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This invention or discovery relates to insulat ing oil compositions; and it coxaprises such a 

Cornposition, particularly a transformer oil, high 
ly resistant to deterioration by oxidation, includ 
ing a petroleum oil containing a small amount. 
if an alkyl ester of an amino-benzoic-acid, ad 
yentageously. Inethyl anthranilate and other 
short chain alkyl esters of ortho-amino-benzoic 
acid; all as more fully aereinafter set forth aad 
&S claimed. . . 

a raany types of electrical transformers the 
core end twindings are innersed in a suitable pe 
role in oil, for serving as a dielectric and for 
carrying heat a 7ay from the core and windings. 
The equiresents of a transformer oil include 
good dielectric progeries, of "yiscosity to facii 
ate heat transier for convection, lovy pour poia, 
to avoid solidification of the oi: oy cold, high 
i?lash 2nd fire goints to rainiraize disinger of fare 
&nd explosion 83d ov7 votiatiity to reduce evapo 
fa%ioa icsses. In addition the oil must ice resis 
&nt to oxidatio, and antist, se of such character 
S.S & Eesist entisifieation with Water. 

Sansfor near oils ordinarily are distiate cis 
Stefraed in Stach na:nner as to secure the specified 
charactaristics to as greai, an extent as possible. 
Achieverteai of satisfactory oxidation resistance 
is difficii, for whiie oxidational changes stre slow, 
transions oils are ordinarily expected to re 
i?nair in Service over iotag pariotis. Oxidational 
changes restii in the formation of insolabie mat 
tier or sludge. The slidge tends to reader thaoi 
anote Gaiscible with 7ater, with production of 
efatiisioias it the presence of condensed water and 
a consstyle at degradation of the dielectric grog 
eries of the oil body. She sludge also deposits 
on the windings and core with reduction of the 
efficiency of heat transfer. Oxidation of trens 
former oils tends to be promoted by contact with 
retals, especially copper, and with the usual 
warnishes and insulating materials. 

Warious materials have been proposed for in 
corporation into transformer oils with the ob 
ject of inhibiting oxidation, and some of these 
have come into use. The usual anti-oxidants may 
be divided in two principal classes: (1) those 
which are associated with a lengthening of the 
induction period, that is the time which elapses 
before appearance of sludge in the oil subject to 
oxidation, and (2) those which reduce the amount 
of sludge formed per day after it once begins to 
fortin. In evaluating oils containing anti-oxi 
dants, the most useful criterion is a value which 
takes into account both these characteristics, viz., 
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for in a definite aaouat of siudge, say (9. percent 
by Weigat, of the ol. 

have discovered a fewy class of acatioidant 
compoads which bring acout both a lengthening 
of the induction period and a marked lessening 
of the rate of sudge formation thereafter, thea 
incorporated in transfor aer oils it even raininia 
ancunts. These antioxidants have certain other 
advantages. They are cite soluble in oil, aore 
so taaya Insany other sailoxidants, at age highly 
isode a gate, ereby raininizing gae azad 
ency to forgia 3380s enlisios. Also they sire 
non-acid and do not deleteroisy affect the scii 
nurner of the transfor as to the incorporate 
there. 

these agaioxidant eogacards are aisy ssists 
of an arease coic acid Eiich cass e Eseries 
seated by the sistian irrals: 

HN-R-3-O-R 
. . . . . 

Where , essesses a sayisee gig is a 
8 - : 

ling a short chaia aty gig, Sirties airly 2 
of Ortho-aning-terizoic acid, e ii-satsage:S. 
They are very effective is prevealizag 33 retari 
iag situdging 23 other Kidations f:533i E2a3io: 
of the eii. 

r. ne preferred entires of ais is 573 
tion, tae arioxidants empioyed are siggi esses 
of Oriac-Saint-cenzoic acid Winica csi ese 'egies 
Seited of the strica igina: 

Y –0-R 
8 
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- whereia R is a sacré chain asky group; these 

AC 
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esters being also on as alsy anthrases. 
For instance, neithy anthalate is a asya 
tageois antioxidata in transfore oils as other 
insulating oil compositions. It is readiy soluble 
in transformer oils and when incorporated in 
even minimal amounts effectively inhibits siadge 
formatio. 

Likewise, other alkyl anthranilates are useful 
and advantageous. That is, the methyl group 
(CH3) can be replaced by other short chain 
alkyl groups such as ethyl, propyl, amyl or butyl 
groups; ethyl anthrainiate, propyl anthraailate 
and the like being also advantageous and giving 
similar results. As a class, these alkyl esters of 
Ortho-anino-benzoic acid are readily soluble in 
the oil and are good anti-oxidants for the present 

the time required, under the test conditions, to SS purposes. 
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Further, the alkyl esters of other amino-ben 

zoic acids, wherein the amino group is in the 
para or meta position, are also useful. Instance, 
the methyl ester of para-amino-benzoic acid 
is an effective antioxidant. However, such esters 
are somewhat less soluble in the oil than the 
alkyl anthranilates. Nevertheless, they are suf 
ficiently soluble for the present purposes and 
improve the resistance of the oil to oxidational 
deterioration. 
In the broad practice of this invention, insulat 

ing oils such as transformer oils and the like can 
be advantageously improved by incorporating 
alkyl esters which can be generically represente 
by the structural formula: 

HN 

wherein R represents a short chain alkyl group. 
These compounds or antioxidants when added 

to transformer oils or.. other electrical insulating 
oils in small amounts, advantageously amounts 
corresponding to about 0.05 to 0.5 per cent by 
weight of the oil, effectively stabilize such oils 
against oxidational deterioration. For instance, 
the beneficial effect may be obtained with 
amounts as small as 0.01 per cent. In Such 
amounts they are readily soluble in such oils. 

In the following table comparative oxidation 
test results are set forth for oils containing these 
new antioxidants, for an untreated oil and for 
certain other antioxidants not a part of the 
invention. The test data reported in the table : 
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were obtained in accordance with the sludge . 
formation test for mineral transformer oils de- . 
scribed by F. M. Clark and E. A. Snyder in their 
paper entitled “Testing for sludge Formation in 
Mineral Transformer Oll” presented at the Thir 
ty-ninth Annual Meeting for the American Soci 
ety for Testing Materials. The test procedure de 
Scribed in the aforesaid paper was developed in 
collaboration with the laboratories of a consid 
erable number of firms engaged in oil refining and 
in the manufacture of electrical equipment. 

In this test, samples of oil are maintained in 
tubes containing copper wire at a constant tem 
perature of approximately 120° C. The tubes 
are open at the top to an enclosed air space and 
dry air is passed at a controlled rate of 1% 
to 2 cubic feet per hour through the enclosed . 
space above the sample tubes. Into each tube 
is introduced 22 grams of oil or oil composition to 
be tested, a number of tubes being employed. At 
prescribed intervals the tubes are successively 
removed and the amount of sludge determined. 
The results of these tests are reported in terms 
of the induction period, the percent of sludge 
formed per day and the total number of days 
taken to form 0.1 per cent of sludge. 
The oil employed in all of the tests set forth 

hereinbelow was a typical petroleum transformer 
oil, commonly used for the purpose indicated. 
The addition agents employed were as follows: 

Methyl anthranilate, designated as "MA' 
Ethyl anthranilate, designated as "EA" 
Methyl-p-amino benzoate, designated as "MPAB' 
Anthranilic acid, designated as 'A' 
2:6-di-tertiary-butyl - 4 -methyl - phenol, desig 

nated as “OP' 

The results of tests on the base oil alone and 
the same oil containing the above-mentioned 
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2,369,090. 
addition agents are given in the following table: 

of Total 
Induction f Test Transformer oil tin, for indu- fe No. composition period tion period sludge" 
day is 

day. 

1....... oil (no inhibitor)----..... O.S 0.000 O 
Oil--0.05%, MA w 20 0.007 23 

- Oil--0.97, MA- 20 0.034 3. 
-- 91-0.3% MA- 20 0.0015 
- Oil--0.5%, MA.--- 2.0 0.005 O 
- Oil--0.3%, EA-... 20 0.0027 40 

Qil-0.1% MPAB 0.0 (0.005 2 
- Qili. A-. 0.) 0.001 22 

Qil--0.3%, OP --- 12.5 0.0205 18 
- o;05% MA and 0.3% 10.0 0.047 32 

li------ o:3% MA and 0.3%, 3.0 0.0035 3) 

In the table, tests 2 to 7, inclusive, 10 and 11 
relate to improved insulating oil compositions 
contemplated in this invention; the oil composi 
tions tested being improved transformer oils con 
taining a short chain alkyl ester of amino-benzoic 
acid. For purposes of comparison tests on the 
transformer oil alone (1) and on the oil contain 
ing anthranilic acid (8) and 2,6-di-tertiary 
butyl-4-methyl phenol (9) have been included 
in the table. 
AS indicated in tests 2 to 5, inclusive, the bene 

fits obtained with nethyl anthranilate increase 
with proportions thereof up to around 0.5 per 
cent. In most cases the further increase does 
not further reduce the oxidation sensitivity of 
the oil. As methyl anthranilate gives good re 
sults, it is ordinarily employed in the practice 
of the present invention. 

However, as shown ante, other short chain 
alkyl anthranilates are likewise effective and 
may be also used to improve transformer oils. 
For instance, as shown in test 6, ethyl anthra 
nilate produces similar improvements. The use 
of alkyl esters of other amino benzoic acids is 
illustrated in test 7 wherein the antioxidant is the 
methyl ester of para-amino-benzoic acid and 
like improved results are obtained. Further, 
these alkyl esters of amino-benzoic acids may be 
used in conjunction with other improvement 
agents; they being compatible and miscible with 
such agents and oil compositions containing the 
same, as well as soluble in oil alone. This is illus 
trated in tests 10 and il wherein methyl anthra 
nilate.may be used in conjunction with an al 
kylated phenol having antioxidant properties, 
specifically 2:6-di-tertiary-butyl-4-methyl phe 
nol. As there shown, improvements are obtained 
which are not obtainable with either of these. 
agents. This is evident from the test results 
given ante. - i 
While this invention has been described here 

in with particular reference to transformer oil 
compositions, these short chain alkyl esters of 
amino-benzoic acid are equally effective anti 
oxidants and improvement agents in other forms 
of electrical oils, and insulating oils generally 
containing stabilizing amounts of these com 
pounds are included within the scope of this 
invention. ... - . 

What I claim is: . . . 
1. In the operation of electrical transformers 

containing a petroleum oil as the dielectric and 
cooling medium, the improvement which com 
prises insulating and cooling the windings and 
core of a transformer with a petroleum oil con 
taining dissolved therein a small amount of an 
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alkyl anthranilate having the following formula 

HN 

wherein R' represents a short-chained alkyl 
group selected from the class consisting of methyl 
and ethyl groups, the amount of said short 
chained alkyl anthranilate being sufficient to 
render the petroleum oil resistant to sludging and 10 
other oxidational deterioration. 

2. In the operation of electrical transformers 
containing a petroleum oil as the dielectric and 
cooling medium, the improvement which com 
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taining 0.01 to 0.5 per cent by weight of methyl 
anthranilate dissolved therein, the amount of 
methyl anthranilate being sufficient to render the 
petroleum oil resistant to sludging and other 
oxidational deterioration. 

3. In the operation of electrical transformers 
containing a petroleum oil as the dielectric and 
cooling medium, the improvement which com 
prises insulating and cooling the windings and 
COre of a transformer with a petroleum oil con 
taining 0.01 to 0.5 per cent by weight of ethyl 
anthranilate dissolved therein, the amount of 
ethyl anthranilate being sufficient to render the 
petroleum oil resistant to sludging and other 

prises insulating and cooling the windings and 5 oxidational deterioration. 
Core of a transformer with a petroleum oil con CHARLES E, TRAUTMAN. 


