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GASSI NG TENDENCY FI ELD OF I NVENTION This invention relates generally to

el ectrical awdoisgesformer oils and nore particularly to apf E‘@fhfs?r
"reduci ng the gassing tendency of paraffinic and napht henic base

electrical oils or mxtures of same. BACKGROUND OF | NVENTI ON El ectri cal
insulating oils are fornul ated so that th&y nmay neet or exceed certain
specific, performance conditions. These conditions include a m ninum pour
poi nt, a maxi mum |l dnematic viscosity and enunerated limts on interfacial
tensi on, . i mpuESECTRICAID INSHILATING ORI THREPUCED G ASSINGTENDBENCYci d
nunber and sl udge produced in oxidation tests. Current conmercial practice
is to use naphthenic distillates as the basestock for electrical

i nsul ating oi &R ' basestock is conbined wth an effective
amount of an. ’I%%%Mrﬁve, commonly a hindered phenol. Exanples of
such antioxidants include 2, 6-di-t-butyl phenol and 2,6-di-t-butyl

cresol . Use of oxidati onhis fiiWeditibf rélated @eBerally td lebiridhl £18 trAufdrnled 48
describes Type | oils as being restricted to a maxi num of 0.08 wt %

oxi dation i nARdbmose patiulnflydo pmethpd foryeducingthe gassing tspdmeysfect ri cal

equi prent mnﬂ&&ﬁxﬂf; &hd nQSMﬁLﬁB vIRFerlihicd Siilor mixtures of same.

BACKGROUND OF INVENTION

Electrical insulating oils are formulated so that they may meet or
exceed certain specific, performance conditions. These conditions include a
miniraum pour poinf, a maximum kinematic viscosity and enumerated limits on
interfacial tension, impulse breakdown strength, gassing tendency and levels of

acid number and sludge produced in oxidation tests.

Current commercial practicé is to use naphthenic distillates as the
basestock for electrical insulating oils. Typically the basestock is combined with
an effective amount of an anﬁoxidant additive, commonly a hindered phenol.
Examples of such antioxidants include 2, 6-di-t-butyl phenol and 2,6-di-t-butyl
cresol. Use of oxidation inhibitors, however, is limited. ASTMD3487
describes Typé I oils as being restricted to a maximum of 0.08 wt% oxidation
inhibitor and Type II oils, 0.3 wt% inhibitor

As clectrical equipment manufacturers develop more efficient
electrical devices there will be a need for electrical oils that have better oxidation
resistance than the current oils based on naphthenic basestocks. Higher
oxidation resistance can be achieved by use of paraffinic basestocks; however,

paraffinic basestock exhibit what is referred to as a positive gassing. The



el ectrical devices there will be a need for electrical oils that have
bétter oxidation resistance than the current oils based on naphthenic
basest ocks.wblogiess oxi dation resistance can be achi eved bpCLES0024183
paraffinic basestocks; however, paraffinic basestock exhibit what is
referred to as a positive gassing. The 01418158 PCT/ US00/ 24183 -2
gassing tendency of an oil is a neasure“df" the rate at which hydrogen gas
is either evolved or absorbed in an insulating nedi umwhen that nmediumis
subjected to electrical stress_sufficient to cause jonization. A positive
gassing t enceassingitendeney efan oil is »ipeanye of therateatgyhigh bydrogan gas ¥ negat i ve
gassing tend | Rdi tahat: | ative
gassi ng tendeeﬁ{gl%evg(}g&gg‘?%ob%ﬁtﬁgg%‘%ﬁh%g@ wlﬁgﬁ)gggﬁea e‘;gi nce it

wi |l m ni m zesubleetdd ol dllectiical stress)sufficient tgaausdionizationl A positive gassing oxygen
in the presence_of a discharge spark to gause_an 'éganSi on in.the

el ectrical deigndencyppdigatss fhadhydnogen gasds gveneffew sEAtBeERsYne

characteristi _ DAl € ' is ilure,

part cul arty FHOGRYndEERS HAEydell YAV s aSoRe, A HEkRe BAMRE Rildeney,

ﬁi s is maswﬁhﬁYoWwfiﬁWtdﬁdncyﬁ&TMsﬁﬁmHm%ce& Eﬁ'lrl]hgnimiEVﬂiﬁhﬁ}hﬂyﬂb ofien gas
ave a positive test value and, those_that ahsqr rogen gas have

negative t esthxdrpgen sasamﬁhm&é:reqmmmeﬁﬂe E‘?éﬁf’e%ﬁ9éﬂ§°§6§$°is§a’%ased

on the di scovgrammldal e)?plgiiﬁﬂﬂl ik electrical device. Insulating oils shown to have gas

absorbing characteristics have been used to advantage in reducing equipment

failure, particularly in cables and capacitors.

The gassing tendency of electrical oils is measured by test method
ASTM D 2300. Oils that evolve hydrogen gas have a positive test value and
those that absorb hydrogen gas have a negative test value.

SUMMARY OF INVENTION

The present invention is based on the discovery that a blend of
certain hindered phenols is capable of reducing the gassing tendency of
paraffinic or naphthenic basestocks.

Thus, in one embodiment there is provided an electrical oil
comprising a major amount of a paraffinic or naphthenic basestock having a
viscosity greater than about 5 cSt @ 40°C, preferably 5 ¢St to 1000 cSt @ 40°C,
and a minor amount of at least one hindered phenol represented by formula I and

at least one hindered phenol represented by formula I



certain hindered phenols is capable of reducing the gassing tendency of
paraffinic or naphtheni c basestocks. Thus, in one enbodi nent there is

provi ded rical oil conprising. a major anount . inic or
napht henigfagg)ééégé ock having a viscosity greater than ag{)Ct}t%éga% {;J@4OC,
preferably 5 ¢St to 1000 cSt @40C, and a m nor anount of at |east one -
hi ndered phenol represented by fornul 231- and at |east one hindered phenol
represented by fornmula Il wo 01118158 PCT/US00/24183 -3- OHRL R2 g | OH

R R2 T9T CH3 11 where R1 and R2 may be the sane or different alkyl
groups, especially branched alkyl grd&Ks, containing 3 to about 9 carbon
atons and wherein the weight ratiRy of |phenols of formula | and Il is in
the range of 1:10 to 10:1. Prefera Rz

I

OH

R4 Ry
CHs
)14

* where R, and R, may be the same or different alkyl groups, especially branched
alkyl groups, containing 3 to about 9 carbon atoms and wherein the weight ratio
of phenols of formula I and 11 is in the range of 1:10 to 10:1. Preferably the
phenols of formula I and 1I are present in an amount greater than about 0.5 wt%
based on the weight of the oil.

In another embodiment, the composition of the invention includes

a minor amount of a tolyltriazole metal deactivator.

In yet another embodiment, a method for reducing the gassing
tendency of a paraffinic or naphthenic electrical oil comprises adding to the oil
at least one phenol of formula I and at least one phenol of formula Il in the
weight ratio of 1:10 to 10:1, the combined phenols being greater than about
0.5 wt% based on the weight of the oil. '



phenols of formula | and Il are present in an anount greater than about 0.5
wN/ o based on the weight of the oil. |In another enbodinent, the

conposi ti onyeforhb@si Nvention includes a mnor amount of apkplysbdaigdzol e
nmetal deactivator. In yet another enbodinent, a method for reducing the
gassing tendency of a paraffinic or naphthenic electrical oil conprises
adding to the oil at |east one phenol of4fornula | and at |east one phenol
of formula Il in the weight ratio of 1:10 to 10:1, the conbi ned phenols
bei ng greater than about 0.5 w % based on the weight of the oil. WO
01Vv18158 PCT/ DETAIPEDSDESCRIPEION I GIOTEESIRVENTIONO- THE | NVENTI ON The
conposition of the present invention utilizes a major amount of a
paraffinic or naphthenic oil with a viscosity greater than about 5 cSt at

40C and preferabl v fr effelaipiostiohir thopRAHmhRpcHicel o H0for SRS 21 | ¥

preferred is a paraffinic orl. Typica he paraffinic oil~is one having
a viscosity oéf aparaffinie br ngththenid 61 with a wiscesisg. greaterthan rahbut HeStait 40T s o

of such o |5 SMPEtEy tm Abonscs CXiTe Bbyft 1000 s Rt Bperiniy braremed Ty or
about 30 cS gla RERMHSH ATy RehINP e padinicdil ibneiiing HVRCENS T fbut

paraffinic base stock with a viscosity of about 25 ¢St at 40C such as EHC
45, both of v oSt tarl§0sS5k at 437Crrin genaal therail alsmwill have a pour point in the
range of about -50°C to about -15°C. Examples of such oils are solvent refined
paraffinic basestocks with a viscosity of about 30 cSt at 40°C such as Solvent
Neutral 145 and a hydrotreated paraffinic base stock with a viscosity of about 25
¢St at 40°C such as EHC 45, both of which are sold by Exxon Corporation,

Irvine, Texas.

The composition of the present invention also includes at least one

phenol represented by formula I
OH
R4 R,
I
and at least one phenol represented by formula IT
OH
Ry Ry
CHs
)i |

where R, and R; may be the same or different alkyl groups, especially branched
alkyl groups, containing 3 to about 9 carbon atoms. Preferably in the above
phenols R, and R; are tertiary butyl groups.



I rvine, Texas. The conposition of the present invention also includes at

| east one phenol represented by formula | OH R R2 V 1 -and at | east one‘:
phenol repyggpiEa@d by formula 11 OH RIT R2 CH3 ﬁ?ﬂﬁ%ﬁﬁ R2 may
be the sane or different al kyl groups, especially branche groups,
containing 3 to about 9 carbon atons. Preferably in the above phenols R

and R2 are tertiary butyl groups. WD 6Pr18158 PCT/ US00/ 24183 -5 The anount

of the conbi ned phenols of formula | and Il are generally present

conposition in a mnor anount but typically great er than
and preferably fromabout 1.0 to about 1.5 wt'

The wei ght tlﬂ%}i’%ﬁg nol ﬁ@?x&qﬂf ”mifO{f?wnf iagm(ﬁfi 1 generally

the oil.

will range from 1: 10

generally present in the composition in a minor amount but typically greater than

about 0.5 wt%, and preferably from about 1.0 to about 1.5 wt% based on the
weight of the oil. The weight ratio of phenols of formula I to formula IT
generally will range from 1:10 to 10:1 and preferably 1:1 to 1:1.5.

A particularly preferred electrical oil composition comprises a
major amount of a paraffinic or naphthenic oil and about 0.1 to 3.0 wt% of 2,6-
di-t-butyl phenol and about 0.1 to about 2.0 wt% of 2,6-di-t-butyl cresol in the
ratio of about 1:1 to about 1:1.5.

In one embodiment of the invention the composition also includes
a tolyltriazole metal deactivator represented by formula III. The preferred metal
deactivator is 1, 2, 3 tolyltriazole, which is a reaction product of a benzotriazole

and a diphenyl amine.
N \
R.
oI

wherein R; and R, may be the same or different alkyl groups having from about
3 to about 15 and preferably about 4 to about 9 carbon atoms and R; is an alkyl
group of from 1 to about 15 carbon atoms and preferably 1 carbon atom.

The metal deactivator typically will comprise from about 0.01 to
about 1.5 wt% based on the weight of the paraffinic oil and preferably from

in the

about 0.5 wt'/o,
% based on the weight of

>



A particularly preferred electrical oil conposition conprises a ngjor
afount of a paraffinic or naphtheniic oil and about 0.1 to 3.0 wt'/0o of 2,6-
di -tbutyl phgygihsged about 0.1 to about 2.0 wta/o of 2, 6-dpctabetmisscr esol
inthe ratio of about 1:1 to about 1:1.5. In one enbodi nent of the

i avention the conposition also includes a tolyltriazole netal deactivator

represented by formula Il . The preferrdét metal deactivator is 1, 2, 3
tolyltriazole, which is a .reaction product of a benzotriazole and a
di phenyl amne. N RN N Rl CJ-0-R2 11l wherein Rl and R2 may be the

sane or di f f eabent 0.40 ity hboptduPpwitamostpreferablyipresent at about 8%+ ofthe tatal
preferably about n atons and R3 is an al kyl group of

t o,about 9 car
froml to abdifet® ﬂ@eﬂhﬁﬁﬁﬁ%f’mo -preferably | carbon atom The netal
deactivator typically will conprise fromabout 0.01 to about 1.5 w/a

based on the weight of the paraffinic oil and preferably from WD 01118158 P
TI US00/ 24183 EXAMPEES 0.10 to about 1.0 wt% nost preferably present at
about 25% of the total

Two different batches of a typical paraffinic oil (Solvent Neutral
145) suitable for use as an electrical oil were blended with varying amounts of
phenols represented by formula I and II. The specific amounts of the phenols
used in each blend are given in Table 1. In two of the blends a metal deactivator
used in electrical oil compositions was also used. The amount of metal

deactivator also is given in Table 1.



treat of the phenolic conpounds. EXAMPLES Two different batches of a
typical paraffinic oil (Solvent Neutral 145) suitable for use as an ‘
el ectrical oj re bl ended with varying amounts of phgps esent ed by
formul a |W3ﬁ@8ﬁy.s The specific anmounts of the phenols Sgg ‘lmglﬁfe%gch bl end
are given in Table 1. In two of the blends a netal deactivator wused in

el ectrical oil conpositions was al so used. The anount of netal deactivator
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o'~+r oQn-wo-~?-ntn6r yyNNNzz ~"~a~H Nc*9 CA a
a“o, UWD 01118158 PCTI US00/ 24183+ -8 Fr omthe foregoing it can be seen
that the co ’fi henol anti-oxidants are nore effecti Ve pbRukfififss N9
gassi ng than elther anti-oxidant alone at the nolar concentration. It can
be seen also that the inclusion in the blend of the nmetal deactivator
further | owers the gassing tendency of t-l8 bl ended oil, and in one

case' can provi de negative jgassi ng tendency to the;oil. WO 01/18158

PCT/ US00124183 -9 / 111(11111111111111111111 CLAIMS: L s 11111 1. An

el ectrical oifrofOip Foregbinig it cuiitid sdefi Fhatahéroprmbinedphiaiol ahticoxidars aseni ¢ or
napht henic oil having a,viscosity greater _than _abgut cSt at 4QC and the
conbi nat i on gnorgteffi fégg ugnswsmgﬁw@ﬁh%@%gmdm one at the molar

concentration. It can be seen also that the inclusion in the blend of the metal
deactivator further lowers the gassing tendency of the blended oil, and in one

case can provide negative gassing tendency to the oil.



formulal OH Ru R ~ | and at |east one phenol represented by fornula |1
OH RILR29 CHII where RRand R2 may be the same or different alkyl
groups hawygeymds© about 9 carbon atons, the conbi natio esent in
. an anmount greater than 0.5 wt % based on the wei ght of mfp @&ﬁé wei ght
ratio of a phenol of formula | to Il being in the .10 to 10: 1.
2. The conposition of claim]l wherein-t%he conbi natlﬂ@ is present In an

S
anount ranging fromabout 1.0 to about 1.5 wt% g of claim
2 wherein the ratio is about 1:1 to about 1:1.5 i ,m[ou 18158
S

PCT/ USOOR41GBAIMES: [ [ [ I 1111 1111111111111111111111 CLM

1. An electrical oil composition comprising:

a major amount of a paraffinic or naphthenic oil having a viscosity greater than
about 5 cSt at 40°C and the combination of at least one phenol represented by
formula I

OH

o
I

and at least one phenol represented by formula II

OH

Ry R,

CHs

Il
where R; and R, may be the same or different alkyl groups having 3 to about 9
carbon atoms, the combination being present in an amount greater than 0.5 wt%
based on the weight of oil and the weight ratio of a phenol of formnla I to II
being in the range of 1:10 to 10:1.

2. The composition of claim 1 wherein the combination is present

in an amount ranging from about 1.0 to about 1.5 wt%.

3. The composition of claim 2 wherein the ratio is about 1:1 to

about 1:1.5, respectively.



4. The conposition of claim3 wherein Rl and R2 are -butyl groups. 5. The
conposition of claim4 including a tolyltri'azole nmetal deactivator having
the fornmula reidd Rl and R2 may be the sane or different pe }dgyd,z“gg_,,oups
havi ng from Wi@ to about 15 and R3 is an al kyl grou

about 15 carbon atons. 6. The conposition of claim5 wherein the ngj or

amount of oil is a paraffinic oil. 7. Al@ethod f ““m gassi ng
tendency of a paraffinic or naphthenic electri c ﬂ‘ “r“‘“lm“ addl ng to
the oil the conbination of at |east one phenol represemnteld by formu H
R R2 T I and at |east one phenol represent ed by formula Il OH RlO R2

CH3 Il W 01/18158 I 1"1~="1 111"}, ~"I]| 1 USOQY 24183
4. The composition of c]aun 3 wheremil g gx

groups.

5. The composition of claim 4 including a tolyltriazole metal
deactivator having the formula wherein R; and R xhay be the same or different
alkyl groups having from about 3 to about 15 and R; is an alkyl group of from 1

to about 15 carbon atoms.

6. The composition of claim 5 wherein the major amount of oil is
a paraffinic oil.

7. A method for inhibiting the gassing tendency of a paraffinic or
naphthenic electrical oil comprising adding to the oil the combination of at least
one phenol represented by formula 1

R4

1
and at least one phenol represented by formula II
OH

Ry R,

CHs



Lg-11- ' where R-and R2 may be the sanme or different al kyl groups
containing 3 to aboug”mﬂﬂ’mm t he conbi nation bei ng added in an
amount gr%@lr, {dgan I’Hﬂﬂ;ﬁ the wei ght of oilyp, \M? in the
wei ght ratio o the phendl df f*ormJIﬁ lto Ilis in the range 0 Flo to
10:1. 8. The net hod of claim7 wherein the conbination is present in an
anount ranging fromabout 1.0 to aboutlll:5 wtVo. 9. The nethod of claim8
wherein the ratio of phenols of fornula | to formula Il is from1l:1 to
1:1.5 respectively. 10. The nethod of claim9 including adding to the oil a
met al  deacwheteRjrand Rsimagy bérthefsamerdraifferdht dlkyl groups containing 3 to about

9 carbon atoms, the combination being added in an amount greater than 0.5 wt%
based on the weight of oil and wherein the weight ratio of the phenol of formula
I to II is in the range of 1:10 to 10:1.

8. The method of claim 7 wherein the combination is present in

an amount ranging from about 1.0 to about 1.5 wt%.

9. The method of claim 8 wherein the ratio of phenols of formula
I to formula II is from 1:1 to 1:1.5 respectively.

10. The method of claim 9 including adding to the oil a metal
deactivator having the formula

>~
R: N
Ol

Ry | —<: :>-—-R2
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