
;e3e74\(F6|TNTuz ~ a r, r 2002 -, HIGH TEMPERATURE, HIGH EFFICIENCY
ELECTRICAL AND TRANSFORMER OIL FIELD OF THE INVENTION This invention
relates generally to electrical and transformer oils and more particularly
to electrical oils suitable for use in transformers operating at elevated
temperatures. BACKGROUND OF THE INVENTION Present commercial practice is to
use conventional naphthenic transformer oils in transformers designed to
operate under normal use at a maximum oil temperature of 90C with an
expected life in the range of about 20 to about 30 years. By operating a
transformer at elevated oil temperatures of about 140C, more kilowatts of
power can be generated at a higher 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 140C. Another object of the invention is to
provide electrical and transformer oils that have improved oxidation
stability at top oil temperatures greater than about l40C.     ~ 5 ii f' 1
2U01  Another object of the invention is to provide an additive system
which will impart exceptional chemical and oxidative stability to the oil
and maintain the high efficiency of the transformer by not adversely
affecting the power factor. Another object of the invention is to provide
electrical arid transformer oils that have a negative gassing tendency.
These and other objects of the invention will become apparent upon a
reading of the description which follows. 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
200C and an effective amount of an additive system including: (i) at least
one hindered phenolic antioxidant, and 



(ii) 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
200C. An example of such an oil is a solvent refined 145N paraffinic
basestock sold by Exxon Corporation, Dallas, Texas.   7_ !:~ fit:~r ~O~t -3
Such an oil has lower solvency and better compatibility with seal and
gasket materials than do naphthenic oils. Compatibility with seal and
gasket materials has been generally found to correlate with the aniline
point of the oil, with oils that have higher aniline points being more
gasket and seal compatible than those with lower aniline points. The
additive system of the present invention includes (i) at least one hindered
phenol antioxidant, and (ii) a metal deactivator. Typical hindered phenolic
antioxidants suitable in the compositions of the present invention may be
represented by formula I and formula II: OH z 0 OH R2 0 CH3 II where R i
and RZ 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.   Z 5 0 C T 20D2  The additive system also includes a
tolyltriazole metal deactivator such as 1,2,3 tolyltriazole. Preferably the
tolyltriazole used is a reaction product of a tolyltriazole and an
alkylated diphenyl amine. A typical tolytriazole diphenyl amine reaction
product may be represented by the formula III: N HO 



a O~~= III wherein R, and R2 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.l0 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 -30C to -40C. A particularly   ~ ~ o c i zaa~ _5. preferred
class of pour point depressants is alkylated polystyrenes. Other
illustrative pour point depressants include methacrylates and fumeric,acid
esters. Alternatively, this low temperature performance can be provided
through the use of a dewaxed paraffinic oil having a Cleveland open cup
flash point greater than about 200C. 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 220C. This
Solvent Neutral 145N is commonly referred to as 145 SSU C~ 100F 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
COMPONENTCONCENTRATION, WT%Solvent Neutral 14598.45Tol Itriazole di hen 1
amine0.302,6, di-tert-but 1 henol0.752,6, di-tert-butyl paracresol0.50
COMPARATIVE EXAMPLE 1 The ASTM specification for a Type II oil are
presented as Comparative Example 1 in Table 2. 



x 5 o r ~ zoox  COMPARATIVE EXAMPLE 2 In the properties of a commercially
available transformer oil are shown in Table 2 as Comparative Example 2.
~ ~ ~f;4 2U1 _7_ 'TABLE 2 DESCRIPTIONASTM TEST METHODEXAMPLE 1COMPARATIVC
EXAMPLE1COMPARATIVE EXAMPLE2ASTM D 3487Tv a lI O`IPh sical Pro ertiesS
ec`tic Grav`t , GO/GOFD 12980.8GG0.91 max0 870Viscos~t @ 40C, cStD 88, D
44529.21l2.0 max7.9Vcos`t @ l00C, cStD 88, D 4455.103.0 max2 2Viscos~t @
l00F, SSUD 88. D 445J 50.9GG max53.SV~scos~t @ 210F. SSUD 88, D 44543.436
max33.5An`line Point, CD GI 110363-8474Pour Point, CD 97-18-40 max-54Color.
ASTMD 1500L0.50.5 maxL0.5Flash Point (COC)) CD 92220145 min158Sulfur,
wt%X-ra0.12-0.12'~leut Number, m KOH/D 9740.00.03 max0.0.later b KF, mD
15332730 max20Interfacial Tension @ 25C, d nes/cmD 971474049Chemical Pro
ertiesCorrosive SulfurD 1275Noncorros`veNoncorrostveNoncorrosiveAntioxidant
Content, mass ~lnD 2668. D 14731.25Q.30 max0.2SOxidation Stability @D
2440110C130C"~110C110C130C"~72 Hours:Slud e, wt%0.0G80.0800.10
max0.01-Neutralization No., m KOH/0.0220.0770.30 max0.02-164 Hours:Slud e,
wt%a0.1240.00G0.20 max0.010.47Neutralization No., m KOI-I/0.0220.1730.40
max0.080.73336 Hours:Slud e, wt%0.08G0.09G-0.120.7GNeutralization No., m
KOH/0.0670.714-0.370.90Oxidation Stability Rotar Bomb Life.Minutes @D
2112140C 150C `Z~ l GOC `3>851 488 345l95 - -300 - 116Electrical Pro
ertiesDielectric Breakdown Voltage @ 60 Hertz, KVD 8776130 mm47Impulse
Breakdown Voltage @ 25C, KV Needle (negative) - to- s here( rounded), @
1-in Ga 



D3300 144 145 mm 175Power Factor @ 60 Hertz. ~Jo@D 92425C0.0040.05
max0.00590C0.280-_100C0 4G00.30 max0. l20Gass`ng Tendency @ 80C,
~tL,/minute Static Charoe Densit . C/m'D 2300B  none-2.8`a  30+30 max  50
max-11.0  5    ~ 5 ~lt;T ?~02 _8_ Note: ( 1 ) 'test was modified to
increase seventy by increasng temperature from l 10C to I 30C. (2) Test was
modified to increase severity by increasing temperature from l.10C to l50C
(3) Test was modified to increase severity by increasing temperature from
l.10C to I60C (4) The Gassing Tendency of the base oil without the additive
system exhibus a positive gassing tendency of+1G uL/minutes EXAMPLES 3 to 5
Three oils were formulated with the additive system of this invention. The
composition of each is given in Table 3. The formulated oils were tested
using the ASTM Rotary Bomb Test and ASTM Test D2440. The results are shown
in Table 3. Comparative Examples 3 to 5 



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.   2 5 fI ~ ~ 2002 _9_ TABLE 3 EFFECT OF ANTIOXIDANT COMBINATIONS
ON OXIDATION STABILITY Comparative ExamplesExamples345345Component, wt.
%Tolyltriazole Biphenyl amine (TTDPA)l.55----0.3U0.300.302,6 di-tert-butyl
phenol (DTBP)--l.55--1.25--0.752,6, d~-tert-butyl paracresol
(DBPC)----1.55--1.250.50Solvent Neutral
14598.4598.4598.4598.4598.4598.45Oxidation StabilityASTM D2440 Oxidation @
130C164 Hours, Sludge, wt.%0.1080.0080.0100.0050.0030.060Neut. No., mg
KOH/g0.4470.0480.4200.0750.0910.173 336 Hours Sludge, wt.lo Neut. No., mg
KOH/g Rotary Bomb Oxidation Test @ 160C, Minutes 0.217 0.322 0.553 0.085
0.085 0.054 0.559 1.170 1.628 0.615 0.674 0.629 335 290 150 437 256 345 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.   ~ G i: i ~t)Il~ - io
Comparative Examples 6 and 7 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 14599.5599.5099.199.002,6 di-tert-butyl
paracresol0.120.l20.240.243,5
di-tert-butyl-4-0.120.120.240.24hydroxyhydorcinnamic acid, C
7-9-branchedNonylated diphenylamine0.160.160.320.32N,N-bis
(2-Ethylhexyl)-ar-methyl-0.05--0.10--1
H-benzotriazole-1-methanamineTolytriazole diphenylamine ~--0.10--0.20Power
Factor, %
C~25C0.0280.0090.0360.0l690C3.701.464.802.40100C5.201.747.003.30Note: ( 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.
~ ~ pl;~ 2001 What is claimed is: 1. An oil composition comprising; a major
amount of a paraffinic oil having a Cleveland open cup flash point of more
than about 200 C., and a minor amount of an additive system including (i)
at least one hindered phenolic anti-oxidant, and (ii) a tolyltriazole
diphenyl amine having the formula N CH3 N N \ / LII wherein R1 and R2 are
the same or different alkyl groups of from about 3 to about 15 carbon
atoms. 2. The composition of claim 1 wherein the hindered phenol is
selected from phenols having the formula: H R1 R2 J R2 II where R1 and R2
may be the same or different alkyl groups having 3 to about 9 carbon atoms.
~ ~ O('.T ?007 



_i 3. The composition of claim 1 wherein the hindered phenolic antioxidant
comprises from about 0.05 to about 3.0 wt, % based on the weight of the
paraffnic oil. 4, The composition of claim 3 wherein the tolyltriazole
metal deactivator comprises from about 0.10 to about 1,0 wt, % based on the
weight of the paraffinic oil. 5, The composition of claim 4 including a
pour point depressant in an amount ranging from about 0.05 to about 3.0 wt,
% based on the weight of paraffinic oil. 6. The composition of claim 4
wherein the paraffnic oil is a dewaxed oil. .Afy.A;fE .A;
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