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157 ABSTRACT

An insulating bil for usc in clectrical devices, compris-
ing & mixturc of trixylenylphosphatc and 10% to 40%
by volume of insulating oil having a viscosity of § ¢cp
to 15 cp at 30°C and sclected from the group consist-
ing of mincral oil, alkylbenzene, alkyinaphthalene, di-
allylalkane,  2-.diphcnylmethylether,  2-diphenyl-
isopropylether, paraffin hydrocarbon oil and naph-
*thene hydrocarbon oif.

11 Claims, No Drawings
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INSULATING OlL
BACKGROUND OF THE INVENTION

This i selates to i g oil
uscd in oil-filled or oil-immersed c!cclncal devices.
Insulating oil is widcly used in various types of elcc-
trical devices such as power cables, transformers, ca-
pacitors and 5o on. It has hithereto been customary to
. use mineral oil or diphceny! chioride as the insulating oil
for such electricat devices. Recently, such clectrical
devnccs tend lo become of greater capucity and more

sclected from the following group: mineral oil (to he
referred to as MO), alkylbenzene (o be refeered (o as
AB), alkylnaphthalenc (1o be referred to as AN), dial-
Iylalkane (10 be referred to as DAA), paraffin hydro-
_ carbon oil (o be rcferred to as PO), naphthene hydro-
carbon oil (1o be referrcd 1o as NO), 2-diphenyime-
thylcther (to be referred to as DME), 2-diphenyliso-
propylcther (to be referred to as DPE), etc.

10 DETAILED DESCRIPTION OF THE INVENTION
AND THE PREFERRED EMBODIMENTS
The combustibility and clcctsical characicristics of

“w

higher , s0 that the  TXP and the above-mentioned insulating oils are given
lmulnlmg oil used in them must have charactetistics to  in TABLE 1.
TABLE !
Characteristics Vll(ollly Specific Flach
¢p) Eadiy - poimt Combustiility

(o 30k [0 O
fnsufating
ot .
TP 103 200 Incombustible
MO ’ [3}] Cambustible
AB w0 136 -
AN s 140 .
DAA s 5o .
ro ’ 132 -
NO v (303 "
DME 13 134 -
DPE %] 130 .
[ fatics Diet [ Volume

constunt loss un“m resistivity

(ot 80°C) (Mem)

[ IO‘C)

Tnsutating
oft
TXP 399 o 1.0%10% 510
MO 220 o0i0 a0
AB 2.20 0.010 520
AN 247 0.010 50
DAA 231 0.010 700
ro 230 o010 «00
NO 2 0.010 as0
DME 340 0.06 s
DPE a1 0.06 1.0x10% 10

mect the tendncy.

Mincral oil alone, however, is combustible and infe-
rior in such electrical characteristics as dielectric con-
stant and visible gas generating voltage. While diphenyl
chloride is incombustible and superior in the above-
mentioned characteristics, it is very toxic to thc human
body so that the use of this compound is undesirable
from the vicw point of environmental pollution.

Accordingly, the primary object of the invention is to
provide an insulating oil composition which has good
charucteristics as such oil.

Another object of the invention is to provide an insu-
lating oil composition which is supcrior to mincral oil in
clectrical characteristics such as diclectric constant,
visible gas gencrating voltage, etc.

Another object of the invention is to prowdc such an
tnsulating oil composition as aforcsaid which is incum-
bustiblc and has no toxicity to thc human as wcll as
animal life.

Inacc with the i there isp d an
insulating oil composition which compriscs a mixture
of trixylenylphosphate (which will be referred to as
TXP) and an insulating oil having a viscosity of Sto 15
centipoises (which will be abbreviated to cp) at 30°C,
the amount of of the latter oil 10 be mixed with TXP
being 10% 1o 40% by volume of the mixture. The insu-
lating oil which has a viscosity of 5 cp to 15 cp can be

The physical properties such as viscosity, etc, as well
as the clectrical characteristics such as dielectric con-
stant, visible gas gencrating voltage, etc of mixtures
comprising TXP and 10%, 20%, 30% by volume, re-
spectively, of onc or two of the above insulating oils arc
given in TABLES 2 through 12 in comparison with
those of thc mixturcs comprising TXP and 45% and
50% of onc or (wo of those insulating oils.

In TABLE 2 the matcrial tested comprises a mixture
of TXP and MO, in TABLE 3 it compriscs a mixture of
TXP and AB; in TABLE 4 it compriscs a mixture of
TXP and AN; in TABLE § it compriscs a mixture of
TXP and DAA,; in TABLE 6 it comprises a mixture of
TXP and PO; in TABLE 7 it compriscs a mixture of
TXP and NO; in TABLE 8 it compriscs a mixturc of
TXP and DME; in TABLE 9 it compriscs a mixture of
TXP and DPE; in TABLE 10 it comprises a mixture of
60 TXP, MO and AN; in TABLE t ! it compriscs a mixture
of TXP, AN and DME; and in TABLE 12 it compriscs
a mixture of TXP, MO and DME.

In the above TABLES onc¢ or two of the insulating
oils are mixed with TXP. If three or morc of the insutat-
ing oils are mixed with TXP, similar results arc ob-
tained to those obtaincd from the mixture of TXP and
one or two of the insulating oils, as will be obvious to
thosc skilled in the an.
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“Fhe flash point has been measured in the following
manncr. ‘The oil whose flash point is to be tested is put
in a pot, which is tightly closed. The oil is slowly heated
while it is being stirred at a constant speed. A thermony-
eter is provided to measure the temperature of the oil
in the pot. When the oit approaches the expected flash
point, the stirving is stopped whencver the temperature
rises a predetermined number of degrecs, riy, 2°C,
whescupon a small window provided in the lid of the
pot is opened so that a 7 mm long Nlame is pul in the pot
$0 as to sce if the vapor of the oil is ignited. The lowest
temperature at which the vapor is ignited is the flash
point of that oll.

The comhustibility has been tested in the folfowing

H

10

4

to the slecve for three scconds, after which the flame is
moved away from the slccve so as 1o sce if there is a
burning flume on the siceve, In the TABLES, the word
*“combustibic™ means that there was a burning flame
undcr the above condition while the word *“incombusti-

ble™ means that there was no such burning flame.
The visible gas generating voltage has been measvred
in the following minncr. A voitage is applied 10 a sheet
of paper immersed with the insulating oil to be tested
and the voltage is increascd until visible gas is gener-
ated. The level of the impressed voltage at which visible
as is gencrated is the visible gas gencrating voltage. It
15 wel known that as the voltage impressed on the
oil-immerscd sheet of paper is increased, visible gas is

manner. A clean glass slceve about § mm in diameter 15 gencrated i diatcly before breakdown occurs.
and about 20 mm in length is dipped in the insulating  Therefore the visibie gas gencrating voltage can be
oit to be tested for onc minutc, after which it is taken  taken as a of breakd of the i ion of
out of the oil 50 as to be held horizontal for one minute.  the oil-immersed paper.
TABLE 2
Characteristies  Viscouhty Specific  Flash  Combunibility
1ep) gravity point
(a1 30°C) 50 0
Insulsting off
& volume ratly__
™r MO
% 10 " 109 Tncombustible
0 20 6 107 B
10 30 4 V.04 -
“© «© b1 102 . "
s a5 34 1.00 144 Combusible
0 S0 10 0.99 142 “

[ Diel Volume Visible gos
constant Yoxs tangent resistivity genersting
it 30°C) %) (em) voltage

(a1 80°C) {&Vimm)
Insuluting oil
& volume ratip
T IXP MO
0 10 0.21 1.010% s10
[ 20 0.20 §.5%10' 0
10 30 08 3.9x10% 63
[ 4 40 012 0%y 6.2
s 43 0.10 ox) 558
50 10 0.08 9.0%10' 8.2
Then s flame having a length of about 5 mm is applicd
' TABLE 3
Characteriatics ©  Viscosity Specific Flash Combustibitity
(13 geovity point .
(130°C) (m13C) ()
Insuteting off
& volume satio .
YXP A8
- 9 10 1 1.09 168 Incombustible
0 20 63 107 160 “
70 30 52 1.04 153 "
€0 40 o 1.02 143 ..
s 43 3¢ 1.00 148 Combustible
. 0 S0 32 094 14 "

[« i Di Di Visbl
constant foss tangent gene T3
(a1 80°C) %) voltage

(a2 RO°C) (kV/mm)

Insuluting oil

& volume ratio

TXP  AB

9% 10 5.06 (33} 1.0x10% $10
80 20 s 0.20 1.3x40% 370
70 30 e ols 40x10% 568
60 a0 302 0.13 7.2x40" s61
s 43 3.70 010 3x10% 363
30 50 350 « 008 98x10% 6.0

MONS 060422




3,959,162

s
TABLE 4
Choractecistics Viscosily Specific Flash Combuntibiity
(cp) gravity poim
(a1 30°C) @ISy (0)
Imutating oil
rolums o
AN .
» 10 kil (81 173 Incombustible
0 20 60 1.09 16} "
0 n a« 1.07 [£1] "
0 a0 b 1.08 154 "
35 43 2 1.04 153 Combustible
30 50 s 1.03 1% "
Characteristics Dielectric Dielectric Volume Visible gas
constant oss tangent reristivity generating
(at 30°C) (%) (N-em) voltuge
(a1 90°C) (kV/mm)
Insulating oll .
& volume ratio
AN
”° 10 s.28 0.20 10x10' 10
80 20 5.08 0.20 s
70 30 458 .17 9.5
0 40 4.1 0.13 61.0
38 43 390 0.10 615
30 50 3.80 0.09 9.0x10" 62.0
TABLE §
eristics Viscosity Specific Flash Combustibility
(<p) gravit point
woc) st O
tnsulating ol
A volume ratia__
P DAA
* 10 3 110 175 Incombustible
20 (3 109 164 -
70 0 4 107 160 -
0 40 3 1.08 152 .
35 L3 3 1.0 150 Combustible
0 0 k] (K1} 150 ”
Ci Iath O h ielectr Volume Visible gas
consiant loss tangent vewittivity generating
(at 90°) (Rcm) volage
{at §0°C) (kV/mm)
Insultsting oft
& volume ratio -
™ DAA
% 10 5.26 0.20 1.0%10" 60.0
0 20 s.06 0.20 2.0x10" 59.0
70 o 438 0.20 4.0x10" K]
[ 40 4.96 0.14 7.0%10" 628
$s 43 3.8 008 B.OxHO" 6.0
30 $0 387 007 8.5x10" (3R]
TABLE 6
Characteristics Viscosiy Specific Fluh Combustibility
(cp) gravity point
{at 30°C) (m 15°C) (3]
insvisting ol
& yolume ratio
T™? o .
°0 10 % "o tncombustible
80 20 (1] 160 "
30 a 156 "
[ 40 35 s "
38 4 n 14 Combustible
s S0 30 192 "
Characteristics = Dielecirle Volume Visible gas
constant rvesistivity generating
(ot BOYC) (%) (N-em) voliage
(a1 90%) (kVimm)
Insulati
& volume ratio
TXP [
90 10 £ 1) 020 1Oxi0* 570
4.96 020 36.5
70 30 450 0.4 560
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TABLE 6-continued
Characteristics Viscorlly Specific Fiarh Combustibitity
< vt point
30°C) (a1 15°Cy ')
[ 40 4.04 .02 2.0x10" 35.0
33 a3 3.62 010 X 10 3.0
0 S0 344 0.08 9.5x10" 51.0
TABLE 7
Characteristics

Vl;(u;(ly Spet;:\c Flasn
€| ravity int
(a1 30°C) ) ?4‘)

Combustibility

Insulsting oit

% _volume ratio

e NO
»®0 10 76 130 (33 Incombustible
0 20 (3] 1.08 163 o .
70 30 46 1.08 150 "
(4 4@ M 1.03 s "
s 33 » 095 146 Combustible
30 0 » 091 144 ”
©» i * Volume Vhible gos
constant Jots wangent resistivity .muluP:.
(» 30°C) (%) (em) age
(a1 90°C) {XVinm)
Insulating oll
& volume ratio
XP NO
L3 10 0.20 1.0x10% $1.3
0 20 0.20 Loxio" 370
70 30 0.8 N 363
[ 40 0.2 $so
95 43 0.10 $40
30 S0 008 530
TABLE 8
Cheracterstics Viscosity lp«uk Flash Combustibility
{ep) ravi nt
[ ’%’C) (l“ 15°C) T"él
Insulinting off
& volume ratio
TXP DME
* 10 80 110 Incombustible .
0 20 s .09 "
b » 38 107 . -
0 40 b 1.05 _—
£ 43  od 103 Combustidie
0 50 26 1.02 .
<l Tk W Volume Visible gas
constant foss Langent resistivity gonceatng
(a0 30°C) (%) (Mem) voltage
(a1 80°C) (WV/imm)
Insulating oll . M
& volume satio ‘
TXP DME
L4 10 S48 0.30 1.0x10% 600
80 0 3.20 0235 2.0x10** 1.0
ki 0 $.08 02s 3.0x10" 1.3
[ 40 4.60 0.20 7.9%10' 620
3s 43 4.50 o.18 2.0x10" 860
30 30 4.40 0.17 2.3x10% [1X)
TABLE 9
Charscteristics Viscosity lmd'ﬁc :5:? Combustibitity
(cp) gravit "
[ )%’Ci (3 IS‘E) {°Cy
Innututing ot
& volyme ratio
™e PE
0 0 3] 110 m Incombustible
0 20 * 1.08 168 . “
10 10 (1] 1.06 160 "
40 40 9 1.08 150 "
35 43 40 1.03 146 Combustible
0 30 3 1.02 142 .
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TABLE 9-continued
Characicristics Viscoslty Specific Flash Combustibibty
{cp) graviy point
{1 30°C) (ot 18°C) (A4)
Characterhtics Dielectric Diclectric Volume
los tangent resistivity geners!
(f2-cm) vollag
(at 80°C) (EVimm)
Insuluting oil
& yolume ratlo
TXP  DPE
90 .0 4.78 0.31 1.0x10%* 39.0
0 20 365 0.2 2.0x10" $9.0
0 30 $.50 024 0.3
0 40 5.08 0.20 o
38 48 4.8 0.13 s 620
30 so 4.70 0.16 2.0x10% 6.0
TABLE 10 .
Choracteristics Viscosity Specific Flash Combustibility
(cp) gravity point
(st 30°C) (ot 15°C) 1°C)
Insulsting ol
& volume vatio
TXP MO AN
0 s £} ” 1.09 166 Incombustible
w0 0 10 (2] 107 162 -
70 10 20 4 108 156 "
(] 20 20 » (X 2] 150 "
35 0 3 32 102 146 Combustible
0 0 3 101 145 "
Ch b Volume Visible gas
constant foss tangent Tenistivity generating
{01 30°C) (% (fem) vollage
(=t 80°C) (WVimm)
[ntulating ol
& volume ratio
TXP MO AN .
3 S 3.13 0.20 1.0x10% 51
0 w0 10 491 020 1.8x10* se.0
10 0 20 447 0.3 4.0%10% 390
20 20 407 0.12 7.0% I0% 8.0
$3 28 308 .10 2.0x10" 18
30 10 30 3.68 0.08 2.0x10' 38.0
TABLE 11
Characteristics Viscosity Specific Finsh Combustibility
{cp) gravity point
(at 30°C) (nt 15°C) °C)
Insulating oll ,
& volume ratio
TXP AN IME .
0 3 3 []] t.14 166 Incombustible
50 0 10 L3 il 158 ”
° o 0 4 Lo? 154 -
0 20 0 4 1.04 149 -
38 30 28 - 1" 1.02 7 Combuntible
50 30 » 3 100 145 "
o ot ! Volume  Visible gas
. constant loss tangent resistivity
. (01 30°C) %) (N-em)
- (0t 80°C)
nsulsting oil ~
& volume tatio
TXP AN DME
90 s s S 020 1.5%10" 80
0 [[] (14 523 0.28 578
0 0 20 49 0.24 593
60 10 20 454 0.20 6.8
55 30 25 426 0.16 (33 628
50 20 30 4.42 0.48 8.5x10" 62.5

10
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TABLE 12
Chutuctertisties Viscority Specife Flish  Combustibility
{ep) grovit point
(m30°C) (at 15°C) °Cy
Insututing ofl
o~ & volume ytio
IXP MO LML
$0 s 3 82 2 (133 Incombustible
"0 10 1] 8 1.9 156 -
70 0 20 ss 108 152 "
[ 20 “ Loy 1497 "
1 Ld 30 E33 40 1.02 145 Combustible
0 2 30 38 " " g
Chatarterivties Dielectiic Dielectric Volume Visible
constant Joss tangent teristivity generating
{at R0°C) (%) (Dem) volage
ot 80°C) (kVimm)
Innulating ofl
. & volume o
TXP MO DME
0 s 3 .32 028 1.5%10" 570
0 10 10 3.0 028 2.5%10" 570
10 20 4.8 0.28 Joxior 51.0
40 10 20 432 0.20 2.ex10" 56.0
s 30 20 402 017 4.5x10" ss.8
50 20 30 423 0.(6 n.7x10" 56.0

From the above TABLES it is apparent that the mix-
tures preparcd in accordance with the invention have
higher diclectric constants than that of mineral oil
which is 2.20 at 80°C. Also the mixed oils of the inven-
tion have higher visible gas generating voltage than that
of mincral oil which is 47.0 kV/mm. This means that
the mixed oils prepared in accovdum:c with the inven-
tion are superior to the con tating oil com-
prising mincral oil alone with respect to diclectric con-
stant and visible gas genemmg voltage.

electrical characteristics such diclectric constant, visi-
ble gas gencrating voltage and have little or no toxicily,
so that the oil compositions of the invention are highly
valucd in industrial usc.

30 What we claim is:

L. An msuln(m; oil composmon for use in electrical
devices, i hosphate and from 10%
to 40% by volume ol‘ |nsulllmg oil h-vm; a viscosity of
5 cp \o 15 cp at 30°C.

With respect to combustibility, mineral oil is 3s lating oil for use in electrical
tible and the milluvcs which comprilcs TXP and 45% dcwccs i ylenylphosphate and from 10%
and 50%, respectively, of the i ng oils arc also  to 40% by volume of A tmgle kind of insulating oil

combustible. AB, AN, DAA and all the olher lnml-hn;

having a vnscoslly of 5 cp to 10 cp at 30°C.

olls to be mixed with TXP are individ 3. Ani 'g ol position for use in electrical
20 that if the amount of lhc oil mixed mlh TXP ds 40 devices, g trixylenylphosphate and from 10%
50% by volumc thc i will app ly 10 40% by volume of a mixture of a plurality of insulat-
Therelore, the imum volme ing oils having a viscosity of 5 cp 10 15 cp at 30°C.

of the insulating oil or oils to be mixed with TXP is 4. The ition of claim 2, in said insulat-
determined to be 40% $0 as to prevent the resultant ing oil |s ] mmcnl oil.

i from b 4 position of claim 2, wherein said insulat-

From the above TABLES it can be scen that asthc  ing onl u an alkylbenzene.
volume of the insulating ofl or oils to be mixed with 6. The ition of claim 2, wherein said insulat-
TXP Is increased, the dielectric constant of the resul- ing oil l: an n|ky|nuphlhalene

i b fower. Th the volume to 7. Th ition of claim 2, wherein said insulat-

bc mixed with TXP should not be very large. 0 mg oil is Zmphcnylnwlhylclhcr

The experiments have disclosed that TXP alone is The ion of claim 2, whercin said insulat-
incombustible, Howcver, the viscosity of the com- mg ol i u Z-dlphcnyllsopropylclhcr

und is as high as 76.0 ¢p, so that if it alonc is uscd as of claim 2, in said insulat-
romlnlmg oil in an elcctrical device, problems occur  ing oll ls 2 pnrn!ﬁn hydrocarbon oil.
duc to its poor cooling effect and low degree of immer- 33 - 10, The ition of claim 2, wherein said insulat-
sion. ing oil is & nnphlhenc hydrocarbon oil.

Unlike diphcnyl chloride, the mixed insulating oils of 31, The position of clalm 3, wherein said plural-

the invention have little toxicity, so that their use in

elcclrlcll dcvlccl arc desirable from the vicwpoint of
I and sani

Al can bc scen from lhc forcgoing description, the

of this invention arc incom-

busliblc and :upenor 10 the conventional mineral oil in

ity of insulating oils are selected from the group con-
sisting of mincral ouls Alkylbcmcnes llkylnnphlhn
60 lenes, 2-diph h
Kropylclhcr pavaﬂ‘m hydrccnrbon oils and mphlhcnc
drocarbon oils.

. e
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