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SUBJECT: Benefits of PCB Use

Dr. Edward J. Burger, Jr,

Executive Office of the President

Office of Science and Technology

Room 4224, New Executive Office Building
Washington, D. C. 20508

Dear Dr. Burger:

Accompanying this letter is a statement descriling the
berefits to the public arising {rom the use of polychlorinated biphenyls
in the electrical industry. It is submitted in response to your invitation
to prepare material for the consideration of the Office of Science and
Technology in supporting the work of the Interagency Task Force on PCB,

Whereas there is a growing body of literature on the wide
dispersal, toxicology, and ecological significance of this class of
materials, nowhere do we {ind adequate treatment of the unique proper-
ties which have occasioned its use in electrical apparatus, nor of the
advantages of safety, reliability, and economy which have ensued. Our
paper {8 offered to help remedy this lack and thereby assist in arriving
at a balanced comparison of pwlic risk with public benefit.

There {8 ample indication that the environment carries a
significant burden of some forms of PCB, This burden derives, we
believe, in some measure from the untutored waste disposal practices
of the recent past, but principally from the nonelectrical uses (e.g.,
as plasticizers in paints and plastic materials and as hydraulic and heat-
transfer fluids in industrial machinery). It'is our belief that the pattern
of restricted use, process contrel, and waste disposal engineering now
being put in place by voluntary industry initiatives in the U.S. and Eagland
will, i adopted also in other PCB-producing countries, prevent significant
burden. The key feature of this program is to limit

- e e w, -~ e — - -— [
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application to sealed electrical apparatus. Our calculations indicate that
the portion of electrical PCB possibly reaching the environment from
field disposal and repair activities is being rapidly reduced and may be
already below 1 percent of total electrical industry usage in the United
States. In the near future, this class of waste should be the only category
remaining, as effluent from manufacturing plants approaches zero and
the nonelectrical applications are cut off at the source. The residual field
waste from electrical apparatus is itself subject to further improvement,
and ways to accomplish this are now under study by the C-107 Committee
of ANSI, If these efforts succeed in preventing an absolute increase in
such discharges as the power industry continues to grow, the contribution
to the nation's total environmental burden would be s0 low as to require
more than a thousand years to double the burden.

To the extent that this assessment is confirmed by further
study and future developments, it would appear that we need have less,
concern for the technical problem itself than for the possibility of
legislation or regulatory rulings which fail to take into account the special
circumstances of electrical industry usage or the public benefits which
would fall victim to any undifferentiated prohibition of PCB use.

The attached report has been prepared by a team of General
Electric scientists and engineers in less than two weeks, in accordance
with your recommendation of a preliminary document at the earliest
possible moment. Accordingly it is neither exhaustive in its treatment
nor completely consistent in the format of presentation for the various
applications involved, < .

Please let us know if you or your colleagues desire more
information on any of the points covered in the statement, or clarification
of any obscurities, and we shall do our test to supply the deficiency.
Thank you for the opportunity to introduce consideration of PCB benefits
into the deliberations on this important public question.

« Very tx('u,__g_yours,
! ¢ uVl C£%Q£¢24_

h J. ¥. McAllister
Manager-Product Quality
Corporate Executive Staff
1 General Electric Company
JFM/rs
Att.
./ :
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INTRODUCTION

Poelvchiorinsted biphanyls (PCB)} hava been used i{n s vide
variaty of industrisl snd consumar applications ovar thea psst 40
yaars, but it wss only rc;tntly that svidance bagen to appesr that
thesea msterisls had bean widaly dispersed throughout the snviron-
mant, By lotter datsd Fsbruary 18, 1970 the Monssnto Compsany,
sols US producsr of PCB's, notifiasd all of lta custonars of'tha
potonti;l problam of anvironmantal contemination" by thasa ligquids
and rescoamandad "that all possible cere should bs taken in the
spplicstion, processing, end affluant disposel of thsse products
to prevent them bacoming snvironmental eontaninanta.f Monssnto
has begun & prograsm to dtscontlnua salas of ICH's !or:ulo in psints,
plclgieizars, lptiislty inks, .dh;stvos, paspar costings and sll
other open-systam applications,

The Monsanto Company hes declaersd, hovevar, that it will
continue to ssll rci'- for closed-systam alactricsl uses. This
deacision is & tasit rscognition of tha important rolas that PCB's
play in the alio, relisble, and sfficlent delivsry of slactric
pover from the genarsting plaﬁt to the usar, In ths spste of
published reports and statemants that have appitrod in recent
yc;rl on PCB's thers hes been no q.;ningtul sxposition of this rols
of FCB's 1in elactrical esquipment -- why, vhere, and how thay ars

used; wvhat asltarnetives are aveileble; and whst thes consegquences

vould be to thé users of such squipmént {f PCB's vare no longer

.
v

: aveilable, Ve hopalthat this report will provide such an
T ————
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BACKGROUND

PCB's are used by ths electricel industry ss components of
carteain types of transformers and cepacitors. The naturs and
function of these devices ars described in the ssparste sections
of this roport devotsd to tham, At this point {t is sufficient
to sayl .

1. Trsnsformers ere davicas for convarting alectricel
povar from ona }oltcga end current laval to snothar,
and the conducting parts of thase davices must be
separated !ro-jc.ch other by & suitable insulsting

‘medium,

2, Capscitors aras devices for storing alsctricsl snargy
through the physicel sepsration of chargsd matal
surfeces by an insulating -céiun.

Prior to 1930 the most c;a-only used insulating medium wvas

minersal oi{l., Tha sarly 1930’s sav the commercial devaloprment of
insuleting liquids :ha:.vcra mixtures of synthetiec chlorineted aro-

metic hydrocarbons, principally various polychlorinatad biphenyls.

By controlling the composition of thase mixtures, the manufacturer

could obtain desired combinations of tharmel, chemical and dielectric
proparties thet resulted in 1ntu1¢tlng liquids with much greater .
oxfdation and fire resistance tﬂan minersl oils. During the past

40 yosars these liquids have becoms widaly uased tn'cnrtnin types

of transformars and cepacitors end ars rocognl;cd as a distinct

cless of insuleting meterials dcni;nttad by thes internstional

term "askarel®. The dafinition of the term "askarel", the composi-

tions of the liquid that comprise this clase of matarials, and the

various trademarks by Jhich they are known conmsrefally sre dascribed

{n the following eection hesded "Askarsl™. . _

—— - - * i ey —— ————— — —
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Tha particular sskarels used in Crensformers and capacitors

are different; so also are ths reasons for, and the extent and

conscquences of, their use in theso tvo types of electricsl asquip.

nant.

Hovevar, certein general comments can be made at this poine

concerning their uss in both types of squipmant:

ll

2,

“skarel-insuleted transformers and cepacitors are
delivered to customers es sealed units frem whieh
there 1ia no escape of askersl under normsl operation
during t?cir sxpacted lifetimes of 10 to mors than 30
ycgrn. Hovcvor,‘cortoln types of squipmsnt feilures
cen rupture the 'cess and persit th; loss of some
askarel to the snvironment., Such failures occur

at a rate of about 0,02% of the units {n service

- emmad e

per yesr,

- ' .

PCB's can get into the environment during the uanu-‘ '
facture, delivary, iuﬁropar uss, meintenancs, repeir,
and disposal of transformere and cepacitors. 1In
sddition to spacific control measurss instituted

by individual menufecturers and recommended by

thems to the cquipment uears, the Amasrican Rationel
Stenderds Instituts hes sstablished ANSI Committes
C107 on Ull..ud DilpOI;l of Askarel Uscd in Electrical
Bquipwment. Ita membarships (see Appendix 1) is
divided into separate vorking groups oun transformers
and capacitors which vill recommend netional standards
snd procedures necesssery to prevent the loss of PCDP's
to the environment at all steages from equipment

manufscture through -ultimets disposel,

. Eho record of realisble and sefs performance that

e 88korel-insulsted transformers and cepacitors have

MONS 207051
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compiled during the pasi four decades 18 reflected
in the various codecs, stsndsrds, and vegulations
that nov effectively reoquire or encourage the

continued uso of esksrel-insuleted equipment in

many aspplications.
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ASKAREL

1. A hynthetic nonflcémnblc insulating liquid vwhich, when
deeonpoued by the clactric erc, ovolvas only nonflammabls gassous
-ixturon.

(Prom the National Electricsl Code 1971 end the
American National Standeards Institute C-42 series,
"pefinitions of Blectrical Terms,.")

2, The term askarel gansreally dcscribc; a widely used,

broed class of nonflemmable synthatic hslogensated hydrocarbon
ins;luttn; liquids usad ss electrical insul;ting media,

Askoralnho! various conpositional types are used, Under
srcing conditions thea geasas produced, while consisting of pradoni-
nnntl; non-combustible hydrogen chloride, can yield verying amounts
of combustible pases dcpondin..upon the sskarel typs.

Insulation systems incorporating chase saskarals end
co}lulostc or other organic materials may, vhen arced, produce '

gesaous mixtures which are moderately flemmable,.
(FProm AS%N (Ancrikan zkcloty for Teating end
uatcrtall) Method D 2283-71, Fart 29, 1971 lllut'
will aiso .pp.lt in tha 1972 fssue of tha IERE
(Institute of RElectronic snd Electrical Enginoars)
_ "Guide for Aec.ptlﬂca and Maintenance of Trensformar
Askerals in Equipment.,”™ Adoption wvas nllo_r.connfndcd
to the Internstional Elactrotachnical Commission by
its Subcommittes 103 (Insulating Liquids Other then
: ﬁydroc.rbon ?ils)'of Committes 10 (Liquid snd Geseous
; /{ o Disloctrics) as reported {n {tem number 9 of minutes

1

e e e e RM 1364 /SC 108, Mareh 1971, ,
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‘Compocitions

Polychlorinated biphenyls are derivatives of the hydroearben,
biphenyl, which has the cho-ifal fornula °1z“10; From one to ten
of the hydrogen atoms in a molecule of biphonyl can be replaced
by chlorine atoms, end the chemicel {dentity of the resulting
chlorinsted compound depends both on the number of chlorine atoms
that have been introduced into the moleculs eand on the specific
sites Lin the noloculné etructure ot which they sre introduced,

The conmmercial ;ntorill manufactured by Monsento under its
registered trademark Aroclor consists of mixtures of theso specific
chlorinaced compounds, They are usuelly idantified by the weight
percent of chlorine in the total mixtures, a,g, Aroclor 1254 con-
tains 54% chlorine. The Aroclers commonly used fn tha electrical
industry are Aroclore 1260, 1234, and 1242,

Aroclor 1242, used primarily 1n'enpact:orl, contalnnrnbout
7% of pentachlorobiphanyls and highof. In September 1971 Monsanto
introduced a nev capacitor-grade askarel, Aroclor ¥MCS-1016, which
1s essantially Aroclor 1242 that hnllbccn specielly proceesed to
reduce the c&;tcn: of pontnehlorobiphany}linnd higher to lese than
0,6%., | a ‘

As a ganaral rule, the nonflammability of liquid PCB's, their
vapors, and their arc-formed gaseous products is greater the higher
the degree of ehlortntilon pt the 1igquid, Studies by Monsanto
suggeat that the resistance of PCB's to degradation in the environ.
ment may also incrsase fith incraasing chlorine c;-:ont. Analyctical
mathods for lov levals of:rcl's (}ayortci in parts p;r million or
psrtes par billion) {n wmarine, aquatie, and wvildlife environments
do not alvays identify the specific compounds that eras praesant,
but in its letter of Fobruary 19; 1970 to its austomers, Monsante

stated thst "ICB's ”vtth‘a chlorine content of less than 54% have ,

—— man s T m o {m e TE g m———— e P ¥ AT ¥ oy —
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not been found in‘the environment and appear to prosent no potential
problem to the environment.”

Tho following tradomarks are used by cleoetrical manufscturers

to designate the askarels usod ip their productss

Manufacturer . Trademark
Aerovox R j: SN _‘ Hyvol ‘
A111;-spa1nori o - Chlorextol
American Corp. ) J Abestol
Cornell Dubilier ] ' Dykanol
General xloct;tc' ' ' . Pyranel ’

+» Xuhlman Elect;lc $§af-T-Xuhl
WA"{O” Elemex
Sangamo Electric = o Diaclor
Wagner Elsctric ' ‘ " Noflamol
Westinghouse Electric Inertsen

Toxic and Biological Effects of PCB's

Systematic {nvestigations of the toxic and biological effects
of PCB's hsve been undertaken only within the past few years, and
the description and evaluation of the results ts beyond the scope
of this report, Some 1nveltigator0 suggest that reports of certain
toxic reactions u;y be ceusesd by highly poisconous compounds (e.g.
chlorinated dibensofurans) found to be contaminants in some PC3
prcpaéattono. In the United States, medical records shovw thst
over a nearly 40.year psricd the only adverse holi:h affects
sxperienced by US workers axposed to PCB's,either during the
manufacture of tﬂo-. liquids or of electrical squipment containing
these liquids have been limited to occasional cases of non-chronic

+

chloracne or other temporary skin 10;1on| or irritstions.

‘ ’ MONS 207055
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TRANSFORMERS

Definfition
A transformer is s device for transferring electrical energy from one
slternating current circuit to snother by electromagnetic mesns. It has no
moving parts and performs its functioE.F;llinkin; twb'blec:ric current-
" .

-

carrying zircuits (the coils, u-uall‘{ copper virc} via a comon magnetic
flux earrying-circuit (the core, u;sally a spocill-;rado~p£ iron), A
transformer may be designed to effect a change in voltage or current from
one circuit to the other or aimply to obtain olec:;itpl enegiy from one
electrical circuit without making & conductive conrdection between it and a
second electrical circuit.

The transmission of electrical energy from one point to another {s
esscntislly the lrlnsniolio; of a fcqutrod number of kilovolt-amperes (kvs).
By means of transfofnerl the k;l'l may be generated at a low voltage suitadle
for the vindings of generators, stepped up to higher voltages and lower
currents suitable for trlnanisoi&n of electricity over long distance vires,
snd then a; the desired destination stepped down to a lower voltage and
larger curront suitable for utilization by electrically povwered equipment.

The almost universal use of the alternating current‘lysten for the trans-
mission and distribution of electrical energy is largely due to this ability
of transformera to link up circuits of different voltages and currents. Thus
the generator, the transmission lines, the secondary distribution system, and
finally the great variety of ultimate loads can esch be operated at the vol-
tage most suitable to its particular function. Iwithou: tgio unique abilicy
of the transformer to adapt the citcuii voltage to the individual require-
ments of the different parts of the system, the enormous development and

prograss in the transmission and distribution of electrical energy during

the past B0 years would nét have been possible, -

453 i . - MONS 207056
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Why Askarels are Used in Transformers

The coils and core of most transformers are enclosed in sesled metal
tsnks that are filled with an {nsulating liquid, ususlly minersl oil. Under
certain conditions of sudden power surges high-current slectric arcs are
producad inside the transformer which Ean generste and ignite flllnnblc.and
explosive gas mixtures formed !ro-.thclélag;ll oil and other cellulosic in-
sulsting componsnts {n the transformer. E .

Because of the nonflammability of liquid askarels, their vapors, and
their arc-formsd gaseous products, transformers filled with eskarsls are
free of these fire and explosion hazards and may be used in locations whers
failures of oil-insulated transformers would present a potential danger to
1ife and'property. This safety factor is the only advantage that askarel-
insulated transformers have over cil-insulated transformers of the same size
and rating., The density of askarals is about 1.7 tioes that of minersl oil,
s¢o askarcl-insulated tranlforana are hesvier than their oil-filled counter-
parts., Askarels themselves are more expensive than minersl oils, and their
solvent characteristics require the use of more expensive insulstion compo-
nents on the internal parts of the transformer, ao the complete units are
wore expensive.

As 8 consequence, sskarel-insulated transformers have captured only
those market applications (less than 5%, but growing) where considerations
of safety and reliability are paramount. Their u‘c in such applications i»
usually required or encouraged by the provisions of electrical codes, fire
undervriting policisa, or governmental regulations. ,

ote: Prior to the mid-1950's the 1iquid used {n askarel-~insulated
transformers was a 50-30 weight -ixture‘of Aroclor 1260 (60% ehlorine) with
trichlorobenzenes; then the benzene component was changed to a mixture of

tri- end tetrachlorbenzenes; and in 1971 the Aroclor component was changed

to Aroclor 1254 (54X chlorine).

MONS 207057
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Types and Applfcations of AskareleInsuvlatcd Transformers

Thora are twa broad clossifications of transformers: power
trun.for-crg. vhich aro usocd to step up voitng.;; and disctribution
transformars, vhich ars uscd to step dovn volcages, The many typos
of transformers that are Lincluded within thess tvo classifications
are listed {n Appondix 2, Ths applications that accompany ths
1isting apply only to thosc units of ; given type that are manue.
factured with askarel as the {nsulating liquid. Most units of
the types listed ars still ofle.insulated,

We esti{mato that ths total number of askarel-insulated units
that have bsen put into service in the United States since 1932 {3
125,000, and vircually all of these units are still in servics,
The 1£fatiuc-beforc-£ailhrc is often longer than 30 years, and
elmost #ll units that do fnll are rebuilt and returned to service,
The current production rate of nev askarsl-insulatad trlnlfﬂrner;
units is about 5,000 per year,

Most of these transformers are located inside public, commer-
cial, or {ndustrial buildings; on the roof topa of such buildings;
or in closa proximity to ouch'butlding{, and require no special
enclosures other than what are nocca;ary to pro;on: accidental
hazardous mechanical or slectrical contact of persons with the
equipment, However, the National Electrical Code does specify
vaults for the indoor installation of askarsel-.insulated transformers
rated more than 15,000 voltl; Askarel-insulatsd trensformers sre,
limited by the clc:trial properties of these ltquldc to ratings
below 69,000 volts. : '

The smount of askarel used in various types of transformers
ranges from 40 to 500 gall..(SIG to 6,450 1bs,) with an sverage
of about 235 gals, 53.032 1bs.). During 1968, the last couwplete

“"normal" year for thae oloctriclf industry, the totsl amount of

MONS 207058
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rei'ec uscd in transformers was aspproriumately 1,3 willion palilons

(C.% thousand tons).

Picrent Alternatives to Asksrel-Insulated Transformers

1f PCB's vore Lo bc no longer ava{lable for closed-system
clectrical uscs -- as they are no fonner avaf{lable from Mone¢snto for
open-rys-cn applic#tionl -- what alternatives to askarcl-inculated
transfornors could now be supplicd by the electrical industry, and
what would be the cffect upon the user }hould askerel-insulated

tranctformners no longer be available either as new or replaccocent

unita?

The only presont niternnttvql to nsknéal-insulated transformers
arc oll-insulated transformere or dry-type t;nnlformcrl (either
those open to the atmosphere or thosse that are pas-filled and scaled)

4 .
A, Ofleinsulstcd transformers

1, If onc disrogards ﬁlfa:y considcr.{ionl, there sre
no tachnical rcalon; wﬁy oil;gnluiltcd transf{orners
qoqu,not beo difoctly lubgtitutcd for asksral-inrulated
transformers. The siac of the unit would be unchanged;
the véiah: and cost would ?o ICll{
2, There are lgﬁgl'rcitr;ctionl'to such a direct
lubutftution.
8, BSome local recgulations (s.g. Chicage) prohihit
’ the use of ofl-insulated unite {n cortain loca-
tions whore sskarsl-insulated units are allowved,
b. Wheore oil-tnlula;od tran:forn;ra would not be .
.lpociiically prohiibiced as on-site replacewents
for sstarel-inzulated units, thy National

.Eleetrical Codo impecscs specinl reatrictions

upon theiy vode of inrtallatfon, Althoagph

— p———
TE PN M RS S i i = i e Wy - = s
T T, - e a—r—

MONS 207059



C.

c14-
35,000 volts must bo installad {n vaults,

all oil-i{nsulated transformers require vaulrs,
exccpt‘:hat altnrnatlvc fire protection arrange-
ments arc permitted for unitse rated not over
600 volts. Assuming thet spacs vere availsble
inside an exilting building to accommodate
theso specisl auxiliary safety provisiors,

the coné of their construction could range

from $5,000 to $50,000 per trenaformer.
Of{l-insulated units can bo installed outdoors

if they are suitably ilol;tod from flammeble
structuras or if these structures are suitably
safeguarded against fires originating i{n the
transformere. The power output must then

be broP;ht to the point of use inside the
building vis cables or {nsulated buses, and

the coet of cable snd bus installation could

also range from $5,000 to $50,000 per trans-

"former. The outdoor transformer would have

:o be of & hlghcr rating than the indoor one
lt would raplace because of voltage drop and
conssqusut power losses in the cable or bus

TURd,

3, Dry-type transformers .

1

In most locations, dry-type transformers (either those

b

open to the atmosphere or thoee thst ars ges-filled

and seslad) could not be directly substitutsd for

askdrol-inlulatod‘t:Anlfor-ctl. There are ssveral

roltrietlono to such s diraet aubstttu:ion.

-———Z—-—.' '"q"w.ﬂ“w'm,-v'- S - g,
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The’provillonl of thc National Electricsl Codo
are more stringent for ¢ortain classes of dry-
type transformers tham for compsr;blo sskarsl-
insulated units,
Present é!chnology‘il not available for design-
ing and menufacturing reliadle dry-type trans-
formars lbovnml\h\ end/or 15 Xv,
Tho'rolilbility of dry-type trensformers is lass
than that of comparably reted liquid-.insulaced
trsnsformers, O0il. and aekarel.insulated units
shov much greetor resistance to switching end
1ightning surges then do dry-typs units. An EBI
survey of fafluree in network transformer banks
showed @ it per yeer feilure rate for dry-type
units conpar;d to 0.2% for liquid-insulated
units, Turthermore, liquid-insulated transformers
have & much grester overloed capability, Many

liquid-insuleted units cen sustein ¢ 100% over-

load for & hours and e 200% overload for 2 hours,
. t

Thesse étanntor-orl ere able to -afntcin continuity
of electricel service during periods of tsmporery

outege of releted equipment, .

Soms dry-type trensformers ere larger by 10 to 30X
then comperebly rated liquid-i{nsulated units, ead

moat ere -oro'.xponllv;. '

Dry-type trensformere sre nofsier by 5-10 d3 then

ere liquid-insulated transformars.

Beceuse their insides require regular cleaning,

the maintenance costs for open dry-type transformers

are higher then those for seeled dry-type transformors

e ——— y — -
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or fo} liquid-inaulated transformers, which arc
also scaled,
Open dry-type transformers, wvhich l}c cheapeor
than sealed dry-type transformers, cannot be
used in certain corrosive or hazardous atmospheres,

. g.» on furnaces or on electrostatic precipitators

near hot stacks,

€, Summary

1,

For technical or legal reassona it would be impossible
to replace most askarel-insulated transformers now

i{n service by oil-insulated units of equivalent
rating and reliability wlthout major construction
changes that would be required to compensate for

the fire and explosion resistance of the aakarel-
insulated units,

Yor cevtain epplications and locations, dry-type
transformers could replace askarsl-insulated trans-

formera, but with a significant reduction {n system

reliability,

MONS 207062

.

et e e g g et e =
T e e vy ~——— == Fre i .

o ———



20

-17-

CAPACITORS

Definition |

A capncitor 1s a device that stores electrical energy, It
consists Of tvo mctal surfacesor electrodes separated by en
insulating wed{um such as air, paper, plastic film, or oil. When a
voltagse 1is applied across the electrodes, clectrostatic energy is
stored in the insulating wmadium,

’ In typical industrial capacitors the electrode material {s
aluminum foll and the insulating medium or dislectric is paper

tissue and/or plastic film,which for many applications is inprognated
with a liquid dielectric, A liquid imprognent s used to fill the
voids within the paper or plastic film structure, to fill the voids
between shects, end to contribute to the capacitance or charge-
carrying ability of the composite. Voids must be eliminated within
capecitors that ere to be used pbove 200-300 volts, which exceeds

ths dielectric breskdown strength of air,

In our definition of transformers ve emphasized their importancs
in the transmission pnd diltribution of electrical power (kilovolt-
ampercs) from the generating plant to the ultimate load, If the
load were purely resistive (e.g. an ;loctric heating ¢lement) no
furthar modi{fication ot.th. pover supply delivercod to it would be
raquired., Other loads (o.g. induction motors) may require that
a poxtion of thc.ktlovolt-n-pcrcl delivered to thﬂ- be used to pro-
vide a magnetizing current, wvhich does not contribute directly to
the useful powsr output of the lo;d. This pof:ion of the total
kva delivered to the load {e dasignated as resctive kilovolt-ampercs
(kvars). It has bean found more ocoqpnienl to produce kvars from
total kva'l noar the p&int of load rather than near the point of

kva generation, and eapncitora provide the most ct!icicnt way of

T ————— . ————PT R T T g g —— ™ 4 ey ey e - ey n - .
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i

this transformation at the point of load,

e¢ls sre Used in Capacitors

Prior to 1930 moest liquid-fi{lled capacitors ware made with

minsral 011, The subsequsnt substitution.of cskarels for minsral

oil mada
reliadbili

A

A

T e v gy e

possible significant tneﬁnieal improvementa £a the sire,
*y, and life of these cnpicttota.

" . .

The single most important proparty of e liquid to

be usad in a capacitor is its dielectric constant
(th; ratio of its ability to store slectrostatic
snarpy relativeto air)., The dielectric conatant of
capacitor-grede askarel (Aroclor 1242) is 5.85 whilae
that of mineral ofl a2 2,25, When capacitor tissuse
ie llp;tgnlttd with thess 1iquids the dislectric
constant of.thi‘papCt-tiqutd composite {a 6.1 for
askarel and 2,9 for mineral ofl, Furtherwmors,
becauas of thc relativaly closs match betweasn the
dielectric conatants of celluloas, (6.6) and aakarel
(5.85) it s po}ctbtc to streas sakarel-f{mpregneted
paper to %00.500 V?It;7-£1~ while the streasss that
can be applied to comparable paper-mineral ofl
capacitors are limited to 300-350 volts/mil., The
combined effect of these technical advantages of
askarels haa baen io-pcrntt a reduction of capacitor

aizes to lesa than 14% of what theywsre ia 1924,

. In 1965 a nev dislectric syatem consisting of papar-.

polypropylens film-.askarel was introduced with stresse
capability up to 900 volta/mil. overall, Besides
favorable atress distributions, the ability of askarsl

tn {ncrease _the _dielectric atrsngth of polypropylene
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is partly responsible for this improvement.

B, MReliabiiity and 11ife

Askarcls are thermally and oxidatively mors stable
th;n niﬁcrnl oils, and discharges, which ecan oceur
in capacitors, ars less likely to gensrate gasea
from askarels ;han from mineral oils, The chemical
stabillity of askarelsa in the presence of capacitor
tissus and plastic films and the favorable stress
distributions between s0lid and liquid referred t;
above have made it ;ossiblc to design low.cost
capacitors with a life expectancy of more than 10
years 1ife in lighting applications and more than
20 years in slectric utility applications. 1In ‘
sach a;pl}cltioh the firste-ysar faflurec rates ars
less than 0.,2%, %hll level of 11fe and relisbilicy
had not beon achisved prior to ths introduction of
askarels, rurgh.rnorc. the non-flaomability of
asksrals is greater than that of minersl oi{l, which
reduces the fire hazard that might othervise

accompany those faflures that result in rupturs of

the case,
Whereas the transformsr manufactursr has had to
cuocnéta}iy "design around” the propertiss of
askarels in order to bs able to tsks advantage of

. the safety factor that they impart to his squipment,
the capacitor manufacturer has been abla to “design
with" the propertiass of askarala and obtain significant
technical improvements aslong with the improved safety

factor, As a.rssult askarels have vi{rtually supplanted

_Jéijbf " mineral oils in mora thnn 902 of tha power and industrial

LR ST 'w'm A P AP ety T ST W TR — 4 v
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Note: Prior to 1952 the 1iquid used in agkarel-impresnatced

capacitors was Aroclor 1254 {(54% chlotine); Lt was then replaced
by Arocler iZQZ (42% chlorine), which has batter alectrical properties:
and as noted in the. "Askarel® section, in September 1971 Monsanto
introduced s nev capacitor-grado sskarsl, Aroclor MCS-1016, which
{s a modified Aroclor 1242, Unlik; askarel-insulated transformers,
the liquid in askarel -imprignated capaeitors contains only Aroclora
and does not contain added ¢hlorobanzones,

Types and Applications of Askarel-impregnated Cepacitors

The principal types of sskarel-impregnated capacitors and
their applications aro dsscribed f{n Appendix 3, Almost B0 million

such capacitors sre manufactured annually, most of them for first-

ti{ma uss, Unlike transformers, capacitors are not rebuilt lnd,

returned to service after failure, They are disposed of (ses
“Background” section, item concerning ANSI Committe C107) and
replaced by nev capacitors. .

c:éneitorl used in lighting and air conditioning applicationa
contain 0,005 to g:‘“; gals, (0.05 to 1,0 1bs,) of askarsl per
unit, The largest pover capacitors contain about 6.7 gals (77 1bs.)
of askarel, The most pdpular size containsabout 3.1 (36 1lbs.)
Thc.ﬂltionat Elsctrical Code requires that any installation of
capacitors in which any single unit contains more than 3 gallons
of C;;bultiblt 1i1quid shall be in ¢ vault 1ike that required
for tranlforn;rl. .Dutin. 1968, the last complate, "normal” yaar

for the electrical industry, the total amount of PCB's used in

capacitors vas approximatsly 14,4 thousand tons.
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Prerent Alieannataves to ArlaveleTnpie, nat d Capacitors
I 4 - -

— —— ——— e e e . —— o — -

If rCu's weve to be uo longer available for closcd-syscemn
electrical uscs -- as they arc ne longer available {rom Monsanto for
opcn-syutcm‘;pplications -« what alternatives to asckarel-iwpregnatced
capaci{tors could now be supplicd by :h; olectrical {mdustry, and
vhat would be the effcct upon the user should askarel-impregnaced
‘capacitors no longer be availeoble cither as navw or replacencnt unics?

Possiblec altcrnatives to askarecl-impregnated capacitors arec

. capacitorns Lmpregnated ui:ﬁ miﬁernl oil, or capacitors {mpregnated
with certein other liquids, -

" Replacement of'askarcls by minersl ofl woyld escentially
return capacitor technology te 4ts pre-1932 level. Some
specific conscquences of such a replacement would be;

. 1. Safety. None of the possible liquid alternatives

toaskarels are no;tlammable, and & fire hazard

vould be created by any capacitor faf{lures that
vérc'aceonplnied by ruptura of the case, Presently
the use of copacitors contzining flammable liguid
'13 governcd by the National Electrical Code *Articlcs
460 and 501. -

2. Sire and Cott, A fevw spocific cexamples will {llustrate

the sizxe and cost pcnaltios associnted with a rwitch
from sskarel to nmineral oll im capacitors. The nos!t
popuinr. sizod power capacitors today ere rated at
200 ZVAR. If winarol oil vere substituted for
askarel the volunme of the enpacf&or would be

quadrupled and the direet labor and metevial costs

asrociaced with §ts manufacture would increasce by

__é?é[ o 70%. Today power capacitors are available in 400 uvax

TR Tt - T w RS M S ot amye——— - «

MONS 207067



- -

KYAR because of incrcasecd helé dissipstion problems
with increcased volume. In addition to {ncrcsses in
'dtrle: costs, the power capacitor L;du.try would
foce incrcosesed capital expenses sstimeted at
$2,000,000 to providé ths 1ncrc.|ad.voluna of
meterial at projected XVAR Ttequirsmants,

Steel companies faced yith increascd size, cost

and flsmmability of copacitor banks for induction
heating furnaces would brobahly not install new
. induction heating capability. Utilities would

have di!ticu}ty vith substation-size in crowdsd
urban areas, An increese in the site of capecitors
for air conditioning would not ba critical,

In lighting applications & 3.75/.075 uf 540 VAC
ra:in;'!or high output applications is typical.

I1f mineral oil wars substituted for askaral, tha
capacitor would be 71% larger and materials would

. coat 46% more, lLanp ballast manufacturera would

have to incrsase the size of the ballast to accommo-
data ‘the larger capacitor. This would change the
thermal pcrto:ngnco of tha unit and raquire U.L.
approval of nev ballast designs, Lighting fixture
manufacturers would also face redesign costa to
take larger bnllnlt;. )

3., Reliabilfty, Uaurl‘of capacitors in all applicetion
a;oaq hn@c ‘coms to expect long life and very low
{nitial failure rates, The preaant psrformanca stsn-
dngdl have been fchievcd after many yaars of fisld
tosting ndﬁ acéelerated testing by manufacturera

— . .
;?U ' and users, The reliabilicy of designs coataining
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mineral oil in many applications vould be uucertain,
Available records show that capscitor relisbilicy
prior to the availsbility of asfnrel was only a
frection of what it is today, ‘

4, Rcplacemant Market, The implicstions of changes

in cnpncikor size have been discussed in terms of
nevw designs, In ecach -njor'applleltion area soms
capacitors are sold for replacament business.
Power and induction heating cepacitors are generally
installed in racks of a few to thousands of caps-
citors., It would not be possible to make simple
. substitutions for failed capacitors while main-
taining the system rating. .
In ailr conditioners replacement of failed capa-
citors aight bs as simple e¢¢ installetion of
naw brackets., On the other hand, tight designs
might nbt take & larger capaciter at all,
Lighting systems would be ssriously affected by
increasss in cap:eito{ size. Larger replacement
bellasts would not £it into cxintldg fixturce
without altered mounting arrnngencntl.. it 1is
possible that apace requiroments would forcoe
complete roplacoment of ligﬁttng fixturas for the
vant of a rcpl;ell.nt ballast,

5, Material Sources, Mineral oil {s eu}rcntly used

in & relatively small numbsr of specialty capaci-
tors, In this country therec is a singls source
of capscitor-grede mineral oil with limited
tacilitia; for aeid refining of ecrudas from &

é?[{ linglc oil tilld Increascd damand vould requlre

—aral = ﬂw-*—ﬁwm'-!f'l LI TSP STI R YAy g v Tl o Wigem s F gwpe S W Wl
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expaddcd facllities and investment and considecrable
dovelopment in defining technical requirements for
copacitor-grade mineral oil. '

Efficisnt use of minerel oil in capecitor dasigna
would roguire higher density capacitor tissue

than 4is currently produced in this country., At

ths least this vould require extensive paper
machino modification. Capacitor winding techniques
and machinss would need to ba developed for vwinding

tighter rolla.

3, Other Liquids .
+ 1. Cestor Oil., The dielectric constant of castor

2,

3.

€+ Altcrnative Deaigna

oil 1is 4.5 and thia material is useful as an
{mpregnant ian D.C. anergy storage capecitors.,
Howaver, A,C, capacitors filled with this liquid
have rolatively ehort 1ives and are not very stable
under A.C, dischargea and in the presence of water
darivable from the cellulosic paper,

Dibutyl sebacate, This ester is ocspecially useful

in high frequency parallel plate eabacitora bscausse
of {ta lowv, flat loss characteristics over a broad
frcquency range. In thia type of construction the
liqhid.la the aole dielectric material. When used
{n conjunction with paper, thia eater ia alao

unstable,

S§iltcone Fluida, Thaese materials have & dielactric

conatant of 2.7 and would generally be subject to

the same diaadvantagoes ae minsral oil

re

In addition to 1iquid dialactric substitutes, alternatives

it e BRI el oy o ol L L AR S A e e L -'—‘".—'.*—-— [ e Lenal I
.
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to the paper-liquid diclectric might ba considered
Those would involva the use of plastic £film coated
with aluminum foil or vapor-deposited aluminum aa
slectrodes, Since the free volume of the system i
leaa than that of paper the capacitance of the syatenm
is less depondent on tha dioloetric conatant of the
1iquid and tha stress distribution between the plastic

films and low dielectric constant liquids {s more

closely balanced, Such dialectric systema sre difficult

to construct completely frae of voids. It ia expected
that sevaral years will be raquired to achieve the

required level of reliability in such dielectric systems,
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POSSILLE DLVELOIMENT OF NEY TNSULAVIRG 1.TQUIDS

The cost af askarel liquids is about §2.00 per gellon, compared teo sbout
$0.30 per galloa for mineral oil, Thus, long before there wers any environ-
meniAl econcerns about PCD's there was a.strong economic incentivo to find
chcrllch-‘xpcusivc insulating liquids with Lthe desirable chrrchcristics
of askarcls. Since the 1930's, at lcast 10 major chemjical or‘electrical
componics have invested large amounts of time and money in this search, sll
with no succcss., There arc todsy no fluids thet can be uscd as one-for-one
replocements for PCB'!: .

The continued search for ncw fluids would probagly stert with fluorochemicalg.
Fluorochemicals arec nonflammable, nbontoxic, and as far ss is presently known
represent no environmental hezard, High-boiling fluorochemicsls might thus
be potential rcplnéemcntn for PCD's. Considerable lsboralory study, over st
lenst & one-year period, of the physicni, chemical, and dielectric propertics
of these materisls would be required in or&er to fdentify specific candidate
maccrials,

At lcost anoLher year would be required':o develop e finished product based
vpon & fluorochemical. On one hand, the.phylicaI and dielectric propertics would
certainly be sufficiently different so that substential cnpinecering rcdcsibn by
electrical manufaciurers would be required to accommpdate a8 fluorochemical. On

the other hand, a one-ycar lead time is nceded to construct & chemical plant to

produce the identified f{luorochemical in the millions of pounds that would

be required par year, Furthermore, a significant program of environ-
ment8l testing would be nceded to ensure that the new materfal was indeed not

an ccological haxard., The foregoing are all highly optimistic Lime ccotina
The cost of manufacturing fluorochemicals ia fuberently high, Prices of

high-boiling liguids are §10 - 15 per pound.' er higher. At best ounc would hope

MONS 207072
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_that in sufficient volume the price might approach that of Teflon, currently
$3 - 4 per pound. Even this optimiatic figure is approximately twenty times
the cost of PCB's, and sinca the value of PCP in & transformer {a roughly
onc-tenth the totsl value of tha trlnsforn;cr. tha total coat of a fluoro-

chemical-insulated transformer would be atlleA|t three timea that of an

equivalent sskarel unit.
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Appendix 1

embership of ANSI Committee C107 on Use and Disposal of Askarel

Used in Electrical Equipment

Number of Represcatativea ) Orgsnization Represented

2 Dapartment of the Army ’
2 . ) Environmental Protection Agency
1 U,S, Department ;f Agriculture
1 ' Teonsssas Valley Authority
1 ' Cenersl Services Admin{stration

. 1 L National Buresu of Standards
2 Certified Bsllast Manufacturers Association
1 Edison Electric Inatituta
1 Institute of Electronic & Electricsl Engincers
5 National Electrical Manufacturera Associstion
2 Monsanto Company
2 Commercial Waste Dispossl Companies
1 .  Engineering Conaulting Firm

o1 - Capacitor Manufacturer Serving 8s an Independent

Meaber
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Appendix 2

Types of Asksrel-Insulsted Transformers

A. Distribution Transformers

1.
2,
3.

Network (up to 2500 XVA)
Single- and three-phase (up to 2500 XVA)
Pole-mounted and station {up to 500 XVA)

The appiication of these transformars in power distiibution systems

places a great premium upon their reliability snd high overload capsbiliry

(which they share with comparable oil-insulated units): such as 100%
overload for B hours and 200% overload for 2 hours.
Precipitation (high ;oltlga D)

These transformers are part of the power supply for electrostatic
precipitators, which are gaining increasing use in preventing air
pollution by particulate matter. Thay are generally installed close
to hot gas stacks in an atmosphare that would be a fire hazard to
oil-insulated transformars and a corrosiom haxard to open dry-type
transformers. Sealed dry-types transformera ars impractical for high
voltage DC, -’ . . .

‘'
4

]
e

H
B. Pover Transformers

1,

Iy
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Scecondary aubstation R
8. load centsr units
b. Secondary substation ganaration unita
¢. Switchboard units -
d. Integral uvnits
., ﬁotor control units
TheseScomxise the largeat group of sskarel-inaulated Erlniformerl.

and tbey find widespresd application {n ths automobile, paper,
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chemicsl, textile, steel, nonferrous metal, cément. mining, and
p;troleun {ndustrias. They sra used in commercial sod public
buildings, such a8 schools and hospitals; in defense and
nuclear snergy instsllations; and by private and publie
utilitiea,

2, Master unit substation

3. Primary unit substation

4, Limited ampere substation

5. Industrial furnace

.
*

, These trlnlfbtmer; sre used in the hot, dirty atmosphere in
'proximlty to glass melting and induction furnaces, which require
high current, low voltage power supplies {more than 2500 XVA at
no more than 13.8 XV). Eiiltin; tachnology does not permit construc-
tion of sealed dry-type transformers for thesa power ratings,

6. Rectifier
These transformers ara used for large rolling mills aad DC
industrial powver supplies, and ars covered by the same comments

. 0

given for industrial furnace transformers. —
7. Transportatica
a. Third rail R -
Theae trlnatorn;rl are used for rapid transit systems, and are
baaically serving a rectiftier function.
b. Locomotiva )
Prior to 1932, all on-board.:ranlfornera vers opsn dry-type.
Becsuse of problems with them, railroada went to askarel-insulated

transformera. The changes in locomotive design since the 1930's

would not now lcgomodlt; open dry;cype transforners aa replacements

.
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for askarel units. A recent trend hss been to replsce sskarel by

61l units, and this will coatinue unless new DOT regulations

require nonflammabilicy,

Multiple-unit car {MU)

These transformers are mounted under the flat-bed of psssenger cars,
They ride along in this location, about 8 inches above the rail, st
speeds up to 150 mph. The trsnsformer must be ruggedly built to with-
stsnd the implFt of flying debris snd constant vibration. Power to
the cars is brought in through an overhead catenary and is fed to the
underside of the clr‘where the transformer, controls, and propulsion
equipment are located. Present voltage is 11 XV, but new electrification
is expecgcd to be 25 XV,

Space and weight are critical in chis application, There are only
about 33 inches sbove the rail., The width of the transformer is
limited by the width of ths car,

Only oil- or asksrel-insulated units would provide the required
performance levels in the space available, As with locomotive applgcationa.
present DOT regulstions do not restrict the use of fismmable liquids,
and tha use of sskarel pnit; has been dictated largely by the economic

conaidarations of fira insursnce rates.
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: Appendix 3

es of Askarol-Insulated Capscitors

’

A. Righ Voltage Power

Generally AC cApaciiorl are usad to improva tha powar factor of
a cireuit. Pover tactor'ic tha ratio of trus pover in watta to tha
spparont powar as obtaingd by multiplying tha currant flowing to the
load by the circuit voltags. The powar factor corraction can ba mads
diractly at tha load or at utility asubstations. In tha lattar cass
high voltaga unita Wwill ba designed for 4,800 to 13,600 volt sarvica.
To ths utility angineer tha uvaa of capacitors Lr puraly & matter of
scondmica. The main benefits thet reault from tha usa of capacitors
are}
1. Raduction of losaas associatad with ths dalivary of alactris
cal powar to tha point of usa.
2. Raduction of tha investmant raguirad in equipmant for da-
livering slactrical powsr to the point of usa, which may ba

broken down into:

a, Reduction of currant for the sama kilowatt load.
b:, Reduction of tya kva rating of QQUipncn; raquirad to
handle the eams kilowatt load.

e, Reduction of the voltage drop for & 3iv;n kilowatt load,

4, Coatrol of deliverad voltage L{f the capacitor kvf ia

varisd,
llaetrtc_;tilitiau 8l80 uaa capacitor banks in ll;itl with distri-

bution cireufts to {mprova voltaga ragulation. MHigh voltage utility
capacitors, low voltage power capacitors, and induction heating
capacitors ara panufacturad at tha rltc.of 200,000 par yaar, about 2 to

3% of which ara for replacenenta; tha balance ara for nev installations.
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C.

33
H

Low Voltage Power
Cspacitors installed in industrial plants at the demand site (typi-

cally large motora and weldars) are designed for 230 to $7S volt scrvica.
Capacitors i{nstalled noar the loads are the.most efficient way to supply
the mogneticing currsat to produce the flux necessary for the opsration
of in‘uctive devices. Rates for the sale of pover ars gonerally strue-
tured to encourapz pover factor correction at the site, sliminating the
nosd for the slectric utility te transmit both powar-producing current
and magneticing current all the way from the gensrator to the planc site.

The samc considerations apply to induction heating applications, the
principal difference beihg that capacitors for this rapidly growing appli-
cation are designed for operation at 960 to 9600 Haz,
Lighting

Cnpscl:;r- inprove the efficiency of lighting systems, A fluorescent
or mercury vapor lamp can be ballasted without the use of a capacitor, but
the powver flcto; of the lighting system would then be in the range of 50
to 60%. For commerciel or industrisl lighting with either fluorascent or
high intensity discharge lamps, the use of a capacitor in the circuit
provides part of ths lamp ballas‘ing and brings syntf- pover factor Lnt;
the rangs of 90 to 95%. The current market for thess applications is
about 44.090.000 units unnu;lly of which about 10% are estimated to be

replacemant ballasta, ' .

Alr Condittoning
As {n the lighting spplications, the capacitor improves system eff{-

cisncy. Aflr conditionsrs could be made to operate without capacitors,

ap 4o home refrigerators, but becauss of the higher cepacity required for
current
air conditioners, the resultant line/would virtually eliminate home ‘plug-

ine" and would still further overburden.a seriouvaly threatened national
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power nctwork., Alwost all air conditioner pump motors are of the split-
winding type on which the capacitor provides phase differential for the
ao-callcd'otlrt vinding, thus dalivering good starting torque. The
propar size capacitor permits high (90% ) power factor after start-up.
Th; curre;t market for this application L{s about 12,000,000 units an-

nually, vith about 5% of these estimsted to ba for replacement usage.

E. Industri«l Electronics

This market category is & catchall covering many varied eppiications,
two important ones being motor run and power supply applications. Motor
run applicstions are for pumps, fans, and farm feed equipment, and do
not differ s¢ignificantly from air conditioning spplications, The power
supply market uses capacitors principally to provide high power factor,
but through careful design the capacitor can 2lso provide wave shaping
where desirsd, The market is estimated at 23,000,000 units per year

wvith no estinate as to the relative size of ths replacement market,

-
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