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Tit presert invention Teiated 1o electneal devices and
ot particularty deals with apparaius ¢ompnsing
_rbisauen of electrcity conducung elemenis and di-

¥ reone msulsuog media,

The use of & dicleetnic 1 required io certmn electrcal

L ;. pment for the purpose of remowing heal and of aliaw-
¢ 2;ibe making of electnical contact 1o the abseoce of ar
‘ o of explotive mxtures. The requiremenls lor such
} iwcunes are, among other thingy, very bigh resistance
© ke fow of elecinie currens, high stabiliy (0 atmos-
+ ;ioc condilions b ordimary sod at somewhat elevated
L mperstores, bigh resutaace 0 thermal decompoution,
{ 4w vapor pressure, low congealing tempersture, low ibe
Vo mmebiity snd tugh flash pont,  Preferably the di-
' cenine should pe a motnle hiquid even at relauvely low
«~neratores and should be a good beat transfer agent
l " j2 commerciat practice, bugh boihng fractions of pe-
seum dutillases have beeo largely used for (b purpose.
These bquids do not sstisfy all of ihe above-stared re-
\rtments. They are relatively poot hest tramafer ag-
~y and under the conditions of their ute they gradually
wompose with he formation of undesirable producta
, “brbagvenseiy mfiucnce the electrical properties  Some
. ¢ these products are tarry, and otbers are appreciably
! w.rle asd may present fire and explosion hazards.

Acather disadvastage of the cuneral oils is that they
Ui to form depostte geoerally kpown s "slpdge™ duncg
o renod of thear use.  This s due to oxidation and de-
~~pauli0n ANd aise resulty to some extent in the formae-

. aof acdt which 8 equalty undeurable. The sludpng.

. t"detecincs during use is & senous disadvantage and ro-
¢ ¢.es tyiher replacement of tha oil of treatment (o IEthOve
I waludge and revivifly the dielectric. A satisfactory &-
v oainne qud sbould oot sludge or undarge substantial
< 4'pmous change duning wae and it is one of the objects

t"1hs invention to provide a liquid which does not possess

3 wdcaurable disadvantage characieristic of the mineral

[ %] .
1 Toe undestravi affect of decomposition is further musi-
v vl when the miniral oils ars wed a3 capacitor im-
mrmots,  Thes, soder high opsrating tempersiures and
b currest voltages, capacitoty impregoated iberewith
" 2lrzo a charscieristic type of deterioration which re-
' 15 e ever jncreating leakage curtent, a short capaci-
< wie, visible localized decomposition of the dislecing
«d cortosion of the elecirodes Morsover, in Lhe case
' “apatiiory operaling on altermating current, the de-
} ““mestion sometimies results 1 Bn excessive jDcTease 18
, Xt factor [ the dielectnc matenal.
¢ W, therelare, an object of the present invenyom to
"7 gt 2 method for the iasulation of elemenls 1 elec-
“~dapparatug wherein the above pbjcctionable propers
Tt either completely eliminated or substantially re-
Al
3 1ditiona] object in 1o provide transformery, capaci-
"V nttwt breakers, cabies, switches, {uses, resctom,
“hion and U Lke Whereig the deleterions action com-

2 .

moa 1o the pnor art dielectric materials tuch s the de-

1erioralion of paper iosulahion ssd metsl party  ehoun-

ated or matenaily reduced Sull snother obpet u 1o

provide eicctnical Lpparatus baviog a loag, useful tile sad
§ good diclectnc stabilny,

According 10 the invention, these and olher ohjecu
whicth will be berioaficr disclosed are provided by tha
following inveption wherein thefe 13 provided elecinical
apparatys compriwng, (0 combnation, conducting ele.

16 ments disposed 10 spaced relationship 10 each Other and
adapted dunog operatos of the apparatus, (0 have @
difference in electneal potential thercbetween and, in-
terposed betwetn mid tlemepts for iosulating one from
the other, & hquid dielecine mediugn comprising an etber

15 of the formuls

in which R is selected from the class comasting of the

¢g furfury]l and the tetrabydrofurfuryl radicals sod X »
selected from the class cooeustiog of chionne 1ad the
ndical m=-O—R,

Compounds having the above formula sre readily pres
pared by hestipg tnchlorobenzene with furfuryl or tetra.

30 bydrofurfuryl alcohol 1p the presence of 2o alkah meual
bydronude, | ¢, sodium, polassiym of thium hydroxde

One clam of compounds of the sabove formuia includes
the 2-{dichlorophenoxymerthyl)furans or the 2-{dichloro-
phenorymethyl}-tetcabydrofurans, eg., 2-(2,3-dicbloro-

35 pbevoxymethyl}urss, 2-(3.5.dichloropbenoxymethyl)«
furan, 2-(2,6-dichlorophenoxymethyi)furan, 2 - (3 .4-d3
chiorophenoxymerhyl)etrabydrofuran, 2 - (2.5-dichloro-
phenoxymetbylJtetrahydrofuran, 2 - (3,3-dichioropben.
oxymethyl}furss, 1.()4-dichlorophenoxymatbyl}furag,

<0 eic.

Aungther presently useful class of compournds having the
above formula aod preparad by the condensation of a ine
chilorohenzene with furfuryl or ietrabydrofurfuryt alcahal
includes the bis(furfurylozy )chlorobenzenes and the biy-

« {ietrahydrofurfuryloxy Jchiorobenzenes, eg, 2,3 - bis -
{1etrabydrofurfuryloxy jchiorobenzens, 1.5 - bis{furfury-
loxy )chiorobenzens, 2.5 - bis{ furfuryloxy Jcbloroben2ene,
3,4 - bi(tetrabydrofurfuryloxy)chiorobenzepe, 2.5 - bis-
Uetrahydroferfuryloxy ychiorobenzene, 2.4 - bas(furfure

sa Yioxy)chliorobenzene, 2.3-bis(furfurylony)cblorobenzene,
[ (]

Formation of the present ethery occurs by replacement
of toe or two of the chlorine atoms of the tnchlotaben-
zeas by ome or two furfurylony radicals  The replace

&6 el resction iakes place readuy by heanng tbe tn-
chlorobenzene wub furfuryl or etra-bydrofurfuryl alco-
bol in the presence of an &ikalj metat bydroxide  Since
tha reaction may regilt in the replacement of more than
One chlonne atom, when denring a preponderance of the

0 substtution of oaly ooe ¢hlorne atom by the furfuryloxy
or teuahydrofurfurylony radical, it is penerally advisabls
to use a jerge cxcess of the tnchiotobenzene On the
other hand, when the major product to be obtained s
the diether, an cxcess of the furfuryl or tetrahydrofuss

o8 furyl alcobol 1 sdvanageously used The quaniny of
alkali metal bydroxmide empioyed is also somewbat con-
troiiing 10 the type of product obtwned, Hydrogea
chloride 13 hbermted an the ceplacement of the nuclear
chlonge by the furfuryloxy or tetmbydrofurfuryioay

1o Wucty of the alcobol and i order to obtan good yields
of ciher Lhe Mmobo-sther or the di-sther, there shouwd
be prasent in the resction miziwe enough of e alkss
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to neuirnlaze the lberated acid. Upually from one to
two moies of the alkah melal bydroxide per mole of the
furfuryl or tetrahydrofurfuryl alcohel is used  An ex-
cess of sodiwm bydromide is oot detnmemial to the re.
action, whereas & molar quanuty which 1 substantially
1sss (had that of the alcobol i3 conducive 1o lower yields
of cther producy,

The rrocuoa ma abd iemperalure appears 1o have
Lice, f any, cftect on the nature of the cther product,
Although s primanly formed mono-ether wiil react with
another mole of {urfuryl or tetrshydrofurfuryl alcobol
o yield a ds-ether, higher temperalures or continued heat.
1og do oot suffice o effecting sudstanual conversion to
the di-ether An excess of ope of smd aicobols over
Wai required foT replacement of one chlotine atom

- should be present in order to obtain any substantial {or-

maton of the di-ether. Whether the reactsnt gquanuties
present are those which favor mono-substiution {excess
of tnchlorobeazene) or whether the properues are such
as (o favor di-subsittutor {cxcess of one of said alco.
kols). ether formution occurs afier heaung al a tempera-
wre of from 100° C. o 280° C, snd preferably of {rom
125 C to 200* € for & ume of, say, several hours
to 8 day. The progress of the reaction caa be geaerally
followed by nouog the aikalinity or the quantity of water
baing formed  While provision for removal of water
duning the reacuon s DOl required, better yields of ether
product and & ready means of determining reactiot Saie
are aforded by operating 1o & Teaction vessel which i
equipped with some wajer-removing {acility, ¢ g., » water
uap or 1ake<off head.

Although, as above itated, reaction of the trichioro-
benrene and the forfuryl ot teushydrofurfury! alcobol
can be so directed as to result in & preponderance of
either mopo. or diether {formation, generally the product
copiyns muxiure of the twod 1o yarymg proportions
Thess can be readuly separsied from eazh otber and from
any upreacied sl muerial and/or from apy diuent
by Iracuona! distillaion. Whila the preseni coodenss-
uon reaction tahes plisce in the sbsesce of sny extran-
sous solvent or difugnl, resction may be Iacilitated by
operaung 1o the prezence ol an inert liquic as solvent ot
diiucot, e, toluene, xyleoe, eic.

I bave fovad that the present furfuryl or tetrabydro-
tusfuryl chioro-substituled pheayl ethers setva a3 very
useful dielectric media when 10ierposed jn electrical ap-
paratus between metallic coaducting elements bat pave
a difference 1n potentini durning operstion of the appars-
nus because they are very stable ligiuda which possess
good diclectric sireagth, low power (acior and good ohm
resisuvity,  They ate particularly valuable as hquid mn-.
pregaants 1o capacilor snd cable manufaciore, as transy-
former coolanis, and ip ihe fabncution of swich gear.

Chanetenstics of the present chioro-ethers ars such as
to render them parucularly valusble as impregnants foe
celluiosie tnsulatung thaternsls, It 1w known in the sst
that umpregnation of cellulosic materials, o.g., wood pulp
paper, cotion, cotton fabric, cellulose acetste fibers and
textiles, by certain liquid dielectrics provides as insulate
iy maleral baviog 3 dielectric constant which » much
higpber than that of e¢ither the celiviotic material before
wumpregasuon or of the liquid dielestne. Some of the
first hquids wsed for this purpose wete mineral ods, the
diciecuric sirength of oil impreguaied paper baving been
reported by Baley (Readie Eopimeenng, 17 17, 1S
{1837)) 10 be 15 times s high as thal of the o alone.
However, because muneral oils are readily exduzed, thewr
uscfuiness &s insulating media and aa impregnauag agents
{or cellulosic maierials has peen Lmited in that exporwrs
10 sir, sunlight or moisiure often leads 10 gas formation,
fiscous wonization atd formaucd of wax, These changes
affzct power facior siabduy,

Although wood pulp paper, alona, has good iavalating
Propestits, it 15 also affected by exposure 10 mir, particu-

£6

0

4

{ ]

4

chanical deterforation is reduced by umpregnating the In.
suianon with o1, this was of hitile advantage as noted
above Accordingly, the an resoricd to other impreg
oaung agenis, particularly the highly chiorinated arar
mauc bydrocarbons  These materials have diciectiw
sirengtby which are higher than those of the mmeral ouly
Ia addiyon, they sz& nop-famunable and more stable 10
the wnfluence of mir, moisture and light. However, their
geoeral uulity hes been somewhat hampered o that ynder
high opersting temperatures and voltages decompowtion
of said highly cblorinated hydrocarbans i3 mantiesied
Hydrogen cbioride 13 evoived; and this attacks not only
the paper which had beea impregnated but alwo the metal
poruons of the capacitor.

Tue presently provided cthers ars high-bodwg ma-
tenals winch possess high resstiviues and Jow power
factorn. Thew stability 10 bigh remperatures is evi-
denced by litie or bo change 1o power factor reading:
after heaung for 14 hours at 100" €. Their stabiduy
is turther dlusirated by coatinued high resishivities, which
wndicates {reedom from conducting jons which would be
ptesest if decompomtion of the ethens had occurred
The pseacnt einers remain liquid al low tempersiures,
whereby there is avoided a decreass 1 dielecine con-
siant due 10 {reezing of the dipoles.

Toe above characterisucs thuy apeak for erupeat swt-
ability of thess cthers as unpregnating agents jor cellu-
lone materisls, and ao embodument of the present nven-

Jfioa js the provision of unproved eeilulonic insulaung
agents comprisag porovs materialy derived from cellu-
lcse, &4., pulps, fibers, textiles or papers denved from
wood, collon or lioen, which porous products have beeg
impregnaied with said etbers, A noleworihy featurs of
the prasent izvention is the provision of e capacitor com-
prising & pair of elsctrodes and an insulaung agent asso-
ciated with each of the electrodes and isolating them from
each other, said insvlaling ageat comprising A celluiome
material impregasted with the preseat ethery.

Exampiss of electrical apparaius in wihuch the present
furfuryl or tetrabydrofurfuryl chlorioe-wubstituted phenyl
cihery are valuabls components Are shown i We KO-
panywng drawng.

Fig | is o front elevation partly wn sacion of & tram-
former; Fig. 2 Jlustrates s awitch in a amuder manser,
Fig. 3 represents a rolled capaciior; Fig 4 showa a sec.
uonal view of a portion of the ehecirodes and dislectric
abects of Fig. 3; and Fig. 3 n a mde view of a cable,
the canng belog paruy Temoved to permut the wterior of
the parts to by seen.

The tmnsformer illustrated in Fig. | compnses & caning
1, core 3, soils 3 insuiated with manils paper, kraft paper,
cotton or other fibrous insulation, insulaung sad coohng
wediuzn 4, lead-in bushuaps §, and sustable leads € con-
necied 10 the ¢oil assembly, Tha insulateg and coolug
wedium may consist of an ether such ay 3-(dichloro-
pbesoxymethyl ytetrahydrafuran which may be employad
as such or in combinavon wth & hghly chlornated bi-
phesyl such as “Aroclor” (mapufsctured by Monsaow
Chemucal Co., St Louis, Mo.). Thess two compopeats
may bo employed 1a proponions such as from $0% to
0% by weight of one or mors of the prerent ethers with
the bulance being the Arocior. Liquid bydrocarboos ot
other helogensied bydrocarboos or muxturea theroof msy
zisa bs wed in combinanon with the furfuryl or tetrs.
bydrofurfuryl chloro phenyl etbers ma diclectric medn,
¢.5., ptiroleum oil, balogenaled compounds of papbthal
sne, toluene, benzeae, aurokipheayl or diphenyl otide.

The swiich shown in Fig. 2 comprises 2 canog 7, Axed
contacts 8 apd 9, and movable contacta 1% spd 11 which
co-operale therewnth. The movable coniacts are mounted
upon a support 12 which in turn is operatively connected
to actuatiog levers 13. A sujable arc-quenchung bqwd
which may bo used in Uus device, eitber as the sols di
eleciric, Or in cominnation with a minor ioa of a

lasiy at ugher teruperatures. While the 7aie of me 76 petroleum ol o a balogensted bydrocarbon such o
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» thly entorinated biphenyl, 13 bu{tetrabydrofurfuryloxy)
- orabenzend

The capacuor shown in Fig. 3 13 made up of alternate
.ers of metal foil such as alumunum or tin fou separ-
oo by shee's nf dielecteic matenial, Fig 4 shows &
wr..on of onc turn of the finished relled capacitor tihas-
1 ng the aliernate clectrodes and diclectric layers. De.
¢ of the conuructian of the paper capacior sre sct
fo ' here By way of illusteation '

Tyeec chee's Of tiue paper (preferahly hraft capaci-
wr nsue), are siachcd upon ecach other, and a thin
Jeennum foi] (about 00003 an thichncss) ta jmd on the
s shect of ussue.  The foil 1s then covered with three
m‘orc uheets of the tissue and another sheet of the foul 1
o vced thercan so that the two sheets of meal foil are
wensrated from each other by the paper  The stack of
r'crnaung layees of metal foils and tissues thuz ob-
concd 15 wound 1nto & cyhindnical roll.  This as placed n
. contanee, and ar this paint elecirical connecting
~eans, € ¢, wire ot bat conductors, depending upoa the
\1¢ of the assembly, may be connecied to 1the metal foil
» lnown mannet  After drying, preferably in a heated
\.cuLm oven onc of the present ethers, such as 2-{d1-
Slorephenoxymethy ) tesrahydrofuran, .is added to the
contaner v a quanity sufficient lo impregnate thor.
ouzhiy (he papet conlent thercof. The container is then
waled

Aliernat cly, and partienlarly in the manufacture of

4]

she smail tems, which for the sake of economy are °

touscd 0 paper iubes rather ahan in leak-proof con-
winers, the tissue paper 18 impregnaled with said tetra-
wdip furan compound previous lo inerleaving with the
metal [eu} 1n the manner described above,

The cable of Fig 5. comprisca a core 14, cable con-
setors 15, nsulation consisting of paper or other suit-
:Me matersal 16 and a casing 17 The space beiween
e insulated conductors and the casing 18 filled with one
af the present ethers, e.g., 2-[{dichlorophenoxy}methyll
furan, or a mixture of said furan compound with substan.
nally an equal part by weight of partully chlorinated bi-
shenyl having from 30 to $5% by weight of combined
¢hlonne

The wnvention 15 further iuatrated but not Limited by
vx following examples.

Example 1

Tewrshydrofurfuryl alcohol was reacted with trichloro-

Narenc as follows:

To a 2-Iier, 3-neck flask equipped with stirrer, columa
.rd Dean-Stark trap there was charged 2.5 moles (454 3.)
of 1.2.44richlorobenzene, 3.75 molea (383 g.) of re-
Jalled tetrabydrofurfuryl alcohed, B.P. 75° C.-80°
(/20-15 mm., 3 moles (120 g.) of sodium hydroxide
a4 250 g. of tolucne, The mixture was beated 10 152°
¢ within about 2.0 hours and at from 152*° C, to 130°
C for $ hours. Dwring the heating period 56 cc of water
i+l 140 g of toluens was collected. Afrer allowing the
suling reaction mixture to cool, it was oeutralized to
ihenolphthalein by (reatment with 18 ml. of concentrated-
étochlorie acid (equal fo 022 mole of HC) and di-
Vied with $00 m} of water, whereupon most of the pre-
«eed sodium chlonde went into soluton. The whole
wi then diluicd with abour 700 mi. of ether, and fil-
wed  After allowing the filtrate to stranfy, the orgamc
‘wer which formed was separaicd and the squeous layer
vy wyshed with cther, The ciher exiract thus obtained
vs combined with the first orgamic layer, and the com-
‘ned product was washed with about 100 ml, of water
w1150 ml of brine  Distillanon of the washed, orange
wud thus obianed gave (1) $49 4 g of the substaatially
rot 2-(dichlorophenoxymethyldicirahydrofursn, B P,

W-150°C /0410 mm and (II) 411 g of the di-
tter,  bis(tetrabydrofurfuryloxy)chlorobenzene, B P.
9-264* C./08-1.0 mm A parrow cut of (I) B.P.
4140° €70 6-0.8 mun,, analyzed s follows:

30

t ]

4k

55

{4

Found Caied for
CulinCh0s
X &«
49 4 45
an an

apalyzed as foilows;

Found Cale fnr

CulinC10,
L [A— percent. “m )
T 40, ... Kl L )
Lo T o R * SO | 1] us

Based on the charged 1,2,4-trichlorobenzene there was
obtaincd 89 4 percent conversion to mono-cther and 50
percent to di-ether. The 2-{dichlorophenoxymethyl)tet-
rahydrofuran thus oblasined was found to have & volume
resistivity of 55 X 107 ohm -cm. at 25° C., a pour point
of minug 35° C, and the foliowing dielectric consiant
and power factor values at the frequencies and tempera-
tures noled below:

Dislettsic Constant Powar Factor
Tost Fr
0 e C, we 0y C.
KL Liannaiirarad! (Y] Ly 02 1
17 ) 7 [ V] | 3 ui o.ﬁ

The low power factor values at both fest frequencies
and at both test temperniures show very good stabiuy
of the 2-(dichlorophenoxymethyl jtctrahydrofuran. Pow-
er capaciors in which the present ether is employed for
impregnating the paper are parucularly useful in that they
may he used without {reezing of the dipoles at tempera-
tures which approximats the low pour paint of this ether

Testing of (I}, 1e., the bu(tetrahydrofurfuryloxy)-
chlorobenzene, slso gave good results, the dielectric con-
stant and power factor values of {11} bewsg found o be
10.5 and 1.1% reapectively at 100 k¢, and 25° C. It is
advantageously employed a3 an arc-quenching dielectric
in the manulaciure of switches {sce Fip. 2). Because
{J1) bas a solidifying point which Ia approximately that
of (I}, a mixture of (1) and {I1) may bs smployed as
tha impregnating agen! in the preparstion of paper ca-
pacitors a3 Lransformer coolants,

Exampie 2

This example describes the reaction of 1,2.4-trichloro-
benzene with tetrashydrofurfuryl alcohol using greater
gquantitses of reactant than those employed in Example
1. A mixtare consisting of 6.75 moles (1,220 g.) of
tha tachlorobenzene, 10.15 moles (1,035 g) of nid
alcohol, 8 moles (320 5.) of sodium hydroxide and 200
ml. of tolucoe was hested at a temperature of 140-172*
C. for sbout 7 hours while collecting 154 ml, of water
of reaction as it was formed. The reaction mixture waa
then diluted with 1 liter of waler and neutrahized with
0.38 mote of hydrogen chioride. The organic [ayer
which scparatcd was washed with water and brine and
made alkaline 10 pbenolphthalein in order to remove
any pbenol which mught still be present. After sub-
sequent neutralizing, fillenng, and heating of the filizate
at 150* C./18 mm, in order 10 remove walter and other
low bonling matenals, the residue was fractionated to get
1125 g of (1) the substanually pure 2-(dxhlorophenoxy-
methyl)tetrahydrofuran, B P. 135-142* C.706-0.7 mm
analyzing 53 38% C, 496% H, and 28.07% Cl and
88 3. of (11) bis(tetrahydrofurfuryloxy)chlorobenzene,
B.P. 180-200* C./0.8 mm. analyzing §].00% C, 6.71%
H, and 11.44% C. Based on the charged 1,2,4-tn-
chorobenzene, there Was obtained 89.5 percent conver-
sion 10 the mono-ether and 3.7 perceat to the di-sther.
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Example 3

A mixture conssting of 9 moles (882 g) of furfuryl
alcohol, & moles 1086 g ) of I.2.4irichlorobenzene,
9.3 moles (52t g.) of polassiumn hydrotide and 150 ml.
of tolucne was cbarged to a 5-liter, 4-aeck flash equipped
with & stifrer, thetmomeicr and column bearing a head
for removal of condensed vapors. The muxture was
heated, with stirring, for about 11.5 hours at & pot
temperature of from 130° C 10 159" C, Dunnpg the
first $.5 hours of healing thers waz collected 191 <%
of water. When heating was disconunued, about 2 liters
of water were added 1o the reaction mixture, apd the
whole was fitered. After allowtag the filtrate to stratfy,
the organic layer which formed was ecparated and
washed -with watzr, Water was removed from the
washed matersai by heaung to 60° C. at a pressure of
30-35 mm. of mercury. Subsequent disullation of the
heatcd matenal gave 179 g of the substantially purs 2-

(dischloropbesoxymecthyl)furan, B.P, 80* C.-i15*
C./0.1-0.3 mm., and analyzag as follows;
Tound Oaled, for
OuHu0W0
SRR - . ] J ]
T S0 e tA

The 2.(dichlorophepoxymethyl)furan is advactageous-
ly employed as impregnsting agent ia the manulacture
of cables (see Fig. 5).

Although the present cthers are particularly valuabie
as impregoatng agens for celiulosic materials adapted
for use as dielectrics, because of thelr vary 3ood clec-
trical propertics, their thermal stability and their ability
to remain liquid at low temperatures they are of general
uulity as liquid dielectrics. Aa hereinbefore disclosed
the furfuryl nt tetrahydrofurfuryt chlorine-substituted
phesy! cthers may be employed per se as the diclectric
Liguid medin of clecirical apparatus, or they may be
combined with up to substantially equal parts by welght
of one or more other dielectric liquids, such as certain
liquid petroleum hydrocarbons, the partially chlorinsted
biphenyls, trichlorobenzens, benzzoe, chlonpated aaph-
thallne, chiorioated dipbenyl bstons, chiorinaed di-
pbeoyl oxide, chlorinsted dipbenylmethanc, chlorinated
diphonylethane, chlorinsted benzese, chlorinated toluene,
chlorinated nitrobipbenyl, chlorionted alkylsied benzeps,
chlorinated alkyllatad biphemyls, ether trichiorobenzans,
ether tstrachlorobeuzens, elhyl
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chloricated terphenyls, chlonoated quaterphenyly, chlor.
pated paraffinie hydrocarbons. chlorinated al.cyclic ¥R
drocarbons, chlofinated oxygen-contaiming organc ¢o=—.
pounds, chlorinated rubber, chloninated polymers, ctig.
rtnated fats, chionnated vegetable oils, chlonnaied ansma
ous, chlorinated mincral otls or mixturcs of one or maore
of these.

This application is a contiouation-in-part of my ¢,
pending applicaion, Serial No 550,238, fiicd November
30, 1955, and now 1ssued as Patent No. 2,870,169

What I claim is:

1. Electrical apparatus compnsing, 1z combinat.og,
metsllic conducting ciements disposed i1g spaced relanon.
ahip to each other and adapted during operation of the
apparatua 1o have a difference i elecinical potental
therebetween nad, ipierposed between sad clements for
insulating one from the other, a hiquid diclectne medum
consistng of at least 30% by waght of ao ether of e
formula

0--B

X

in which R is aclecied from the class conssung of the
furfuryl and the tetrabydrofurfuryi wadicals and X u
sclectod (rom the clasy coassting of chlonne and 1y
radical —O—R,

1. A capacitor compnsing a pair of electrodes ar.
insulating agent awociated with eaeh of the clettiocs
and isolating them (rom each other, smid insulating agea:
ocomprising the dielectric medium defined 1a claum 1

3. A capactor compnsing & pair Of eiccirodes azt
an jnsulating agent associated with each of the ¢lectrode
and isolating them (rom each other said 1nsulaung ages
comprising a cellulosic material impregoated with 2-(d
chlorophenoxymethy!) tetrabydrofuran

4. Anp electnical awilch compruing a pair of tlectrode
and bus(tetrabydrofurfuryloxy)chiorobenzene assocaiec
with each of sad clectrodes and uolaung em fron
sach other.

~ Refersnces Clied 1o tbe file of tus patent
UNITED STATES PATENTS

2,028,081 SIOLIMS cem e Jan. 14, 190
2,041,594 Clatk vovaamecemeeee May 19, 193
2,073,010, Holl emeeacua_—. eee=e Mar. 9, 193
2,870,169 DAZE ...cveer-coe—so.- Jan. 20, 1955
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