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CYCLOALKANE BASE O LS, CYCLOALKANE- BASE DI ELECTRI C

LI QUI DS MADE USI NG CYCLOALKANE BASE O LS, AND METHODS
WER0MKISHG SAVE The application relates to PCT/US2005/040144

"cycl oal kane" base oil (s), to cycl oal kane- base

dielectric liquid (s) made using the cycl oal kane base

oil(s), to nethods of naking the cycl oal kane base

oil(s) and to the cycoal kane-base dielectric liquid

Ct6LOADKRNECBASE 0Ins| dSYtHOACLRANE-BASE "PrEfRCTRIE€ALIQUIDS
froma gas oil fraction derived at atnnsgheric

MAREUSINGE EYCHOALPIRCRRRE PTkes. AP HMETHPPE OF MAKENG SAME

manuf act ured usi ng ot her feedstocks are desirable. The
present application provides cycl oal kane base oi
cormra sippd iz aduizmt irteyl adgfes sopdicyicflioad kame “f bakveSdidt(s), to
% tq 70 . % cycl oal kanes havjng the fornula Hn

Y GRS FALES G306 Bt SquaA $gRY the

cyd 1NN D3s PG d)estd R n2@sWo £ %a®fi nsRitthe cycloalkane
cycl oal kane base oil (as nmeasured by nass . o

basgpedtlredcopy) to the apyoaddenembalsso diredeicdad caliquid(s) .
CY Q! q.:ek@rfq' %S_'L%uq_'dlesl & ri'c.%l!lI qlélr% ﬁl%%rfla%'t%%ed from a gas
cycl oal’kane base oil c rising a quantity o

oili Sopartdion ke rdveéd ramafthostohe¥itco p2@ selure¥from naphthenic
cycl oal kanes havi the formul a CnH2n wherein n is

Crfsn 15 Ea e85 Hnild KSR MEP USROG HerTs OB

fed®5SdKan 20 quts 1+%afe .sai d cycl oal kane base oil (as
measured by mass spectroscopy) ; and, one or nore

antlihga $yieng ndg erP ld sladdoad progidele cycdop lkansi beisegoil
conl FRPIEULIE 2l U MUSIROB BRCLR B8 5 o 7
wt .[%akiyicd oayl diadgen hatvdmganthedifaryiud a €ailgd ghemkiiny nbeéisngrom
15 %LI%%Ri%%i%pq&%%%%%yt%% %%%g?%ffins being less than 50
wt.% of said cycloalkane base o0il (as measured by mass
spectroscopy) .
The application also provides a cycloalkane-base
dielectric liquid comprising:
cycloalkane base o0il comprising a quantity of
isoparaffins and from 50 wt.% to 70 wt.%
cycloalkanes having the formula CpH;, wherein n is
from 15 to 30, said quantity of isoparaffins being
less than 50 wt.% of said cycloalkane base oil (as
measured by mass spectroscopy):; and,
one or more antigassing agent selected from the group
consisting of non-phenolic alkyl substituted or
partially saturated aromatic compounds comprising
at least one labile hydrogen atom and diaryls, said
quantity being effective to reduce the gassing
tendency of the dielectric liquid.

The application provides a method for making a

cycloalkane base o0il comprising:
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tendency of the dielectric liquid. The application
provi des a nmethod for making a cycl oal kane base oi

W@ ooupnsBiNg: ref i ni ng crude under refining condPeT/US®05/040144

effective to produce aromati c vacuum gas oil boiling

at a tenperature in the range of from about 371 0C to
about 538 0 C, the aromatic vacuum gas oil conpri sing
carbonaceous materials, a majority of the carbonaceous

matyeyfi i3 i g &1 ri@ieS eineietre & i oMnigh @ ogida A oB@N SifFleictd vef to
cycl oal kanes and aromatics; contacti ng the aromatic
vacuum gEedBige \romatydr J&CHAR 9§ Sc &idl Pl liRgert a
hydr ocr ' i t:i0 ef f [ r °
hydr ocr gcc%llﬁﬁr%a%r 0 uf:ltn; %zlgbjrggl%ng%h%roglc%gc%%%ng71 ¢ to
product abouwt 538pi°dy dhediatriooas ief vectuiuwe gbe ioidr ease
the content aof .cyclic h&%dr ocar bon% sel gct ed framthe

group ¢SSR o At POrE SRR e ST EF AP k8nBE I dnidY ©f

conbi nattHen % dlritRneele calRd maeRRViang Rrdneger 1skhlicde rafd the
amoni a and produci ng stripped hydrocracki ng product;

cont act iIgFP Ut IGORSES thyidr 6T &oKilRg LFpagsce@ yomatics;
! S%rt'a%%ti'n%n/t%%w%)ﬁo khyd 3%%%%4 ' %g %'i%iccﬂt al'yst

conprising nmetal “sel ecte rom roup consi sting
of pl at ihysimo qraldka cigu iz taiy sto nfnideat hgas ochrecédhg

under I DH canditions effective to saturate aromati.cs

to cycl GANHTEONS EdFEE tHIFNEP B&P&PFﬁng}’déﬁ&rFG ing
produce griddugduct conprising greater than 50 wt. % of

one or nore cyclic hydrocarbons selected fromthe o

gr S IEsTdinst %ﬂ@lr@ﬁr@wl@m REREsICaing oc pErdRPRagesonditions

effective to increase the content of cyclic
hydrocarbons selected from the group consisting of
cycloalkanes, cycloalkenes, and combinations
thereof and removing hydrogen sulfide and ammonia
and producing stripped hydrocracking product;

contacting stripped hydrocracking product with
isomerization/dewaxing/hydrogenation (IDH) catalyst
comprising a metal selected from the group
consisting of platinum, palladium, and combinations
thereof, under IDH conditions effective to
saturate aromatics to cycloalkanes, reduce normal
paraffins, and to produce IDH product comprising
greater than 50 wt.% of one or more cyclic
hydrocarbons selected from the group consisting of
cycloalkanes and cycloalkenes;

without solvent extracting, contacting IDH product with
hydrotreating catalyst under hydrotreating
conditions effective to produce hydrotreated
product comprising greater than 50 wt.%
cycloalkanes (as measured by mass spectroscopy);

and,



wi t hout solvent extracting, contacting |IDH product

Wi th hydrotreating catal yst under hydrotreating
w@eondiosisons ef fective to produce hydrotreat ed prDUSIINS/040144

conprising greater than 50 wt. % cycl oal kanes (as

measured by mass spectroscopy) ; and, separating from

sai d hydrotreated product cycl oal kane base oi

conprising less than 50 w. % i soparaffins and 50 wt. %

Or JEYE WGP MM &% 1(Bh yiRTWHeed By pRStict cycloalkane
spectroscopy) , said cycloal kane base oil boiling at a

t enper a@s€ 93 1t KOMPFHGENSF LEBSMtABEUL 026G -& tisoasaaif fins
371 C. ’%.rmatS!'ﬁ)o‘éJ.tf 9 C’Ialﬂo% %y%i%laQ.%alﬁ%%e (%%S‘fneasured by
dielectric Iiquid conprising: processing aromatic

vacuum ges soispearic aseopyer,i g icy cycdldedkaneadasel loil

onmprising.a quantity of isoparaffins and from5Q wt.%
Lo 70 WOSKICTH Gdt BahETPRERTHG <t HE FORTIRRIEn Ao rom about

wher ei n oo d YNzt 334G, °gai d quantity of
i soparaffins being | ess than 50 wt. % of said . o
cyd dgltioase fieds @agiing &s crsdoar&@ngy bages dielectric liquid
t:rascopy) ; and, adding to said cycl oal kane base
co@ﬁﬁyéiQ ‘or nore agent selected fromthe group
comgicgieisg nof aaratuntvaefivantagasdilngnalgericoekirdalyi ve

to reduce gassing tendency _of the cycl oal kane bhase aqi
and a ql?é(r?gﬂaal@?‘eog’és@r Sdr ECRREISR TRt WPPEtivvett o

reduce slsuglae ofrarimR! o &t 8oaktagi ¢onymbes .isn Ny of

KOH g (TAN) under oxidation conditions. The present

appl i catdyer qgrldsgingss haydIngaltkgné osawd aoiChlls) wherein n is

prOdUCi%Qo%y%%o%Bk%%g'ggiﬁ %LS%%&E&i%flkggbgrg%%ins being
less than 50 wt.% of said cycloalkane base oil (as
measured by mass spectroscopy); and,

adding to said cycloalkane base o0il one or more agent

selected from the group consisting of an amount of
antigassing agent effective to reduce gassing
tendency of the cycloalkane base oil and a quantity
of one or more antioxidant effective to reduce
sludge formation and total acid number in mg of
KOH/g (TAN) under oxidation conditions.

The present application provides cycloalkane base oil(s)
for producing cycloalkane-base dielectric liquid(s).

A “cycloalkane base 0il” is produced from an aromatic
base o0il feedstock, preferably an “aromatic vacuum gas oil”
produced from the refining of crude oil. Substantially any
crude oil may be used as the source of the aromatic vacuum
gas oil. Suitable crudes include, but are not necessarily
limited to: Arabian Light, Arabian Medium, Arab Heavy,
Orienta, Kuwati, Isthmus, Maya, Oman, Brent, and combinations

thereof.
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A "cycl oal kane base oil" is produced froman aromatic
base oil feedstock, preferably an "aromatic vacuum gas
wordos/ofseduced fromthe refining of crude oil.PCT/US2005/040144
Substantially any crude oil may be used as the source

of the aromatic vacuumgas oil. Suitable crudes
i ncl ude, but are not necessarily |imted to: Arabian

[ [ di u Arab Heavy, Orienta, Kuwati,
fé?%ﬁﬁ?@qgiﬁyj4§;£§éq§%§99n%9%@U§om@w@aﬂﬁdﬁs}mhemambbae
“ arRjrRMity vof r ce terials in suitable
{fﬁ%ﬁg%?ggﬁggﬁﬁggga?qggls%%grggégfggpgérppoﬁl h&*@H8up
CogsAsitdion g fofc vy ordXiakese snand ramamatiscs ArAnamatl §acuun gas

; il nerally c ri ses the follow ng
Olg?ggﬁggg??ggbgpggégﬁgngggoggR&ﬁVéPBapé?tFﬁbHéééénéfng
Ca@b@eacebusomaeetﬂaubonina6@§&Eh8§n§C¥EB@§|B?néﬁnfentration:
> soparaf fins >normal paraffins. Suitable arona Ic
ar@%@%ﬁﬁ?g5§Y8EPélﬁépﬁsa?léopéﬁpéfanarénonmahepaaagélﬁé.

i Y S e,
rom .
in?ggggigngg)of Themagbaati 268o~ACens00f °Bui tabhsout 538°C

' i is f bout 40 Wt .%to
(18D9TE b0 VPELERRATS Bhetl, afionh “el s epeitn o5ebps mpout
53pref ¢i0ed eRrbodi TRAtSrohhe: ar OvRtd St C&f“%ité%%%ﬂ%r%rbatic

tic vacuumgas oils is fromabout 50 to a
Va‘\%krl&gfg%‘r%r%?b? e%%?%bm aboat abdurt 55 W alBoun Gout . 50(as

_ r &6 DBS ecty.0scopy) . omatic,
me%%%%%ﬁ?ﬁ%gﬁgﬁfs alg%rtyﬁ%%gﬁly %Qnﬁﬁ%%gf?%gnéghﬁéhm%ﬂis'
thW@%W%tjacbmnGmWQ%@y@Imm,vaf&gm teggswmil% }m%s #rom

. % 1sopayaf fins, fromabou . .
ab%lgtoﬂ?pﬁso \]/a%d%tnogrdrravftp'pﬁdr AV DL HHL TRRASUrPbya s 55 wt. 3
to spEntT GBLopy)s (ENe rdQithld € IAAGHIIY %%c"dﬂo%%! g may

be mixed wth other base oil feedstocks, including,

AT FIRT otV RIS Ga9 19115 mlsed v iswihMantcomptmiaet €ton about

20 naf fd nat epHoofdo YaX.s %y%cll%a mes, from about 10 wt.$ to
about 15 wt.$ isoparaffins, from about 5 wt.3% to about 15
Wt.% normal paraffins (as measured by mass spectroscopy) .

The aromatic vacuum gas oils also may be mixed with
other base o0il feedstocks, including, but not necessarily
limited to solvent extracted raffinates, soft wax, slack wax,
lube boiling range product from a Fischer-Tropsch conversion
of gas-to-liquids, and combinations thereof.

In order to produce cycloalkane base oil, aromatic
vacuum gas oil is subjected to hydroprocessing conditions.
In a preferred embodiment, the hydroprocessing conditions
comprise: contacting the aromatic vacuum gas oil with
hydrocrécking catalyst under hydrocracking conditions
effective to produce hydrocracking product; subjecting the
hydrocracking product to stripping conditions effective to
remove hydrogen sulfide and any ammonia and to produce

stripped hydrocracking product; contacting the stripped
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| ube boiling range product froma Fi scher-Tropsch
conversion of gas-to-liquids, and conbi nations
wWo bewesfsoo | n order to produce cycl oal kane basePOI/I$2005/040144
aromati c vacuumgas oil is subjected to
hydr oprocessing conditions. In a preferred enbodi nent,
t he hydroprocessing conditions conprise: contacting
the aromatic vacuum gas oil w th hydrocracking
hy I A N @ato dRedr GaNAC kistheGaRAIt RN chihasly/ve to
roduce hydrocracking product; subjecting the
hy )ﬂﬁﬁﬂﬁﬁ%ﬂar{ QW%Hué@ﬁ@dY§¢rPﬁﬁﬁﬁgc@@ﬁdﬁﬂpﬁﬁseffectlve to
e A d Y%
B A L S %ﬁcr?m?‘%%%e
noro@ it aEtraty inse tet rprpnpﬁd:leydmodmlc Iplrbglumtodzkbmlpr\tilish_lfhg
i,soneri zation/ de i ng/ hydro enation ("IDH') cata
A A SO 0 ot ot PP O0 LGt AP SPOREPPCES
mo IRNcRGEe Hiraalikaneneand o reedyed iROhRlrcrardbhisNscli@cted
produce an | DH product conprising carbonaceous
frqmﬂuheng§9ugaq%msaemﬂwgopftWQCéQﬁ kaaesoaadnslyedgldkenes;
B e PR S B
e consi sting F6alr kdnes

hydrpﬂnmﬂt&a@e&0n@dﬁh@mbl@gbeHlpEOducperhbe hydrotreated
h drotreatln% cat al yst under drotreatln%éconditions

PTogiycdc (GRS Eﬁb@&@étﬁ§dFQFPe§ el tproGyctoadkaresi igs
mea@ AL LY HAR 58 Pl t 1%sEphy93! léaae%ub?%c@a urged by
mass spéctroscopy) ; and Subjecting the hydrotreated

hYQﬂqyﬁﬁﬂie@opgeﬁapét¢@n8@@ﬁda¢ﬂ@nsceﬁﬁe@npve eéfseparat &0
| Qal k oil._co i | cti boi.l i n

e s Ao aae Pt SBour B e S Buatp Sy gk Boiling

at EheempdreaMKenefb&semoabomay2Be agakyzadohier 3gantent
nunber of nethods, a preferred nmet hod bei ng nass

spg r 6YCIH¢ L KANSr BRSFr 83 InBEMo 0PI RAYSCEp &L 5SREEYE bY
a nus®er RE NLpRECQa %r&k@%@@%s§@%hoa'BQlBESQEHE'On

rragnetl C sector nmass spectroneter, conmercCl al y
spegkgiclssiory -f r dmPwnetersed method of mass spectroscopy uses

the AutospecQ, a MICROMASS® high resolution magnetic sector

cont T,

mass spectrometer, commercially available from Waters
Corporation, Milford, Massachussetts. In this embodiment,
the ionization mode is Field Ionization Mass Spectrometry
(FIMS), which produces primarily molecular ions with little
or no fragmentation for the various hydrocarbon types
associated with the oils. FIMS data is processed using
Poly32, a PC based software package which processes mass
spectral list files in order to generate size exclusion
chromatography (SEC) type data and other computations. Poly
32 is commercially available from Sierra Analytics, Modesto,
California. The SEC data includes molecular weight moments
and polydispersity calculations. They are calculated from M,
mass in Daltons, and n, number of moles over the mass range
of interest. The software also will calculate percentages of

oligomer series defined by mass and repeating or monomer
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Corporation, MIf ord, Massachussetts . In this

enbodi ment, the ionization node is Field Ionization
wo/kms/gsert rometry (FIMS), which produces pri nBCT/U§2005/040144

nmol ecular ions with little or no fragnentation for the

vari ous hydrocarbon types associated with the oils.

FIMS data is processed using Poly32, a PC based

ckage which processes nmass spectral |ist
u“%'%lfsé\éqﬁ'r g‘r%d t GrG¥REratl® §hge cewel ogi bydrocarbon
anghi @it oar 3By o SEC)chupe dat 4 and gther computations.
Poly 32 is comrercially avail abl'e Pré [ .
caprgny Nugbe rvedds e chCal iSEtD['LEIiSa.(WEEQeSECi_étaHafﬁ_ﬁghug9Sthe
I Lar igh ment s and pol ydi sper si .
gegg %%5?90%@&*?18398% XQF%F‘EPEBSf FBH?M,ZYFmZ)sSBﬁles
deBalrtiphsrsafidrnsatiuabes 8keMBLESHO ﬁrtﬁgefggﬁﬁp£§8gethat
of interest. The software also will calculate ™
thEepidat sgBE26R éPﬁg@%fl%flteémdeﬁtaedfbyrmassllaﬂflh
LN ILLs c CH2 groups. In e
ey arcearhare hhar et “CofPari kafte (B  tenaved by
cohimh pbresatagespby eashicar oo NUFbesr apd £RslyLis by
gries (where Z is defined by the generalized fornula
Fﬂ?of hydrocarbons CnH2n+Z) . Z series descriptors for
Hyde¢oratdkesndl Cohdbefo®d the assunption that the oils
contain Lnsignifrcant anounts of aromatics. Therefore,
tratR 2FdFat TR PEefMedthken Purtea Brane émms/ee;bb]y, Ctg;emn
t \F 54 .9. rior to anal ysis,
ar%{i‘é{\%‘@ I—ﬁ%%@?g%%ﬁ%l%n%i ?lllbo%e)sc qoerfi orerY Cﬁ?ﬁ’ Qﬂﬂc’é? t he
cor@;@%’@cm:kag@@aes]elpidqmgﬂtiesiafg)n?dﬁom&&m(ﬂatﬁt%ﬂyéts,
j ect t o, hydrocracki ng conditions general
Su%%@n%’ﬁc%aﬁﬁlgy i %%ﬁ%’%&%q%@lmsqfaﬁﬁq@w tany
N ATy O A 0K | it € A Al desd s ] wdﬁ%ra%ﬂir}%%assest}i 5128 The
f desired hydrocracking is suita e. The T
hycﬁiﬂfr’ﬁﬁ@xﬂ& i tedtyal ty e ngperedrlal lopnporiseiss es saisaiblabl e

hydrocracking metal on a carrier.

Suitable hydrocracking metals include, but are not
necessarily limited to sulfided catalysts comprising one or
more metals selected from the group consisting of cobalt,
chromium, molybdenum, tungsten, magnesium, rhenium, iron,
ruthenium, iridium, nickel, palladium, platinum, and
combinations thereof. 1In one embodiment, the hydrocracking
metal is one or more metal selected from the group consisting
of Ni/W, Ni/Mo, and Co/Mo. 1In a more preferred embodiment,
the hydrocracking metal is one or more metal selected from
the group consisting of Ni/W and Co/Mo.

The hydrocracking catalyst comprises substantially any
carrier which provides sufficient surface area and does not
interfere with hydrocracking. Examples of suitable carriers
include, but are not necessarily limited to metal oxides and

molecular sieves. 1In one embodiment, the carrier is selected
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hydrocracki ng netal on a carrier. Suitable _
hydrocracking metal s include, but are not necessarily
wo 2ovsoexs04 0 sul fi ded catal ysts conpri sing one PECT/DBI085/040144
metal s selected fromthe group consisting of cobalt,
chrom um nol ybdenum tungsten, magnesium rhenium
iron, ruthenium iridium nickel, palladium platinum
and conbi nati ons thereof. In one enbodi nent, the
frﬁ?dFB@rQéQPﬁgCﬁéﬁaBtﬂﬁgoﬁé slumbne metlabryetetiédef BN
sitiheagequp consisting of Ni/W N /M, and Co/M. In a
nore preferred enbodi nent, the hydrocracking netal is
oneSoitabie hydabcsebeﬁhgdcéhamtibﬁsgE@M9r§§QS|Stlng
he hydrocracki ng catal yst

hygrﬁﬁfﬁv£§nguﬁg?BﬁF?EPFﬁsaﬂ§ Eé?@lé?ouhlgﬁoprQV|@@@ about

459UPC|¢|B?&r@éfgéﬁ§n§rﬁ9d§8§ego §%n§£eégﬁ?5£eéf ea%er than
hydr ocr acki ng. Exanpl es of ~sui carrirers in
atﬁaﬁpﬁ?élﬁotpﬁééégéleIgbbuh1B@datmoaphﬁtesxodeﬁoﬁ@ﬁ
ne epbodinent, the_carrier is
Y R Y R Eoar D B BB T T P bt =a S Rsomrgbost 400
SCEK@s(atém@@ralunbno seéthéﬁSbarﬁwlia@éea®W@E0P53§@ér§bF/B
ondi,ti ons coqg se:  hydrocracki ng tenperatures of
ang AT BROT 5000 06 T B P ALY SPRC DS L oyl iores sk fugom
abby€lr OJEM BB P ESSHRES2 OTh AL £ALEQLL L 1oy At DS JPW$ré%gﬁ king
preferably about 30 atnospheres or nor ?ﬁf
Cong bRfeh are cef te¢oive at@scmfvértorpcammCMsQﬂ: SGRdMitics in

b {15000
e o TS kPl 1 ol e

hydedgpenatieas aforfatoin aﬁlﬁﬂthﬁir]od'é'rraltetd) s%%&&tego trH donvert

Gbnerall t he_ hydrocracki ng conditions are ‘effective
SO% K {P %ﬁ%& Ja?wq%@q%qn%u@wwmkfur

t
and)asi td érﬂtﬁéd@{ﬂ 8 Rafd '}‘ﬁelal onver“?jg&' nated ay; (31”% ¢

and hydrogenat ed speci es, e horna
hydraaat iswsl fisld sophraatfdmis and to convert sul fur

Stripping Conditions

The hydrocracking product is subjected to stripping
conditions effective to remove hydrogen sulfide and ammonia
and to produce a stripped hydrocracking product. Suitable
stripping conditions comprise a temperature of from about 200
°C to about 300 °C and an effective stripping pressure,
preferably greater than atmospheric pressure. 1In a more
preferred embodiment, the stripping pressure is substantially
the same as the hydrocracking pressure, most preferably about
30 atm or greater. Preferably, stripping gas is hydrogen
essentially free of hydrogen sulfide and ammonia.

Isomerization/Dewaxing/Hydrogenation (IDH) Conditions

The stripped hydrocracking product is subjected to
hydroprocessing conditions, preferably isomerization/
dewaxing/hydrogenation (“IDH") conditions, effective to
increase the content of hydrogenated and partially

hydrogenated cyclic hydrocarbons selected from the group
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and nitrogen present in the heavy aromatic gas oil to
hydr ogen sul fide and amoni a. Stripping Conditions The
whymsosasec ki ng product i s subjected to stri ppi POI/US2005/040144
conditions effective to renove hydrogen sul fide and
amoni a and to produce a stripped hydrocracking
product. Suitable stripping conditions conprise a
tenperature of from about 200 C to about 300 C and an
corffifs@G gV @ rShichBaNGapees s ehe1 oR1&Ekakah! ¥ndr eahehinbRaBns
at nospheric pressure. In a nore preferred enbodi nent ,
t hetrr@@ st r iThsi RyIpreseGee sileds gosdantcall yPrREesake Yasd DH
r ograck f ahaut 30
e R R O T
isd@aeeﬁﬁuablbyfueemetlhydgogemmsulﬁndenaad apmoailaparaffins
| sonmeri zat i on/ Dewaxi ng/ dro enation (1 DH) ggnditions
to ?ﬁ@?@?@lﬁﬁ@& hy dPoér RER ﬁﬁrﬁ%08899d9§ Bhkj EBfed to

hydPHPrRRERGE Y eeneqetheoe&e Rireberably tbsprekizat beBht 20
demaxrng/hy rogenation ("IDH") conditions, effective

wt .30 dmawggs é sope raditiasy sPrieygregemabds éﬁ@mpabpiuﬁl Ry wt.

to UOgsNR 83 Grohi G Mpdocanhans sl epted LEaMt ieon anout

roupconsrstln 5t ~CyEroar kanss, cycl
20 @Qﬁ&rm@te@@atthere@f Ihephydfamhecessrmgaenmédtbgnmass
preferably I DH conditions, also typically increase the
sP%ﬁﬁﬂ9§ﬁPp§f ‘i soparaffins by i somerizing normal and near

norpiRl @@r%EEH@%lbﬁs'%@R@&%ﬁﬁyn%omb@1§eDE%E%EE%Qng the
enbodi nent, the hydroprocessing conditions are

st réfofoect hveirp@rprcdrdugepa@duptzmm omeoprnmpege IDH catalyst

i_SO af f | pr.ef fr ab .9
¢ PACOU B g TRGE, DEB BUATbELERREE R, 20 by HibBocer
floahaltie %@f@bt%wEOtabaubréaswtt%éreopaeaﬁfbﬁSc@aslc

nmeasured by nass spectroscopy) The 1 DH ¢ondi tions

hyCH@ErROR S6REFISE doRMakhrngroHe consisting of

cycloalkanes, cycloalkenes, and combinations thereof. The IDH
conditions also generally are effective to increase the
content of isoparaffins.

Suitable IDH catalysts comprise one or more IDH metal,
including but not necessarily limited to cobalt, chromium,
molybdenum, tungsten, magnesium, rhenium, iron, ruthenium,
iridium, nickel, palladium, platinum, and combinations
thereof. Preferred IDH metal(s) include, but are not
necessarily limited to platinum, palladium, and combinations
thereof.

The IDH metal generally is disposed on a suitable IDH
metal carrier. Suitable IDH metal carriers include, but are
not necessarily limited to molecular sieves and metal oxides.
Suitable molecular sieves include, but are not necessarily
limited to zeolites and silicoaluminophosphate molecular
sieves. Suitable metal oxides include, but are not
necessarily limited to alumina. A preferred IDH metal

carrier comprises silicoaluminophosphate molecular sieves.
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stripped hydrocracki ng product with one or nore | DH
catal yst at an IDH tenperature, an | DH pressure, and
w@nookk2shy dr ogen fl owate effective to i ncreaseCt/iig2005/040144
content of cyclic hydrocarbons selected fromthe group
consi sting of cycloal kanes, cycl oal kenes, and
conbi nations thereof. The I DH conditions al so
generally are effective to increase the content of
| sgpakabhenseodiitbabheel Phireahalygts poFBr 5$2e0B8o0k tes.
more | DH metal, including but not necessarily limted
Preferesbalintesnegintm PRBPyBdaruAeolihgst BAYSmagResFum
i.u eRi ridi nic . LM
at ol e, S BUhPn: Tt alol o hr AR,  BRe R
exampﬂab b<%) sunchbde, zbuliare natlneeesbati hyel notted to
pl ati num _pal |l adi um anggconbinatl ns tgggeof

| DH
necﬁéFéFlégnéFQFFﬁ §0d78B0sER dn 4°8 FFSb FDHZﬁEEéF

the%@rrm%&deﬁgtbabhgmL@H petal, casui-€r s zsRch udezshut 2ar ggm-
not necessarlly imted to nol ecul ar si eves and net al

18,0%i58eg 0, SGFtlabke ﬁﬁMe@QbaZSgréﬁeszﬁﬂcBQdeZSMuﬂ8ar§Sﬁ032
offr%%?%%arke¥rhl Egd %80%? |'g$§h§ and mi I{aglghereof.

coélunlnop osphat’e ecu §i eves.
Becﬁﬁ%éloﬁxtﬁeSrlmebméelzbuﬁoarEemettme¢6$saribyeféﬂtédd
alumna. A preferred IDH netal car rises

to ri cO
zeodiltPeoaNGTIABphBSBhAFS ABFoBBRaES8F ovds LSILERDI £o 25t ~12,

zsvzeal i yef-ape kagenpedhahe BAbEnati6n3eehbtess.
Preferred i ntermedi ate pore size zeolites have a por e

di Swéteblef strérraboninopBsspbatbouprlecslam sSpeekfic
incERID 85 OL BURLROLECLEOLLL ED b OGLLAE. +BULABDEI N0t sap0-31,
y e zeo

necedsari mted t6°786
sappedll,t anthebapimatdenst eheZ8ME3, AZBhederZ6M 5, ZSMJI

ZSM 12, ZSM 18 ZSM 20, ZSM 22, ZSM 23 ZSM%
silieprdgmingpngsrhats. molegpdps: stever éfr PRFPT AL - zeSPFt 8150

the@lrPidowdnd Ol X%t upbgsechier €Qhich are hereby incorporated by
reference: 6,090,989; 4,500,417; 4,906,350; 4,943,672;
5,059,299; 5,135,63; 5,282,958, 5,306,860, 5,362,378; and
European Patent No. 0 776 959 A2.

Suitable IDH conditions comprise: IDH temperatures of
from about 250 °C to about 390 °C; IDH gas pressures greater
than atmospheric, preferably substantially the same as the
hydrocracking pressure, which is preferably about 30 atm or
more; IDH hydrogen circulation rates of from about 400 to
about 15,000 SCF/B; and, IDH liquid hourly space velocities
of from about 0.1 hr.-1 to about 20 hr-1.

Hydrotreating

In a preferred embodiment, the hydroprocessing product
is hydrotreated. Hydrotreating comprises contacting the IDH
product with hydrotreating catalyst under hydrotreating
conditions effective to convert unsaturated bonds and

remaining aromatics, in particular multi-ring aromatics, in
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Because of their isonerization selectivities,

preferred zeolites include, but are not necessarily
WO 2ovsHEx804 0 ZSM - 12, ZSM 23, ZSM 22, SSZ-32, apdr/us2005/040144

conbi nations thereof. Suitable silicoal um nophosphate

nol ecul ar sieves include, but are not necessarily

limted to SAPO- |11, SAPO 31, SAPO 41, and conbi nati ons

thereof. A preferred silicoal um nophosphate nol ecul ar
theSIT®¥E pirdd8AOihko Saeuzhsedt Benhal Law BgcWoS1 KBaLENt S,

whi ch are hereby incorporated by reference: 6,090, 989;
respeshdveiy;. 4,906, 350; 4,943,672; 5,059,299; 5,135, 63;

5, d n Patent
o St B oo By IRD e 18R iR BenAlHi ofglcbibapedn A el
hydirbidreanpegatemnes rat ureemodbdubom25800€ 160aBCuto38BoQG€ 340
ressures reater than agggsgherlc
t

o~ ./ DH gas
Ciy hyPEPaBrs e Tie PAREFUIES ORELATE LASR: AT ASEPEEL Seki ng

preRbessy suwgtﬁhthél@?eEﬁéaQBMeaQQUEh§Oh9HBb@EaHR&Sg and
| DH hydrogen circul ation rates of from about 400 to

IDHabgess¥3e00hsch/ BreardablpHibi ghputhddr pymspacmore;
hydﬁ? %%'%H?%u?%tﬁ%ﬂ”&%?g Lo %rgﬁ %oh% 268“ ZQbBEt 15,000

drot reati™n apreferre 8nbo
SCFhﬁdroproceSS|ng product is hydrotreated Fwdrotreating
npr.i ses contactin Eroduct

hyéP&FﬁgéﬁlﬁédESFéﬁ §Pn8n8éFa Y&FOFP@E%FﬁGScBMGFPFBﬁétlng

met@fif @¢trieve it %@n!%EEeHB%aEHEaEQQebeﬁdﬁyaBQgéﬁﬁﬁhBhngf
aromatlcs in partlcu ar rrutl-rlng aromat 1 cs, i nt he

unSBDHIQK@du@pndﬁténéaﬁmpaﬁﬁdcﬁohdsthﬁdI@ﬂcpéaﬂkaﬁes Suitable
hydr%%@%%%&%%'%g;gﬁ 2 %cﬁ%QrOEE%aEEQQnS? ﬁeEEQQ

erat ures ron1a %ylgo
llmEtbd aboubb34@ Oehxomydmotmeaybdgnpmessuhgstgneamegnesium,
t han atnnspherlc preferabbgusubstaﬂtial gl&a sane as

rhephEtny dr68r acKiFRGNHE, iridium, nic Lum,

platinum, and combinations thereof. Preferred hydrotreating
metals are selected from the group consisting of Ni, Pt, Pd,
and combinations thereof.

The hydrotreating metal generally is on a suitable
support which has sufficient surface area and does not
interfere with the hydrotreating process. Suitabie
hydrotreating catalyst supports include, but are not
necessarily limited to metal oxides and molecular sieves.
Preferred hydrotreating catalyst supports comprise dispersed
zeolite effective to increase saturation of remaining
aromatic molecules.

Recovery of cycloalkane base oil

The resulting hydrotreated product boils at a
temperature in the range of from about 38 °C (100 °F) to
about 538 °C (1000 °F). The hydrotreated product is subjected
to separation conditions effective to separate cycloalkane
base o0il, preferably cycloalkane base o0il boiling at a

temperature in the range of from about 260 °C to about 371°C.
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| DH pressure, which preferably is about 30 atm or

nore; hydrogen circulation rates of from about 400 to
w@bwens2key 000 SCF/ B. Suitabl e hydrotreati ng capct/ysions/ 040144

conprises hydrotreating netal effective to increase

the rate of hydrogenation of unsaturated bonds and

aromatics in the | DH product. Suitable hydrotreating

netal (s) include but are not necessarily limted to

Anyt Ghaldablehisepatat iwpl YeteltMonsURGS: @, uFRgNes UBng as
rhenium_iron, ruthenium iridium nickel, palladium

they anen@ht e&itd Vel FRRGRS &t reicdor1 kangr Based o1l boiling
at W AHJAANG MG AR AqReIRC AT ARG 6Gf P o apout

consisting of Ni, Pt, , and co nations there
371PEe fimpdr dihee gtointg ometoedl thendryalror ries tea @ rodiucdbl(e)
support which has sufficient surfac re dq not
oo HREY Fer & RS SRRt 1 d0set Saiitantd  and
(o) HHiatirRAkItNG GRSt uTEPRRISES thae! Bde, °lut(2aoe °rgt,
necessarily limted to nmetal oxides and nol ecul ar _
si é\ﬁe_s?. PF'fle_éfGérrre@'d eﬁwdéff&e@ét,i ﬁ@ec@ﬁ’ailr%tr_e@ﬂ}ﬁﬁoptr@duct 1s
sub@%’&rédsF’tod'f%%%rti%%a@.%'rﬂ i t9EHY € i i 2Gh82$8moving
aturation of remaining aromatic nolecul és. Recovery

hydrfotmeciteal amelueas dodillinghatr es ttletipeg atydeobifeatredter than
product. bqQils at a tenperature in the range of from

7 55Gut 99 CF0166 6 oL LEabGar 5SE06NE10667R) ZeotRe

prd@toldAatlied RrOGUGenps rShireced 1@ sSepanabisdn °c (500 °F)
conditions effective to separate cycl oal kane base oil,

as gefogeghiopdeycl oal kane base oil boiling at a

|CTRSEANIE ) U URAIAE S AT 200,00 RIEH rane
badeo ra:g.las:%tdpe;i s&f @yeﬂfogdt}dame st,0 p&e;fauraﬁo&yc;ad%l/cgal—lsabet ituted
cyJBS8 Gl Dol ng at g teqperatune ijp the range qf from, .
a content of cycloalkanes, preferably alkyl-substituted
cycloalkanes, of 50 wt.% or more, more preferably about 60
wt.% or more, even more preferably about 66 wt.% or more, as
measured by mass spectroscopy.

Cycloalkanes generally have the formula CnH2n where n is
the total number of carbon atoms. In a preferred embodiment,
the base o0il comprises cycloalkanes wherein n is from about
15 to about 30.

In a preferred embodiment, a majority of the
cycloalkanes comprise alkyl-substituted cycloalkanes.
Preferably, about 70 wt.% or more, more preferably about 80
wt.% or more, even more preferably about 90 wt.% or more, and
most preferably about 99 wt.% or more of the cycloalkanes
comprise alkyl-substituted cycloalkanes, as measured by mass
spectroscopy.

The cycloalkane base o0il comprises less than 50 wt.%

isoparaffins, preferably from about 20 wt.$%$ to less than 50

wt.% isoparaffins, more preferably from about 20 wt.% to

11



371C fromthe portion of the hydrotreated product (a)
boiling at a tenperature greater than 700 0 F (371
w® g/ osasab (b) boiling at a tenperature | ess thedn/68M09040144
F (260 0OC) . In a preferred enbodi nent, the
hydrotreated product is subjected to fractionation
condi tions conprising renoving hydrotreated product
boiling at a tenperature of greater than 371 C (700 F)
abod® a0batt enssophdafreBEi, Nngshydegtkeat B¢ pesdusbectroscopy.
boiling at a tenperature of less than 260. C (500 0 F)
Thea§YsA O3V &EREaBASA RAJloPLE) BEeEsrpBACEBUBRThBEEcaPeYt 15
cycl an 0 es,
LR T S R

erably anes. Pre erably,

(1ntb3poyatedlhame1babg oelfecenpe) ses a content of

ab@%@ @9cw5a1%@ﬁé Bﬁéé,oQYernﬁhé p&egeh@bhyp@b@atléﬁ has
W . % or nore, as neasured by mass spectroscopy

a veyeﬁ@d|pén@§egenéngﬂpﬁlnavbuthéoﬁonﬁGEESEﬁP@ﬁ wWhBiBed to
uselastg phakal %gqu oiga&%ae-eggasdlg Bt asffﬁasgds In

enbodi ment, conprises cycl oal kanes
a pwhéeemednemboﬂﬁmanabouhelﬁytmoam@aheSBasénoalpnefeseddto

enbodi nent , maj orit the cycl oal kanes conpri
Progigs) CHEERLRaNENDE e BaPaNEE S Col oabr an! e SEnha: the
reqii r4n@htB06LE, ABDME DPRRBEr abkY anhaut 8Bewh Y%At iBRI €or

even nore preferably about 90 wt.% or nore, and nost

Mingrafledapsiy}agbodt O9d Hesegh op ﬁéﬁétéﬂC@heAéyéréauﬁanes
lncggg% a%%dahé elﬁugg &g$%ggneg 'Oﬁggeee re@érHF§§uEﬁg

SS Spectrosco Cc C oal Kane ase ol
cyca@ﬁpkaaesbbeGSOnmamssﬁsmu %blsmpanaéfdmelepteﬁer&bhylds
sulta%qga?g%tu%g g% %@%%s%%§%e2h89150

Many types of conventional electrical equipment contain
a dielectric fluid for dissipating the heat generated by
energized components, and for insulating those components
from the equipment enclosure and from other internal parts
and devices. Examples of such equipment include, but are not
necessarily limited to transformers, capacitors, switches,
regulators, circuit breakers, cables, reclosers, and x-ray
equipment.

A transformer transfers electric power from one circuit
to another electromagnetically. Transformers are used in the
transmission of electrical power.

Larger transformers generally require insulation of
coils and/or conductors in order to protect the transformer
at normal operating voltages, during temperature
overvoltages, and also during transient overvoltages, which
may result from lightning strikes or switching operations.

When insulation fails, an internal fault or short circuit may

occur. Such occurrences could cause the equipment to fail,

12
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Wt . % isoparaffins, nore preferably from about 20 w. %

toabout 40 wt. % i soparaffins, as neasured by mass
wepwensssropy. The cycl oal kane base oil al so prpef/esnbi/gs0144

conprises about 15 ppm sulfur or less, according to

Test Method D1274 (incorporated herein by reference)

Producti on of cycl oal kane-base dielectric liquid (s)

The cycl oal kane base oil of the present application

typlasld wakhetingotousgstemnehvdiyeg Bul poksnetossatibhyering
limted to use as a base oil in cycloal kane- base

pen§QﬂSeépr¢@e|W&@ﬂ&étY|ﬁfatbﬁeﬁgp#@@e@ﬁbod|nent t he
Cy%'O%&%%Qet%aégfg bé1§S%Q Bgfegoﬂ%S% away from a

cycl oal kane- bas lect |qU| S neeting
tramsfoirmerecoseobnASEMLD 348@mp'l$t andatd Speotﬁuoaﬁhon
neral | nsula din E

Gl Us
accRs Al b ot Boot e Rk u R cRBVEBEAPBAL T TanfhgEmers

usePrrefiarakley vt harg¥cheallnare obage e@eletirs cugeditioapr oduce
dielectric liquids suitable for use as transforner

insgillatigBay types of conventional electrical equipnent

contalp.a diel eahl 1%cgk9bdlﬁghlg'sﬁ gt?QSmf Sr?%?&nlc

gener at ed by énergi ze ent's ating
011ma@adednmoneaws ﬁnh&mbhelgqpopmeﬁbweﬂehpsmaEuaad from

er i.nternal arts a d devi ces. | es of .,such
visgoliEh it BERBFEage s AP apEnEEa Li¥c BAaaRPEy S PiPL e 1PY
gas%&%@sb%&ﬁ%&&an%épaﬁbtQé§u1§@HtQQGRSTMGQUBQBQFS
circuit breakers, cables, reclosers, and x-ray
eqdhgmeassing teadsheyner than§V§ﬂ§aékéeﬁrbéssoqéﬁlectrlc

q%l%n]%n% flebeUt He gﬂgtQgEeeb%CBBQH?EE§EhC§E'Xesorptlon
ransformers are uSed I'n the transm ssSion
of alyeicgenalinpowerr. ohar gér theadstaenerscgénguall ynder

re in uIation of $0|Is and/gr conduct ors i? order
(@]

re
PIees 6#8?6&? PRatPrInSPBAMEL C]E - nol Ml 98pEF R RGrTormance is
imp¥RithagebecalukieNd ifeARakaLEheis evolved due to electrical

stress, a liquid having low gassing tendency tends to absorb
the evolved hydrogen and thereby reduce the chances of an
explosion.

The cycloalkane-base dielectric liquids of the present
application exhibit both low temperature viscometric
properties and low gassing tendency.

Gassing tendency is reduced by adding one or more anti-
gassing agent(s). Preferably, the anti-gassing agent(s)
reduce the gassing tendency of the dielectric liquid to +30
pL/min. or less, preferably 15 pL/min. or less, more
preferably 5 puL/min. or less, preferably 0 pL/min. or less,
according to ASTM Test Method D2300.

The antigassing agent(s) generally are antigassing
aromatic(s) other than phenolic compounds either comprising
one or more labile hydrogen atom or comprising diaryls, which
may or may not comprise one or more labile hydrogen atoms.

Examples of suitable antigassing agents include, but are not

13
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overvol tages, and al so during transient overvoltages,
which may result fromlightning strikes or switching
wopmsasisens. When insulation fails, an internabCT/astons/040144
or short circuit may occur. Such occurrences could
cause the equipnment to fail,typically leading to
system out ages and possi bly endangeri ng persons in the
vicinity of the equipnent. In order to effectively
neddsaasfiar, heati tavway of Karrgllr ansf ARk sCOLeiadd ekl 9 to 11
assenbly and to maintain an acceptabl e operating
canbeip StaNSr 821665 ¢enEireRalt Per gxotEr Rens igsd nPePat PR&YY -

sutsAi9% R U a%ficd!c%hg_%hm%,f 'alig;g,lawo%ﬂltﬂy AN phBrially
the past, dielectric I'iquids made from para Flnlg oI 18
satierded taoohatd d chapennids,peod cowbtieapepatsuttéereof.
Vi SCQ rnic properties and general l.y did not  exhi bi .
onigaenisy BarbaEnanie. s  FaqdPHed g SREFR Do 3y bure:
The gassing tendencygaf the cycl oalgeane- base
dielectric liquid is a neasure of the rate of

absorption or desorptryn of hydrggen\i nto or out of
the dielectric R3-egid eséri bSa Ribor at ory
conditions. Low gassi perf or manes=4 s i nport ant

because, if hydrogen|is evolved dué to electrica
stress, a |liquid haviRyg | ow gassi nR*t endency tends to
absorb the evol ved hydrogen and thereby reduce the
chances of an expl osion. The cycl oal kane- base

whqu§lectric liquids of the present application exhibit
Both | ow tenperature visconetric properties and | ow

R igaseilegtiendenay theagsong tendeseyngsofedusedghy
addi ng one or nore antigassing agent (s). Preferably,
the ar®?tyA/MHPAYENIMIING e%%ﬁcéjltwjga%sti’lr@et@fﬂder?d&ﬂ

of the dielectdiCupd WaFidp 3% MY 1 Wo | £SSrbon atoms
preferably 15 mi/mn. or less, nore
(making the diaryl a diaryl alkane); and

R'-R® independently are selected from the group consisting of
nothing and alkyl groups having from about 1 to about

2 carbon atoms.
Where R represents a single bond (R=0), the diaryl is a

biphenyl having the following general structure:

R Ré
Rz% \ /}Rs
R3 R4

wherein R!'-R® independently are selected from the group
consisting of nothing and alkyl groups having from about 1 to
about 2 carbon atoms. In a preferred embodiment,R'-R® are
selected from the group consisting of methyl groups. In
another preferred embodiment, the biphenyl is unsubstituted,
wherein R!'-R® are nothing. 1In another embodiment, the

biphenyl is dimesityl, wherein R!-R® are methyl groups.
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preferably 5 nL/mn. or less, preferably O nL/mn. or

| ess, according to ASTM Test Met hod D2300. The
w@miobgsesed ng agent (s) general ly are anti gassiPOI/US2005/040144

aromatic (s) other than phenolic conmpounds either

conprising one or nore |abile hydrogen atom or

conprising diaryls, which may or may not conprise one

or nore |abile hydrogen atons. Exanples of suitable

antgxgagdiedd oZgeitis abnel ude i -hulssang agtAesessaliudg, but
limted to diaryls and agents having from9 to 11
arec o REFESTE rddledtidd tefokt Hd agwdsp EdRyPsOPRgngnthrene,

phéﬂ yb%%%%ﬁ%&ﬁkgdeﬁhgﬁggi%l%?ggggﬁd%engkﬁgg, including

substitute rtial satu aromat 1 ¢ conpounds,
diedqhy lbemzienatsi, ons tiradydob - 5Suilt-ghlea ydieahylls -hapbthhéene,

follow ng general structure: erein Ls.sel ected
acepﬁgﬁgghg%grgﬁgr bﬁgfgfpﬁgggpagggﬁngFéﬁg&ﬁFF uous bond
te tFKIROnRe thiadlkehlesd BinaheBYhhgagoalukiberaegr oups

having fromabout 1 to 4 carbon atons (nmaking the

di &epleraldivar fhealorg&n€f MozfRd aRtiRgaisAdefeAFERLI(y) apse

| ect fr u nsi: st i.ng .of ing -a

B R e e L N R o e
wt .4t ons 1le\dber eoRer predeenbsd yaabongl € kan@ ER-0Opss,t k&en more

laryl. is a biphenyl having the follow ng genera
orelelabilyy xR 30R% cuflerorl - K1 HRo 2P AndEntry MRS
pre¥lraetigd slbcem thetgroupasensost itRg 9b10REhbEItABIbase oil.
al kyl groups having fromabout 1 to about 2 carbon

at s onen egbpérented tErbAAIABAS S IRY- RICAIe COBPEEFEE about
80 %&9%‘Hh%-%&%%Eg&%n%hihkﬁg1%Be”SBByEb%EQUE%-wkﬂ%aﬁggRSEic
odriment, the bip y ed,

preferfed e henyl "I's ‘'unsubsti t ut
dimstrérydi maRhtR@ lanesnot hi ng. |1 n anot her enbodi nent, the

REISHEICRE AT O SR LT
lesisNChydEerBdlly 1 wt.% or less, more preferably preferably
less than 1 wt.% of antigassing agent(s) selected from the
group consisting of alkyl substituted or unsubstituted
biphenyl and alkyl substituted or unsubstituted diaryl
alkaﬁes. Preferred antigassing agent (s) are selected from
the group consisting of biphenyl (unsubstitued) and
dimesityl.

In a preferred embodiment, antioxidant (described above)
also is added the cycloalkane base o0il to improve oxidation
stability of the cycloalkane-base dielectric liquid, thereby
minimizing the development of o0il sludge and acidity during
storage, processing, and service. Minimizing oxidation
minimizes electrical conduction and metal corrosion,
maximizes system life, maximizes electrical breakdown
strength, and ensures satisfactory heat transfer.

Preferably, when subjected to the acid sludge test (ASTM
D2440), the cycloalkane-base dielectric liquid produces a %

sludge by mass at 72 hours of 0.15 or less and a 72 hour
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are not necessarily limted to diaryls,

di hydrophenant hrene, phenyl ortho xylyl ethane,
w@bdoghsaserl benzenes, including di et hyl benzenespCT/US2005/040144

t et rahydro-5- (1-phenylethyl) -naphthal ene,

acenapht hene, tetrahydro-naphthal ene, al kyl ated

t et rahydr onapht hal enes, and tetrahydroqui noli ne.

Generally, the one or nore anti-gassing agent (s) are
“tatdédacddt hemege! oar kKABHRN Hase @15 on B@S%nﬁnlgltof)fK(g/H/g)

b | ess nDre era about 0 or

Th? 8§El§%g%a%%}§£%?e EFRBTY $o Apbt hﬁ% 9%e€%¥%P

pradiodés laws . %udﬂ@étbphﬁi@i@iﬂ@b%uﬁs WE%. @3<§1.edlé)§5 and a
me of the base oil. In one enbodlnent t he

th

TA%nSFggs i A wReht conprlses about 80 W . % 1, 5-di net hyl
nap@él’?@f§ﬂfy an&'n’@ﬂ?}yf d;ﬁc?é)dmﬂ C%rdth{?t‘&y minimize
napht hal enes. 1n anot er e ment ase ol

sledapran@sTAN wt . D6 ox @mﬁerméfeﬁﬁmmdnw thordi€ssctric

referably ref rably ss than 1 % of .

LR BUR LA U RO SR B St ond e ol 1.0 we. 8
antomsi ¢dntng Meﬁﬂ%lﬁmm tag gk Q. pnsubstd ted edhaut .30

b| heny|l and al kyl substituted or unsubstituted dlaryl

tal %a"i"fe"slo’ﬂf%@% rRAF ethtqyddd i idfentof{ Hheardsl esled otiad

1the group consisting of biphenyl (unsubstitued)
ll%ﬁ%ﬁhinesityl . In a preferred enbodi nent, anti oxi dant

( d&@f@ﬂa@ttiaﬁblohbe)ara}{ st iosadtet tdeaprddadmangsPdase the

nRrove. ox dat i y, of the
palr(C:léylc rVé)eoasto CJcﬁ 2‘1e ottrﬁccaﬁ”dlﬂt 43 t%t@a}em nifkefiegged
anttmzctweﬂwmmntus@‘ i9] le1ddtdgeAand ;a6 dty kﬁtﬂ{de&%éi phenols,
storage, processing, and service. M ninizing oxidatio

cinffiahe, dyRa RAAIFIC @StRreyi emdand kydiedledc stipbsiny.amines .
Mo B B 28 Y SN if o tRX rzteﬁ:uﬁlaﬁ:ﬁyl 3l b][ee?lkdown

strength and ensures sat'i actory heat trans e
transformer oils, are selected from the group consisting of
2,6-ditertiary-butyl para-cresol, 2,6-ditertiary butylphenol,
and combinations thereof. A most preferred antioxidant is a
combination of 2,6-ditertiary-butyl para-cresol and 2,6-
ditertiary butylphenol.

If desired, a quantity of one or more pour point
depressants may be added to the cycloalkane base o0il to
depress the pour point of the product to about -30 °C or
less, preferably to about -40°C or less. A variety of pour
point depressants may be used. Suitable pour depressants
include, but are not necessarily limited to pour point
depressants based on polymethacrylate chemicals. If pour
point depressant(s) are added, the gquantity of pour point
depressant typically is from about 0.01 wt % to about 0.2 wt
% based on the weight of the cycloalkane base oil.

The cycloalkane-base dielectric liquids meet

specifications required for a variety of applications,

including but not necessarily limited to electrical oils. A
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Preferably, when subjected to the acid sludge test

(ASTM D2440) , the cycl oal kane-base dielectric liquid
w@emdosames a % sl udge by mass at 72 hours of 0.BSE1/082005/040144

|l ess and a 72 hour"total acid nunber” or "TAN' of 0.5

or less (ng of KOH g) . The cycl oal kane-base

dielectric liquid also preferably produces a % sl udge

by mass at 164 hours of 0.5 or less and a TAN of 0.6

pre@edress useeferalthy, cgallbaiikdast-phsecaddedechracd@iqueds is
mnimze sludge and TAN. In a preferred enbodi nent,
trapgd ogmeire ®ri(@)1-i qui d conprises from about 0.01 wt. %

0 @by idnW o o¥iRRkiB%I 43Rt stRhekenall ¥ ol gasabayt
0.07 wt. %to about 0.30 wt. % anti oxi dant baséd on
tendesopei ghte ofyctlive ldieakebesiec diiedeict r iSubsgantisablrg fempbly

anti oxi dant accepted for use in the rticular_type of
havdi @ GHIFEE PELCATEE BUPPRELESSPr APEATad "nPrhx Piknt s
necle@satsayi niglieelr ikteaklecksiane hesdetedcphanal $hermal

ci nnamate type phenolic esters, and al kyl ated
stagiighdny| dmi ﬁe@oﬁtwﬁﬁéfﬁFéﬁérﬁ@@ogﬁﬂﬁﬁ%hd&ﬁ?sFYCloalkane“

basRadileGWlili¥ 19luYSEe h%e%régiggﬁg%rs?%bifié%%i%ﬁ%e%EQd
fromthe group consisting o ,6-ditertiary-butyl
phypdrcalcr edelct rd cal- dianer chamychit plrppemtliesafidr electrical

.,conbi nati ons t of.. JA nost _preferred_anti oxidant i
o115 ESeHEA o BETS Do 3APTer t Al 5. BGPYFToBraShPEaoeaRa the
cycd ol kdinkebhisar wikukyphenolquliti desir adetd auabti t¥ilekant
one or nore pour point depressants may be added to the
stagdardsl kaReosroaaser N§rgépr bys rERELEHGE  pdPRL-UeRNEhebUT

notPLRUNEL 10130930 Coor hEPsonBiekerably e about

vari ety of pour point depressants may
Manlg aggsad e rSurisablce apaon (NEPAes FRAPS -ILAZbUdE,. ShuGogeenment

i PSRRI LR B L0 AR HORRL JEREESS°LS crase 1
and Class II fluids (Type I and Type II, respectively)-
supersedes the Department of the Navy specification 05-1023;
NATO symbol S-756, British Standard BS 148.

The ASTM physical property requirements for electrical
0ils include, but are not necessarily limited to: a color of
about 0.5 or less, as measured using Test Method D1500; a
flash point of about 145 °C or greater, as measured using
Test Method D92; an interfacial tension of about 40 dynes/cm
or more at 25 °C, as measured using Test Method D971; a pour
point of about -40 °C or less, as measured using Test Method
D92; a relative density of 0.91 or less, according to Test
Method D 1298; a visual examination of clear and bright,
according to Test Method D1524; and, a viscosity of about 76
cSt or less at 0°C, about 12.0 cSt or less at 40°C, and from
about 3.0 cSt or less at 100°C, as measured by Test Method
D445. |

The cycloalkane-base dielectric liquid also preferably

meets the electrical property requirements for electrical
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poi nt depressant (s) are added, the quantity of pour

poi nt depressant typically is fromabout 0.01 wt %to
w@bmansBoL wt % based on the weight of the cycPOERUKANE40144

base oil. The cycl oal kane-base dielectric |iquids neet

specifications required for a variety of applications,

i ncl udi ng but not necessarily limted to electrica

oils. Apreferred use for the cycl oal kane-base
0i 1@, elieellfidd ni BuitdsoksnecasshetMr 10kt ¢el. tbnthddAsTEN

to oxidation resistance and 1ow gassi ng_tendency
req@&éﬁﬁﬁmﬁénéfbaéed&?éFQEFFFcbFF&ﬁaegang#E?gﬁl9fh§9ek¥ or

mo rAUIRE (0% 70, eeleeOQQEEtgédesncgeébgalﬁgttBO@est Method
necessarily rimted to electrical resistance and

D87ﬁherwaulsﬂabKKRCybrenkdownsWOQtegerpédZanMdpnemprethe 60
cIoaIk ebas ectri ui ds_neet rel va

Hz §%§%Ff|d§? bhﬁch§|ga | BEEPECEFY ang HeH%Q%F

(inRioapeitites h@&e@hebyrm@abr@nbe pr aviddedeby rASTMrBakdown

3487. In a preferred enbodlnent t he cgcloalkane base
voldegicedmpud sei gdi aoarsolheety BEhBPTEePEVARt *St HARIAE,

IJ1GQkRQS h f @rence; dj
oo ISABLEETNeEEL ol BELE MICRIAREIChR, BioBing co
TesNhN@t@@UuDéBQOAssodbaalpnweNEWBptwﬁ-Qs $078z UES0.05% or

LesRnEtanent C2 PO CFa0s Dok cPagect! \PPL be [Typ8 Fest

Met@idd Dgpa.ll, respectively) - supersedes the Departnent
of the hbvy specification OS-1023; _NATO synbol S-756,
Br Thies ySi @ad4raepbasgg diehe CASTH éhggﬂéaﬁlaposéﬁﬁ9rably

meet&aWink ﬁq%%ﬁSPE%Fe§E9CEEhE§Ee bh%s'@g ugﬁecPEECQEeOQQE

necessari | a co or of .5 or |ess,
incaydaa@sbmedno$lngcéesarméyh@deIEGOtoathbaéﬁTMO|nt of

hout 145 C t
e o3 aneh (2Bt ablaP “LURLIOR S ABoUP A6CRyRELI ERTol To° I

0ilRDIE @t 085wk. sasrmeasyl edndsicbg Tope m&tb@dsDeflo 3 wt.%
or %%%g, as measured using Test Method D2668, or, where the
oxidation inhibitor is 2,6-ditertiary butyl cresol, as
measured using Test Method D1473; a low content of elemental
sulfur and thermally unstable sulfur-bearing compounds to
prevent corrosion of certain metals such as copper and silver
in contact with the dielectric liquid, according to Test
Method D1274; 35 ppm or less water according to Test Method
D1533; a neutralization number of 0.03 mg KOH/g or less,
using Test Method D974; and, a non-detectible polychlorinated
biphenyl (PCB) content, or a content of less than 1 ppm, as
measured using Test Method D4059.

In a preferred embodiment, the cycloalkane-base
dielectric liquid has a color of about 0.5 or less, as
measured using ASTM D1500; a flash point of about 145 °C or
greater, as measured using ASTM D92; an interfacial tension
of about 40 dynes/cm or more at 25 °C, as measured using ASTM

D971; a relative density of 0.91 or less, according to ASTM D
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poi nt of about -40 C or |l ess, as neasured using Test

Met hod D92; a relative density of 0.91 or |ess,
w@emenskisog to Test Method D 1298; a visual exaprdTiEs10051040144

of clear and bright, according to Test Method D1524;

and, a viscosity of about 76 cSt or |less at QOC ,

about 12.0 cSt or less at 40C, and from about 3.0 cSt

or less at 100C, as neasured by Test Method D445. The
129@ycboaﬁ&aa&-b&amidbeﬁeatbEcCubquidnalsmlgheteeabbydlng to

ets the electrical property regU|renents

AST@I@é@?lca@oWP§C°§ﬁEVudPﬁgmBEFuﬁ8 H§Cé§§§rpﬁ§5tlﬁ¢téBOUt

76 E%tt%% sV a%q@bbensebﬁtotz 8 disel B¢t 1bgsbreakdown ang
vol tage of 30 kV of nore at 60 Hz by disc el ectrodeés,

fromcabpdmn@ o cBesrMéehedabQlPO°g; diabbatt BPcPbmeakddens

vol ta f. 20 _kV t 60 and 0
wathFo SR RO 152 s PHGMnBkeaer By CERBTEE, PRcor RS Hheq L PP
pol@@h&bmlbﬁt@af@ﬁ@h@ﬁbl, acdoeleetmeasb&eakdemngvabtaga4os9

i mpul se of about 145 kV or nore_at 25 OC using
a diedgréris- HyreKrdoyproliRdEadesod /fh KY- Pﬁcﬁ‘?rSaBt 60 Hz by

CCOL T d 7.4 r at
i Bo ALk PRHg TasoHRLIOL RSP B sapaipetesier

breakdbdd @Cltagei og PéskVMerhodrEo24. 60hdz and a 1.02 mm

ycl oal kane-base .di el ectri, i qui.gd.a r ef er gbl ,
(0. D0 Pk ek SBiBHerEy PeduPyelenE DIgIBE! of: Argpotric
bre@ikd®wni Relldiged iRpllBet ofieepssar ilkhy kivmbkeflote khe2s °c

ASTM requirenments of: an oxidation inhibitor content
usipgr aTpgedieqitios sehegeog rapndesiop S dsim dhaipsh) TgpR: | |

i f | es edLushng., Test
acc%ép Og 6§6§§wn D305 ; g ?ow@§ asuredcugbng,Test o, .g5% or

wher he oxidation inhibitor is
less6aaiﬂérftarynUub¢IOcBé%obr dsspeasuléf G€ingcTesting to
AST%E@E&Q D1473; a | ow content of elenental sulfur and
I'l'y unstabl e sul fur-bearing conmpounds to prevent

corhesiapplakatebhava 1mebal besteh asdeeppebdandtai k¥€erence
to the following examples, which are illustrative only:
Example 1
A cycloalkane base o0il produced as described above was

analyzed and determined to have the following properties:

API 31.6
Specific Gravity g/cc 0.8676
Pour Point, °C (°F) -42.8 (-45)
Cloud Point, °C (°F) -30.5(-22.9)
Viscosity @ 40 °C mm2?/s (cSt)* 9.172
Viscosity @ 100 °C mm?/s (cSt) 2.397
Viscosity Index 68.7

*The viscosity measurements were performed using an automatic Cannon CAV4
instrument. Viscometer according to ASTM D 445, incorporated herein by
reference.

Example 2

A cycloalkane base o0il produced as described above was

analyzed and determined to have the following properties:
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in contact with the dielectric liquid, according to

Test Method D1274; 35 ppmor |ess water according to
waem®b/oddsohhod D1533; a neutralization nunber of POI/0S2008040144

KOH g or |ess, using Test Method D974; and, a

non- det ecti bl e pol ychl ori nated bi phenyl (PCB) content,

or a content of less than 1 ppm as neasured using

Test Method D4059. In a preferred enbodi nent, the
appicycloal kane-base dielectric liquid has a color|of 32, 4
SpeIC @ravikyl §7ec as neasured ustng ASTM DISO0D; @ 5633
or glealer, as _meas _ﬁg Z52.6)

! | Bt orf nr\l al t an| on nf nhnn

ClO@wnégﬂﬁﬁno?CnbrE at 25 C._ as measured using ASTNB@9?3§ 4)
Cledell@hat bpendensi tiroeh €193hopokiass, c@cedrdi ng | asASENE16)
Vlsldbéﬁaé,y @ \4I03l9@I mﬁlng] n&}EB@I}] oTf CI ear and Dri gh . 7|_471
BT Ao NPT U GUAD AR o i 2B

P~ .Y ]

V a4 u—r-T aouout ro—uvol ICOO At UL, CUJUU J.L7§ 7
1S 1 X t /Iﬂ(" ahd 'IErnm about 30 cSt—or asc i

uv M@@été}ﬁﬁm 35 ppmor less water according to ASTM

D1533: a content of |ess t MOACRrpEALA6SyYdHLtoR)

bi phenyl (PCB), as neasured D3$emgmASiMsDAOE9%)p 1.06
)
)

di el ectric breakdown vol tage+otrdfakVcer (mare)pt 600 Hz
by di sc el ectrodes, accordlng to A@$Mb@8lht a 2.73
dietect Tt breakdown vottage of 20 KV Or nore at 60 Hz
and a 1.02 nm (0. 040-inch) gap using new oil by ASTM
D1816; a dielectric br e Exdopdevd Itage i mpul se of about

145 kV or 25 C e- to spher.e

or Bufidedead atanpet?; fin bEdR-RACErarhg CEL AR rRpove was
anaD$3eaq;. as@&wét%aca@et@uléelblﬁ Bf; GaB85%hebmhesgraphgSwas

0 C, and of 0.30%or less at 100 C, according to ASTM
permgzmedThe dppbtménhohhﬂdtbmperbéures Wheerat codieh th wt.3

andr%f nge % g%F§EOEL§ lgaﬁé% ﬁg5&hD 6%52 “Standard

i PPu trétl
Test Method for Boiling Range Distribution of Petroleum

Distillates in Boiling Range from 174 to 700 Degrees C by Gas
Chromatography,” incorporated herein.by reference. The
results are given in the following Table, along with the

physical properties of the base oil:

% vaporization temperature, °C(°F) 267.8(514)
95% vaporization temperature, °C(°F) 400.6(753)
Viscosity @ 40 °C mm2?/s (cSt) 9.9
Viscosity @ 100 °C mm?/s (cSt) 2.5
VI 53
Density, g/ml@15.6°C (60°F) 0.854
API Gravity 34.1
Pour Point, °C (°F) -45(-49)
Pensky-Martens Closed Cup (PMCC) Flash, °C 148
UV Aromatics, mmol/100g 6
Sulfur, ppm 1
Nitrogen, ppm 1
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A cycl oal kane base oil produced as described above was

anal yzed and determ ned to have the foll ow ng
weempessies: APl 31.6 Specific Gravity g/cc 0. BGIESH051040144

Point, 0OC (0O F) -42.8 (-45) doud Point , C( F) -30

. 5(-22 . 9) Viscosity @0 Cm® / s (cSt ) * 9. 172

Viscosity @00 Cm®2 / s (cSt ) 2 . 397 Viscosity

Index 68 . 7 *The viscosity neasurenents were

perforned using an autodﬁi‘ﬂ?&hﬂﬁon CAV4 instrumant :

Vi i D4 ncor por ,

he?g?gf‘%ﬂk gé?%%%ggog ASJI\%X ycl%a"l'?sarftél’ﬁ% Vb
elplnenlu@ew aswdescot bed &bmts/e9 Visust et &/ Gxdydifwkytoluene

h th |1 n roperties : Exanple
(B SRS RhnEr Bhag; 117 GBI Hbs AR | DeSPTbOve were

éﬁér%%dﬁ@ﬁlnﬁhm&tﬂdéﬁ Séfckrha%ié”bﬁ/ talnlng 2.0
r

omat ogr y-was performed to determn ne
ther@%T%hr@ﬁkxb@r)zgtew( HBE at c@mmﬁ&vﬁ 5 %tofs C9-Cl1

4 zed TM.D 63 ndar d Test

al]%)ép?]g??e%r 'BO| rh%nr%e(jo% A5i% Jlnb éb‘fal PR fRnes
(DNDi st | Ictmtteasmmjaol litng Rangeed roMN,1 hd oG PeHPes Cwt .3
romat ogr.aphy, " i ncor por at ‘ed herein. by

blﬁ%?‘b%a]enceTherH’ee%‘ésRﬂrt% WS efR S Pk Fes] Lao*lmhangaath

th hysi cal ies o e
terwae%%}aévaporﬂzda?l 4n gr%lergtrﬁﬁgnc C %Oﬁ f°§§7r8€§fﬂiys'c
coﬂa%bcapnfbmamgarbi@mertatwlﬁ;h Qa10k It AR K 7s’§§9cmegs for

0s @40 OC mm 2/s (cSt) 9.9 Viscosity @100 O
72lﬁﬂ éﬁ Eigegpqyaﬂvq%y The cycloalkane base oil was

evaluated at the end of each aging period by measuring the
amount of sludge and acid formed. The test specimen was
diluted with n-heptane and the solution filtered to remove
the sludge. The sludge was dried and weighed. The sludge
free solution was titrated at room temperature with 0.01 N
potassium hydroxide to the end point indicated by the color
change (green-brown) of the added p-naphtol-benzein solution.
ASTM D 2440, incorporated herein by reference. Test Method
D2300 Procedure B, incorporated herein by reference, was
performed using a gassing cell assembly and buret assembly to
determine the resultingAgassing tendency.

The samples were mixed with an acidified, aqueous
solution of methylene blue and treated with chloroform to
extract hydrophobic ion pairs. The combined chloroform
extracts were washed with an acid solution to remove the less
hydrophobic ion pairs (having low partition coefficients).

The intensity of the blue color remaining in the
chloroform extract was measured at a wavelength of maximum
absorption near 650 nm. The results are given in the

following Table:
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Density, g/m @5.6C (60 OF ) 0.854 API Gavity 34.1

Pour Point, OC (OF ) -45 (-49) Pensky-Martens Cd osed
wEapeHFBC) Fl ash, 0C 148 UV Aromatics, nmol /| Byus2005/040144

Sul fur, ppm1 Nitrogen, ppm lExanpl e 4 Cycl oal kane

base oil from Exanple 3 was m xed with either 0.075

w.%or 0.28 wt .% butyl ated hydr oxytol uene (BHT),

obt ained from CRL_Fine Chenical S, Inc. Sanples were

pr epar ed cant;% g nd2akRied |ari§heti.c pill4 won{ akarsagg

soge Ry bhPenes (Sladoy nnirﬁlnl nd‘e@déjncy

spgglfggzg:gﬁ aﬁ ’1‘5'58?120”5 glaxlcont ABratg D. 5k . 30 max

cUE L lliphgjbﬁ enes ILﬂTw, eeR-a-A-A . J%hadded—
%ugg and cbnt ai ni ng 2. . % bi p 'g%yl . :Eg&r esul t fhg
chechukehanals ox)odl Zzed ag_@ o] r ureT9t—316—PEC
ibas¢ helpr esence of |a copper c¢atal yst cpil, gy )ubbirl ng

Coodypgékartehr pugle. efupl]i cat®. it es{ SpECLNENS kOI01/ 2| ands¢64
bﬁlse Trigspectively. The cycl oal kane base oil was

-8R/ tuht®d ht the erld of each agi ng perfi od by mpasuring
He"orbdBt! of sl udde and acifl forned. [The test

C]:DCQ SeF: was Yi%ut éd WPt n- heptlafé and tHe sof utioh
of b¥d eied tjo renove |[the sludge. The sl udge was dried
gndiweisgheld. The sliudge free|{solution jwas titrated at
naom Aienperature wijth 0. 01 N potassi um hydroxi de to

C¥deaerhepqfi Nto.londl ¢at egl cdy t e @obHPTr qianyge; >3
bege @@h-brown) of the added pfnaphtol -henzein splution.
OASTAVWD- 2440, incor porated herein by rgference.| Test
WEt hd °D2300 Procequre B, ipcorporated herein| by

Cy::t\if%CPk){glﬁce, was—perflorned usihg a gassilng cell @assenbly
ygyeaa E?'n& asseﬁﬁ t 0 <Be¥%r nj ne % e resultPhg |gassihg

ot endency.
BHT + 2.0
wt.% Biphenyl

Cycloalkane 0.01 0.01 0.01 0.01 -5
base o0il +
0.075 wt.$%
BHT + 1 wt.$%

DMN

With 0.28 wt.% BHT and 2.0 wt.$ AB, the sample performed well
exhibiting a negétive gassing tendency. With 0.28 wt.$% BHT
and 0.5 wt.% AB, the sample performed well exhibiting a
negative gassing tendency. With 0.075 BHT, the samples
containing 0.5 wt.% DMN and 1.0 wt.% DMN performed well. The
sample containing 2.0 wt.% AB, 0.5 wt.$% AB, 1.0 wt.% DMN, and
2.0 wt.% biphenyl performed exceptionally well, exhibiting a
negative gassing tendency. The 164 hour TAN result is
believed to be due to experimental error.

Persons of ordinary skill in the art will recognize that
many modifications may be made to the foregoing without
departing from the spirit and scope thereof. The embodiment

described herein is meant to be illustrative only and should

22



The sanples were mxed with an acidified, aqueous

sol ution of nethylene blue and treated with chlorof orm
wo o00exsasect hydrophobic i on pairs. The conbi neRCT/US2005/040144

chl orof orm extracts were washed with an acid sol ution

to renove the | ess hydrophobic ion pairs (having | ow

partition coefficients) . The intensity of the blue

oI or remaining.in the chloroformextract was neasured
bg \Ré‘\}félneﬁat ﬁls‘fltﬁﬁﬁu it aB¥BRpEPOn WBAch656 detifkd in

th@egglltlg‘,@h gll\égﬁsl n the follow ng Table:Wth 0.28 wt.

% BHT and wt . % AB, the sanple perforned well

exhi biting a negat i ve gassing tendency. Wth 0.28 w

.% BHT and 0.5 wt .% AB, the sanple perfornmed well

exhi biting a negative gassing tendency. Wth 0.075

BHT, the sanples containing 0.5 wt .%DW and 1.0 wt

.% DWN perforned well. The sanple containing 2.0 wt.%

AB, 0.5 w .%AB, 1.0w .%DW, and 2.0 wt. % bi phenyl

performed exceptionally well, exhibiting a negative

gassi ng tendency. The 164 hour TAN result is believed

to be due to experinental error. Persons of ordinary

skill in the art will recogni ze that many

nodi fications may be made to the foregoi ng wthout

departing fromthe spirit and scope thereof. The

enbodi nent described herein is nmeant to be

illustrative only and shoul dnot be taken as limting

the invention, which is defined in the follow ng

claime.CL Al MS 1 . A cycloal kane base oil

conprising a quantity of isoparaffins and from50 w. %

to 70 wt . % cycl oal kanes having the formula CnH2n

wherein nis from15 to 30, said quantity of

i soparaffins being |l ess than 50 w. % of said

cycl oal kane base oil. 2 . A cycl oal kane base oil

according to claim1 conprising fromabout 20 wt.%to

about 40 wt. % i soparaffins.
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: seﬁéc eg%ﬁﬁkgnea%gseo%ﬁlo g&Eﬁsﬁﬁﬁ'gaﬁﬁkﬂgﬁe%eBE

3 . A cycloal kane base oil according to clains 1 or 2
wherein a majority of the cycl oal kanes conpri se

wa@bdoghsastist i t ut ed cycl oal kanes. 4 . A cycl oal kKedIBUNASE040144

oil according to any one of clains 1- 3 boiling at a
tenperature in the range of from about 260 0C (500 0 F
) to about 371 OC (700 0 F). 5 . A cycl oal kane base
oil of claim3 wherein 70 wt. % or nore, preferably 80
Ww.%or nore, nore preferably 90 wt.% or nore, of the
cycl oal kanes conpri se sgairdpalzky substituted
cycl oal kanes. 6 . A cycCl dal'kane-base dielectric liquid
conprising cycl oal kane base oil according to any one

rom the group con ng-o on-p olic
al Kylopaurhsifii st @cdoif rpar tidallty $sabuf7at ed . arcyaﬂbalkanes
conpouynds conprising at | east one | abil dr gen
an@a&F&ByF§ nESFE“&%aﬁfV?vW éFﬁ@nePféét$€8%t 68u3é said
th u%%%%h@goEe&@%ﬁﬁiaQElhEeb@h%beQE%bCthbﬂu5@ wt.3$ Bf said
cycl oal kane-base dielectric liquid of claim®6 further

coﬁﬁﬁﬂ@ﬁﬁgaaﬁ &aseneidf. one or nore antioxi dant

. Seheated Lagaihg grous canaishing of BAAdR! comprising

phenols, S nnama pheno ters and
d|¢h©mybamume§p sai. ¢ amoubbuhemngwef?emébparhﬁfﬁeduce
sIu e fornmati on andtotal acid nunber in of KOH.g

YGhQer X8RP REPEN °ddn@FCPEAL NI §0, cAaims 1 or 2

cy%%%lelﬁn% haserdics! e¢t the E;)/@nglﬁgné‘%c@bﬁﬂb@gsboalkyl—
clains 6 or 7 Conprising abou wt . % cycl oal kanes

or smpsgitgtedacygdlogdkkaré-base dielectric |iquid

. aC%P%@bﬁ%aﬁ%a%Eabgée oil according to any one of claims 1-

3 boiling at a temperature in the range of from about

260 °C (500 °F) to about 371 °C (700 °r).

A cycloalkane base o0il of claim 3 wherein 70 wt.% or

more, preferably 80 wt.% or more, more preferably 90

wt.% or more, of the cycloalkanes comprise said alkyl-

substituted cycloalkanes.

A cycloalkane-base dielectric liquid comprising

cycloalkane base 6il according to any one of claims 1-5;
and,

one or more antigassing agent selected from the group
consisting of non-phenolic alkyl substituted or
partially saturated aromatic compounds comprising
at least one labile hydrogen atom and diaryls, said
quantity being effective to reduce the gassing
tendency of the dielectric liquid.

A cycloalkane-base dielectric liquid of claim 6 further

comprising an amount of one or more antioxidant selected

from the group consisting of hindered phenols, cinnamate

type phenolic esters, and alkylated diphenylamines, said

amount being effective to reduce sludge formation and
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6-8 wherein a majority of the cycl oal kanes conpri se
al kyl -substituted cycl oal kanes, preferably 70 wt . % or

worooe/0s2804 he cycl oal kanes conpri se al kyl - subst Pe¢TIUSTNNS/040144

10

11.

12.

cycl oal kanes. 10. A cycl oal kane-base dielectric liquid
according to any one of clainms 6-9 having gassing
tendency of +30 nL/mn. or less, nore preferably +15
nm./mn. or less, nore preferably +5 niL/mn. or |ess.
1ltohatyekoal kaneelkbase figeb&CKOHY gl i(@ANG anderdbrgda®@ion
any one of clainms 6-10 wherein the antigassing agents

ar §°88&dC8& -from t he group consisting of diaryls,

. di hydrophenanhirenge BH%@%EtQ&EhQiﬁﬁhﬂlo%tﬁéegrding to

al kyl ated benzenes, tetrahydro-5- ('1-phenylethyl) -
napiiehalsebe oradesapbrieing tbbushydr ¥tndphvhabahganes or
al k Eated t et rahydr onapht hal enes, and

te raﬁydroquinoline . 12. A cycl oal kane- base

. di @l eglene llkiage-bagecandilagtt-o cany qgand atceokdifg Goltlaims

wher ei n the,antigassing agents are selected fromthe
gr 808 ¥bRLedN AgMaP oditdryPS Kh¢e CYRéCRAKRBRENGOHRREFS

St%Q%QQL%ﬁbBt$tBt@BeE?h@BauﬁaaggecE@@fg&gguyheogueug or
consi-Sting of a singlé continuous bond and al kyl ene

gr owgs lkdvithg tyodrabsanes tompréaebenkatomssbsantuted
R1- R6 inﬂ pendently are selected fromthe group
coﬁ§F§FF gangnothing and al kyl groups having from

.abauttytlbalabedtbdseanhencatens; lakbkyl- agbstitibgedo any

aromati ¢ conmpounds, al kyl substi tuted, ,
one of claims 6-9 having gassing tendency of +30 pL/min.

or less, more preferably +15 uL/min. or less, more
preferably +5 pL/min. or less.

A cycloalkane-base dielectric liquid according to any
one of claims 6-10 wherein the antigassing agents are
selected from the group consisting of diaryls,
dihydrophenanthrene, phenyl ortho xylyl ethane,
alkylated benzenes, tetrahydro-5-(l1-phenylethyl)-
naphthalene, acenaphthene, tetrahydro-naphthalene,
alkylated tetrahydronaphthalenes, and
tetrahydroquinoline.

A cycloalkane-base dielectric liquid according to any
one of claims 6-11 wherein the antigassing agents are
selected from the group consisting of

diaryls have the following general structure:

R1 R®
e
R3 R*

wherein
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partially saturated aromatic conpounds, and
conbi nations thereof having from9 to 11 carbon at ons;

w@nas/ose8eDbi nati on conprising 80 w . % 1, 5- di pet/lig1005/040144

13.

14.

15.

napht hal ene and 20 w. % i soneri c di net hyl napht hal enes

13. A cycl oal kane-base dielectric liquid according
to any one of clains 6-12 wherein the quantity of
anti-gassing agent is about 5 w.%or |ess, preferably
2 W . % & ilessldrdsed foont hbewgirgip cbnishetdingl edt ki single
liquid. 14. A cyclpal kane-base dielectric liquid :
according to cl ??ng%n%%ﬁ%r?%?‘ﬁga%%oﬂfk&i%?fﬁ%?u?%s%avmg
anti gassi ng ageptohSapout based oncdReomesd ghths pfatde
dielectric |iquid, wherein the anti %assi ng a%ent (s)

[

are sel &rBd IMGRTIENGHIUF Te0RSILECTRE SFOTDILHIfeHFOUP
and dinmesityl; alkylssph t#f%@éhﬁr; acafpf?gm'éps

al kyl substituted, partially saturated aronm
conmpounds, and kbawbngaf ransabdwetr ebft haakhongt f2 oraSodm
11 carbon atons; _and, a conbination of 80 wt.%

1, 5-di net hyl naphtHaf ene and 20 wt. % i soneric di net hyl

naghtihal-enest ituted Qrohadlikanempase ddl, ekadli eubistditdted,
according to any one of clains 6-14 wherein a % sl udge
by mass atPFPthadlt¥ $RtOrabedraf@Bat dnCRTRURREr

of 0.5 or ; : 0 y s at
T6a hour TARDF O 607 T BSES0 hh B Pl bab s oo
di el ectri catomsii damdcording to any one of clains 6-15

COTPSIG 2 PO BOLAL of, AUt 499, 9CahekBsT 2
naphthalene and 20 wt.% isomeric dimethyl
naphthalenes.

A cycloalkane-base dielectric liquid according to any
one of claims 6-12 wherein the quantity of anti-gassing
agent is about 5 wt.% or less, preferably 2 wt.% or
less, based on the weight of the dielectric liquid.
A cycloalkane-base dielectric liquid according to claim
6 comprising about 2 wt.% or less antigassing agent(s),
based on the weight of the dielectric liquid, wherein
the antigassing agent(s) are selected from the group
consisting of:
biphenyl and dimesityl;
alkyl-substituted aromatic compounds, alkyl
substituted, partially saturated aromatic
compounds, and combinations thereof having
from 9 to 11 carbon atoms; and,
a combination of 80 wt.% 1,5-dimethyl naphthalene
and 20 wt.% isomeric dimethyl naphthalenes.
A cycloalkane-base dielectric liquid according to any
one of claims 6-14 wherein a % sludge by mass at 72

hours of 0.15 or less and a 72 hour TAN of 0.5 or less,
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17. A nmethod for making a cycl oal kane base oi

according to claim1l conprising: refining crude to
w@emdosamoar omat i ¢ vacuum gas oil boiling at a PCT/US2005/040144

tenperature in the range of from371 Cto 538 C, the

aromatic vacuumgas oil conprising carbonaceous

materials, a majority of the carbonaceous materials

[ | ect f h oup. consi sti ng_of
CycB5 RanBEORHE=aPofme? BSS yHr B2F AcRF nao HEOHF GRRN of 0.6

vacgwmegas.oil with a hydrocracking catalyst to
produce hydrocracki ng product;_strlpp[ng t he .
hydfoEratRprhlapeobase dbelnactehselibeidoatentdihy %9 any
cychi d OpS, se fromthe roup consisting
o¥ %§§|§§|ﬁgﬁg@? gy%?oa?ﬁéﬁ%%%n%n%_%8“%I%%f?%ﬂ%§ about -40
theF@obrahdssenmyimgahydé@geﬁiﬁ@lAsﬂ% agﬂ_ann?nlgland
roduci tri pped hydrocracki ng product; contacting
l7gtr|p$%ggﬂ§d£%€r%%K?%% Prodeteatikame base oil according to
| soseaimat | @ohgeNShHg/ hydr ogenation (1 DH) catal yst
conprising a metal selected fromthe group consisting
of PEEIMHIM Cpate atd upyodue c@m'mtammd uamrc_mfl,oip
sat ur at [ o. cycl oal kanes, reduce nor
par af f i ﬁ%(?{gn t%?pgr o%'?ﬁé%eli br olurbctthecol_’rﬁ:}’rqeélgfg from 371
great er tharo SE38u 2@ ofhenerdifia iy &v LMl Gas oil
hydr ocar bons se] ected fromthe group consisting of

cycl oal KaBR" i &y RANGHRAIS Wiatfiia kbl vemajority of
extract ifigs SOBSMHAddNLd D d00uat Wil *%Vedfeoétfe%f]‘;fr% the

catal yst to produce hydrotreatedproduct” conpri si
gr eat er AP 3PNG1sWhrgy of foad helmessl kaareds and aromatics;

hydrocracking the aromatic vacuum gas oil with a

1

N

hydrocracking catalyst to produce hydrocracking
product;

stripping the hydrocracking product to increase the
content of cyclic hydrocarbons selected from the
group consisting of cycloalkanes, cycloalkenes, and
combinations thereof and removing hydrogen sulfide
and ammonia and producing stripped hydrocracking
product:;

contacting stripped hydrocracking product with
isomerization/dewaxing/hydrogenation (IDH) catalyst
comprising a metal selected from the group
consisting of platinum, palladium, and combinations
thereof, to saturate aromatics to cycloalkanes,
reduce normal paraffins, and to produce IDH product
comprising greater than 50 wt.% of one or more
cyclic hydrocarbons selected from the group
consisting of cycloalkanes and cycloalkenes;

without solvent extracting, contacting IDH product with

hydrotreating catalyst to produce hydrotreated
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separating fromsaid hydrotreated product cycl oal kane
base oil conprising a quantity of less than 50 wt . %

wo smpasmbd i ns and 50 wt. % or nore cycl oal kanesPCEHEST05/040144
cycl oal kane base oil boiling at a tenperature in the
range of from about 260 OC to about 371 0C . 18. A
nmet hod according to claim 17 conprising separating

fromsaid _hydrotreated product cycloal kane base oil
conpri si R§° P8ﬁ1§6mﬂf?§£P6 70edk ey, Eheroalf kehed havi ng

the formy algatﬂgn@ggrgha,n is from15 to_30. 19. A
nmet hod acgording to clains 17 or 18 wherein the | DH

st epeParahingefirent said hpiroenpeted upesdoutt f cpol abdkine

. 39 ; .1 DH gas pressure reater than .
g?ﬁog;hg??ggu%tilg@%é%ﬁ%%n i cﬂ?g?FbEyr fe COF i S0 wt.s

about 409soparbdifit nd 5ad05SGH B @ﬂdnoi@"b%é%ﬂkanes, said
hour |y space VfLocities of fromabout 0.1 hr. 1 to .
about ~ 20°hr1931kaRe baseipbl ketbitd RE td teyponetwfe in

claims 17hdryhgs ebh £hsey h&%@@f%ﬁé“% 1S SR %ﬁ?c.

at a pressure greater than afnpspheric pressure,”the
18 st 1A gpR RO saeeerdiEn ole @taimst? i ppimgi piressie®arating

0 AL SRR AIBSIEII G T 0 LS s
comprising from 50 wt.% to 70 wt.$ cycloalkanes having
the formula CnH2n wherein n is from 15 to 30.

19. A method according to claims 17 or 18 wherein the IDH
step is carried out at:

IDH temperatures of from about 250 °C to about 390 °C;

IDH gas pressures greater than atmospheric;

IDH hydrogen circulation rates of from about 400 to
about 15,000 SCF/B; and,

IDH liquid hourly space velocities of from about 0.1
hr.™ to about 20 hr’t.

20. A method according to any one of claims 17-19 wherein
the hydrocracking is carried out at a pressure greater
than atmospheric pressure, the stripping is carried out
at a stripping pressure greater than atmospheric
pressure, and IDH is carried out at an IDH pressure of

greater than atmospheric.
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