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The i h liqutds are o
and pessess epseliont disiectric stadiiitly for use (n capestiors and trans-
formars. m.-m-mm—uwﬁmmnm
or the elscirie are are
Mm-mmmmmm-ww
trical stress distridution across a Melarogtnseus insuletion then s |
. pessibla with mineral ofl. The Mgk diciestris ssnstant of these impre-
gnents alie resulls in smalier physical size than doss the use of minarsl
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oil when used in capacilors of similar construction. The solvent
action of these liquids on other malerials of mulrucmn may lead lo
increased dielectric loss which can be d by the use of acti
alumina as Ulustrated. Because of their nonflammadle and nonexplo-
dive characteristics, equipment containing these liquids may de (nstalled
without the severe resirictions which normally apply lo the installation
of simitar oil flled equipment. This Jreq resulls {n an

{n the installation and operation of (nrulmmn in which these :ynlmm
liquids are used. Further economies are oblained through the eiimi-
nation of many of the probl generally with
the use of mineral oll,

72—

REPORT

Mineral lnmhnn( oll has been the most widely used lnpn‘

ting Hiquid for dupm the tact that Its use

diffienit prob ot ageinst dislec-

tric and ehmhal dursdltlon. Most o! these problems arise from
the fact that mineral oil 1a & A whose

make-up varies wldoly from one eﬂm sourcs to another, This

in focted In the varying utlilty
of any one refined product for dﬂmt electrical applicstions.
But overshadawing these difficulties of composition and selsction are
the dificnities arising from the enss with which minersl insalating
oll is oxidized. Resort has besn made to mechanicsl and te chemical
means by which the oxidation of the oil may be ‘substantially
reduced.

The nonfl ho , Possess none of thess basic
objections found in oil. They are mmm prodncu. essslly subject
to quality contrel and and made from
which are widely svailable.. Unilks mineral ofl, the lonhmnlhl-
insulants are not iubject to and
of this type are sliminated. Their marked chemical stability insures

dom from both cb and dlel d when vnmrl!

nvmd lml uud in suitably desigued electrical equipmer

helr proparties, thess Ilquld m-mm
mmhll h-v- found their gr T '] in
slectris capacitors and transtormers.
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CHEMICAL RASIS OF THE NONFTLAMMABLE LIQUIDS.

In the United States, the uonflammable insulsting liquids are
called * Askarels . In Europe ss well as In the United States,
these Askarel compositions are also known by various trade names
sach as Pyramol, Inerteen, Arochior, Dykanol, Pyralens, Clophen -
snd Nepolin. .

Askarel i3 a class pame which i applied 1n the United Statss te

.y tng
by the eslestric arc evolves ouly nonflammable gaseous
desiradle

and cacbon. To meet the desired chemical Alectrie

q o slectrical ap Askarels of present

usags e the of y

Most widely used are 4 b and the chiorinated
of which the trichlorb hi

A ber of fi b liquids are i commereial

we, Thess are ail compesitions

or of d diphenyl and chl

Typical proparties and we :.:onm&-ll«mmm
are

products. -
- - CAPACITOR AFPLICATIONS.
From the the g» edvantage possessed
by the i § Uquids
n pince of mineral ofl les in the higher dislectrie constant which by
]

110,
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Tass §.

Typical properties and uses of the nenftammable insulating liquids,

Utre, ooivivnin, .
t.oadmo- (219C)

:\eld value (mg
Feee chloride ion.. ..
Sp. gravity (a3 C)
Fire poiat (*C)..
Pous poiat (°C).
(37.8¢C).
Viscosity { (99.9°C).
(1000C)... ..
Coef. of expamsion (25-83°C)
(cmifcmfoC),. ... .......
IHest condwetivity (40°C)
(keal/m/mPC). ... ..ueien..
Refractive jadex (200C) (D). .
Dielectrio strength (no-ng)
(ltV/c-) (V.E.D.)..
V.P.M.(AST.M ),

Dieloctric constent............

Specific resistance (gosC) (Q-cm).
Power factor (90*C)..........

Capacitors Capacitoes
Clesr Cleer
Yollow tint  Light yetlow
L o.0t Lo.ot
Nil Nil
1.40-1.45 1. 54153
None None
0lo =7 Gto2

200(8.3.U.) 3000 (S.5.0,)
40 (3.8.0) 46(8.8.U.)

L2 (E) - 1.4 (B)
68 >< 10~% 65 x 10=4
0.091 0.087
1.623 1.638
200 100
350 30

{ 5.3(20°C) 3.0 (20¢C)
1 §4(0°C) 4.2 (g0°C)

1-5 % 101 =3 % to?
o.015 a.0t3

Transformeny

Clesr

Yellaw tiny

1

V41,33

Noae

-0 10 —n

1108.8. U0

87 > 10t

0.08;
.60

0
S0

$.3 (350C)
3.9 (100°C)

5 % 1ott

£.01~0.03

/

\

a4

/

% CHLORINE W MOLECAR

Tranaformer o
Viese
YVeifow thnr
<o
A
130100
None
-3 -,
I I 15 M
Bos.s. U

U7t gn=d

n.087
v.h}

100
330
TR IR N
PR T
(B ST
Dut=.05

Fig. 1. — The effect of chlorination on the dlslectrie constant of diphenyl.
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nation on the di of the hyd: diph
It will be observed that a dlslectric constant :bout 6 i» obtainable

)

2

i

TENPERATURE - "¢
Fig. 5. ~— Tha effect of tamperntwre
oh the dislestris coustant of Askarels.

ELECTRIC CONSTANT

A, triedlor

B, C
D, bland of chlor diphonyl and chier bensems.

DUELECTIC CONSTANT
o

.ﬁ—ﬂ'—fﬂ'——‘k—-ﬁ——z—"&——b—ﬁ. v
TEMPERATURE - °C * e
Fig. L ~ The st of toaperstere on the disisetrie censtant
o lmpreguated crpesiter pepe.

A, trichler diphenyl -, diphenyl ‘
C w D, mineral ol) lmpeogaated.

P> to minersl off
%3) Is vefd ‘lnl in the size of the impreguated

) mmmmueuwmuu. Thuoufﬂqnwnnuh
d (disioctrie

PONS 02454
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paper capacitor which may be only about 50-60 % of thn size of

the oll treated of similar and cap

* The of the d
decreases rapidly at the polnt of its lolldlﬂmlon. Th. effect ol
temperature change on tlln of typical

of } use s fll d in fAgurs 2. The effect

of p on the capact of capaci i g d with
typlcal fl liquid d tes is i d in
figure 3.

The loss ch of the capacitor having a Kraft

I

: :
2] z
211 |
S /i
\\ L
Y DN AN Yy
dee e [T _ulio

(3 *
TEMPERATURE - °C

Fig. § — The offect of temperature on the dielectric los of Keaft paper
spaced with

A, trichior diphenyl; B,

Gp pbenyl; D, L P
psper dielectric imapregnated with each ol the commercial non-
flammable capacitor liquids are Wl in figure &, ing the
effect of ontgd f the d

in comparison to similar data on the drhd but unimpregnated

high dislectri of the nonfl ble cap impreg-
nants insures a further ad ge. B of its closer app to
the of cap paper fibre a more evenly distrib-
uted d its than is ob d with the use of mineral oil,
U the of the paper Gbre is accepted

Hons 034545
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a1 7, the slectric stress applied to the liquid flim in the of) bmpreg.
aated capacitor will be about 2.5 umunmmwmum
Aim in the ch diphenyl cap of similar design. This
insures a greatsr dielectric stability for the chiovinated dipbenyl
treated capacttor.

With mainersl oll trested paper insulation It has besn observed
that oo lnareasing the voltage, trom & low value, internal discharge
(\mm)mmnummmmun. It that voltage

or ded, these will normally build up

”‘?’.‘ml"*ﬂm“"

Fig. S, — lonizatien phenemena in peper spaced capacitens impregnated

with chiorinated dipheeyl and with miseral oll.

1, Toalzstion 1n missrel ol treuted capecier.
2, lenisstion in MMMyanynlm

U, Rated voltage ter beth capacitors.

Incoglien veitages : N

A for minersl oll treated capaciter;

£ for chiarinatod diphonyl treatsd capacitor.
Extinetion veltages :

D!ﬂmﬂtﬂh‘np‘dh

G fer

posmy

i magnitude, but if the voitage is reduced, the dischargew will
persist with much the same Intsnsity until s much lowee veitage &
resched, after which with seme further redsction in voitage, the
mmnq. This last voitage is known as the “ extinction

voitage .
nummmmormuummmw
treated | than the o
mmmmtumwumm Tdis fs
ndieated in 5. The exsct sbape of these
curves depends on the detalls of mannficture, such ka the eficlency

MONS 034546
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of the drying and the Impregnation process, the purity of the insu-
lating liquids, and the type of insulating paper which is used.

As lu-utntcd In nmo 3, the difference hetween the inception and
the * ltages (or the chlorl ipheny! trested
capacitor dislectric {s much less than for the ofl treated dielectric,
‘Whers substantial voltage surges are ltkely to be encountersd in
commercial service, as for P whon the is
dirsctly to head lloe this diffe in the reiation
of the sxtinetion voitage to the lunptlm voltm of lmomll {oniza-
tion for the mineral oll and the ch
18 of p

TRANSFORMER APPLICATIONS.

An Inevitable result of continued progress in modern high voltsge
instailations 13 the demand that the fAre risk accompanying the use
of mineral insnlating ofl be reduced or eliminated altogether, This

VRN
\A (]

.

TEMPERATURE - ¢

.0 0 ] 0o
% TRICHLORRENZENE
Fig. 0. = The T of diphenyl ss sffected
by '.h presence of trichlor bensens,
pour point reglon;

B. Wlmm- regloa.

has led to the production of oll poor and dry type high voltage
lwltch‘n.r and to ul Qlled trenstormers and liquid Slied trans-
utllising th g Uquids, B the

I tor uq\ud ftiled transtormers

necsssitates ﬂn use ol nnh liquids as coolants as well as {asulants,
and at umpounms at Imt a3 low as — 3o¢ C, the nonflammable
insulating liquids for use are blends of chlori-
nated benseme and chiorinated diphenyl, Figure 8 illustrates the
solldification temperature values of such blends as a function of

MONS 034547
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the amount of the chiorinated diphenyl pressnt. Figure 7 Wus-
trates the of typieal nonlammable
transtormer Imuhun‘ and cooling liquids in commereial use. The
average charscteristics of such liquids are ineinded in table L
Becauss of thair specific advantages, the manufacture nd e ot
the lo, Uiquid Alled is and becom-
ing mors widespresd. In wme sreas, howsver, the parchase of

3 . =

VISCOMTY - 836
L1
1

a AN S,
: S
l?“—h-:'—\—-r—&—:a.-n_’.La—‘r-—A-
TEMPERATURL - *¢

1. 7. — The visossity-temperature reistion for typieal trunsterwser Azkasels,

this typs of tranaformer has been retarded because of its added

cost as compared to a similer oif Alled vnit. Tha synthetic insulating

lquid fs heavier and more umumuummmu oll,

but when of the

w flled truulor-' Mld ut be overicoked, The initial cost
not so decisive & tactor a3 the saving

lu mmm eom and the nvtnl {n space, material and operating

couts,

Koomomoy 8 inetallatien. — For reasons of safety, enclossd,

MONS 034548
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solidly built and Sreproot vauits with proper oll drainage are required
for the installation of oil filled transformers. In the United States,
the req of the Nati 'ﬂmMolmm

reads as follows (8] :

“ OU insulated mers shall be d in a vault cons-
tructed as specified in this article except as follows :

“ a, Notover 113.5 KVA total capacity. — The provisions for trans-
former vaults :pnllul o this mlnh apply except that the vault

for ol Indoors

may be ot vot less than { lnches
thick, . '

* . Not over 800 V, — A vault 18 'not required pnvim suitable
arrangements are made where Y to p! oll

firs Igniting other materials und ths total tmutm capacity in-
ons locatien does not exeesd 10 kVA In a section of the building
classified as combustible or 75 kVA wmﬂnnmundm' structure
is cinssified as fire resistant construction.

The normal vauit construction called for by the National Elsetric
Cods (American) except as indicated specifies that the * walls and
voofs of the vaults shall consist of reinforoed concrete not less
than 6 inches thick, masoury of brick not less than § inches thick,
of 13 Inch load bearing hollow tile, or 12 inch load Dearing hollow
concrete bnnllu units... ” (7).

On the costrary, the of the Electric Code
ummsmmm-mmmww

indoors installation requi-
roments mmummmmxmm plru'nph 8

% Askesel rated In exocess of 25 kKVA shall
be furnisbed a pressure relle! vent. If installed fn & poorly venti-
lated place they shall be furnished with a means for absorbing any
groes generated by arcing lasids the case, or the pressure rellef vent
shall be conmected to & chimney of flue whick will cury such gases
outside the buflding. Askarel insulated transformers rated mors
thas 15 coo V shall bs installed In a vault, ”

For of) ont-ol-dm uu National
Eleetrio Code of ths A Stand:
mmmdmmummmmm
rht [9). Neo Mﬂcﬁm of swoh nature, however, are spplied to

the Askarel for out-of-d

Under cortain haref the vault cons-
mmhamymudbymmolmmm
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and the can be i d {ndoors, sven on
the factory floor, with only the usual protective guards to prevent
contact with the live parts of the transformar.

= in don. — B of the fi in
the selection of m site for the transformsr installation when the
noaflammable insulating liquid is used, the transformer can be
brought much closer to the poiat of powee consumption, thersby
reducing the power losses which are normally incurred due to the
longer cable which are y when minersl ol
Alled transormers are used It has been found [10] that for
every 1000 m (3 350 feet) saved in the length of low voitage cable
there results an added saving of about o.{ to 0.5 % in the elec-

A furtber y in the op olm ble, Hquid
filled transformer results from the elimination of the problem of
oxidation te which the minersl trunsformer off (s susceptible. The

m mm ol) fliled VikilfFiners u cuﬂnmt"

TER FROBLEM OF ASKAREL COMMA‘HON;

The oy liquid are
by & wider range of solvent ‘sction than is mineral oll. The resuit
in that careful attention must be given the salection of other insulating
L on

liquids.

mcaus &"‘m susceptidliity to muk by th- -yum liquids. The
usual esllulosic insulations such as Kraft paper, linen paper and cotton
paper and the cords and pressed boards made from such cellulosie

MONS 034550
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pulps are suitable for use with the same degres of acceptance quality
control a3 is normally exercised (n their use in mineral oil flled
apparatus. Mineral ol is soluble (n these nonflammable lquids
and its presence may aflect the nonflammabllity of the synthetic
liquid and Introduce a degres of explosivity in the gases formsd by
the action of an electric arc. In accordance with the findings of
the Underwritars' Laboratory of the National Board of Firs Undar-
veriters (Amers the issthl of minersl ol in trans.
tormer Askaral does not exceed 3 % > by volume of the Askaret {11},

The eftect of i in Askarel filled
— The p ot g from the solvent action
of the mﬁnmmnhh liquids on the insulntions and structura) mate-

Tig. 8. — Shewing the use of an ectivated alumins reconditionsr lor the
remeval of Lupiarities during the oparation of the Askaret Glied transtormwr
(Courtasy of the Prodeise Company).

rials used tn the of such rarely ever
mmmmumxm The eftect of contamination,
, may be p d when viewsd from the standpotat of

MONS 034551
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the d loss. C inated liquids of the synthstic, nonfiam-
mable type bly show an | in el loss, to an extent
which ls chiefly dependent on the type of material present ln lquid
8- ot
4
1 nod
1.5= 39} L
™ 1
s ™ ]l
9= L4
Py *
4
Q== 0}
inelude
welding and solder fuxes, varnishes and resins of meny types, resin
laminated oare must be exer-
cised to preveat the e liquid beyond
that !

MONS 034552
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it has been found by experience that despite the careful selection
of commercially available materials, & trend toward incressed dielec-
tric loss (n the Uquid of the Askare) flied transtormer will oceur
during the early stages of the operation of the unit In servics. This
change in dslectric loss has been demounstrated to be of lttle if any
practical significance by the excellent operating record of this type
of transformer, but even this trend of change can be eliminsted by
the use of activated alumina either placed inside of the transformer
or in e separsts container through which the dlelectsic liquid Iy
caused to ciroulate {12}, {33}, Its apy to the
Baquid olled mmmu illustrated [ Ngurs 8 which shows the
ttached to & 7 So0 kVA, 83 500 V power
mndom-t (m. Figure 9 Ulustrates both the debavier of the
Askarel in the transformer before the circulation through the acti-
vated alumine was started -nﬂr.holntollmmdm
subsequent years of the
n-dmnaa:mcnumm,nuummm.d&m
former are as follows :

Kva capacity..
Voltage rating.

7 300
82300 £ 5K/58e V
s kY
13 kY
. 310 &V
Natursi cooling through radia-

tory
Filled with askarel, air drier

Pyratens
10 {00 kg (22 380 lbs)
Ambient u-pamm ol opcnlm . —25C to +35C
Servico am0.e.on.nls PN i, Coptibuous servics feeding
power o sn elecurolytic

Manimam tempersture of sskarel
Activared slumise comteiner. ..

. chmr $60 mm (33 inches),
height 1300 mm (39 inches)

Waeight of activeted aluming.. 35 kg (187 1be)

Clreulatiow of ssherel.. e Thermo siphon

attial service (without .h-m) . Jenaary 27, 1933
" Clreniation through aleming sanved. ... ... Mareh ¢, 1934

o fgure § data are given for the dlelectric strength, tg ¢ and the
Tesistivity of the: Pyrslens during the iife of the transtormer to date.

MONS 034553
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Thess mensuremonts were made on samples composed of equal
amounts of the liquid drawn from the top and the bottom of the
The gth value was made in aecor-
dance with the test by the A Socisty
for Testing Materials (16]. The tangent of the aagle of disiectrio
was messured ot (oo® C under 36.6 V/mm (¢.665 v.p. m.) with o
of 50 eycles/s. The resistivity was measured et 200 V/mm

(5 v. p. m.) after : minute of electrification at 100° C.

In 10 the data in Agure 9, sdditional values
were measured for the ncidity, color, relractive Index, chloride lon
content and molsture conteat of the Askarel. The resuits obtained
In this type of testing indicate (a) no loss due to evaporation, (4) no
decomaposition of the chlorinated mmuh.nd(-) 0o change ln
the moisture conteat. The slight (ncrease in Uquid acldity (o.0e4
uo.mmx(m/.)m"muummm«m
bafore the cironiation the
MMW(mm"mo.m)Mwnm
color increase which Is now being maintained at a valoe of So (APH).

c-muhmmuum As In mineral

ofl lmpregn P n the Askarel

lose under A. C. veitage,
udmm“ndmlm. The lowest possible energy lesses
and the longest peactice are therelore only ob d

facture of the capacitor.

Moisture, uwom.bonlymlnwmy which may b'pmat
in the liquid impregnated upndtw Any other substamecs that
diseoives in the (mpreguant and is dissociated thereby Into positive
mm«mum:ouwumm.hnuunm
loss of the upnﬁor. !vumdlpohtmmolm

peper hub-unbnly
one of us [l1|toln -,

charscteristic ummwmmumwwm

the highest and lowest temp of p
(fig. §) The of in the
Askarel f the however, may have a more
dﬂhntchetum hudtlu itor within the

range of
mmmm»tmmmmudmnd
tmparities which effect the dislectrio loss and usability of the Askarel
treated capacitor is a test for the variation of the dlelectrie loss
with applied voltage at an P In u cap .
. Y d Askarel Impregnant, the losses (tg$)
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are sub lall at all voltages up to the limiting value
where Internal dhchlr'u begin, beyond which tm vnl\n of g3
increases. If the Askarel impreg r,
the valus of tg3 measured at normal room temperature wlﬂ show
an changing value throughout the entire range of voitages used,
below thet which produces internal discharge. If this test be repeated
with the capacitor heated unif: to & higher temp it will

be cont

e
4

\Q
P e,
]
0%
U
asoe 4
KILOVOLTS

Plg. 1e. — Ths offect of voitags on the dislectric loss charactartstic

‘of csmtaminated Askarel treated capacitors at elevatad temperatures {3).

U, Reted cspecitor voitage.

be tound that thers will occur a promounced maximum value of the
lotess st some intermediate voitage in the test range. Figure 0
Miwetrates the results obtuined at two differemt temperatures {5].
The actual voitage at which this maximum velue oceurs is & tunction
net only of the total dielectric thickness but also of the viscosity
of the impreg at tlu of the test [18]. The curves

of Agure 10 d in the tgé — voltage
reistionships are typlenl ot the ion of the imp
itude of the « K is an of the  eftece
018 ' of the It has been observed thet very

MONS 034555




-17 - 119

small ofa t in the Askarel may result [n
poak values of tg3a or 3 ttmes Its normal value at rated voltage.

\
\
\
\

002
b

2
.0 I 1\‘ "
o A
. \-}Q
- N

e ﬁ_
APPLIED VOLTAG —L

Fig 11 — Comparing the afieet of veltage on the disjectrie
o od Askerel

treated

A

U

tose
capaeiters (5).

U.. Rated capacitor veltage.

Sy

u
valnes of tgd may be observed

are
as in ‘figure 11,

(1N

t, extramely high
In the capacitor
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tested In Agure 11, the Askarel was contaminated with a small
quantity of an elastomer recommended for sealing the capacitor can.
The peak tg 3 value ls approximately o.03 at 850 C, whereas the same
type of when imp d with the uncontaminated
Askarel showed a peak value of only o.005 [3).

From the iilustrations given it might bde coneluded that the
presence of the Askarel co Is not. of practical and d
effect when the capacttor (s operated at rated voitage (U.). Snch
however, is not the case. When such contaminated capacitors are
operated continuously at their normal rated voitage, the losses
soon commence 0 increase at that voitage stress also. \When this
occurs, uitimate failure of the dielectric inevitably results because
of thermat (nstabllity.

" THE PAPER SPACER,

In the foregoing discussion it has been Implied that the source

of the which may the Askarel lies in the use
of an lmproporly sslected varnish or resin, or In the presence of a
foreign duced in the gasketing or sealing op

or by the rinis used in sold or ng, or picked up by

the Askarel during factory handling or shipment, or from some other
“ aceldental ** source, Contamiuation of this type is Important,
but aceidental eflects of this type are not the only significant sources
of trouble. The contamination of the Askarel may arise from the
cellulosic insulation 1tself. Csliuloss products are used widely In
former and cap in the torm of insulating
papers, tapes, cloths, cords and pressed boards. It has long been
recognized that proper care must be exercised in the selection of the
cellulosic insulation used In the fon of ol Alled app
The same degres of care must be exercised In the selection of ceflu-
losic insulation for use In Askarel fllled equipment. This is espe-
cially true in the case of where o
arising from the uu ol umultnblo papers or pressed boards may
lead to
The quaiity cunml ol the insulating papers usually involves
chemioal tests (or the characterization of the mcr fiber and tl.
purity of tha pulp {19}, supp d by physical and electri
tests to tnsure the quality of mo paper nlml. ln many cases, \he
dieloctric loss of the imp d paper ponds to the loss in
the dried but unimpregnated papnr. but experience has shown (20]
that with the Askarel paper this is not
* always sustained and that hl[hn loss values incrensing rapidly with
temperature may be exhibited by certain Askarel treated papers:

wons  ©
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Examination of the Askarsel traated paper iz necessary to sliminate
the use of “ contaminated “ paper of thls lype.

An 1} of the problem p d by diffarences In three

pac papers ls P by the test results given

X2 |

qm‘ T e s yredm

)
§oos Sgris

qoee laniag.

ases janten Z

n

=

L, &

N
AN
0

el
W - v
a2 s( A
N Ae
o] Ag
o007 e el ﬁr//‘l
o 3 "2
» e 100

[ 3
_TRMPARATUR K. *C *
Fig. 13~ The elfeet of tsmpersture on the leesss 1n cspasiter papers (20)

) Pyralone

Aw By and C,, Pyraions afler trested paper tests;

i Ggare 13 (30} In obtaining these resuits the following procedure
was used

1. The Kraft pspers wsed were from thres comwmarcial lots of
capacitor paper, sach having a specific gravity of o.9. .
2. The papers to be tested were assembled In pads o.¢ mm (9,00 ")

thick.

3. The paper pads were dried at 105°C under & pressure lower
than t mm for a parjod of 16X,

4. The Askarel used was 1476 Pyralene.

5. The Askarel was approved for use on the basis of its resistivity
and loss angle values.
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6. The Askerel was d l and introduced in the
impregnation vessel at a tempurature of rio°C.

7. The vacuum was broken by means of dried alr and the impreg-
nated papers were allowed to stand at atmospheric pressure for 5 b,

8. Electrical measurements were all made In & special call which
“aiso constituted the drying and impregnation chamber. No expe-
sure of mo drlcd pnpcr or the dried and impregnated paper to normal
room was p

9. Electrical tests on the Askarel impregnated papers wsre made
with a Schering Bridge st a voitage stress varied up to 5 volts per
micron (127 volts per mil) at 6o cycle frequency.

10. Electrical tests on the dried but unimpregnated papers were
made st 3 voits per micron (51 voits per mil),

From the data illustrated In figure ta, it will be observed thet the
dislectric loss in Askarel lmpregnated capacitor papsr may in some
Instances be much higher than the losses to by anticipated trom meas-
urements made on the dried paper before impregnation. Tests on the
Askarsl made aftsr its use in the impregnation of the paper showed
no sbnormality which would de indicative of the presence of soluble
contamination, These test results are supported by the examination
of commercial capacitors in which these papers were used. Caps-
citors made with paper B and with paper C wors each charsctertzed
by higher losses after drying and Impregnation than would have been
expected from the measured losses of the papers before impregnation
with the Askarel. The quentity and naturs of the constituents in
Kraft paper which are the basis for the abnormalities observed are
not yet abis to be spacified by chemical analysls. Measurement of
the losses of the Askarel impregnated paper dielectrie is an important

and diok tests usually

-

P to the pby
made on the unimpregnated paper.

a—

THRE DIELECTRIC STRENGTR
UNDER SURGE VOLTAGKS.

The power voltage of the Askars! and the
Askarel treated insulation is qml 1o and in mAnY Instances superior
1o the bresk ot oil and the corresponding

off treated Insulation. However, In transtormer construction, the
surgs voltage breakdown of the insulation trested with Askarel Is
l equal to the sarge voltage breakdown of insulation treated with
minera! oli of like viscosity only when the electrical feld s uniformiy
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spplied or when small insulation thicknesses ere used. For large
gap distavces or with thick layers of the impregnated insulation
tested with surge voltages under conditions which caase & nonuniform
distribution of the voltage stress, the surge voitags breakdown of the
Askarel and Askarel tteated insulation is lower than that of the

mm.oﬂwduum&mn(”l. As in the case of &
gos inpulated the of this p Ues In the
design of the Those of dulmvlluhlln

the In the distrid of the applied voltage
l:mmmm'nm.t breakdown values for the Askarel
flled transformer.

TRE PROBLEM OF EYDROGEN CHLORIDE.

In the normal eperstion of the Askarel Allad transformar, dectrisal
areing benenth the surfnow of the Askarel does not occur. Howdver,
during high voltage testing, corona may be formed. Furthermore,
despite the excellemt service record of the Askarel filled transformers
over many ysars, slectrical breakdown during the commercial use
of the tramaformer may oocet, It s well recognized that an eise-
trtoal are will cause the molecular breskdawn of mineral off, 1t also
causes the melscular breskdown of Askarel. In mineral ofl, such
breakdown results {n the formatien of carbon sludge and gases sach

h i carben de,’ and other

£
|
!.
3
3
!

de fs velther 0 P ydrog lorl
may be B
shown that a dielectrie fallure in an oll Ailled transtoimer is frequently
repairable witheut ) properties of the
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and ellminate the possibility of {ts reaction with the Insulating and

structural parts of the Such a has no func-
tioa in mdlfytng the nurmnl dielectric bwlvlor of the Askarsl under
normal and b e and of 8

mtmlvo tet.lon only when hydrogen chloride is {ormed ss when
an electric arc bas caused decomposition of the Askarel. Since the
“ getter  is preseut during the normal commercial use of the trans-
former, it must possass good d when in
the Askarel and must not diminish its lmdum from fire nor detract
from the nonexplosive quality of the arc formed gases, Such a
material Is tin tetra phenyl [22]. When dissolved In the transformer
Askard to an extent of sbout 0.15 % by weight, tin tetra pheny|
gives te p against the o dation of the

and ath bers of the {24}

THEE USE OF STABILIZERS.

In the normal use of Askarel In A. C. voltage capacitors and in
transformers there is no necessity for the use of a stabllizer of eny
type. The chemical stability of the Askarel and its tresdom from
the possibility of oxidation, unilke the behavior of miseral oll,
removee any necessity for the uss of antioxidasts or retarders which
have feen loud desirable in certain types of ofl Alled transiorvners.

Under D. C. voltage, howsver, the lUfs of the Askarel treated
capacitor has besn extended by the use of a stabiliser (12). It s
Dbelleved that when the Askarel treated capacitor paper dislectric (s
operated under high values of D. C. voitage stress, there b & small
but significant degradation of the Askarel which affects the perfor-
numo{thoup-cuorlnb C.volucom Smnlubuuarls

and its chiorl

THE USE OF ASKARELS AT LOW TEMPERATURE.

For the oparation of the Alhrol upneltor at low mapmm- n
cases whegp the 8 n ol the use of
penta chlor dlplnnyl has not lmn found to llvo a compietely satis-
factory performance. During periods when the capacitor is off
voltage, the impregoant may solidify with resultant mechanical
motion and the possibility of vold f jon within the diel
structure. In some cases, capacitors impregnated with penta chlot

have falled lly when the normaal capacitor voltage
was reapplied after a period of time at temperatures below — 15¢C
during which the capacitor was not energized. By the use of trichlor
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and lower. The chamoteritios of trichlor dipheayl which are
sultable for such applications are given in the date of tadle IL.  These
prepurties are averangs values and de a0t necessarily reprevent the
properties of any single commarcial source of this material.

Tams L.

The averagy propertiss'of triskiar dipheny! suitable
Jor wss in eapaciers subjest to low embions temperatures.

Cose -
. Prestically oolotien
<e.o

hLIC
(8

—t§ (9 =2C

¥(8.9.0.,)

35(8.8. L.,

(20-992C)

Dielsstrie nrength
{kV/em) (V. D. K.).
VPN (ASTN

5.6=5.9 (33C)

$07+4.9 (100°C)
Spesifie resisesnss (9o~ C) (Oem) 3108
Power bntor (99°C)oee v venvvnnens erensse o.013

As with mest materials, however, & degree of texicity woed
wdir ertals handling sonditions. Contiawed comtast with the
Nquid Asharel may canse some skin Uritstion. If the vapors from
the het are over & long paried of
thne, systamis offests may fwenit. The lower order of velstility
of the sommervial Ask: » with mest mate-
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tinls in use {chlorl hyl tects against
abnormal personnel diMculties. Despite this nud upoeully when
the heated Askarels are handled in open containers, good venti.
lation of the atmosphers should be provided.
Hydnnn chloride, which is formed only when the Askarsls are
d as by en alectrt m.l-ntoxbm 1t is to be pointed
ont. lmnvn. that the dingt § tharae-
teristic of hydrogen chioride m to |1vo ldnnlo wlmln. of its
presence even in very small thus p! ing the
dangerous exposure of parsons. It is suggesied by m Undwwrum .
Laboratory (11) of the Nationsl Board of Fire Umlwmm (United
States) that ¢ the resulting ofh acid 1n oir
when, failure of & or other ) contain-
ing thess products occurs will dmndhndyum the conditions.
It will constitute a toxic hasard only where the conditions are such
as to cause & high concentration of the fumes, 43 in & closed roem
lnmmmm-m.,u.mwmcwum
a8 already stated [3], permits the
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