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The present mvenlion retates to clecinesl devices and
more prncularly deals with apparaius comprising 3 coms
biravon af clecineily conduciing ¢icments sod dielecthe
msulaung enedea

The uke of u diciecine m required 2 certan slectrical
equipment (or 1he purpose of removing best and of sk
lowinp the maling of elecincal contact o the absence
of mr or of explosive muxtutes The requirements for
such diclectnes are, smong other things, very high re-
srsiance of the Now of elecinic curtents, tugh stahity lo
aimosphenic condirons at ordinary and at somewhai cle-
viled temperaturcs, high ressiance 10 \hermal decom-
postion, Jow vapor pressure. low congeahng ‘empers-
ture, low inflammabiiny snd high fiuah poini  Prefer-
ably the diclecine should be 8 mobile liguid even a1
sehatively low iemperatures and should ba o good hest
transfer agent

In commercia) practce, bigh borhing (ractions of peiro.
ieum disnllates hove been largely used for this purpose
These liguads do not satmly all of the above-stated re-
quicements  They are relauvely poor heal transfer
agenis and under the condsuons of their use they gradu-
ally decompose with the formaiion of undesirable prod-
ucts which ndversely influence the electrical propernes.
Some of ithese products ate tarry, and others are ap-
preciably volslile and may preseat fire and explosion
hazards.

Anolher dissdvantage of \he muneral oils a8 that they
iend to form deposiy gencrally known ss “sludge™ dur-
ing the peiiod of their use. T 13 due 10 oxidation and
decomposiion and also resultt (0 some extent n the
formahion of seidy which ix equally undeninabiz The
sudgping of diclectnics during use 13 & senous dsadvan-
e «nd requires eliher replecement ol the ol or eat-
meni io remave (he siudge and revivily the Selecing A
sainfuctory dielcetric iquid should not siudge o wnderso
subsianiiel deleterious change during use and o 11 ome
of 1he obpecis of ihis inventson 10 provide a hqued which
doey 8ot poastss tha ubdesirable dsadvantage charac,
weistig of the Trantral ouls

The undewrsbic eficct of decomposison 1 furthet
magglexted when \be Meneral oils are used a3 capacuor
smpregnams.  Thus, under high operaling icmperslures
and direct curvent volages, CapscHors impregnaied there-
with undergo a charsctersiic iype of detenoraton which
Teults 0 A% ever ncreapng jeakapge eurrent, & shon
capacitor lile, viuble localized decomposition of the di-
clecific and corromion of the clectrodea  Moreover, in
the case ©F capatitort operafing on ailernating Suarrent,
the decomposition somehmes resully ta an cxcemave Jo-
cre.se in power {acior of 1he datlectric mutehial

I 13, thercfore, an obkct of the present nvenuon fo
provide & meihod for ihe imsulanion of elemenis in elec:
trical appariius wherdin ihe above obwctsonable proper:

,hies are @lher compleicly ehiminated or substanyaliy e

duced

An additional object 11 10 provide transformers, ca-
pacaors, arcut breakers cables, vwatches, fuses, ranctory,
regnbators and the hike wherain the deleterwaya acuoh
common 10 the prior art dickecine maicnials such ae the
deienioration of paper insulavon and metal par B
ehmmated or matenally reduced.  Still another object

1

»

&

10

2

1 10 prowvide clectrical apparstus having » long, usciul
lifc and good diclecirie stubnlity

According 10 the mvenizon, these and othor obicsis
whach wid) be herctanfter discloted are provaded by the
foliowing saveniion whercip there 1y provided cketrical
spparatus  compruing, in combuhation, coOndusung tle.
ments dispoted I8 spaced relaironship to cach other and
sdapied dunng operaiion of the spparatus, 1o have &
differents in elecirical potantial iher-between and, 1ater
poscd brtween mid clemenls for rasulating onc from the
other, & liguid diclestric medium comprinng sikoiy-
alky! chioroury) sthers of the formuta

R

CICHN O R

Cle
ws which R 15 an alkyl eadicad of from ) 10 § carben
atoms, ¢ is as integer of from O 10 4, m1 13 a0 imteper
of from { io 2, R* 15 an alkyl radieal of from 1 o 8
carbom atoms, x is an intcger of (rom 2 10 4, and n s
aninieger of from 1 to 4.

As described 11 iny copending apphication, Serai No.
350,239, Aled November 10, {959, naw US_ Puent No
2913499, alkoayalky! chicroaryl ethers of he above
formula wre readily prepered by heating a chlorinated
aromabs ydrocarbon of the formula

oy

R

with one or twe moles of an sikexyalknaot of ihe for
mula R'O(CH;),OH, where v, z. R. R’ and 5 a1e a8

above, Chionnesubstivted aromate hydrocst.
bont having the above formula are, for cxample, orho-,
meta- or purs-dchlorobenpene, 2.3-, 3,4-, 2.4- 26-, 1,5
or 3 Sdichiorotoluene, 2,3-dichloro-p-xyiene, 4.5-dichto.
ro-m sylene, 1,3 dtnchioro-n.buiylbenzene, ar-ietrachlo-
ro-teri-amylbenzene, pemachiorobenzene 135, 1,23,
or {1 ddrchiorobenzene, 1.2,4.5- or 1.2.).%-ietrachioro-
benzene,  3.6-dchlioro-1.2,4.5-(ctraethyibenceene, ar-dn-
chioro-pcymene. ar-<dichloro.arcrt-binyl.m.xylene. ar-
Gichlorp-ar - wobutyimeniylene.  ar-inchlorn- | 4. Jihniyl.
benzene, e, Alkosyalkanolx which are reacted with ihe
chionnated benzenct or the chlonnaed .Alylibenzem + ues
cording 1o tha mvent i 30¢ thosc having from | o X car
bon miomw I the atkoxy radwal and froen 2 10 4 carbon
stoms in the alkanol pariion of the molecule, e g 2.mithe
oxyethanol, 2-buiorycihanol, l-cthaxypropinot 2 ethoxy-
ethanol, 2-amylozyethanol, &eihoxybans!, d-methoty.
propanol, Yamyloxypropanoi, 1-octyloryeinanc) 2emso-
propoxyethanol, }-hexyloxypropano!

Reaction of the chlorme-snbytiivted benzenons tome
pounds wilh the alkoxy.lhamolt o give fhe pacscmily
wefu! svkoayaikyl chioronryl cthers iakes plae ty iy
by heating the w0 rcacianit an ibe prowme of an
alkals metsl hydroamde, 1 &, sodtum, poiassin or Lihosy
hyitroxide, a3t 2 Wwmperature of from, sy, 150" C o
280° C. at orduinary aIMOEpheric Or IhToNEd pressure
unti) formavos of the ethers has takea place  Swce 1w
reacuon may resull im ihe replacement of moie than one
chioring slom by the slhoxynihory radicsl whun desiring
8 preponderance of the subsutuuon of anly one chiorine
alom by the alkaxyalkoxy group, ot us generaily adv s
atie 10 use 2 large excem of the chlorinated berzonoid
compound  On the ather hamd, when 1he majr product
1o be obtained s the diether, an excess of the alkoay
alkanol is advaniageously werd. The quanuly of allah
metal hydroxide amployed is alo somewhsni coniroliing
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in the e of product obtained  Hydrogen chlonde u
Liberated an the replacement of the muclear chioninc by
the alkoayaibony moay of the 3oy ik onol, and IR
order to oblain pood yiclds of enher the mono.ether of
the di-ether, Urere should be prownt in the reacnon mis-
twre cnough of i alkall to ncuirahz the hiberated
actd  Usuwally from onc to Iwo molcs of the sllah meiai
hydroade per molc of the alkoxy ik nor is used  An
tacess of sodium hydroxwde 15 not dewnmental 10 the
retcuon, wherfels 3 quannly which @ substamlially fess
than Wit of the aikoxyalianol on & molar bams 8 con-
duc.ve 1o lowcr yiclds of ether product

The reavaon ume and Lansoatufe appears [0 have
hitle, of any, effce on lhe mahire of the elther product
Alwongh a primarity formcd mono cther will rew! wih
another moie of alioavalhanol 10 yeld 2 dicther lugher
temperitures angd/or conutnued heating alonc Jdo not
suffice in effecting suhstanual conversson to the dicther
An excess of the alhovyalhanol over that requirad for
replacement of one Jhilonne atem should be present an
order 1o oblain any substantial fermalion of the dicther
Whether the renctant quantitics prescal are thowe which
favor mono substtution {(cxcess of chiorinaied hydro-
carbon) or whether the proportions sre such as (o favor
di-substtunon (excess of alloxyalkanel), ether formation
occurs after heaung o1 3 temperature of from 1M° C
10 2R0* C and preferably of from 160° C-210" C or
2150* C for a unic Of, say, scveral hours 1o & day  The
progress of the resenon can be penerally followed by
notng tie refracuive index of the reaction mixiure or by
noung the quantity of warer being formed as the liber-
ated hydrogen chiondc s ncutrahzed by the sodiwm
hydroxide  While provison for removwal of waler during
the reaction 15 not requnred, beuer yiclds of cther product
and a ready means of deicrmintng reacltion rate arc
afforded by operating 0 a reachwon vessel which n
equipped wilh some waier-removing factlity, e.g., a waler
trap or take-off head

Alihough, as above siited, reacthion of the chioninated
benzenow! compound oRd the alkoxyalianol can be so
Jirected as to result an & preponderance of eilher mono-
or di-ether formation, gencrally the product comising
muxture of the lwo In v3/ying proporions.

One ciass of presently uscful cthers by the prevesr
invention are Ihe mono-ethers prepsred from ortho-.
meta- and para-dichiorobenzcne and an alhoxyallanol
of the formuls R'O{CH;)},OH wherein R’ is an alkyl
radical of from | to 8 carboo atoms and x 18 an integer
of from 2 10 4 Thus from onho-dichlorobenzene end
2-n propoxyethanol there s obimined 2<chlorophcnyl
2-n-propozyeihyl 4iher; (rom para-dichiorobenzenc and
4-putoxybulanol there 15 oblaned 4-butoxybulyl 4-chioro-
phenyl ether: from meta~dichiorobenzene and 1-methoxy-
sthanol thers 1 obiained J-chlorophenyl 1-mathoxysthyl
cthar: and from ortho-dichiorobentens and 2-ethowy.
sthalol 1there 3 oblused 2chloropbenyl 2-ethoxyeihyl
wther. Thass ars formed acconding 10 the reacuon

ol ' O(CENOR'

+ 00K OH v Q
~MCi

Ci [~}

Varying quantiues of by-product chionnc-(roe di-sther
may alw be formed in the rescion, depending upon the
foactant proporuons, thus:

Qi O(CH,ON

+SRO(CHIOR =
-3 C1
ct ©{CHuOR
The cbionne-lree di-¢tber 13 eaply separated from the
chlonne<conistrung mong-eiher by fractional desttllavon
As will be herminafier shown, the aikoxyalky] chivro-

]

k)

Ie

: 4
phenyl ethers are charactcried hy proporiics wihonh
recommend them for vse as hquad dieiectnes

Another presenty valuabie class of Cthers are those

ohaincd from o trnichlorobongene ond ol daony
ulkanols These may be recprescnicd by the fornwuly
ci
O=(Clla OR

tn winch T i slecred from the cluse canwnimg af
chiorine and \he radical Q= {CH,,0R" wicran
denotes an soteger of from 2 10 4 and R’ o an «ayl
radical of from | 1o § carbon stoms  The mono Jihets
which arp obtained by waing & large excess of the iny
chiorobenzens with the alkanyalkanol, have the formuie

[~}
—{Cly,OR

T

They may be broadly referred to 4 alkonyaliyl dishio o
phenyl ethers having from | 0 A carbon atoms o the
alloxy radical and from 2 1o 4 carbon atoms n the
alkyl radical Exampies of such presemtly provaded
mono<ithers are 2-butonycthyl 2,3-ichlornphenyi cther
2.4-dichiorophenyl 2-methoxyethyl ether  2.6-nhilnrg
phenyl 3-ethoxypropyl ether, 2,S-dichiorephenyt 4 pro-
poxybulyl ciher, e1e  Esamples of U ethers provided
by the presemt tnventvw from the trichioroben? tnes are
.5, L1.3)-bu(2-ethoxycihoxylchlorobenzene 2§ histl
amyloxyethoxy)hlorobenzene, 2.4-biv{d-methoxvhitoyyi.
chlorobenzene, 3.5-bes{ J.voproporypropany )chloroben.
zene, ¢ic.  The mono-ethers and the di-cthors are rodily
separable by fractional Juartiawon, but stnce both poseny
diclecinc propertics, the isolation procedure may he [re
quently onmutisd when lhess compounds are (0 he uwd
in this Aeld.

The twirachlorobenzenes mirmulariy resct with the
alkoxyalkanole 1o give pramatly useful mono-ethers.

'

wo(Cll O =]

cl

and presendy weelu| di-ethers
RO (OHD WO [}

R'O(OHLO cl

From 1.1).4istrachlorobcnicne and, €.g. I muthuyy
ethanol there 1 obtaned 2-methaxyeshyl 2 3 d-tnchloro-
phenyl eiher as the monc-elher proaducy and 1.2 b ?
methonyethoxy)-3 4-dchlorobenzene  us  the i vther
product

Peniachlorobenzene Iilewise underpoes repli.cmem of
one or iwo chlorine mioms by alkoxvalkoay groames in
pve presenily uselul ethers  Thus, with 3 ethosvprops
nol there s obtaned 3-ethoxypropyl Ictrachiorupb.nyl
cther as ihe mono-ether product and mr-bist L-ethoyy
propoxy ) inchlorobenzens as the Jdi-ciher prounct

1 have also found that the pre~ence of «n utavlrntn
atiached lo the aromauc nng of the chlonnid a.
carhon componest Milher detracts from the ease wiih
which replacement of the nuclear chlonne by the ko
alkoxy radecal lakes place Bor from the dihore
efficiency of the cthers. The dwhlornhenzene miv m
subsinuted by from 1 10 4 alkyl radicals, the trchlo--
beomno with [ 40 ) alkvl radecdls. eic  Thua (run
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2V dichlarmsethvihenzens and 2cthoxyethano!l there 18
ol Lnad oo chlneeethylpheny! 2<cthosvethyt cther and
7% a2 cthovelhoxy dethyth o nzeno as by prodiet From
At v oar Inchlorobenzens ond 4-melhoxybutanol fhere
oo prraned  ~r aond af dichlorapheny] 4 melhoxybuly?
eNoe 95 e mono cther product and ar amyl-ar his(4-

n L hesshmoxs o e el lovpoenzone s the di-cthes product

Fro~ eprom ] ar fgesachlarphenzene and 2 butony-
cFamps e v o Lerlv obt aned ar Bis{? buioxycthoxy)
el omaro roaeprapvibentene From the potyalhylaied

ara sp'ero arnizihyibenzene and 4-cthovyhytano! there
15 oblaned e mono-cther produet ar chtoro ar Luethy
pheavl 4 ctvovybulyl ether

I Fave fonad thit the above doscriwed athoxyaliyl
chamoan | erthers sefve s very uselnd deelecing meda
when aterpoasad an electrnal apparaine polnewn metallic
tonducanc elemients that have a didTerence in potential
during oder1won of tie Ipparaius becuine they are very
siaine Nigonls which possest pood dielecine urength, low
power facter ond good ohm remstivity  They are par-
hewmar v oy ,duasble as lguid impregnanty in capacidar and
eaple manulic ure, as iransformer coolanis and 1n the
fahrication pf swnch goar

Charactenisics of the presemt chloro-ethers are such
as 1o render thern peruculsrly valuable as impregnann
for ccliulosic insulaning materals It s known v the ort
th it impregnation of ceilulesic matenals ¢ g wood pulp
pupcr cotion, cotion fabrie, cellujose neetate fibery and
textudes, by gertun hqnd dicierinies provides an tnsyla-
ing natenial wlich hag a dielecine consiant which s much
Ligher than shal of eittier the cellulosic marcrial before
nhprcghation or of the liqud diclectiic Some of the
frsl gwids used for this purpose were mineral ouls, 1he
dicleciric sireneth of otlimpregnaled paper having been
reporieC by Baley (Radio Enginecring, 17 17,15 (1917))
1o be 15 tmes as hagh as that of the od alone  How-
cver becaunse nuncral oils are readily oxidized, their use:
fulness s inselating medis 8nd as impregnaling agents
for cellulosi materjals has been umned v that exposure
1o mr, sunhghi or mowsiure ofien lesds (o pat formaton,
gaseous onization wnd formation of wax  “These changes
wfiect power facior stabalsly

Alihough wood pulp paper. alone. has gnod insiillsiing
properiies, o 1y abo alflecied by cxposure to air, paric-
ulurly al hagher temperaures  While the rale of me-
ctimical dewerworaton 15 reduced by impregnating ihe
tnsulatton with o1, this way of hitile advantage as noled
nbove  Accordingly, Lhe art resofled 1o other 1mpreg-
Raang Agenis, parucularly the highiy chionnated aro-
matic hydrocarbons  Thotse mulenals have dielectnic
sitengths which are higher than Lhose of the mineral
oy fn additton, they sre non-flammabie and mote
slehle 10 the inflluence of wr, monture and hight  How-
cver, thewr peneral utihty has been somewhar hampered
in that under high operaling temperaturcs and voltapos
decomposibon of sasd highly chiorimated hydrocarbons
i ihaniesied . Mpirogen chloride s evolved, and thia
antachs not ondp the paper which had been impregnated,
bul slvo the meml portions of the capacitor

Tiic presently provided stkoxyalhy! ehloroaryl ethers
wie Nigh-hoding materialt which possess high resisuvines
wnd low pawer fuclors | heir siabiluy 1o high 1eMpern-
tures s evidenced by hinde or no change in power [aclor
re ntings after heabng for 14 hours w J00° € Theur
stabihity v further sllvitrated by continucd high tesistive:
ey which indicates freedom fiom conducung ionn
which would he presenl of decomposition of 1he ethers
ocourrid  The present cthers reman hiquid at low tem-
pLialuies wiicreny there s avoided @ decrease in dielec-
Wie cunsiant due 1o freczing of the dipoles

Tiee whove characienistics thus speak for eminent supi-
abuivy of the wikoxyalnyi chloroaryl elthers as impregnat:
g apents for ccllulosic malerials, and an embodiment ol
the presert invenuon 18 Lhe provision of improved cellu-
losic imuluting agents comprising porous materials derived

1

10

18

L1

€3

L L]

70

7%

from cellulose, € g, pulps, fibers, 1€xbics or papers derrved
from wood, colion or jinen, which porous produciy have
becn impregnaied with Lhe preseal atkoxyalkyl chloroaryi
ethers A noteworlhy feature of the present inavention
1$ the proviauon of a capacior compriung a pair of cies-
trodes and an nsulating agent associaled with ¢ach of
the electrodes snd solating them from cach other, sad
insulaung agent comprising a celluionic maierial impreg:
naied with the present cthers

Examples of clecirical apparaius 1a which the present
slhoxyatky! chlorophenyl cthers are valuable components
are shown n the sccompanying drawing.

FiG 1 s » Iront cievalon parily s secuon of » Lrans.
former;

FIG. 2 dlusirates » swilch o0 a similar manner,

FIG 3 repecsents s rollod capaciter,

FIG 4 show:r a sctwnal view of a poron ol e
elecirodes and diclectric sheets of FIG 3, and

FIG 515 a side viow of & cable, the casing being partly
removed 1o permil the interiot of the parts 1o be seen

The transformer illustrated 10 FIG | compnses a cas-
ing I, core 2, coris 3 insulated with manila paper, kraft
paper, colion or other fibrous msulation, nsulating and
cooling medium 4, lead-in bushings 5, and sunuble lesds
& connecled 10 the col assembly, The nsulanigp and
cooling medium may consist of an ether such as 2-bul:
oxyethy! I-chloropheny| other whah may be emploved us
such or 1n combination with & highly chlonn.ted biphenyl
such as “Arackor™ (munulaciured by Monsanto Chemiul
Co., S1 Lomis, Mo ) These lwo componchis may be
employed n proportions such as from 30 1o 90% by
weight of onc or mote of the present elthers wih the
balance being Lhe Aroclor  Laquid hydrocarbons or other
halogenaied hydrocarbons or mixtures thereol may also
be used in contbination with the alkoxyalkyl chloropheny!
ethers as drelectric med, e g, petroleum oil, halogenated
compounds of naphthalene, toiuene, benzene, nirob-
phenyi ot diphenyl oxnic

The switch shown :n FIG 2 comprises a camng 7,
fixed comncis & and ®, and movabie conlacts i€ and 1§
whith cooperale thefewith  The movable contacis are
mounted upon a suppert 12 which (n lurn s operalively
connscted (0 aciuating levers 13 A auitable wrc-quench-
ing hiquid which may be used in thiy device, cither as the
sole dielectrie, or in comhinalion with a nlinor propor
won of & perroieom o or ¥ halogenated hydrovarbon
such a5 highiy chlorinated biphenyi, s 2-butoxyeihy!
ethyt-ar-tetrachlorophenyl ether or ar-bis( 2-butoxyeth:
oxy jethyl-anirichlorobenzene

The capacitor shown sn FIG 3 s made up of akernale
layers of metal foii such as alummaum or tia fod sepa-
rated by sheeis of dicleciric maternisl  FIG 4 shows 4
section of one turn of the fished rolicd capaciior lins
Lemteng the ahernate cleclrodes and diclecine tayers  De-
s of the construcion ol the puper capaculor ure set
{orth here by way of ilusiciuon,

T brew sheuis Of tissue paper (pPreferubly kraft capacilor
tissue) are siacked upon cuch other, and a thin aluminum
foil (sbout 00003 in Lhicknes) 11 lad on the top sheet
of lssue  The fod 1s then covered with theee more
sheels of the nssue and another sheel of the foil i, placed
thereon so that the (wo sheeis of melal foud are soparated
from each other by the lnsues  On the second metal
sheel there are siached Lhree more sheets ot smd tissiee
and tbc stuch of aliermating layers of melal foil and
ussues thus obined s wound (nlo a cyhndrical roll
This 1s pluced 10 & conluner, and ot this pownt electne.al
connecung means, e g. wae of bar condu.tors, depend
ing upott 1he size of the assembly, may be conaccted 10
the meiai forl 1a hnown manner  Afler deying, prefer.
ably in 3 heated vacuum oven, one of more of thy pres-
ent atkoxyalhy! chloroary! ethers 4 added lo the con-
taner 1n 2 quanuly sufficienl to smpregnale thoroughly
the paper conieal thereol, The coatainer is then sculed

Alternatively, and particularly & the manufuctuse of
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small reamtors which for the sake of economy are boused
wm paper tubes miher than m leak-proofl comtners, the
Ussuc papct it smpregnniad wilt the aikoayalky | chioro-
nryl ethers previous to snicrieaving with the metn! Toil in
the manncr deschbed above

The mvention a3 further tllustrated b nor imucd by
1he foljowing exampies

Eaampic }

A miniure consisting of 2 molex {294 ¢ ) of ortho-di
chlorobenrene 3 minles (354 ) of 2-butovyerthanol, 2 %
moles {100 p) of sodium hydronde and 140 mt of
whiene was brouphit 10 a lemperuure of 140° £ wathin
a peniod of 45 munntes, and thon mantancd o a lempera-
wre of from 1407 C 10 175" C for 6 hovrs. Dunng thix
peniod SO0 ml of water wag collected 1n 4 Dean-Stark
water irap carried on a condenser with which the reactuion
vesscl was cquipped  The cooled reachion mixiure was
dylined will 400 ml of ether and washed nevtral with
a diwte hydrochionic aad  Dhsillation of the washed
material gave 250 g of & [raction, BF &0-100° C mt
20 mm , the chionine analysu of whici: showed 1t 10 be
essenually dichiorobenzene, and 2572 3 of the subsian-
ually pure 2-butonyethyl 2-chloropheny! ether, B P
126-130° C./2 mm . ng™ 15022 and snalymng s fol-

iows

Found Caled for C..H“O.Ci
Percent Covrvncracu-wa 6325 63.00
Percent ¥oerrrnmnee 758 743
Percemt Clovecvecacoae 1335 13.57

Based on the recovered dichlorobenzene the ywld of 2-
bulosyethyl 2-chiorophenayl ciher ablaned represents ap-
proximaiely §2% convernon of the dchiorobenzene w0
the said ether

The I-butm|!e1h11 1-chioropheny] ether thus obtained
was {ound 1o have s Yolume ressuvily of 33 109 obem-
c¢m sl 100" C. a pour-poisi of minu 70" C., snd the
{ollowing dielecirc constani and powsr factor veluss st
the frequencaes and temperaiures noted below-

Ditiecttie sbarun Tower fmatat, prramni

Tiw

e e | wee e

=G| we |lwe

L] T4 L] [ 8} [ ¥
[ 1] t

" in
- (1 L e e *e

T

The low power facior values at both test frequencies
and ot the three test temperatures show very pood stabihity
of the 2-butoxyethyl 2-chiorophenyl ether  Paper capac-
1Hors 1n which the prasent elber u employey for impeaghat-
ng the paper and particulsriy uscful m high-alitode sir-
craft ™ that they may be med without [reezmg of the
dipoles st lemperatures which approximats the very low
pour-pisat of this ether,

Example 1

This exsmpie shows the use of sn excess Of orthodi.
chiorobenzens in the preparstion of 2-butoxyelhyl 2.
chiorophenyl sther from ortho-dichlorohenzens and 2-
buioxyeihenol ImMo a2 resction vestel equipped wilh
suTer and u column corrying a Dean-Slark teap thers
was charzed 15 moles (177 g) of 2-bulonyethanot, 4 5
moles (661 5 g ) of ortho-dichlorobenzene, 1 § moles of
sodum hydroxide and 200 ml of xylene Heatuhg of
the charge st & temperature of 130° C 10 190* C. for ¥
hours resulted tn cottechon of about 27 mil of water n
the Dean-Stack trap  After atlowing the reaction guxiure
10 ¢ool 1t was diluted win abowt 200 ml of waier
nevirabized with 33 mi of concentrated hydrochlone acwd
(equul lo 033 mole of HCL) and finally washed wath
weter  The squeous layer was exuracied with sther and
1he ether extzact wus disulled 1o give 141 g, of & fraction,
BT 75-80° C./25 mm,, which comprised unreacted di-

chlorobenzene and 231 g of L substantally purs 2- 78 of 2,4-hchlorololusas, 3 moies (

T

10

buoxyethy! 2-chioropheeyi cther, B P 120-5"C /1 mm
no™ 15022 bascd on the recovercd dichlorabensen,
The quantsty of s.ard cther obtained represents a 74% con
veruon of the dchiorobenzcne comsumicd n the reection

Exampic 3

Thus example describes the reaction of para-cichlorn
bthzene wih ¢-buoaycthamol A muniure comusning of
294 g (2 moler) of the chichlornbenzene 354 ¢ (3 malsd
of the buloxy cthanol, IRS ¢ (3 3 molev) of potisuum by
droxwie, and 100 mi of toluene was charped 10 4 Rusk
eGuipped with & surrer, thernwmeier amd colimn hoafing
a head for take-off of the diwllate It wias heited w1 a
temperature of from 154-16R8° C. for about § haurs <lur
ing which e 76 ml of water was collecicd  The roae
1non mixturg was thea refluled with 1500 mi of waler
and 100 ml. of olsens for ame hour 11 was then atlowed
to cool and acudified with 28 mi of concentr-1cd hydro
chlorne acid 1t was thea Rliered and the reudur was
wathed with water and trevted with slcohot n order 1o
affect stratdfication  The orgamc Iayer which formed
was separated and distrlled first at 3 pressure of 15-30
mm of Hg o remave waler and then w obiain 131 g of
the substansally pure 2.-buioxyethyl parachloropheny!
cther, B.P. 170-180" C.725-30 mm., ap® | 3023 and

aBalynog st follows,

Pound Caled. for C;J‘lﬂclO‘
Porcett Coceoneraee. 6357 63 01
Percenl Ho.ooo. - ¥V 749

Tercest Clooeucoauo 1478 15 50
Example 4

Into & Y-lner flask equipped with & sirgrer and a column
which carrred & Dean-Stark trap there were charped 6 1
moles (TOR g.) of 2-buipxyethanol, 6 25 moles (254 g )
sodum hydronide. § moles (1451 2 £.) of 1.2 4-tnchioro-
benrena and 200 m! of toluene The temperature of the
reaction muxture wis hrought 1o 3153° C within about |
hour at the end of which peniod the coliection of waier
was poted in the trap  Healing was continued at 3 tam-
peraturs of from 133* C. to 180* C for aboui } houns
during whuch lime » witat of about 112 mt of wnier was
collected. At this point an additional 0 25 mole of the 2-
butoxyethanol was added and heating was continued for
another 11 howrs at a temperature of from (80" C to
240° C.  After basng stiowed L0 cool to room temperature
the reaction miniure way acidificd by addition of SU mi
of concemraiad hydrochlons sod It was then duluted
with 1250 mi. of water and ailowed to stranfy  The or
gamc laysr which separaled was washed 4 umey with 100
et portions of diluie sodium hydrosule, seversl times
with water and finally wath brine  The washed product
was hesled 10 43" C./22 mm 10 remove water  Fugiher
distilizion gave 1000 g, of Lhe substanuaily pure 2.n-
boiozysthy) dichiorophenyt cther, B.P_ 117-131" C /20~
22 mm. and 20.1 3. of du( 2-a-butoxyethyl ) chiorobenzene.
BP 164173 C./20-22 mm. A fracton. 8 P. L17-120°
C./20-22 ., mp® 1.5160 analyzad as follows

- Found Calcd. for CnHNC'jO:
Percont Corvannneaoa 3471 5477
Percent H... —— 7 613

Percent Clococvacaeea- 2653 2695

The disther, B.P. 164-173" C.720-22 mm asalyzed as
follows: |

Found Caled. for C\HyCl0,

Percent Comvnama-a 6158 6268

Pecent Ho e, 7.2 (X1}

Parcet Cloeeee .o 1242 10.28

Erample 5

Thus sxampls describes the reaction of 2 4-dichlorotoly.
she with 2-Dutenyethanel. To a daech, J hier Hasi
sqiipped with o slurer, ihermometer and coiums bear
ing & 1ake-off bend there was clm;;d 2 molas (322 )

4 g) of 2-buwoxy-

MONS 201749



Y 1 T

2.088,870

ethanol {"Nuiyl Ceilosolve™), 3 moles (133 8) of pouas-
U hydroxude and 100 ml of tolene  The mixlure wan
heated wuh stirting for about 8 hours at & temperature
of {rom 160-168" C, during whuch bme 71 ml of warer
warcollonted AL the end of the heating period 1300 mi
ol waler was ndded to the mixture with stirnng ang the
whede was aewhificd with 100 ml of concemraled hydro
chlane aad  Pilieation of ihie soldicd mxtnre gave a
Hhrile from whieh the org imme Liyer was separaicd amd

warer Wislud  Alter removing (v waisr by hedting 1o
65° C /740 mun the retamng malersal was distuled 10
give 14Y ¢ of the substanually pure (1) 2-butoxyeihyl
ar-chlofoiolyl ether, B P 170-/55" C./20-23 mm  ap¥
§ 3023 which analyzed as shown below, and 5% 5. of (11)
Disihutoxyethoayitoluene, BP  220-240* C./0.2-0.]
mmn, Ag® | 5006 analyzing ss shown below
ANAMLTSIA—]
Found Caled htCuH..OyCl
Percenl Covcmencvoaana 8351
Percemt Heoweorcocceea 350 1 l!
Percent Q eoecaeccaa 11,68 14.6}
ANALYJIO—1]
Fouad Cakd lor c..H..o.
Percent Cocecncncenees [0 1
Percent Hooooeen venen $28 !44
Exemple &
Thus exampie descnbes the of 3 4-dichl b
ent wilh 2-butoxyetbanol {“Bulyl Celiosolve” ). A muz-

ture consusting of 2 moles (312 3.) of Y d-dichiarotoly-
eoe, 3 moles (354 ) of the butoxysithasol, 3.3 mokes
(185 g) of potassium hydromde and 100 m). of loluene
was heated wilh stuming at a temperslure of from 164~
167* C. lor about & hours Durng this tme 74 mL of
waler was collccted in a take-off hesd aunched 10 & coi-
umn with whuch the reasction vesel was squpped. Al
the and of the healing perod 1500 ml. of water waa
added 10 1he reaction mixiure and the whole was acxdified
with 85 ml of concenirated hydeochlone acid and Al
fered  The organc Jayer which formed wn the filtrate
was separaied snd washed with water. Afer removing
the waler hy beaung 1o 95° C./215-30 mm. the rendus
was duslilled 1o give 3)4 g. of the substaatislly pure butoxy.
ethyl ar-chliorotolyl etber, B.P. |75-195" CJM .
and analyzing as follows:

Percent C 6432
Percent H. ... 1.89
Percen: Ci 14 6]
A muxiure d4nhl(472p)o€1bumy-
ethanal, 2
s, 1.5 mele am y‘rmudl and 100 ml.
of 1olwens umpenmn of
up to 190° time 45 ml. of
wnterofm'-cdlemd and hnhu for $
mors hours m & lemperature of 170° C. The whole wm
then cooled 1o 80° C., diluled with S00 ml. of water
and neutralized with hydrochlorc acid. t t was then

diluicd with cther and the organic layer which formed
way separated, made alkahne. and wasbed to mautnal,
Dusullation of the washed material gave 390 §. of (1)
2-butoxyelhyl ethyl-ar-tetrachloropheny! ether, B.P. 170~
80° C /07 mm, ng? 15324 anaiyung as shown below
and (II) 6) g. of ar<bis( 2-butox yethoxy ) eshyl-ar-thichlo-
robenzene, BP 205-2i7" C/08-) 0 sm., np¥® 15072
and analyzng ss shown below.

ANALTELS—1

Found Clhd.erul'luQcos

Pereent Covccenacenaae 4151
Percent Hocevcneoecaan 528 S 02
Percant C oo 3756

AMNALYBIR—]I
Found Cakd forC, Clyf3,
Percemt Coovcaeeeo. 33 44 .H"s 5
Pereent Heueveaenares 691 ™M
Percent Clooonenno. ... 2615 2416

fascd on the Jharped pentwchlorncthyibenrzene there
wa ohtaned & TI 6% converuen 15 the inoma-cther anyd
» 6 9% convermon 1o the (b cliar

Teating of the clectewal propertuas of (1,16 2hntory.
ethyl eibyl-ar-tetrachiorophenyl ciher gave s volume re-
asivity value of 30X 10% ohem-cm. ot 190* C, and the
following dielectric constamt end power (actor valum s
the frequenciss and lamperaiurss shown beiow:

Test | Disbevirwopomat | Powrr larim
e eteem)
wenny
w0 |wro | wo. |wrp
W L s (X1 "
e uc w e e
low power faciors shown above at bolh Lhe levl

The Jow

frequencies and both Lhe fest temperaturcs, logether with
the volome remstivity value thown above atiest lo very
good stability of the 1-buitomycthyl eclhyl-ar 1strachloro.
phenyl ether. Paper capecilort prepared by impregnal-

. img kraft tuspe paper with thin ether, inigrlesving the

kL)

3 B

impregnated issues between sluminum foul, and roiling
the interleaved spembly were useful al lempersiures of
down 10 about mings 40" C, which w lhe soldilying
pont of (I).

Testing of ()i}, ne. the ar-bis(2-butoxyethoxyethyl-
sr4richiorobenzens aleo gave good rewults, the dieleciric
constant of (I1) bemmg S & at both 10 kc and 100 ke
when tasted ot 25° C. and 4 6 at boih 10 ke 2nd 100 ke
when tesied ot J00” C. The power factor at 100 ke way
found to be 007 a1 25° C end 0.8 a1 100° C  Because
{11) has & solidifying poimt which is approximately (hal
of {l). s mixture of (1) and ({1} may be employed as

the impregnating agent in the manuiscture of paper ca-

Although the preseat efhers are particularly useful s

ing agems for cellulosic malerinis adapicd for

vee a8 diciectrics, because of Iheir very good elecincal

propertisd their thermal stabibily and their ability to re

mais liquid a1 low lemperatures they are of general unility

o liguid dislectrics They afa likewiss very advania.

goomly empioyed s fuclioul fuids, ¢.g., as heat-tranafer
medis snd s hydraulic fluida,

Throughout the specification and claims, Lhe prefix ar
wher wepd jn naming 8 chemical compound denotes -
wachmest of Ihe radical or element which it precedes al
a» aromslic ring carbon atom, rather than at an ahphatc
esrbon. 11 s employed whenever the ¢xact position on
the beazeng ring ot which the substitution occurs w un-
kaown

This application w a conupuationin-part of my co-
pending spplication Serial No 550,219, Aled November
30, 1955 and now Patent No. 3,913,499,

What 1 clam is

1. Electrical apparajus comprising. in combinsiion,
metallic conducning elements disposed in spaced refanon-
ship to sach other and sdapted dunng opersiion of the
apparatus 10 have a difference 1n electncal potenual there
between and, inlerposed between gaid elemenia for snsu.
Inting ons from the other, & hquid dislecitic nuhum con-
sisting emeatially of sa ether of the formuls

R
CICHY,O R
Ch
in which R s an alky! radical of from 1 10 5 carbon
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atoms, & i an integer of from 0 10 4, m e an integer of
fromy 1 10 2, R 15 an nlhyl radical of from | to 8 carbon
aioms, a 35 an mteper of from 2 to 4, and n is an integer
of from 110 4

2 A diclecine composition consisisng essentially of u
vellulosic material impregnated with an etber of the
formula

.6 which R s an atkyl radical of from ! 10 5 carbon
atorns, 2 s on soteper of fromn O 1o 4, m 16 an integer of
from 1 10 2, R" 15 an alkyl radical of from ) fo € carbon
Rloms, x 15 an integer of rom 2 w 4, and 7 » AD iOlEger
of from 1 to 4

3. A copacitor compneing & pur of slectrodes and an

T

10

13

12
insulating ageot associated with each of the eiectrodes and
isolating them from each other, saud wsulating ugent con-
usting essenyally of the diclectre composition defined o
claim 2.

4 A capacitor compriting a parr of electrodes and an
msulating agent associated wath cach of the clectrodes
and solaung them from cach other, satd nsulating agent
consishing esscnually of a cellulosic matena) ympregnated
with 2-hutoxyethy! 2-chioropheny] ether

5 A cxpacitor comprising a pair of electrodes and an
insilating agent associated with each of the etectrodes
and 1olatiog them from each other, sud insulsting agent
conmsung essentially of a celiujosic material impregnuted
with 2-butoxyethyl ar-ethyl-ar-tetrachloropheny! ether

Refeseaces Clied in the 8ie of this patent
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