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(=] 1. Introduction
@@ H@m The term “askarsl” as defined by IEEE, ASTM and the National
Electrical Code generslly dexcribes a broad class of fire-resistant®
synthetic chiorinated hydrocarbon insulating liquids widely used in
rans ormer transformers, reactors and accessory equipment operated at power
frequencies. Askarels of various compositional types are in use. (For the
ASRarel general properties and types sse ASTM D-2283.) Under arcing
conditions the gases produced, while conmtmg of predominantly

noncombustible hydrogen chioride, can contain varying amounts of
combustible gases depending upon the askarel type.

This manual describes the operating characteristics of transformer
askarel liquid insulation as msnufactured by Monsanto and how it
differs from minersl oil. Appropriste handling and disposal procedures
for both scrap askarel liquid and impregnated solid materials are given
in sccordance with the guidelines recommended by the American
National Standsrds Institute.

The information is based on facts gathered by Monsanto over 40 years

as 8 producer of askarel, plus knowledge gained from the experience

of transformer manufacturers and users. This guide outlines the

maintenance required for askarel fluid in “modern” transformers and

offers suggestions for saling and maintaining askarel in old units. By

. following this guide, we believe users will obtain maximum service from

askarsl insulation with a reasonable minimum of maintenance. If

". questions arise relating to the designing and building of transformers,
these should be referred to regular transformer suppliers.

Monganto gratefully acknowledges the asistance, guidance and the
- contributions of certain data by the following:

Edward L Raab — Geners! Electric
Dr. T. K. Sost ~ Westinghouse Electric

1. History of Trade Name Types

“Askarsi” is the generic name for the fireresistant liquid insutation
T and coolant first used by Genersl Electric Company in 1932 for their

Pyranol! brand name fireresistant transformers, Westinghouse Electric

Corporation uses their brand name, I-=-teen.?

Whatever the trademarked brand, the askare! contains chiorinated
bipheny! — one of the best fiquid insulations developed by science. This
inert material is chemically stable, fire-resistant, heat stable,
non-<corrosive, and has high dielectric strength under the operating
conditions encountered in transformers.

In pddition to manufecturing Aroclor® (chiorinated biphenyl),
Monsanto also mixes this dielectric fluid with chlorobenzenes to
:t::u the presently used lnerteen and Pyranol blends described in
able {

. ®"NOTE: Materisls designated “firg resi ’ jly are more difficult
ignits, or once ignited, bwrn st & slower rate than correonding convennonst
matwishe. This term doss not mesn thet fire resistant materials will not burn,
However, when properly used, Monsanto’s fire resistant ASKAREL FLUIDS sre
umrful in helping custormers meet their fire wfety requirements.”

‘ o T "rmmumatmuum
. © « eagamark of Westing! Elscrric Corporstion

ORegistared trademark of Monsento Company
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Trade Nomes i - “._ tnerteen < Inerteem Pyrano!
7030 - 10042 A138383
Ingredients (% by wt.) T LT
Arocior ® 1264, SR
chiorinated bipheny!
(S4% chiorine by weightl 70 - 60
Arocior® 1242, :
chlorinated biphenyl
{42% chlorine by weight) - 100 -
Trichlorobenzene 30 - 40
Phenoxypropene oxide )
scavenger 0.18t00.22 0.18t0 0.22 -
Diepoxide scavenger - - 0.115 t0 0.135

ASTM Method D-2283, titled “Ch/orinated Aromatic Mydrocarbons
(Askareis) For Transformers”, also lists the composition of all
transformer askarels used at various times since 1932. . i v

Monsanto manufactures similar transformer askarel fluids in England ~
where the trade name Pyroclor is used.

In genersl all transformer askarels are interchangeable. However, it is
suggested that the transformer manufacturer be consuited prior to
mixing in significant proportions or total substitution.

1V. Transformer Askare! Specifications - i i
Specifications for the thres modem transformer askarel fluids are s
shown in Table ii. J

111, Interchangeability -
(P}

V. Ordering Instructions N
Monsanto’s current policy is to sell askarel transformer fluids only to
transformer manufacturers. Others intsrested in thess fluids should . ’
contact the manufacturers of askarsl transformers snd not Monsanto. -
The transformer name plate indicates the transformer maker and
usually gives sufficient data to sdmufy the :p-uﬂc uklrol fluids used.

Vi. Contamination

Askarel insulation must never be mixed wnh mineral oil. Over two
percent of mineral oil by volume in askarel begins to tonr its fire
resistancs. .

In modem v;mfarm the prineipal "enemy”™ of askarel is
contamingtion by water. Keeping askarsi watsr-free will insure
fong-time servics. -

Askars! is heavier than weter. if water gets into askare! insulation, only
" & tiny amount (awox-mn‘v 125 ppm) dissolves — the rest floats on
top. Askarel is very insoluble in water, only abowt 200 parts per b-llncn
of askaral dizxsoive in wetsr, st nOrmat temperatures.

VIL. Precautions When Handling Drums, Tank Cars, and Whan - '
Opening Transformers

.- .. .

'lhﬂollmmngmmfmtm — B ST .)

A Koop Dry During Handling:™ - < ° - A
. Inmmgmmgnmpﬂn.mmmm-uu anda
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operating asksrel transformars — tske every precaution to guard B . i
the sskarel insulation from exposure to high humidity and ';‘i'

moisture contamination, Keep § or 55 gallon drums of askarel
dry; lay stored drums on their sides with the burg st ths highest . -
point from floor 10 kesp watar off the drum hasd (which can ba : (:)u
sucked into the askarel by the drum ~bresthing”?. This precaution .

° it not necessary when drums ere stored indoors, which is the -
preferred place for storage.

To avoid leikage the drums used for askarsl are of heavy :

construction, Sixteen gauge metal is used, with special rim ses! and -
bung construction. The drums should be drained as completsly s

possible and then flushed twice with kerosens type solvent ©

remove 3l of the askarel. Accumulated liquids and washings

should be coliected and should be incinerated st high

temperstures, e.g., about 2000°F, to destroy the polychlorinated

biphenyls (PCBs). Ses Section A, Vi,

Tank cars ussd to transport askarels are in exclusive service snd
not used interchangeably for other products. All cars must be
unioaded through the top (dome fitting} either by pumping or
with controlied pressure using dry sir or dry nitrogen, If nitrogen
has been used for unioading it is necessary to advise the shipper so
that when tha car returns the nitrogen can be replaced with dry sir
before any one may enter the car, If the car is to be unicsded by
pumping it will be necessary to use a dryer on the sir intake fine ©
remove moisture,

—————

All tank cars are fitted with steam coils, which are avsilable for
unloading under extreme low temperature conditions, -

Convenient handling and pumping tempearatures are given in
Tabie I, .

n_/‘_.

L
: . Use Ordinary Personal Precautions: [ ) j
! ; Transformer askarel has been made, handled, and usad for over 40
' - o years. It can be handled safely with recommended precautions, If
sccidentalfy spilied on hands, no serious skin irritation will occur,
However, liquid asksrel has 8 soivent action (similar to paint : ~-

o oot st ame
- J

Table 11l
Handling and Pumping Temperaturess
I Unloading,
' Handling and
Pumping
Product Yemperature T

Pyranol A13828-3  20-55
Inerteen 70-30 20-58
Inerteen 10042 35.75

-

thinner} on the fats and oils of the skin and prolonged contact
1 i may lead 1o drying and chapping of the skin.

i In cass of contact, wash ths skin with soap and water; remove end
i dry clesn saturated clothing. Clean up spills with rags, sawdust and
sbsorbent clay. Eye contact may result in painful irritation but no
permanent damags to tissues. |f askarel gets in tha eyes, flush with
largs amounts of watar, As with all eye first aid, refer to a
! physician, To relieve irritation, physicians have used an opthalmic

anesthetic solution as well as opthalmic cortisons acetats molution,
or castor oil. .

Infrequent exposure to askarsl vapors will not cause ill effects.
Howsver, prolonged exposure to high vapor concentrations should
be avoided. If hot sskerel must be-handled in s closed or confined
srag, provide the ares with mechanical exhaust ventilation — or

]
o
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. . - "7 wear an organic caruridge respirator approved by the U.S. Buresu
e, 00N of Mines. -

*. €. Precautions On Opening an Askarel Transformer: -

Askarels of various compositionsl types are used. Under arcing
conditions the gases produced, while consisting of predominantly
non-combustible hydrogen chioride, can yield varying amounts ot
combustible gases depending upon the askarel type.

Insuistion systems incorporating these sskarels and cellulosic or
other organic materials may, when arced, produce gaseous
mixtures which are moderately flammabie. As 8 precaution, such
gases should be removed from the askarel by bubbling dry
nitrogen through the askarel and flushing the gas space with dry
nitrogen before any work is performed on the apparatus.

The American Institute of Elec:rical and Electronic Engineers Guide
No. 76, March, 1974 gives more detdiled instructions and guidance
“For Acceptance and Maintenance of Transformer.Askarel in Equip-
ment”, This guide is published by the Institute of Electrical & Eiec-
tronics Engineers, Inc., 345 East 47th Strest, New York, New York
10017. We recommend that users of askare! transformers refer 1o this
1EEE document.

VIIl. Avoid Environmental Pollution

Transformer eskarels contain polychiorinated biphenyls (PCBs! which
have been used in the United States and elsewhers over the past 40
years for many industrisl and consumer applications. During the past
several years evidence has accumulated 1o indicate that PCBs are widely
dispersed throughout the environment and that they can have adverse
ecoiogical and toxicological effects, i

The United States Government’s interdepartmental Task Force on
PCBs, Com-72-10419, in their March 20, 1972 report ttled,
“Polychlorinated Biphenyls and the Environment”, recommended
restricting PCBs to use in capacitors end transformers.

1
This report is distributed by the National Technical Information . !
Service, U.S. Department of Commaerce, Springfield, Virginia 22151,
A document titled, “Guidelines for Handling and Disposa! of Capacitor
and Transformer Grade Askarels, Containing Polychiorinated
Biphenyls™, has been prepared and is available from the American
National Standards Institute, Committee C107, 1430 Broadway, New
York, New Yock 10018,

1
i
]
The scope, objectives and the composition of this committee are: ’

ANS! Committee C107 |

Seops: :
Procedures end guides for safe use, maintenance and disposal of {
eskarel and sskarel-sosked materials used in electrical equipment.

Objectives: -
1. Source of technical information and advice for Federal,
State, local suthorities and all others concerned. 3
2. Encourage dewelopment of suitable disposal facilities and
keep all concerned informed.

. 3. Serve as the advisory group for United States participation in
international organizations: CEE, 1EC, CIGRE.

Composition: :
Organizations active in or represented by this ANSI committee
include: National Electrical Manufacturers Associastion, Electronic
industries Associstion, Institute of Electrical and Electronic
Engineers, Amaerican Society for Testing snd Materials; Eilectric
Light and Power Amocistion; Cartified Ballast Manufacturers
Association; Environmental Protection Agency; Office of
Environmental Atfairs; General Services Administration; National

———- e
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Buresu of Standards; Depsrtment of the Army. Rurad
Efectrification Adminigtration; Division of Environmental
Resewrch, TVA; American Public Power Asocistion, Water
_ Pollution Control Federstion; Food and Drug Administration;

Nationa! Fire Protection Associstion; Underwriters Laboratories; =

and several sectiom of the U.S, Department of Intarior,

The following are pemntnt uccrpn ucn from the ANS! Guidelines
for askarel transformers: . - N

1. LABELING ASKAREL TRANSFORMERS(Pg 16)

4221 New Transformers. All new transformers that
contain PCBs shall have a label of adequate dursbility,
permanently and prominently attached to the tank by the
manufacturer, given adequate warning and instructions. A
suggested label includes the following:

CAUTION: The insulating liquid in this transformer
containg polychlorinated biphenyls (PCBs). Care should be
taken t prevent entry into the environment. In case of
malfunction or leaks, consult the instruction manual or
the manufscturer.

4.222 In-Service Transformers. The transformer manu-
facturer should make available suitable labels with 8 similar
warning ss shown in 4.2.2 1 for use on existing transformers.

2. DISPOSAL OF LIQUID AND SOLID WASTES (Pg. 15)

4.1.6.5.1 General. Disposal of askarels and askarel-sosked
materials should be accomplished by means in which there is
no significant release of askarel to the environment At
present, dispossl is sccomplished by cerefully controlled
incineration of liquids and soaked software, and by con-
trolled landfill buris! of apparatus and other hardwars from
which askarel has been previously drained and washed.

Present knowleoge indicates that proper incineration
must involve a suitable belence between dwell time and
temperature in the incineration plus oxygen availability and,
finally, suitable scrubbers to remove the HCI that will be
formed; for exsmple, 2second dwell time ai 2000°F and
3% excess oxygen in stack gss, or 1.5-second dwell time at
2700PF and 2% oxygen in stack ges.

These facilities should meet the spplicable requirements
of the state in which they are located and should control
effluenss within the limits set forth in this standard.

Controlled landfill or deep-wel! dispossl can be used where
permitred by federal, stave, and local reguiations.

Tha ANSI Guide lists the locations of facilities that conform
with the above requirements. Monsanto has such an incin-
erator 3t the W. G. Krummrich Plant, Depasrtment 831,
Sauget, illinpis 62201, where arcangements can be made for
&rap askarel liguid disposal for 3 modest fee. For disposal
of solid scrap 8 controlied dry land-fill can be ussd where
permitted by Federal, State and local regulations.

3. CONDITIONING OF NEW OR RECYCLED ASKAREL
(Pg. 186) -

4.21.21. Askarel Conditoning Equipment. The condi
tronm, unit shouid be locawmd either in the storage ank ares
or in the main transformer manufacturing area for filling
with askarel,

4.2 1.22 Fuller’s Earth. CondPtioning of new sskarel or
racycled askarel requires fuller’s sarth treatment The spent
fuller’s sarth in cartridges or bags, when replaced, shouid be
sllowed to drsin thoroughly over drip pans to remove ss

much liquid sskarel ss possible. The cartridge units of steel .

mesh construction showid te pleced in the “STEEL CON-
TAMINATED WITH ASKAREL” container for disposition.
Cloth beg filled with fuller's asrth shouid be placed in the

s mo- “SCBAP BURNABLE ASKAREL WASTE” conuminer for

LIS F S S . -
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4. TEARDOWN OF TRANSFORMERS FOR REPAIR OR
F:-+ . SCRAP (Pg. 18}

4.21.4.1 Drain all askersl fram the unit either into @
*  holding tank or reuse or into the drum /labeled “SCRAP
“- . ASKAREL" for digposition, and then sllow sufficient nme
for &l of the askarw! to drsin from the core and coils.

4.2 1.4.2 Remove the core and coil assembdly from the
sransformer. Sufficient absorbent material should be placed
on the floor to sbsorb any askarsl fluid that still drips from
the ransformer.

4.2.1.4.2 Piace all materisls in the appropriate salvage
conrainers during the dismantling for later disposition.

4.2.1.4.4 All used mamrisls, including rags. sawdust,
taoe, etr, regardiess of quantity, shall be put into the
appropriste containers for disposition.

5. TRANSFORMER DISPOSAL (Pg. 17)

4.23.6 The ultimate dispossl of an askarel-filled trans-
former may be sccomplished in either of two ways:

(1) Complete drainage and disnantling with the proper
digoosal of the sskarel and eskarei-sosked cormponents as
described in 4.1.6.

(2) Disposition of asksrel transformers by means of junk
or scrap deslers. This should be avoided unless a transformer
i first drained, followed by sosking the interior with 8
suitable solvent. Accumulated liquids and washings are 1o be
disposed of a3 dexcribed in 4.1.6

1X. Expected Service Life -
Manufacturers indicate that properly designed and instalied askarel
transformaers are expected to give trouble-free service for at feast 30
years. Since their introduction in 1832, the manufacturers report
finding the overall failure rate to be less than 0.5% for ail units under
test and service conditiors. The Edison Electric Institute’s report
(1956-1958) on their member utilitiss publishes the failure rate for
askarel transformars as 0.13 per hundred banks per year.

Mr. Frank-M.-Clark, who invented transformer askarels at the General
Elecrric Company in the early 1930s, made the highly pertinent
comment based on his many yesrs of experience with G.E. Pyranol
(askarel type) transformers that = -
“The important thing is w keep them dry — otherwise leave them
Slons”™,

These words of wisdom became .apodnlly spplicable in more recent
years when welding shut rather than gasketing became the matn method
of maling mkarel tramsformers. These unit are sold with the

. understanding that the liquid is in a normaily hermetically closed

Systemn,

X. General Characteristics of Trarsformer Askarel Fiuid
Appracistion of the following characteristics, as given in the IEEE
Guide, leads to understanding the reasons for seiecting dislectric
breskdown voitage and moisture 3s the prime practical tests 10 judge
the quality of transformer askarel fluid. Also, due to these
characteristics the power factor of transformer askarel will be nocmally
much higher than the corresponding values for miners! oil.

in comparison to minersl insulating oil, askarst is a relatively polar
material; 2., i3 molecules ars dipoles, free to rotste around their axes
and resporsive to orientation by electrical forces. Askarel afso exhibits
8 much higher dislectric constant and capacitance than insulating oil,
ond these dnﬂorm must be kept in mind wm mmpmmg electrical
testdeta. . \,_ A

Becasm it is rdnhvly Pdl““ M‘& n&ney power, sskarel
& much more electrically unpthn than minersl oil to traces of
extraneous soluble polar mmdn Wﬂv the choice of
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constructional materisis destinad for us in akars! is very critical. This

sensitivity is reflected in the m hctor and resstivity lwﬁc
rsnsunu)dﬁnnkard L 1hd

It is important ta nou IML with u exmuén of water, the dble:u'é . ‘.
breakdown woltage of askars! is not generafly adversely affected by - -

many of the soluble polar materisls % which its power factor and
resistivity (specific resistance) sre 50 sensitive. in fact, the dielectric
breakdown voltage of askarel i3 somewhat grester than that of
insulating oil, Therefore, the values sssigned these dielectric fluids in
newly supplied transformers are 30 KV min, and 26 KV min,,

respectively.

As with insulating oil, askarel must be kept dry. It can pick up moisture
from exposure to humid atmosphere. Under similar conditions of
exposure, askarel can pick up nearly twice 338 much mo-sturo when
measured on a parts per million weight basis.

Xi. Sampling Transformer Askarel Fluid
éhe following precautions about sampling are quoted from the 1IEEE
uide,

“Representative samples, whether of the complete contents or only
parts thereof, are extremely important from the standpoint of
evaluation of the quality of the product sampled. Obviously careless
sampling procedure or contamination in the sampling equipment will
result in a sample that is not truly representative. This generally feads to
erroneous conciusions concerning quality and incurs loss of time,
effort, and expense involved in securing, transporting, and testing the
sample. It is strongly recommended that all of the procedures and
precautions outiined in the latest revision of ASTM D 923 (Sampling
Electrical Insulating Liquids) be foilowsd.

“Because of the high specific gravity (relative demsity) of askarel
{greater than 1), water and some other impurities arz -2t likely to be
found at or near the surface. The top sample, therefore, .. .onsidered to
represent the worst condition.”

XII. Evaluation of Askarel Received in New Equipment

Some users of askarel equipment find it desirable t0 make ‘‘es received
tests’” on ail equipment. It is Quite common to use the dielectric
breakdown voitage test and visual appesrence as the most significant
tests. If suitable equipment and trained personnel are available .
additional information mzy be obtained from the power factor, color,
and moisture content tests.

In sampling askarel contsined in wpirltus extreme care must be
exercised in order to obtain 3 representative umpie. ASTM Method
D 923 should be followed.

New equipment with sskarel :xhlbltmg the followmg characteristics is
considered acceptable:

‘ ASTM Methods
Dielectric Breakdown : :
Voltage 30 KV min. 0877
Water Content 35 ppm max. D 1533
Power Factor st 25°C * D 924,00 150

*The power factor of askarel taken from new transformers,
reactors and accessory equipment can reflect ths presencs of
moisture, dissolved polar compounds, or other contaminants and
may vary with the type of equipment from which the sample was
_taken due to the different ratics of liquidtoolid insulation and
to the high solvency powsr of the askarel. Given an acceptable
water contert and dielectric breakdown voltage of the askarel a8
. indicated sbove, & high power factor seidom impairs the
servicesbility of ‘the sskarel vmhm rather broad limits and 8

I

?.J
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i R'eegmang the possbcmf of aw-dc range of power factors being

=" recorded for askarel in new equipment, it is difficult to establish »
single limit which would be scceptabie to both suppliers and users
for alf applications. However, a3 8 broad guide, power factors up

_to about 10% at 25°Cand 80 cycles per sscond (hertz) do not in
general indicate any abnormal contamination providing that the
other criteria (water content, dielectric breakdown voltage, etc.)
are met. Much higher power factors may indicate excessive
contamination or the misapplication of the solid materials used n
manufacture in contact with the askarel and should be
investigated.

Xii1, Dielectric Breakdown Voltags — Moisture Relationship
The dielectric breskdown voitage of askarsl is highly sensitive to axcess

moisture; not sensitive to ordinary dissolved polar materials. While the -

dielectric breskdown voltage can also be Jowered by severe arcing,
askarel turns noticeably black or has particies of sooty carbon floating
in it if arcing has occurred. Then the transformer should be repaired
and the askarel replacad.

If the dislectric breskdown voltage is checked periodically and
decreases sigruficantly — this indicates moisture pick-up, arcing, or
both. When the dielectric breakdown voitage has dropped to 26 KV or
less, an analysis for water is necessary. {f water is found in excess of 40
ppM st room temperature, its source shouid be located and corrections

.

When the moisture content spprosches 125 ppm (saturation level at
room temperature], the dielectric breskdown voitage of askarel drops
below the value required for efficient insulating. The moisture content
should not be aliowed to rise over 70 ppm, sampied at operating
temperature. If the moisturs content is found to be in a satisfactory
range and the dislectric breakdown volitage is low, the transformer
manufacturer should be consuitsd,

Table IV shows the relationship of dielectric breakdown voltage vs.
moisture and Table V indicates the spproximate water soiubility limits
in askarel and mineral oil. '

Tadle N
Hdm of Dielectric Braskdown Voltage to Amoum of Dissoived
. Watsr in Askarel snd Minerat Ol
Breskdown Voltsge (ASTM D877
. Water Content (PPM) Askargl Minerai Ol
’ o 70KV 50 KV
o] 55 39
4 47 30
(] o 40 28
80 k] 22
"o 10 5

o ——
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XIV. Turbidity -

... may be the visual sign of undissolved water, or may indicsts dirt,
Cloudiness may also resuit from cold precipitation of tin tetrapheryt
“scavenger” that was used in the earlier Pyranol transformers, This o
scavenger begins to come out of solution around 15°F above zsre. To
redissolve it requires heating to 150-200°F and mmuon

High ¢c.electric brukdown voltage will quickly mdluu M - ’ [y

turbidity present is not moisture; that the insulsting efficiency of a-
askarel is still excellent. Howaver, if the dielectric strength is below 28

KV, moisturs should be determined, using the xm Fuhot nmhod )
(ASTM D1533-80). ..

The dielectric b:ukdown voltage test for askarel mpnmn‘lycu
indicator for moisure. it is by far the most important Maintensnce teet ..
for ransformer askarel. ’

xv Chack Points for Maintaining Askare! lmullﬁon
Genersl Considerations:
Modern askucl trarsformers with welded construction or silicons -
or Viton® gaskets (hand holecover, switch and terminal .
compartment covers) and with properly constructed bushings
require little maintenance. With properly constructed trane- -
formers, annual or semi-snnusl visusl inspection snd dislectric
breakdown voltage test of the askarel fluid should suffice for
routine maintenance checking over manv vuuol -wia

However, marry askarsl mmmnfnstdld mtht-rly w:n.--- ;
before the development of some of the better modern gasketing
materisls and befors improved desigrs were developed for seeling

out moisture. Such early units should be, and can be, modernized,
Leaky or deteriorated gaskets should be replaced. If the askerel
has becomne contaminated, it should be reconditioned. At the same

time, a general clean-up of the unit and 9ouiblc rcﬂm:hm. moy be
desirable.

¥ it is not mvmmmmmowéamfwmm&mm'
general repairs, leaky gaskets can be mlod umpouriiv by painting
mﬂuh&yammmmxym -

Awammam-mwwwumm "

transformers (over 20 years old) are kept in continuous servics im *. -~ -~ -

criticsl  instalfations by tm foﬂowin' m (innnd of
B Momnuﬂoal. . SO L‘_
P -~ ', .- r". \ 2

A

. mop-mxa. mmmnﬁm wmmm;umm

.{,..‘~ '_‘f.."“-":"',\"
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pressure is maintained on the shell by introducing nitrogen at 2 to
3 pours above stmospheric. Regular workmen in the ares daily
record the temperature and pressure. |f 3 sudden pressure drop is
noted more nitrogen is introduced and the gaskets are checked for
lesks with soap solution, Lesks are sesled by applying epoxy
csment.

8. Modern Sealing Procedures:

Transformer purchasers should soecify the following modern

techniques for sealing:

1. Welding Construction: Covers, radiator connections, switch
and terminal housings, instrument connections, etc. shouid
be weided.

2. Bushing Connections: A number of bushingt have been
developed to obtsin & proper ssal for the electrical
connection through the tank wall. They are classitied a3
foliows: )

1) Walded Type - (Bushing flange weided to tank walt)

a. Cast resin bushing with 3 molded ssal to the
bushing stud and external stainiess steel or copper
flanges.

b. Rolled flangs bushing with the metal to porcelain
sesi at the cap and flange made by being rolied into
grooves in the porcelain over silicone rubber rings. i
The seal between the cap and stud is made by i
weiding.

¢.  Porcalain or glass bushings with metal to glas or
metasl to porcelain seals. :

2) Boltsd Type - (Boited to tank wall) - i

a.  Cast resin bushings with sither cast or metal flanges :
containing recassad gasket grooves.

b. Porcelain or glass bushings with flanges containing
recessed grooves or gasket stop.

The gaskets may be either of rectangular or circular cross-section, ) -
ususlly % inch thick. Bushings with recessed grooves are suitable
10 use with cork, cork-nitrile rubber combinations or nitrile rubber
as well as-gasket materisls such 8 silicone or Viton.

3. Small Sizs Connectiors: When not possible to weld, small
siza connection seals shouid be mads with Flexitatlic® .
stainless stosl rings. The surfaces must be machined and :
paralisl. The filler between the steel laminations of the
Flexitailic ring should be either silicone or Viton.

4. Gnkets for Hand-Hole Covers: Modern design specified H
silicone gaskets. Such gaskets must be retained in a groove.
The groove preferably is machined imo the flange or cover, il
However, it can 8is0 be formed by welding concentric steel ot
strips 10 the flange or the cover, Generally the gaskets shouid .
be 5§/16 to 1/2 in, thick for covers, depending on the depth -
of the groove or stop. A rectangular cross-section is usually ’
used.

The silicone materisl should be Dow Corning No. 50
Silastic®® or equivalent. This is a low compression set
materiel. For best mealing 20-258% compression s
recommended, with ample clearance in the groove or stop to '
allow for this compression,

No cement is required. With reasonable coere the gasket is i
removable without damage and is reuseable.

Silastic S0 is slightly swelled by askarsl which contributes t0

the tightness of the msal. It is not deteriorated by askare! fluid

" or vapors. It resists westhering and it is thermally stable and
. N O

*Trademark of Flexitallic Geskat Cu!a-w
® of { Corning = | .

— e e ee
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- 747 NOTE: DcuCornnn.Mldand 'l‘-d\qnwlmmﬂndm‘n-s- am.- s it
", Silasic 50 gaket fabricstors 0 ol tensformer -q?
.. ", rmamfacturers or wers. They will afso furnish technicat .
data. See Aannd: & Sels, Propomu ad.
Procursmenty. - - . et we T

C. The Older Sealing Amngemm. Loe TN -
The older type gaskats consist of either cork or eodt-mr'h mbbcr
combinations or straight nitrile rubber.

1. Cork-Nitrils Combinations: Covers for tho main tank,
hand-holes, switch and terminal chambers, relief diaphrams,
etc., are held in place by studs weided uﬁwﬂav\mofev
boits. The gaskets sre cut with openings and piacéd over the
boits. Often Shellac (Westinghouse Style No. 1150418, or
Generai  Electric Company's Glyptai® 1276) is used to
cament the cork to the flanges,

i The following is recommendsd for sesling with the cork — 9
nitrils rubber combinations:

Use Armstrong NC-757 cork-nitrile matarial or equivalent,
The gasket can be cut from a single sheet or by scarfing strips
of the material. A convenient method for joining strips is to
make 3 Keystone Type joint, For this purpose, Westinghouse,

- Sharon, Pennsylvania, offers their guslm eumr Styn No. 328
8614 GO1, (about $15). .

The joints ~ and &!30 the gasket = should be cemented 10 the
flange, using one of the above cements. Excass cement should
not be sllowsd to reach the interior of the transformer. ,

After installation and bolting, the outside edge of the gasket
should be coatsd thoroughly with epoxy cement to increass
weather resistancs. |

o e 9e e o

This epoxy cement is 3 paste 10 which acuring catalyst-is -
added immediately before use, Typical are: -

- . s. Epoxy Patch Kit #1C .
: Hysol Corporation, Olean, New Ya‘k T
’ 5. Scotchcast®® Resin o4
?m;le;'ot’l‘ Mining & Manufacuu Compm
t. P innesoty . e
e. Adhesive A-1 and Activator Type B - '4‘-"-', "
Armstrong Products . :

Argonne Road, Warsaw, indisna .-

d. Adhasive 9860-1, svndmia Orpru.- Ccmmv :
Clevsiand, Ohio, used with activstor diethylens trismine .
{Carbide and Carbon Chemical Compeny) - -.

) 2. Straight Nitrile Rubber: When straight nitrile rubber was
EI originally used, invariably the gasket was recessad in 2 groove,
. This was to prevent gasket flow and to protect the material
agsinst excessive compremion. Although this type seal was
not cementad, the nitrile rubber gasket is not reusesble.

- . Since groowes or stops have siready been provided for the
- -7, nitile rukber seal, Silastic 50 can be assily sbstituted and s \
- recommaended. This conforms mﬂ\ modarn practice. . .

XV1. Periodic Flmd lmpoction and Whlt I:hockpomu Maean -
On s reguisr schedule — #t six, nine, or twetve-month intervals — maks
a simple visual inspection of Your dmd mqn.iu\ud run g dislectric
breskdown voltage check. LI B -

e e e a ."_-l;‘;h':‘-’ :’-« .

. *Trademark of Genarsi Eleceric Compeny 7" 7x%
l -1 "*Trademerk of Minnesets fining & Menutacturing
i L. P TP
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.. Askarsl & o clesr, umwcuw lcquld. After long-term use this

~. color may graduslly mtenslfy to light brown. The fiuid should

“nmnndovandfrn from turbidity or cloudiness. . T

’ Any color change — such # to 3 green, red or biue cast — indicates
extraction of impurities (color materisis) from the solid insulatian,
If 3 distinct foreign color pick-up is noted, check the complete
range of electrical characteristics and notify the transformer
maker. Blackening of the askarel may indicate an arcing condition,
Other color changes sione are not danger signais sincs the
dislectric breakdown voltage is not likely to be impaired.

8. Dislectric Breskdown Voitage
if the dielectric breakdown voltsge has decreased significantly
from the last inspection, or if it has gradus'ly decreased below 26
KV range (st 25°C) — RUN A CHECK FOR MOISTURE Use .
ASTM D 1533 {Kar) Fischer Method). .

The dislectric breakdown volitage of askaref is the major indicator
to the operating efficiency of your liquid insulstion. Besides the
visual inspection tests, dislectric breakdown voltage is the only
test necessary 1O fun on & routine basis. Well-sealed askarel
transformers have ssrvice records of 25 to 30 years on ne original
askarel.

XVlI Inspection Checklist
If askarel is clear ~ even though darkened to light brown, has no .
sediment or turbidity, has dielectric breakdown voltage over 26 .
KV -~ give it the inspection “OK”, .

2. 1 sskorel is clear, but has foreign color of blus, green, red . . . it is
“axtracting color” from internal materisls. This is not, of itself, an
opersting hazard when the dielectric breakdown voltage stays over
26 KV and moisture remaing low. However, this rare occurrence
calls for checking into the condition of the interior construction
and consulting the transformer maker. However, when sampling
the fluid care should be taken to avoid getting color into the
askarel from paint that may be inside or outside of the sampie
valve. )

© e e —

3. if the moisture content is found to be sbove 70 ppm at operating |
_tamparsture, then sampling should be done at more frequent

intervals to establish » possible trend, particulerly on outdoor
_ installations.

If askaref is clesr, but dislectric breakdown voltage drops to 22 or
lower KV, and moisture rites over 80 ppm when sampied at
operating temperature ..., the askarsl i3 ready for simple
“refining’’. If the moisture is near the saturation level (about 128
ppM at room temperature) & thorough inspection should be made '
for water droplets in the transtormer tank, and even for
“globules” of water fioating on the askarel surface. If found, the
transformer manufacturer should be consulted for reconditioning

both the transformer and the fiuid.

It askarel is dark brown to biack, if black particies of carbon are
seen, and dielectric strength is low . . . the askargl has been broken
down by arcing. It cannot be refined and should be removed and
incinersted under proper conditions. (See ANSI Committee C107
report on Use and Disposal of Asterel and AskarelSosked
* Marerisis. 1430 Broadway, New York, New York 10018

it any of thesa five simple inspection tests appesr out of the
ordinery or the relstionship betwesn appearance and test values is
sbnormal, contact your tnndm supplior for » eompmo
snalysis, . . : .-

Whenever awnuo is 0 be shipped to Monsanto, plaese follow the
directions shown undar: “SAMPLING ASKA,H.’

-

-~ —
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XV|II Conmmuon in Transformars -
Moisture, particulats matter and srced d-eomaomim oroaucu [,
known o be scious eonumwtm unﬂume. on transformer mr-t ‘

The power factor test normanv ud for the dmcnon of ennwmnnm
in mineral oil filled transtormers is of little use for this purposs n
askarel filied transformers, due to the extreme effect of extransous
soluble polar materists. This incream in power factor as illustrated in
Tabie Vi has no adverse sffect on dislectric breakdown voitage. :

: Table V)
Effect of Common Insulation Materials on Power
Factor and Dielectric Strength
(Hext Aged 98 Hours in Askarsi st 100°C.)

- et ————— e v - s
B ’

Askare! After Exposure
Pagver Factor, Dislectric
nt at 60 Strength
Material immaersed ] eye., 100°C 25C.

None {controt)
Btack varnished cloth
Copper
Pressboard
Manila paper
Phenol formaidehyde resins
Sheltac
iron
- Synthetic rubber

k34
42
40
k24
»
41
38

wa....»..ﬂ..

oocomawmolmoo

~
o
o

Similarly, trace contaminsnts from commonly used construction
materials can lower the volume-resistivity of askarel, without affecting
ity dislectric breakdown voitage. This is shown in Table Vii,

Tadle Vi1
. E tfoct of Common Insulation Matarials
o ) on Volums Resistivity of Askarsi

Volume Resistivity
x 109 ohm<m (st
100°C., 500 Voits

Sample DC., 0.1" gap)

1. New askarel before hest aging 2,000

2. New askarel after heat aging 96 hours st 100°C 1,900

3. After heat aging with 1 3q. inch specimens of:
8. Phenolic resin tap changer material 1,200
b. Paper ) 750
¢. Grade A pressboard (tan) : 500
d.Grade A pressbosrd (gray) 500
. Grade A pressboard, laminated strip 400
t. Cotton wrapping 300
9. Glyptal 1278 cement, cured 48 hrs. st 110C 100

11

While trace contaminstion essily lowers volume resistivity from high g u—
levels, it it important to note that heavy contamination (as when erced)
does not lower tha resistivity below the order of 109 ohm-cm. st 100°C,

ummmud as follows:
High power factor and low volume resistivity in trnsfm
minerst oils ars commonly regarded as “danger signats™ that the l

oil mmmmwmmmulyucm
MRUNBM _.-_ .. "

. This s NOT TRUE of mkirel Tiquid insulation unies mm s &

The ditferent behavior of askars! vs. minersi oil in thesm respects can be ' a
e c——

6BRN 001065
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. well known that sskaral transformars with initisl power factor of the

T sskarsl fiuid in excess of 50% st room tamperature and 80 Hz are giving

; mvﬂm servics life. Howewer, there needs to be assurance thet both

£%" dislectric breskdown voltage and moumn wem utithaarv levels and
T do not show adw- m e

XIX. ASTM 03255 m For !nnmptmg The Compat-
" Mility of Transformer lmulnlon and Conmucuon Materials
in Askarels MY So b SR

. This method ustes the changs of ohcmul snd/or chemical
N e . characteristics of transformer askerel resuiting from its controlied
) " exposutre 10 insulation and construction matsrials, in order to evaluate
their immediste major “contamination™ effect on the askarel fluid.
Delayed or long time contamination effects may not be detected.

The method also utilizes various physical tests on the insulstion and
construction materials after controlied exposurs to -the askarel to
determine the compatibility of thess matsrials with transformaer askarel.

Properly proportioned specimens of the insulstion or structurai
materials are immersed in refined askarel for 188 hours at 100 ¢ 1°C in
8 forced draft oven. Changes in electricsl and chemical properties of the
transformer askerel are comperad agsinst 8 control ssmple of the
askarel trested in the same manner, in absencs of the test specimens.

; Dissipation factor (ASTM D §24) changs is one of the criteria used. The

. askare! fluid is refined by absorptive trestment to 8 dissipstion factor

lavel of 0.05 max. st 100°C and 80 Hz snd 0.01 max. at 25°C and 60

to Hz, Corresponding vaiues of the askare! fiuid sfter heating 168 hours at

-t .. 100°C in absence of 2 test specimen are 0.075 and 0.02 respectively.

: The meximum dissipation factor levels suggested for the askarel after

. hutm'mmmofmmmcmmmo.zonwo'Cmdsom

l .- . and0.04 t 26°Cand 60 M2, .-,

L . ; -

XX. Refining Askarel for Reuse :

A. Filtering Through Dry Blotter Paper to Remove Moisture and
: X Extraneous Particles:

-¥ - Most operators prefer portable refining apparatus, such as a plate

. press fitted with 8 dolly, sveilable from Sparkler, Mundeien,

Minois or General Electric Company, Pittsfield, Massachusetts; or

the earthen cortridge fifter type sveilable from Industrial Filter

Corporation, Lebsnon, Indisna. Filter paper liners for the plats

o press are available from Cart Schisicher and Schuell Company,

PR Keane, Nu Hampshire and mmufwtumt of fnlw presses listed

. lm . . -—o-’ Lo -

. Tho ﬁlur paper must be dried immdlmlv befors use. For best
results, spread the paper for maximum surface exposure in 3 hot
8ir circulating oven and hest it for 4 to 8 hours at 110°C.

. Circulate the askarel hot (bu; not over 40°C) through the filter
fiteed with the dry paptr liners,

After filtration the dlolnrh breskdown woltege of the askarel
should be 35 KV minimum.

PRECAUTIONS:

1.. Filtering should not h done when the relative humidity
.. exceeds 75%. e
2 Any fiexible hoss N gaskets on the refining squipment
" should be lined with or made of materisls that will not
. . b8 wftened by comtact with askarel fluid. (Materiels
- lined with Sificons, Viton or 'l’oﬂon or fiexible metl
matsrisis are suitabie)”.

TOWOLDMONO0002844
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B. Disposal of Solid Wastes:
~ The ANSI guide C107.1-1874, Section 4.1.8 gives detsiled
recommaencistions.

€. Solid insuiation Requiring Drying:

L it the solid insulation of the tnm'omr requires drvim, consuft
the wansformer manufacturer or an apparatus service shop, as in
such case oven drying is preferred.

0. Earth Trestment for Maximum improvement of Power Factor snd
Volume Resistivity:
We question whether pumping and filtering the fluid solely to
achieve 8 change in power factor or volume resistivity alone is
justified in today’s ecological climate regarding PCBs. We recom-
mend that in thess situations the original trensformer manufec:
turer be contacted.
1. Procedurs:
The askarel liquid should be relatively dry prior to the
following earth ﬂltntion.

R

" ...4&..“.4-\; [SEREE

X eomnl on lhl ﬁlm Paper wmu use finely divided

- Attapuigus® clay or Fuller’s earth dried and activeted by
haating for 12 hqurs at 300-350°F immediately prior to use.
Ths amdulk T & Sarth ulwd should be 0.1 to 0.2 percant by
weight on the weight of the askarel n be mntod Askarel
weighs about 12.5 pounds per pllan.

Tomwmmw.ﬁfmmwdofmcmmml
smeil portion of askerel in 8 clesn continer. Pump the
” mixturs through the filter and follow with two more
one-third portions. Then circulate askare! taken from near
the top of the vansformer, pes it warm (not over §5°C)
through the esrth-costad filter and feed back through the
bottom transformer outlet. Continue circulation until the
. fiuid is clasr and test shows that tha electrical mepmmm
'E I fully restored.
i i 2 Eﬂ-cufbrﬁmmdof&nm
Only dight and insignificant loss by slective absorption of
tin tatraphenyl and epaxides occurs when askarel is refined
by trestment with 0.1 © 0.2 percent by weight of esrth. To
remove significant amounts of the scavengsrs requires repe-
titious treatment with much Iarger smounts of sarth. < .

n e o — b - ———— o— 1 & —_- W in
. .
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"ws». X1 Table IX
A% ‘:*‘ Y™ A pproximats Rdnbmhip Shaninﬂulnqn)ﬂsu
e '_-;—e.. Effoct of Powar Factor and Volume-Resistivity on
- thevic Braskdown Voltage of Transformer Askarel
’ f‘ﬂ""ﬁ’ —n's-.’*‘vmnfmm L
., =109 ohm<m (st Breskdown
-- . 100°C, 500 Voits Voluge -
. _DC,01"gep)  25C,0.1"gep

" 00s% . . 1500 B/ KV

o~ $00 35

" 100 35

60-70 35

= 25 3

% XXI Cluning Arced Transformers :

.o o ': . §f s unit has arced 30 that the askarsl is no longer fit for use, a thorough
e DT . . cleaning of tha unit is necemary hlfeu refilling with new askarei
=~ ~ insulstion and returning it to service®. Follow this procedure insuring
care is taken to prevent any loss of quuid askarel to effiuent streams.
B A. Drain out il dark, carbon-contaminated askarel. Arrange to have

- S R il .. the screp fluid incinerated undtr proper conditions. (See ANSI
) T ; * 7 Committes C107 report.) .

e B Cld\my brush carbon dnposits fmm internal parts and insulation,
DT el T e T L using 0 wft bristle brush mdurq sure that insulation is not
o - damq-d. . e

- .

- C. FM v\ofwvlly uﬁm m llurcl not an oil, not s clesning

T 27" D, Fiush a second time with fresh askarsl; drain; then fill 1o the

- ' proper level with new askarel.
S e T € Energies wanstormer to warm the fluid for 24 to 48 hours; then
T . e " _circulste the askarel through a filter, returning it to the umt
B - ‘= filtsred and ready for use. .
TS A XX" Samplingm : ’
> ' PRI ',A . .Take a2 sample s close tomtopofmnnquldwrhenupombu Many

\‘_.‘ . um askarel transformers have 8 built-in sampling tube nesr the surface

. for convenient ssmpling. Then, to maske sure that your sampls truly
.- ‘,._ “represents. your askarsl insuistion, take snother sample from the
“" botsom.. If sdditionsl sampling tube connections are contrived on the
valves for easier sampling, make the tubes of clean giass, stainiess steel,
duminum or tin for rigld typa. N sdm or Viton or Teflon tubing
* for fexitle typei. -

- “'~ son T e d -.-5'::'5':&-55;‘:' Use NEW connmm f«' the askarel sample. A new and thoroughly
'i‘

. pre<iriad, smail-mouth quart glass bottte fitted with 8 Bakelite*® screw
= cap with aluminum or tin cap liner is recommended for quick, on-site
tasting. (If eou\plm lndvm is to be made, a 5-pint size sample is
nqw-d.) ..

-

Inmlmmmbomde.notmruomto‘ewmdmu
> moisture. Rinse the sample bottle and cap lining two or three times
wuh askarel from the transformer, then fill it. (f the sample will be
tested prompdy, 8 dm.l-bonheanbouud If sample is to be
storad indsfinitaly, use an amber gl bottle or wrap clear glass with
ll\gmmnh_l. cee -—-,1. Lo
Sduld'vdly Demmﬂtnulltmonnm moist day
o m_humiﬂtyuuum
’Q._"' ﬂm“hmdﬂhmmwmmmm
MMM we uusity necemery end the unit
‘rebuir, This MQ\hﬁHthmmw
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C Mmmd-qdﬂﬁmmbmnhmnwh
wmple when the unit is warm and operating st sverage or
maximum load, especislly for s check on moisture as reflected by
3 dielectric braskdown voltage test. Sempling the warm sskared
- mMWtiﬂManh‘mtm. -

i}

.
[}

Experience shows m water wil morm from o unform
solid insulation to the atkarsl liquid and vice versa, depending on
temperature, Tharetore, when the transformer is hot, the moisture
is most likely to be fwnd in the liquid. This sccounts largely for
periodic variations in dislectric braskdown voitage. For example, »

relatively high dislectric breskdown voltage may be found during
winter months and s reletively low dislectric breakdown voitage
during the summaer manths on samples taken from the same unit,

When testing has been completed, the ramainder of the fluid

sample should be destroyed by high tempersture incinerstion -

described in Section Vit

\8
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. High voltage leads are wuolly connected 1o askarel of mineral oil-filled
" network transformars and power centers through terminal chambers

Askallel " and switches. in some cases terminal chambers are not used, and the

high voltage leads are connected directly to the switch terminals. They

° may be fillsd with either askarel or mineral oil. Switches are usually

Fllled SWltChes rotary or drum type fitted with a revolving biock snd porcelain unit as
the principal element arranged for three-phase service.

®
and Termlnal . Askarsl transformers with attached switches have been in use for sbout

30 years. Whan they wers first introduced, the availsbility of insulsting

h a mbers and gasketing materials was rather limited snd even the best materials st
the time had no servics history. As 8 resuit, inadequate gasketing
: : materisls such 8s cork, nitrile rubber, and nitrile rubber-and-cork
- perticles wers used. While satisfactory for 3 limited period of time,
s .. these materials cannot be depended upon for the expected long life of
. . the squipment.

The terminal chamber is ususily sbove or below the switch
compartment end separated by & steel wall through which the bushings
. sre inserted. When bushings are properly selected and correctly
: - instalied, there is no leakage from ons compartment to the other. With
poor bushing seals, and the terminal chamber above the switch, potting
e compounds or cable oil can seep into the askarel. When the terminst
’ - chamber is below the switch, askarel csn drain into the terminal

(' - . chamber.

- 11. Sources of Contamination

There are three possible sources of contamination for askarel in
switchas and terminal chambers; they rank in this order of frequency:
(1) water entering through poor gaskets; (2) decomposition products
from arcing when switch is used to bresk magnetizing current; (3)
entrance of pothead or cable compounds through leaky bushing seals.

*.~  Uniike an askerel transformer where the amount of contaminant is
. - o likely to be very smail (probably only trace amounts) in relation to the
T Ll volume of askarel fluid — in switches or terminal chambers with faulty

. *sTt 7 sesls, the amount of contamination can be relatively large.

- Experience has shown that, bessd on the numbsr of installed
. askarelgwitch units, the percentage of failures is extremely smail. When

investigated, it has been found that most failures originate in the switch
chamber, Water is the chief source of contamination. However, heavy
contamination of askare! with petrolatum end asphalt material, due to
feakage, have unud a fow failures.

Patrofatum is uud frequently hr filling terminal chambers. When either
cable oil or petrolatum seeps into askarel, no grest harm resuilts. The
fire resistance will be somewhast decressed and powsr factor of the
askarel will increass with an sccompanying drop in resistivity. While
highly undesirable, it is doubtful that failure of the unit results. Where
asphaitic compounds are used in place of petrolatum, the danger is
‘. incressed somewhat becsuss sphaitic contaminstion may cause

mndymdodmmmmm

When u mmlnlid\amhr Ishlcuhn-tchdumhu the potting
. compound can be contaminsted by askarel if the bushing seals are
lulry This is undesirable becsuse the askarel will incresse the power
" fsctor snd conductivity of the potting compound or cable oil and

develop heat from dislectric loss. if this mixture is drawn into the cable

GBRN 001070'.~ ﬂ@
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possible is highly desirable (ss coversd in Section A). Whers an -

5’ uummuduhhudhmmmbom*udw .

1 - betroleum oil, D@mt’ﬂﬁmhmwmd. P L Tr. L
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For new equipment tM uur M meva these modern mimg
arrangements to keep out contaminants snd mqtrmu maintenancs.

V. Askarel Used Under Mild Arcing Conditions : L
The 1IEEE Guide for Transformer Askarel calis sttention to the ..
following:
“Askars! is used, 10 some extent, in apparatus whers it is subjected
to light intermittent arcing, such as in self-contained induction
regulators, where operating switches are continually producing
slight arcs, in transformer de-energizing switches, stc., Under
normal conditions, deterioration of the askarel is very slight,
However, improperly adjusted or defective switches in this type of
spparstus can produce excessive and prolonged arcing and
sccelerated deterioration of the askerel. It is recommended that
. when askere! is used under these conditions, checks of the liquid,
] especislly for moisture end dielectric breakdown voltage made
: more frequently then when it is used only & 8 cooling and
insulating fluid. Deterioration of this type is indicated by o
blackening of the liquid. It can wsually be reconditioned s
. previously described. Specisl attention should be given to
maintaining the scavenger at the appropriste concentration,”
V. Maintenance for Askarel Filled Switches

A. Switches used for grounding after powsr source has been
de-energized will not undergo arcing.

s mtee N e o st e

8. Switches interrupting magnetizing current will be subject to
arcing; the amount of decomposition will depend on power
interrupted, time and frequency of operation. As a genersl rule,

T the liquid should be checked after 5 to 10 operations.

1.  On newly installed switches, check the askarel st 3, 8 and 12
month intervals; if found satisfactory, check once annually
thereafter. With proper sttention to the gatketing of covers
and bushings, experienca will probably indicate that less
frequent inspection is warranted,

2 Chock askare! for:

Dielectric breskdown voitage (ASTM 08r7): lt should e
be 26 KV minimum. If dislectric breakdown voitags is .o N
low, confirm presence of water by Karl Fischer method
ASTM 0-1533. Filtsr to remove moisture. Didm
strength should then be 30 KV minimum. -
©. Pressnca of carbom from arcing: Fluid lhould be
relatively free of carbon. If badly arced and very black,
replace fluid. if only minute amounts of carbon are
present, filtration is recommended. Check power factor
of liquid (should not be over 5% at 28°C and 80 cycies). -
ot . »Fldvunmnmdumbormm-nrdgdlmdfrm
. ° askarel before refilling. : '
. 3. I there s discoloration, high powsr factor, detectable changs
. in specific gravity or refractive index, or if fluid flashes below
250°F, there is a possibility of seepage of potting compound : -
4 into the switch compartment. [n this case, correct any lesky
3 . mmnmwimprmnplmnwmﬁmm L
4. it terminad chamber s below switch, check potting .
compound for presence of askerel (cen ususily be detected
by odor or by an increase in specific gravity), If askarel s - .
present, correct any lesky bud'nng sy with proper
replacements, and renew compounds. Lo
8. Emmmaskmﬁwdly.mmonmhm ..

P e
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g " The IEEE Gmdulnpdmmmn

“Chiorobenzenss sed in vansformer askarels begin w boil st
tamparstures of sbout 205°C, under atmospheric conditions. lfﬁn
.. material is heatad to such high temperature in 8 seaied system,

" pressure develops. Pressurs will also develop in the system if the
askorel is arced wﬁnc-cndv to generste copious hydrogen chioride
|u.

“Thtn!m. it is recommended that wherever possible, sesled
askerel-fillad equipment bs provided with pressure relisf devices,
Thess devices must be large enough to provide immaediste relief at
8 definite pressure, and to pravent further build up of pressure if
decomposition continues. It must be remembered that the
presence of devices of this sort does not necessarily preclude the
rupturing of contsining vessels, since pressure build up can be
extremely rapid under violent arcing conditions.”

0 Section C
Toxicity&

Safe Handling i

N fr‘.. _:‘ia_ 2 3o Ny 'qn»o-g

I. inhalation

At ordinary temperatures the chiorinated biphenyls in Askarel have not
presented industrisl toxicological problems. The hazard of potential
toxic exposure veries with their volstility: the lower-chlorinated, more-
volatiie ones present more of a8 potential problern from the standpoint
of both inhalstion and skin contact. When Askarel fluids are used &t
elevated temperatures, engineering controls must be spplied, sither by
the use of clomd systems or by effective local-exhaust ventilation

_together with genersl workroom exhaust.

\/cpgws~ of Askarsl at room tempersturs shouid not bs breathed in a

;v-:  confined space, and no vapor of any fluid evolved st elevared
. temperatures should be dliowed to be dispersed into the general

o lniulnion tests on animals indicats that the maximum safe concentra-
“7 " tion of vapor is in the range of from 0.5 to 1.0 milligram per cubic

meter of sir. The threshold limit value (maximum aliowsbls concen-
tration of en S-hour working day) set by ths American Conference
of Government Hygienists are 1.0 milligram of the lower-chiorinated
biphenyl compounds per cubic metsr of air and 0.5 milligram of the
more-highlychlorinsted compounds, per cubic mewr of air.

1. Skin Contact

Prolonged or repeated skin contact with the Askarel fluids must be
svoided by the use of gloves and protective garments, becsuse of the
possible occurrence of a condition called dﬂorm Although reports
of this condition csused by Askarsl are rare, it can be produced by
excessive skin contact. H the fluid is -pmod on the skin the skin should
hthmuudmwmu“nwﬁm

A burn caused wmmm-mmmauuunnm
ordln.vhrn.

&JMMdMMHuM,ﬂmA Vlll mﬁ.
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SECHH a3 nal vtical Services ;- - i
e e 0N l‘ransformer Askarel _
ieast Available From Monsanto -

L ‘l’rmdermr unn not wliin. B’mko m-r own ﬁuld cnolvm can obtain the service from Montanto. Simply contact Momnto
; Nw.fyummwmmmkumu-muuwdu clesn sample container, fitted with a proper label. When

. you receive this, carefully take vour mampte (following the procsdure for sampling in this guide). Send the continer o
Monsanto’s faboratory. Charges listed hdua um:henm-nv and lobunmmthdnmum in effect March 1,
1975, and are subject to change. =" 5355

Types of Analyses Avavlablo .
Analysis 1) W 5%
ROUTINE MAINTENANCi GlEO( T e "Total m $30.00

. Yo determine the poml eond‘ﬁon d m fuid and find whether further snalysis is necestary. (one-quart sample roquedl
.~ " Properties Tested - I Dnl-:vie amkm vuna
.~ Color snd Condition -~ Moirt :
. You will be notified of the remults ofdm wost. If hnh-r testing is indicated, cnd you want & complets analysis, you will be sent a
ﬁn-pmt sample containar. This sample will be usad for the following series of wets:

- Anslysis 2) R R . :. DR
COMPLETE ANALYS!S Lo T 'l’oh! Omp $75.00 . -

{1} To detarmine the extent of fiuid contamination, {2) earth refinement to detrmine Mm dogr- of restoration of electrical and
insulsting proparties is possible, (3} check test 1 e how the fluid mponddwnnh wsatment.

a) Complete Analysis: to determing the extent of contamination

Y ‘;".}'Jv-'.*\ ll‘

Properties Tested . & -  Free Chiorides . SR : - -

Color and Condition - - b Acidity : T

Specific Gravity L +. .. Diglectric Breakdown Voltage

Refractive index s ) Pm Fm Dielectric Oommt.md anivitv - St
b)ErmRoflmmtﬂcm . T et -

- Consists of treatment for 25hmu$000'&mm01 m&:nmnthymmo!pwvwﬁmu Attapulgus clay
. and then filtration through dry filter paper. .

e) Analysis After Laboratory Earth Refinement: ~ ° . . o .
Properties Tested . Acidity - .
) Refractive index . . ... : Dislectric Breskdown Voltage : ~
oo Water - - o T e MFoctov. Distectric Comtant.nnd Ruimviw
Free Chiorides e

You will be notified of en results of this test urin on your sample. Then stor nﬂmng your lmln wansformer fluid fill you
* ean check on tho results by nquﬂﬁnnm 'ollowing unlyds. -

‘.j(‘-

Andvm }
ANALYSIS AFTER EARTH REFIN&MENT

- e

- ::-' R -.. -:: . " Ty -‘: T‘ ,*’."‘ m"a"m“"“wvm :«.",:.1 JERE em’ A
sote LT e .analyses 1 and 2 have slready been made.)
.Te &mmimmmnﬁnbtd'ua‘m ﬂumbwwnm-mhwm amplo {tive-pint sample

required} -,
. Acidity _ .

- Dislectric &ukdo\m Volup .
Pow-r Fuctor, Dielectric Commt. and Mnmty
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APPENDIXA . - e i

Askarsl Stability and Composition of Arc Formned Gas: Askarsl insulstion is one of the most inert, chemicaliy-stable hest
resistant, non-corrasive liquids known, It will not break down, oxidize or siudige when exposed to sir and high temperatures,
150°C. or even somewhat higher. Am houww, will break down m compound to libcmcmhvdropn chioride and

wnall amouna d carbon, .
: )  APPROXIMATE COMPOSITION
ARC-FORMED GAS FROM TRANSFORMER ASKAREL OI.ENDC
ASTM TYPES D AND G
(INEHTEEN 70-30 AND PYRANOL A1ua-’ RESPECTIVELY)
Gas . IR . Amount . : .
carbon monoxide Tt oaAes . LT 0% e e :
carbon dioxide 0 - .. .
oxygen ’ <ot 08% T o
inert gases . ' 15% :
hydrogen chioride . ’ 92.3%
(note the absence of phosgene) B R : -
This acc-formed gas from ASTM Type D ud Tyoe F mfomw u:m " mﬁmabln and m«:mhmt ’ K R

) For all practical purposes, e\tneumofpsmuuhlhunmm.'immofmwﬂmhmlOOcubue
( . centimeters per kilowatt-sscond.

APPENDIX B
SOLUBILITY OF GAS IN TRANSFORMER ASKARELS
. ASTM TYPBDMDO oL
- e & Tne g Pommoqu!yVolmCaucud o2
- ’ ' 0C. 760 mm
- k s Eg &C . Jooe - ,
Cubndiuia e }
A.r . o, 58 $0
° Nitrogen * TwTL 88 4A -
lﬂlydroww.hkwidnL - - -
1in absence of scavenger . °
APPENDIXC R et
EF FECT OF ‘I‘MRATURE ON DIEI.EC‘I’ mc IR!AKDOWN VOLTAGE OF ASKAREL

m
AS'TM 0877 .

|
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e THE DENSITY OF INERTEEN 70-30

B

F I [T
Do A .\l ‘ “;

A TN

(X7

e . Z5 D77, AND TRANSFORMER PYRANOL A12838-3
B T U " Approx. Density gm/ee.
C . .- N ’ . . .“ 'Y
Jomp.C ' 70-3 : Jxt EX)

0 . - - < 1516 R T )

- T . R 2 - - L et 1882 - ".'.".- 1.558

o 40 ) . 1529 1532

' ® - : 1.507 1510

20 1488 1488

APPENDIXF . . L tn:o - -

The thermal conductivity veluss of transformer Pyranol AT13838.-3 st 27°C and 58°C ars 26.2 and 258 x 10" calories
“contimetersd, degrees centigradel, sscond-3, respectively. Or, approxlmnﬂy 0.08 BTU per (he) (sq. fr.) (°F.) per foot.
This same spproximation sppliss to inerteen 70-&‘

APPENDIX G

Host Capecity = -
Mmmmwdlmiﬂhwﬁemdmmfummkdeuubﬂulormmrunpu

APPENDIXH T - S

Coefficient of Expansion N IR T TR
Tha average cosfficient of onmbn of trlu’emm d:nul over the mmn mpzo» IMI-OM? cc/ce/C.One
ymm&mun}mmmmmmutm

APPENDIX -7 e ~‘-’a;f'-‘#-.e@.~'=f??'“"'-"f"
Firs Resistance - LT

Mdmmpwmmnud Undnrcheuﬁtmmpmm while consisting of
-::nmnﬂy mm'hb w chioride can yield vuyim amounts of combustible gases depending upon the
type. '.»'». ik

'mmqummwwlao;kummw*m when sreed, produce gaseous
mixtures which sre moderatsly flanmable. As a precaution, ndsdehnM!rmmomrdwbqudry
mnihrwmdrﬂuﬂﬂuﬁh‘hmmmmdtnpnhfuuwvmkkwlunndonmmnm

.'-

-~ [}
"‘.““.,.'.. "?
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APPENDIX J

Seals, Properties and Procurement
Dow Corning Corporation, Midland, Michigan with Districts at Atiants, Boston, Chicago, Cleveland, Dallas, Los Angeles,
New York City, Washington, D.C. and Toronto has available Bulletin 09-019, August 1962 antitled “Silastic Design Data”,
‘ This lists tha gasket fabricators throughout the country from whom the *Silastic 50° gasketing can be purchased in sheet,
* extrusions or moided shapes,

Generally, Silastic 50 sheet goods are stocked by local die cutters, hence, could be generally purchesed tocally. Usually small
quantities of gaskets are die cut. If larger quantities are nesded, tools are made of the same type used 10 cut other
elastomers. .

Where the gasket is extruded for fitting into » machined groove or between gasket stops, Dow Corning advises use of »
scarved joint, This joint is then cemented using Dow Corning’s Silastic 140 (clear) or their RTV 731 (white) materials,
which air cure.

Dow Corning points out that the local “rubber™ fabricators purchase the Silastic 50 in billet form. This is worked on a rolt
mill in preparation for sheeting or extrusion. Then to obtain the desired physical properties the fabricator must oven cure
the Silastic 50 for 24 hours st 480°F.

SPECIFICATIONS®

Color White
Specific Gravity st 77°F 1.20+0.02
ASTM D678 Hardness, Shore A, Scale 45 t0 60
ASTM D412 Tensile Strength, psi, min 900
ASTM D412 Elongation, percent, min 250
ASTM D385 Compression Set after 22 hrs .
st 300°F, percant, max X

®All physical properties measured on 0.075 inch thick samples moided § minutes at 240°F, and oven cured 24 hours at
480°F.

APPENDIX K

Caution Label .
The following or equivalent caution statements should be fixed on il containers of transformer askarels and the
transformers thernseives:

This product contsins Polychlorinated Biphenyls {(PCBs). Care should be taken to prevent entry into the environment
through spills, leakage, use, vaporization, or disposs! of liquid or containers. Avoid prolonged bresthing of vapors or mists. _
Avoid contact with eyes or prolonged contact with skin, If skin contact occurs, remove by washing with 303p and water.
Following eye contact, flush with water. In cme of spillage onto ciothing, the clothing should be removed as soon as
practical, skin washed, and clothing lsundered. .

Monsanto

MONSANTO INDUSTRIAL CHEMICALS COMPANY
SPECIALTY PRODUCTS GROUP

800 N. LINDBERGH BLVD.

ST. LOUIS, MISSOUR! 63168

The information herein regsrding obtaining optimum resuits from askarel fluids in your transformer has been accumulated by
Monsanto for over 40 yesrs from the experience of makers and users of askars! transformers and it is believed will be heipful.

Nothing herein shall be consrued as spplying to other than askarel insuistion. Data end maintenance suggestions herein do not
apply to the other components of the transformer. All operating and maintefiance suggestions recommended by the manufac-
turer of the transformer should slso be carsfully followed.

thess maintenance directions apply only to the askars) insulstion, Monsanto disciaims any liability for damage to

property of injury to persons arising from transformer operation.
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