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tneiJy to l ti.octrica.  .~. ~  5 ii`` ::iE.;i?CS it
.p{tt` s d tz s\a:i g p.t Venks. BACKGR1 .ti. 33  [002
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X4:UX .} .l: #t. 1 elect }ca; o.1, < # nst ?Ff33. i?{
{ i.;'C Ls:1-?~ aI s= txSG< ~i.':?#.tiiF3, >.7iF ? w t
~.t..ic.a , 34;'e . F h e <a. `  10
E':lar"ltact.si._.A L.s HEi ?tit. l.xtrenn 1y low
ok.,a ,Ga{ :id, t ? t v#fh high  {'_ s?,vut-+#.'t to
passing an O.Ocdc cuuM Also Secausi # nsfef'f n
generates a deal of ..? ai t,lec.tric.al ins lat t{,
o3is ai .i1':.o then  cooing i_<3 pi3.i?Ei y Duo to
}}i her a ifor b,tT1a..it.L.. ,VQ?-;:  ?ev,elopi.d to
ensure t.i3 {t tyt3l,l: Rw:3} t.s .its i? <3.Cet,.+.Ff
i3#~. t3i<.c .:.:_E? i?? t`., ... Including the SOCCtr
for lt_ <.ti:ng i'da.ter{,3ls leetrot.th kal Cc?
mn.,s'{o , ( ':t 1 the i3rt..i F Y iC?F3:...{e.f BS)
the. or then sh ..tre die: c'o"t,c {aw 1..c.{ as
~...... .r ,..23.!  isgas. i e p3t...t,,r am t. .l co
led :i.nA mot or impregnated  pre 20 leol dX,E., b. or
...oac:tor .tE_te ` .f% of ,..:3r se ,s bbles, ethic
can give ;se to p r .i. Andy" , as ,f_..,  to 4 entu
di, ll,l,#ta i tsakd wn. 3 .rt .. ili ,.o ..:'3
,.l?a_{:- o d, {_x- its ,.t, .l s  #i`a< 1 i or r .3t'
E. 1 .i.}5  been .as to gas t . <t However, h a
,:,,..[ r [ ekrrt. "gem s a nu `.ber of ?.i#. Ew 5 as
n~ tat .#3 :E #..` t .i... ~. s628. S ~~ { ? . ` OIO s
R.H: pp.ov d :",00 , Ii:mt obi 0 as ,nea ... by Ac . A
x t 34 rp t> ? 3. this test ,, TWO v t? c_ F.#  E 2l 3
i ed to two spaced elebudet, one - rT r i` }!.
{i`.~`... ES f WO 2009/018089 PCT/US2008/071019  ?.).;
M + mss MM&M in ? o{ 'iii: 'to O -C ..tt, ,3 t. .t i
3. a  Ioi,d '\ pi{{es.:.F..e dai ,. ". i.:.#._a.ud by.
a F 1 iquiC3 E:. x tabh t under t it, coron W es {:am!
whQh ... a ,.+..,..3:?, f +. ber td h: d g ?.  0051 S
P?a act No. 6,790386 discloses a d.:c t.cn.`f, M i dat
tnp inu, an, so ^  



3F:ti, ii,3 ic. tlx: se oil and fi t #+` r l ?i,..?
#.] 5:1 pun, { tT~i.t.1) .I#.i;~ !?, F. .iuicd ;F.
t:FtEE ..!'~ ' .< .1 F.< . tY3#?`..3:iti tti # .?
+?lF# t:. 1..'L#.F?..F`.t,. )4 ;~ ` t.f`?) .E#..
i13FC:i:  f)iii #?'? .',?lit? ` :$: a.. 3133 :;F 3.E?I
`?i.:.;4 t1<lit.: i i#F .t. ix 3. i i3t {
:tiF't,3,'.F#i: li..'i t; 't#,?3sit ,. E`.i#,:vAfi: is
tt.- : FC ..:''..~< t  to the : i~sc.iti `t t>F ski <<
# ?out 75 80 ;6.J,') of the htnL was.. It. is a ihibl
ckrid I<-is wipcFdAc than the aid rising c s" #?'.tp4
a ds used in 0c prior a::F#-r. hon1 ! is till ... need
Aau 01' aQ"f a.l in)sula..:ia 4 oJd ex,h.F ?.t3 F s
;mss?:F Fa i,  and , niE ii_ ,`o:Er. standar en ij..
Fit r i.i3 4 4...,?.}i as- .daf- l_ e r l i. n r
\ourct s \n1;: ? as beavy rel xvi tes. :f t in. 1. '
L.F3bff nwi =E..4:.te nii .t.w{ an A.i.FicW ?F .
k.F...., `?  tvl.,E . aaf.. one Ai . . _\ tlOO ...ld
200 ,3.t. ,t~:. i...:F.., _. .t .,... (q) bass ..i s
.,.-ute,_ tf , ? da ow ? d .t.i..  d.base d, si. 0,00
FS? . wi. $0 n! Omni RAW,;, -.C ..L ,.. .r k. ..
a.{,:....F .. ?. . ~ i~.a> .. i.. t?Z U tii as
.i#.tthu or, ii.F' .o.. 4 Z. pour i .int kiii  'it #:
.:Ez~ _`rF {E.. `>t } :~.). .i .>. i): 3 i , 'i sF i3
.i.. .c4..,,.  :.. i:F AS M j'2. D2304-10 s et ..
;a..., jo to ,:`.t > Ov's of a heavy Fti t..t..'.~.,.
for the 4:;,.,3.2? lt.,F :. C ik ~. a .jt "\n. p
Fea~.'e? of lea .ha.. t Y i... F .ite as t, 'su. 1 oa
to .2.  ,. WO 2009/018089 PCT/US2008/071019  [t#091
.here is ilso provided a method to improve the
w:'rid.,mkc:y an. asulGti#Eg <ii ~;<)#llE <`<it#t3.1
t.C?d?'lpdSFiIW z . l t.i#l ..i3.t<? ebF.`e :33. 0,50
to 10  ,'t.. of a lsea reformat e f "he composition i
w' ,- .~ 5 z ~~i> =~ ;t~F. leyo lL  t e .i7.`x.lie.
,:t as measured a-oc.ordi`i to AS. a z') [)2300-00.
.^i R')] The f -, lIiowinc terms W H be toed t iroEig
w,,i'. the su ...F#. z3 ,!:?31 ii# will  have the
.611owin j Jl~ EF i:et'.~ url'.e,s s, 33 e ti#.. ~ i3
weat'ed, [01 1] As used }FereiF#, the teams d ectrica
it-i's l..}ting oiL" `'dieh ictiic Kid,'
,'transfor'mer fluid may be used interchangeably.
.Fe_fbr3 g t a  compos tion that Cal be used f #F.....
.d`ing?, cooling power and., disc ibut..C;F#  equipm
nt, and men tl#Fg electrical insulating oil
specifications and t. sting protocol  



defined by the Ail ri.an Society far f swing and ,
fiatterials ( STM [-)3487-00 t e  approved 2006)1 and
the Flropedn speeMatiu:ns 60296 i defined by the
Intern atima-1 Electrical Commission (IE , .0112: rt i
t.lli i #'Z? ` c derived" .,--?eats that the
product,,.!,-?'action, o. tbee_d o igina'ti r from or
is produced at s -Fr e st it:E by a i`i.. # '3 e zi4t
#. rotes. ,: 5 7Fsed  l:Glc dl:i. iii lk l Alf-3 ?~ ?
base (AV" umv be used l Flter } fca t ?a {? ` ' ',vit
`,. F I base .l," '1111107 G s L base nil" G t ; .s
to. Squid , or Fischer--1 npscll derived base oil  L?;
10 3JI, As used her::in. isomet";x d base oil" ref is
to - base oil me de by is s,aierizatlon of a waxy
feod.. 1'0141 As used herein, it `Zww axy teed c -
mp'ises .:14 least 40 wt% pi raffims, in  one of
bodirnow,, the wc' 'e d comprises greater than 50
-p,#raffin . In  another t I13 #t3 x it".,i 3 ; .,
greater , 1%12 '75, w% -paraffins. In one the waxy 25
tt t C: also ilslti very lots, levels of nitrogen . nd
C i less is"1 F. 25 pp.n.i total  combined nitrogen
and sullftw, or in oth.er embodiments less than `qty
pnm. Examples  of waxy feeds include slack waxes.,
deoile.-d slack waxes, refined fors 3d. waxy
lubricant i attina vs, o t atti#, waxes. NA) wzxnes,
waxes rroduced in chemical plant  processe . deofled
petroleum derived, l~ #l , i3'F,~ rt~C i'?
tt3.ta#F'.,E ax s. :.mot tF .T' ' : F f s_ S to  30
C:~"axes, a d3 rtl-ixt res t.l ereof. In lint?
.,.:3''bodi3.. lent. t 1C ax Ii.eds have, oLit'
t`iEfl:t t  of greater than SEC. In another greater t
ban 60CC. WO 2009/018089 PCT/US2008/071019  [01.5] As
used herein, '^: t r point reducing blend component' '
rci s to can isomeriz,ed waxy product with r `la iv
l?r weights specified  degree c#C aiky branching in
the molecule, Such that F t reduces the pour point of
a ?FtL ..ll base oii blends sc"ontainiF : it. Examples
of a pour point .Ff_duci#.u; 3 ?i.  component a disc
loski in L.S at nt: Nk) 6,150,577 and 7,053,254,
andP<E 'ent  Publication No..' 'w'2005-012476100 A l..
A our poin F w. l_:ci 1`' blend co:i3i >onen.. can b I
") an #soine-6?e. F i`cher'HI'ropsc1? derive bottoms
produc ; :a ~a bottoms product  prepared from in #.:
?a3 #. i highly w,!,Xy mineral oil, or, *F an #;o."I-I
.#z: d S?d iaFS'#F _.:_  kinematic viscosity at. i0('C
ot;at least about 8 ia1F? ; ` aaia de from :polyet
aZlane  pl',s'tic. 161 As uscd herein, the "' 10
percent poin. ' of the boiling range Lsf i pour  pnt
reducin<g, blend Component r.: tern to, the
temperature at which 10 we.', 1 . percent  



of'the hydrocarbons present within, tlialt cut will
vaporize at aat.F#iospheri ?.es ur.?. Si i?ila.rly the
90 percent poina of the respective boiling ranges
otters to the 15 temperature <ul which 90 welg4nn
percent o, d he hydrocarbons present w b'M That c#l
will S' i ?+zr z at't atmospheric pressure. For i#?
ples having a. boiling = nge above i 000"T' E" 5 ,W 7
the boiling rang. .. an he :2? eassuF e using the
standard c:#1 i#Z't.ic  method D-63'52-04 or its
equip. lent, 11fi r samples having a boiling range
below I 000T 038`C,), the boding r'ange distrikitaons
in this disclosure be measured  0 using the
`ttiaiflii"il analytical t etl2od 1) 2 c'~ ,''i+i9 or
tt i C t{ia's`%31. '.Fat. it. S4i ll be no that only
Ow 10 perc_en: point of the r spe41Fve boiling range
is used whet re err n?: to  the pour point red
ureducing bend ca ponent that is a.vac_uum d#sd l
i~ioi# bottoms product, since it is derived from 't
bottoms fraction ~4?.Ittt :i. is . es the 90 percen
poi t  or upper oiling limit juelevaat. ' 25 (017'
"Kinem is `r'?scosity" is t3 measurement in .Pica?F ,
s of alai: 1.esisttance tit  flow of ti fluid under
gaats'ity, determ.fined by AS I M 1)445 -06, [018 o;dr
a 3cosity index" ('V I) is an eiripiricalll, unit-less
a3 rnber indicating the effect t~ pe ti. i }~{ ti c a
.  kinieF #a i. ~, iscosity of the o .l. The r }i.: ~~
I  ,e c of an oil, the lower its tendency t k) ~
c#3lge viscosity with tempera ur'e. V i siosity >
index is ii?easu ed according to .AS TM D22701-04.  .t
WO 2009/018089 PCT/US2008/071019  [011.9] U old
c,.ankin tiI#?.:.Flat.o appa rent v i cosh  i." w S
VIS) is a in i#`_.aliipa.. c.a .e.co.ads, L?"1 ti to
measure the F :i Et:F"I3L .9 ptopert:ie of }t#bn
a}..ng base o hs under low temperature an.'<F high `ht
w-, CC-S, V IS is deter:.v fined  by STMi D 5296-04,
[020] The, # 3 e distribution of base oflF b a'x is
determined by si}t,tdated distillation (S M IS
according, to A`--,'TNI 13 63522-04, Range  D
str'ibutio}n., of etrok t#.a Distiliat in
loFlingR,,.nge 1^74 to 700'C' by Gas  t. hrot, atc`ap
` by [021i boa k 1'olati ty' #... defined as h. nass o
i xpressed in w i i#t  H) which is lost when the of I
is heat d at 2 : 0` ~ with a:;.s;.'onstant flow o f ai
r sdiaw  though it for 60 min., F" easwed according to
ASI]`M D5800-05, Procedure B. w_S iook: iold'. i
co,sltj is used to detenudue dhe internal uid.
friction of a  ubricant L uriin~< cold temperature i i
on which can he i casti#."ed by AS . M .t)  



2983~04. 10231 'Pour point" is a i:ii 3`i?}>' FFf ..lt
of the at which :i s :rnpl of  bat,o oil will begin to
flow under certain caic-ft llF ontroe le d i ondidous,
w ich'.i can he  determined as described ..n AS 1'M D
S950-02, [024] "Auto i sF#}ti n FS the
tfelnpc.rat'.Fre at which. :i fluid will i trite
spontaneously in contact with air, which can .N;
determined according to AS 11,N4  6 , [0251 I .iii
refers to natural Eog trit rim. v ith base .
[02`Traction coefficient is an indicator of int, insic
lubricant`. p# osperties,  expressed as rl#.i, ratio
of the ft iction three and the norinal force N,
whtrtefriction is the ni ehanica hre e Which resists i
movemen-t or hinders movement 5 iS i2't~:n, ` hdi t,i
or ro kin J~..`. t>a~ es. ra tif.F}_coeffi:#:ient can
e ii ~,,,*.t.ired wit an I  8 . 'frr"t>r tion easur r
e t S y s,,,.} from Pc'-S Ins rt meats. ` td. ,cool ;~
; ._l > i ~1 t  polished 19 _ nm diameter ball (SAE
AISI 521Of steel) angledat 220 to a flat 4h z, , ..
%ia<im4uz'.t polished disk (SAE .:`{5. <.')I 52100
steely Ile steel b.e; .:.nd disk are  ridetteiidet,tis
measured at an 5's'~i<~ `' r3(}#li speed Lid meters
per second, a ,#i'~to 31 ? roll i'aio of 40 percent,
and a load of 20 Nc 3lvv. "ns. ..I#e roll ratio is
dofned as flh WO 2009/018089 PCT/US2008/071019  diii
rence in silding speed betwecn'h. e ball and disk
divided by the mean speed of the  ball and d sk. -.i..
-roll ratio:= [02-11] t  } s4 l to As used
a1e:1"cii#., numbers z`,..numbers 8?ft"'Iti"srlil7 ban
.c tail has a distribution ofhydi'oc:irbi?.F3. # :Fi?
. i ule 3i' ' a rang ,' of carbon u; ii: ibhei"s. 5
with every number of carbon numbers For 1 ? i3.; pl ,
he base oil :may have  hydrocarbon molecules rang>Tl r
:.:!... to i:.'16 or from CIO o C60 with every
carbL?#?. The h,' droca bo:F7. #'e` olecu s of the
base oil dif[Cr frolmit.  each other by ceumecuti e
-number's of carbon Acstns, is .a consequence ofthe
waxy  feed also basing consecutive ,raunbers of a1 ?
lts. For s. xarnple~ in the l ischer. 0 'Trop sch
hydrocarbon c~1i#.li si F ; F i.1C?:Fl., the si3.i?t:
of as bc>i# atoms is CO and the  hydrocarbon,.
molecules arbull #l,, one c ~Frbon ato at ime. waxy
tbeds 11',I VC consecutive numbers (if carbon toms. In
iontrast to an oil based on ?a , -alpha-ol :a .i# the
molecules of an isome i .L:d. base (.,oil have a x
-tort line.i?  F .Mre,. comprising a relatively llong,
bas kb ?ne: i di short bFanchc s. I -u classic SS
textbook description of a PIA() is a ,t?r" sshape i
it19? :L;L;i?Ft a :and in p.rticula tridecane,  



which is #B lustrated as thi'e e doc.aane molecules
attached au t c ntta:l point. While a s 2a.i shapc.ii
i3 ole F.il'., is h csraic l, nevertheless PA{O mole
ul.s have atnd  li?i7ef # ?Tail ches that the
hydrocarbon molecules ha it ake oop t he
isonler.iac.:.l base. oil  disc loscd herein. [0281
`Mona: des L th cc `c op rafn#.c aunt ion#li:y f.rwm,
any ti ol.~ :..le that  or contains as one or more
41.i13stitue#1.s, a r ionocyclic or ~a Iu .
311Filticyc tic  Cscd saturated hydrocarbon grotip,
'029: Molecule s it s#1L~ aif4'`Cli F3cii"c' ii?A
.lui#2..13.'3 3atittx ' #i ea:3 any anolecule  that is
a d7:on?.oc' c tic. saturated hy's aocarho 1 group of
h ee to se c en i #ng car" bo`:s or any  molecule that
is substituted with a single monocy c is saturated h`
d ocarbon grow of  three to se v en ring Carbons,
030., "Mo i cusles with 311ul cycliopar'ff i...ti mean
any molecule  `l?_,: is a fused #?aii3i. Lll 1it1rate
l.< li"e1Ci?.t'?i*F; Ai ?. Fre?#:F (? of vst1 or more
-fused  rings any niolC;i"ale that is h3.ibs'fiwted
one or more f isedl.m tic -clic saturated 0
hydrocarbon I1. 1i' tF.F"F31F 1 of two or more fused
rings, +l' any 1 oli #.aa $ 3 . is cs WO 2009/018089
PCT/US2008/071019  substituted ` 'tth .. o e t.1ut11.
one ncsnogolice saturated r d3 oozi bo 3 ,group
oftlroe to  seven ring carbons, [0111 olecules w 1ti l
1+~13~a1 firs T it t ai i'itlll molecules s3'ith  ?
~1`Lx4 :f..a1 Zu l::. 3F 3e L111 tionc? # `: . and
mu..Lcu h, s \a,ith #?'?11 1L~ t? c3Eci 13?#a
fini+.t.Eo ?rill y are reported as weight percent and
ar deenn-i.ined by a combination of  Field Ionization
Mass Spe t.1oseooy (FJ.M S), for .~lomat ` d Proton N
. _ for ole.fins.. urher fit lL described herein.
[032] Oxidator .RN.11 e asiures the response of a
lubricating o.I in' a s1mui ted  tapplic tion. High
values, or long time to adsorb one liter of oxygen,
indicate good  10 stability. Oxidator BN can be
lalecasrrred v a a .)orate t pe oxy ?eu absorption
apparatus (R, W. Do rte. "OAR., dario:# of White
Ofls,," . Tldustiia1 i17nd En :-meeting  of E 1 z.# at
" ~4., }<  Chemistry, Vol 28, page 26, 1936,1, rider I
atmos~' hee. of ?ii"~. ~. o? g ( tune to absorb 1000
marl of O"s by 100 g. oI o.il is rc13<or"ted, In the
Oxidat(m. 13N wst. 8  IN of catalyst is used per 100 g
ams of oil. I he catalyst is a m ixtu "a. of soluble
nncu h  



15 nup1ithen13tes simulating the, averaag metal
analysis of used crankcase oil, he additive package is
$0 rnfflil.L?le ~3f !.1'rlt I~, r rE;rl~"IJl'1J 3 ll
i?a ;:? ?GF`.4:~s~1 .E?1~3 ? ?d.}~1~x1 S per  100
grams ?f oisr. lt# 3.> Molecular i ~:atki.act
1ll..zxr.i[?s3 can bt pe.r ontie.d methods known in
the  <arta inctudilq;, 13c d !xli faarion Mass Spe<
tnrs >o ?i and n-d. Mil analysis (ASTMl  0 I) ."38-95
(Re approved 2005)). In ElMS, the bast oil is
characterized as alkanes and rl1t+.e i"11 itli ffe
ent. numbers of unsaauirations. he molecules with
diffe ent.  numbers of be comprised of t
a'ciopadal`1.2n ., olefins, and aromatic.s.  If
aromatics are press ?a in significant t#.1nount.  ey
would be identified as 4 .1?.'1saatu:r atioii.?: ~'~
l.'1e 1 1 tins are ant sa.U in signifiew amounts,
the), vaould be  ?5 idelit.ified as I -u1s:itulatdous.
The total of the I Ea"a? +aiia.:aation~
2~unsuturatiuns,  i:131,t.YlFratil?l':. ,
a7.li.:<:ail#1<i.'lS1i s. ~xrF?l~aat H iltns and 6 uns
atuFatiuns horn the FIMS  analysis, 1:1`x?l is. the v
A % oleilns by proton NMR, and minus the vn iffy
aromatics by 1-111J.CilJ is the total weight permilt
of ,molecules with cyclopGay afro c. fi etiona..lry.
If the aromatics content was not.niusured. it was
assumed to be less than 0.1 ;k , % e; and not included
in Y c.cai~::_d;anon tot towl w eight f i(_ il't: of
ii n t. l.deC, wi.$ i.  cy L iopalaalti_ ic. fidl1.a
tiora `htL. rill, total 'ante zl'.11 t ercerit with WO
2009/018089 PCT/US2008/071019  , clo.?a rath k.
functionality is the sum of the weight percent of a"
olecules with # 3o#Focvi;lopra. lnic functionality and
the weight percent of molecules with  n ui
.icvclopai'a inc functionality. [034] Molecular
weights are d-ete#.#,1 nc by AS N'i .a ? # ? 3# ~4 t n
`s.3~ ~.{ 5 200 ) The method uses thermoelectric #1
wwure"laent of -vapour pressure (VPO). i.n
circumstances \' here there is iia tafficient arl pl
vol me, an 4.'itemi0.. 2l Z"S t tve :,etho of . 4 S l
:M D2502-94 may be used; and .h4 ie this has ?t;cri
used it is indicated, 035_1 Density in dwahned by .
,.: [ M. D4052-96 e pp <ov ed 2002). The  sampit: is
introduced into an usC..ill ting sample tube ande,l e
5 ft in oscillating  to frequency caused by the eange
in the mass of t l+ tube is u-- ed in corj nctio#.1
with  calibration data to determine t. e density of
sai,,plc, (036_] Weight percent cdefins can be :
etet-#t ined by p oionk- NMR acco ' #1 to  the step
specified hesein. In mo st the oldies att.
conventional i.e. a  distributed mimwre of those.
olefin types hydrogens attached to the double bond is
car bt ons such as, alpha vinyliden , cis, -rani and
trisubstituted, ,kith a detectable  



all; 'ic to olefin integral ratio bC.tween. I and 2.5,
When this ratio exceeds,), it  indicates a higher pert
nla e of tri or teetra su stitutted olefin,.,, being
present, thus other :is~suru f i~~.t#:i known in the '
nal4't.ical art can lie. made to calf".."slate the
number of sE a_"utio Zit .<..  dora)le bonds in t e
sample.. The step's are as iE a` A) Prepar a '. t? l `
v ;: ., tl#o- est lS'tii'f~<, ,.l+?#? itYi i. <LFt r
?t ~" `,l'{? s B ::`~i',,+4 `ty.`tl~a. Acquire a F ? l
l ? l r;, ton spectrum ?t l{ as! 12 `3l?#`,'i spectral
width and accurately reference the chomic-al shift
(?pm) axis, with the l#Fstl'1.tment having sufficient
gain rang: to acquire a w?nal  without overloading
the." receiver/ADC, i f.. when a 30 degree pulse is
applied, the  iilytitJ lt..it ,13:14 i3F4t i3.
#l..#t"tst:3t3 ii. su.uui i.itr9~i.,L it on den
ti2Ai.: i'ili`oE +`-l (? >. rt.{l. In on =  eri..??o
diFnent. the instrument has a dynamic rang ("s at
least 260, 00, fi t :i Measure the  integral
intensities l`t:,Steen: 6.0.-4 5 ppm (olefin,);
2,2--l-9 pp-m, t a l lic 3, : nd 1,9-0.5  ppt?
(satuiate} D) the molecular OSec 3t of the test
substance de en-nined by ASTM D 2503-92 (Reapproveed
2002). calculate: 1, The ag s m-nolecular f z.miuia of
the Kati.:~tted It fit#}S mist ` >e "11-be average
_rnolecula formula of the oietin , 3, The 30 total
Nagai #ntensitt ( SUrn of all i #tegral 4. The ? teg
r., isity per  sample } dro t#l (=total #:r:tub: ll;
'.t#l Ft"# e ash t:y'd o Deus it ? alula), 5, number
ooo `  S WO 2009/018089 PCT/US2008/071019  eA lif :?
drogen.s~ (-OIC-ti i #.I"art_ ;a i~,'1 ?ear . per
hydrogen..); (. The number el doube  bonds hydrogen
time's ilyd ogens in olel.~ii ort- ..i}a/2 )., .i. d 1
y?`.. The wt% olefins ,:  p~o~t`; ~~3 ~I-f~, M` - 1.~:
# -{ the number 3. 3x ~ d B ible bo,xatl .. the t,.t
t'r= , ~, ~ ~"#~w~ b c;:a of b"yd oi, eias in a
typical olefin molecule divided by the ut:unber .)f
hv(hopens ii 4, typical .  `i W "'t ,.3.,t ytF.nce. %l
oleeudc; . In this testj~["te of t is by proton a Yt '
`.30. z s?` ?i'kle~ttti:ie. , 'wo ks+pa,idcu ariy ell
when me percent olefins result is if -~ , ltati.. than
15 1,0371 weight peru-ra r1.Ii'.'tizt# :#F h ,? one
enib) liawrt can be measured . 1 H}.1,11, - : V. to
one the test, is conducted usi a a Hewlett Packard
10,50  Se ies Quaternary Gradient ghl e Liquid
Chromatography s Atem, coupled with a 1-111 l05,t
Diode-An-ay ..t detector nterf ce to an HP *:. iTa
teat#l.t . Identification of t to individual aromatic
classes in the h tghlz saturated  t~: ri'~i > ~  



?ci.`'4:. oil can be iia;a:t4 on the ~,.1s"~;y _, i.
t:a Ir ~+ s,i,.e...l ~~cittt'-'c1i and ttii
k.tati#?-,? ti-ale, Th%  amino column used o this
analysis, di."rkntia'tes aromatic. Inolocl-Ijes
largely on 11,10 ? t.. is oftheir i (or double-bond
'r-a  --l er). the sing It -iii ianoi'E atic
containing molecules elute f ,st, fol,10 Ved by the
po.ty ycim aromatics. in order of  increasing double
bond number per . ?k`l tine. For aromatics with
similar double bond  chiarac:tea , tl  with only alkyl
substitution on The ring elute sE*urier -w those with
n pilt enic substitution, Unequivocal it: i
ntitication of file various base oil aromatic  .{}
hydrocarbons from their ! ca `(?a bzttli L spectra
car, be acco i i,lish t i`5 i t fni z:i#lg that  their
peak electronic transitions are all red siii. ted
relat# t' to the pi rce mod el co` i ound analogs to a
degree dependent on 11-#:e amount of alkyl a d na_phlt
ien#c 9i stltut t?n on the ria i' system.
Quantification of the doting rlatli"233t[i t3tl l
S?#`ai?t t:an  be n ad:e. by in egratinp C l t?l `c3:
i iii s made from wavelengths e ptimized for each
general class of compounds L~~:.:; the ipp?'opri4te r
efition ti3i"1. .. at  aromattic.. Retention
tulle''iindow .idm is or each atomatic class can be
eterl,iained by  :m a'UAI evaluating the in .ividual
absorbance spectra; of Outing compounds at
d.il`ieret.t times and assigning them to the
appropriate aromatic cuss based On their  qualitative.
siai?(ati y, to .model i o.t?lpo 4:nd absorption
spectra. +ti [0-381 a,C . $.' Calibration In one
e:i?"abodim{;:3`lt, HPL GU. ' can be us A for
identifyi iw? classes o.: a,im'--latic con-lpounds
even at F:_r+ lz?w level: O g ; jig WO 2009/018089
PCT/US2008/071019 ar ru .tie, 2..  .?.i~.c#f #bso ?_?
10 to 200 i lases stron rlv than single-ring
arornatic,'s"  Alkyl.-substitution affects absorption
by 20t. %i.i itegrarion limits f6r the co -luting I
ria g and ' sing e muatics at r 2nni can be..i#a dL
the perpendicular drop #.rwt o i!  'V avelengrii d r Z
I Lid#a tea ?cas factoI:`s for each genet l aromatic
class can be first  S determined by constructing
Beer's Law plots ' doim? Pure c mode o mpou based or.,
.h~: ar? aiest spectral peak ~ihsorbances to the
substituted aio.rmnc an4}li `gs. 4 L .L4 Wei g ht pc
men. coa"li e ation of aromatics c n be calculated b
assuming that tti  average Molecular weig4`~ for each
aromatic class was appoximati.ky equal to the.
average molecular w`.gl.,t for the whole base i-) sam
le. 1t t '4::E i. <.t. in one c.rn?i?c .im. t , the
weinh percent of all. with at least one aromatic
function in the purified {"ito{io-aromatic' standard
can. be  con i i2 via long-duration carbon 13 NM R
analysis, The N .iin1_.tt` Can e  



trai{"islatwd. from % aromatic, carbon tai. % a
otlratic molecules (tio be consistent w4d"#.
.ETPLC'-l. V and 1) 2 07 1,,xiv.wi:: c that 95-991.-.,
of the aromatics in highly saturated  base oils are #i
s._.rii)L aromatics, In another tee t to accurately
measure, low levels of all "rm:oleculc with at leapt
one a on..a is function by NMR the standard D 5292-99
4 .E,approved 2004) the ti od can G modified t ; g.v a
minil::n{#-.z-.{ cal bon sensitivity of  5001 (by ASPY
siandcrrda practice P 386) with a f _5-.ioE r duration
ton on a 404500 MHz `AMR with a 10-12 mm Hale a.c.
probe. Acorn IBC integration software can be  20 .iced
to define the shape of the baseline and consistently
?r te'mt . [0$t] _ _ xtent of branching refers to the
number of il yl branches  itli C {i.. a . `oc . _ .
anc ? in n f' {'ili?i: ing osizion can . e determined
using icarbon branch . t { i ia to T the ol. E~
Zr'f,?cts `~s: -1) ff,L'i~.,tit the \,1 f ~:.,~3co[fin
11:}#. F3g nine `ti:rf centcrs and d- i_`E' bianch.
Eiyi'Ii:3_il: iti<?3?: points using the DEPT Pulse `S
i i enc D. _ f~"t , MR. i r>`..z r - r 1 if1.agr3L `
ar<t is . A sl n7 - ~r -,y3., i; .,82 i <:q w. f~tii
'L2c..1 ., v tw + i.i.. f,  1) _E: 12 3f.f.). 2) ''s
ify die :absence. o: carbons initiating multiple bas
chwes (quate.rn. r  carbons) using the APT pulse
sequence f '{tt S. : -g ,f. N. S t ) n Tr of
,..iognetrc Resonance 1982, 46, 535 :1:'). 3) Assign
the various brand-, carbon resonances to specific
branch p sits ?.#a and .i" ijt#< using tabulated c3:?
d calculated 30 valucti- l,;{Lovv.ir. in the ad (-
indeman L. P., , .?,?iarna {3;f`( 'E?r" + ? i ,rf r
f.. fstr .. < teat, f a fi` _ .f a.a~..,,e t.~z t's }<
411971 124`01 Net_rel, D.A., et.aL, Fret L 60, 1981, 3
1f) Estimate relative WO 2009/018089 PCT/US2008/071019
do sn is at cliffe.rcnt carbon positions by comparing
th integrated. intensity o t..-#C_ speS. # e carbon of
hf # set'#. alkyl group to the .intents a' of a single
carbon  which at, egwaI to total of carbons per ii.ole
ule in the `-n xtur'e . For  the 2.-m hyI branch, w
#.ere both the tennirial and the branch methyl occur
at ,,,k same  -resonance position. the inlCm its as
divided by b44i)#.._ est#,iatin t tic density, It t e,
4-rn h I branch traction is cal Late. >;tnd
-tabulated, its contrib.it.iwi,t<._i the $ +Tnt thyi5
is subtracted to a-i,-wzd dosublr counting. Calculate
the ;.average carbon  #itiia ber.. h a e3a"e carbon
.i~.li'. ber is dat.-nid ie by dividing the of the
sample by 14 t-ho : r#m#..a. weight of t:_E :_ 6) The
number of iciranches per 0 molecule is the snot of the
branches Autd in sop 4. ?r) The number of a k l
branches  per 100 carbon .atoms is calcul,. ted t#'ont
the l1:iFt be of branches per tt`olecule. step 6)  



tits? a.ve# i4? Carbon itT.i#itb<er. 8) Esti#itt:tt,
t_ at~#L, ing Index t 1) b N 'MR  Analysis whic , is
present:d as percentage (,,,f sits; tliyfl hydrogen
tt~ t"2#Z ::t S-1-n- t `at ge  0,6-1,05 l pi ) ari
ttin ; total hydrogen a i estimated by NMR in the
liquidl h drocarbo-n  compo Sition. 9) Estimate
Ranching proximity (BI)) by 'C. i~, 'l;t~... which is
?r sented  as percentage of recurring iaie#h`<f:i?t.
>_i bons which are four ofr #?lore carbons away  from
the end group or branch ('t pi esei dl by a N.MR
signal at 29.9 among  total carbons as estimated by
N1, .P. in --he liquid hdrocarbui composition. The Il
i i sure iS#z Can be perto-#Itied Iasi #g any x]tt#jj
Y #'cilt~ti?:t$'.t#. NA4R s'peCtlometer, }  20 e:? .
one ha`,in  txa.<agnet of .() T or greater, After eel
licat.ion. by Mass Spectiometi.t'. 1 \r or an N ]MR
survey that aromatic carton are absent, the spectral
the ' _'  ,NIR studies can be limited to the saturated
carbon region , 0-80 pp:#i vs. I 'MS iteti i t .tla4
stliati~ . Solutions of 25-50 wt in chifm,,
,.E?i-rn--dl are excited by 0  degrees pulses inl.it;
:f? ed by . J.,3 sec acquisition tim Q. in order to
minimize .sot )c; uniform 71 intensity } 'v ~~Ca
proton: ~#: "~ yc~at%E"I L1Cl:~i?(~. J~.i~. x is
i.E',~.~.i:A 'i is .. data, ~ ^cii,` et~~t.;.Ri.:1-#~
5...:iC.--?'s~ tti.;,~.,"_-,  a 6 sec dclax prior to
the ex itation puke and on during acqu#.sition.
Samples are  doped with 0,03 to 0,05 M. C ."r (aacac)
(t iS ul a lace ~ li<#to ~a3:['lTt'F.3.iEi#'1 ) as a
relaxation aL sequences can be carried out according
to lite` t.ut description = with m inor deviations
's0 described in the Varian or Bi't# Ei t operating
manuals x_ i _  atortiL?hies i  Enhancement by
Polarization Transtz.,~r, The DE [ 41-5 scgli >]f e
gives a.signal all j WO 2009/018089 PCT/US2008/071019
c arbiaixs boned to protons. Dl:' PP 90 shows (.:' -I
carbons k..!; 1 . > a 1.35 shows Cl i  ai # a.:.ci cl
Cfb 180 degrees out of phase (iow ). APl'- P is zitt
i~ ( . proton c ~.  known in the an. it allows all
carbons to be seen but if (311 and CH 3 are up, then
cluat.-" -inns and M12 .: arc down. > I- branching
Properties of the sci#I# 31 can. be 5 determined hY' ;
\MR. Using the assui'r- #3?.aon in the. calculations
thai the entire.  sample .5". I r past fi 3i,^: L h e
:: .tEt.E1: es content may be am : ;-15;x[ using Field
lon..4-tio#i .lass Spectra c..ol e (FIMS). ,041] In
one #rbod:i ent, the electri al ills III 1ing
composition comprises a t2, fI.~trs- ,1..  heavy
re.r,.`r.mas an anti-gassing C3fen and o`,tx, icJ:.
additives i`' o]]d#C:ive:1 in a Zi?C3.t:::i:'< ~ ?i 1
',> ? l d " ~ l l ,z#Triz #l t Bas, oils suitable or
use in IZ?imul itim  



electrical ins-u11,6 i.ng ail compositions are
selected from any oft e synthetic, or naturalk  oils
ormixtures thereof e.;? any of t e. base oils ii
Groups V as specified in the  American Petroleum I
stit:ute (API.) Base Oil Irite.rel tinge ability
3uideli es. 1.043 , xwuples of natural oils inc;i#.d.e
animal oils and vegetable oils q`e F...  ; castor oil,
lard oil) and mineral l.ubric3ting oils such as liquid
pet'r'oleum-1 oils and  solvena treated or acid
treated mineral .lubricating oils, of the ii i#;
il:'t#iir; tat3.1 l the.3lt' or  m..ted pa ,l l:i3- #
i r!?l~..le iL pes. Oils derived r'o:ni coal or shale
a e also suitable.  Further. oils derived from a g
s-tc -l ignid pr cwe. s care also s1_iitnble. [044] In
one embodiment, synthetic oils for u See in the
electrical in ulating  0 composition include lt~t ii
sL?#1 oils such as, polr'meiize . and inteipolyr# e
ezed  olefins (e .g,, oiyhu y leneS. ps,`sl::pi} p`l
nes ;;<d'erl?yIe Jig i`i?l l 'ILiie y ~ ers, etc .
polz llohaol sins suchh as pol'4 { , -h xe ncs 3,.
poly-( I - oe tones i. poly (l s i air " etc, and
mixtures tl3 r;ot: al:l ylbeu erics ( g
dodecyiheo:renes, tetrade:;ylberizenses, di-
nonyibeirzenes,. di (2:-.tliyll xyl)benizeiit+s..
etc?.) poiy'pheny'ls ie. ;. b.phe1 y ls,  terl)hearyl,
anikvlated polyphcriyls, te. , alkv>lated diphenyl
elliczs and alley la.ted  d.iphenyl ,sul i .s and the
derivatives, analogs and homologs, thercof and the lik
:. 6. ~ r I; o i t :[?l ? ix ent l _ ` .rtl, tit oil
.tor i. e in the electrical instil ~t#i:l  composition
is selected from the group of aiky:lene ox die
polymer's and int.erp l y r ere  and derivatives
thereof 1lere the terminal hydroxyl group : 1,a,' e
been ti odif,.ed by etc. 1 xai?iples include o ""Is
prepared through 7  polymerization of etlr\1.n oxide
es- propylene oxide, the alkyl and aryl ctho s. of
these i WO 2009/018089 PCT/US2008/071019  pol oxy3lky
._ ;e o ynlef' t jP, : et 1 '3 tsIZisopropylem ?I yco
ether having an -~v t s... `t. v  w 2e t i;:.1g 1.:
~1..3..t:t~..t e:t~ ~,~..}.F0, t_. i..3~.'~-,.`~.3 ,
~.~~v of ,v ;,ClS Z ih? C:#FC' glycol having  a
wflecuiaF well it of . <'?" ;, abt 500E 10 3 3 z ( ,
diethyl. tf. ,.tl ~~. of ~.,sil.~yfs te 4.1.,~ g vw~,
'l having s sl,rfw a n iolee dar weight of about
10,?0--1 500, etc.? or`mono and ; OJ)carbo iic esters
5 thor of Ib orample, the acetic acid esters, mixed C
_, fattyacid esters, or the C.'3 aci E diestcr' of t+a
zfliy le- L. -s Z:co . I i_ [0461 1a anlothe i i
if?z?t Fm ti., synthetic f5il is ; leded from G F F'w
of dicaFhoxylic ids (e.if. ph..3 lia a6 4i.F  F;~ 3
acid, alkyl alkenyl  



iuw ,inn acids, ma.eae add, azelaii acid, suberi acid,
seb:icic acid, ..L u-na z. ~.ic d. : a xll?ic z3~:id
a.#. oleic ci { #i"2 er. maloY.. i acid.. x ky F`'lc
kmic a i s. <1iken l ivilalon c  acids., etc.) v tl..
a variety of alco -ols t,e, butts ._lcoho , hcxvl
alcohol, dodac: yl  allc3 1o ., ethyfaiex alcohol,
efl-l le'ic ti Z t oi, diet3t > _lone glycol, r;1Y3.1+
+  e ;:5 { ? s .f .tC`  ,tvnarato di n::1`l sebacate,
d,lsoo ,} gaze iii'.., diisodecyl azelat;,;., difi lyl
p 1t3 ,., :? .: 15 di&cyl. phthulat(, dieicosyl.
scbacae, the `.-c. lhh . h wxyl dieniwr o .hole: c
acid d mer,  the col-flp1G.C ester fb naiad by
reacting one n1-"le,, of seb i F~: acid with Two mules
of tL t>aethylen; glycol and two I3 ol.'.3 s3 } w ~v'
E ~. F;:il1~ ac ?d and the lke. Examples of  tern
useful as avud~Fetic oils W o n  .ie those +l~ad from
Cs to Cq~ lli~=::+ai+3<:i:Ft'1 +3 t f  acids and l of
'ols and polyol others sua.xva. as rrcop1 ',nt 1
glycol, lei Ifl~ tl pi l propaDC,. 20 zs ilt ik:'t='?
ll'itol, dipenaery l to.l... tf'ipenttaer tli tol,.
etc. 1047.] In one embodiment, the base oil is a.
poly-alpha-olefin (PAD)). Typically, the poly^alph..a
i_ kfins are derived from monomers having from about 4
to  about 30" or from abut 4 to Wvut 20, or from about
6 t about 16 carbon c1=tm-11s. E', a iples of useful.
PADS include those derivedfrom ectef e, deeeiie,
miixi.uies {  25 ereol-I and, ll.lke, v. 4 e-7.t at
1$riiv~::. 6 c St 100' C =i 'ELF'..,.  l' s -'tale
finis, and mixtures +hueof In another ernl3
Aill'3.en.t, the base oil. comprises  mixtures of
mineral oil with hie foroping [048] in one
embodimeili, the base oil s omprisee. at least an
ison- ..zed base  oil which the product itself, its
fraction , o lk ` ori1wi_iates from or is produced at
some  0 stage by isorneriza.t on of a, "'vaxy- feed
from ? .l'sclZ .E l opse process ('Tischer WO
2009/018089 PCT/US2008/071019  a I`t? ?`seii derived
base Othf , In air: oth er C #i ~ t ~ a331Ci#., the
base oil. comprises at. least  an iso! 1-ter Z.eKl
base oil made from a substaniia,ft paraffinic wax
'.fed (' s' feed"'  [04-91 a iseher- Top c_li derived
base oils are disclosed Pat, Nos.  6080301. 6090989,
6165949., 7018525_ 7083713,  S A1?p1.ie.at. > ` Serial
No 5 11/4005"70, 11/535165 and 11/613936, and US Paten
Publication No,,, ~ v ` 1 2t 2 } ~ 2t#06, t#.
__iGc~,t1~1~!~1a.~`~~3~3?a.:fi..i~ ~ ~.~~.~.. i.# #5
01 ~ 33 .`fi0#>a, ~. :~.~i~~~~~il.-.~~~.-~:~ , _ ,,1~4
R {` ~9J~ .~' .  US2.006=0201851,  JS200 !0016721 .
_/52006/0016 24, ,-152006/007626 1 :?tw?0s0W0201$5. 1
S20{16/1113'10, 1.. 5200 1 41990, 152005/0077209,
1.:5200 5 0,1 3951 3, 1:J52005/0l 39.514. 1:.52005}.01
3409. US-2005,-0133407, 



10 1.5200 026 114 f . 1 52005/0'61 146. 1 /`
2.005,'026114 and 152001/0'1595 8:'.  1"#scEhei'--
tussah process is a catalyzed che.iaic?Tl reaction in
whicl-.i ca bon monoxide  and hydrogen, are cony rted
into liquid hydrocarbons Of various forms including is
Light reaction product and a wart reaction product.,
with SO being substantially p :I:r fftnic. 15 [160 In
one embodiment the isoTnerized base' s3~1 has
consecutive nin- bees of  carbon atorw-, and has less
an 10 kh i. /} ' naphthenic carbon by n z ~ . In yet
another  embodiment the ismne ized base of mado rwm c3
waxy feed has a. kinematic viscosity  at 100C between
1..5 and 3.5 mad/s. l05 1 ^ In one C i?aiZ #iait7 en(
the ia `meri e base oil ,3 made by a process in 1)
wl.i - 1 l ie 1 Fydrolsoniealzsati on d<waxing is
performed at conditiiio11s' sufficient .tbr the  base
oil. to 1 av a) a weight percent of all .`i of : ule
WWI. at least one aromatic  functionality less than
(),'3 0, 10 a weight percent o all r aolecu.les with
at least one t yc1opai'c3.tf . i'.. functionality
greater than 10; a a. ratio of Ecia1T 1)e cent
molecules  With monocvclotsai'affini aai; tion alaty
tow i? 1,t'percent molt C les -wal-l 5
i~ai.ulticycaopai` i tint functionality greater t11*,
l 20 :ai1Cl l # a viscosity index greater than  28 a.
I m 1 Kinematic viscosity at 100C I + X80. [052] in
another embodiment, the. iscrneriz.cd base oil is made
from a process  in ~a 1?ac:li the li 1#ly paraffinic
'ax is hvda-oisomerazed_ usin ; a shape selective i4
ternned .hate pore size molecul.a sieve i oat p ising
a noble metal hydrogenation 30 co F.?"t `on nt,
za?"at1 afnd 3 ({3tit3.taiY i` Fa 600 7##" . 1.3 1 '
''' a ', # In the process, the  condition, -1{3T are
controlled. Such that the conversion of the 14 WO
2009/018089 PCT/US2008/071019  3:? , 1 e '( ~. ~~
?fr1-~~~.~\ boiling-. _il)ia r+`r r . j 1 ' .;". t in
the waix Ibeci to cornxounds bo.3 g below ,100c1' '
3710(-1.) yFismaiitainC d between 10 'm tt % and 50 WK
i'Z.i'k sultin  :i.some-ized i "a.'e oil has -a
kinematic viscosity of between L,") and '33-5 ~._ fir`
at 00C. and a N.?,.ck volatility. o less than 50
weight %. he base oil co f?p is s g?e:.:te than 3
weight % i .cut s with tv opa ;: 1..11: onaity and
loss than 030 weight  [053] In one 3a _?i2it i`t the
so nerized. base oil has a Noaek volatility less  than
at, amount. calculated by the following t:quat.ion
1000 x (Kimt?i.h e Viscosity at  I ') . In another f
mbod.:nent, : e lsomerized. base oil has, a.'Noack
volatility ILc less than an a mounnt. calculated by t
h folio '}#. ~F egli.timi: 900 x { Kinen- atic
Vicosity  



at  (,,O 'i,_ ,) In a third .mbodi -nt. the i?onicri
t>ed base oil has a :i_m mati :;  V'ir.o4ts'' at 1 0 0
K . of ' 1,808 :` m ass and a ' oack v"olafi..it~,,
less than an amount -S 2  calculated by the fol!ov imt
ecIti tdi.: 1,286 ..w0 ikv1003 } 1's  5 kz 100 is h
kinematic v seosity a-t 00C, In a fourth, ernbi
dimeiit. tl r 4.''? E uize 15 base oil has a kinematic
viscosity at 1,00'C, of less than 4.0 mine" s, and a
wt-,F-, Noack  volatility b t' '`~ 4 :t 0 and 1100. In
a fi th embodimen , the. isomer zed bate oil has a
kinematic viscosity between 1.5 and T: J;i7i,% and a
Noack vol t.ti# y I:c: than the Nock volatility
calculated by the following equation: 160 40 (Kinetr
ti _ Viscosity 0 [0541 in one emiibod.imi ent,, the
ismnterizr~d baste oil has a .ii ..i.<i.tF viscosity
co at I 00C. in the rantje of 2.4 a.idl ?. 5 m-i ?'i.
and<a Nesack volatility less than. an _imount  defined
by the equation, 900 ?i (K1nen--iatic iv`_s osit'y at
00 # ` `+', ' r  kinematic viscosities in. the rai~ge
of 2: t and '.tai i3? i# . the equation: 900 x
(K_i.i:eii'3;iiti :  y', s s iti; at 1.00() 45)
provides a lower Noack L olati.lity than the i
quatt.on: 160..  40 (Kit ejui tic Viscosity `'at
100C.) [055] in one the ;41 '.i,E ix +.iit base oil is
made lidii t a in  which he highly paraffinic wax is
>~ Ct t i ;?a~1% ized ? l.tder conditions for the base
oil  to have a kinematic viscosity at 100'C,, of 10 to
4.' i 1J' to a viscosity ind-ex of  greater than 130,
a `s'tir,, Noack. volatility less than 12; a pour
point at. less than 9C, stt [050] in um,, e1.1bodii
lent, the isanierizzed base oil has an auto-ignition
temperature (A 1  gceatei' than tIre Al .' 1c 'r`
defined by 1.`. {i:.ction: J-6 t s WO 2009/018089
PCT/US2008/071019  VYi. osit`t at 40 ., lnl
itli*w._..' . i `- 399 in a >+,:4:i~.n t:i',-
bodiment, t:he i ase cil . s a n , i l  of gk'. ,Ter
than .329 C. and a viscosity index grec3te than '2,S x
La (K : Viscosity at I 1)0C. i:n nn.i "S) 1001.
_057In. one embod iT ent, the isoineI;:z d? ise oil
has iv`w traction  spe rfi. lly, its traction
coefficient is less than an, :amount calculated by
thi.::tfl.E<3nne,{t; t action coc.ffi ieW,.:::0.009 x
Ln(kinemat c: viscosity' in 1 m s) -0,00I,  wherein.
the kui mliat.ic w isc :'sity in the equait { t %'
\na14:m atic. viscosity during he  traction.
coefficient measurement and is between 2 and 50 In one
the i.son]ie:T.ze..d base oil has . Traction of lre `
than 0,023 (or  



less than 0.0 '.l I when measured' at a l i`i .: t
<1li . w iscosity of 1` -n-rn ? s and at a .`s: ide to
, roll ratio o40%. 1:a another embodiment tthe
iso{?1C'3:?Gu base if7' 2.:T a traction  coefficient
of lesS than 0.01i w E cvi measured ,it a
kileui,,1ttic. v1 co sIty of 15 m.m1/s ar1d  at a sli
de to rill o.. ~fWi. I i another embodiment t at. lsot
erized base oil .ias a  viscosity index greater than,
1 SO and a tl::i~in{'_3n3 coefficient less than,:
0.1)1 5 when i at. i1 kinematic viscosity of IS mm ;'s
and at a slide to roll ratio of 40 percent,  .0081
I:,i some embodiments, the isome':.ized base oil }`. 1
&n1 low tractoil coefficients also displays a. higher
k nematic s iscc ,i o and h glee{ boiling poi.i{.t .
In  one e i :,od{n lent. the base one has a tr'ac'tion
coefficient less t ,:.,n 0.015, tiae.l a 50 ww ti'<tz
hoiltn g oh-it greater than 56-5'C" In, another
embodiment, the base oil has a  p 2Z traction
coefficient less than 0.011 and a SO wT ct boling
point by .~~ S M 1) 6352-04  greater than 582C. ~ n ti
i \~' wr, 0591111 In swi-m- embodii'{tents, the
;oe3.l'ne raze t ase. oil having lo'. traction
coefficients also displays uniqur e b ialchiing prop-,
ies by N MR, including ,l branching  index less than
or equal to -23,4, a branching proximity geater than
or equial to 1-10,  25 and a Free Carbon hid-,x been 9
a d 30. In. one embodiment, the. base oil has it least
4,vv1% n aphthenic carboiu, in anoths`'.'i embodin1_8e
it, at least t'it% naph"ii e 1C carbon b  -d-M
analysis b AS`l M ) 12 3 95 (Reapproved '005) [0601 In
one embodiment the isomerized base oil zs produced in
a process  wherein the inter mediatee oil nso,iielate
comprises paimatt,i.ic. iiy'drocarbon contml_pon1e:`
ts,  0(t.0( er.,`aE'C.ln and and in `w hi.ch the
extent. of branching is loss than alky E branches s
pe..r 1o s,  ZO-Iereinl the base oil a;olnprises liam
i.n:aic hydrocarbon i ?J;?Zw3#. is i n ,vlu h the M WO
2009/018089 PCT/US2008/071019  extent ' of bra cl int
is l ssil.an ti a ikv branches per 100 carbons and
less t :an 20 wt of the ifky'l ?ran hes are at the
posit31ri. In one c; i3 bodii1:c;Fi , flhtf,, FT base
oil .has  a pour point ofk"s" than vets' C"- a
kinematic viscosity- at IO0C of cif least w.. and
Viscosity Index. mater than a viscosit~v index by the,
cqu,-,.Ifion of -- 22  x ...ci (Ki`i+ :'t"la tic V
i."=+#.osity at 100C. 2 [0611 in one :i'abods` n.o t..
the bare oil comprises greater w. an 10 wt. i and  



less tali' TO wt %% t: al i11o"eciiles with
`vclopar-atfrnlc =u`"ictionality., and a rati of
weight Percent: ;iiolecules With t_rroi ash {,' loparu
f. n c functionality to weight p..et'ce _  I _i `l.i
L:tr c 4 w.f tip i1 eialti i C i) ?..ii cr:f l I ic.
functionality greater than 15. 2 Fa06 .] lr:..siie l
ai. b+idiment., the isomerized base oil has an.
average snole_cular`  .twee: ?00 and an a7:i:r~.i.
t'.;-.+~'. Zr-w Zlt,a.,~4i:: of bsi rliai T.w in n tl
: i. #i'i. 'ai'l i il, 1 t g, w ~, t ~ and I I Lt~;
i7~~:E~ :~li..#a `.-Lu1c:i b< tween 6.5 and 10 alkyl
brans hip- per 1 d10 i. arbon. a#toms, In another o-
bod meint., the isouwrt:ra.d base oil has a l iiia.i.
at#i vi: cosirv' between about 8 and about 25 min2:':
and an aivS 3r1cx)e d grel of branching in t:l'ia.:
6.5 w id 0 alkyl  t ..'. br Inches p 100 carbon
at3mus. [1063 In one embodiment:, th isiornorized base
oil is obtained om a f ~3`t,3 a 4 s  in wi ill h the
highly parat uic vv.-ix is hydr'olsome`rized at a h3
d.. og it to fed .ratio from,  7114 to 356- liter oil,
for the base o to have a total. weight peace#e of
molecules ith c c lopar fiffinic :f inct#oni: lity of
greater than t., w id a ratio of we edit 20 perc'eu
nlol :-L~ciles with tno ocyclo ra td#1
,iEanctfonalit4- to weight percent molecules -pic With
functionality of grea-t,.r than IS, in another
enlbodi-mei--v. the base oil has a viscosity index
great r than an wxiE)i.irri. ll-`..f inedf by the
equation: 28  Lr t l iriemat . v iseosity: at 9:5., in
a whirl -xibodil--nont, the base oil  comprises a
weigli.l percent less than 0,30.. zi weight ? r l rat
of i7:olL' ides  25 vv'i l cyclopara- ninic ti.cini
t.ii?#? il.it"' cheat ''Hiatt 10, a ratio of 4teight
per -r t. of t?' of E i3.f~ wl tt1 .i#.:Z?.i ` to
ls.'31. ~l~tt.`#i.; fimetionali t' to weight percent
ofmolecule,,, with  :.f unc do is it.y' greater than
20 and a viscosity index greater than  28 x Li?
(Kiner,iat:ic Viscosity at l.Ctt C)  1IU. In a fburtll
embodiment, t iv base fll  further has a kinematic
viscosity at 100C. gaeato than (:.mm s. in a fifth. 30
e<m~bodliment, the base (Al has a wciEsht percent
iron-iatic.s less t11all 0.05 and a viscosity'  inl ex
greater than 28 a Ln (Kiln atte Viscosity at I OO'C, {
+ 9,5. In a sixth WO 2009/018089 PCT/US2008/071019  ~
s . ` . embodiment. lac base e d has a ba .g 1 pcr c
ril.. #.in?3<`' fi s lo. s t. is ;: a F s d3t is
olecul a wi 3 Q):dopar"af.,F..#c ftulci 3 7 ali`
greater than the kinematic  xisc os ty at z 00 C. in
multiplied by `hree, and a ratio of moles ties wit.:.



'+ 1-3.i)`,"1ticyciof.c;x's a?,!"1#.i~: .LF#Ft:I:#:i
F,rF aty to .F'#.it?leci.des ~1 th ?i ult.tey
iopar,3.Ft:~ e itF` t Ygreater t an 1 ti: [0641 in
or., t.t"# 3S.ik a3t,.~ 3t the isv,i3edizLd base oil
'.ti 'gain` .`:4tv\.-een 2 and 10  Ft?#.phti#c.F"t.it'
carbon as measured by 'n-cli-''a`!'' ., in one the me
oil has a  ltd,i*a ma tic S ist os..t of .5 ' _).0
iid.., r at 100'C. and 2-3 i3; f5 napluumic carbon. In
another i.si:tbodiment, a kinematic isc-osity of 1 .8
3.5 Fmi1 , at 00'c' and 2-5 % 1 i aplit ieitc carbon.
In a third embodiment., a kinematic viscosity of 3 ^ 6
t3lii1:'./' Yt.  CiteC. > mid 2. % #F .Fuht:iFeui car
?i3:n. In is ;suet 1 t:1 bodi.'lent, a k F ei 1.tk
dscositS of 10 :0 mm : at. II00`'100'C and gr . to
than 5.2 naph 10 is carbon.  [065] In, one embodim
i.-1t the : isoi: erized base oil I ms aF a e` a; e
mirlC.~ ., Ia. weight Fe4 rer thai 4175a viscosity
index greater [. an 140, and a vv ."?-ht percent  l `
?At.tii"1 less than 1 0. The base of improves the air
release and low foaming :':` a acten ics of t.:t`
Sit~. its when incorporated i to the electrical
insulating oil  compo`tOoii. [066] !._31 refined,
refined m d r+.'.' :i, riod ols,, either natural or
(as  well O's mixtures of two or rno e fit my of these
) o t:3e type di closed her in.abo .. can  20 be used
in the 3 -tse oil, U ide.tdne'rl. oils i,, hose
obtained directly horn natural or synthetic source
\\at3ttut ft53rdier } uiification ti'%atwi ent. [067]
In one Ldi' `odtfi'den$ the :.+. f .t F} 3F"d1 rain
oil c mposition employs a  base that con. ists of a.
least one. of th ;~3'# tL F'F 14 ~ base oils desc6b
ibo 411}~=11i-z t:1i113s3stiFiaent:, the  t?zi2t?t`ti
t. ton consists s . Sc i3tal of at . <#.,t i `'i ~L~l
F o se  base oil. l11 yet another embodi#. i,i..t, the
cornpos:it.io 3 employs at least i F .scher 'F epsch
base oil and optionally 5 to 95 l t. ~t of at least
a114 the. type of oil, eg,, cons entiona. lye use
mineral oils., b4 it}i tt, +i` li Licarbold oils Car s
y$'ithetic ester C-,iis, it,,'  f'i'dix.tures thereif
depe  e .t on the pp ic<itim", [068] h'i one t:il ?#
t3]#,i -FYi the isosnreriz d b: se oil "is a FT b e
oil hava11;_'a  .W kinematic t :fit t 10(11 I's
tts'i1. s and 4,j, in m . s a kinematic viscosity  at
v0 ;' betw ei Y mm /s and 2v i..,.#i . s, t_.S 'S
1scoJity` below 4000 #.i ' a.s at 40 B WO 2009/018089
PCT/US2008/071019  and. below 2300 iteii. at }~ { pour
point iT the range of 20 a nd 00 C'..:;  raoleoular
...tai , of 250 .. 475, density in the range of 0380
to 0120; pamBlAc  carbon in the range of 9V97 f ; iaa_
p the is i:;:1 bon in he range of 1-7%,. Oxidator  BN
of ,'W : to 60boors, and Noun k. volatility #F;. w.. ?
of 8 to, 90 as rzeasure-dr by ASs M  



D5800-W,"i [069] teF F `a4 #31  a eni (~t ti r .eft
na:tr3te In one era?mbodi:i mat. the  electrical,
insulating composition tN<?k#. ?i:i.se a "#.F .tf ent
amount of heavy rr t i'i cue as  an anti-4" sing
agent: 1kw .improved gas < bsorption pr'oper'ties.
Lc',\ gassing :ieF f<3"#-nuance is i1.11poitand.
becaluse. if hydrogen is evolved due to electrical
sums, a  t# liquid ha # i p lo vv. gassing t.<,#. et
Ili: e + t.:ds toahsorb the evolved it 'L t li p :11
an E tx eb  d reduce the chances of Fn explosion,
[0701 S#F e?.'3'i ? ?t if?a'.'la. <d suft.~ it :t).t
eAtt? ?I t:? of h <31-i' # e1'tfll .c is , dried i.?
reduce the assi# a` t a #.d .7:e to {-30 i fUii'. n.
or less: in another L.e:F bodig]" ennt. t O ii ..  or
less, in a third to ! p1. 41-#lif. or les , <
ccoadi#:nG to AS M' Test IS Method D2.300 0'O, In
on,e. onibodi#' ent., this s t ci :r.#t ..t1,iCunt is
0.10 to 15', %t. %.  In a second .it;,`~?< .I# en t,
this arnoe#nt ._; M5 to 10 m'#. 14 In third
e:mbodi#?dent,  from 0.50 to - s'St_ %. [071-1 In yet
another embodiment, a suflic ent amount of hea? re o:.
:ante:; is  added bt e electrical instating oil to
have a in negative a si#1 ` tendei),cy according to,
20 ASTM Test Method D',-,`,33010-00, 1.e, for a value
of -5 L i_'isitt?. or less; in another embodi.me t)t,,
a value of V 10 or lie s.-, in a third em sit`iiictat
a value o : -`?0  or lGsS and in ci fourth i
.nRx-Ain-.wet. a villu of -30 pL'mi `, or less- This,
sufficient amount ran i f tm 1.x3. to 15 Oe t..'>> in
one cnibodi.n.mit, fft xnn 0.5 to 7 wt, in another
a.::mbodii#aent, itn I to 5 vi' % in a third
Qnibodir-,,ient, 23 [072] As used herein. `A-#ea y
re.lortnate is de. tned as the he 1' '1' fraction
obtained from, a catalytic re.1C;i'tr?et ?i F :il (..y
a#t"iSil? 3t' <?, C"'.5, ..:ro.t?at_i' C  aromatics,
and heafvier -i3e"iFt?Ssne t , In one embodi.mem , the
has  boiling r ai?ge of 300 to SOW R i'. {0 48 -
260%). is aoiliF g. range fbi' rctorm,,-uo can be c' h
using r .,nasur'd usher ASs`~ .~#. In ancth"
embodiment, the heavy etoriiif?ieha:  "t a _R.e`,carcI
1OctaFi?e Number (R0' o f t 5 to I 5. RON o> oct a.ne
r a .in ? is a measure  of how resista gasoline s to '
is;an atili" de`aZl'.:a#tioJ.a i .aockin , #, It its
i#.?f'.isure . j 1) 



WO 2009/018089 PCT/US2008/071019  l' lati e to a
iiaixture of i . imet+3Z' ? ` 1E<~it.  ? aF c? _#<3i#c
and n or .a3. 87(?~~ai'i.a, ~; as(?fi'#Fc has the
ti<3.i1.~ -k-no sck #'e5iti1,3ma,. as si :3#Ax E.F.i3
e i?f 8t :'n  soi. ct:a,le and n4ie :,,tai , RCcan be
measured using AS3 T'M D2(99 0 .  [07,31 lit one
enibodinrie , Oie A eavy i'c..lz?n 7Fsiaa: =t3{Il.<iin
s ehvltL}i ! . es,  pvihenzeoes and iald..Fn and has a
very l;:Fb2 level of of ins  ,` Ae nes), In another
'.n-ibodifrii ,.i t, the feedstock cCmtains an avena e
':._F+ thyl group  benzene ring naoh. ratio o. ` 4,
wit ti, a t mpos'itio n as kffl(, ! s: paraffins Fl,
pil-d nes  #t,.,. CS aa.s.3JF a les t0J C5
<J,ioi:i?K.tics (03 a't fta), toluene (05.3 i s'A  tai
n let ,y lbeaze ae. s 23.6. w `O), eth hold  n .`i (6.
p3opy iberizenre` and :l?C ell?' L'  n d. :;; t <?I'L}
1:F If (0.2 w t.%). ;U  07 e is s i ~. x } eavy reh.i
??:iai4~r, othei <anti z..li i] 13'? C3, i]? *:s#ie
i'F. f7'  art be added to 'fla composition, Et>.iin
pkts include. :il:ita c3`< IFi ,a :Fpoundi  'ti'oiFi
the group c on ristii#g>, o lk.s%l substituted or
partially, satuirated  poling, arm.-"iakf'ics (e.g.
pol arcniatics with ss?ai degr of sataii at on). allkS
<itecl, oni;;c  ring aroniiatic s (e.g. a k late<l eu
t nes).. or alk'. l aced polyring aromatics. I Other
examples, the addliic-suu<`I %arita ga`'siaFa? t ay be
mn compound or mixture of  -,ompo ands. 1`IFad is a
r1ydiogc'Zl. donor other than an tinsubstit.uted
aromatic  compound. e..g, a bicycle, partially sa
rated, aromatic compound, or m a ky a:ted  i_?erizene
compound. Examples of such ai' i a tithe. paartiaf y
saturawd compounds include di arid tet # i c i5~;
?apha1-a 6lem compounds, X31 ylated FydArcura
("iA?.~lcii. compoun such as ski <alkylated. ttt` a
lb'Lli{3#lz1'phthalene. n ` et 4},k1E?i.t er S..i"F l
odinient, ti" e  additional anti-gassing agent is s
lected from `u`a iFs~li ? ? enani~F#'ene, ph a.iy
ortho x' L'  e''thane, alia y l alc t)ei' zeiie s,
Dow-tht:iiiv,i ~ t tn' llF4 t ?,: ~iF 1ut i s l eth l
1.. aocnapthcrle, alk late r a, i>1K31itron i ? .I.
1,sil ,)t' ;  and tetrah droquinol:ine, 1 l'v'L i?t?
alE'F' i 1F1 ?i?t if3" en ` i' ci. a~.ixs1'nal hi#la#
Fs<# 1F3  . ,t b"', k  [075] p l ar i<ilk:ane co.i
mapound, X . fimmer~ i< ( ' a ailable fl: i.rn Elf
Aochem S.A., or  n :'sirl i`i)il at.ic(s)) o hei is i
ail plien:olic compounds either Comprising one or una
e. labile. F1` tC?t?a`ll atom or comprising diary s,
;'W'hich may or in iv not c .Tlp? ise one  



) or more labile hydrogen atoms. I' xi iple., inchd ,
hu are not necessarily limited to, d.i_ r hi and
agents having from 9 to i i ca i ibo'n atoms selected
from the group, of all yl WO 2009/018089
PCT/US2008/071019  subst.i' used ..: o3,a1 c e
':?pound., ,ilkylli s#bstitu ~,d, partially. saturated
r ta:.is:  cwmpo,unds, w id combinations tther'.u.f,
In another en,lbodiment, the composition  Comprises an
a ilt gAss ng g 1. selected from the of c -vl itil
ititt`.tis`'_'.( Or tin. li'stiti.te:d biphenyl. and
alkyl suhstib.ted or diarvi alkanes, 5 [[07 6
dd...sitl t37t orients In one embodii-n nt~ the
i<lectsri al insulating :  composition further
Contains at least another additive tu:,. as pow, point
t ~'~'i`essa? ,. metal de-actiwito'`;, anti tba ning
agents, c ti oxi ? (oxidation inhibitors), additives
for corrosive sulphur and stattt:. t I+; 3L_E `,I
(metal passi at{ors) a ai f amjng 3 ;e #`s, dyes, ,
markers, biocides, ant.istbific addtiv, e; , and i
ihs.,.t ad i tits k#-,,own in thc.  ? art- ill a
sufficient amount" to provide the desired effects, In
one embodiInena, this ; u.tticielit amount i.s 0.000
to 10 ti t.%, In another em bodimeni,, ..:#. a amount
of(U)OS  to 6 wt, [077 one emb4_a"im_`_nt the
electrical ins#? 3.ting- oil In `  composition
comprises from 0,10 to 5,0 wt.. of a Pour pont :yep
essa-nt capable of fit?i < t # the pour point  )5 to
belrthe lmv- st tempt ratt.ite e>xpecte fir  he
climate in which ffie electrical 1:1# ulati#: oil is
to, be used. This N oula' normally be a  ..mpera't.urc
of 30 C. to .,40.++....,  In ott embodnleit, the pour
point depressantIs an ai.kylawd oly t~ #< #.i . Other
illustrative pour point depressants include esters of
:tT zleic <#e i ll'it~t t ' t t: cope Iymei s,
aiohmet:l~~lcrviates.+, 3 3l;i: csvlat :s, 1 ulyacr I.
L :i des, f'. ?#t:.tensat, S:n 20 products ofhalupur
tttil3 waxes and aromatic coiipounds, vinyl
carhoxylate pol fliers,.  and ter`_poalymers of
s_iall1 \_ii: ti#..l4ti~aates. vinyl L.ste s of lint
acids, eth? is;.n - iii.yi acetate copolymers, alkyl
phenol ' one aldelvv ; s o :nsati{?#t reins alkyl
vinyl ethers, olefin copolymers, turner c acid esters,
polym hmcrvlate chemicals such as.A ry oiidE 1 15t
made by RohrnMax, and n ixtures ih eof. 078] In
rye"fouler- e:albod.i lle.itt. E; , tA.lcal insulating
oil c s_i positti? n tii't 3 i co .1ppiises a pO3,nt
;educing blend component as a pour point. depressant.
In one  embodiment, the pour point reducing, blend
component is an i iom ?i, e ' Fischer'..  .1ropscEi
derived vacuum, distillation bouo 1rs product., which
is a high b 3fling  s4l4..rude facts o l isomerized
under controlled conditions, to give a, specified
degree of 30 alkyl 'branching in the m ils.cule-.
Syiicrude prepared from the 1 is: E:er- l ropsch  



process comprises a mixture of various solid, .iqui d,
and gaseous hvdr'o :arhons, WO 2009/018089
PCT/US2008/071019  When tliZ l ischea
Tropscl-.i'vc.axes are i:t?:i`.vered into ' i`cher it
pscb base oils by  various, iZieys ~> such as by hydro
' roe ss 3g .,nd di ,ffllaion, the base oils produced
fall into ilkll. t' : it narrow-cvt oi,rcosit; ranges.
~l 1l.: {`twsm that remains <i;''.?'  recovering the
lubricating base oil c- s from the vac' nn column is
gonera1ly  unsuitable fdr'r..se as a lubricating base
oil itself and is usually recycled to, ,-i
hf'i.mei`a.t..kirnY' unit tb tt.'s '+. rs.io'? o
lobe.. . olecuil ' wi ht products. [0791 in one
enibodime-nt. the pout point reducing blond ponent is
an  isorrke z;d I . iscJwy '..'i'ops h derived v.icuum
distillation bottoms product having an  averiu; .i
.ole -i . w<. ,slit between 600 and .100 a d an
average degr e of branching Z3 in tli;~' 3 of b I les
betw een 6 5 and 1  F alkyl branches per 100 L :i
`CZ[i I,~>..:` , C 't i3( [ci .`a',  the weight
hydrocarbon ,ire more of etive as, pour point ?
educiing,  blend components than W lower molecular 4v
sight ] d oe albr: ns. In one em ?odiment.  a } irthe
Cot point in a vacuum d sti.ll_ition unit E6liiilZ:
resins in a higher boiling bottoms material is used to
prepare the pour point reducing blend compo 5 fit. The
5 higher cut Point also , as the advantage o resulting
in a higher yield of the distillate b se. oil
fractions, in one em od men.. the pour point reducing
blend Ct3tl zloty nt is an,  i. ??li .;t. ed 1 ischer
Tropsch derived vacuum distillation bottoms product
having a pour point that is at least C, higher ;hon
the pour point o:t t_b.. distillate base oil it is
blended- With, 20 080 bn one ynbodii'i orig. the 10
percent point of he boding faiage of the pour  p int
reducing blend component that is a v acaurn
distillation bosom-s product .is  between about 854WF
- 105 F (454 565 . hi another em bod.i.i3 ent., the
pour point  reducing blend component is derived.{;rom
either or petrolcur-n  product having a boiling range
e above ` 5Oy S I {;,( a`, and -i., t,.. at Eo~.iti st
50 r i` 3Fi~,.t?iZ,s . x. ~ 2.5 percent by ei l.t of
paraffins, In yet notl..Z:# e.,#ibodinieni.. the nou
point roducin,  lZle-n l L.o1npoi. nt ii:3s a bailing
rii#. sc above 10M, (565T.) ;Eli l in another a
.ifibod.ini t. the 'ou point # .ilf. :I~cs blend
component is ii ii  x ~:  



isoflacrized petrol, iti:i derived base oil containing
material having a boiling range  above about I0S01, In
one embo:.linient, the isominized b !atoms I? aterial
is solvent 0 t`waxe- 1. prior to 1>c-,in g used as a
pour" point .i 'ta is in l?. end con-iponent, The waxy
Product further tiii g solvent dewat i g from e.ll
pour point reduci.iq blend WO 2009/018089
PCT/US2008/071019  co 'Epcm n3 V, -ore t# s'. nd to s
display exoidlent n,.. o.: Pour, point depressin~g
proport_k~s  Con1par d to the o dy product recovered
after the. soI jw; ,.1x`ang. [082 In one the pour
point reducing b: le.n: i'S?#F.r3 ;i;i:?F ha "s, an
average degree nl braiich.in?.i in t: . e molecules in
thrange o". ; 5 - 0 alkyl br:anclaes  5 Per 100 carbon
a.oI3 s In another embodl# ent, the Pour point
reducing blend component has a . verage. molecular
weight h{ tv en 600 --- I I00 . .Ff a t 3iit3
e'mbodmen, between WO 1000 In one embodiment, the pour
point reducing Mend component has a kinematic
viscosity at 100"C", of 30.m,3F `.~  ttf~,~: of the p
of t the ~~ig rrd~ w~1?: about {'.8850- 1050`F. Iniyet
f 0 another t i bodiii~ae.ia .. the pour poiait
reducing blend componC #.. to a kinernatic  viscosit
at 100"C, of 15- 20 i?.?.in`.. s and a p+?ui poi?'Ft o
..8 rL? 12, C_ [083:] in another mbodirnent, the pour
?Lint .r du rinng blend coi rponent is an  isomerized
oil having a kinematic viscosity at I0i'r"C, o fat
about 8 . i_ui :"` and  iF:.~,1i S: froiii
C"?i?s:'i:thykne 7lastic. in anot:he e.mbodin:ie it.
the pour poii i reducing 15 blend component is i iade
.f oni -,,va.ste plastic. In vet, anodwr embodiment
the pour  point reducing blend co ponent. is i ade t f
fli a process comprising: pyrolysis .?",  polyethylene
plastic, separating out a hens y -a tion, hydro
rcatiii the. heavy fraction,  catalytic iso m.: t izi.
e be hydi'(3ueated heavy fraction, and colllectn the
pour point  reducing, blend componena h .'t i `.:; F
kinematic v sscos t ,,at I OtY'C o at le.... t about 8
In on embodiment., the pour point ` li-wiingblend
component. derived from  polyethylene plastic has a
boiling tinge above I050F { 5$5 t , j or e"v"en a
boiling,  range above 1200"P` (649`'C,'). [084] Since
iuctaln specifically copper. is al,ys `f3s', nt in t
be eles t..rica i eta Feactlvati`rs can be added to
the concip rsition in an an"Ount fro  `j 0510 to less
than I. `%. Examples nci3ude ben otria~`'.oie
derivatives to i duce t'#. :  cats '4 ti : cacti vi
ty, oof cop per in electrical apparatus. #i i?i'lt C
mbtai.{i?.,7 .i#14. >e tit i t h o is a henzo '. wtc
deri` ative, e.g.. a t'ria:?.oie derivative, N N bis(2
Ethylhe 1) I F I ,4 tr i, zoIe- .it t .~iti i e c as
iRG NMET" :ufroi from ON, 



,  ( Feigyr. Li [085] In one emb ,.ilF s :{71 the
electrical oil insulating ~f}:it posit.eon f.itt,?e'
comprises 0.01. wt. `:`c~ to 3..0 wt. % o.t at lean.
an antioxidant to improve oxidation  231 WO
2009/018089 PCT/US2008/071019  stitl~i i ' of the Biel
ctric lip t,#c , thereby I-.iii:. ~JI t :: :.:?g?.i
.wnt of oil ". d r: i acidity during Mora e: ?oc ssi
3L .. and sett ice. #ii ii t oxidation ni1imizes
electrical conduction and metal corrosion, system life
max, maximizes electrical breakdown strength, and
ensures satisfd Cory heat tiansfer. Examples of  si
t,oxiC i~` include "i are not limited to hindered h is
ol * i33ii lil.ii. 5 typ :?. witi#  m as, ere, and ca
ky lated di_ he:iiylama:ne j. It, one embodimeritt,
the ntioxid nts are selecte iro Slta group consisting
of ?t it rtiaiA' ?utyl p I . + i` ol. 2 i iterti}i'`d
but, lphenol, and ,ombin ations tli .ii; o . An
example is a combination of 2,? dit iti~#z sit par: -c
eso.l and 2 ,6-dit rf ary butvlphenoi.. Other
ii~,xaa,,ples include  tii but arc not limited to,
phenol type (.phenolic) oxit,a.io#, inhibitors, e.g. 2
6- i - . "--bist' 3 di.-ter:-i?i is ii i enol ~, ~ ~ i
(?-tnet ,y -ter`i-buts li,l: enoi 1, lphe; ?_l #,
454'..hutyliden b s(3-.m .thyl 6--tent-butyiphe . l "
15 ~ . ` i ~ ?t ro ~w_ll i :t e bi (2 di t tt-butyl
henol -rnet x .lt e-bis(4- r i tip l4 t onylt t enot).
,~,.'' isohuiz'lideii~ bis(4,6-dim ihsio;'" enol1; ,
-iii-- rt hut~l 4-m. t yip rriioi., 2 2 5-meli El~.ne
bist,4^# ikthv 6 , v~.loi exvl ri+.iioi).  2,,4-ilirn
tt l.~i_i-teit-?i#tl?i-pheno , 2.ice-di-t.e ?~eiin tl
S'li#i ?.;F:t~-p-c esol., .? 4,4 -tl,iill~i~~:<^i tL t
3.v.1 ? s.i ~t~~.i.L'3, ? 3l?~1t3 1 , ?j .1.3+f ?.: #\
t i 14t~i1`di ?-tert--butyat ? iS~t ,  s lfi e
alkykawd bins. ~. F-di-tort ` lyi- -1.. # <<:i- xv eti
i h pt enyi-. alt h -i~apht ?z (::rinine, an Ithei' E
o- E3 ~`? C <~ ifl #I]i1iC?it 6i, i. t: t:..t L E t ?,
dithio .ari?_imatt (e. , zinc, dithio irb mate), and l
5 i .cUr nel~ . f i ii uts i.;lft >~~carhanrat, : i,
[086.1 'E , ` example i. ?'i } t.ri 3.xri,~##itor: '
inhibitor Add .tti' {? {' t ~l.a t:'~ili`la.~ i a ~
ii.. manufactured by Rhein chen e RhG ; aii Grai:h ,
Geri: my. coat g t i>;< of  (CAS not ber 68955-53-3),
ca. 4 it zt t }l4'tr..iazol ({. AS 



Tip nibem 29'M:,43-11, ai.i d ca. ,4 > t^ ti biit 'l
phosphate (GA.S number 126. 73--8).  30 This ?
ibst-ancc. contains, besides the antioxidant, also a
corrosion i ilm"Itor Other WO 2009/018089
PCT/US2008/071019  applicable additives v RC110. and
RU 63,(1 by $: e sara:.i?.<t~: _~eture~. or
_?:i[xti3,2rcs h: luding; RC.`.: 10 -R{' 93011 and
R-711 . , .SEC 6;31)1.  .  (087'j, In one embodiment.
the r `;t.ct.ii i . c, oil Composition ~:~.i~3~.~
ti,sG:y y ~.. t:ci l;~S3~.~?N, from y 0.001 t I (`+ ~e
. ~Y't3 of a tl ia ,'tole: derivative metal
~2p.yteactiiva' to and 0.05 to I L~ t~p, !s y + \e.~+,
of s :+ phenolic _ niiox.idw.iit. In is second en-iax
odiment the composition cc- ?3m_ois s Aron  1.003 to
0, 8 w41% o: ai copy. r deactivator and to 0,10 to
0.50 wt.:. `? of a solid  phenolic a; t - o* idan t, 4
4 ~i? L? e both ent th ekes.? caal insulating of
Composition oncotl-ipn se's i, from 0.0:5 o 3).0 wt. %
of at list one hindered n enol antioxid .t. and I1
fro:`.<,?  tO 0,0 to 11,5 wt. % of a meal deactiv tor,
of in. hied phenoai .  antioxidants ii t.lude ,6
di't.i"t^btaylphenot1, 2,+ l t :i l 'ylpar :4:ls t wid
:?1z. S re  thereof. In one e.},?mbodi'numt, "'he. It
etal deactivator IS . to v(.iiazo i metal deaci.i
..tur  s i as 1,2 ,3 tolyltria ok :.. Examples include
a reac`Lion product of a ioly-huii.azole and  an a k
]ated diphenyl FI.~ne.  i s t' one LI? ?t? .l l l :
xt. th electrical I.nsula i 3 ? oil composes
i~<e`nadditi.ve  package c outaining at least one of
the, abov additive m t i is specific s] lv designed
{hi im rov :d pour po it, a npioved cooling topeities,
and improved dielectric  stability. 1090 Method tt~i
Ny' akin A..l:e and-gassing aget and other add?ia4e_s
used  in the c e.trical insulating o?. composition can
be blended into the base  oil matrix i ix i~,eidu alf4
or in :various In one em.bo.ii-ment, all ofth3_
:onaponents blended coiicu, a ent(v using an.
additive,  o:n en tri. to { s.e.. addi t_ive  plus a
d.i iefn, such as a The use ot`an additive ~:}?I~t .:
:r to  tcikJ ;? a L nta ge of t'..3.e sir: i-t a
compatibility a..ihrded by the combination of 35
ingredients when in ~E.l.t form o an {:i:t3' ti ;'i`.
<on  i _"sit .  i [091] in the elcctsical insulating
oil composition is  



prepared by mixing t .. ;.?\t. 'Ii matrix with the a
nti-gassing agent, optional additives  or additive
pack<.iget:s i at an appropriate. tem"pei tat ire,
such as approximately 60'(',,  until isoi? ogeneous.
WO 2009/018089 PCT/US2008/071019  [0921 S}i'i# 3 i$i
\< The el 5c.:'is # a.i3sula :#i ' comp '. iition. F3.
..,tsrelevant s" eci3`ications for p lr, '~ <3>_
electrical, and chernieal properties too e ect'af :'ai
of s :? o' . id ed by AST`3M 1) 3487 -- 2000
(Re-approved 200$1 as well as LEC 6029 2003.' .  [093)
In one embodiment, the. composition display's
excellent oxidation .I<istance an 'd low gascin4
tteiu&m y with a gassing tendency of 30 .d-, per
minute as measured a cording to AST ",N.1 1)23()0 t 0
and a tutar  15i ~,: :#r vessel oxidafiwi  stabifity i
REVi ii' v-.aluL of at lexst, 400 minutes at...ti.
ifs{A accoi a in41. to A SI. NI 1)  227202. In one
embodi'Y`i.nt, the, LC3i:. po itton has a gassing to
i:de #ey of----20 i L per  ?7inute. In another e
Ii,bodi-rnmlt, Iti E; si"lip}s}~.17.Si., has an 1"J"
()T of at 500  .ii'i.inut :s. (094:1 in one
ei`1bodii.lent ;br use i.n.specific applica ions.
including bu not  ]Hated to sealed capacitor and oil
the d cables requiring the it e of gas ahsor bi3 ?ils,
the composition displays a negative gassing valu of
less than -- 40111, per minue in  one.. embodi tl nt,
less than 30 ail.- Ize minute in a second inbodifnent,
les., than -1t1 ? 5 uL per minute: in a third embodit
no #3t, a nd less than 0 p'1' per minute in a Ibu>iiib
em boil me nt. [0951 in of-=i i3 ?aodi,i3fi':n . the
electrical i x,,. lai#ng oil i oinpositti is readily
big d V3,iad able, with the OECD 011. level i
:ii'minc, from 60 to 95%. In one  nibodii`i+.3`l , the
electrical insuia rims oil, composition has a
kiriennatic viscosity at ; 40'C'. of 10 - 14 r1V5 and
an [) 3011) biodegrabi l t ; 131 __: 60%. In "i second
omtbodimentm the. C'?Ti .T ix}Zi io i has a kin ealia
_lt. Viscosity at 40C. of less t hall 10 s  and an
OECD 3011 hiodegr bility In a thin-J emhodrmieent, the
composition. has a kinematic viscosity at 40'C. of
less than and an )E C1..  301 D 1.3fodg}r l {l i# of
>= 90%. .  ,'Y 09E7 In ome '1i;bo :ment..l.: Con.
.',position display's an excel ti3. sulphur  s `,i i
[> i{3#i ni.`.ip+: rt.\ . with a s`uulphu content of
less than 10 'p'pm. In ,, second  embodimei t, the
composition has `i sulphur content of less than. 5
1313i'.2't: in a; third  embodiment, toss than
11'413nn 



[097] In on v h n subjected. to the acid slings test
(AST '1 30 1)2440), .13E composition produces a'}''-5
sludge by mass at 72 hours of 0.15 or less and  a 72
hour 'tote., acid .numb ' or "'FAN of 0,5 or less ti
+..', of KO1 t r , 26 WO 2009/018089 PCT/US2008/071019
[091, in one embodime ntt, the electrical -.314 i. tt
ing oil ~: mposlE;3a, i1 it`a: l  AS l M pi s.icaS=
prop rty' far el.ecta ii'. t oils `._ ii<t , but f3.'`
not  necessarily limited to a color of about. 0,5 or
le.s,, as measured using AS l M DI 500..  04ai, a
flash point of 145T. or greater, as m easured. using
AST M a i'i#e tKiei.tt tension of ` ~~  S'T` ~s.% i
orme or ; t 25 C. as measure. using AS 1. So` D9 , j.
11  99a" xt pour i"-ststls r of ie4:a t~aii? ht
trtl"`C as rla`Lti,d a D921-05a; a elati e , Lv. t.S
??tx ~~ I ~,', d nsity of 0.91 or less, according to
D1 `,98-99a (Re-approved '~[:x# Lt visual examination
of cl .ar and bright, ai :ordint to AS iM Di524.94 (
e-ai~3a?roved 2004)  and, a visc<osit3 of less 76 nun
or less at 0C.. less than 2.0? Lniff.f s at 4 0 C...
tf and from about 3.0 mm or less at l 00T, . ti:ti
i?~C k ?t C a_? b AS N D445-06, 099.1 In onne
embodiment, the :1ectrica, insulating oil
cornpo~,ftiov. also  the electrical property
requirements for electrical oils including but not
nocessarily  limited to the AST N-1 requirements of" a
dielectric breakdown voltage of 30 kV or  more art 60
Hz by disc ele diodes, according to AST I D8 17 i 2e ,
a dielectric new oil by AS'a l 'M D 1816-04; a d
eiectri ,. breakdown voltage impulse of 145 kV or
more at 25. using a needle to sphere ,< :oun,:ed 2.5.4
t;.`3.i1 (1 inch.,) gap,, amx'j' according to AS TM
D11300-00 lac- apnro ed '000'i. and n a factor at t 60
3~i " ,05,.' J..(~. if P- ~, .. is or less at . 5 <,C,
and of  34) or.less al 0 T. using A S i M D924-04, 20
1t 100_ in one c.nibodim nt, I e electrical insul
sting oil ci?. 3t ?E?Giti~.?i? also meets 4. the
chemical property requirements for electrical oils,
including but otnecessarily  limited to the AS l M
requirements of: a7n, oxidati `g? inhibitor content of
0.08 wt, <?t  less, rind eo Type H oils of 0.3 wwt, %
or less a.s measured using ASTM ^668-0.2e:i
(incorporated herein be 3 ef: r nce.F or where the
oxidation i?hibitor is 2,6 di;e -nary 25 ?ut 5 l
cresol.. as measured t skw .A SIA .. f 14 ?:.' 80 f
.lii: s' i ?Z3 ?? her :its r refe  n < a loci` content
of ele 3.mv.a suifor and the to ly im table sul..E.r
bearing coil` pounds to  prevent Corrosion of ec ttain
metals Such as copper and Sis e. in contact with the 



dielectric. liquid, ac ording t ASTM D1274-955(2000)
(previously incorporated therein by ia;:?`er ace); 35
ppm or less water accoidin to .3xb l ~~`..1.. 1,',?5.3
ttl wft `? f  (incorporated her in by t .ence , a i`en
,3ization number of 0.03 ra O h g or less,  si'?fig '1
.,,I Method S a M. D-974-02) G n- oiporated herein by
ae bmence ; and a nor  WO 2009/018089
PCT/US2008/071019  detfi ctibl polvfehlori:nated hi
phe icy l (PCB) coottent o A content of le' s than I
ppn-t_ >:a:s  measured ..tsine, ASf.N-'-T .
D4059-00(2.005)ol (into pora.ted her in. by [0 l 01 ?
i plic ations: In, one embodiment, the elect ical
insgula i a o 'l is used to ltla tt ac n cool, and
.ttL>tic;,tle huh voltage electrical equipmen r suc i.
as power anu  5 distribution ti .3 a # :l~ 11 circuit
breakers (switches), capacitors (condensers. and.
tnsul adne cables. Irl another e 3bodiment, the co
position is used in cable  applications, regulators,
and rectifiers within electrical power sy ems. In a.
third  embodiment, the oil is us :d in medical
equipment (X v', MRJ . and In industrial mid  as emh
R. &D app. i a.ions `sonaE etc.). losing parts include
's ti ansmissioll, a transmifssi on, a gear box., a
drive, hydraulic system, etc. 1,102] I.. S'. 1 Mowing
E anples a-i . given as i,oll imitative illustration
of  aspects of ll e present invention. 0103 ` X NP .
S. Unless specified otherwise, Ili. components is 1 e-
examples are as follows: [010$] Unless specified
o`rlie;w':ise., the compositions are prepared by
mixing  the components in talc viilaount indicated in
the f._ ximpl s. 1(.. components used in  the Examples
are listed below, 10lix5, ci-I'L XX1;: and GT.. X1,:
are. `lsel,el.- ropsc h derived base oil,, from Ch
v.i' oi' t,.. orporatio.] of Stn Raman, CA 1 avi1,;
the properties shown in 'Table 1.  20 1.ablc I
------------------------------------------------------
------------------------------
-----------------------------------
----------------------------------- roped 4 GTL XXL
t:,T L:.,' L ----- ----------------- ------------- - K
a.x. nat:.^'Vscosty, @ 40'C.; LSt C .. 1Q4b  K;ner i
tic Viscosity @ I Ou"tom, cSt 2.032 2.86  Viscosity
Index 118 125 .. ....
..:...................................................
...,i.......... ............._-._...._.
____.._____..._a PoE r Po,#nt. +. -33  42.82 -5 7. <8
0  ,,,,,,,,,,,,," 



Saybdt COO: 28  --- --- ----------------------
--------- l Iol r_ Ic "t i ~t. rnfm,<., 320 i 350 .
1~~ yri3lrz 1 0 79 0,8049  -- -iAfu , ppm ----
-------- ------- i # oar l wt. % 81 9 34.1  ----
------------------------------ ------- w -------------
------- Atomatcs (Ht'"LC U ), w.. % 0.00226 0 --------
------ ----- ----- ---- ;C_OO Flash Point `C 168 202 -
----------- - --- BOO Flash Point <'F 34 396  25 WO
2009/018089 PCT/US2008/071019  [0106] _ -a" .' i?i
bEati 3<L`w Iti a3 re kdfl ; < 1 .  A'#'L?.~.-n a
number" of e ?#?t#iiercia 01071E AIN or ,-5 w#ri i
:{fi'L?#?L3 ?}F 2. Fra?`:I?L; is an c& .ti gas ing
agent  t -pica.ll ' used in the prior art. , 010
sLi#e3 #f >'3 1150 F. a11 ai1SF#F' t`iL: n ?e:la.i1t''
solvents {?#Ft. 3L=3F #-"1;131a  C"oCorpus Christi,
Texas. i,.{},1.1.31dZ` used as an ifin,i i Igent. in
ti-,(, prior art.  [0109] .TA.. 1.:We! is a sped <
grade of petroi.e1:i'#3 ? L?L i3t.. ,41$ 3 flash point
of 125'F (52'C;+, used Tr jet aircraft, .C lx]I33t I
L. r7, s;~ -i zlizi?-.n L3;1 a number tit sot rl+..:.;
and commonly ust { as ,. ? am gass g in t -he prior
art.  ~~ at l1.eav+ \e:orma.i to use d in 11- Ex--.k
vn -I L'- i ne'r r' of l.-b 4 #L?i3. having the o wFng
p3 opzi ie:s: Average Molecular Weight = 121.1 AP c.;
rav t2 3. Specific Gravit 0,8802' R.(--) NI of 02 T
Aroma:i.s content of 9130 3oLI : Saturates content of
7.7 i.o1 %; and the following  individual compounds of
0.5 vol.` 1 and l ghe"; 1 ':,1 l t ; F <:F? iLL :' at
2,',,,'.78 L3 " lt' 11? t<:1.iF iii `;c .'t nL? at
1152 vol: Q at 6.81  



- y ciopi T Fa<i e (CI 0 at 6.42 F > .5.' ; _?. T 31 e
?L ib Ethvi he I] :L I]4 at 6, 1 ? Vol .%,', -benzene
at 4.3 4ol.,%, z, ,_s ?"I 3 "" l ' ?.il  # at ti,i':?'
vo ',3tl n-Propvib?enzene at 3. -6 vol.%. I -Met L P
ro py kbenzL ne at 2;88 MR I .  at 2.83 vol.I/~; at
2.3() 1 235- '0 "1 et amleth aiF :` zene at 1.18 i
.i#F. l?~ t 3 3: `:l ?f 3i `.i#i- at 2,05 ~i? 1x >, `.
.l F~ l ? i r z at 1 w?(.J` > Na :l-zx3tid ::m: at
1.80 vol;#` 1,2,4,5 at ~ ~I~ ibe zen 71.62 voi.% lndan
at 111 ol.%, -1~ t,F lix?. w ? B at 0,98 2 eth '1#?ap
h ~lcue a 0.92 MY,, . Me th l `? R'o < l bei,.:ze i at
0,87 vo .%;  I,' ,..'1methv1, `i l thyl ben ene at 030
0 vol.. - tf'iE: C urnene at 0.66 M thylindaue  25 at
0.58 vol.% ' e ral.in at 0,55 and #.i  `s mei-te at
().54 v.: 01 .1 1j l` 311 l 1 3 ili#Fi ? L3 1t.L:.1` t
il..l?1Sial 1111"0 f L, # o i;on s  having components
as h t:ed in Table 2 ~ ere form u:ated an their
properties were  measured. The examples incorporating
embodiments With the heav'y re brI.i3ate as
and-gassing agents shoe excellent # e~gaive
Massif#?'.l?#operues co 11? .pit= to the anti
gassir?g agents Of the = r'ioi a, a, Will'so-mac
examples showing values of ` -7/0 R.:``.1:.: per
mii?.fi:e E,,# e asu ed y 1~+)obi nginLa, iing}.
a,.l`Se -?~.i:1. ples also ex i fit excellent WO
2009/018089 PCT/US2008/071019  c..F"7~FI?L point
propert',aG', of 219.6 and 223., w ell aboie, the
miini;.-nw,,'.1 60 Emit  req.ir .,t?. is h Pour
pod`s?t .less than then -40t,Z. maximum fro-It;
kins.ma_ti Viscosity of less than 3 eSt for I{ai,}`
nad less than I I for 40T, [0 1 4 J 1: 1-11C testing
1:6r deg zd; =ti:o a by micro-organi s?a?s and  5
assessment of he tox C ire of.na.tcF F is to is an
important indication of  11 he egYa-da #,3ny a
material for use as an exx"t_tIicai insulating OiL .
}e b odegradation o the material can b monitored bf. t
ariety of parawnet.Crs sa.1ch; as  _Y cf and 2 c si i
'- E,VO[ Ua JT? L h ~,g F. ~.f"J`i.Fstun:~ation <1..3:
a~ftas,'}l , a of #d. w,,Y',.i1L carbon o, bl compound
specific fnethods, One standard f, at as }3.. C1.)
3011) (i.i ascd bottle test). t h  e i:a butt ~#=:ir
,{>Z'~.t#;3ly biodegradable is -_ ;t~Eit, and 0-,-w
for a.ll~~:t'~'.tt~lS or z7.1~?i'I"~ti~.l1'  tno3 3
asi~t.ad kbl.c% is 30%.t%>. [01 1 ] The isoa7Ferized
base ails 013 : Xi and (iii _ XXI_: were tiT 5 t'ct 43
OECD 3011) `.fused bottle test., Swnple x_31" XXI. ith
a kinematic Mcm tya at  40'C of 6.3 r m s sfic" s an
.3111) of 93%. Sanipte a 3`1.'1=1 X1. ~, its a
kinematic  15 icrr;; ` n: at (~~ C of 11r(s .ix.a7?:s
shows an C.31) of . ~ ot~t_ ~i~''O` 



W` OECD ~ 3~az, WO 2009/018089 PCT/US2008/071019  kyZ)
---- ------ ------ ------------ ------ -----------
------ E 111 ~ I  7  ,c:.. V ~ ?~ 3 ~' ~. ; E C33 { 3
+ *a ~' C..l i. t c <  ft3 SR} dom. 7  X ` ^ e 3 f V `
LCJ t^ S Cs C-F L6 t[i {t? tCF -------- ----------- -
- - - - - - - - - - ----------- ---- e=C:  ' ) E s i 7
4 t1 c :3) -+ {"z7 t E `: V c \i., i t~ k1l) 01)  E E
E ----- ----- ------ ------ ----- ------ -----------
------ ----- M 00 Y s ~~} r t*' co ;a.: : sa Cif rF..
----- ----- ----- ----- Gc~ o N  (..2 E :Y ,.  *7  u
t3a C E  EE ^ nr CIA p C5, Z~ U5  cc, -, ~e-a ~ iv I ~
~ ~ E = v ss w ( r, . ; ; (, tu, to a; I~r E {  i i c,
n L: E r r N C ; E f! N C 7 r rt ____ 3 ............
... ,. ...E I  C3 CD 03 Y t L., LLB L? t7)  Y t },..
FA t:^F tr tV a ----- ----------- -------- ------
------ ----- - ------ - ----- 



NI, on NJ' t E C<} 1.f~f. U7 (` c CT? t, t t ~:,. t'~
~` C}. , t~3 'Y C<''' .  u-, LN .... ..........Z.. ~Y
ss, r L: ~ L~ ~~ .~  ~j { 3 . CCs t[ 7 \ s 7 `t ' ^ {w
1`   --- - --- ------ -  --- ----_ ____ _ _M   z IN
LtiE C' P, C3]  f to  Lr>  G G7  ii"3 Y t 5. V,   E-
V3 ti1 Cil Cf o- t \- L -' t cw: EN, V rat ` a E 3< >
~} it; it l n7 E  Lz; C3 t)jl 6.) r^ za E ~ rte ,? ~ ~
zit +G gas E~ ti (~ tC ~ ~ ~-' ? m E '- r3 i F C J ~?
c3 ~~ { 3 i 8 3 c S i c1 .  ----- ----- --- -----
----- WO 2009/018089 PCT/US2008/071019  :"1141 For the
purposes of its specification and appended, c ail1f ,
unt s hid.,,;:3kA all n#:Flib.I'.-i expressing. quant
i s. Percentages or Proportions, anal O['ie #.al
zs'..I .l:  Values used in the sp ci.ica'tion and
clai` s, are to be understood as, being modified in
all  instances by the teen "about" .Acce din ;l$ u
doss hid icaii:(.: to the contrary, the numerical 5
parameters set forth in, the dl ow ing spedfiea.tio,
and at ached claims are app` o_ximationts that  may
vary depending upon the desired prope"t#.e sought ,to
be obtained by the present  ineentia`n. It is noted i
at, as, used #i, this ;Pwi ication and the appended
claii s, the singular  forms "a.," "an," a ind "It" in
.-#i' e. plural .refs ents unless expressly and tines
,.ti voi..il {` limited  to one " forent_ As used h
rein, the term "itwhide" and its Serinmmatical
variants are intended. tO to be non liitn?ti i di l#
thii recitation of Hems in HA not to the ex ii.:S.ion
of othen like,  hems t at can be ubstituted or added
to the listed items. [01151 This written desu ptictu
tile", examples to disclose the invention ini.lUdrig
the  bet mode, and also to enable any person skilled
in, the art to make and. use. the in ention. The  



pri't.i_"s3t<17 e .:wp  > dets,'ed by the claim,-,,
and may include other examples that occur to F.1ioso.
15 skilled in the art. Such rw er e> 3f Ales are
intended to be within the scope of the claims if  they
hav.'e structural elements , att do not Iitler .own
the literal kngw tgi:. of the cl;iini , or if  they
include equivalent structural elements with
insubstantial differences from the liter .l l i.i gl
a--gi s of the < laims, WO 2009/018089
PCT/US2008/071019  :`1:.AIN I An electrical insulating
ni co osi.lot in compliance with at least one of  _.
AS`FM D 497 10 and .l.E..C 60296 - 20 . the
composition co prisill g (a) a bas 6.1 comprising at
least one of a namml oil. a synthetic o.x an isome
.i/ed  base oil,. and il t .il' h .hereof; (h) 0001 to
10 eat :%x at least an additivs~:Wk ted from .: n
additive pack aagt.t an  oxidation i lhibito:r, aaI d
gas: ine agent pour point metal  to plssivaloi e
nti-fo~ilin gont, and mixtures thereof, : and (c)
sufficient amount ofa lm-ivy rcf6ril:...ae ibg the
composition to ha"a  rising  endenc^t of 30 pl.: per
minute a i measured according to i S .i D2300-N). ?.
The composition of AS 'f 1, whaoi`I the sufficient
amount of heavy e brolate  15 is 01' to 15 wi 51 Basco
on the total weight. of the c ompos tion. ... The
composition of any of claims i 2, wherein the
sufficient an-iou o hea y  r reAoa:mate is 0,50 to 0 v
T % based on thw total .:~ ei l t_ of alle. Coll-,
osition, and wherein 0 -10  composition has a gassing
tendency of e: t0 3JL per minute as measured a ccoi di
l A S NI  20 D2300-00. 4. The cmllpos i?ionn of any of
claims i - . , wherein the sufficient ,amount tit 1``e
vy  re'ii.ie ate is I to 15 1V %. and wherein th
composition has ii gassing tiende ncy of .. - 30 1 1_:
per minute its measured acct dita to .ASTM D2300-00, 2
5. [he cornpos'rJon of any of claims I - 4, whereiF
the i t :w ke'it muc haw-1. boiling range of 30 to 1
500.x; (148 60 f ; and ~. a C`i-a s~: 4i:lr~;; ~ l ~L
insit~. ;`\ C.~13li~,J :. ON) of 95 to a l to  ?,05 WO
2009/018089 PCT/US2008/071019  6. T hie electrical
insulating oi, c., F-ilpositioil of an of ?. wherein t
. clectuical oil displays a rotary 7ressur vessel
oxidation stability (sue PVO ) value Of  at least $00
min#.F:s.s as measured according to AS .'v t) 22724'2.



7. The insulating Oil Cmn sitit?il of .i# S' of '.
ai3F7:ti I 6. Vii? I ,i i"F te  :saetrwwal insulating
oil displays a rotary press re S ess'e. oxidatio,l sir
h.lit~y (RP O . 3 valu Lat.  at .e #,i :? 1t3
F'i?iF.f.tL i as #..iCix .i.inM <aL'<'i?C #i'#g to
:A.\ 17 ` 1. 227,12-C12, 8, The composition ofan v' of
claims I ^ 7, , wherein the base (Al is selected fro.m
the group <?t ix- IF?.i]L-. i-t #?a , a vegetable oil,
an f F m:> of a ti ixx l's?.+ L :a?. y n ester, an oil
de ive d from a gas-to-liquid 3ioces s, a Fisd,eer-
rkx d') derived bassi, o#:, an d .t..ixture -h;, f,  9
. e i.t?#F#133 xt oil o ;#1y of claims, I 8., vv .
e:e#t# the base oil comprises at leapt  an iti' merii
base A and ? to 9S vA. 00 o at Cast one of a once v 3
oil a veguable oil, an  {??tgoalcr ni in .2(t}itiof.L
an este a?.#i oil a. FS'.d t1;'i?ili < cs
-iS-itohq#.i#d prom. ,s, and i#lixi.i.i.;.  there :=<f
, et: L ctii a Filaid #FIi` ("it composition of any of
c i.-,ns I - 9, wherein 11-.x.  lubricating base o fl
consists essentially of at. least an #ti43#I74 x"ii:t
< b se oil, having a  biodegradability of :il..t .3 t
?? t as measured ai_:cording, to OFT'i_.) 301 . 1 1,
The clourica tstflwin g oil Lompe si't.ioil of afly of
claims 1 -1, 0, Z herein the.  zub.##c. hng base oil
comprises an isomorized base (Al having an
auto-ignition temperature in  C (AI J) greater Wan an
A IT defined by, 1.6 a (krilen-mtic viscosity at 40 in
mFi; /s)  s: ivy `00, and a t actio`i coefficient
lea,. , uir, an amount ca cu tai by'. WOW x i.,., kin
rnak- viscosit i#F .i3ftl~ 41.001., 5 h erein the ,
t.#i i3 E, tic viscosity is the. ','# >:sty Of flit::
oil during  the e tai Fa 71 Fit of't It traction coet
dent, is WO 2009/018089 PCT/US2008/071019  ?. The
e1E.t e.i.: A #ii;iutaiti t4: oil t.E31'F3IsFs8.{:'F
3# F> 1.., base of comprises an Iso erized base oil.
having a Kine1i.aisc Viscosi at OOOC. of 1,80  if,..
and a Noack 'oktF1#ty .ess'han an amount ca f ~?_,a
3Led by the thflow# equation: 1.286  0 k 'COX' ,5l.8 ,
h re k v 100 is 6"': K::,. .att ~ Viscosity at IN)"c'
1_. The ;Iec if.a.l insulating of compo4. on of any of
ebainiis 12wherein the  additive is at I cast onc of:
a) a pour Point depressant selected .F o?:i? 'LIST
:'o' p of pour I'!s int  #"ech"tt: ##.fx blend corn1;
3on nts:. l~'#'t'F tlt,.,c.i .~tt.5:; `r'E4. t:S t ,
3LC;5 k (?,? lz F Z>'I .[ . id_ L' :: ia..#.de_.nsatio
1  P?Lodwct, y5 ha lop a a:I.#n. waxes a. i' +.oniadc
s-ornpoZ f ds, vinyl carhox l.a e poll -n#c .y E0 tefp
lymefs o dial :.L It i`.le.-F'z3.tes.. vilr l fatty .:
# i..I zm d alkyj Vinyl ethers; and  mixtures
there-,,,)IF, b) an antioxidant selected from the
group consistin ofphenoli s, ro 1f ti  



am Bits, compounds contain ing sulfur <.nd hospho us.
organ ?srilfuir t'CsFiil?i;F#i3<3a.; , organo'I hog
aPhorus coi:;3p<`r:lmy., and mixtures tlheieof: and er
a meta deacti altor sekze e d from  the group emak' ng
oa t iazoles, 3r..,i~?.rt`s`# 3 t~3}T . tolyltriazoie:
Lolyhria::ole derivatives, and  mixtures thereof 11 An
equipment <i?#^^..l riss#ng th ele ttical oil,
Lvftt.positio.n to any of  claims I - 14. `i?...oolife
and 1 or inVaJrig in etet tare- d or f F\;.l#ival app
rations. . s..S 15 At method fo improving d1# gassing
Lends fey of an electrical Ff`, i:il ?E#F#.fg oil
tamp 3::it3s?.F'# lot the comp oSFf#on to hav'e a
gassing tendency of - 3`ypI.. per in ifef,tr: a i
measured according to ASS 1 \1 D2300-0O, the method
comprising the stop of ad<. g to .  rei` , of as heavy
f'ehnnate h #i' g bodI range i`'I 30}0 to 5ffLt 8 260
T.) and a  Research oct a-ric N a, ibat(RC 'l ) of 7S
to 105 t>_3 a Am we of (a) ct ms .' oil :telo tcd from
' of a natural. oil., a s 1 #ttl-letic o%l, a I #
Fi:lia : 'ti l't 1i 1.4 f : ..A base oil, and
mimires-,  the, group thereof; and i_ ` 0001 to 10 wt
, t a: at least aii addit. ;'e selected f orn an
additive pate, age, an  oxkh,t i n inhibitor, wi f
gals F4 agent, pour Point ..depressant, rnela_; mend
passwato1 tl,l`.f Ic?r it ing :gent, and mixtures :}i 


