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ABSTRACT

One of the results of worldwide attention on environmental

effects produced by synthetic organic chemicals was an accumulation of
evidence that Polychlorinated Biphenyls, PCB's, are widely dispersed in
the environment and that they exert both adverse toxicological and ecolo-
gical effects. Since PCB's are widely used in the capacitor and tranms-
former industry, in late 1970 a study was begun to develop a suitable
electrical insultaing fluid without these adverse properties. This

study culminated in the development of diisononyl phthalate (ENJ-2065)
as a dielectric fluid for the capacitor industry. It is now in commer-

cial use in the U.S.A.
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Introduction

Polychlorinﬁted biphenyls, PCD's, have been i conmercial use as
electrical insulating fluids for err forty years. They gained prominence
in capacitors and transformers because of the property and performance
udvnu:aggs they showed over the hydrocarbon dielectric fluids. PCB's are
non-flammable, have a rcqsonayly high dielectric constant, and a high degree
of stability., These properties enabled manufacturers to preduce relatively
non-flummable smaller size capacitors and transformers with longer life
pef(;rmance than could be ogtained with couwventional hydrucarbon fluids.
Over the years, more than 90 percent of the electrical utility and smalier
tndultrial type capacitors have been impregnated with PCB's(l).

Commercially, PCB's are manufactured by chlorination of biphenvl.
This procedure resuits in a complex mixture of isomeric chlorohiphenyls
with varying chlorine content.

‘ . Trace quantities of PCB;a were reported nresent in eﬁvlronmental
samples in 1966(2). In following yeare, PCB contuamination was found to
be widespread including human milk and adipose tissue(s). Definitive
toxological properties, as regards humans, vewain poorly knowa. A
detailed bibliography of the current status of toxicological data are
given 1n(1).
As a result of the enviroumental and tonicological considerations,
the use of PCB's has recentiy been edither limited or banned altogether in
" many csuntries.v So far in the U.S.; P?P usage has been limited to those
systems which are closed, e.g. capacitors and t;;nsformcr%, to‘mlnlmlze

or oliminate environmental exposuve. In tay 1972, Japan totally banned

the use of PCB's in any product either produred or imported into thelr
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country, Member European countries La the Orgualzaticr for Economic

Cooperation and Development (CECD) reached s agreeacut in 1973 to recosmend

the restricted use of PCB's.

Phvsical and Flectrical Properties of Insulutine Flyids

Electrical insulating (d{electric) fluids are important as

impregnants in tranformers, capacitors and otheir clectrical devices. 1In

addition to their electrical functions, the fluids mey glso be used for

cooling and arc quenching. For use in capavitors with cellulose papar

a8 a diclectric, the important prdpert{es of the fluid are:

1.

3.

High Diclectric Constant, A desirablc dielectric constant

is one which closely matches that of the paper dielectric,

A close match reduces electric field inhomogenecites, increases
diclectric s:rcqgch and thus improves the useful life of

the unit. Although liquids with dielectric constants greater
than six would be desirable to reduce the size of the capacitor
purifying such liquids of conducting impuritics, such as

water, is extremely difficult. & dielectric constant in

the range of foﬁr to five appears to be a gooﬁ compromise

to maintain purity while permitting a reduction in unit sive.

Low Dissipatjon Factor. Mhis factor is known to be primarily

a function of purity but molecular gecmetry may also influerce

it. A low value is importent to veduce energy luss and
.

damaging heat buildup in a capacﬁtor.

High Dielectric Strength, High volues are required to improve

the service life of the units by permitting exposurc to short

periods of abnormally hiph stresscs without hreskdown.
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4. Low Gassing Tendency, Low values ave desivable tu avold the

production of gases, such aw hydrogen, which car lewd tc che
buildup of pressurc in szaled uaits. IuvpraCtLCO of auromatic
molaculeg hes Seen found o be beneficial in reducing pas

evolution(a).v

5. RHipgh Chomical and Thermal Stabilitv. The e¢rviiibrium concen-

tration of water present In ccllulosic paper and the normal
operation of c;ﬁacitors at clevatad temperaturcs demacd a
high order of stability of thesc fluids to preveut or
miniﬁize failure of cupacitors in use. ‘

é; Low Viscosity. For ease of cnmplete.impregnscicu and f{l]ling
‘of capacitors, a low viscosity fluid is desirable to e!iminate
voids of afr pockets.

7. low Depree of Toxicity. This property ts mandatory to over-

come objections of governmental, envirormental protecticn

organizations, and other privatz agencies.

8. Ecological Compatibility. This requires an acceptable fluid
to b; reedily bicdegrzdable by micrcorganisms 4n soil and
water. If biodegradation to carbon dioxide and water is not
complete, tﬁe degradation products should be relatively non-
toxic or no more to#ic than the parent fluid,.

The above requirements apply primarily to capacitors. In practice

PCB's have also found use as dielectrio fiutds {n transformers particularly

in those used indoors where liwited {Jamuablility is an important requircﬁont.

In these transformer applications the megnitude of the dielectric constcat

is of less importancc than the fluid’'s heat transfer ability.
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The search for a suitable dielectric filuid to replace PCB's
in capacitors has been undertaken lLn many laboratories. Organic estecs,
Iluorocarbons'and silicones have received much uttcntion(l’7). The organic
esters studied gencrally had either low dielectric constants, showed poor
dielectric strength or were either hydrolytically or thermally unstable.
The esters which received the most attention we;e devived from either
straight chain alcohols, e.g. butyl sebacate or mono-brnncheq alcchols e.g.
di(2-ethyl‘hexyl) phthalate (DOP). Esters from these type alcohols would
be expecced'to have a lower hydrolytic stability in capacitor applications

since a higher degree of branching in the alcohol 1s believed to improve

hydrolytic stabi]ity(7c). The fluorocarbons were generally more volatile

”uin cxpensi?e tﬁan PCB'S;.and:dccomposltidn.produc:s are expected to bde
~'}:t;x1c._ Silicones have éhe.disadvantagc oé low dlelectric constant and
nomc.de:erioraté rapidly under electric arcing.

{;- ...- - With these general considerations in mind, it is possible to
focus on the myriad of possible ester tipes of polar dielectric iiqulds.
As will be shown in the following sectfons, we believe the choice is limited

‘to a few types of compounds, with special emphasis on esters from branched
éhain nlcghols 1f one is ﬁo stdy within thé realm of readily available,
-tthe and economical;y prac;iéal materials.

“‘ Experimental .'.5211‘;: 'i .i. ’
. The-flﬁids used in this study were either e;perimentnl mater!;ls
2€repnred in the laboratory or were su;blicd byvéhe Exxon Chemical Company
U;S.A. (sec Tabl; 2). The samp}e of PCB (427 Cl) was obtained from thé

Monsanto Chemical Company. In the preliminary screening studies, they

were used as prepared or received (sec Table 14, 18). 1n the later stapges
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of this invauiga‘cion, the samples were caresuily purliied (see Table 3)
ln;i the preferred purification method will be desccibed later.
‘A. Dielectric Measurements
: The dielectric measurements weve carried out in two types
of cells. When evaluating liquids ilone, a Balsbaugh cell, Type LRC-1
(manufactured by Balsbaugh Labs, South Hingham, Fassachusetts and con-
forming with ASTM D150) was used, together with a Gﬁ built high voltege
bridge (Direc Read Capacitance Bridge)vcapablc of operating at up to 5000V.
For the evaluation of the interaction of the liquids with cepacitor-grade
paper a glésn cell having flat parallel pinéinum electrodes with cell
constant 0,1 (manufactured by Beckman's industrial Instrument Division as
Cell AOl) was used. This cell was supplied with a ground glass joint so
that the liquid and pnpér could be sealed in the cell for the duration of
any test. All dielectric measurements reported in subsegquent sections
represent the average of measurements on at least three diffcrent samples.
Constant temperature of the cells was maintained in an oven into which dry
nitrogen was circulated, The temperature in the oven could be controlled
to within + 1°C. The capacitor paper was always dried unde‘r vacuunm at
90°C for at least 48 hours brior to lmprcgnntion with the liquids under
» study.

B. TPhysical Mecasurcments

[ The phy;icu?. propertfes of the fluids were determined according
to Asm'methods unless stated ot‘herwise. To es}alunte the thermal stability
of the ﬂuids,‘n simple .écre.ening tes; procedu;e wns‘ developed. 1t con-

N l'is(:ed bisicullyI of an e.valu‘ntior.l of the dielectric constant and loss

" factor at 25°C. Then, while still in the measuring cell, the samples

were heated to 90°C. After two hours at’ 90°C, to resch thermal equilibrium,

. : .o
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the dfelectric properties of the iluid were determined. The system was
allowed to cool to 25°C overnight. When thermal equilibrlum at 25°C was
reached, the dielectric properties were again measured. The data were
evaluated according to the £ollawin§ critcglu: The dielectric constant
at 90°C had to be less th;n that at 25°C both before ;nd after heating.
The dieloctqi; loss factor should not exceced 0.5 at 90°C and its value at
25°C should not change by more than a factpr of two &s a consequence of
the heating cycle. As a ruie, properlf purified liquids were found to
latisfyvreadily these requirements nﬂd their long term thermal stability
was found to be quite satisfactory., The purificaticn o these fluids is
discussed in the following section.
¢ priftatien

Estcrs, particularly those used in clectrical spplications require
iputlfication if they are to m2intain their chemical and physical integrity.
Buch purification involves the removal of trace moisture, unreacted alcohol and
érgnnlc acids as well as half (acid) esters and possibly catalyst residues,
since their presence could adversely affect the dielectric fluid's stability
and performance. Examples of the effect of residual alcohol and moisture on
conductivity are showm in Tables 3 and & respectively. The efficiency of any
purification process is ﬁsually determined by conventional macro- and micro-

annlytigal techniques. When dealing with fluids for use in electrical equipment

such as capucifors, these conventional technigques prove to be insufficient
end expericnce has shown that electrical mensurements are a more sensitive

means for evaluating the state of purity of such liquids.

various puriftcation methods were evaluated but eventually the

method 1nvolviug.pcrcolntion of the ester through a phckcd column was se-

lected as the most convenient and cfficient. As packing material, activated
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Attapulgus clay (30/60 mesh) proved most‘c[fcctiQa. Activation of the clay
was achieved by heating it to 250°C fer a minimuw of 12 hrs while flcuing
nitrogen through the éolumn. The gas inlet and outlet were connected to
bubblers to prevent back mixing of moist afr during the cooling period. The
1iquid csters were gravity fed through the clay bed at ambient temperature
while maintaining a dry inert atmosphere. In genéral.thc first 5% of

flujd coming through the columélwus recycled.”. A typical cxample of a run
1s‘shown.1n Table 5. No attempt'was made to optimige IloQ conditions. In

E Tnble 2 are summarized the electrical and physical ptopcrt1c< of the various

'purificd phthalnte esters used in :his study.
o Rosults ’

"In order to.obtaln a general understanding of the interrelation
betyccu molécular structﬁre a£d diciectric properties a significant number
of mono and dibasic esters were examined. Their diclectric constants as
well as conductivities are .shc->wn i;'l Tables 1A and 1B. Within a group of
osters it was noted that generglly both the diclectrie constant and the
ac cnnduccivfty decreased with increasing molecular weight. Exceptions
"éo this trend were found nﬁong the aliphatic dibasic acid esters, which
" may be due in part to impurities in the varlous ester. In selecting some
.pntcntiél candidates for usc‘as electrical Insulating oils, thought was
".N,givcn to availability of thevmacerial, its physical characteristics as
well as such special propefties as gassing tendency under high electrical
stresses. Since it is well_kﬁown that™aromaticecompounds perform better
than nliphafic ones in this lattef aspeé£ and to Assure availability at
reasonable cost, the selection ;as narrowed Fo the pﬁthalatc esters shown
-lnlfnblo 2+ Amoug these six eaters, dilsononyl ;hthalate (ENJ-2065) wes the

. most promising candidate in terms of overzll properties. LNJ-2060
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is manufactured in the United States by the Exxon Chemical Company, U.S.A.,
{fom phthalic anhydride and an appreximately 50/20 mixture of branched 09
and C10 isomeric alcohols. ENJ-2065 wes selected as the final candldate
fpr a more thorough and exhaustive study on the basis that 1ir has (1) an
lAdvantage in its loss characteristics relative to the lower woleculer
wveight dihexyl and dioctyl phthalates, (2) a higher dielectric constant
than the higher molecular weight phthalates, (3) a rel#tively high flash
point, and (4) a more highly brancﬁed ester group than dihexyl and dioctyl
phthalates to improve hydrolytic stability. The other physical and
electrical properties of ENJ-2065 also offer a good balance of perfor-
mance characteristics. 4 '
) ‘It is well known that electrical in;u]ating fluids have to remain
Y‘EJ:,“"‘chemiéally unchanged when subjected to temperatﬁrolcycles. For this reason
' l 1£ is desirable first to know yhat-éffect certain contaminants might have
oﬁ ;he atability of the material, secondly how one could remove these
cohiaminnnts and thirdly what ptoteccivg éddicives nmight be useful in en-
hancing its atabilicy.. To prSthe answefs to the first point the effect of
Addlng small amounts of alcohol and water on the material's conductivity was
evnluuted The. results ahown in T.bless 3 and 4 respectively indicate that
lesu than 0. 1 wc % of alcohol nnd less than 0 01 wt % of water could probably

bo toletated without ndversely affacting performance. To obtain an answer

to thc sacond point it wns decided co use a pctcolnticn technique to
.
olimtnate theae contaminants as well as others such as residual catalyst.

-. In Table 5 are shown the r.sult- of ouch a purlfiCAtion prncess uslng
~{ lccivated Attapulgus Clay Under the conditlons used, the column could

hlndle about 22 to 23 sallons befote the clay lost its activ{ty and breakthrough

o
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of conducting impurities occurred. In search for & solution of the third

point, it was deemed expedient to take a look at the additives used with

polychlorinated biphenyls(s). In general, 1t was noted that epoxide type

compounds were compatible with ENJ-2065 and indeed imparted beneficisl
' effects to its long term performance.

" In the mext phase of the study, the gassing tendencies of ENJ 2065

o " wvere evaluated and the results are shown {a lablc 6. Although {ts gas

_Lf : lbsorptlun tendency was not as good as that of a typicnl PCB capacitor
fluid, it was judged luffiCIent for the intended purposes.

The preliminary test results indicated the sui:abiltty of ENJ-2065

for use 1n capacitors. Its compatibilicy with orher componen ts forming a

i f. H cnpacitor needed to be evaluated In Table 7, a comparison is shown of a

lons term stability test run in the presence of regular capacitor paper.

" Over thc test period of 600 hours, the dieleccric loss decrcased and was

;.. - eonsiderably below that of the PCB. The presence of aluminum or nickel
toil did not show an adverse effect on the long term stability of ENJ-2065.
For an overall evnluation, six capacitors designed for a nominal
30;([d 370 VAC in PCB (424 Cl) were impregnated with ENJ-2065 containing
0.5 wt.ﬂ epoxide atnbilizar. Conventionnl techniques were used to dry and

impregnate the units. rhe results of these tests are shown in Table 8.

'A !ubstantial nmount of safety evaluation has been catrled out on

di!nononyl phthalate. A uunmary of these studies 15 presented in Appendix 1

lnd its implica:ions are diacussed latet on. -«

The results presen:ed in the prececdlng section indicate thac

. ENJ-2065 possesses all the neceaaary characteriptics of a capacitor

impregnacing fluid. Al:hough its diclectric constant is not as high as
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. ,‘: that o( typicnl polychlorinated biphenyls (PCB), it s sufficl-ntly h(gh‘
S to be useful in capacxcots dcsigned £or use with PCB's und has the advantage
. of being ecologically acceptable. It may be -rgued that some lower phthalate
W eltera have high dielectric constants but at the same ttme their conductivities

o _. . are higher and their thermal stahility and flash points are lower than that

of ENJ-ZOGS. The brlnched atructure of the ester group in ENJ-2965 provides

ln inctcuscd measure of hydrolytic stlbility for improved service life of

paper wound cnpncitors.’ Thus, ENJ-ZOGS represents a dlelectric fluid with

.', thc beut ovcrall belance of physical and electricnl propertics for cuplcltor

; lpplications.

) ﬂjﬂé Another impor:ant aspect involves the po:entinl danger 1nvclved
jin dinposing of this matcrial. A!thoughlmuch has been writtcn about the

- blodcgradation of phthalate esters, only recently have studies been carried

out ‘on neat phthalute esters(syl SAegec'lnd Tucker evaluated the biodegra-

dntion of phthala:e escern using (1) a semi-continuous activated sludge

S - teet, and (2) a River Die Away test. Compariscns were made to controls

-"t ) including a readily degraded surfnce activu ngent, LAS, and 2 poorly

L

dcgrndublc 1nseccic1de, DDT.
» - The test reaultl of Sneger and Tucker "clearly demonstrnted that
‘,' the thhulace estcrs and their 1ntermed1ute degtadation products are all
rnpidly degrlded by readily nvallable bncteriu in our environment. For this
reloon, these compounds nhould not be classtfied as petsistent matetinls

" dut rnther as a class of industrinl chcmicals which are easily recycled

' .

by natural biologicnl processes . A “T?:?

-A:: PhthnIACe esteru also have been the aubject of considerable

toxicology studies. In the period 1971 72 much concern was voiced

regardlng their occurrence ln'the environment and inh bank blood. As' a

RS : a0 MONS 039596
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rvegult of this concern, the National Institute of Enviroamental Health

SCiences sponsored a meeting in PinehutsL, Nerth Carolina, on September 6;7,

1972, The information presented at the meeting showed that there is a

vast dlfference in degree in the types of problems presented by phthalates

as compurcd with those related to polychlorinated biphunyls(l)

S T At the Pinehurst meeting after hearing papers on such diverse

. lspects of environmental consequences as "‘..Phthalate Esters in Aerospace
I@chnology" f...Toxicity viuAIngestion", and "Toxicology in Aquatic
Orglnisms 5 Mr. Lloyd 1epper, Associate Commissioner for Science of the

et FDA commen:ed in his review that we are in a ...clearly prcferable
position (over PCB's and mercury which were found to be the source of

--? overt disesse) of having an etiology which is searching for a disease".
(8)

- A similar symposium 1n Msrch 1973 reaffirmed the Pinehurst

RUPE conclusion that phthalates present no lmmediste hazard to the public

- health. * Although there are no dnta to suggest imminent hazard, more

work should bc preformed to 1nsure that there are no long term in-house

e(fects. An FDA fish sampllng study recently conpleted( ) gives cause

for further optimism that phthalates are not accumulating in the environ-
. _ mont since only 20% of che fish sampled contuined phthalates and those at

such a: ‘low level that the FDA abandoned furthvt £ish sampling.

.f."ﬁ In sunmary, ENJ—ZOGS represen:s a dielectric fluid with the

boat overall balance of physical electrical toxicological and environ-

vu»ntal proper:ies to meet the current-needs.foq,capucitor applications.
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_f“T‘ . . S ‘ ...L . TABLE 1A
3 . DIELECTRIC PROYFRTIES OF DIBASIC ACID ES_T_"_11_§
- - (25°C, 1000 Hz)
! Aromatic Dibasic Acid Esters ' . - ° Dielectric Conductivity
¢ Ester and its Empirical Tormula M.W. Constant (otm-cm*1)
Dihexylphthalate C Ul o c .
. Cgl,[CO0CgH; 3], 334 5.62 9.0 x 10711
Ditsooctylphthalate L . :
CgHyLco0Cgly 7] F.3% 4.97 1.3 x 10-11
| Di(2-ethylhoxyl)phthalate - - :
CgH, [ CO0CgH1 7] S -390 5.27 2.1 x 10°11-
e biisononylphchnlate " - e .
Celi4[COOCgH19]2 4.66 2.9 x 10712
.‘Diilotiucylphthslate : . - -0 : -
*. CgHyLCO0C oHz1]2 4,45 2.0 x 10-12
v 'Ditrldecylph:héla:e ) o
-, ,CeHal CO0CY3H27]2 4.08 4.3 x10°13
; \ Di(ethyl-nco-decanoyl)phthalate ’ : C '
- 1 ... C6M4[ CO0-CHyCHa-0-CO~Cgil19]; .. 562 5.59 2.3 x 10713
! ‘D1 (ethyl-neo-decanoyl) terephthalate »
CH, [ COO-CH, ~CH,-0-CO~ cgulgj2 - 562 4.53 1.8 x 10-13
Aliphatic Dibasic Acid Esters ‘ s
Ester and its Empirical Formula
Di(ethyl-nco-p‘entnnoyl)maleate : ‘ : ‘ .
.. [HC-CO0-CHy-CHy=0-C0-C(CH3) 3], 32 6.61 2.5 x 10-10
' Di (ethyl-neo-decanoyl)maleate = . :
Cm (HC-COO-CHZ-CHZ—O-CO-C9H 9)2 S 12 . 520 2.3 x 10-11
Diisononylmaleate o o o
: - (nr:-coocgnw)2 S iy w368 L T 427 5.0 x 10-13
M(ethyl-neo-decunoyl) ndipate ; ' . Coe .
3 -.i . (OlymCiy-000-Cli,~CHy=0-COCgHy ), - 342 4.79 - la1x 10712
e Di(othyl-neo-doelnoyl)uzahco . ‘ . S '
! * (CH¢CH2) 3¢00-CH2-CH2-0- c009u19) 564 4.63 . 8.9 x.10-13
 bitsooctyladipate o T ’ o
(Ciy~Cll,~CO0CgH; o) P 398 3.91 6.2 x 10712
I : : .
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DIELECTRIC PROPERTIES OIF MOMNOPASIL ACID ESTERS
" (25°C, 1000 Hz)

. . Dielectric Conductivity

Mono-Ester (Alcohol-Acid) M.W. Constant 7 gohm-cm‘lz
Hexyl-nco-decanoate P 256 3.61 1.7 x 10712
Tridecylpropionate “ 256 :3.62 1.3 x 10-12

" ‘Didecylvalerate So210 3.36 2.1 x 10712

.. Dodecyl-neo-pentanoate . 270 3.40 S1.2 x 10712
l:. : 1sooctyl-neo~decanoate 284 3.52 . 2.8 x 10-13
. Tridecylheptanoate 312 3.26 6.2 x 10-13

. Hexadecyl-neo-pentanocate L 326 3.28 1.8 x 10713

' Mexylstoarate 368 3.07 2 x 1014

. Tridecylmyristate R 410 2.95 4.2 x 10-14

. Hexadecylmyristate T R 652 ©2.88 3.8 x 10-14

" Hexadecylpalmitate e " 480 T -2.86 : 2.6 x 10714
v+ Hexadecylstearate Lo 508 ©2.86 C 9.4 x 10714

Di-Ester (Glycol-Acid)

Ethylenc Glycol-bis-nco-pehtanoate -230 5.23 "7.4 x 10-11
Ethylene glycol-bis-neo-decanocate 370 " 3.86 “ 1.4 x 10-13
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: Dielectric Conscant

-, Viscosity, cps. 20°C
. Flash Poimt, COC, °F-
° Fire Point, COC, °F

Tangent Delta

AC Conductivity
10-11 (ohm-cm)-1
Breakdown Voltage
(kv/0.1 inch)

Boiling Point-nld @ 5 m H;,._ E

Pour Point, °C

x
o
Z
v
[=]
w
0
o

[=]
-

TABLE 2

"ELECTRICAL AND PHYSICAL PROPERTIES OF PHTHALATE ESTERS

Dihexyl Di-2-ethylhexyl Diisooctyl Diisononyl
5.64 5.33 4.97 4,66
0.14 0.30 0.05
9.0 2.1 1.3 0.29
- 28 27 30
coo2100 ) 230 235 252
=33 ¢ -50 ) <45 -438
T. 50 81 . 83 .95
. 380 425 .7 - 430 430
T 4207 475 485 %95

&

Diisodecyl Di-tridecyl
4.45 4.08
0.02 0.01
0.20 0.04

36 29
256 286
-50 -37
110 23¢
452 470
515 555




TABLE 3

.. EFFECT OF RESIDUAL ALCOHUL ON CONDUCTIVITY OF ENJ-2065

Conductivity (10-12 ohm-cm=1)
Wt% Alcohol Added

bTempcrnturc, Cycle

{1000V, 60 i1z) o 0.01 0.1
st o 0.78  1.97 L8

T 90°c_ S ,‘410 65 320
e e T s 4 12

Temperature, Cycle . Wt7 Water Added
(1000V, 60 Nz) T o00L o0l G
L ase S 078 22 37 13
ST egie L 40 165 2400 400
25 S R 1 s 70

MONS 039602




e -

e

: PURIFICATION OF EVJ-ZOSS BY PERCOLATTON THROUGH

" Yoli 9f ENJ-2065 Effluent . 'm< QOOO\I)

ACTIVATED ATTAPULGUS CLAY(1) - DIELECTRIC PROPERTIES DURING TEMP“RATURF CYCLE

Cc;nductivity % 10-12' (1000v)

(Gallons) 1 25°Cc  s0°C 25°C

450

25°C

2.1

1.6

1

1.3

3o°C
55

37

35

37
35

039603

T25°¢C

4.0

3.4

2.7

2.8

2.8

6.5

6.3
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; BT A COMPARISON OF THE GASSING TENDENCIES
SR i ' OF ENJ-2065 AND PCB (42% Cl)

V

1

"Doble Gassing Tendency Ceil;.AS'.m 1 2300, rroc. B 65°C, 10 Xv

s

Results Expressed in Microliters/Min

B

Test Period

- 50 min 100 min
o ENJ=2065 T 233 - -20.5
©tTPCB (42% C1) ‘..r36.0 . - -26.8

P . A .

TERM STABILITY OF EiiJ-2065

150N OF LONC

" A _COMPAR

ALY e — , XOr F
o R . CiatN e o A N
" 90°C, 1000 v, 60 liz, Regular Capacitor Paper, No Additives
S e e e . .. ENJ-2065 . - peB_ (627 C1)

P ‘.'v“ . " . , - - - ‘ - r’ -
o ~Zime, Yrs. __é_' ] -/. Loss _ _é__“ . hloss
T T ka2 .'.‘ 21,7 78.8
Y 13 N S R L 78.9
Co 168 - 14 53.6
' 7408 52.1

- 504 46

600 lo?




“.0 " XABLE 8
CAPACITOR SCREENING TEST REsuLTs (D)
' R Capacitance,
3. SN . oF % Loss(2)
‘ A. - Initial Mecasurements } . .
- i-1100°c, 300 V/mil 218 : 0.435
' . B. Life Test - ' ‘
; . ‘.- 500 nrs, BO°C, 460 v/mil One. failure after 190 hrs
\:?‘ - €. Post Test Measurcments N - g .
N 100°C, 300 V/wil . . 27.5 1.23

o

Capacitors unit designed for nominal 20 uF and 370 VAc,
after drying at ~160°c were filled with ENJ-2065 + 0.3 wt.%

Epoxide.

Average of six units. ,'

1.

“
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1. Acute Toxicitx and Irritancy Studies on ENJ-2065

} AN S Acut:e oral toxicity (rats) - There were no dcath at any dose
o hvel up to 10 g/kg of body weight. There were no.significant findings
. at nocropsy \ e ’

B e . yog te

e o~ Acute dermal :oxicitv ubblts) - There were no deaths or signs
. of lystmtic toxicity at any dose level up to 3.16 g/kg of body weight.
R 'rhere were no significant ﬂndings at necropsy.

o Acute eye irritation (rabbits) - There was no systematic efiect
‘_following instillation of 0.1 ml into the conjunctival sac. Treated eyes

were not irrigated. Irritation was slight and confined to the conjunctiva.

‘-.An signs of irritation cleared by 72 hours.

STl L PN .

11, subacute Toxicitx Studies on ENJ-2065
T,

Six-wee.( repeated dermal application - rabbits - ENJ-2065
"‘.pplied daily to intact and abraded abdominal skin of rabbits 5 days/week
£o_r 6A weeks at doses of 0.5 and 2.5 ml per kg of body weight.

“.". “There was no evidence of compound-related systemic toxicity at

' elthet dote lcvel. Dermal irritation was slight.

-.T'hirteen-week dietary fcedim_;' study - rats - Rats were fed‘
ENJ-ZOGS at dietary levels of O (control), 50, 150, and 500 mg/kg/day.

The 50 and 150 mg/kg/day levels were clear '"no effect" levels.
) The 500 mg/kg/day level was a beginning "effect" level in both sexes .

e ) Thirteen-week dietary feedinz study - dogs - Dogs were fed
ENJ-2065 at dietary levels of O (control), 0.125, 0.500, and 2.0% for 13
. weeks. After the eighth week the 2.0% level was increased. ™

t. " The 0.125% level was a clear "no effect" level in both sexes.
: The 0.500% level was a questionable "no effect" level in both sexes. The
« . only effect noted for the males was a slight increase in liver weight and
' ratio to body weight in two of four animals. The finding was not associated
v . - with any histopathology. The 2.0% dietary level (raised to b% after 8
AN ‘weeks) was a clear effect level in both sexes. .

o - An examination of all the data shows that ENJ-2065 has a low
order of acute and subacute toxicity afid 1is without any meaningful irri-
"‘tntion on the skin of experimental animals.
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