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f. Introduction R
S@@@DO@ The term “askarei” as defined by IEEE, ASTM and the Nationa!
Electricat Code generally describes a broad class of fire-resistant”®
7"""““(‘ ,\,..m e synthetic chlorinated hydrocarbon insulat_ing liquids widely used in
hC,....u I3 L. " du transformers, reactors and accessory equipment operated at power
frequencies. Askarels of various compositional types are in use. (For the
II__X U(ﬁ:r general properties and types. see ASTM D-2283.) Under arcing

s conditions the gases produced, while ccnsisting of predominantly -
non-combustible hydrogzn chloride, can contain varying amounts of
combustible gases depending upon the askarel type.

This manual describes the operating characteristics of transforraer
“askarel liquid insulation as manufactured by Monsanta and how it
differs from mineral oil. Appropriate handling and disposa! procedures
for both scrap askarel licuid and impregnated solid materials are given
in accordance with the guidelines recommended by the American
National Standards institute.”

The information is based on facts gathered by Monsanto over 40 years
as a producer of askaret, pius knowledge gained trom the experience
of transformer manufacturers and users. This guide . outlines: the
maintenance required for askarel fluid in “modern” transformers and
offers suggestions for sealing and maintaining askare! in old units. 8y
following this guide, we helieve users wiil obtain maximum service from
askarel insulation with a reasonabie minimum of :naintenance if
questions arise refating .o the designing and building of transform:rs,
these snould be referreg to regular transformer suppliers.

Monsznto gretefully ac<nowledges the assistance, suidance and .
contributions ¢f certain jata by the foilowing:

Edward L. Raai» — General Electric
Dr. T. K. Sloat - /estinghouse Elzctric

1. History of Trade {ame Types

“Askai2t” is the cenerit name for tha fire-resistznt “avid nsula ian
and coolant first used t » General Electric Company in 150 ter
Pyranol® brand name {i 2-resistant transiormers, Westinsnouse Eleciric
Corporztion uses their b znd name, Inerteen.?

a

Whatever the trademarced brand, the askarel contzins chiorine ted
biphenyl — one of the b:st liquid insulations developed by science. ™ mis
inert materi2l is ch-mically stable, fire-resistant, heat siaole,
non-corrosive, and has high dielectric strength under the opera ina
conditiens encountered n transformers.

In addition to manyiacturing Aroclor® (chiorinated biphenvi),
Nonsanto aiso mixes this dielectric fluid with chioicbenrenes to
produce the presently usad (nerteen and Pyranol blends described in
Table l. '

SUNOTE: Materials dusmiyr ated ‘fire resistant’ generally are more difficut 10
ignite, or once sgnited, birn at a slower rate than corresDoncing convent dnat
materials. This t20m Oues 30t mean 1hat hire 1esStant materae wol not tuin,
However, when piosety Uaed, Monsanta’s fuc resistant ASKAHEL FLUID.: are
useful in Relping custamers noet ther fire setely requirements,”

I eadumark of Genual £kt Company
STeodoan nk of Westinehous  Liscteee Corporation

CHooterwd treveadrs 01 Hunsanto Company
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Table |
The Composition of Typical Transformer Askarels

Method ASTM D2263

Type D Type E Type G
Trade Names lnerteen inerteen Pyrano!
70-30 100-42 A13B383
Ingredients (% by wt.}
Aroclor © 1254,

chlorinztad hipheny! . )

(54% chiorine by weight) 70 - 60
Arocior @ 1242,

chlorinated biphenyl . )

{42% chlorine by veight} =~ — 100 o=
Trichlorobenzene 30 - 40
Phenoxypropene oxide . Lo

. scavenger 0.18100.22 0.18t0 0.22 C -

Diepoxide scavenger - - 0.11510 0.135

ASTM Method D-2283, titled ““Chlorinated Aromatic Hydrocarbons
(Askarels) For Transformers”, also lists the composition of all
transtormer askarels used at various times since 1932.

Monsanto manufactures similar transformer as':arel fluids in England
where the trade name Pyroclor is usad.

1. Interchanoesbility
~~={n general it transfermer askarels are interchungeable. However, it'is
suggested that transformer rznuf be consulted prior 0
mMixing in significcnt oroportions or 1ot

IV, Transformr Askarel Specitications
Specifications for the three mocorn transforaicr askarsi fluids are
shown in Table Il

V. Ordering Instructions

Nionsanto's cussoit Rolicy is 0
transformer manufacturers, Ot 4 in thase dluids
contact the manuiacturers of ask nsiormers and not N
The transformer name plate indicates the transformer maker
usuaily gives suticient data to identify the specific askarsl fivics

<l transformer fiuids

V1. Contamination

Askerel incutation must never be mixed with mineral oil. Over two
percent of mineral oil by volume in askarel begins to fower its fire
resistance.

In modern transformers, the principal “enemy” of askarel is
contamination by water. Keeging askarel water-free will insure
fong-time service.

Asxarel s heavrer than water. If water gets into askarel insulation, only
a tiny amount Gipproxtmately 125 ppm) dissolves — the rest ficsts en
top. Askarel is vory insoluble in water, only about 200 parts per billion

of z:kurel dissolve in water, at normat temperatures.

YL Precautions When Handling Crums, Tank Cars, and YWhen
Opening Transiormers
The £ty 0y ore cignificant precautions:

A revp Ury Dacong thadee

I Mandans, wtonng, ey and vepecting askarel = o

g

0686606

TOWOLDMONO0040475



Spesification Properties!

¢ content, ppin (ASTM D15633-60)
ty, my KOH/y (ASTM D974-55)
s tree Steengih, 26°C, 0.1 in, gap

o uime Resistity, 106°C,
500 volts DC 0.1 inch g2 b, 109 ohm-cm
{ASTR D1169)

irortanic chtorides, ppm (ASTM D1821 and

thod E4L4TBI

index, 25'C (ASTM D1807)

Ve m; v ot 37.8°C {ASTI4 D8B-56)
Caybeslt Universal Seconds

Pour Pmm ‘C{ASTM D Y757)

e graaty 25715 5°C (ASTM D1810)

ree gt {ASTRY DO2)

lstion rarge (ASTI D20-56) corrected

ior stem and berometri pressure

[T IR NPy

Coreonon test

Color, APHA
Foudity, ing KOHYg
tnot janic chlorides ppm
Condition
SLJL‘L‘I»Q"I’ cuntent

Typical Properties?
Coetlicient of Thermal Expansion

{ASTHY D1903), cmi2/em?/C
Arc funned gases

MY uxm shouse uses thar private number lnertecrs
for Inecreen 7030 2nd taer private
LAZI1CH for dncascon 16G-42

woies bt on'y

Shhes st

con s ompl s tesied i the lato

e

Transformer Askarel Speci'icationx (New Fiuid)

Westinghouse
Transformer
Incrtcen 100-42°
ASTM D2283 Type E

Westinghouse
Transtormer
inerteen 70-30*
ASTM D2283 Type D

General Electric Co.
Transformer
Pyrznol A13B33-3
ASTM D2283 Type G

150 max. 150 max. 60 max.
Clear : Clear Clear
30 max; 30 max. 35 max.
0.014 max. 0.014 max. 0.0V max.
35 KV, min. 35 KV, min. 35 KV, min.
421046 421045 47t049
A 100 S ' 1100
0.30 rnax. 0.10 max. 0.05 max.

1.6240 10 1.6260
821092

1611010 1.6120
44 10 48

1.6153 t0 1.6173
56 t0 61-

-17or lower
1.381 to 1.392
None ta boiling
10 % 325°C min.

-38 or lower
1495101510 *
None to boiling
1st drop 200°C min.

-30 or lower
1.518 t0 1.528
None to boiling

1st drop 200°C min.;

%. below 270°C 35 6 below 270°C 0% 360 max.
5 379 10 394 % 379 1o 394
£6.4 +0.5% 55.6% min. 43+0.5%

After heating with aluminum for 6 hrs. at 200 to 220°C, the atuminum must not be corroded
on eitirer visual or weight inspection and the askarel should meet the following specifications:

200 max. 200 max. 200 max.
0.014 max. 0.014 max. 0.01 max.
0.15 max. 2.0 max. 0.15 max.
Clear Clear Clear
0.115 10 0.135% 0.18 10 0.22% 0.18100.22%
Dicpoxide phenoxypropene oxide phenoxypropene oxide
0.0007 0.0007 0.00068

Askarels of various compositional types are used. Under arcing conditions the gases produced, while consisting
medominantly of noa-combustibie hydrogen chioride, can include varying amounits of combustible gases deperiding
cpon the gukarel type. Insulation systems incorporating these askarels and cellulosic ot other organic materials may,
arced. produce goscous mixtures which are moderstely tHlanmable, As 3 precaution, such gases should be
vd from the askacel by bubbling dey mtragen through the askarel and flushing tiie gas space with dry nitrogen

arkois pesforneo on the apparatus
0686607
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operating askarel transformers — take every precaution to guard
the astarc! insulation from exposure to hich humidity and
moisture contamination, Keep 5 or 55 gallon druims of askarel
dry; lay stored Srums on their sides with the bung at the highest
point from floor to keep water off the drum head which can be
sucked into the askarel by the drum ‘‘breathing”). This precaution
is not necessary when drums are stored indoors, which is the
preferred place for storage.

To avoid leskoze the drums used for askarel are of heavy
construction, Sixteen gauge metal is used, with special rim seal and
bung construction, The drums should be drained as completely as
possible and then flushed twice with kerosene type solvent to
remove all of the askarel. Accumulated liquids and washings
should be collected and should be incinerated at high
temperatures, e.g., about 2000°F, to destroy the potychlorinated
biphenyls (PCBs). See Section A, Vili,
Tank cars used 10 transport askarels are in exciusive service and
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 air or dry nitrogen, If nitrogen
has been used for unfoading it is necessary to advise the shipper so
that when the car returns the nitrogen can be replaced with dry air
before any une may enter the car, If the car is to be unioaced by
pumping it will be necessary to use a dryer on the air intake line to
remove moisture, -

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

Convenient -handling and pumping temperatures are given in
Table 111,

“ Use Ordinary Personal Precautions:

Transformer askarel has been mi:de, handled, znd used for over 40
years. It can be handied suiciy with recommenced crecauticns. {f
accidentally spilled on hands, no serious skin irritation will ocour.
However, liquid askarel has a solvent sction (similar to puint

Talsle t1!
Handling and Pumping Temperatures
Unioading,
Handling .nd
- Pumping
Product Temperatura 'C

Pyranol A1383B-3 20-55
Inerteen 70-30 20-55
Inerteen 10042 35-75

thinner) on the fats and oils of the skin and prolongad contuct
may }ead to drying and chapping of the skin,

In case of contact, wash the skin with soap and waier; remove and
dry clean saturated clotning. Clean up spilis with rags, sswuust aid
suorbent clay. Eye contect moy result in paiafel itiatiaa but no
permanent damage 10 tissues, {f askaref gets in the eyes, Husn with
torge amounts of water, As with all eye first ad, reter 6
physician, To reneve irmitation, physicians have inopl e
anesthetic sofution as well as opthalmic cortison ate solation,
or custor oil.

Intrequent expowute to
Hovover, proloisd expo
be avoide d 1 hot wharel st be
arer, provids the area wtn nuch

el vapors wail oot v i
o hihvapore

i
i -
— T
a______/ = ;

.

e e e
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wear an orgamic cartridge respirator approved by the US. Bureay
of Mines.

C. Precautions On Opening an Askarel Transformer:
Askareis of various compositional types are used. Undzc arcing
conditions the gases produced, while consisting of predominantly
non-combustible hydrogen chioride, can yi2ld varying amounts of
combustible gases depending upon the askare) type.

{nsulation systems incorporating these askarels and cefiulosic or
other organic materials may, when arced, produce caceous
mixtures which are moderately flammable. As a precauticn, 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 Electrical and Electronic Engineers Guide
No. 76, March, 1974 qgives more detailed instructions and cu.dance
“For Acceptance and Maintenance of Transformer Askarel in £quip-
ment”, This guide is published by the Institute of Tlecirical & fiec-
tronics Engineers, nc., 345 East 47th Street, New York, New York
10017. We recommend that users of askarel transformers refer to this
IEEE document.

Vi, Avoid Environmental Pollution

Transformer askare's contain polychiorinated biphenyls {PC8.) which
have been used in the United States and elsewhere over the past 40
y€ars for many incustriai and consumer applications. During the past
several years evidence has accumulated to indicate that PCBs are widely
dispersed throughout the environment and tivat they can have adverse
ecological and toxicological effects.

The United States Government’s tnterdepartmental Task Force on
PCBs, Com-72-1G119, in their March 20, 1872 report utied,
“Polychlorinated iipienyls and the Eavirorment”, recon mended
restricting PC3s to use in capacitors and transformers

This report is dittributed by the National Techniczl infi
Service, U.S. D2oar ment of Commerce, Springf-eid, Virginia 2

A document titled, “Guidelines for Handling and Dispcsal of (..
and Trantforme  Grade Askarels, Containing Felyco
Biphenyls”, nas bien prepared and is availabie from the /-
National Standards Institute, Committee C107, 1430 Sroccn +v,
York, New York 113318,

The scope, oixjactiv s and the composition of this commitice o1

ANSI Committee C107

Scope:
Procedures ard guides for safe use, maintenance and ¢ . .
askarel and 3 xarel-soaked materials used in efectricat 2 .

Objectives:
1.

Source of technical information and advice 'or F ooy
State, local authorities and ali others concerned

2. Enccurxz development of suitable disposal ‘- e
keep alt ¢ancerned informed,

3. Serve gs :he advisory group for United States part. Cn

intenati i orgamzations: CEE, 1EC, CIGRE.

Composition:

Qrgarazations active N or renresented by this AN
Naticnal Electrical Manufacturers Associazon i
Irsttute of Eloctrical o !
ety for Testing and Mo -
et ston; Certified Bl
ey Do et Pretecvan An

voUenenal Serviees A

eneluds
stricg

Crgmeres,

0686609
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Thre

Burcau of Standards; Ocpartment of the Army; Rural
Electrification  Administration; Division of Environmental
Feweazrch, TVA; Amuencen Public Power Association, V
Pollution Control Federauion; Food and Drug Administration;
National Fire Protection Assorciation; Underwriters Laboratories;
and several sections of the U.S. Department of Interior.

fo'lowing are pertinent excerpts taken from the ANSI Guidelines

for askaret transformers:

1. LABELING ASKAREL TRANSFORMERS (Py. 16)

4.2.21 tew Transformers. All new tansformers that
contain PCBs shall have a label of adequate durability,
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
contains polychlorinated biphenyfs (PC8s). Care should be

taken to prevent entry into the environment. /n case of .

malfunction or leaks, consult the instruction manual or
the manufacturer.

4.2.2.2 In-Service Transformers. The transformer manu-
facturer should make available suitable labels with a simiiar
warning as 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-soaked
materials should be accompiished by means in wshich.there is
no significant release of askarel to the environment. At
. present, disposal is accomplished by carefully control/ed
incineration of liquids and soaked software, and by con-
trolled landfill burial of apparatus and other hardware from

which askarel has been previously drained and washed.

Present knowledge indcates that proper incinerstion’

must involve a suitable balance betwesn dwell time and
-temperature in the incineration plus oxygen availability and,
finally, suitabie scrucbers to remove the HCI that will be
formed; for example, 2-second divs2ll time at 2000°F and
3% excess oxygen in sidck gas, or 1.5-second dwvedl time at
2700°F snd 2% oxygen in Stack gas.

These facilities should meet the applicable raquirements
of the state in vhich they are located and should control
effluents wiihin the limits set forth in this standard.

Controlled landfill or Ge2o-well wisoose! con be used where
permittad by federal, state, and local regulations.

The ANSI Guide lists the Incations of facilities that conforr
with the above recuiremerts, Monsanto has such an incin-
erator at the \W. G. Krummrich Piant, Department 8§31,
Saugzt, Hlinpis 62201, where arrangements can be made for
scrap askarel liquid disposit for a modest fee, For disposal
of solid scrap a controlled dry land-fill can be used where
permitied by Federal, State and local regutations.

3. CONDIT!ONING OF NEW OR RECYCLED ASKAREL

. Askarel Conditioning Equipinent, The condi-
tioning unit shouid be locaied either in the storag» tank ured
or in the main transtormer manufacturing area for fiiiing
with astarel,

Sihare!

ve's £ocin Con g of new,
n‘*y:/c‘(l asbared ro /u"v: /ul/urs pareh troarment. The sprat

or

D pENS 10 remo

“/\A H'D L'/TH

Nl flld w

[N Y]
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4. TEARDOWN OF TRANSFORMERS FOR REPAIR OR

SCRAP (Pg. 16}

3.2.1.4.1 Drain a'l asicarel from the unit ciher inta s
holding tank or reuse or into the drum labeled “SCRAP
ASKAREL" for disposition, and then allow sufiicient ume
for all of the askarel to drain from the core and coils.

4.2.1.4.2 Remove the core and coil assembly from the
transformer. Sufficient absorbent material should be placed
on the floor to absorb any askarel fluid that still arips from
the transformer.

4.2.1.4.3 Place all materials in the appropriate sa/vage
containers during the dismantling for later disposition.

4.2.1.4.4 AN used materials, including rags, sawcuse,
tape, etc, regardless of quantity, shall be put into the
appropriate containers for disposition.

&

TRANSFORMER DISPOSAL (Pg.17)

4.2.3.6 The ultimate disposal of an askerel-fitled trans-
former may be accomplished in either of two ways:

(1) Complete drainage and dismantling with the proper
disposal of the askarel and askarel-sosked components cs

- described in 4.1.6.

(2) Disposition of askarel rransfvrmers by means of junx
or scrap dezlers. This should be avoided unless a transformer
is first drained, followed by soaking the interior with a
suitabie solvent. Accumulated liquids and washings are to bz

. disposed of 35 described in 4.1.6,

IX. Expected Service Life

Manufacturers indicate that properly designed and instatled &skare!
transformers are expected to give trouble-free service for at lesst 30
years. Since their introduction in 1932, the manufacturers report
finding the overail fuilure rate to be less than 0.5% for afl units under
test and service corditions. The Edison Electric Institute’s report
(1956-1958) on t member utifities publishes the failure r.te far
askaret transformers &3 0.13 per hundred banks per year,

Mr. Frank M. Clork, who invented transformer askareis at the { onerai
Electric Company i1 the early 1930s, made the hichly pe tine
comment bzse@ on s many years of experience with G.£. Fyranol
{askarel type) ransicrmers that —

“The important thing is to Ke2p them dry — othenvise ieav: therm

These words of ¢om became especiaily applicebie in more recent
years when w ut rather than gasketing became the mam !t
of sealing askarei transformers. These units are soid wia
understanding that the liquid is in a normaily hermaticaly cicsed
system.

X. General Char: cteristics of Transformer Askarel Fluid
Appreciation of the following characteristics, as given in thx |
Guide, leads to understanding the reasons for selecuing d 2iccine
breskdown voltage ind moisture as the prime practical tests 15 juci=s
the quality of tansformer askarel fluid. Also, due ¢ 1t
characteristics ihe power factor of transformer askare! vl Le norr
much higher than th : corresponding values for mineral oil.

tn comparison to mineral insulating oil, askarel is g refative v paar
material; ie., its mciecules are dipoles, free o rotate xround t .
and responsive ta orientation by electrical forces. Askarel aiso xinnis
a much higher dielctiic constant and capacitance than meuis oo
and these ditterences must be kept in mind whoen interproting e vtned
tost dota,

2L s ebarne by polar, and poasesses high salvenuy pove. . o
vovtetacally sensitive than et w0
sepolar matenals, and consequently e

in o ATt
Calranuous solet
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i

constructional matertals gastined for use in askarel 1s very cretical, Tius
sonetety s reflected in the power factor and resistinity (specific
tes:stence) of the askarel,

It is important to note that, with the exception of water, the dielectric
brezakdown voltage of askarel is not generally adversely affected by
many of the solubie polar materials to which its power factor and
res'stivity (specific resistance) are so sensitive. In fact, the diclectric
breakdown voltage of askaret is somewhat greater than that of
insulating oil. Therefore, the values assigned these dielectric fiuds in
newly supplied transformers are 30 KV min. and 26 KV min,
respectively, -

As with insulating oil, askarel must be kept dry. {t can pick up moisture
from exposure to humid atmosphere. Uncer similar conditions of
exposure, askarel can pick up nearly twice as much moisture when
measured on a parts per million weight basis.

X Samplingy Transformer Askarel Fluid
The following precautions about sampling are quoted from the IEEE
Guide,

“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. Obviousiy carcless
sampling procedure or contamination in the sampling equipment will
result in a sample that is not truly representative. This gensrally leads to
erroneous conclusions 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 followed.

“Because of the high specific gravity {refative density) of askarel
(greater than 1), water.and some other impurities are most likely to be
found at or near the surface. The top sample, therefore, is considered to
represent the worst condition,”

XU, Evaluation of Askarel Received in New Equipment

Some users of askarel sguipment find it desirable (o make “as received
tests’’ on all equipment. It is quite common i0 use the dielectric
breakdown voltage test and visual 2pp2arance as the most signifi
tests. if suitable equipment and trained aret are avail
additional information may be obtained from th ver factor, cofor,
and moisture content tests.

2

In sampling askarcl contained in 1pparatus extreme care must be
exercised in order to obtain a representative sampic, ASTM Method
D 923 should be followed.

Now equipment with askarel exhibiting the foflowing characteristics is
considered acceptable:

ASTHM Methods
Dielectric 8reakdown

Voltage 30 KV min. D877
Color 300 max. {Straw color} D 2129
Condition - Visual Clear D 1702
Water Cantent 35 ppm rrax. D 1533
Power Factor 41 25°C * D 274,050
*The power foctor of askarel taken from new transiormirs,

reactors and accessory cquiprrent can reflect the oresence of
moisture, dissotved pofar compounds, or other cont:minants and
Muy vory with the (y,x ot equ-pment from v huch the
tuhen due o the aifferent tanios of Imuld to-sobidd v
o the high solvency power of the
water content cad deciectiw e »k()uwn VUl
wehcated  sbove, a2 high power oF
cerviceghdity of the askarel wittun
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indicative of the degree of extraneous soluble polar mat-rials
present,

Recognizing the possibility of a wide range of power factors being
recoroed for askarel in new equipment, it is difficult 1o estahinh a

. single limit wwnich would be acceptabie 10 DOIN suPPiers and Lours
. for all applications. However, as a broad guide, power factors up
to about 10% at 25°Cand 60 cycles per second thertz) do not in
general indicate any zbnormal contaminetion prav.ding that the
other criteria {water cortent, dielectric breskdown valtage, stz )
are met. Much higher power factors may indicate excissive
contamination or the misapplication of the solid materials used in
manufacture in contact with the askarel and should pe
investigated.

X1, Dielectric Breakdown Voitage — Moisture Relationship
The diefectric breskdown valtagze of askarel is highly sensitiv2 to excess
“moisture; not sensitive to ordinary dissolved poiar materials, While the
dielectric breakdown voltage can also be lowered by severe arcing,
askarel turns noticeably black or has particies of sooty carbon fio2tng
in it if arcing hes occurred. Then the transformer should be repaired
and the askarel replaced.

. 1f the dielectric breakdown voltage is checked periodicaily and
decreases significantiy — this indicates moisture pick-up, arcing, or
\) both, When the dielectric breakdown voltage has dropped to 26 KV or
L__ less, an analysis for water is necessary. |f water is found in excess of 40
ppm at room temparature, its source should be located and corr:ctions
‘ made,
I
4
L
4
—

When the moisture content approaches 125 ppm (saturation level at
room temperature), the dielectric breakdown voltage of askare) crops
below the value required for efficient insulating. The moisture ¢ ortent
should not be ailowed to rise over 70 ppm, samgled at of
temperature. 1f the moisture content is found to be in a satis -
range and the dielectric breakdown voltage is low, the tran former
“manufacturer shotild be consulted.

l i~ Table IV shows the relationship of dielectric brezkdown vol coz ve.
3 . moisture snd Table V indicates the approximate water sciubilit himits

3
H in askarel and miner | oil,
;f’ ¢
:f 1 —_
éi 1 Table IV
ﬁg 1‘ Relation of Dizisctric Breakdown Voltage to Ainount of Dissolvid
! n o \!ater in Askarel and Mineral Gii
o
r i Breskdown Voltage (AST™ 1 DS771
..—-..__—-——1 Water Content (PP ) Askarel Min rat O
a 70KV IRV
20 55 4]
40 47 B
60 40 )
80 28 2
110 10 5
i —
.
é
[ }
b I
) — P
‘ l f P
. M - |
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Table V
Apgroximate Solubility of Water in Transformer
Askare! and Mineral Oil

Amount of Water {PPM} Dissolved

<. F. Askarel Mineral Qil
29 22 8 8
20 4 16 10
10 14 28 13
0 32 a1 20
1 50 65 33
P} 68 94 58
2 86 128 85
40 104 170 130

XIV. Turbidity

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

High dielectric breakdown voltage will quickly indicate that any
turbidity present is not moisture; that the insulating efficiency of the
askarel is still excellent, However, if the dielectric strength is below 26
KV, moisture should be determined, using the Kar! Fischer method
\ASTM D1533-60}.

The divlectric breakdown voltage test for askarel serves primarily as an
indicator for moisture. It is by far the most importznt maintenance test
for transformer askarel.

XV Check Points for Maintaining Askare! Insulation
General Considerations:

‘odern askarel transformers with welded construction or silicona
or Viton® gaskets (hand -hol:-cover, switch and terminal
compartment covers) and with properly constructed bushings
require little maintenanca. \With properly constructed trans-
formers, annual or semi-annusl visual inspection and diclectric
breckdown voltage test of the askarel fluid sheuld suffice for
routine maintenance checking over many years of service.

Howeaver, many askarel units wer? installed in the carly 1930; —
bufore the development of some of the better modern gasketing
materisls and before improved detigns were developzd for sesiing
out moisture, Such early units should be, and can be, modernized.
Lesky or deteriorated gaskets should be replaced. If the askarel
t.as become contaminated, it shoul3 be reconditioned. Al the same
time, a ¢eneral clean-up of the unit and possible refiniching may be
Lesirsbie,

If it 15 not converient to take an o'd transformer out of service for
ganeral repairs, lesky guskets can bt sealed temporuarily by painting
Gver the leaky dred with epoxy cement,

A survey of users indicates 3 ancd number of carly - built sanaiet
vostormers {over 20 years 0id) are Kept in continuous »efvice i
walastaltatons by e following st Geiead of

Lermzation],

Ve Chera g Wints are cQunprd with Compout. s 3 rCasune o ey
TOr fesding  preosate Hove g below stmo pnctees Poat e
TTemieh D DGt DeNenours & Coan, g, T
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pressure is maintaired on the thell by introducing nitrogen at 2 1o
3 pounds ehove atmospheric. Regular workmen in tr2 araz 1y
record the temperature and pressure. If a sudden pressure crop s
noted more nitrogen is introduced and the gaskets are check=d for
leaks with soap solution. Leaks are sealed by applying epoxy
cement.

8. Modern Sealing Procedures:

Transformer purchasers should specify the foliowing modern

techniques for sealing:

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

2. Bushing Connections: A number of bushings have been
developed to obtain a proper seal for the eiectrical

_ connection through the tank wall. They are classifiza as
" follows: : -
1)  Welded Type - (Bushing flange welded to tank wal!)

a. Cast resin bushing with a moided seal to the

- bushing stud and external stainless steel or copper
flanges.

b. Rolled flange bushing with the metal to poicelain
seal at the cap and flange made by being rollzd inte
grooves in the porcelain over silicone rubber rings.
The seal between the cap and stud is made by
welding.

c. Porcelain or glass bushings with metal to g'ass or
metal to porcelain seals.

2} Bolted Type - {Bolted to tank wall)
a.  Cast resin bushings with either cast or metal tanges
' containing recessed 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-s:ct:on,
usually % inch thick. Bushings with recessed grooves are s :ticble
S } to use with cork. cork-nitrile rubber combinations or nitrile ui:er
as well as gasket materiais such as silicone or Viton.

N—

|
|3 S
|

3;
Jud
7

3. Small Size Connections: When not possible to weld «mzH
size conncction seals should be made with Flex w.lic®
stainless steel rings. The surfaces must be machined
parallel. The filler between the steel laminztions »f the
Flexitaitic - ing should be either silicone or Viton.

4. Gaskets for Hand-Hole Covers: Modern design sp:oitied
silicone ga kets. Such gaskets must be retained in a ¢cowe.
The groove preferably is machined into the flange or c2
However, it can aiso be formed by welding concentr:c
strips to th2 flange or the cover. Generally the gaskets iou
be 5/16 to 1/2 in. thick for covers, depending on the ¢
of the groove or stop. A rectangular cross-sect.on is tsuali
used.

r

d
n
v

The silicoane materiat should be Dow Corning N>, 50
Silastic®* or cquivalent, This is a low comoresst .o et
material. For best sealing 20-25% compressinn 15
recommencied. with ample clearance in the groove or :10p 10
allow for this compression.

No cemen: is required, With reasonable care tne gah-t s
removeble without damage and is reuseable.

Sitastic 50 15 stightly swelled by askarel which contrib 15 to

the tightne s of the seal. It s not deteriorated by 2skarct “tad
of vapors, it resists weathering and it is thermaly stal o ond
TTeocamk of Plexeta e Gaviet Conipany

* e Temtemark of Duw Ccraing
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XV l .

at 2'l operating temperatures.
mere.er,

NOTE: Dow Corning, Migtand, Michigan wiil supply a list of
Silastic 50 gasket fabricators to all transformer
manufacturers or users. They will also furnish technical
data. See Appendix J: Seals, Properties and
Procurements.

The Older Sezling Arrangements:

The oldar tyze gaskets consist of either cork or cork-nitrile rubber

combinations or straight nitrile rubber.

1. Cork-Nitrile Combinations: Covers for the main tank,
hand-hofes, switch and terminal chambers, retief diaphrams,
etc., are held in place by studs welded to the flange or by
bolts. The gaskets are cut with openings and plsced over the
boits, Often Snellac {Westinghouse Style No. 1150419, or
General Electric Company's Glyptal® 1276) is used to
cement the cork to the flanges,

The following is recommended for scahr\g with the cork —
nitrile rubber combinations:

Use Armstrong NC-757 cork-nitrile material 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 a Keystone Type joint, For this purpose, Westinghouse,
Sharon, Pennsylvania, offers their gasket cutter Style No. 328
B614 GO1, (about $15).

The joints — and also the gasket — should be cemented to the
fiange, using one of the above cements. E xcess cemant should
not be allowed to reach the interior of the transformer.

After installation and bolting, the outside edge of the gasket
should be cozted 1noroughly with epoxy cement to increase
weather resistance.

This epoxy cement is a paste 10 v

it a curing catalyst is
added immediutaly before use, Typ' :

a. Epoxy Patch Kit #1C
Hysol Corporction, Olean New:”
b. Scotchcast®® Resin %4
tAinnesota (dining & flanufzcturing Company
St. Paul, Minnssota
c. Adhesive A-1 and Activator Type B
Armstrong Products Comsany
Argonne Road, Warsaw, 1adiana
d. Adhesive 9360-1, Synthetics Organic Company,
Cleveland, Ghio, used with activator diethylene triamine
{Catbide and Carbon Che nical Company)

2. Straght Nitrile Rubber: When straight nitrile rubber was
orginatly used, invariably the gasket was recessed in a groove.
This wis to prevent gasket flaw and to protect the inaterial

st excessive compression. Although this type sezl was

cemented, the nitrile rubbir gasket is not reuseable.

S nce grooves or stops have already been provided for the
mtrle rubber seal, Silasuc 50 can be easily substituted and is
recomnended. This conforms with moedern practice.

P mu dur Fluid Inspection and What Checkpoints AMean
s atale = 3t ax, mine, or tyelve-month intervals - muke
CUon U your askarel insulation and (un a alectng

RESMI

Aol

Coras
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Ay
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A, Vicual Inspection:
Askarel is a clear, faint-yellow liquid. Afrer long-term use this
cotor may graduahy mtensify 1o lignt brown, The fuid snow.d
remain clear and free from tuibidity or cioudiness.

Any cofor change — such as to a green, red or blue cast — indicates
extraction of impurities (color materials) from the sotid insulation.
If a distinct foreign cotor pick-up is noted, check the comget
range of electrical characteristics and notify the transformer
maker. Blackening of the askarel may indicate an arcing condition.
Other color changes alone are not danger signals since the
dielectric breakdown voitage is not likely to be impaired.

B. Dieiectric Breakdown Voltage
If the diefectric breskdown voitage has decreased significantly
from the last inspection, or if it has gradua'ly decreased below 26
. B KV range (at 25°C) — RUN A CHECK FOR MOISTURE. Use
o ’ o - ASTM D1533 (Karl Fischer Method).

The dielectric breckdown voltage of askarel is the major indicator
to the operating efficiency of your liguid insulation. Besides tne
visual inspection tests, dielectric breakdown voltage s the only

.. s test necessary to run on a routine basis. Well-sealed askarel
transformers have service records of 25 to 30 years on the ornginal
askarel,

XVHU. inspection Checklist

1. If askarel is clear — even though darkened to light brown, hes no
sediment or turbidity, has dielectric breakdown voltage over 26
KV - give it the inspection “OK".

2. )f askarel is clear, but has foreign color of biue, green, red . . . itis
“extracting calor” from internal materials. This is not, of its¢lf, an
operating hazard when the dielectric breakdown voltage stays> over
26 KV and moisture remains low. However, this rare occur.ence
calls for checking into the condition of the interior constr: “iion
and consulting the transformer maker. However, when sar Cling
the fluid care should be taken to avoid getting color in:> ine
askarel from paiit that may be inside or outside of the s:mple
valve.

3. If the moisture content is found to be above 70 ppm at on¢ ating
temperature, th:n sampling shoufd be done at more freguent
intervals to est:olish a possible trend, particularly on ot :iuor
instaliations.

4. If askarel is clea-, but dielectric breakdown valiage drops t¢ 22 or
tower KV, and moisture rises over 80 ppm when sami; od at
operating temp:rature ... the askarel is ready for smple
“refining”. If th2 moisture is near the saturetion level {5007 E
ppm at room temperature) a thorough inspectian should b de
for water droluts in the transformer tark, and ev o for
“globules of water flosting on the askarel surfsce. If four d, the
transformer ma tecturer should ba consulted for recondis-sning
both the rransic:mer and the fluid.

5. if askarel s Jare brown to black, if black particles of cart on are
snen, and crelectric strength is low . . . the askasel has bren weken
down by arcing. [t cannot be retined and shouid be remo: - .0 und
nCibetatey Leo ot proper conditions, (Sz2 ANSI Commitie - C107
report on Use and Disposal of Askarel and Asterelscanets
Lterials. 1330 Browdway, New York, New York 16013,

{t oy cf these five simple inspection tests enpear out of the
ordinary Gf The (Cabionship Getwesn appearante andd test s
chnormal, con‘act your (ranstormer  supphie far a ¢

SNy B

5

Whesiever

< 1 be shipped to Mansanta plea e fo aea tie
e o B

SAMPLING ASKAREL™.
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XV, Contamination in Transformers
N ure, Wit olete motter énd oriid decomposition products afe
known to be serious contaminating influences on transformer askarel.

The power factor test normally used for the detection of contamination
wn mneral oil filled transiormers is of little use for this purpose in
sskarel filled transformers, due to the extreme effect of extraneous
soiuole poiar matenials. Thnis increase in power factor as iliustrated in
Taz.e VI has no adverse effect on dielectric breakdown voltage.

Table VI
Ettect of Common nsulation Materials on Power
Factor and Dislectric Strength
(Heat Aged 96 Hours in Askarel at 100°C.)

Askarel After Exposure

Power Factor, . Dielectric
Percent at 60 Strength
Material Immersed cyc,, 100°C 25°C,

None (control} 1.0 35 KV
Black varnished cloth 85.0 42
Copper 1.5 40
Pressboard 20 37
Manita paper 1.5 39
Phenol tarmaldehyde resins 16 41
Shellac 6.0 36
lron 5.0 39
Synthetic rubber 700 39

Similarly, trace contaminants from commonly used construction
materials can lower the volume-resistivity of askaref, without affecting
its dietectric breakdown voitage, This is shown in Table VII.

Table VIl
gffect of Common lnsulation Materials
on Voluma Resistivity of Askarel

Volume Resistivity
x 109 ohm-cm (at
100°C., 500 Volts

Sample DC., 0.1" gap)
1. New askarel before heat aging 2,000
2. New askarel after heat aging 96 hou-s at 1CO°C 1,800
3. After heat eging with 1 sq. inch specimens of:
a. Prionolic resin tap changer material 1,200
b. Paper 750
c.Grede A pressboard (tan) 500
d. Graze A pressooard (gray) 500

e. Gridde A pressboard, laminated stiip : 400
¢ Cotien wrapping 300
g. Giyptal 1276 cement, cured 48 hrs. at 110°C 163

While trace contamination easily lowers volume resistivity fiom high
fcvels, 1t is important to note that heavy contamination (as when arceal
co2s not tower the resistivity befew the order ot 10% ohmicm, ot 105 C.

The aftrrent behovior of sskarel vs. mineral oil in these respects can be
cummese r oy s foi'ows:
High pawer tactor and low volume resistivity 1a trensformer
moenal ot commonly reqarded as “danaer sgeals’t that T
ol hay wlenotated Jdnd bicken down chemucally or ewcuowve
MOtuIe 1y Preseit,

Thie oo NOT TRUT of aXarel lepnd insutaton unle s the dielestrg
breekdawnanltcdey or the mosture contnts feth,
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Manufocturers of askarel type transiormers point ¢t that o s gu.
well known that askarel transformers with initial power factor o‘ :
askatel flurd inexcess ot L0 atroomtemairaiure ars S50 s e
satisfactory service life. However, there needs 1o be assurance :nat cyn
dielectric breakdown voltage and moisture are at satisfactory ievels and
do not show adverse trends.

X1X. ASTM D3255 Method For investigating The Compat-
ibitity of Transformer Insulation and Constructxon Materials
in Askarels

This method uses the change of efectrical and/or chemical
characteristics of transformer askarel resulting from its controlled
expasure to insulation and construction materizis, in ordar 1o eva'uate
their immediate major "contamination” effect on the askare! fluid.
Delayed or long time contamination effects may not be detected.

The method also utilizes various physical tests on the insulation and
construction materials after controlled exposure to the askarel (o
determine the compatibility of these materials with transformer askarei,

Properly proportioned specimens of the insulation or struciurat
materials are immersed in refined askarel for 168 hours at 100 + 1°C in
a forced draft oven. Changes in electrical and chemical properties of the
transformer askarel are compared against a control sample of tne
askare! treated in the same manner, in absence of the test specimens.,

\ Dissipation factor (ASTM D 924) change is one of the criteria used. The
va— askare! fluid is refined by absorptive treatment to a dissipation tactor
. level of 0.05 max. at 100°C and 60 Hz and 0.01 max. at 25°C and €0

Hz. Corresponding values of the askarel fluid after heating 168 hours a

100°C in absence of a test specimen are 0.075 and 0.02 respectivziy.

The maximum dissipation factor levels suggested for the askarel after

heating in presence o° the test specimen are 0.20 at 100°C and #0 Hz

- and 0.04 at 25°C and {0 Hz.

bt XX. Refining Asikerel for Reuse

A. Fiitering Through Dry Blotter Paper to Remove WMoistur and
Extrancous Partic les:
Most oparators frefer portable refining apparatus, such as ¢ 3.3t
press fitted wity a dolly, available from Sparkier :
Winois or Generl Electric Company, Pittstieid, Mazsachu
the earthen caririgge filter type available from Industsi
Corporation, Lesanon, Indiana, Filter paper liners for tno .o
press are availat ie from Carl Schleicher and Schucil Cone v,
\ Keane, New tHampshire and manufacturers of filter presses v i

\\ above,
\- The filter paper must be dried immediately L:fore use. & .t
.. “ . results, spread tie paper for maximum sucface exposure w3t
- ‘ ]

air circulating oven and heat it for 4 to 6 hours 2t 110°C,

Circulate the atxarel hot {but not over 40°C) throus
fitted with the cry paper liners,

Afier filtration the dielectric breakdown voftage or *ne
should be 35 K\ minimum,

PRECAUTIONS

1. Filtuing
exceeds ©

2. Aay flex’bie hoses and gaskeis on the rehini
should It lined with or made of matenals
be softeied Ly contact with askared
Lined wi a4 Silicane, Vitan or Taien® or iy
materiale are sthtable.}

cutd not be done when the rely
5.

STeagemark ¢f €1 Du ont DeNemours & Compuny, Inc,
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Make ture that the askarel is at least as warm 2s the surroundirg
air. {Cold liquids can condense moisture from humid air.)

““hen sampling askarel from transformers, it is best to take the

sampie vehen the unit is warm and operating at average or

may.mum load, especrally for a check on moisture as reflected by
a dielectric breakdown voltage test. Sampling the warm askarel
more truly represents its condition during operation.

Experience shows that water wiil migrate from a transformer’s
solid insulation to the askarel liquid and vice versa, depending on
temperature, Therefore, when the transtormer is hat, the moisture
is most likely to be found in the liguid, This accounts largeiy for
periodic variations in dielectric breakdown voltage. For example, a
refativaly high dieiectric breakdown voltage may be found during
winter months and a relatively low dielectric breakdown voltage
during the summer months on samples taken from the same unit,

When testing has been completed, the remainder of the fluid
sample should be destroyed by high temperature incineration
described in Section Vi,

S,
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N .1 Introduction ’ :
@\\; D@m High voltage leads are usually connected to askarel or mineral oul-filled

network transformers and power centers through terminal chambers
A Gh’ mwa‘} and switches. In some cases termiral chambers are not used, and the
»w NC\.H N i high voltage feads are connected directly to the switch termirals. They
' T k) O L may be filled with either askarel or mineral oil. Switches are usuaily
Leﬁti “\";‘y 15T &'i mms rotary or drum type fitted with a revolving block and porcelain unit as
= i . the principal element arranged for three-phzse service.

IR RN NP .x(.‘-hl“‘ vV\Y ‘“‘ ) - )
Celiaic o ol L m ‘-'1 Askarel transformers with attached switches have been in use for about
30 years. When they ere first introduced, the availability of insuiating
1 Eﬂ C;LL‘L L:QF‘S and gasketing materials was rather limited and even the best mater:als at
- the time had no service history, As a result, inadequsie gasketing
materials such as cork, nitrile rubber, and nitrile rubber-and-cork
particles were used. While satisfactory for a limited period of time,
these materizls cannot be depended upon for the expected long utz of

the equipment.

The terminal chamber is usually above or below the twitch
compartment and separated by a steel wall through which the bushings
are inserted. When bushings are properly selected and correctly
installed, there is no leakage from one compartment to the other. \Vith
poor bushing seals, and the terminal chamber above the switch, potting
compounds or cable oil can seep into the askarel. When the tesminal
chamber is below the switch, askarel can drain into the terminal
chamber,

1. Sources of Contamination

There are three possible sources of contamination for askirel in
switches and termina chambers; they rank in this order of freqrency:
(1) water entering tt roush poor gaskets; {2} decomposit.on prducts
from arcing when swvitch is used to break magnetizing currert, 13}
entrance of porhead or cable compounds through lezky bushing szals,

Unlike an askaral trsnsformer where the amount of contamiionc is
likely to be very smzll {probably only trace amounts} in refation to ;e
volume of askareal fiLid — in switches or terminal chambers with fau'ty
seals, the amount of contamination can be relatively large.

Experience has shown that, based on the number of irstalled
askarel-switch units, the percentage of failures is extremely small. i\ hen
investigated, it has b :en found that most failures originate n the switen
chamber. VWaier is Uie chief source of contamination. However heavy
contamination of as..arel with petrotatum and asphalt matenal, oue to
leakage, hove caused a few failures,

Petrolatum is used fraquently for fithing terminal chambers. \Wher cither
cable oil or patrolatum seeps into askarel, no great harm resul:s. The
fire resistance will e somewhat decreased and power fictor of tne
askarel will increase with an accompanying drop in resstivity \Wnile
highly uncesitable, iy s doubtful that failure of the unit rasuits Venere
asphaltic compounds are used in place of petrolatum, th de'.
increased  somuewha:  because asohaltic coatamination may
excessvely high dieluctric losses in the askarel,

namhber is beiow the switch ¢namber, the cvrg
NG S
the §

When the term
. compound can be ontamimated by akared af the bust
‘ leaky. This is rabie because the askarel wiil incre
factor and conduct vity ot the potling compound of ¢
develop Beat from wel et 1oss Tthis o ture 15 drawn .
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insulation, ¢ ccble ‘aiture is likely. This egain emphasizes the
importance of tight bushing assemblies,

111, Sealing Switches and Terminal Chambers

Proper bushing construction, use of Silastic seals and welding wherever
shle is heghly desirable {as covered in Section A). Vihere an
omerc seal is to be used in contact with both askarel and
ea2trolcum oil, DuPont’s Viton is suggested.

For new equipment the user shouid specify these mcdern sealing
arrangements to keep out contaminanis and minimize maintenance.

IV. Askarel Used Under Mild Arcing Conditions

The IEEE Guide for Transformer Askarel calls attention to the

following:
“Askarel is used, 1o some extent, in apparatus where it is subjected
to light initermittent arcing, such as in saif-contained induction
regulators, where operating switches are continuaily producing
slight ercs, in transformer de-energizing switches, etc.. Under
normal conditions, deterioration of the askarel is very slight,
However, improperly adjusted or defective switches in this type of
apparatus can produce excessive and prolonged arcing and
accelerated deterioration of the askarel. It is recommended that
when askarel is used under these conditions, checks of the liquid,
especially for moisture and dielectric breakdown voltage made
more frequently than when it is used orly as a ccoling and
insutating fluid. Deterioration of this type is indicated by a
blackening of the liquid. It can usually be reconditioned as
previously described. Special attention should be given 10
maintaining the scavenger at the appropriate concentration.”

V. Maintenance for Askarei Filled Switches

A. Switches used for grounding after power source has been
de-energized will not und‘.rgo arcing.

B. S\mtches nmerrupung magnetlzmg current will be subject to
arcing: the amount of decomposition wiil depend on power
interrupted, time and frequency of operation. As a general rule,
the liquid should be checked afte- 5 to 10 operations,

1. On newly installed switches, check the askarel a1 3, 6 and 12
month intervals; if found sstisfactory, check once annually
thereafter. With proger attention to tne gasketing of covers
and bushings, expecrience will probsbly indicate that less
frequent inspection is warranted.

2. Check askarel for:

Dielectric breaxdown voltage (ASTM D877): It should
be 26 KV minimum, 'f dielectric breakdown voltaae is
tow, confirm presence of water by Karl Fischer method
ASTM D-1533. Filter to remove moisture. Dielectric
strength should then be 30 KV minimum,

b. Presence of carbon from arcing: Fluid should be
relatively free of carben, If badly arced and very black,
replace fluid, If only minute amounts of curbon are
present, tiltration is recommendad. Check power factor
of liquid {should not te over 5% at 25°C and 60 cycles).
Flush out switch chamber with several gallons of fresh
askarel before refilling,

3. It there is discoloration, higa power factor, detectable change
in speaific gravity or refractive index, or if fluid flashas below
AoF ¢ s a potaibdility of se ge of petting cempound
into th switch compartment, tn this casa, correct auy lesiy

sug teals wath proper replacements and fill with new

I

4. Mt vercunmal chamber is helow  switch, check  potting
eompaund for preaonce of asharel (can usually be artectnd
by caor or by an mercase in speciiic cravityh Hoaskarel 6
Presenl, correct any  deoky businosg seas el piager
FEOLIT M ALy, 30d Tenew Canpot

S, Eaane cover gust ets wisully, O

0L Con b ot

RN
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severe deterioration, IiQuid s€2Da
6. Check for leakege .
leaking, repack with a Sllasnc ring tvpe gasket.

VI, Askarel Under Excessive Temperature or Foult

Conditions

The IEEE Guide also points out that,
“Chlorobenzenes used in transformer askarels begin 10 boil at
temperatures of about 205°C, under atmospneric conaitions, | the
material is heated to such high temperature in a sealed system,
pressure develops. Pressure will also develop in the system (f the
askare! is arced sufficiently to generate copious hydrogen ¢nicride
gas.

““Thercfore, it is recommended that wherever possible, sealed
askarelfilled equipment be provided with pressure relief cavices

.. These devices must be large enough to provide immedizte raii:f at
a definite pressure, and to prevent further build up of pressure it
decomposition continues. It must be remembered that the
presence of devices of this sort does not necessarily preciude tha
rupturing of containing vessels, since pressure buiid up can ba
extremely rapid under violent arcing conditions.”

S@@ﬁnm @
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I, Inhalation

At ordinary temperatures the chlorinated biphenyls in Askarel hav> not
oresented industrial toxicolagicat problems. The hezard of puintial
toxic exposure varies with their vaiatility: the lowerchlorinated, riore-
volatile ones present 1w ore of a potential problem from the stand wint
of both inhalation znd skin contact. When Askarel {luids are us:d at
elevated tempsratures engineering controls must be appiied, eith r &y
the use of clcced systems or by effective local-exhaust venti..tion
together with caneral viorkroom exhaust.

Vapors of Askzrel at room tcmperature should not he breathec in 3
confined space, and ng vapor of any fluid evoived at ol J
temparatures shouid be allowed to be dispsrsed into the g nors
workroom.

Inhalation tests on an.mals indicate that the maximum saie conc:ntra-
tion of vapor is in the rangs of from 0.5 to 1.0 milligram per cubic
meter of air. The thrashoid limit vaiue {maximum allovclle o
tration of an &hour working day} set by the Americza Con
of Government Hycicnists are 1.0 milligram of the lowar-chior
bipheny! compounds ser cubic meter of air end 0.5 miti.5iam
more-highly-chlorinat: 4 compounds, per cubic meter of air.

Skin Contact
Prolonged or repeated sxin contact with the Askorel fluids m
avoid-d by the use ¢f gloves and protective garments, because
possible occurrence of a condition called chioracne. Aitho
of "ns condition catted by Askerel are rare, it can be
excessive skin contact. tf the {luid is spilied an the skin the sqi;
te veashed in the tsiit manner with a soap solution.

A burn caussd by co 122t with a hot Askarel should be trate e oy
arc.nary bura,

Sorgiope al ineteceens of Avkirel Ruads, sen Sootion A VIR
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Trantformer Lsers not wishing to make their own fluid analys2s can obtain the service from Monsanto. Simply contact Mansanio

erd specify what analyses are wanted. You will be sent the proper-sized, clean sample container, fitted with a proper label. When

you receive this, carefully take your sample {following the procedure for sampling in this guide). Send the container to

canto’s laboratory. Charges listed include sample container and laboratory costs. The charges are those in efésct March 1,
£75, and ase subject to change.

Types of Analyses Available

Analysis 1) .
ROUTINE MAINTENANCE CHECK , Total Charge: $30.00 L !
To determine the general condition of the fluid and find whether further analysis is necessary. {one- quan sample required)

Properties Tested Dielectric Breakdown Voltage

Color and Condition Moisture

You will be notified of the results of this test. If further testing is indicated, and you want a complete analysis, you will be sent a
five-pint sample container, This sampie will be used for the following series of tests:

Anslysis 2) - .
COMPLETE ANALYSIS Total Charge: $75.00

{1) To determine the extent of fluid contamination, (2} earth refinement to determine what degree of restoration of electrical and
insulating properties is possible, (3) check test to see how the fluid responded to earth treatment,

z) Complete Analysis: to determine the extent of contamination

Properties Tested Free Chlorides

Color and Cendition Acidity

Specific Gravity Dielectric Breakdown Voltage

Refractive Index Power Factor, Dielectric Constant, and Resistivity
Water

b) Earth Refinement Response:
Consists of treatment for 2.5 hours at 50-60°C. with 0.1 to 0.2 percent by weight of properly conditioned Attapuigus ¢ v
and then filtration through dry filter naozr,

c} Analysis After Laboratory Earth Refitement:

Preperties Tested Acidity
Reafractive Ingex Dielectric Breakdown Voltage
Water Power Factor, Dielectric Constant, ind Resistivity

Free Chlorides
You will he notified of the results of this 12st series on your sample. Then afeer refining your entire transtormer fluid fil) v u
can check on the results by requasting the following analysis:

Anulysis 3)
ANALYSIS AFTER EARTH REFINEMIEENT Total Charge: $50.00
(This charge will not aoply when
analyses 1 and 2 have already been made .)

ermine whether the entire lot of the askaret fill responded to the same extnt as the laboratory sample. {five-pint sam; =

ropurties Tested Free Chiorides

Ceier ang Condition . Acidity

Ffraciive Index Dielectric Breakdown Voliaz2

\iater Power Factor, Diclectric Constant, end Resistivity

ceranmn {ag tho tants dostribed above wwrite to the following address:
D1VId Wood

artn Inoustnie mcals Com

RICEN

5 Lous,r\\
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APPENDIX A

Ackarel Stebility and Composition of Arc Formed Gas: Askarel insulation is one of the most inert, chemically-stable heat
resistant, non-corrosive liquids known. 1t will not break down, oxidize or siudge when exposed to air and high temperatures,
150°C. or even somewhat higher. Arcing, however, will break down the compaund to liberate some hydregen chloride and
smalt amounts of carbon,

©°  APPROXIMATE COMPOSITION S
ARC-FORMED GAS FROM TRANSFORMER ASKAREL BLENDS
ASTM TYPES D AND G
(INERTEEN 70-30 AND PYRANCL A1383B-3, RESPECTIVELY)

Gas B Amount
carbon monoxide 0.3%
carbon dioxide 0.3%
oxygen 0.6%
inert gases - 1.5%
hydrogzn chloride 97.3%

{note the absence of phosgene)
This arc-formed gas from ASTM Type D and Type F transformer askarels is non-flammable a2nd non-combustibie.

For all practical purposes, the amount of gas liberated from askarel under a given set of arcing conditions is about 100 :ubic
.. gentimeters per kilowatt-second

APPENDIX B

SOLUEILITY OF GAS IN TRANSFORMIE I ASKARELS
ASTM TYPESD AND G

Percent of Gas 3y Volume Corrected to:
25°C 760 mm 0°C. 760 mm

25°C 100°C 25C 100°C
“Carbon dioxide 71% A47% - -
Air 5.7 4.3 5.8 5.0
Nitrogen 6.0 48 65 4.4
Hydrogen chloride! 378 50.9 - -

1in absence of scavenger

APPENDIX C

EFFECT OF TEMPERATURE ON DIELECTRIC BREAF DOWN VOLTAGE OF ASKAREL
Dietectric Breakdown
Voltage
Temperature °C ASTM D877
=50 . 67 KV
Y 63
~-20 57
0 55
20 50
10 50
60 48
éo 45
0l
0686625 ‘ B
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LEPENDIX D

CCPARISON OF THE APPROXINMATE VIECOSITY IN SAYZOLT UNIVERSAL SECONDS \l
OF TRANSFORMER ASKARELS AND MINERAL OIL . (

Pyranol 10-C Mineral Inerteen

Temp.*C A13B3B-3 Oil 70-30
-20 1,000 1,000 2,800
] 100 150 195
20 70 85 85
40 45 48 50
60 38 40 40
20 34 34 36
100 30 30 33

APPENDIXE

THE DENSITY OF INERTEEN 70-30 T
AND TRANSFORMER PYRANOL A13333-3
Approx. Density gm/cc.

Inerteen Pyranol
Temp.*C 70-30 A13838-3
0 1.574 1.577
20 1.552 1.555
40 1.529 ' 1.532
60 1.507 1510
80 1.485 1.488

APPEMDIX F

The thermal conductivity values cf trznsiormer Pyranol A13238.3 2t 27°C and 58°C are 26.2 and 25.8 x 10°5 calori:s
centimeters-1, degrees centigrade-1, second-3, respectively. Or, approxnmalely 0.06 BTU per (hr.) (sq. ft.} {°F.) per foct.
“This same approxrmat;on applies te tnerteen 70-30.

APPENDIX G

Heat Capacity
Over the temperature range of 25° to 125°C the spacific heat of transformer askarel is close to 0.30 calories per gram pr
degree.

APPENDIX H

Cociticient of Ex

The average coetficient of expansion of transformer askarel over the temperiture range 20 to 100°C is 0.0307 cc/ce/°C. O e
czilon would increase to 1.056 gallons on heating from 20 to 100°C.

APPENDIX !

Fire Ragistance

Arrarels of various compasitionzt types are used. Undcer arcing conditions the gases produced, while consisting ot
[

‘¢aminantly non-combustibie h/drogen chloride can yield varying amourits of combustible gases depending upon the
ashoudh type.
Insutation systems incorporating these askarels and cellulosic or other organic materials may, when arced, produce qaseo-s

mintures which are moderately flammabie. As a precaution, such gases should be removed from the askarel by bubsiing d.y
nitrozen through the askarel and tlushing 1he gis space with dry nitreg:n before any work is performed on the apparatus.

0686626
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APPENDIX J

Seals, Prop2rties and Procurement

+ Corn'r 3 Corporation, Mictand, Michigan with Districts at Atlanta, Boston, Chicago, Cleveland, Dallas, Los Angeles,
Tiew York Cty, Vv ashington, D.C. and Toronto has availuvle Bulletin 03:012, August 1262 cntitied “*Silastic Design Data’”.
This lists <=2 ¢2:ket fabricators throughout the country from whom the “Silastic 50 gasketing can be purchased in sheet,
extrusions or molded shapes.

Generally, Silectic 50 sheet goods are stocked by local die cutters, hence, could be generally purchased locally. Usually smait
quantities of caskets are die cut. If larger quantities are needed, tools are made of the same type used to cut other
elastomers.

A
/

\Where the casket is extruded for fitting into a machined groove or between gasket stops, Dow Corning advises use of a
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 roll
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 at 480°F.

SPECIFICATIONS*

Color White
Specific Gravity at 77°F 1.20 £ 0.02
ASTM D676 Hardness, Shore A, Scale 45 t0 60
ASTM D412 Tensite Strength, psi, min 800
ASTM D412 Elongation, percent, min 250
ASTM D395 Compression Set after 22 hrs
at 300°F, percent, max 30

*All physical properties measured on 0.075 inch thick samples molded 5 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 all containers of transformer askarels and the
transformers themselves:

This product contains Polychlorinated Biphenyls (PCBs). Care should be :aken to prevent entry into the environment
through spills, leakage, use, vapoiization, or disposal of liquid or cuntainers Avoid prolonged breathing of vapors or mists.
Avoid contact with eyes or prolcnged contact with skin, If skin contact ocuurs, remove by washing with soap and water.
Following eye contact, flush with water. |n case of spillage onto clothing, the clothing should be removed as soon as
practical, skin washed, and clothig laundered.

fALTY PRODUCTS GROUP

€O N. LINDBERGH BLVD,

ST. LOUIS, MISSOURI 63166

Tne information herein regarding obtaining optimum results from askarel fiuic's in your transformer has been accumuiated by
Nonsanto for over 40 years from the experience of makers and users of askarel transformers and it is believed will be halptul

Nuthing herein shall be construed ¢s applying to other than askarel insulation. Data and maintenance suggestions herein do not
ly 10 the other components of .he transformer. All operating and maintenince suggestions recommended by the manufac:
crof the transformer should atso be carefully followed.

vcause these maintenance directions apply only to the askarel insulation, Monsanto disclaims any liability for damage to
Property oranjury to persons arising trom transtormer operation,

TOWOLDMONO0040496
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