El ectrical Insulating G| Conpositions and Preparation
Thereof TECHNI CAL FI ELD [001] The invention rel ates
wQ@menaiisey to el ectrical insulating oil conposP@T/UsN8/068180
and nore specifically to electrical insulating oi
conpositions made fromisonerized base oils.
BACKGROUND [ 002] Electrical insulating oils (or
sonet i neklehiidad dntudiiog ldaimpistisdnsomd RiepasftoniBrercof
oils") are essential in the transm ssion of electrica
power. They are manufactured to provide extrenely | ow
electrical conducti vi ty,rnganing . wiitihy hi gh resi st ance
aSS|n? an electric current. Also because
t r ansf emﬂ hgllel metmiceirtipogensratiss cheegebinsdeaty of compesitions,
< ectr ulat re required for
s sty Pl el i TR i Pharsnerived
r egidi- hegent s, speci ficati ons were devel oped to ensure
that fluids fromdifferent manufacturers are
i nterchangeabl e, including the Arerican Society for

Testing and Materials (AS nt ernational

El ect rot echni cal Conmi ssi g%& %‘I{"ét’§ l\t‘he British

St andar @}{;ﬁgsﬁk@ﬁ‘éaitihﬁz {APRTTRR | SPSGIELEALLARS RN SIAUO L,
DE 0370 03] Electrical |nsulat|ng oi | conp03|t|ons
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t heni,c 0|I)~ é etic PAO (for paly a-alefi
or PRrecired ¢ RerbluEhaboRseTahr bt ke D e Graps O bich
ar 8:R6080GALEQ08 8510 cRASE. LQAKkS.AEVSLaReH RLNay
American PetroleumInstitute (APl) for the purpose of

cr etaibr». ;gu&ti ekalnd defipricbasd ioivksing The apetquolcdiim bas edoimg
oils on s tisfactoril but. they are _not readi
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1003] Electrieal insulabing ol compositions in the prior art typieally smplov a
0 Group LL IV Guapthenie oil), a syathetie PAQ (for poly g-olefin) or mixtures

thereof as a base ol stock. The groups are broad categories of base stocks developed
by the Amernican Petrolewm Institute {APT) {or the purpose of creating guidelines for
base oilx,  The petrolenm-based oils function satisfactonly, hot they are not readily

hodegradable.
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HH04] Recent reforming processes have formed 4 new class of o, e,
Fischer Tropsch base ofl (FTBO), wherein the oil, fraction, or feed originates from or
ts produced at some stage by a Fischer-Tropsch provess,  The feedstock for a Fischer-
Tropsch process may come from a wide vardety of hydrocarbonaceous rescurees,
wnchuding iomass, natural gas, coal, shale ofl, petrolewn, maonicipal waste, derivatives
30 of these, and combinations thereof, Crude product prepared from the Fischer- Tropach

process comprises & mixtore of various solid, Hadd, and gasesus hydrocarbons, which



i ncl udi ng bi omass, natural gas, coal, shale oil
petrol eum nunicipal waste, derivatives of these, and

W@ 9bodasé ons thereof. Crude product prepared PEDIS100&068180
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Fi scher-Tropsch process conprises a mxture of various
solid, liquid, and gaseous hydrocarbons, whichcan be
refined into products such as diesel oil, naphtha,
vvamn F:aﬂdﬁmﬁew ivditdsupb s dlestimilorardpecivak tyni ptiodiiqes.
} n a qynbﬁr ofU%atent publ i cati ons and

apb1 “é‘ai“i‘bhé” e ITS52006/ 0289337,  US2006/ 020 185 1,
US2006/ 00167210 MS20PBL 00 A8R2AnlS20064007626%.
US2006/ 0 O 85, US2006/ 013210, US2005/024199

US2085, 836772 @8\" US2006750 1 895! 1(3} HUs2008/ ‘*@1‘8@@1‘&@??4,

US5004K036% 1 ae! STRBOR/ 8261 L4k 0 (RE00ATOU 158509

USyi@18926; 7457 0830030 1 U AP PlRb @t onvs Pe i noNes 2340w,
11/ 400570, 11/535165 and 11/613936, which are
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under hydroi soneri zi ng condi ti ons: [ 006] S. Pat ent
Puﬁhtcaﬂb@nmmmsm<£ﬁ@5%$iU$321ﬁx@m@@ﬁ@@@ﬁ@ihiﬁalga «Mhhﬂaéhﬁ

sclose djelectri conprising Fi.scher Trop
baééf“%ﬁ%?*s ‘\\/M‘édé“%gléé‘gm“ %%’Iggé‘és”%g HHgHT gk H‘a‘t"mb*ﬁ’ llon zone

r e§h&h AlkroQblheRERdUGASubQr Use as for a transformer
oil or a switch géar oil, the conposition conprises

one or [AMe bdséainl Bulseheat Bds. f20000NM abahd depaYeid>12

napght heni c. bas n1nera|-de ived paraffi
el DR 1 SRS ST et 1RBT 8L G B8R s

t h@x\p@?@s dodvl’b haasub) eotas dithRaGha: ke %tfﬁ%‘hﬁﬁé?onm; oilora

renmove pol af conmpounds fromthe oil formulation. [007]

Therech saacsithd Iwnee@mm mrapxiﬁl-a ect pi mate hansolia {aimgdd“rdm
hayLn duc dency ved corrosjon
pr 8t ”gﬁmgh‘&q@%‘& st Toroaesr 4hsH ppgpjfic base aits, ar Fischer-

Tropsch derived base mis, whereirithe bage o1l 15 subjected to a clay treatiment 1o

renwve polar compounds from the ol formulation.
{0071 There is a still peed for an electrical tsnlating oif having redoced

eassing tendency, improved corrosion protection, and excellent blodegradabiiity.

SUMMARY OF THE INVENTION
{GO8] o one embodiment, there 1s provided an electrical insulating oil
compasiiion in cormnpliance with at least one of ASTM I3 3487 - 2000 and 1IEC 60296
~ 2003 and a bodegradability of at least 30% ax measured socording to ORCT 301D,
the compesition comprising {8} a lubrivating base oil having consecutive numbers of

carbon atoms wied has less than 10 wi¥ naphtheude carbon by n-d-M; (b 8,001 o 10



SUMVARY OF THE | NVENTI ON [ 008] I n one enbodi nent,
there is provided an electrical insulating oil

W@ 09polsé on in conpliance with at | east one oPCHBIIVDENG68180
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3487 - 2000 and | EC 60296 - 2003 and a

bi odegradability of at |east 30% as neasured according

to OECD 30 ID, the corrpositi on conprising (a) a

| ubtti*eatlioamys ba@éf’m feldvad fngn sonsBOut parsagiupb exigatgfn intubitor,
carbon atons and has.less than 10, wt 0/ na ht he q Coe
carbéﬁr ibip g oan HREMM( bj 38 % nb@'ls\v {, EI}.GV‘}[! (% ’f'i F;eésxt)‘d é‘.»ﬁ.m.ma;ﬂ.oi? anii-
addidilve a8k aghiedhkoman.addi tive package, an

oxi dation inhibitor, anti-gassing agent, pour point

depr ess &y} ﬁ*emai“inm eubtilvans thimetaric pmi(ﬁmg o composition
antifoani ng agent...and mx her eof .

anb’t”l}féir]“iér:rib% ﬁeﬁ'fi}i ut\ é&ie[a i%tura%ac 1 \dﬁébli ghllgrirv,a,mh, tor and
Co'ﬁ@@&k& LR 69 WR' Basr helnean 0004 athBe ]a\\m » ant@rcidant,
triazole derivative as the netal deactivator and 4

bet ween {D.{001n timtlicrwspectoit ofocatea] isasdttiramibromatiten having

am ne as t ant i oxi dant 010 t her an
ol SO Pt et e P g 014 bomBbdieF BRTRAG 1o oirtst fopessured

suh&hy&m§ Qr O8O 0¥, Qhe6LLan: ra deod Q%DQ@I@&M t;,ygmpzatz
| east 30% as neasured according to OE
meetipgpihECBO286:: r@hmhﬁ@n@n@s&mogbhwrﬂ e@iiw@m@z n»imiwei s of
conposi tion c ri cating base

ha\‘/f”"‘éb‘ﬁ?eb‘a T L}"*hmi’beeé“ ‘f“*‘é‘gihbé‘h‘-éft\ 13 a‘rﬁj%é‘%‘ 6.001 ta 1wt
| e85 ot Rad19+WhXb:-nRRLENENK 6 SAKINRRc MR BriVhy ((P00106A0: 94 o
to 1wt %of at least a triazole derivative as a netal
deatkisvatergmandaficd a0n00tickolali. wt . % of at | east an

aromati c am ne as an anti oxi dant. DETAI LED DESCRI PTI ON

[01 1] The following ternms will be used throughout the
speaifigati opsapgewihl have the fol | ow ng meani ngs

unl ess ot herw se i ndi cat ed. [012] As used herein, the

terns electr Hézalif‘s knsog arimngidbl p d"ihman&f»@m‘rtemo@ht giion and will

"di el ectri z\ uid, " "t rﬁnhgf fr_m:.ﬁrwfl id" may be used
i nte¥chaly&nsiy “t"élﬁlé‘if*f PHESCO AV EEAFEENS on” t hat can be

used forpj ﬂsl”‘l\ﬂkk@&zémcﬁw‘éll&ﬁﬁ PRWSLans g n%t\{ 10U @R rmer o1l
el ectri cal equi prent, and neeting electrical

i nSuleatir n:g‘izmi f sp@m:ﬁlm aiiomsayardist@ stidr n&gmpmiﬁ\o colkiring to a

defined . Aner i c, SOCletnyI‘ Testi ng f‘ o
Mat BFiPaT gm( @*I"M‘ [5_’33& ;3" Mi SRR/ couiing power Jud distiibution electrical

equipmend, and mesting elecirical insulating vil specifications and testing protogo!
efined by the American Society for Testing and Materjals {ASTM D-3487) and the
Furopean spevifications 8296 as defined by the lternational Blectrical Comundssion
{1y
131 "Fischer-Tropseh devived” means that the product, fraction, or feed
originates from oris produced at some stage by a Fscher-Tropsch process, As used
herein, “Fischer-Tropsch base oil™ may be used inferchangeably with "FT bage ;al)”
CETROLT G base o7 (OTL: gas-to-liqud), or “Hischer-Tropsch derived base oil”
{014] As used berein, "somenzed base o refers 1o @ base oil oade by

isomerization of a waxy fead,

Lz



Eur opean specifications 60296 as defined by the
International Electrical Comm ssion (IEC). [013]

WO Eiogobrase Tr opsch derived" means that the prodeCI/pS2008/068180
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fraction, or feed originates fromor is produced at

sonme stage by a Fischer-Tropsch process. As used

herein, "Fischer-Tropsch base oil" may be used o
i nt er chéﬁ@éa‘tﬁl W@vﬁ"‘tiﬁﬂ‘" FW‘@asﬁé‘%i 3 'Yipl‘"ﬂﬁ‘“«TE@?ﬂ‘%"‘ SGFE chageaiins.
oi | GIL: LO- I or,.. Fi.SC [o] ,sch“de{r i ved
pagi G PRT i Ve B el P B SOa Daedig T

r efnar&\ o tabase ‘@w o TRAET DY SaNRLhZAl Bnqm Qfuh B WAXY, the wasy
feed.[015] As used herein, a "waxy feed" conpri ses at

| eésﬁ 10 ik vt paar ik gt v«m orEsBpbH A mn‘b* thehed waseyioial
ano(t ﬁg%nepwmegnng tl?n nt* nw *q'%e% 3%\‘# &5 {Sﬁ?a’f’?h‘ Examples

er enb gr éat
| NooReenbedi:meat sludihea V&@X@{,oﬁ‘&@@la@l ﬁf@\zﬁaﬁ?;‘t&@d $oolsQWs, waxy

| evel s 'of nitrogen and sul phur, e.qg., l ess than 25 ppm

t obB¥icHD Abitnags.Ar muﬂ@t@em@m@l SRS O‘rmmn@tihe:ﬁ i chemical plant
enmbodi ment,s p Exarrp es 0

nerbteeer s Ry s bR B PE R iy e R Tropsch

f 0Qki&e:QbdSmivaxY tHotbirl GaRk: FablliRakes:: \’U’xﬂq{&f fib R & pour point
waxes, NAO waxes, waxes produced in chem cal plant

pr pEgssesthiay 8010 .ol peteotabuditeri yadtndxe§7C.

m cr ocr yst.al xes,. Fi scher Jropsch ,waxes e
mi xt ur eg?’t he$ i }T:‘h“}owg'L%ﬁbédf‘ﬁPéhf‘E?’f‘ﬁg RRKS ge&% 5 o An
havenripai: @%xﬂﬁm@fmgzﬁ@ﬁhe&x H:0AN G0 arl i @RQB&!@&E specified
enbodi nent, greater than 60C. [016] As used herein,

" p@wrf:tp@h ik %@u@mgsi 51»@*@@1* @@mgﬁ‘eﬁmf zi r&@iﬁ@r\si 2 mara*o it of

V\Eliug lti, giﬂ‘éha}\\aﬂgpg ‘1%? rLe iiasé'i“rl eeFB il'iiaf.‘kyll & % I}",]‘giriﬁa hCS Q?iﬁ:"’ C‘ lend

t heapheethe dis el thak Piihlﬁl%ﬂcgs‘t s8.her peuT, {iﬁ’okﬁi 294 Patent
| ubricati ng base oil blends containing it. Exanples of

a ﬁi@uiwpm“ dGEF g HIENY! . c onporenint a:rd@ueip\@binese@twﬁpm can
D, S (2 A R R i

r esslwx‘;h;@g tRlendiscponarenin¢ anxbeaindl AN ol $pnesrﬂlna@@b\,a oif having a
Fi scher - Tropsch derived bott oirs product 2) a bot't ons

Yy

pr sdwoetiprspatied! 1H6M divt icgﬁmomiz\e@irhi\ghi Y fwaix potyetiylene
mneral oil, or 3) an isonmerized oil having a
ki REYRYi c Vi scosity at 1OOC of at |east about 8 mm/s

nade frompol yeLRYLRNE the 10 percent point” of the boi Hog range of a powr
point reducing blend component vefers to the femperature at which 10 weight percent
of the hydrocarhons present within that cut will vaporize at atmospherio pressie.
Suntlarly, the 90 percent point of the respective botling ranges refers to the
femperatare at which 80 weight percent of the hydrocarbous present within that ont
will vaportze at atmosphernic pressure. For samples having a boiling range above
HOOO'F (338°C.) , the builing range can be measured using the standard analyiieal
mwthod D-6352-04 or st egnivalent. For samaples having a boiling range below
TOUUTE (338°CL), the boiling range distribusions 1n this disclosure can be measured
using the standard analytical method D-IERT-06 or iy equivalent. It will be noted that

only the 10 percent point of the rospective bodling range is used when referaing o the



plastic. [017] As used herein, the "10 percent point"
of the boiling range of a pour point reducing blend

weuwpomant refers to the tenperature at whi ch ROI/UE100$1068180
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percent of the hydrocarbons present within that cut

wi || vaporize at atnospheric pressure. Simlarly, the

90 percent point of the respectlve boi i ng ranges

r efay smtwé f«ﬁé“tweﬁﬁm‘aﬁ eyt @ha@@'fmérighstmp ﬁ@ernft product,
\(/n;lpté)?' | ‘Zie \g\{*ggér\‘uwo}p%é&mm R ‘&‘égljE‘Sﬂﬂﬁthﬂu“gﬁc«}pf { nu télf M é}i ‘a‘ upper
boi:Litng ﬁﬂﬂ@@Lﬁb@VG 1000F (538C.) , the b0|I|ng range

can be neasured using the standard anal ytical method

D- 6352- ¢4 %r Nupgnaguitseatignes « Fepsusanplt @sr‘mm Fighmresistance to

bo'ﬂ' I\»%n L @NY mp? *QH;I (g’qs(ﬂgééqg k%{;bfe%g ‘l ng range

di stri bl ons’ osure Aeasur ed usi ng
t he st angay d’\f‘aﬂﬂliﬁh@& (et hod «Ppa887 108185 b indicating the
equivalent. It will be noted that only the 10 percent
poicHeciof “tﬂ?iéﬁréispé@tl&‘«\ié’ o kitemghie angeity of Used. Wiehigher the Vi
ref ”'thtRwﬂ@je*Q‘?m? p0| nthreduc n b nd _conponen

st FOR Dot

t hAE T S50 AT SR eY P SREETYE i\‘"”\m

It idRx GI@H\V\%d\dﬁ&@kﬂl@zoh@t‘bﬂmﬁEfI‘ZcW%t‘l on whi ch makes t he
90 percent p0|nt or upper boiling limt irrelevant.

[ 018] " P@‘Werfm frerapkggosieitor ppapmeasoreneits ¥ meéz/ s
Lhe 1 XSit‘?.qn(é‘*eF 19, flowof wa fluid under. rav Y < ot
ersrniian ) AL OBk S by MRS o fRippiorerics o

( VEinicgti @b REBHE LRk fow Bintimt88S 2Ry akers }mdw&t v m\vﬂh@m;mcd
ef f ect of tenperature change on the ki nematic

Vi §’C®‘s‘1at\§”bf“‘t’*h@ oi | . The higher the VI of an oil, the
| ower |§§§ﬁe

t
ot LG RS RS L R e it by

ASEM:aid2 5\3@?1@4{“ wl @201 S0k doitank i ng s iUl atef ~8RPAL Mhee
viscosity (CCS VIS) is a measurenent in m Rk pascal

seébmémuﬁpé wuppurelastfdct hdaringe Braeriien propefdiredy Gas
llligik}:)rmcgnt}l ng. base oils under | ow tenperature and
h| é’ﬁ JHESHPECS VIS is deternined by ASTM D 5293- 04.

[021] The:oiNd:bgvERNEe™ @L'&M!@U\ttﬁ@@;e@iuhﬂ'ﬁ‘é\P:k,l%\ibg}/m,mm
W% is defermned by Sinulated distillation (SIMIS)

acCﬁﬁﬁ1hg*ﬁ@ﬁﬁsﬁwlia6352m©¢:”@BouhﬁhguRQWQeﬂmw‘ﬁautﬂdwn
througl it for 60 pun., messured according to ANTM DEBO0-03, Procedurs B,
102371 Brooktisld viscosity 1s used to determine the internal fhud-friction of a

fubricant during cold temperatore operation, which can be measured by ANTM D

{024] “Pour poiet” is 8 measurement of the temperature at which a savuple of
base oil will begin 1o Sow under certamn carefilly controlled conditions, which can be
determined as described in ANTM D 585002,

FOZS] “Anto igniton temperates” is the tewaperatore 2y which a Sold will
ignite spontaneoualy i contact with aiv, which can be deternined according 10 ASTM
63978

F26] “Lan” refers to natural Togarithim with base e



Distribution of PetroleumDistillates in Boiling Range
from 174 to 700C by Gas Chromat ography."” [022] "Noack

wai0anddise y' is defined as the mass of oil, expCEESWAL/068180
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in weight % which is |ost when the oil is heated at
2500C. with a constant flow of air drawn through it

for 60 mn., measured according to ASTM D5800- 05,

Pr oceduffé‘B rozsy CBriéfeikﬁi ‘ét o vnsn@tvs; it yibli!@i‘ufsiéd‘ o properties,
b SR80 gL RAD B Mol b OB B bR e .

WE&SM‘LQ@E@QM A@TM’}& RR3r Odoe I Q%ﬁ’r}mmﬁqmﬁvs@&h}mﬂ hih@er@movement
measur ement of the tenperature at which a sanple of

basaivakR shfing obwdiin: e *M%ovv"i gHder cos Bt n“‘taneiﬁmu yi with an

ggg&{”?ﬁbféequﬁoﬁﬁm %ng% tad*? Lo bg% ins Utné;\{n glg .t i fvé;s‘s figared with a

t eppPRERY UL i idSide H.anRara; B:E 82 at} MRt GhoRafat MW ;131 46 mn
gnlte spont aneously in contact with air, which can be

detizirigiagh ém@oiﬁéq {frgutt éi‘s&\s?w%@ws he[sozbalt wnt disefer s

to.natural .l ‘ar|t4hmvv|thb o ‘[027] "Traction ;
cod ?F%%”gn ¥ n| S 1 REP ST o f?ii.'TP‘n’ J““ FUrT cqipd o stide

Pr eperdihes 4o exREessat: Red bhen dibwBRsi ont aasm&@tq&;@fsd as th
the friction force F and the normal force N, where

fr |~i&¥qf@m iw shdies e ivive fhﬁf»csm&@ndml s H gt gt e mean speed of the
no or .hinders novenent. .

PTG €8 e B R R TR i B Sh B s ur e
Wi th an eV A8 z@«Q:Bl1@ﬁa%@&ﬂéﬁﬂ&@hm§%§h M:f bOMUBRS” means that the
I nstruments, Ltd. , confi gured with a polished 19 nm

d| érrmttei‘lbailait\i(tSAEnAn@b d@%@@n st»éeh)» anglsgdugat c22Gongumbers,
SAE Al
St é‘éﬁ‘)w’iﬂ‘fh‘gm t}”éérg Eéﬂn Q@éﬁﬁk& T k‘q“ e F}’I‘d‘é‘béw em&%};‘“ oil may have

MEASHUELHLAE mA:caNe kRGN Rl L0 1§08 e 8fnd NBLAIS: P8X cvary
second, a slide to roll ratio of 40 percent, and a

I oaeifb@ff nﬁmhmwimnsmﬁh@ sleartaninged fv@i@e‘ffl*iﬁteieh\asntiﬁé:* from
en the ball and

di \‘?‘i““e"ggﬁa“ ‘ﬁ%bﬁ%ﬁﬁh‘*’n‘gﬁ‘ & ‘6tfc“lf%ﬁ}é‘ DA “ARGUHFIRETY Ve o ‘7?“’ WaRY
 Olededradldd 10 ing (CARAR e RRRRIAN Y aftIpaedhs. HERRQEE ﬁ,@m Fischer-

[028] As used herein, "consecutive nunbers of ‘carbon
at dagschbadrecarhat xxtul:ie?\h reaction, the sowee of carbon atoms i3 €O and the

,‘n}-’cix's;s{:m‘&:m‘a molecules are built up one carborn stom at a dme. Petroleum-derived
waxy feeds have consecutive wambers of carbon atoms. In contrast to an oil based on

polv-alpha-olefin (PAOT, the molecules of an isovaerized base oif have a more lnear
structure, comprising u relatively long backbone with short branches, The classic
textbook description of & PAQ iz a star-shaped moleaude, and i partienlar iridecane,
which is ilfustrated as three decane molecules attached af 2 contral point, While s
star-shaped molecules ix theoretical, nevertheless PAO molecudes have fower and
fonger branches that the hydrocarbon wolecnles that make up the Bsomerized base ol
disclosed hevein,

1029} “Molecuies with oyeloparaftinie functionality”™ mesn any moleoule that

1S, OF CONTEINS as one or ore substitteis, & monocyedic or a fused madtioyelic

saturated hydrocarbon group.

&



base oil has a distribution of hydrocarbon nol ecul es
over a range of carbon nunbers, with every nunber of

w@2200b00p16anber s i n- bet ween. For exanpl e, the bRESEUSI0D8/068180
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may have hydrocarbon nol ecul es ranging from C22 to C36

or fromC30 to C60 with every carbon nunber

i n-between. The hydrocarbon nol ecul es of the base oil

di ffer HRgin dadtruatshath @yi*w'nigé@utﬁmce*’mum‘@t@‘@tw auy molende
U CORRBL VBT RET L bR LaP b Al ork - gy e cafbons ocany
exammlctic thit it Rev-FiuSehelh « Thopsehdaydiogas QQDEWSMKH}HQ&' Soup of
reaction, the source of carbon atons is CO and the
hydﬁﬁU@ﬁ@@ﬁHﬁﬁi@%®HeS are built up one car bon atontat

a tine. troleum derived wa ave consecut |
nunbers{gg cahﬁb ﬁ%ﬁﬁ“tF géﬁ?F§ @6“5’“ ”Bﬁéé Fmolecule
onpelsyr @kphanek-efic-nabrRPAiredihe: ztmt<>QGutt 1E8f thw BRuore fused

i someri zed base oil have a nore |'i near structure

cor‘rpm @tlfngwémhbl fattiivelbyiingngritaekion meo it smuwt:v’chf’ saturated
: CwaSSIC t ext book d§§cr|9t|qn of IS

"% P“éh‘éb%%t WOPETUI 8 ARET Rparprell & B d‘éb&ﬁ‘é“’
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In one enbodi nent, the instrunent has a dynam c range
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that their peak electronic transitions are al
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pr Q}gli m tﬂ" Y BF? i by 'c:!-B-C IQ\“VER’y’\«Ajlqg 5 xi:\S > »\.gr‘--' S~e *rt: e'd‘3 @; § st Sty
Dot SERL AaGr PEYIGES Ty, MY Ayl-GnLBaPBERE oL i o g anothe
f OUmLORIIDE 8::GRHRENSES BYRY: I AW e 1 endy GEQURs Ak iRmatic viscosily
branch (represented by a NWR signal at 29.9 ppm anong

t orhliCarbbrsnds’ @sitimatred. by NMR in the liquid

hydrocarbon conposition. The measurements can be .. .. . .
per f or nélgﬁ}d Slf“ﬁ)gg aﬁ%ﬁ-’\‘-’fﬁtﬁ'}‘ff é§}\i .\Wkgﬁgfzg%ﬁ% U5 ade }% & Process in
SPREHHORR LS 0isBr By PAS-NaYvL Rt RorRIRek: @hificBs fuflfient for the
greater. After verification ‘by Mass Spectronetry, W

or bam KR Istivvey wehelt pacortar b nodtddnsvidr 8 laysentgrothie:
spectral wdth for the | C NWR studies can be |imted

i o%t“ﬁé“}%%it‘b (laﬁt gzdm (iﬁ}agl’{}b gh urséég}l}lg REEEgY a.g m}ﬁe}véi. &8 ]\}é at loast one

(t etsiapmiimnlSichan@liioy S0d i ons (0 28180 Moot MrloBreant molecnies
chioroformdl are excited by 30degrees pul ses fol | owed

by vathngugedondstigebniiacyits ivtsizh pedorm nuflpeudsdeith t o
mninize non-uniformintensity data, the broadband . .
pr 6it\\.g]ﬁul}i§-h{?éiri§{é1:ig é‘f"‘é&“‘él%%é‘ﬁf“f‘-h“é‘&i‘ pau ﬁgtéa}‘ Y m&lxﬁé ¥ g greates than
segs »dal AR vikQskhe ®xal§ atsbon pul se and on during
acquisition. Sanples are doped with 0.03 to 0.05 MCr

(acac) 3 rivsnpdcetylatetongt opuehirohbumeliliHrdabom a process
rel.axati N, agf nt tao. ensur e g_g_li Jntensities zr €. celeutive

obd RIS PTHETBEBTI R YA SRR LA ipe ik e
OUtBC&QkAL PSe il ldiQhBk Ul dSSEALRL § ARSI W 10BRQEation
deviations described in the Varian or Bruker operating
maoasueDERT whdsrDbsdibptd oriiigs s SEFhanGen®itC byin the process, the

Pol ar %L.z_at lon Transfer. .The DEPT ives a

- conditigng 107 hygraizamerizataim fye oon ‘?5 Sieggén)e ‘%wg 58 Ot
si GRAT TG CERFBERS BEHESE o pr BYSHE T BEpTs0 A ol
carBERSARlRERT 3 s howse O, a0d, ChBe P @ngha R 180
degrees out of "phase (down). APT is attached proton
t e$jovkHBINA (31 "t hés mntiaiiad habvwond dattlcaf BOmSYd osbesuling
seen, but if CLI and CH3 are up, then quaternaries.and . .
Gro™ g etbhire TS BRRCRIhg B oisel PYes B L a6 o 100°C
can,Re \elel- s ied Yol 3G VR L8180 tine ASSUMRINAR:! Freater than
the calculations that the entire sanple was  ~  °
i so-pagkffivnioudcEhetiunshpungies ivontehty mayicbahan 030 weight
nmeasur ed using Field

‘Qiﬁl‘i&ﬁf’ii aromatics,

{3437 I one embodiment the isomerized base oif has a Noack volatibivy less

S

than an amonnt caleudated by the following egnation: 1000 x (Kinematis Viscosity
R0, I another embodinent, the isomerized hase ofl has a Noack volatility
{ess than an amocunt calowlated by the following equatinn: 900 x {Kinmmatic Vicosity

)

at 10600 ™

fna third embodiment, the fsomenized base o1l has & Kinenatic
Yiwesity at 100°C, of > 1.808 nun'/s and & Noack velatility leas than an amount
.

- 4ot Fa s vhea el o oy Sy TR v e DI ] '{J"("'E-S
cabrulated by the following equation: 1286 -+ 2 (Kinematic Viscosity at 100°CY 7 +

S31.E Lo (Kanematue Vigosity at 100°C) lna fowrth enabodivnent, the somerived



| oni zation Mass Spectroscopy (FIMS). [042] In one
enbodi nent, the electrical insulating conposition

W@eaopoddass a nunber of conponents, including aeii/ub2088068180
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in a mtrix of base oil. [043] Base G| Matrix

Component : In one enbodi nent, the base oil or blends

t hereof conprises at |east an isonerized base oil

whbets ciiies p&éﬂmﬂii i\i‘\seiiﬁ at HPE°(F phbr Gap ddnofeecnd a with Nosck

SR AR xyrggggeﬁ%\%\‘f’& =il SLerwo*,sschmm

Pr 9Gessi{ v &eDeEnLeRSCHIdEr e RaseyQll SokuilihNess than the
anot her embodi nent, the base oi | conprises at |east an
| sowew wddilbasecaitd mde Tfloma ssuispanttlalily kinematic Visensity
ﬁ nlc wax feed ("waxy feed"). [044]

fropsch derived base oils are disclosed in a
nurrber af1opak ent «RUBLEERL HRNSymd ek NG {:Q (@XM &iscosity at
U.S. Pat. Nos. 6080301, 6090989, and 6165949, and US
Patl BHIC. Ruikirsarios - Now WUS2004/:00 F96T8ALH: iwggﬁ%oilan an amaount
33409 0060289337, Fi.scher-Tropsch processy
el e R I AL e e O
and; BydGEOIRRREE ; f;@nvgxma&d g »nw 18 Qe nxckr QE@LPons ;. of
various forns including q reaction product and a

3y

waxlyineeatt K’mmhoﬁ!am’ O tﬁ%bmfhmbeaz Rgres dostlantip@it yhao the

par, a}ff|‘n| ,c Q4 Jon errqul rmnt\ the i sonerized base

oi FIHAE ncb % VB HUMEFE Yo 'tarbbn atoms and has

| ess t hgm}e gvvtaJ@,;@a&hI RENHE ;GARE0: BYaei s Mack oY) process in

anot her enbodi nent the isonerized base oil made from a

wasyidhabe ehly mrkling I’F’Ht\l i i w’if’soogm tiyedatnd 10@@ b@wﬁwﬂ*a‘ hase ol
e .enmhadi nent .

S e e G iPethad Vo8 Brocatt b g of

hy dr.ics enmrizzat ien \d@e@xmg Hithy %\wﬂ&xqr’ﬂegmaﬁ&ws%nafdh Lk Qs ¢,

sufficient for the base oil fo have: a) a weight

per cent {©F! | ditksneolebedilrgst. Wict ihoratrided dgte whissan @mtwnon

functi onal It

ol esraesi LRt e shbhe e B Pl i € 1.0

f upgtdegnal My eaneatere thani) +ahoa & 4 ki Qhvdigh &ht the buse
percent nol ecul és with nonocycl oparaffinic

f uﬂéfib onalll by etcotmding Ht's perodntvisvokinculiesgwisththan 28 x Lo
cl.o araffl ni.c functi enal ity greater than 20 and
0y RV USRS i afo b BEtur ™S kel
10521 In one embodiment, the isomerized hase ol bas a relatively low traction

)

coefficient, speaifically, ifs taetion coefficient is less than an swount caleniated by

the equation: traction coefficient=0,009 ¥ Ln {kinematic viscosity in msm™/s) -0.001
wherein the kinematic viscosily in the equation 18 the Kinematie viscosity during the
fraction coetficient measwroment and i betweon 2 and 50 mmw's. In ong
ermbodiment, the isomerized base ail has a raction cotliciont of fess than 0.043 {or
fess then 0.021) when measured @t ¢ Kinematic viscosity of 15 mum'/s and at o slide o
roll ratio of 40%. In another embodivacmt the 1somernized base oil hay a traction
coefiiciont of loss than 0,017 when measured a1 a kinematic viscosity of 13 mm’/s and

at a shide toroll ratio of 40% I another embodiment the isomerized base ol has a



28 x Ln (Kinematic viscosity at 100C.) + 80. [047] In
anot her enbodi ment, the isonerized base oil is made

WO e@a0es1pF ocess i n which the highly paraffini cCPUEKSI088/068180

10

hydr oi sonmeri zed usi ng a shape sel ective internedi ate
pore size nol ecul ar sieve conprising a noble netal
hydrogenatlon conponent , and under conditions of 600 -
75®F§w(*3 116 g9gThyn 15 ke ’Jpri?@c}%sfsbmtih@f loonblin . %H‘swiw

Lo i¥t So'rgserl Z&t% o @ {5 A S 33 {1 (2 )&é percent.
coﬁ &t oﬁ ot “t'he corpolrd b81 |nd abov “706 %é?i Y
in the yessifigenkQnGOERAMANE: RN BRLOW HOBE tow tetion
(371C.) is muintained between 10 wt % and 50 W% A
r esodticngtsisborismilived Hdse! @Hmhtas& arekl pedbithe boiding msm In

viscosity..of ) | 3.2 e/ s at i

odbk obtaent By GR pbut F g NERoR: Bon PanopSaa so e

Oi lraBRIRGES @falth @ah el stiharsd-wel ghhoienaheeihes WetBse ol has a

cycloparafflnlc functionality and | ess than 0. 30 .

e itghtic ipér’bmﬁw«@ﬁmu&isﬂ 048 Wi pnEngnyoubydht M B3 52-04

I sQner i zet as a Noack volatility |ess than

an“cial"r%}%)"unit"’u & |Z&%’pby the foll owi ng equation: 1000 x

(Ki nematje Wa%ﬁ@@ et ¥ho@lnehO0Ge)isednefized bike@RALRBE: tow waction

enbodi nent, the isonerized base oil has a Noack

vohatimwny'w@sh%thamuamﬁénmght“Qah@ﬂhabgéﬁﬁﬁ mheding a branchang

follo MAQ% equat i oqf Og (Kinematic V'cqgk; at {10 22,0,

1005153 0 § RIS R 8- SREBUT ReRt P hel TEoingpt Jegival o

basgd le:lm.ha& b iﬁu&eaat o V6088 L, @l 500G mOk iR 12808 has at
‘/s and a Noack volatility Iess t han an anount

cal @ui ared ﬂ@phtﬁﬁgg tobbowi ﬁ@hé@‘ ut‘at 1aagnr~en1 R 8GH RO maphthenis

C.Viscosity a o2 .21

(aeheraey &V B GO oL FolPeamBed ment

the i sonmets) Z@Q‘Q@%ﬁ:b@@ﬂmeﬂ@%;@ alhRSMRLE: M S6RSIYS 8la process

100C. of Iess than 4.0 m2/s, and a w % Noack

volvdicidip thy ibleramebaic 01l ami*ﬁ@@ cothpr Aa‘rsf{‘rirf&t e b disment somponsents,

the iso zed base has. g Kinematic viseos .

ot an ok SRRt e ! Rirprina ke REReR R ERS by pagubons, and

t hafehdie iEM@ka‘V@m@%*‘! dek b¥ea QREC L RLQEL R k\‘i}hﬁm IQL L OMARE the

equation: 160 - 40 (Kinematic Viscosity at 00) .

[ 049}@511 o lowetherbe tisrnn 8 ﬁh@ birasoesivz el tbra@ewnﬁ ihaghaa 20 wi

kin tiC,Vi COSIt at 10 Ln the ran%e .of

5. 8 b Sh B res el v avr Dy 11 et BoRa TR éﬁ"ma’nt““m* has

a pour point of Jess thas ~%°C.: a kinemalic viscosity at 100°C of at least 3.2 s
ad A viseosity indey greafer than a v isemii‘y index calenlated by the eguation of =28
x Lu{nematic viscosity st 100%C ) + 132

P36 I one embodiment, the base oif comprises greater than 10wl % and
fesy than 70 wi. % total molecudes with eycloparafiivie fanctionality, and & ratio of
weight percent niolecules with monocycloparafiinie functionality to weight percent
wolecnles with multtoyeloparatihue functionality greater than 15

{0371 lu one embodimentt, the isonwnized base il hus an average molecndar
weight between 600 and 1100, and an averape degree of branching in the molecules
between 6.5 and 10 alkyl branches per 100 carbon stoms. In another embodiment, the

iwomerized base il has a Kinematic viscosity bétwesn about § and about 235 rom¥s



defined by the equation: 900 x (Kinematic Viscosity at
100C.) -2. 8 -15). For kinematic viscosities in the

WO 2090006 2. 4 and 3.8 mi 2/s, the equation: 90BCKUS2008/068180

i

-
3

(Kinematic Viscosity at 100C) -2 8 - 15) provides a

| oner Noack volatility than the equation: 160- 40

(Kinematic Viscosity at 100C.) [050] In one X
entodpRenraztdvatd:sd e ed hbds endedilisdeirage 6T ovh @ alkyl

pr ,ﬁe:§,,mi,r1_,t iignn&\gpne \!h‘i,_ghl y paraffinic wax is

hy ‘?‘83“’%6}%% }l‘\g{éa““ij‘rﬁigj&f‘”é’pndi tions for the base oil to

have a kijfmnBiine «¥i:eg@sht Yiakoh00kd Rl &1 8 dbidbdBrom a process
m@/s, a viscosity index of greater than 130, a wt%
Noae ki tht pighivypabdEsic vhans bxircigupeursdpop iy diofal ledeed ratio from
than,-9C..[OR1] . n one enmbodi ment, fhe isonmerized base.

of 1 R4S AR AL T o E et ot it BVE A S G agharect o

t hamibde:sAliTh: deldrasdnly rtRecearabl @0aeAhdn 10 o&d aTardks & weight
X (Kinematic Viscosity at 40C, in m2/s) + 300. In a
segsHdrianbiodi srenth nineclsigeradiiiic Ascann Al Tiofcighigatent molecules
than,329 . C and a.viscosity index areater than 28 x Ln.

( Ki“‘r%glrr%fﬁi“({f —"@!L‘Itﬁs“%%éif“i&ymﬁ‘t"fﬁl}ﬁ%lé,a_‘ iséﬁea%ﬁg}ag)_ s+ ll%oxﬁt;,mt,xozs21«)&{1}.:{,m,

| N ieng::e v odi MenRbaxd BRIk SOMRZE G DA 0L RSy e cquation: 28 x
relatively low traction coefficient, specifically, its

t r actihorerpvenidceriam: 108" es &5t Ham thind anbuhtccalieulat @

by the .equation: traction.caeffjcie @@;BO 501009, _x,..Lﬂ ¢ raoleciles

( klxh é\ﬁgatal é‘z. VT *§C0{§f(f“y‘ (.i\l ﬁ»ixﬁ,ﬁiﬂyé)w l-_zf.o_}: 300 3 a ‘\’M;Téart é!eﬁuﬁf} Ké;. IMOGISCUER

Ki REFBdRipMiaSEAS Bl kN Sre@AbALE 00, 4 Suib Rewkinepald:€ of
viscosity during the traction coefficient neasurenment ’
an dmiga?iﬁf@t\mgmogeiafnm}g@ﬁmw fgets i.b‘.!ﬁ!i'ﬁ@n@ \wﬁ@iﬁmm of rpHecules with
AP0 R AR s GBE MR ORLLEL S Bl 5% o
Ki nenetd o MESSRsVivo@f 45000 2( $1@Nd abudh Shbe@ndar, the base ol
roll ratio of 40% |In another enbodinment the

| s o e baswabt Miskadiy at 1HEECL poncc et Birghent lnof fiftess
than.0.017 ghe  reasured at a kinematic yisgosity of .. .
15 © it 17%§11Lé1|1f ﬁ..adeé x}iﬁﬁ]aaélvtaw&ﬁ?\l a.f_lcu}tésf:fné@%fs .Ytﬁb&a;} IUﬁ":’ and a viscosity
anofihererQARQRATENY | LR id-aRRBNZednbasecat b + R3S 1y o sixils
aviscosity index greater than 150 and a traction o
coeffticdivent. thebserhidns 0 20184 whetr reasuive thsathaa 0.30, & weight
kinematic viscosity of 15.mb/s and.at a slide to roll

.r atpii« ktBEfil}ﬁIo\\gb}?\égH f\gt\%é]i}g{lﬁ mé%.ijr‘-@ﬁ ihﬁb&d}rxﬁéihiﬁéix ?ﬁéﬁ'ﬂmm

I sanebhized base iQhlvhavighl QW tixasthan c@edf 1 Gl-8ntSaik

al so di splays a higher kinematic viscosity and higher

bo imi‘pm)g}-"{rquiam:[i:gi_mq fanchionadity to molecules with multicycloparathnie

{0591 1o one embodiment, the somerized base otf contains between 2 and 10
¥ naphthente earbon as measured by n-d-M. I one swmbodiment, the base ofl has a
kinematie viscosity of 1.5 « 3.0 myn'/s at 100°C, and 2-3 %% naphthendc carbon. In
. . oL . . . - 3, o e . s s
another embodiment, 8 Kinematic viscosity of 18- 3.5 mn /s at 100°C. and 2.5- 4 %%
4 A b et e ey Foon A g R S I R N Ny S TR - ; :
naphtheme catbon. In a thivd ermbodiment, 1 binematic viscosity of 3 ~ & mm s gt
FOO°C, and 2.7 - 5% naphthende carbon, In g fourth embodiment, a Kinmatic

viseosity of 10 - 30 mm™/s gt 100°0 and grester than 3.3 % naplthenic carbon,



one enbodi nent, the base oil has a traction
coefficient less than 0.015, and a 50 wt % boili ng

wpoioawogseat er than 565C (1050F). I n another PCT/US2008/068180
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enbodi nent, the base oil has a traction coefficient

l ess than 0.01 1 and a 50 wt % boi ling point by ASTM D
6352-04 greater than 582C. (1080F). [054] In sone

enbodi nmE#t’s, htthe miﬁw‘ewizeﬁa basw@*lmd Hdravi g iowerags molecular

traction coef 1ent§ al d ys,uni,gue hranchin
pr oﬁi;e11?Fé'§t“b § ﬁ&“gk ¥y “é PR RN 3 N gy

t harfief l-eduah | I‘ o }B%é& o zﬁﬁﬁﬂ%m ﬂ91 PERM SN - GrQRE AL
than or equal to 22.0, and a Free Carbon | ndex between

9 AREaROISIERC G TER UV wnpcoTphaicdagie tod tlediasel arsujagigs ol
\ O%n%phthenlc carbon, in another enbodi nent, at
east's vﬁlbnaphthenlc carbon by n-d-M anaIyS|s by

ASTM D 8238- 8bn{-Reapproved: nggﬁﬁl r;zi&@ﬁi ol s OBBie oil as disclosed
embodi nent, the isonerized base oil is produced in a

pr st Maer ap .2 Hed U mdrl e Bitanid’ ublipatioa SRBIAH@ 16724, In one
raffinic carb onents,
OB e RSB T R PP OTRDAR. gy
br @Dﬁ@x@%@ apsk 1 30026 anbons viandevher xeu ﬂmt:*hfé‘mb%§ 8@k caloutated by
conpri ses parafflnlc hydr ocar bon conponents in which

t héw e%@ an: dfschrighiciiong Sisst gt t&hsanfsfs‘v ghdayly brdhehes 105, less

per, cagbons and less than.20 wt 9% of the
b ingsTarenare PRe R SRl Mo Rt et repien

FTJh'aS@uiQi $2y3B AP 2P NEaf  hassukhahaBein:, i inomerized
ki nematic viscosity at 100C of at | east 3.2 m2/s; and

a \im g@@sﬁp t%y\hlﬁd@bézcgmaati@ﬁwwm 28 ‘vir\s@déﬁi Ty bishrghew abows 15 o8t
ated, " o \
i SEEaT T 0§ T8 gy &1 gl URHBRT R canation:

the @a&a Blik-CONPr SR AESat Vit aaR L 0wt Yanehi k@S and loss
than 70 wt. % total nolecules with’ cycloparafflnlc

f utiow &t Lit()i’&ﬂaﬂ@naiiﬁdt‘l ‘@n@txmhgmvmé‘rzwwaim fexuhysl 2

\rlJmeE“%‘q noc¥ él&kﬁketsu \fvlt 1%1 ¢ ]{i}un@y%drx r}géi-‘"a%f‘v H!nWbe & po ur point les

f uRghiconalditys.g6eatet: bham 4949571 I'n one
enbodi nent, the isonerized base oil has an average

mol ecul &2l gbste tb@%etmem’:@@@ mngritdDGse andwan k"avem‘ége% iuwii&
degl FoR! WRLRNEDE 99, L, Lhe, ol scul o5, bELYRSTL 8,0, a00 1y
£4h g ¥ - 7
10%a Brafches é‘? 1 CAFDEN VAR ot HaY &
enJ‘QQ@JUU;ﬁf}tumésﬂ%mc:.,n 115 and 150 powr polnt in the range of -20 and -6070;
molecular weight of 330 « 530; density i the mnge of 0,795 to G.828; paraffinic
carbon in the range of 93-97 % naphthenic varbon in the range of 3-7%6; oxidator BN
of 35 1o 60 hours; broming ndex of 18 to 28 and TGA Noack fnwt 3% of 10 1o &6 ax
measured by ASTM D3RG-05 Procedure B,
{0631 In one embeodiment, the glectrical insplating composition emplovs a
base o3t that consists of at least one of the isomerized base oils described above. In
another embodiment, the composition cousists easentially of at least a Fischer-Tropsch

base ol As used borely, the expression “consisting essentially of” pernuts the

inclusion of componenis that do vot materially affect the basic and novel

charscteristios of the composition under consideration. I yet anvther embodiment,



i sonerized base oil has a kinematic viscosity between
about 8 and about 25 mm2/sand an aver age degree of

whemwnohiisg in the nol ecul es between 6.5 and 10PGi/Ky1008/068180
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branches per 100 carbon atons. [058] In one
enbodi nent, the isonerized base oil is obtained froma
process in which the highly paraffinic max i's
hy@maemw@emém ¥4 t:rwtrudgse utfb:\t*eézd TR @mf PIBMRTERS 4o SO wt.
t0,35 .
Lot AP TS LT Behe o1 ot siTrul R ARy Brpk Pur A %r
fum&t@ﬂabﬂ biys @fsvamheat ef xtthartul\%martd h@ehBddnOn@fiy on the

ght per cent nDIecuIes Wi th nnnocycloparafflnlc
f uﬁ@l’xix@haﬁll @»ﬁfiﬂtﬁ@i Wetigﬁwperieemteﬁvl»e@ gF ey ytvhntionally refined

Licy finic functio Ly reater | 5
’% \ :érl%,é ot G} ﬁ‘f“d‘“t Ha nﬁg%éu tzm{} g S DTS \S ﬂ )

| ndegmgr&@ta@mth@& aRdanmuit sydetinedibyntde seguat I on

28 x Ln (Kinematic viscosity at 100C.) + 95. In a

t hipetFalphbyodine alkyl tmié»ibfase o<r3 ! @terrprti? s*zeéfnal Heichhitation of benzene
per cel t“agon?t CS, ‘es§ than O . Vej ght .percent ot

mol "GEUF &S W §crope ‘éﬁr%“ * “f“ h%‘tr‘% H’ty“‘“gr INE T

t hamvlPierd] & tﬁ’t‘h@\&f xV@LtﬁbT;‘t@ﬁﬁ 681 Q. NOEE U881 W zttfhuix, oils
nnnocycloparafflnlc functionality to melght percent of .
o liederdease wilyptoml ¢thay.cl *Dp@ﬁ‘éf’f"il‘v wigdrd umﬁt‘l ‘onatriipdages and 4 1o ¥

greater than 3 osi.t L ndex, gr eat er t han, 28,
2 ER SRR e RO SR R e e T PR, PR
e”bﬂd&ﬂﬁﬁthJh%Hb@§§i&kﬁﬂiu*Ebef has a k|nenat|c
viscosity at 1‘O‘Q‘C. greater than 6 m2/s, Inaflfth o
enbodi mé 3 ‘hidithgaeCanpoiials: alnveicghtbogerasanbe clestrical insulating
aromatic [ a vl scos ndex
t hah"P8"% “1 ?:,% ‘ﬁ’é‘hﬂtb g%’s%“o%drdt‘i/ “at 161)‘8*)“\“‘§§5°“’*|1§r gu
siphbht %&Q@@hﬂ?%umﬁtﬁﬁctﬁa&ﬁ Ginli-0@a8ind ekighhii RRIGERL oxidation
aromatics less than 0.30, a weight percent ol ecul es
WI t‘ﬁlibWbbW&‘fifoliﬂﬁ mmﬁcr\iﬁ@hm kmty»f @aa eétlterfzceih@mimﬁe%

i C Viscosity

t hrl‘ée*“ “aﬁa’ g\ Lr\’a’tﬂfig 5 E“ﬁ*b dé cdf‘%ﬁ‘% 4 iv VES, vu;ci fwﬂn.z aa?dw vos KIywn

NMORQYENGHORAL afifilBhiGnidenctd @Bali ik Lodmlrecul es on: bhibodiment,
mul ticycl oparaffinic functionality greater than 15

[ 058} sulficonecemyodi et io thet Tos dmeritiadubadeol.liv an amount of
cont 4\1 {Qetyyeen 2 and 10 % napht heni c carbon as
medsured by h*d-M I n one enbodinent, the base oil has
a ki nenﬁﬁf‘s‘ﬂ Vi 8&08hEMBEn LR clecBicll .ﬁgiﬁé&tr?(tﬂ &Q}Q@;\ea&di\imun
2-3 % napht heni ¢ carbon. in

package containing at least one of the above additive matertals, specifically designed

for improved powr point, improved cosling properties, improved oxidation stability,
At ey ved cheleotene of i
arnd maproved dielectric stability,

{0661 In one embodiment for iaproved gas absarption properties, the
electrical oif insulating compasition further comyprises anti-gassing agents 1o reduce
the gassing tendency to 430 pl/nuin. or less, in annther eobodiment to IS pd /min or
Jeas, iy g thivd embodiment 1o 5 pl fmin. or lesy, accovding to ASTM Test Method
D230 In oue exobodivent; the amount s less than 2 wi Y. Low gassing

periormance 18 inportant because, W hvdrogen s evalved due to glovineal stress, &

e



anot her enbodi mrent, a kinematic viscosity of 1.8 - 3.5
m2/s at 100C. and 2.5- 4 % naphthenic carbon. In a

wa kiopdoasdodi nent, a kinematic viscosity of 3 PCBUS292/668180

e

at 100C. and 2.7 - 5 % naphthenic carbon. In a fourth
enbodi nent, a kinematic viscosity of 10 - 30 m®2/s at

100C. and greater than 5.2 % napht heni ¢ carbon. [ 060]

| n Fane hewvbedivrentsiog »héf‘iii’sbh“éﬁx wedsirhdes vidiveldydamen and therby

av no 1t greater than 475; a viscosity
|n§?§gg#eét &‘fﬁfdn ﬁdﬁ %%d a wei ght percent ol efins

| ess t hame70in Fecrhasenebl thIpREUEEnt hengiks nEkgase

and | ow foam ng characteristics of the m xture when

i né@?‘ﬁ@ﬁﬁk@@ GRPE mh@ a8 @M*M&g Uiffn@mnsit i hgméii’b inctude
SONEr

ConB9§)i3Tl AEEishy Lblx\/\ﬁ{iil ity ri‘ d@[n% g?ﬂ g C]» gl E ‘Stuth \t 1§ llt%igpkiﬁx fhad

i"sci ose
m;ngﬂ;&w %0% ﬁﬁ@lmﬁ& R’@ﬁﬁﬂtm@ﬂ ki @t b@xﬁmUSEQQ@@@*l@zaék asaing
In one enmbodi nent, the isonerized white base oil has a
ki r‘féﬁ*e:ﬂhtﬁv*ﬁ USRS twa :at ‘LJ&W@nnbbtw\,éewsammtwms or u e tabile
SCcosi t rg@& r an_ anpy

mR/ s
3 QY f ST G ‘*f’i%inr 331 4 ﬁ‘\ 3‘0 }r YE JiRH }]’ SR O OF 1T
calé“? at ﬁ‘b tHETEGUAl TN 88T &) Fndex=3 § GoneL mae

Ln(ithe Kliﬂﬁﬂ@hﬂuﬁw\d SEOSEL O @ttaH00G: - ibxrhowém Lies8ist hal not
18 wt. % nol ecules with cyclo arafflnlc functlonallty
a POLrEspoy ﬁt‘“ilﬁéé‘»si‘tiﬁaﬂﬁ“@@@ﬂ e Fdng tfsaybéﬂ it temﬂotrﬁi@f%\ selected

+2qvun~ r ?at er[i '» !? We;r}bgdk ST o i ¢ I‘s St?*a [z ( arfiall
3 ! 1303 ""\ : ul 3 & ¥ 3 A L Dy T \ I A1 X k1S
base ol aV|ﬁ : ‘R ﬁ%tlé VIT§E0s ’Tyi "

at 3006 bﬁﬁM@eﬂwxﬁ{bQMBa I 5&5{5&1;@&%@5&%7 2fnSwofher embodiment,
VISCOSIty I ndex greater than an anount cal cul ated by
t héheepyadissms st*@@m ’{f‘yml iriges e Bert fohciddd g Henmedrconsisting of

Vi Siclﬁ‘? Isz‘i‘su_‘.u eﬁélur%i}w A \miw is?/\pitﬁnl’ “mil R 1\5*, @.{Eg}xmﬁﬁm u}mh\]{‘? wted

para
fun@hgpﬁﬁhkﬁy | ess than 1.2 melght percent nol ecul es
with nultlcycloparafflnlc functionality, a pour point
| ess t haRs¥iClx aﬁdmai hgagboldingy) de cofi-gegruoronygroead &ra hydrogen-

{(O@Z ]mifmtad\r}ﬁg é’bs Tmo gftsix]_soﬁ)e i ““f"\,vé’{e wzghm R;?un]ﬁ}gyhéhwgmzm atoms.

Ki e bl&oldS&astd Moialie 408 suBalvee Ry BnsubAQuNBhiSial® saturated
viscosity I'ndex between 115 and 150; pour point in'the

r aﬁ@éi P ETEIRGe ah\& PeYOCMaipivVED @p@p d@@t} o] hi \a@fz BB, alkylated ene

Sg? it ;1%2?31' t‘fmy IP% e {{1 ﬂxevcg\x\ (i Y g)gubﬁf b}m n)ébiﬁ i g other
carRefpict, gtz@ ;@ﬂil’@zﬂ@&g@f 1di8vd z%a.}, QX AALQRpBING or nuixture of compounds,

which iy g hydrogen donor other than an unsubstituted armmatic compound, ¢z, a
ticyelie, partially saturated, aromatic compound, of an aikylated benzene compound.
Examples of such bieyelie, partially ssturated compounds include di- and tetea-
hydronaphthalene compounds, allolated hydronaphthalene compounds such as an

atkylated tetrghydromaphithalens, Do one embodiment, the anti-gas

sing compound 15 a
hvdrogen donor selected froam dibyvidrophenanthrens, phomd artho xvlyl cthane,

X

- 1 PR S P RPN 0 N AT LI, SURTI S o WU S BEAOR, . - E
alkylated henzencs, Dowtherms RPT (tetrabyvdre-3-(-phenylethyl poaphtalenc),

acenapthene, tetrahydronaphthalene, albylated tetrahydronaphthalenes, and

tetrabydroguinchine,



of 35 to 60 hours; bronmine index of 18 to 28; and TGA
Noack in w. %of 10 to 80 as neasured by ASTM

w®aB900405 Procedure B. [063] In one enbodi mentPCT/li§2008/068180
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34

el ectrical insulating conposition enploys a base oi

that consists of at |east one of the isonerized base

oi | s descri bed above. In another enbodlnent t he

conposi toh é%ﬁs%§?§*%@s%ﬂ%¥a¢vabi gl ﬁ@ésttampﬂﬂnmlﬁ“&u

Fl%wm : 6NaRaRe Qf by, rein, the. ‘TQVNV,G_ﬁ
f(“hzgv{ mippﬁ' gnlg St%l n egiﬁ‘é #?i{ inl?g&&%%\ 3 Ln% 3 ( vering the

i no;if»usmm afbebonde mem\sm’matw:@i@ cRpede t\m&beﬁ i @Ed“}yiﬁaf’if\‘ﬂ@\f*i the

t he basi ¢ and novel characteristics of the conposition

undéirtEshEPdarat P 1o Pa vk Taior et veRsoditRestpdaure of -30°C,

co OS )l 0 % FERLE Lw? tﬁ @,LS r\g Q wibvsiveens

oi Iq}?andgop?li ro{r::g t}?‘)(\%gﬁ it ‘Eg f‘)v\kti ag ?’Qx% J{eag{?%g\ﬁo?\ e vaivrene.

t yphofilloitaive pgur, ;mgmzxfemmnahd ydausess of mgealanbidRic-styrene

synthetic hydrocarbon ol ls or synthetlc ester oils, or
m xeupisgcrnalsepthdepbingi Wj\ whyivhe mbm &%RW GRsNEREHED
“?«&&9‘& 1% wklmﬁﬁéx‘% SLAGKS eg%”h, 25 1} rk}(?‘”&'v Q0L Vootvmers,
*base erived from ara i

n ap,alﬁt hx&ﬁ&i@;}iaﬂd)imjﬁdii@&ﬁﬁgﬂ o uﬁé&iegﬁ)hﬁh &yﬁk hetsii@reoithg acotate

that can be used incl ude synthetlc hydr ocar bons such

as ‘PBPyErCphaby %ﬁ‘i‘-ﬁ% i*“ﬁ?#@‘?“‘é‘éﬁ\z‘%é@”‘v“éigj’m’* AlkRiypliat gthers, oletin

bot f[o tL N @lq henzene. Dol a8 Arrvlaid™ 1550

tet*ggﬁopyl g!l;]eh\ o {Qé N 6“ F“rhers@é &et B %i nm B e cryvload ™ 1850

pr apytlecenelotdiidd, @ﬁkﬂﬁuﬁh&l@mﬁ,\ﬂ et hyl phenyl

ponS|onanes net hyl onS|onanes etc. O her

su. t abl a0 &yintHspisr é‘?lbédmlﬁ%ﬂ» thgerot h@sipdiasﬁphe:ﬁw et r“’gw
H“Eaxg notskemhav\{ﬁ@%h{r ‘?E"mi %tgg?du%gﬂep% }n}( S‘gg “"%Pg‘éﬁ bl amz

polkyvrgabm enﬁmman@laalikstlhazt eﬁmemomt B &@Mﬁhﬁﬁﬁﬁamn bottoms

al kyl at ed napht hal enes. [064] Additional Conponents :

| n indicerpbe wertel brbuenaerdE dartienyhic bﬁian@m isomerized under

ConpR%ﬂ‘ ado%uu m;)*b?ﬁr 1COQ\pLL§${dakgu?%3té}i\r es{g%nfuu me{‘mt 1Lijxcih,wi

de&ﬁ&& t\(ﬁl? @f\’%.uaa(ﬁdm ﬁ‘@&ﬁﬂ&ﬁ@ B@eRIhSHoaRd ém@?&ﬁs@anhﬁxum of various
(oxidation inhibitors), additives for corr05|ve
sul vhéerh* a!ﬁa agd gescenengenitopeatyy M ~(‘frét‘>ail er-Tropsch wases are

e L9k ER L TRUSRL R P ELITR LA

suf kaiﬁhﬁafth&méim dift0lapbeVheBask:has desitedipf 18 Gl iSue dz razm oot
one enbodlnent this sufficient amunt is 0.001 to 10 -
W BECORIRY HRETHhdhe SHBOEE Hehtzmale aier Eroumteeghe lubricating base oll

cuts from the vacuum column 18 generally unsuitable for use as o lubricating base ol
iself and is usnally recycled to a hydrocracking vt for conversion to Jower

molsular weight products
FO71T In one embodiment, the powr point reducing blend vomponent i an
wsemnerized Fischer-Tropsch derived vacwun distiflation bottoms prodact having an

average molecnlar weight botween 600 and 1100 and an aveorage degree of branching

i the roodecules bebween 6.3 and 10 adlot branches per 100 cavbon atoms. Generally,
the bigher molecular weight hyvdrocarbons are more effbctive a8 pour podnt reducing

blend compovnents thou the ower moleonlar welight hydrocarbons. In one smbodimeny,



0.005 to 6 wt. % [065] In one enbodinent, the
el ectrical insulating oil conprises an additive

weaokagasceont ai ni ng at | east one of the above BCHU$1008068180

g

i
£
o

materials, specifically designed for inproved pour

poi nt, inproved cooling properties, inproved oxidation
stablllty and i nproved dielectric stability [066] 1n
oné TeEsE AR 1B B RyREE Sveintiga st pdui pwéﬁﬁpﬁéabéw @EnRg
th G i L RS oGOMRRSLELON, fULE RSE onent The
coﬁ%&f%gé{%n$ghlggélﬂ Hggeh%g) oquauﬁe F b 5 @é%ﬁ&hLiﬁ&
t endlgreyntioint 30o Ml Mendvatadees sgsuliigan @ﬁlh@}tz emad‘i*mmiﬂm
to 15 /n1n or less, in a third embodj nent to 5 niL
/ it @P“P‘és@‘* WO rEa g e oL ASTIMT ST MetohE tBpgoompphent is an
ongsaﬁ@&gjﬁ\ 2 e }e\xﬂ"igé%fkism\ mrﬁ‘% »,zﬁ(t}g%fh 'g'\ﬁ@;m uu.l“onnu a
gassi ng perfor manc i mportant because, d
isIemoﬁﬁ&ﬁudueaieweté@hﬁ@ﬁastu&gﬁﬁwpaﬁﬁqwmddhaMma@mwgﬂiam
Iom19a55|n tendency tends to absorb the evol ved
hyd#8gehdfd thereby reduce the chances of an
expl osi n“”‘ [igl YN a{ J‘»u(‘?ﬂ%m?r{?"ﬁ DR, p&qem ATRE Elngz 'ugl&lu of the pour
conpri s 'east a polyary ane’”conpound as™an
antﬂmgaﬁsm@ wenpetdueixianp esachtel gl sconpasistd @08uct is
connerC|aIIy avai l abl e from Elf Atochem S. A for use

in ‘tﬁ‘%é{‘éc*i”?‘f”é"‘f‘ fui a‘“@dnﬁeéu #hors) Frinpdier apbedeynt. the r==‘mwm

”@%[&Eﬂnsé 0% @r{tn'a %ﬁ' NG 3080L $ec fee’r@ L 9%%? G
ar ona Sy ot h phenol i ¢ conpounds et he
Comﬁdlﬁ‘hﬂ@i@ﬂ.ﬁdm 1(’{)&&1;*{ amdeehhydmgém }&tzﬁr{mmm at least 50
conprising diaryls, which may or may not conprise one
or HfBeR! Panripet iﬁy’d%@%‘n Tatergothex ey Wégh tﬁi ¢ ppapiE reducing
ant LAl e ek specessarily

R PR R !
Car bon dtpisinseheet adhddiomut he gnopPnotducing blend component s an
al kyl -substituted aromati c conpounds, alk¥l, o
substRER aerParn darivgl Wat of at e EEGRRETY @wﬁﬁém‘dg}g range
and "8’» J‘Jﬁkﬂ? ﬁl}wis tlh Q{ 691,‘1‘(\(\ !1 [;]im%ngty?xeurnh%qb & sim?m "'m;{ ngl is sobvent
nposi t1 on conpri ses At i gassing agent s et

f r Qiifk\tah@% SERUP Heap sqk\sitdwrs@‘ @f p@sk ki l‘mﬁﬂgpﬁ& mﬁ Lﬁfﬁﬁbiﬁfh The waxy
unsubsti t ut ed blphen | and al kyl substituted or

unsupdet ftedscarary duapk aneset Fossye I’f‘@‘“‘y@% paotEreducing blend

h)r/m,%d{‘ﬂg ﬂ{t mt( h)eﬂ sﬁ (‘I) c'isgﬁ%s lvﬁgitﬁ qp&lﬁ'\ud &:»gura‘pom{ depressing properties
conipared o thg mi} prodoct recovered atfter the solvent dewaxing.

(0741 In one embodiment, the pour point reducing blend component has an
average degree of branching in the molecules within the range of from 6.5 10 10 alkyl
branches per 100 carbon alons.  In ancther embodument, the Powr point reducing
blend component has an gverage molecular waight between 600 — 1100, fv a thivd
enbodiment, between 700 - 1600, In one embodiment, the powr point reducing blend
component has # kinomatic viscosity at 100°C, of 8 « 30 man'/s, with the 10% point
of the botling range of the bottorns falling between about 8530 105F. In vet
another embodiment, the pour point reducing klend component has & kinematic

viseostty al 100°C, of 15 20 mmyy and 8 powr point of ~E 4o - 12°C



additive, i.e., nolecules that incorporate within them
| abi | e hydrogen atons. Such hydrogen donors incl ude

wakdogho@sbsti t uted or unsubstituted, partial | yPCT/US2008/068180

i

3@

saturated poling aromatics (e.g. polyaromatics wth
sonme degree of saturation), alkylated one ring
aromati cs §e.g. al kyl at ed benzenes), or aIkyIated
pol y” néf draithe St ﬁ"ib“{*‘ﬁ’érm’eﬁ‘&ﬁp}“ég redugae tlend componert 19 an
2Ntk RRss] O0nAN LI, DS.A0Y ROPPOUOLLOL JBbUh s rade
I's a hydrogén donor

u n svas;tdi‘tuﬁ éﬂz.,a:ﬁmmat 31@(:1@.&@@_@&6& ehOpaur aum QyiQLikz ¢ blend
partially sat ur at ed, aromati ¢ conpound, or an
al KYPaEE! Barseis te Hrps iiratic. éﬁéaﬁpﬁf@sm@*ﬁw%iae% the B Rt
pa l ™ t n 08Qor g of

{\ d‘ua{x; di(()%g E{ zl%g% gﬁggﬁ;soﬂﬁ é?myk%[ %lnx A0eratysis o
hy@l{smaaplatzhaildane «GOMPoU ndsa s@@h fastian hafidsybatgdie heavy fraction,
tetrahydronaphthalene In one enbodi ment, the
anfilgEs seRGHEsIpsURET B R IRy aRoGEN o BoREr v Settsetegrour point
fr g”ﬁ\ Qétl h%ﬁggﬁggﬂi}gk *BO V\f” &H@&Yblh LN WY Y 8INANGK svour 8
( t em*aehyidm embddiphanyheidy k\)gmnﬂ.ﬁb&;h@b&ﬂ@) smponey derived from
acenapt hene, tetrahydronaphthal ene, al kyl ated
t et“*iafaﬁ%ké%alpﬁfkhfa# @ﬁ*@@i‘tanwt@f‘i«»ah&» fr DU hol-1-respoegeiing

n.Qne. odhngnt sihe electrical insulating oi
conpOS“ $6nfurt er conprlses fromO0.10 to 5.0 wt. %
of a pogrspoinsncdeprepaant iheapdblecafpldenes knghthebis(di-n-
pour point to below the | owest tenperature expected
foF”‘“iﬁf’ *éhaﬂxﬁﬁﬁt!@ ShiopRb chiiphavEinget Frestivy asHatramd: oi |

TEx L§ iR vyo I d a t er eCrHiCailY
) 368 £% ?u &O% iR po%it utij 02}9 .JTP{U El SE i K u rﬁlt{l{li gpu ficalhy
depsgss, ama wags m\\aia kiyil‘ aL edirpal ¥stynene, m&zh&m a,mm;~ can be

illustrative pour point depressants include esters of
makéded hhyrielisn i éfhém@‘éﬂjéT‘yh%ﬁg o fusy thaw 1.3%. Examples

po n¥ E@}I&H c){imm < 0 F Qll (?c(r glﬁ thie fk.gtht)\y 01[ ¥\, f‘{mﬁg@ e in electrizal

con ensat on o) ar

ar @pmihQs. c&m@mnﬂﬁmmrnamt EQ@EQ{BXW st @a@@l WRESic @Rthative, c.x., a
terpolyners of dialkylfumarates, V|n | esters of fatty
ac ierss ieateny pive M < »aéietim\ehdébm g ie d| kythapgnobuch as

formgkg%hyde ppggqp§§glon resins, alkyl vinyl ethers,
é n copol’)‘ Urert ¢ acid esters,

pol ynet kacny |¥?ﬁh@. ahi amm@@ha hS Uk RS tﬁpﬁﬁﬂ‘i@"; S EMpatBhBE further
made by RohMax, and mi xtures thereof. [070] I n another
ermbodirTERt’. o it e Ypbut0 péi el delsie &8 antogigmapetiopsringiton t

impreve oxidation stabiiity of the diclectric hiquid, thereby minimiring the
development of ol shudge and acidity during stovage, processing, and servics.
Minintizing axidation nunbmizes electrical conduction and mstal corrosion,
nrxinies system Ly, maxinizes slectrical breakdows strength, and ensures
satiafactory heat transfer. Hxamples of antioxidants inclade bt ave not lmited to
hindered phenols, cinpamate type phenolic esters, and alindated diphenyiamings, In
one embodiment, the antioxidans are selected from the group congisting of 2,6+
diteriiary-butyl para-cresol, ﬁ{féa»:.iimriiar}f hutyviphenol, and corobunations thereot, An

example i 8 combination of 2,6-duertiary-huty! pars-cresol and 2 G-diertiary



]

Ly

o

reduci ng bl end conponent. In one enbodi nent, the pour

poi nt reduci ng bl end conponent is an isonerized
wa-2@ehersslr opsch derived vacuumdi still ati on bRCT/U808/068180

product, which is a high boiling syncrude fraction

whi ch has been i sonerized under controlled conditions

a spe glfled~ eqr al k br.anchi inthe ..
o el G e iea et B B Vh U THR Eh et Byt dRpenciio
DrQQ@%&x&QH&&b&e§wa7Qh¥k9&%u@ﬁ M@&Q&H§n§0|'d l'i quid,
d gaseous hydrocarbons. Wién the Fi scher- Tropsch
vvaa&etsx @rlencbnier-tietr-ntppiirethéd-Trgpsdhicdseipide! by

various .processes, such hy., sing and
M Rah e B R At ) S S
d'Ba@&ﬁﬂkaﬂ&(ﬁ%%kﬁMﬁcNi%@Q%HEM SG@Q&§@xﬂh§z@€@ﬁ&%ﬁ%oh
that remains after recovering the |lubricating base ol
cuﬁé’ﬁpgwrthénv@cmunnkﬂhunmk3@u@énérhhky\hmsdnﬁéble
for ubrlqagln i | el f and |s
P et R DR RN e R N e B
COﬂ%ﬁftﬁh@-@at&@ 4L AWRY] )@Jﬁe(}m AlymWel ghtLar 99“\:‘1‘34 §~{> (L QélMsviphenol),
I n one enbodi ment,” the pour point reducing bl end
coﬁﬁahemﬁﬂbsiam4useﬂhmwzed3ﬁisdﬁehnqﬁ@p@nhuder®v6d
vacuyu dl%;ll aélon bott ons pggdu t having an average
mol SCHI S - G RT  BEL R EHO BB BT 100 and an aver age

degt,geg“‘ 1< BLAREANG AN NR Pl 20ULES  DEINBRN. B R 120 henal),
10 al kyl branches per 100 carbon atons. GEneraIIy, t e

hi Qhewmméém am\mm ghti*hmdyib@an benidar ellybrie! diphenylamine,

effecllve as int re n nd co onents t han
heS b o R SR Tyt Seamboes TP Hog s ond
emhed fR0Lph: 121% i 8ReE: COlne PQ‘;‘}N off Ri@WAGMH I ors imi ude metal
distillation unit “which resul'ts in a higher boiling

boﬂﬁmwgﬁhanarwat meds@dsraanBpa%é t he pour point

u0|n bl end ent ., The higher cut point also
g H§§ﬁpgég (”Pé§ﬁsz%g in a higher yield of

t he di SE’{H%‘ abRe RASELRIK of HABEEQNShivtiDy ANEIBIDOd MeRss
t he pour p0|nt reduci ng bl end conponent 1s an

i somenfazed:distinen Cheopsithiderimed. Gaouum dinstibihh at.i lohwt-% of

bot tqnms, praoduct . havi, n _pour point_ that is at |east .
3cHHhit g*ﬁ“r’gg é‘n‘“tﬁhé‘ﬁ ’r“’“g*Si %%@af“ t He“ﬁl“ifs"’t‘i‘H”éf‘”é"lb‘é%@ (CAS
2' bdabed 830K %ndﬁddn\ﬁ' s 4[&7’%]&1}[&[3\ %ﬂ@s;ﬁﬂ?‘qg* AR b N86.73.8).

percent point of the b I'ing Tange o the pour A
This substance contans, besides hc anttoxidant, also a corrosiom inhibitor.  Other

applicable additives are RC 7110 (2.6-Ditert butyl-d-methyviphenol} and RO 6301 by
the same manufacturer, or mixtwres inchiding RO 71O +RO 2308 and RC 71RO
£301.

{791 In one ebodinrent, the electrizal insulating oil composition comprises
rom (0001 10 1wt % of s tnazole dertvative metal deactivator and .05 to 1wt % of
a phenolic anti-oxidant. 1o a second embodiment, the composition comprises from
0003 1o 0.8 wi. %% of a copper deactivator and tos (.18 to 0,50 wi %6 of a solid
phenohc anti-oxidant.

FOR0]  In ong ewhodiment the electneal nsnlating ol compostiion comprises

{1} from .05 1o 30wt % ol at least one hindered phenol anttoxidant, and () from



poi nt reduci ng bl end conponent that is a vacuum
distillation bottons product is between about 850F -

wao®oBoqidb4 - 565 0C). I n anot her enbodi ment, BEEU08/068180

20

poi nt reduci ng bl end conponent is derived fromeither
Fi scher-Tropsch or petroleum products, having a

boi.l nge. above 95 510 ), and contains at
st g DR Ce Rl P e b BF gt e S TR cy dperiic
angher @M@Iu&e"% diRg:. PQM“}@:@L Nt o ieduchng @i@@fn%i apd niixtures
conponent has a boiling range above 1050F. " (5650C )
[ 078} edin lratwot drehfndentm divrents! deheivpour: spoiviitinpdd aehw geactiviter
bl en npon meri zed \Qet”[o# eu der
BTG BT RHAl: At Be ooy f G A BB T g dgariazole and
abg\(eg\ag@y&ugqq\':},()j:muil@ one enbodi nent, the |sorrer| zed
tons material is solvent dewaxed prior to being
used as & ipobisipsl ot Maddyci n’gidbk\e’nd»\conp»@nemm"f:'me m‘t‘*’cai
waxy product furtthe[\sep rlate during solvent devya%<
f r SHUEHER BEOPTRBT AT PRI Y B IEH BB SR e S Kially or i
f ound {0 1S RhAYEXC 8l L@ntnk U“E%r Qz\{ed POUE c PREMers are blended
depreSS|ng properties conpared to the oily product
r ecovermdiigfitiey at hbligal men\tn*mewam ALt R DA)s o dhliwne such as a
embodi , the p0| duci ng bl end,conponent
i3 R N R TR Y R
Wi 4R LhRpE@NGE BfeddaaiD; 9@ 2orhB@nhthdd iK%n@Ez@%«'?xe@ PRE form af
100 carbon atons. In another enbodi nent, the Pour
poiantddeduchrgubitend conponent has an aver age

nol ecul ht Dbe en. 600 - 1100. ‘
oot et b Ml IRehn 0k AFHHes é*ﬁ)baalvﬁéﬁwt g is
POWF ATy RIHCLIG Bl BNy GOTAONGA. AAS. AL NETRLI Give

vi scosity "at w th the 10% poi nt
of ptxtiewbcaidmamgs *pmpgen@én deeftibmzta@ns sfrakekinmge bét?weemn
ab?ut 850- 1 et anot her enbodi nent, pour

poi RTCRBRAGET N Micenb BTN HEEET IRl s Rl Nhuer evels

Vi 3@9}%‘&%1@Etizgvgggdwqfu 12128 Mt/ s and a pour poi nt Of
& I n anot her enbodi nent, the pour point

r educ:| n@&&ﬂ emonéhe clestran wsﬁmm“lsz‘ex;i«vsiti{wha:vﬁxmguamt

ki nematic. vi sco nféﬁ 100C of at |east about me/ s

rrad%*v“ﬁfr“o‘ﬁ‘PB‘o *‘fié? RS EPE PRy R RBTPRERE N R ES

POE AL &eﬁwefmqwl ends conponentc kogadekrom wast e

pl astic. I'n another enbodi ment the pour point reducing

bl end cdéupbnéntnd snhabecty dmeanprodessisgloppricsiiang pxidation

pyrolysis of - ~ ;
resiStance and low gassing tendency with & gassing tendency of = 38 gl per minnie a3

measured according to ARTM E:2300-1976 and a rotary pressure vessed oxudation
x:m;m\ {RPYVOTY value of at least 400 minuisa as messured according o ANTM I
227202, Inone embodiment, the ceanposiiion has ¢ passing tendency of < 20 ul. pey
minute. 1o another enbodiment, the composition bas an RPVOT of at least 500
minuley,

T085]  In one ewbodiment, the electnieal insulating off composition shows

OECD 301 leveds ramgin g frone inherently biodegeadable of > 30% to readily
biodegeadable of » $0%. In one embodiment, the slectrical ruudating oil composition

has a kinematic viscosity at 40°C. of < 100 n s : {Hand an ORECD 3010
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pol yet hyl ene plastic, separating out a heavy fraction,
hydrotreating the heavy fraction, catalytic

WO 2ae0d12¢ ng t he hydrotreated heavy fracti on, BEIHUS2008/068180

3

col l ecting the pour point reducing bl end conponent

having a kinenatic viscosity at 100C of at | east about

8 In one nt, the oi,nt reducin
&iﬁ!fa»ne *‘der{i Ve L4 FEREp I {}éf T ote SPIMRSTE! st

a lﬁqit H WY+ 180G€ @h@\r‘eu#‘?%@%vu(5ﬁé,€?}; wd A OE¥EM ﬂtb&!vlu wrf‘gnht‘ of

range above 1200F (649C). I'n one enbodi nent

addintiivie’c ohpr hedss t(a}i‘=tzcszt f}\k. wm; VR ; has a Kinenzatic ‘«Asww v at

et .hyl enel di- but | di.t.hi.oc and (b).a .
ﬁﬂémﬂ S dinvabbp To P Raebte -t Mo e our

be@%l@t*ﬁi‘i%l@ N3 Mzﬂm@ﬁﬁ Al 0 Ol @hic L) (08 Lr L@t s (1)
about 1. Since netal, specifically copper, is

aIma&saﬁ&eﬁbﬁﬂfﬁhmﬁﬂea@heaﬁrbsaﬁh@nv&noMﬂeahbvnmbaime
deactivators cqp?be added to the conpOSitio an ..
anBURF TG L0 T QS E O F aH 15 %ﬁbi‘és i e agECD
bengof it az0l6:1dert vatiyes to reduce the catalytic

activity of copper in electrical apparatus. In sone

enbodi g, nheedeﬂeﬂmmat@k<neaawhenzapbnazmkemn5mpmm
derivative} \ﬁ a trHazoIe‘gerivati zﬂ e

N, REBPS (RO EPHT? ﬁ‘é%?yi)ww TSR pSa FBP e VPP et HARATH e
Suc!%wa% ;\E@‘Eitéﬁt&ﬁfpt&q b Q5 9&3 LoGRhOYs < E QL] 14D ugne

enbodi nent ectrical ofl insulating conp05|tion

f urtfredivoanprksies: Op@d Wt. %to 3.0 w. 960f at | east

an antioxidant ogidatton i.nhi bj tor)

oxi dat i giiffﬂ &biﬁiﬁ AR R T g e\i»%icw*i o P g gt ciwhéf\tew M

m RikE] 08 SRS eUE LARIBAL, QfsiQicl »$hHdos Va’rigxtact’rtql For toss and
during Storag€, processing, and service. Mnimzing
OXtdaﬁman”nhnmnﬁzaabaFecﬁf%ﬁéhtcomduﬁtbﬂmuaﬁﬂPhﬁta

corrosi nQX|ntzes systemlife, xim zes el ectrjca
breakdom%t FeHRt HEDURG e %‘éii**eéiféa[m SRy Rgpition meels all

tr a{l§;f 31\hx \EXQQR f‘r;b Ol BBLLOY 'i@l%“&% idaNGhUGe; RUt, 8 .,\Te 2Pt

limte p enol's, ci nnamat € type phenol’i c

esmetsxwandmaka}akedwdtmhemyhaﬁtﬂesnrtaumneuquiw Method
nbodinen t he antigxidants are selected from

groﬁp“ﬁ:an@‘?@tii OHY C6f 2697 MPTER £T BB YR Lo Eéeat‘“ an

2, Qi SOtL AL, \Q{éiﬁi%ﬂneﬂp by v @RG, tC‘Qn@' Daklong dtabi?% 80k rethod
exanple i's a conbination o 5.6- ditertiary bu
pai#idr esek pend o2 [8s distedd Cany ﬂ}mL, ured using Test Method {“3”,: a relative
density of 0.81 or less, according to Test Method D 1298 2 vispal examination of
clear and braght, according 1o Test Method 131524, and, 8 viscosity of less than 76
s wt 000, lesa than 124 own™s 2t 40°C., and 3.0 mm¥s or less at 18050, as
meazared by Test Method D44S,
10891 In one embodiment, the clectrical insnlathiy ol composition also mests
he elecirical property requivements for clectrical oils, including but not necessarily
Hroved to the ASTM requirements ofh & dislectric breakdown voltage of 30 LV wr
a dicleetic

Pt

niore at 60 My by dise electrodes, according to Test Method DETY,

bregkdovwr voltage of 20 KV or move at 60 Hr and & 1.02 mun (0.0400nek) gap using

aow oil by DNMS16; ¢ diclectric breakdown voltags Trapulse of 145 BV or more at 25°C



22but yl phenol . O her exanpl es include but are not
limted to, phenol type (phenolic) oxidation

WO pioploddidF s, e.g., 2,6-di-tert-butyl-4-ethyl pheel$2008/068180

“Hy

i

.
b
N

4' - met hyl ene-bi s(2,6-di-tert-butyl phenol),
4,4 -bis(2,6-di-tert-butyl phenol),
4, 4' - Dbis(z 2 neth |-6-tert-huty Iphenol) At
2, ¥R PR SReT S HEE Ry 8T SRR D SR pHEHER jO Test Method
4, %n@utﬁhldﬁﬂ&g i3 BB EIV v8rb 801 e BUL YK PRERAl )k 6.30% or fess at
4,4" -isopropylidene-bis(2,6- di-tert- butylphenol)
2, 26 JﬁemhyLénaﬁﬁméédéﬁﬁéthyl 6- nonylphenol)
2, 2 -|s | dene-.bis(4, 6-di hy ph nol ) o .
er’ﬁ ey enzfsf\f;‘évt W}H 5131 ! Au mz SHng wi compeaition also mests
c’iuqﬁl h%( l.8aer *Q'"{Snﬁéz 1Bl hz\‘ LM z‘é)ﬁq RhexyLRR8ROLI: necessarity
di met hyl - 6-t'ert - but yI - pheno
rghiod ttenrw‘i%m’merhfyh‘amamm- m—&m@s&h snhibitor content of 08wt S or

4
, B
, 6- g tert, gh | aji nomet hyl phenol ) .
SEER 6% gvéz(l%%{\r Iﬂfl Wi e%! £1 B i Hﬁéﬁbgf NINY ect Muethod D286E,
) ey h obl, %(%am?:{ Byl @5 Ler daRe Mty pagnal; :)z & An\,(mmdwm “ast
5(3 met hyl - 4- hydr oxy- 5-t ert - 10- but yl benzy )-sul fide,
aI tatdeld i Hilph bandmef clemental sulfr and thermally un\m*m: saibfuge-
Reltiatded HHidphény el it
bi (3, 5-di -tert-butyl-4-h droxybenzy ).,
pheh‘i}im‘éf bW&“ﬁfg “H@*H;)F‘a%“ﬁ@“‘“%\ﬁd“mm wielals such as copperand sibver
al kyliat.edqal 19@ 2RaRht vl a\[n Do & th MMRESHPE74: 35 v or lens
OX|Jat|on inhibitors Include nmétal dit |ocarBanaté
e wepey azionding it hiso 1 6); a andralization num‘“ of .03 mg Ko or
(exg ndingid hisobariaingt €); 2 and } (33 mg KiMp
et hyl enebi s(d y! di thioc [*tga |t e «
exé‘l‘?bl‘é*%fi‘*é‘h“(i‘)?foég ’”dn‘“t‘*ﬂﬁ?‘% FEREE K éi‘fit ‘hﬁ(’%’ﬁﬁl?ﬁém“ PCB}
9308 amnulackuned: by Bel B @%\%@aﬂl@ P8 @DHehod D409,
Ger nany, contai ning ca. % of
C12 Cl4{#+ial Rybamtimes (GA}S&, nmﬂbénnﬁS@S& WB3:3) juschting vl whwed

%of tonItrl 3 L!rrber 29385 43-1), and ca.
3 110 Redister Fop §il B}‘roégA hEt & (@Ag“h%‘ﬁﬁér RSl 347?5“‘*8)3" paser and
Th'&?‘ﬁz‘?’&pﬁ% ANLH %!?t Q:';z@%t I QQJ @lg% ttcn \‘ammm %ﬂ'qu §;O@md
a cOrrosion inhibit er appl |cablead|t ves are
RCu%ulkliGe (26~ @lziiﬁéﬁht“ @mﬂyﬁi ﬁé&ﬂnﬁat hyhphenol i uenidnREe
6301 by the sa manuf act.ur er, m xtur es i ncI udi ng
RCAHHERB RIS LI BHES it T%i‘?*“l‘fﬁiﬁﬁé B 5‘?@*79‘} ‘ﬁ\oﬁ%”g"ld
uQ}%b&ﬁﬂ’ i s%bxe 2 2et In' r@ﬁhu', g@%{l}@t l}iﬂ& Rl \‘f"@ﬂp‘&%' ih i @fsivial and
conpri ses rom . triazo
dertadatiive kritb:iggﬁnatems“mat en, an@a;@ﬁnt»ondm&m tresofission,

ST NVNRANMNNNDNDNI

bivdrostatic transmission, a gear boy, a drive, a hydranho system, efe.

FOS21 The following Examples are given as novn-hundtative Housteation of
aspeots of the present Inventiow.

P05 EXAMPLES.  Undess speaitiod otherwise, the compositions arg
prepaved by mixing the cotapotients n the anouats indicaied in the Examples. The

components used in the Examples are sted below,

W] P base oils are available from Chovron Corporation of San Ramon,

EYNEN TRy ¢ e it e Tl N
[095] IROAMET™ 30 8 NN B2 Fibyihexyl - 11 2 dariaroie-

methanamine from Ciba Galgy.



a phenolic anti-oxidant. In a second enbodi nent, the
conposition conprises fromO0.003 to 0.8 w. %of a

w@oppesciskieact i vator and to 0.10 to 0.50 wt. % RPET/HS2008/068180

solid phenolic anti-oxidant. [080] In one enbodi nent
the electrical insulating oi | conposition conpri ses

(i) fromQ0.05. % of at | east one_hindered

phenol g}n‘l‘ ox‘“f" ‘é‘ﬁ '%nd IG5 5 PRPEHD 2p0 G 28-piorbyhyga-oresal

a metal.deactival, P{%m 1E>§@1np €80k E%xk fdered,iphenol i c

anti oxi dant's”i nclude 2, dl-tert uty phenol , 2,6

di -tert ¢#BUE yIpdac r‘esm s&rbd &ﬁﬂj‘)@twf%és;l}tdil‘ef;ﬁmﬁd‘ hm ORIl availatde
odi ment, the netal deactivator is a tolyltriazole

ms AP HEHRES PAPSFCSuch as 1,2,3 tolyltriazole.

Exanpl egydgnckudeaveagti.on. produgt. . of. el yliwiazol e
and an gﬁ?yl zlit gtd %I pheﬁ 1I qsakr‘npng HHHQ{ R $ l%{ N J@?

| 0s tIOD can - Dl ep |nto yioso T
S8 SOTREES G0 S REATLEPIEL LIRS, £ o
SU@*\C@H@' s{@t anf)& mltn : Pguﬁﬁ@@@d [ggmwé"gl {3 qf'wtz hez(jx a3 Table ¥

conponents are ended* concurrently Using an additive
corlgentiriasigh( foresjatiad di hifvidsophliswa et went! sulpbohicas ol less
hydr ocar bon_sol v nt) The use of an additive

co C‘éh”tﬁm&t éi\‘ti SREs wgd\?;ghzfzg@éirfgfa li"ﬁé“‘?ﬁ&f‘ml“““ a requitrement i iEC
cogpah;blllty af forded by the conbi nati on of

|ngred|ents when in the formof an additive

cofigBintirate. [082] In another enbodi nent, the

el-ect-rf-cal-—-nsul-at-+-nRg--oi---coAPYSI-t-+-0N--+S-PF epar ed--by
m )%reﬁé & base oi | t | ﬁx WI ’E"‘qf fra es”épar%";”; gl {7 ve mi’f;ts
ofr additive package( aﬂgggp,;};zfagg tenmperature; =

stghjasicappr oxinatelly ouC unt Tt honogengous: Nt Togen

bl gRkEks s@EEnised dUnEnggEnuf act (g to kKeepywater —5gs

| eviek&i Bothe e RITposiiTt argdel ow thgpspeci fied Timts 0%

[ 083Lodty oper bin€s | Theoehkectrical insulatinga=any | 747
compoasioht 60 neet's religvants speci f i-aati ons for=& 432
physitoabnierel regty | cali,iE@atRiehem caBt prioper ti esifioek 12
electrical _oils _provided by ASTWM:4:B8487 : 20080 das: el

as BreECdi6029623: 0008, (FO8#])T56n one *&fbodi nent , *the 7L

cofidsi.tion.di.splays..excel.lent OXE ﬁvﬂ‘i:‘ihn r.e<¥ shaslnie

2

ahﬁ)‘qi" Q/Q‘inssi,,nm,,,{ nn aﬁa’ﬂ)@?ﬂ% ‘t.h-a Mg%é‘?ng ‘ nnd§$\%§pzf ST A0T

SC‘SIP‘B%?? m nu?e as Z
Appf*armﬁﬁ.‘e IO gl2ss Siear Clear Gimar
Acidity mg KGHig IS0 6618 <= 001 =0 < {1
iuiesiﬁuaa tonsion miNfm ISC 8368 =40 =40 ' 41
Total sulphiur, % P 373 | Notspecifiied Nt specified 0.001
Corrosive sulphur DIN 51388 | non-zorrosive NON-COITOSIVE BON-
COQeive
Antioxidant additive B0 80068 {.08-0.40% 0.20%
inhibited it
Z-furfural costent. maiky IEC 61188 2=(, 4 <
PERFORMANGE
O)‘ida“im‘ LuL"iiiy G 511280
U Total acidity, mg KORfg w2 <mi # .04
Si:...jﬁe S <) B <= 8 .01
DFFS0°C <=5000710° 1 <=50007107 N
Gassing tendenoy BS0HT [ IEC 6058284 | Notspscifisd | Not specifiag 378
after 120 min,
H&EALTH SAFETY
lash point "G IS0 2718 =135 =140 170
Dumﬁ\; FEG0, Kyl VIS0 3678 <} 865 <=3 528 5800
PCA % L1P 348 =23 < <35

37



measured according to ASTM D-2300-1976 and a rotary

pressure vessel oxidation stability (RPVOT) val ue of
W@roobeadase 400 m nutes as neasured accordi ng t oPGISUS20D8/068180

2272-02. In one enbodi nent, the conposition has a

gassi ng tendency of < 20 nL per mnute. In another

en igdl pent-. the Conr‘pnclij; nn has-—-an RPV{JT of nf ] nast s
f‘) 1 ofany Moy

500 En nutes. [085] I one énodiMEHES "t he é‘r*é‘c?t‘? Cal | N

I Asul-atingoit—conposi-tion ows &CD 301D Ievels T

s
rangi ng frominherently bi odegr adable of > 30%to

readi | yihipodegradabt e:081:2190% el B0 RE 8RB Aingd ihﬁ\«“} W,
electrical insulating oil cmo& ti on“\huas a kinematic

Vi %cbéﬁt}y\ht“ﬂﬁb}%bﬁ (34}%1“0@ &AM T A s DOEOR 30 Additin™

IDlgl rabi | bout . 3 i« enbodi ne
e conpoat bheras- BT arah BBy TR Tl v

40@1m}8¥?§ 16 @nels am@l%:@z&%;@libh@degﬁ@bwatM ©ofs @houbun for
40% In a third enbodinment, the conposi tion has a
Ki merdithiconisonsiayetiat PAGE otk 48 cqmRien{ 1) B 28n.
CEHJSQ 301D bi odegrability of >= 40% In a fourth
‘dII rent, the conposition has a kinematic viscosity

at ?M@rop@f'” <TTInmR7's (XL) and  an Tekeiddl Diequirad for Test results
bi odegrabi lity of about 80% Inia fifth enbodifsrest i
t h&hgaamdosarbitenstioas a ki nematiciviscosity at 40C of | <
6 | FmasEneXL) _and_an_ OECD 301D bi ogdegeads ity ©ka> 93% Glear
[ 086} 1.n one,,,,enb,,od,l,nent,,,, the compt®i $948n idispl ays 0.5
ex SePiE A 20 phur...cor.r.osi.on..or n‘mi\j‘\/ﬁfé»ﬁn th_a“~E i #Shur U803
coﬁi@eh?”“‘éfx ..... (88T PRI MRS L. ..a.‘.%?'ef_;fdﬁ.dme.nbodl‘rient, 198
t he28dPbs tion-has—a-sul-phur—contehil 8 i< 5 pPm—In a—7c
t PR HEEE - e55—t-han-1-pprmod DRI]-H-n-ohe & ‘ 93
l\'twgiﬁ)ﬁi 2’;}5?‘:“;:{)‘{35; cithiontod toot It\l-. -S f\%mfg'lj daa--t-act 18.3
e q$l\}~l‘: ,\I é}t‘ill\)?\} Qlln?ﬁglsl?’é CU1 C?J‘ U UTTIT MU\} 1 L:‘,Uc| L ?IDL | %024
m%:'t‘é' TRgsty 43 Q”“":‘v‘?m*fé’”““°' L “r‘;‘d‘«%a 179 5LERees MY 354 1
%e%%a A Q)g “0r15ortess AR 7 2 nour,mt otal 50 4
"C@;eﬁiégp&\ramcﬁ{rm:de{‘\'\' of 05 or eSS (g Tof T KOH g
[ 088k Ay RO|EMDOdI TTeNnt, "t he el eckriggads Tinsulapbng ol goiTTTT
CORPRSI:bAOR, ’P@’ﬁl s all ASTM physk cal: Aps-oper t Y=30 bulk &
requi rements for electrical oils include, but4tasennot
necBsSarivkyatabwiist ed to: a col or iof about ‘0.5 or less;,
as reasaic dgirysitng, Test  Met hod 1B 60580 . 1.2
_ Paraffinic hydronarbon, “"% BRANDES . 88.4
Naphthenic hydrocarbon, BRANDES ~ 304
Antioxidant addithve EC 60566 0.05-0:40% .18
Phenol typs in ""btit ad ol
Furanic derivatives, m:w\\; =G 81198 < < .01
Corresive sulphur 150 8662 nor-comosive 1 non-corTusiva
Total sulphur, ppm MPAS Mot specified =
method
FAH % I 348 “x 3 033
POB nmgfkg IEC 81618 Not detected ©2
Gassing tendency giimin EC B0B28A | Not specified 41
Electrical Chatacﬁ'er%sﬁu
Dhelontrin dissioabon fanta DDFAD T L 80247 1 »53(”&)6 OG0T
Break-down vo xidﬁiz- w? 5 mim EC 8101586 >30 &85
~0 - reated
Oxidation Stability at 120°C ECOIZRC | s -
P Tast \juratsmmm;um, ~ - 500
L Induction neriod +0 .28 mgKQH/ig AV hows - > 500 =800
Total acidity, myg KOH/Yg - R .14
,‘\iud{““ U" ............. ‘(::S s Q 03
Tanuens deita S0°0 <z 5 100K




D1500; a flash point of 145C. or greater, as neasured

using Test Method DO92; an interfacial tension of 40
waignesdans or nore at 25 C. as neasured usi ng TRGE/US2008/068180

Met hod D97 1; a pour point of |ess than -400C , as

measured usi ng Test Method D92; a rel ative density of

0.91 or éx rrf accor.di Q?g\to Test Method D 1298, a

vi sual EXan haERBi of NEFERFCHAT BrNGAT AR E O dHg st

Tegt, }TM%t{’I;Od; @Iﬁxﬁa Frandy xa W"‘i"‘@‘aﬁé;}’{ of 1&%5;3%;‘&;&% @xadam and

mr/s at 00C, less than 12 me/ s at 4OC and 3.

mM2/x8. BrStnessic 5 S 080G, Bw we‘a:@wn edwutyecTastas Vet h\@dozw ANTM

D445., {£ 8? | n,one enbodi ment, the electrica -

i n&UFATT hyy PO P REHPEY FToN A1 & S ST SN e TEP eltifitipg sebiliy. or

pr @@@M%&@ﬁw herents, -l @lu‘?&t«flacqlm \th Stend G} YEDY 1 nin and
ut not hecessarllyilmtedtot e Mreqwrerrents

12 A ndiebett RiPS B eakdoin voI t age of 30 kV or nore at
60 Hz by disc el ectrodes ({‘Ol‘dl ng Test Met hod
D877 2 {OCET Seiericesist dxRetdn W*%?a@ew R A TR TS SR

t 80 Hz and a 1.02 mm (0. 040-inch) gap using new oi l

a dielectric breakdown vol tage inpul se of

145 zki\{ or m)re at 250Cusi ng a needl e-t o-sphere

grounded.25.4..pm-{-1-i-Ach)--gap,—ageordi-ng-t-o_Test
VeCABEEEERBD, and, a power factiofVSWOHG ke WRWEHB5 4, ngaaﬁ
| e ggeapti2BscCeitvalid OF «01 30% or liess&atdé 100 C. 7.&58i ng 7558
Tesins h@ﬁ&@&c@@%@i af W¥ege 1 noone enb@ﬂﬂ}sﬂent , Lnesz 2.333
el ‘%&t‘tbwyﬁﬁ'{mi nsut-attng-oit-conpgsitippal-so-mggts-the 5y
Ch~& nrnnnmt,,\/ ,,,,, J.ronlll r-enent-s-ior n ect-Lri-cal OEIS,
i net &M‘ﬁ‘ﬁﬂﬁﬁ’“ (& “Hecesaril y_liini £84 to it he %&TM
r éqairsreits of : an oxidation iinhi b#for cont e of | 4600
0..08-mt . % or less, and tor Type I'l orlsiof 0.3 Wi %
On~Tess, ag e Ay Wy Using niestMetiigd “D2668 5501 114
wher-e-t-he oxt-dat-H-oR—+AR-BH-0r—HS 2B gi-t-Gr-t-hafy-Buty
chesal.. . as.measured ust nbv Faap l\/btzqﬁ‘bU ° 0147308 qu| 08026
content of el enent al RewdGringnd t el | y un‘s‘ﬁaﬁl e| 14485
sul furbeari ng conmwﬁdz& daohcpravent $€or r ogi ondépfd 8313
certarnTmetars smggms@@ q%%r% nad—sigsver-imgegatac SR7
wiit-h-t-he-di-el-eet-ri-¢ ﬁth“'\st&:u““ Gor danng to-Test Mt hod 0E
Di274.. 35 ppm.or..| 98 accor.di nn talTest “Met had
DI 5538 BNyt ral i zati on nurrber of 40503 ny K& or
| gS&pctusi AigicFiesdtedyet hod D974; and, 5&2 det %3 bl e
[o]¢ Igégatyat@m}nat edbiphenyl('PCB) icont: Frasgant en
Of”rg'%%%v{'tﬂﬁr. ppm-—as—reasureg-ust-ng-Tegt—Met-hod-—
' 1-Ring 0.018% 0.0197
2-Ring 0.8004 DO07
3-Hing g G
4-Ring o oot L
B-Ring 8 0
Argmatics Totat GO185 G.0205
OO0 Flash Point, °C 180 198 182
SMDETYTRP WIS
TRP @05 594G 5y 583
TEF @8 GES g528 g2d
TBP @0 &40 At B8
TBP @20 tetais 860 G54

"3y



[091] Applications
i nsul ating oil
wo pephedase hi gh vol tage el ectri cal
power and distribution transforners,

(swtches), capacitors (condenser s),

is used to insul

I n one enbodi nent,

ate, cool,

and

and

i nsul ating

the electrical

equi pnent SRCHUSZ)08/068180
circuit breakers

c abl-es——I-p-anot-her—enbodi: sr-heconposi-ti-gn.+-s-used

3 R 5 GRS DR
i n_cahle appl.ications r‘e(]EuF2 ors, “And rect| i?% R
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[0105] For the purposes of this specification and
appended cl ai ns, unl ess otherw se indicated, al
WOeBeeESEexpr essi ng quantiti es, percentages orPCT/US2008/068180
proportions, and other nunerical values used in the
specification and clains, are to be understood as
bei ng nDdIfl?d in all instances by the term "about. _
Ac BOREIRY PYH S h i dEs THReR OBt el PRSI e s ot r dry nophgnl as used o
nuper Leals paraeter s, set. f&?{tfh e Lh{i‘ f allow, ”g,m angd Vthe
spe0|?|cat|on and attached clains are appr oxi mat1'ons
t hatchuayswalnyt ﬂ@@fmdvng\p@@m»mhﬁmdesmnﬁdpnmmeﬁﬁbasyuﬁucw As
sought to be obtajned by the present inventian. i's
noPéﬁ*%Hé%‘“a%”ﬂséﬁiWﬂ tH §N§p@8fﬁktéﬁiﬁﬁ @ﬁdmfﬁ%ﬁ*ﬁgkﬁ““
?pﬁsnid@“d gili“ n%t) o(}u{ 1%‘ gyl g{& flxcl,m FECH] A 'E\“F:l? o t*\g?'« ezgppﬂ;u Hie ftor
t he, ™ ' ncl ua T'r al re%erents unl ess expressiy and
uné@ﬂLvdﬁahhyxtkdmtaﬁxﬁ@udﬁé«B@ﬁasant As used herein,
the term"include” and its granmatical variants are
i nt enoleg(1 NG BB AGHITRERHGOT SHSHYEREES feerd %‘Mfiﬁh’%ﬁ‘ o,
' t?ﬁ‘iz&sﬂ ak«% 48 ot d<th0t\h?w§\e§§C&l 510N 0T 40k REF ] LKE v ang
tens that can be substituted of ‘added to the Iisted
| t ensthe 1010630 Tm@pw-ﬁtwﬁen gescictiptd onthusesnexadphesnciude
?ISC|OS€ t he inventjon, including the best node,
anat bﬂ*tz@@ﬁcgmcw*“;Tf'hﬁéf%é)w SKPF Fad NI $he arppes are
TRKG ARG UEE S LIUERLLOR. TR, BALENLADLE. SEOPAckSs tat do
def’i &Fe clar ns, nay T hclUde ot har exanpl'e
t ha-tn @ﬂ@umﬁ:@hd ol &kmigked thercidihg, a@nf theSuehibtshern akm
exanpl es are i ntended to be within the scope of the
cl sF vk elpReys Ravanepiapia ddfcracenenpdht hgt Lfeehves of the
di ff.er. fromthe literal |anguage of the clains, or if
they ifcl ude equi val ent structural elenents wi t h
i nsubstantial differences fromthe literal |anguages
of the clainms. CLAIMS: 1. An electrical insulating oi
conposition in conpliance with at | east one of ASTM D
3487 - 2000 and | EC 60296 - 2003, the conposition
conprising (a) a lubricating base oil and (b) 0.001 to
10 Wt % at |least an additive selected froman additive
package, an oxidation inhibitor, anti-gassing agent,
pour point depressant, netal deactivator, netal
passi vator, anti-foam ng agent, and m xtures thereof;
wherein the lubricating base oil has a
bi odegradability of at |east 30% as




nmeasured according to OECD 30l D, consecutive nunbers
of carbon atons, and | ess than 10 wt % napht heni c

w@2200boos1dy n-d-M 2. The el ectrical insul ati ngP@i/S2008/068180

3

At

conposition of claim1l, wherein the |ubricating base

oil has a kinematic viscosity at 100C in the range of

2.0 - 3.8 m2/s and a Noack volatility I ess than an

anmount defined by the equation 900 x (kinematic

viscosity at 100C) -2 8 -15)CL&MThe electrica

insulating oil composition of any of clainms 1 - 2,

wherein the Iubricating base oil has a weight percent

of all pol ecyl.e: at: ety N C

Cese thin 0. 30 Tisya B iRs ARG R bfipl HRE i Blhe)

W BhASTM BasiR? on‘e&*(}y{ﬁﬁ ﬁaafsaitfu n; H‘Esunﬁ&mmpgfaeaﬁ edsmp;haﬁg

10; c¢) a ratlo of melght per cent of nol ecul es

contalnﬁn@ Wﬁh@é?&!ﬁbé¥é¥$|ns to wei ght percent of

”D' ecul ?g SRNLAlRLAG, 'IPL& %XCHQ%P@“ @Aidrf?{smg e«%‘t 1t;§h§;§'“v\aw
and d) a VISCOSIty éex great e 38

(khnﬁlmtn ehitiec estitiadty AOACHuHoBQ. %4&~«Thﬁs Qm@ibm;@a*lm el

i nsulating oil conp05|t|on of any of clains 1 - 3,

mhéﬁehﬁbfh%Ff@@@ﬂéﬁf?ﬁg“ﬁ@@é Yok HeEetan aver age

mol ecul g, el ahi.etueen. 000 and 1100, and. an . AKgs age,

degree of ranchlng i the nol ecul es be ween 6.5

10 nakkytd hranthes (perDIR0ICarbonsat amBbas oThebon atoms, and leas

electrlcal i nsul atin 0|I conp05|t|on of any of clains

1 ihag {iHer BIRRRE R eariRg base oil has an

aut o- |gn|t|on tenperature in C (AIT) greater than an

AIT in C defined by: 1.6 x (kinematic viscosity at

40C, i nzmR/ She #1300l i0s0lEDG B LEIgukigal of EUh Al WRgeo the

conposi tion of any of claims 1 - 5, wherein the .

| ubtrEatsanigepas edfoﬂ URESLa VRS PbH I bar ficcpamt ol fd s 5. & /s

f”hg{cildogm 0%&?%1“ ntﬁg? }@i igzg t@(m \Aﬁmqq d%g }é" a.k;k(!ﬂp%m% g {kinomatic

VISQ@ﬁhﬁmiﬂaithe’VESCOSIty of the 0|I during the

measurenent of the traction coefficient. 7. The

el ectri cal insulating oi | conposition of any of clains

1- 6, Of‘ cl a‘m \M:lﬁ GLL‘{!? tst\hess;g HRTLER onng nQ\aSi gm ~ 2, wherein

consi st & essentlafﬁ “or at i o soneri-zed sy TEREEE

Oi kh:hawmhng: “aahbhod&g{\ad\&bﬂhlﬁy ‘ﬂﬂcofaﬁ‘ h@aslicB80% Adeast ane

measur ed according to OECD 30 ID.
aromatic function less than 0.30; b a weight percent of gl molecules with at Ieast
one eycloparatfin funclion grogter than 10 ¢ & vatio ol weight percent of molecules
contaning roonooycloparafling to weight percent of molecules containing

muiticycloparatiing greater than 20; and d} & viscosity ndex greater than 28 x La

{Minematic viscosity at 100°C 1+ 80

4. The elevtricsd sulating ofl compesition of any of claims 1~ 3, wherein

the lubricating base od has an average molecular woight between 600 and 1100, and

an averags degroe of branching in the molenudes betwesn 6.5 and 1Y alkyl branche

per HHE carbon atoms,



8. The electrical insulating oil conposition of any of
claims 1- 7, of claim1, wherein the electrical

WO p®obetiscig oi | di spl ays a gassi ng tendency of PRI/B20n8/068180

Ik
fes]

per mnute as neasured according to ASTM D- 2300- 1976.
9. The electrical insulating oil conposition of any of
cIairrsl 8. of claim9, wherein the electrical )
i nsul at Png oi IS EFSHFay 8 A HASE) 1 irahae RE§oh daipg Ipd. wherein
pe(h "!LWxta@na LT STOUTs aﬁ&kcioﬁzgx 9] L;Q:rﬁ%ﬂ'(tlia' 23095 Jv%?»r than an
e el ectrical insu f'ng ‘ol I ‘conposi tion ‘of *a

of AdFabne defi@d bwhes ei(kirthetielectii eald Lnsuhat isng 3 6&“
di splays a rotary pressure vessel oxidation stability
(RPVOT) value of at |east 400 m nutes as neasured
accordipg toy ’ﬁ@TiMagx afai Q%G s wr-lib’@; ;%11%@&5&' &qj lgims 1~ 5, wherein
insul ating oil corrp05| tion of any 10,
V\hémnm\mhe rehmativhicalivd n&uhaﬁﬁzmga@d sk tidms:@;l aays; nAcaloulated by

}y pr essure yessel . oxidatjon stability (RPV
vaP‘ué of LRSS SYTSHY Hubes' Shd %a’s&%%d’* e EoF ity veesity 8
ASTM 22812508 ol Fucidhf o ShachEheal odfisulating f{i}; fent
corrp03|t| any ofe ¢ i er'ei n t he
additive is at |east one of a hydrogen donor, an
akyl at ed napht hal ene |nan armunt of 1 to 6w, % a
pour poi 'nt depr essant! saiurgsy ‘f"t‘"‘éﬁ?ﬁ“‘l“h‘é'gr‘*@uﬁ *6?““"‘(50&\‘ bty
POl Nl edug) Q%bé ufil .Jszspm&@%, essROLYIBE DAGLYLALER L rod base
pol yacryl at es; yacryl ani des: condensati on pr odu
of oﬁéimipgﬁ&ﬁeﬁdcgl aeas: el lcandithl iae neanpaimdssding mybeCD 301D,
carboxyl ate polyners; terpolyners of dialkylfunmarates,
vinyl esters of fatty acids, and al kyl vinyl ethers;
and m xgures ({hefeof.: and.an &d‘n mg@ﬂtof %%l %Ct ﬁqisf? My elatm
the group consisting of phenol i cs," ar onat
conpelnds: hont-aknh ngnsuhwfguﬁ\ Laqdmhmph@r iﬂ*ﬁais acy of < ~=1 ul. per
or ganosul fur conpounds, nophosphor us conpounds
andRTIR PSS HRSIINLS. “x“?qrh glue fﬁ%m i nsul ating
oi | conposition of any of clainms 1- 12, wherein the
additive is a netal deactivator selected fromthe
group censi stihagizefichl h:820he5i RengekichaZ ohest claims 1~ 8, of clalm
tolyltriazoles, tolyltriazole derivatives, and
m %t whesi! heﬂefcﬁl» alliwuiirtm Bl Eet wﬂeai&wmsm atricpgl 6id0 ul per

co osition of any of cl %n&ﬁ 14 V\«her ein the
ubFTEEET HEOBRE ’“"“éﬂ it ?Fa furtdhtent of |ess than
5 ppm
16, The electrical insulanng ol compostiion of any of clabms I+ 9, wherain
the slectrical msulating otf dispdays a rotary pressure vessel axtdation stabaitty

{(RPVOT value of at least 400 minutes as measuwred according 1o ANTM D 2272.02

11 The electneal insulating ol compostton ot any of clabms I~ 1
wheren the elecivical inadating ofl displays a rotary prossure vessel oxidation stahility

{RPVOT) valoe of at least 5300 nunutes as measured secording 1o ASTM D 2

12, The dectnical insulating il conposition of sy of cladms 1- 10

whersan the additive 15 at Ieast one ol a hvdrogen demor, wn akylated naphthalene in



15. An electrical equipnment conprising the electrical
insulating oil conposition of any of clains 1 - 14.
WO 2009/006156 PCT/US2008/068180

o

arpamonnt of 1o & wit % a pour pots depressant selected from the wroup of! powy
poin redocing blend components: polymethacrylates; polvacrviates; polyacrviamides:

condensation products of haloparatiin waxes and aromatic compounds; vinyl

carbosylate polymers: terpolymers of diadloeifumarates, viny! esters of fatty soids, and

5 atkyl vinyl ethers; and mixturey thereof; and an antioxidant seleoted from the group
conststing of phenolivs, aromatic amines, conmpounds contatuing sulfur and
phosphoras, erganosulfue compounds, organophospborus compounds, and mixtes
thereot.

i 13, The electrivel wenlating ol composition of any of elaime 1- 12

3

whereis the additive 1s a metal deactivator selected from the grovup consiat tg@f

triazoles, bengniriaroles, ivitriazeles, tolvliarole devvatives, and mxtores thereof,

14, The elecirizal nsnlaling ol composition of any of claims 1~ 14,

18 wherein the lulwicating base oif has o sulfur content of less than 3 ppu

1S, Avn elscirical equipment comprising the electacal insulating od

composibion of auy of clabms T~ 14,



