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ELECTRI CAL AND TRANSFORMER O L FI ELD OF THE | NVENTI ON Thi s i nvent iqo[@W 700

rel ates generally to electrical and transforner oils and nore particul é\r% y
to electrical oils suitable for use in transformers operating at el evated

t enperatures. BACKGROUND OF THE | NVENTI ON Present conmercial practice is to
use conventional naphthenic transformgr. oils in transfornmers designed to
operate under normal use at a maxinmumoil tenperature of 90C with an

expect eHlTGH BEEMPER®TUREGHIGH ERFGGIEIRO Yt KL BGDRIC A0 ANIA TR ANSFORBMER OIly a
transforner at el evated oil tenperatures of about 140C, nore kilowatts of
power cHIELD QEASHEMVENTION gher | 0oad. Unfortunately, the conventional
napht heni ¢ transformer oils that are used in present conmerci al
transforners have poor oxidation stability at this higher tenperature and

t hrough oil oxidation, becaone i nconpatible with the materials of,
construction of tH&IS Mygstien selatesweneratlydaiclectpel apdstransfemmerpiismnd
transforner life, Accordingly,.there is a need for. a transfornmer oil having
an ext oRAEPRRISHANY Fq elestrical gifs Fiitable For WiegRdranStorpusrs CRPERINEIR: feyaiedant

oi | s. Cﬂ}e object of the invention is to provide inproved electrical and

t r ansf oFRRTYE whi ch have | ow sol vency for materials of construction at
top oil tenperatures of about 140C. Anot her object of the invention is to
provide electrical and transformer oils that have inproved oxidation

st abi | i BAGKGROUND OFTME FUVENTEDNat er t han about | 40C. ~51ii f' 1
2U01 Another object of the tnvention is to provide an additive system
which will inpart exceptional chem cal and oxidative stability to the oil

and maintain the high efficiency of the transforner by not adversely
affecting the powBreseate@mnmesgisl practiemjseiorusefconnentional mapbthenic t o provi de

electrical ,arid transformer oils that have a negative gassing tendency.
These cHRRSEPRBST Qi BLIFANSPrmpts JesiEaRg i APRTALe UBGRT AR N3P ahd mAsomum

o201 G el SAIOREC A SRk O 318 1 SUMBEY (PR Erd WERRLGH B ef 1y

stated, _ position T's pr conpri’si a maj or ~anoun
par af f i yiags. OBl dpRyatik & ahSfopmerdt S1eeated il fehifefatBedsdf quumﬂ@°¢,;lﬂ6reab0u'f

200C and an efféective anmpbunt of an additive systemincluding: (i) at |east
one hi ridineattpdpowercanbe genatated, atartdgher load. Unfortunately, the conventional
naphthenic transformer oils that are used in present commercial transformers have
poor oxidation stability at this higher temperature and through oil oxidation become
incompatible with the materials of construction of the transformer, thus significantly

shortening the transformer life. Accordingly, there is a need for a transformer oil

having an extended useful life at significantly higher temperatures than present oils.

One object of the invention is to provide improved electrical and
transformer oils which have low solvency for materials of construction at top oil

temperatures of about 140°C.

Another object of the invention is to provide electrical and transformer
oils that have improved oxidation stability at top oil temperatures greater than about

140°C.
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(i1i1) atolyltriazole netal deactivator. The conposition is especially
useful as an electrical and transforner oil. DETAI LED DESCRI PTI ON ﬂggﬁw

| NVENTI ON The conposition of the present invention utilizes a major”an {
of a paraffinic oil having a C evel and open cup flash point nore than about
200C. An exanple of such an oil is a sglvent refined 145N paraffinic
basestock sold by Exxon Corporation, Dal'l as, Texas. 7 _ li~fit:~r ~O~t -3
Such an oil has | ter.co DL LB YW d
gasker materials (Han Qe BRREHpETs RERRRICD gl SR e AR

gasket wanﬂ;ﬁhlseﬁasftti&?ﬁr&h@ﬁﬁ@il%b)bxi&&m@ stt@oiﬁf}if lfcﬁ'h@toﬂ Md Rafginang | | ne

point of the oil, h oils that have higher a i ne polnts belng nore

gasket aigh Sféﬁiielﬁ?fﬁﬁhé bhasformer bheseadvdriell afRctiagithd peweofatcr. The
additive systemof the present invention includes (i) at |east one hindered
phenol antioxidant, and (ii) a nmetal deactivator. Typical hindered phenolic
antioxidants suitable in the conpositions of the present invention may be
represent ed by fofmgtheriotaeet afdherinvgntipn i9 prayidueleetrigalcssl irpnsthener R i
and Rz rrgxé be the sane or ditferegt al kyl groups, especially branched al kyl
groups, © ﬁl@%ih‘%’ﬁé NEERRVHBAHNDICHLPRON at ons. Preferred phenolic
antioxidants include 2,6 di-tert-butyl phenol, 2,6 di-tert-butyl paracresol
and m xtures thereof. Z50CT20D2 The additive systemalso includes a
tolyltriazole met i . SUC 1, t i r rably the
tolyltriazole use?hfgsieegﬁ&r gg%% ;aéhe%%r oa‘ﬁgtlﬂ%%tgmtgl%bé%@%%‘%@“gﬁﬁéﬁ #

al kyl at eghdﬂﬁ%bpﬂw dedbtipBon AVHiMPFSIRlwd ol ytri azol e di phenyl am ne reaction
product rmay be represented by the formula Il11: N HO

SUMMARY OF THE INVENTION

Briefly stated, an oil composition is provided comprising a major
amount of a paraffinic oil having a Cleveland open cup flash point of more than about

200°C and an effective amount of an additive system including:

(i) at least one hindered phenolic antioxidant, and

(11) a tolyltriazole metal deactivator.

The composition is especially useful as an electrical and transformer oil.

DETAILED DESCRIPTION OF THE INVENTION

The composition of the present invention utilizes a major amount of a
paraffinic oil having a Cleveland open cup flash point more than about 200°C. An
example of such an oil is a solvent refined 145N paraffinic basestock sold by Exxon

Corporation, Dallas, Texas.



a O~= 111 wherein R and R2 may be the sanme or different al kyl groups
havi ng from about 3 to about 15 and preferably about 4 to about 9 car_b,pr% 1
atoms. In general, the additive systemin the conposition is preseh 0L h @
m nor but effective anount. For exanple, the hindered phenol or m xtures
thereof typically will conprise fromabout 0.05 to about 3.0 wt. % based on
the weight of the paraffinic oil, and 'plr'eferably 0.5 Ww.%to 2.0 wt.% The
nmet al deactivator [ : i [ f : .5
wt. % based on theg‘%/\/c/@i %lh é?ﬁdh%erggmayp ¢ ?%lné b&ﬁkf‘&ﬁ;ﬂhatg?lggyeﬁvggfsgi?ﬁnod% about
0.10 to gJasE’et%atoég/iaf'é[}ﬁaﬂ@HrnaBH!Héhicd&iPsr. e@éﬁx’bﬁtilﬂﬂh# VAR 88d bEQE AhRstald- 10

- N

to about” 1.0 w ased on'the weight of paraffinic oil and preferably
from 0. hat ®ebn Beiérally fEuR@Ld dorrélhe wRRpeshfilias peinttdieh®obiswih dikMBAE | on nmay
al so include optional additives such as a pour point depressant capabl e of

| ower i ndiavbdiglearanfmeapoine beehpmdrbgasiowast seainpen@ttible themphosedithor t he
climate in which the electrical oil is to be used. This would normally be a
t enper atlower aniling@oints. - 40C. A particularly ~~o0cC i zaa~ _5. preferred
cl ass of pour point depressants is al kyl ated pol ystyrenes. O her
illustrative pour point depressants include nethacrylates and funeric, acid

esters. Alternativgl his |low t erature performanc n_be provided
Chrough the use of 1P Al oveTein ot The pEsgh fink e TR edes B BBk, cup
flash pgy; : : n electrical and
transfo?frlrlg(?erg??ﬁ\%\gésl 4&3@% a?’;%ldﬁﬁggmgﬁgygﬁégﬁl a Solvent Neutral 145N
paraffinic basestock having a C evel and open cup flash point of 220C. This
Sol vent Neutral 145N is commonly referred to as 145 SSU C~ 100F paraffinic
stock. The fornul a&ypicaldondaedptedolic shtidxd¢dinthstiydblevethe conZpdsitions of
di-tert-butyl cresol and tolyltriazole di phenyl amne in the amounts shown
i n Tabl éha prephant inyentidamay bsi iepresenteddryelormata | andfargivlgllk he ASTM D 2112
Rotary Bonb Test and for oxidation stability using the ASTM D 2440 test.
The results are shown in Table 2. TABLE 1 FORMJLATI ON FOR EXAMPLE 1
COMPONENTCONCENTRATI ON, WI'%sol vent Neub%fil 14598. 45Tol Itriazole di hen 1
am ne0. 302,6, di-tert-but 1 henol. 752, di-tert-butyl paracresol 0.50

COVMPARATI VE EXAMPLE 1 The ASTM s fi 2for a Type Il oil are
presented as Conparative Exanple 1 i e 2.

CH,

where R| and R; may be the same or different alkyl groups, especially branched alkyl
groups, containing 3 to about 9 carbon atoms. Preferred phenolic antioxidants include

2,6 di-tert-butylphenol, 2,6 di-tert-butylparacresol and mixtures thereof.



X 5 0r ~ zoox COWVPARATIVE EXAMPLE 2 In the properties of a commercially
avail able transforner oil are shown in Table 2 as Conparative Exanpl e..2
~ ~~f;4 2U1L _7_ 'TABLE 2 DESCRI PTI ONASTM TEST METHODEXAMPLE 1@/&%1@1‘“
EXAMPLELCOVPARATI VE EXAMPLE2ASTM D 3487Tv a Il O 1Ph sical Pro ertiesS
ectic Gavt , GO GOFD 12980. 8G30. 91 nmax0 870Vi scos~t @40C, cStD 88, D

44529. 211 2.0 max7.9Vcos't @1 00C, cSt D488, D 4455.103. 0 max2 2Vi scos~t @

| O0F, SSUD 88. D %ﬂé%d%%@%%@%o 188854 fol P@}rﬁ%ﬁ%ﬁc meeHRleABt vl drh3. 436

nax33. 5An" | i ne Poi nt 474Pour CD 97-18-40 max-54Col or.
ASTND 1500R%B Bfdyloriamoie.0 PRIELABY PRitBlyl{a06)e) usel 193221 prond&Ss f ur
wt 9%X-r a0. 12- 0. 12' ~l eut Nunber, m KO—VD 9740. 00. 03 max0.0.later b KF, nD
1533273@Iyﬂuxzmsllemmihamillqllat@drdsptmny@mﬁfe. A tppishciolytBidzdie4hgichyeminaed  Pr o
ertiesCorrosive Sul furD 1275Noncorros veNoncorrost veNoncorrosi veAnt i oxi dant
Cont ent teaguer prodipt 2ewshe Ppresestediyghedomania 25Oxi dation Stability @
2440110C130C"'~110C110C130C" ~72 Hours: Slud e, w %0. 0G30. 0800. 10
max0. 01- Neutral i zati on No., m KOH 0. 0220.0770. 30 max0. 02- 164 Hours: Slud e,
wt %a0. 1240. 00G0. 20 naxO. 010 47Neut r al |I(Iat| on No., mKO-1/0.0220.1730. 40
maxO 080. 73336 Hours: Slud e, w28-88. QG 0. 120 7CGNeutralization No., m
KOH 0. 0670. 714- 0. 370. 900xi ddOi .=- abi | i Rot ar Bonmb Life. M nutes @D
2112140C 150C "z~ | GOC ‘3>851 . 198 - -300 - 116El ectrical Pro
ertiesDielectric Breakdown Vol tage @ 0" Hertz, KVD 8776130 mm47I1 mpul se
Br eakdown Vol tage @25C, KV Needle (negative) - to- s here( rounded), @
1-in Ga

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.

In general, the additive system in the composition is present in a minor
but effective amount. For example, the hindered phenol or mixtures thereof typically
will comprise from about 0.05 to about 3.0 wt.% based on the weight of the paraffinic
oil, and preferably 0.5 wt.% to 2.0 wt.%. 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 about 0.10 to 1.0 wt.%. The pour point depressant will comprise
from about 0.10 to about 1.0 wt.%, based on the weight of paraffinic oil and preferably
from 0.4 to 0.8 wt.%.

Finally, the composition of the present invention may also include
optional additives such as a pour point depressant capable of lowering the pour point
to below the lowest temperature expected for the climate in which the electrical oil is

to be used. This would normally be a temperature of -30°C to -40°C. A particularly



D3300 144 145 mm 175Power Factor @60 Hertz. ~Jo@ 92425C0. 0040. 05

max0. 00590C0. 280- 100C0 4@00. 30 max0. |20Gass ng Tendency @ 80C,
~tL,/mnute Static Charoe Densit . C/ mi D 2300B none-2.8 a 30+3075] il
max-11.0 5 ~5 ~It;T ?~02 8 Note: ( 1) "test was nodified to

I ncrease seventy by increasng tenperature froml 10Cto I 30C (2) Test was
nodi fied to increase severity by increasing tenperature froml.10C to | 50C

(3) Tes % | b ViRl | LOg r re from

L oc T B e B B B R e P ORI TS 1t T v
syst em gxhi pyint defesdahtvidc BrRRSheGatsndensyd Afmdi& dbiddsiis§ es EXAMPLES 3 to 5
Three oils were fornmulated with the additive systemof this invention. The
conposition of each is given in Table 3. The fornulated oils were tested

using the ASTM Rotary Bonb Test and ASTM Test D2440. The results are shown
in Tabl e 3. ConpaddternaiivEkarthisdewdtempegature performance can be provided through

the use of a dewaxed paraffinic oil having a Cleveland open cup flash point greater

than about 200°C.
EXAMPLE 1

An electrical and transformer oil was formulated using the base oil a
Solvent Neutral 145N paraffinic basestock having a Cleveland open cup flash point of
220°C. This Solvent Neutral 145N is commonly referred to as 145 SSU @ 100°F
paraffinic stock. The formulation contained 2,6 di-tert-butyl phenyl, 2,6 di-tert-butyl
cresol and tolyltriazole diphenyl amine in the amounts shown in Table 1. The
formulated oil was tested for life using the ASTM D 2112 Rotary Bomb Test and for
oxidation stability using the ASTM D 2440 test. The results are shown in Table 2.

TABLE 1
FORMULATION FOR EXAMPLE 1

COMPONENT CONCENTRATION, WT %
Solvent Neutral 145 98.45
Tolyltriazole diphenyl amine 0.30
2,6, di-tert-butyl phenol 0.75
2,6, di-tert-butyl paracresol 0.50

COMPARATIVE EXAMPLE 1

The ASTM specification for a Type II oil are presented as Comparative

Example 1 in Table 2.



Three oils were fornulated using only one of the conponents of the additive
systemof this invention. These conpositions are given in Table 3. z %anmﬁ
were also tested as in Exanples 3 to 5 and the results are presented”in
Tabl e 3. 2 5fl ~~ 2002 9 TABLE 3 EFFECT OF ANTI OXI DANT COVBI NATI ONS
ON OXI DATI ON STABI LI TY Conpar ati ve Exanpl esExanpl es345345Conponent, wt .

%ol yltriazol e Bi phenyl am ne (TTDPA)V?SS----O.3LD.300.302,6 di-tert-butyl

phenol @ﬁ l?' g,—i;% %@ﬁ ?2,6, d~-tert-butyl paracresol
(DBPC)-S@. Rﬁ 2 E Neut r al

14598. 4598. 4598. 4598. 4598. 4598. 450«i dati on StabilityASTM D2440 Oxi dation @
130C164 Hours, Sludge, wt.%.1080.0080.0100. 0050.0030. 060Neut. No., ny

KOH g0. 4470. 0480. 420k BryferQ&sLof iZ&n@?&cikﬂﬂl\rmaﬂb&égmnsmmie@ oNeiré shdwn, ngy
KOH g Rotary Bomb Oxidation Test @ 160C, nutes 0.217 0.322 0.553 0.085

0. 085 0.1894ble 359 Conipiatlv6ERampbdB. 0. 674 0. 629 335 290 150 437 256 345 As
can be seen fromthe data in Table 3, the additive system of the present
invention is better than the phenolic inhibitor or netal deactivator al one
in lowering the | evel of sludge formed during oxidation. Al so, the additive
system of the invention provides better oxidation stability as determ ned
in the Rotary Bonb Oxidation Test. Exanples 6 and 7 The oils were

formul ated, each containing the additive system of the invention. The
formul ations are given in Table 4. The power factor for each fornulation

al so was determined. As is known, the power factor is a neasure of how nuch
energy is absorbed by the insulating oil when placed in an alternating
electric field such as would be found in a transforner. H gh power factors
result in lower electrical efficiency as well as shorter transforner life.

The neasured power factors are given in Table 4. ~Gi: i ~t)ll~-1io
Conparative Exanples 6 and 7 Two additional oil formulations were prepared
usi ng the sanme base oil as in Exanples 6 and 7, i.e., Solvent Neutral 145,

t he sanme phenolic antioxidants but a benzotriazole netal deactivator. The
conpositions are given in Table 4. The power factors for these conpositions
was determ ned and are also given in Table 4. TABLE 4 EFFECT OF METAL
DEACTI VATOR ON ELECTRI CAL PROPERTI ES



Conpar ati ve Conparative Exanple 6 Exanple 6 Exanple 7 Exanple 7 Conponent,

W .

% Sol vent Neutr al

par acresol 0. 120. | 20. 240. 243, 5

di-tert-butyl -

14599. 5599. 5099. 199. 002, 6 di-tert-butyl

4-0.120. 120. 240. 24hydr oxyhydor ci nnam ¢ acid, C

7-9- branchedNonyl at ed di phenyl am neO. 190 160. 320. 32N, N- bi s
0.05--0.10--1
H benzot r| azol e- 1- net hanam neTol ytriaalp2 di phenyl am ne ~--0. 10--0. 20Power

(2- Et hyl hexyl) - ar - net hyl -

ANt Ay

15061 1001

¢ ~25c15"i§§§6" 1368%. 0360 0@,@%@?‘701. 46&"8‘6‘&"%&0005 Cﬁm'\’% §553 o‘r\%’}(/%M'l‘,ﬁ:‘iE)
50%acttves—i+—base As—cat—be—seen—the aum t VA%TMY L&Y arof—thrs
ivention—r coui t-s—i ot+—for-frat i of—Hav g & —POVEL. ”g(rt or—rtabout—hatf—of
tTlf;ﬁ‘)t'sicxWraohé('ﬁeﬁ 1 ot . frtt "tj © I:DI ng—a :,unvcm ronar—etal chbti vator-
SpecHic Gravhy ¥dePHa : | TahTRR 1St [ H”O ,ol L,UIIPUDI tb@’l”rp'ﬁu”pl ISTTY; g7 T8y Of
?!—'V'T&E%h)’@‘iod&[dgl[ art Tt s, s MgTa wevy ‘_ldllu OPETT T L [,&STT_JOT 0% 5 TTOTE
R AP 8 00V 5, © % 48 %5 dII}JUIIL of 18" addirtive SOk e et udi llgf,\l )
ik 8y to 1005, SYTUCT ST DIROp LI5S T OXT @t T At (T g0t Oy T azon
df\/‘r’s'd&”\}'@ APV 1568 |m4sw aiN k,rlo43\|4 N7 vy@% gl T amd Résdre
ﬁlll?ﬂéi’lcﬁnt%, arrrerent K '6}9' oupy of T about—3t 067 out J.‘;* lCd.r 0094
#li; MPoin °C 11e_COMPOS o 7 ctarmit ancﬁgcl m—the—tid lnﬁ& ptrerot—i—s 54
& h—.‘)..,lA(nglMl ronmphenot _ |av15|lv OL tre—frormut 51 _ ~ A : _
WsHBoid (FOGHE 0T ET g atkytr—gr OURg, mavi N3t q455\r9igut J-[car Do gt OITs.
Tsulfddwege T VU7 X-ray 0.12 - 0.12
Neut Number, mg KOH/g D974 0.0 0.03 max 0.0
~Jater by KF, ppm D 1533 27 30 max 20
Interfacial Tension @ 25°C, D971 47 40 49
dynes/cm
Chemical Properties
Corrosive Sulfur D 1275 Noncorrosive Noncorrosive Noncorrosive
Antioxidant Content, mass % D 2668. D 1473 1.25 0.30 max 0.25
Oxidation Stability @ D 2440 110°C 130°C') 110°C 110°C 130°C"
72 Hours;
Sludge, wit% 0.068 0.080 0.10 max 0.01 -
Neutralization No., mgKOH/g 0.022 0.077 0.30 max 0.02
164 Hours:
Sludge, wt% 0.124 0.006 0.20 max 0.01 0.47
Neutralization No., mgKOH/g 0.022 0.173 0.40 max 0.08 0.73
336 Hours:
Sludge, wt% 0.086 0.096 - 0.12 0.76
Neutralization No., mgKOH/g 0.067 0.714 - 0.37 0.90
Oxidation Stability D2112
Rotary Bomb Life Minutes @
140°C 851 195 300
150°C (2) 488 - -
160°C ¥ 345 116
Electrical Properties
Dielectric Breakdown Voltage D 877 61 30 min 47
@ 60 Hertz, KV
Impulse Breakdown Voltage @
25°C, KV
Needle (negative) - to- D3300 144 145 min 175
sphere(grounded), @ 1-in Gap
Power Factor @ 60 Hertz, %@ D 924
25°C 0.004 0.05 max 0.005
90°C 0.280 - -
100°C 0460 0.30 max 0.120
Gassing Tendency @ 80°C, D 2300B -2.89 +30 max -11.0
plL/minute
Static Charge Density, uC/m' none 20 50 max 5




_i 3. The conposition of claim1l wherein the hindered phenolic antioxi dant
conprises fromabout 0.05 to about 3.0 w, % based on the wei ght gf t@%m
paraffnic oil. 4, The conposition of clai m 3 wherein the tol yltri zc’(;]
net al deactivator conprises fromabout 0.10 to about 1,0 wt, % based on the
wei ght of the paraffinic oil. 5, The cgnposition of claim4 including a
pour point depressant in an anount ranging from about 0.05 to about 3.0 w,
% based on the weight of paraffinic oil. 6. The corrposi tion of claim4
wherelnthe paraffnic oil is a dewaxed oil. 3/ ocA o

Au2 AR (Af@? F'&stﬂamd’&(edmlﬁ{%te s@@‘y/gwscrg/u@ng temperatdre trom 110°C to 130°C
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bHN~yt o] e ZU] & e?:Wa %%]*%é{‘] étJ] cal] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca]ca]cTal] c
<a] ca] ca] ca] ca] ca] ca] cMa]ca]calcMalcalc(alc(al Y x
cEJQJ*— l.ca] c(a] ca] ca] ca] ca] ca] ca] cPa] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c a]ca] %@#@] ca] ca] ca] ca] ca] ca] ca] ca! 5} 3- z&@xUde{ #| vql gb\ Wi d_Z] ]
ca] c”a] ca] ca] ca] ca] cMa] ca] c&a] ca] ca] c”a] ca] c”a] ca] cMa] ca] cMa] cMa] ca]ca]ca]c
a] ca] ca] ca] c"a] ca] ca] ca] ca] ca ####BIWAHY W&
&<&&&(' 8" <D ~' "' (Thidd dil9 %’f&f&rﬁ%@d Whilhél dcﬂdw]é: steh 681163 W velionl cal c”al
ca] c™a] ca] ca] c*a] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c”d] ca] ca] ca] ca]ca] ca]ca
k* wt++- The cBmpositidn 6F ¢uci/is @0Eh%R 2 33 Thiediofmyitas¢®ollVwett #kledalsied ca] ca] ¢
aJca] ca] ca]ca ca] ca] ca] c™a] ca]c”a
U c”a] cthe] 653 M Rotary] Bambalasajuwh AN Reist BY2dd)c dlheakeults ara shown in Table
rax4z4} 444444454667/ /1 001192J2X223333p4r4~ytoje [Vnid _Z]]ca] ca] ca]ca]ca]ca]c
a] ca] cafca] ca] ca] c”a] ca] c”a
Ul c”ra] cha] cMa] ca] ca] ca] ca] ca] ca] ca] caDN] ca] ca] ca] ca] c&a] ca
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Three oils were formulated using only one of the components of the
additive system of this invention. These compositions are given in Table 3. The oils

were also tested as in Examples 3 to 5 and the results are presented in Table 3.



B dEbC 10% & ()-SGL0% & ()- @0% & ()- 10% & ()-10% & ()- Lt!10% & ()-
bdEbCy, &10% & ()-s$10% & ()- 10% & ()- -#10% & () - @10%&'()-10%&'{)‘:Hn Y
uv wdE/ 10: 10:s6-10% & ()- 4 "10% & ()- 2! 10% & ()- f0z10% & (35007 200

T-10% & ()-y)S10% & ()- W X 2nxY: /
10: @O0% & ()-10% & ()-L#10% & ()-110% & ()- Z10N & ()-&m0% & ()-3
10: nf}~2:/ )

TABLE 3
EFFECT OF ANTIOXIDANT COMBINATIONS ON OXIDATION
STABILITY
Comparative Examples Examples
3 4 5 3 4 5
Component, wt.%
Tolyltriazole diphenyl amimme (TTDPA)  1.55 -- - 0.30 0.30 0.30
2,6 di-tert-butyl phenol (DTBP) -- 1.55 - 1.25 -- 0.75
2,6, di-tert-butyl paracresol (DBPC) -- -- 1.55 -- 1.25 0.50
Solvent Neutral 145 9845 9845 9845 9845 9845 9845
Oxidation Stability
ASTM D2440 Oxidation @ 130°C
164 Hours, Sludge, wt.% 0.108 0.008 0.010 0.005 0.003 0.060
Neut. No., mg KOH/g 0.447 0.048 0420 0.075 0.091 0.173
336 Hours Sludge, wt.% 0.217 0322 0.553 0.085 0.085  0.054
Neut. No., mg KOH/g 0.559 1.170 1.628 0.615 0.674  0.629
Rotary Bomb Oxidation Test 335 290 150 437 256 345

@ 160°C, Minutes

As can be seen from the data in Table 3, the additive system of the
present invention is better than the phenolic inhibitor or metal deactivator alone in
lowering the level of sludge formed during oxidation. Also, the additive system of the
invention provides better oxidation stability as determined in the Rotary Bomb

Oxidation Test.

Examples 6 and 7

The oils were formulated, each containing the additive system of the
invention. The formulations are given in Table 4. The power factor for each
formulation also was determined. As is known, the power factor is a measure of how
much energy is absorbed by the insulating oil when placed in an alternating electric
field such as would be found in a transformer. High power factors result in lower
electrical efficiency as well as shorter transformer life. The measured power factors

are given in Table 4.
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Two additional oil formulations were prepared using the same base oil
as in Examples 6 and 7, i.e., Solvent Neutral 145, the same phenolic antioxidants but a
benzotriazole metal deactivator. The compositions are given in Table 4. The power
factors for these compositions was determined and are also given in Table 4.
TABLE 4
EFFECT OF METAL DEACTIVATOR ON ELECTRICAL PROPERTIES

Comparative Comparative
Example 6 Example 6 Example 7
Example 7
Component, wt. %
Solvent Neutral 145 99.55 99.50 99.1 99.00
2,6 di-tert-butyl paracresol 0.12 0.12 0.24 0.24
3,5 di-tert-butyl-4- 0.12 0.12 0.24 0.24
hydroxyhydorcinnamic acid, C 7-
9-branched
Nonylated diphenylamine 0.16 0.16 0.32 0.32
N,N-bis (2-Ethylhexyl)-ar-methyl- 0.05 - 0.10 --
IH-benzotriazole-I-methanamine
Tolytriazole diphenylamine ") -- 0.10 -- 0.20
Power Factor, % @
25°C 0.028 0.009 0.036 0.016
90°C 3.70 1.46 4.80 2.40
100°C 5.20 1.74 7.00 3.30

Note: (1) 50% actives in base oil.

As can be seen the additive system of this invention results in an oil
formulation having a power factor about half of that obtained in oil formulations using

a conventional metal deactivator.
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