ﬁ%‘“ af i § ‘S’GX ?“the dielectric

fl UId of claim1l, wherein the one or nore oil

fracti ons have a T90 of greater than about 10000F.
4. The dielectric fluid of claim 1, wherein the one or more oil fractions comprise <

1.5 weight % molecules with multicycloparaffinic functionality.

5. The dielectric fluid of claim 1, wherein the one or more oil fractions comprise a
ratio of weight% of molecules with monocycloparafﬁnlc functionality to weight% of molecules

with multicycloparaffinic functlonallty of greater than S.
6. The dielectric fluid of claim 1, wherein the one or more oil fractions comprise a

ratio of weight% of molecules with monocycloparaffinic functionality to weight% of molecules

with multicycloparaffinic functionality of greater than 15.
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9. The dielectric fluid of claim11l, wherein the one or
nore oil fractions have a pour point of > -12C 10.
wabmedébectric fluid of claim1, wherein the PCT/US2005/042475

dielectric fluid has a dielectric breakdown of > 30 kV
as nmeasured by ASTM D877. 11. The dielectric fluid of
claiml, wherein the dielectric fluid has a dielectric
breakdown of > 40 kV as neasured by ASTM D877. 12. The
dizel ectrhé Giefeottichdd o£d1AM, WhedieihgioRe bhRofl &1 R&dtioh€comprise a
fluid has a fire point of > 3100C. 13. The dielectric

ratio ¢f] waight¥fofanalgqules withhmerqcpiclppasaffinis) fapgtionality |towgightys ofmolecules

ectric fluid of

with %{‘lg‘?%ﬁ%a%g‘Féu%C%tgﬁ*’q“%g’é sl 0ot Tl o

poi nt of > 2800C. 15. The di el ectri c fluid of claima1,

B0 1 1 ngedieletts Bhd PEToh " ST e @ or Bt G Bictisns have a To of
greate;ﬂlﬂﬁlnaﬁbﬁtH@(){)dFlJl d of claim1, further conprisi ng an
ef fective anount of additives.17. The dielectric fluid
of claim 16, wherein the effective anbunt of additives
i 9, l esgpd Hl%fécﬂ-lcvt’ﬁflcggitcla/?n llgvhe;gﬁﬁthg'oﬁcl: §tcxt115fecolfflréé'tlgn§)l§ave a pour
claim 16, wherein the addi'tives are selected fromth
pointgfbuki"Eonm sting of pour point depressants,
anti oxi dants, metal deactivators, and m xtures
thereof. 19. The dielectric flui d of claim 18, V\,herel n
t he. addhé digkcirie faidoiulaimol, mhefbirpthe diedsotricadd hlxea giolettric
oint_d ssant is nt bet ween about 0.01 to
break ‘tf?l?(gi;mé?ﬁl’??swﬁ l@OAgﬂ{IeDng Telectric fluid of claim
- 19, wherein the pour poi nt depressant is selected from
- the group consisting of )é;é met hacr yl at es,

pdlyactis él@l@gtﬂcw%fcqwmalm kein the d@@@mﬁlmﬁ hps adileetsic
break&’Jer@ﬂﬁ’P@f&@faE %ﬂ{) gpatic conmpounds; vinyl
car boxyl ate po yrrers terpolymérs of dial kyl fumar at es,

vtnyl_esters of fatty aci ds, and al kyl vinyl ethers;
ar11£j m ”i‘ltt Isectrlc ?{UICP of claim 1, wherein the dielectric fluid has a fire point of >
310°C.

13.  The dielectric ﬂuid of claim 1, wherein the dielectric fluid has a fire point of >
325°C. |

14.  The dielectric fluid of claim 1, wherein the dielectric fluid has a flash point of >
280°C.

15.  The dielectric fluid of claim 1, wherein the one or more oil fractions have a 5-95

Boiling Range Distribution of > 150°F.

16. The dielectric fluid of claim 1, further comprising an effective amount of

additives.
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21. The dielectric fluid of claim18, wherein the

additive is an antioxidant and the antioxidant is in
wamoanarst bet ween about 0.001 to about 0.3 wPET/BR2005/042475

The dielectric fluid of claim?21, wherein the

antioxidant is selected fromthe group consisting of

phenol i cs, aromatic am.nes, conmpounds contai ni ng

sul fur and phosphorus, organosul fur conpounds,

organo ﬁ?@ BRALUR MRANBOUREST6, Mhereifl tht UIBSive RBIOBRT of additives is less
The dielectric fluid of claim 18, wherein the additive

than | weight%t al deactivator and the netal deactivator is in

an anount between about 0.005 to about 0.8 w % 24.

The dielectric fluid of claim 23, wherein the netal

daact | Tat diclacsicsli@of dainf 16 mhbiven Ge adkptmemnase sdlécagl fodm the group

§oles benzotrlazolesd EX 1rla h £

conswtarg PPV LRYI depfesspitstany axidants, pigh mﬁn&mfsh adgjxtursg thereo

The dlelectrlc fluid of claiml1, wherein the one or

nore oil fractions have a sulfur content of |ess than

109ppmThe dielgwicdiuad ekelpinel & wiersinthe addifivg 15 a poyF pejaidepressant

and tl%%ﬁpégp&‘pﬁeﬁaﬁggqg ﬁr? hrlnourl% ?)etw-lelgr? algjdu‘te b ?ttd hlgouft I1 W \r%l Q(t %.

e one or nore oll fractions
conbined with the second oil have a Boiling Range

Di28.t ri %E Idl%[]ect(ns f? d of cla1g1r F9a %erem He pgl?rop%tintzdggr%s:s'ant is selected

from the group consisting of polymethacrylates; polyacrylates; polyacrylamides; condensatlon
products of haloparaffin waxes and aromatic compounds; vinyl carboxylate polymers '
terpolymers of dialkylfumarates, vinyl esters of fatty acids, and alkyl vinyl ethers; and mixtures

thereof.

- 21. The dielectric fluid of claim 18, wherein the additive is an antioxidant arld the

antioxidant is in an amount between about 0.001 to about 0.3 wt%.

22.  The dielectric fluid of claim 21, wherein the antioxidant is selected from the
group consisting of phenolics, aromatic amines, compounds contammg sulfur and phosphorus

organosulfur compounds, organophosphorus compounds and mixtures thereof,

. 23. The dlelectrlc ﬂuld of claim 18, wherem the addltlve isa metal deactlvator and

the metal deactivator is in an amount between about 0.005 to about 0.8 wt%.

24. The dielectric fluid of claim 23, wherein the metal deactivator is selected from the
group consisting of triazoles, benzotriazoles, tolyltriazoles, tolyltriazole derivatives, and

mixtures thereof.

25. The dielectric fluid of claim 1, wherein the one or more oil fractior.ls have a sulfur

content of less than 10 ppm.
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26.  The dieléctric fluid of claim 1, further comprising a second oil.

27. The dielectric fluid of claim 26, wherein the one or more oil fractions combined

with the second oil have a Boiling Range Distribution (5-95) of greater than about 200°F.
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