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Section A
Transformer Askarel

I. TIntroduction
The term askarel as defined by IEEE, ASTM and the Katlonal
Elcctrical Code generally describes a'brbad class of non-
flammable synthetic chlorinated hydrocarbon Lnsulating
liquilds widely used in trénsfcrmers, reactors, and accessory
cauipment operated at power frzquencies, Askarels of various.
cempositional types are 1ln use (Fob;the general properties

and.types see ASTM D-2283). Under arcing conditions the

gases produced, while consisting of predominantly non combus-

~tible hydrogen chloride, can contain varying amounts of com-
-.473;\'8}‘:1b1e gases depending upon the askarel type.

. .o . :
This manual describes the operating characteristics of trans-

former askarel liquid insulation and how 1t differs from
mineral oil, Appropriate handlinz and disposal procedures
for both scrap askarel llquid and impreznated 30lid mate-
rials are gilven 1in accordance with the guideline reccmmended

by the American National Standards Institute,

‘'he Ilnformation 1s based on facts gathered by Monsanto over
hQ years as producer of askarel, plus knéwledgc,gained from
the cxﬁerience of transformer manufacturers and users, This
gulde outlines the very simple maintenance required for
askarel fluid in "modern" transformers and offers sugges-
fiBEE;ror " sealing ahd mailntaining askarel in old units.

By—following this guide, users will obtain maximum service

— =
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from askarel insulation with a reasonable minimum of
maintenance.. Ir quest;ons'arise veldting to the design-
ing and bullding of transfobmers, these should be referred

to regular transfovmer suppliers.

Monsanto graberully acknowledges the assistance, guidance,

"and the contributions of cercain data by the following

Edward L. Raab --- General Electric
Dr. T. K. Sloat -< Westinghouse Electric

Cfil. History of Trade Name Types

“Askarel"’is the generic name for the non-combustible

*-1iquid insulation and coolant first used by General Electric
o %mmm.wmmxscma.&u /T ST EE S KR LAY TSI R
’ v 'their Pyranol brand name fire resistanc

;iQ""‘ . Other bﬁand“nanes used by‘eiectricei manufacturers to desig-

- ‘nate tran,former aska”els used in their products include:
Asbestol, Chlerextol, ' Inerteen, No-Flamol,
saf-T-Kuhl. | |

Whatever the trademarked brand, the askarel contains

chlovinated biphenyl » ' . === one of the best
liquid insulations developed by science.' This inert mate-
xial is chemically stable, fire- resistant heat stabl non-
corrosive, and has high dielectric strength under- the opera—'

ting conditions encountered 1ln transformers,

[

— ———
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: in adﬁltiog to manufac;ﬁring ArodlorB'(chlqrinated biphenyl),
Monsanto also mixes this dielectrié f1u1d~with chlorobenzenes
to produce th° presently used Inerteen and Pyranol blends de-

>%’°cr1b9d in Table I.

‘ . Table I .
The’ Compogitlon of Transformer Askarels -

Method ASTM D 2283

: -Type’D ‘ Type & , Type P '
Trade Names- Inertecn 54201KA - Inertesn 54201CM  Pyranol A13B3ER
B Inerteen 70-30 Inerteen 100-42 .
! v [ys e
t?ngredients (% by wt.)
Aroclor 1254, pentacblorobiphﬁnyl 70 - ‘ 45
“;roclor 1242, trichlorobiphenyl - 100 o -

trichlorobenzene  ~ 30

fﬁ'tri ~tetrachlorobenzene i = jiidiekw «o = - .rugés. . : 55 o
fvpropene oxide scavenger 0,18 to 0,22 0 18 to 0. 22 ‘. 0.115 to 0.135

ydiepoxide scavenger ‘ww"-s “n' EIRR A

l
= ASTM Method D 2283, titled Chlorinated Aromatic Hydrocarbons
4
(Aakarel‘) For rr‘r-anstcr'mers, also lists the composition of .

allytransformer askarelo used at various times since 1932

‘~ronsanto manufacfures similar transformer askarel fluids in

v Enrland where the trade ‘name Pyroclor 10 uued

III. Interchangeabllity
In general‘all transfbrmer askarels are;interchangéable.‘How-‘
ever, lt is suggeéted that the transformer manufacturer bé '
cénsulted’prior to mixing‘in signlficaﬁt preportions or totai»

substitutlon.

———
— —
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’foicial Transformcr,Askarel.Shipplng‘Specificationé,

IV.

The official shipping specif1cat1ons for the three modern

transformer askarel flulds are shown in Table II,

— -
—
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Specification Properties

Color, AFHA
Condition
Vater content,

ppm (ASTM D1533-60)

Acidity, mg KOH/g (ASTM D974-55)
Dielectric Strength,25°C,0.1 in, gap

(ASTM D377-49)

Dielcctric Constant,100°C, 60 Hz

(ASTM D924 -19)
Volume Rezistivity,

100°C,

500 volts DC 0.1 inch gap, 109 ohm-cm

(ASTH D1159)

Inorganic chlorides, ppm (ASTM- D1621 and

G. E Method EUCU18

Refractive index, 25°C (ASTM D1807)
Viscosity at 37.8°C (ASTH D88-56)
Saybolt Univerual Seconds

Pour Point

" Specific gravity 23/15.5

Coefficlent of

Burr point (ASTH D92)

°c (ASTH D-97 57)

°c (ASTM D1810)

Distillation range (ASTM D20-56) corrected
for stem and barometric pressure

Fixed chlerilne
Corrosion test

Color, APHA

Acidity, wmg KOH/g
Inorzanic chlorides ppm

Condition
Scavengcr contert

Typical P“ooertlos :

. (ASTM D1903), cm /eme
-Arc formed gases

al Expansion E

&
S e

33
el

<;i§“m

A

‘Gencral Electric Co.

Transformer
Pyrancl A13B3B-2
ASTM D2283 Type F

150 wax,
Clear

30 max.
0.014 max.
35 KV, min.

5.2 to 4.6

100
10;10 max.

.1,6060 to 1.6070
539:to 43

—M2 or lower
*1.515 to 1.525
_hone to bolling

~1st drop 210°C min,

Westinghouse
Transformer

‘Inerteen SH201KA

or Inerteen 70-30
ASTM D2283 Type D

 Westinghoune

TransCormer

Inerteen 54201CM
or Inerteen 100-!
ASTH D2283 Type

150 max.
Clear -

30 max.
0.014 max.
35 Kv, min.

4,2 tc 4.5

100
0.10 max.

1.6153 to 1.6173
556 to 51

-30 or 1lowe:r
1.518 to 1.528
None tc boillng

‘ 0.05 max.,

50 max ;
Clear ‘
35 max,
0.01 max.
35 KV, mwin., °/

4.7 to 4.9

r

100

1.6240 to 1.6250
82 to 92

—17,0r lower
1.381 to 1.392
None to boiling

1st drop 200°C min 10% 325°C min.

235% , 240 to 270 35%

es)% 200 to 330 90% 379 to 394
- 65% ¥ 365 to 380
»95% ;IS to 395

358.5 T 55 6% min.

below 270°C 90% 360 max,

43to.s5%

Afuer heating with aluminum for 6 hrs. at 200 to 220°C,
‘the aluminum must not be corroded on either visual or
.weight inspection and the askarcl should mect the fol-

tlov.inrr speclfications:

=200 max.
:0.014 max.
1oﬂ5nmx
. C

200 max.

0.014 max,

2.0 wax.

Clear

0.18 to 0.22%

phenoxy pron:mne
oxide .

0. 0007

r flf/"”"/
I(’/ 7)10;(
- i /a g .
ﬂ
18 to 0/52’
phencyv propene
oxlde

0.00058

l\

l.

)
4
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Fontnote 1 »

Aékarcls of various compositional éypes are used. Under
arcing conditions the gases produced, wﬁile cOpsisting
predominantly of,nqn-cOmbﬁstible.hydrogen chloride, can
ireclude varying amounfs of éOmbuStible gases‘depending
upcn the askarel.fypc. Insulation systems incorporating

- tlicse askarecls and ccllqlosic dr other organié‘materials

b‘may, Wwhen arécd, produce gaseous mixturcs‘which are modcr-
ately’:ldmmabie. As a precaution, such gases should be

removed from the:askarcl by bubbling dry nitrozen through

-the askarel and flushing the gas space with dry nitrogen

‘before any work is performed-on the apparatus.

— T -

.
— -
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IV. Ordering Instructlons
These transformer £lulds must be orderad through the
manufacturapry of askarel transformers and not Monsanto.
The translormer name plate indicates the\transformcr
maker and usually gilves suf'ficlent data Co identify the

specific askavel fluid used.

V. Stability

Askarel liquid 1nsulat1§n is highly pure, fire-resistant
liquid made under close eheﬁical control to mecet the
exacting specifications as shown in Table II. It does
;j”ﬁot vary in composiﬁion like fhe commerclal range of

mineral oils,

Askarel insulation must n2ver be mixed wlth mineral oil.
Over two percent of mineral oil by volume in askaresl be-

zins to lower 1lts fire resistance,

Askarel does not deterviorate when expoased to air, heat,
not metal; it does not break down over long use to form
conducting or corroslve chemicals; it does not oxidize
or sludge. Askarel will remain perfectily cstable year

after year unless broken dovwn by ssvere clectrical

discharge.

—

-
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In modern transformers, the onlf real "enemy" of askarel

© 1s contaminaftion by water. Kocping’asku:el water=-free

will 1Insure long-time service.

'Askarel_is heavier than water, If water gets into askevel
1nculation,fonly a tiny amcunt (iZS'ppm) dissolves -- the
rest floats on'top; ‘Kskarcl is vefy insoluble in watep[
only about 200 parts per billion of askarel dissolve in

.:watcr;‘at normal temperatures, ' -

grecautionqdhen Handling Drums, Tankcaru and Openinv Trans-
ormers

The American Institute of Ele*trlcal and Electronic Engineers

uide No. 76, Dec., 1958 has been reviaed to give more de-
M

eﬁt“lad instructions and guidance For Acceptance and Main-

tenance of Trans’ormer Askarel In Eguipmcnt ~ The

- following are significant precautions:

» A. Keep Dry Duriﬁg Qandling:

Iin Jandling,_storing, éambling, inspnct ng aekarel -
and in operatin? askaral trans;ormero -~ take’ everj pre-
caution to guard the aexarel insulation from exposurev"
to high humidity and mnigturn contamination _Keep S;*3O
or 55 gallon drums of askarel dry; l_y’stored drums on
bhclr sides with the bung at the highest point from
floor to keep water off the' drum head.(whichfcan be
sucked into the aekafel by ‘the drum "breathﬂng" . Thisa
precaution is not necessary when drums arckstored 1ndocrs,’

T —whtth 1s the preferred way:cf storing.

—
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To avnid leakage the drums used for askarel are of
heavy constructinn °i<Leen gauge metal is used, wiLh .
special rim scal and bunr conotruction,
The drums should be drained as completely as possible
and then‘fluéhed twice wilth kerosene type solvedt:to reé-
move all of the askarel. The'solvenﬁ washings must be
incinerated at hizh temperatures, e.g. 200o°F to destroy
the polychlorinated biphenyls (PCBs). | o

Tank cars used to transport askarels are in cxclusive

service and not used interchangeably for other produ3ts.

All cars must be unloaded through the top (dome ritting)ﬁ
- either by pumping or with controlled pressure using dry -
ﬁair or dry nitrogen. If nitrogen has been used for un-
loading it is necessary to advise the shipper so that
- when the car returns the niﬁrosen can be replaced wlth
.dry air before any one may enter the car.
If the car is to be unlcaded by pumping 1t will‘be.neces-
sary to:use avdrycr’on the air intake line‘to remove:

moisture.

All tank cars are fitted wlth steam c¢oils, which are-
avallable for unloading under extreme conditions of

low temperature,

Convenient,handling and pumping‘temperaﬁures and the re-

_lated'approximate'viscnsity rangés are glven in Table I7T1.

—
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Table III
Unloading,
Handlinz and :

v Pumplng Tem- Approximate
Product perature °C Viscosity SUS
Pyranol A1301B-2 . 15-40 100-40
Incrtean 54201KA 20-55 100-40 .
Inertecn S4201CM 35-75 100-40

B. Use Ordinary Porsonal Precautions:

Transforﬁer askarel has beén made, handled, and used
for over 40 yéars without causing toxic or other 111
effects, It can be handled with only minor precau-
tions, If aceidentally spilled on hands, no serious

' ékin irritation will occur. ‘However, liquid askarel

has a solvent action (similar to paint thinner) on

the fats and oils of the skin and prolonged contact

may lead to drying and chapping of the skin,

// In case of ccntacb,‘wash off the skin with socap and
water; remove and dry clean saturated clothing, Clean
~up =pills with rags, sawdust or avsorbent clay,. Eye

N contact may result in paiﬁfuliirritation but no per-

) manant damage to tissues, - If askarel gets in the‘eyes,
flush with lafge amounts of water. As with all eye
first aid, refer to a physlcian, To relleve irbitation,

! rhysicians have used a 1% Pontocaine as weli as optral-

i

mic c&rtisone acelbtate solution, or castor cil,

-

—— ~
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Infrequent exnosure Lo askarel vaporsvwill nnt cause
111 effects, However, prolonged exposdre to high
‘vapor concentrations should be avolded. If hot askarel
must be handled in a closed or conflned arca, provide
the area with ovdinary exhaust ventilaticn -- or -- |
wear an organic cartridge resplirator approved by the

U. 3. Bureau of Mines.

C,  Precautions On Cpening an Askarcl Transformer:
Askarels. of various compcsitional types are used._'Undev
arcing conditions the gases produced, while consisting

of predominantly non-combustible hydrogen chloride can

yield varying amounts of combustible gasesldepending'upoh
TQJEhe‘askafeivtype;: o )

Insulation gystems incorpbratihg these askarels and
cellulesie or other organic maﬁerials may, whén arced,
produce gaseo@s mixtures which are moderately flammable,
Az a prccaution, such gases should -be rgmoved from the
askarel by bubbling dry nitrogen through thé askarel and
Plushing‘the fas space with dry niﬁrogen before any work

15 performed on the apparatus,

——
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YII. Avold Envircnmental Pollutlon
Tranusformer askarels contain polychlorinated biphenyls
(PCBs) which have been used in the United States and'
elsewhere over the past 40 years, for many industrial
and consumer applications. During the past several
years evidence has accumulated to indicate that PCBs
are widely dispersed throughout the environment and that
they can have adverse ecological and toxicological ef-

fects.

The United States Government'!s Interdepartmental Task

Porce on PCBs, Com-72-10419, in their March 20, 1972
] report titled "Polychlorinated Biphenyls and the Environ-

ment" recommended restricting PCBs to use in capacitors

and transformers.

This report 1s distributed by the National Technical In-
formation Service, U.S, Department of Commerce, Spring-

field, Virginia 22151.

A document titled,"Guidelines For Handling and Disposal

of Cavacitor and Transformer Grade Askarels. Containing

Polychlorinated Bivhenyls,' has obeen prepared by the

American National Standards Institute, Committee Cl07,
155 East 44th Street, New York, N.Y. 10017.

NPCQ0035426
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The scope, objectives and the composition of this
committee are:

ANSI Committee C107

Scope: Precedures and guldes for safe use mainten-
ance and disposal of askarel and askarel-soaked
materlials used in electrical equipment.
Objectivégz
1. Source of technical information and advice
for Federal, State, local authorities and
all others concerned.
2. Encourage development of suitable disposal
raci;ities and keép all concerned informed,
© 3. ‘éérQe'é; fhé.advisory group for United States
participation in internationdl organizations:
CEE, IEC, CIGRE.
Composition:
Crganlzatlonjactlve or represented 5y this ANSI
committee include: Natlonal Electrical Manufac-
turers Assoclatlon, Elcctronic Industries Assoc-
iation, Irstitute of Electrical and Electronic
Engineers, American Society For Testing and Mate-
rialg; Electric Light and Power; Environmental

Protection fgency; Cffice of Enviroraental Affairs;

——
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General Services Administration; Mational
Bureau of Staﬁdards; Dept. of the Arﬁy; Rural
Electrification Administration; Div. of Environ-
mental Research,fTVA; American Publlcdewev Assoc,,
Water Pollution . Control Federation; Food and Drug
Administration; National Fire‘Pfofcction Assoc,;
Underwfiters Labqratoriés; and several sectilons
of the U.S. Department of Interior

" The folldéing are perbinent excerpts takenbfrom the ANSI

Guidelines for askarel transformers:

1., Llabeling Askarel Transformers

©" " A1l new askarel transformers should be labeled:
Caution

The Insulating Liquid in This Transformer. Contains

Polychlorinated Biphenyls (PCBs). Care Should Be

Taken To Prevent Entry Into The Environment. In

Case Cf Malfunction Cr Leaks, Consult The Instruc-

tior Manual Or The Manufacturer.

The transformer manufacturer should make similar

warning labels avallable for use on previously in-

stalled transformers, .

2. Disnosal of Liouid and Solid Wastes

Disposal of askarel fluid and askarel-soaked mate-

rials must bé‘accomplished by means in which there

1s no signif1Cant release of askarel to the environ-"

ment., At'présent, disposal 1s accomplished by‘care-b
— ———- fully controlled high temperature incineration of

— -
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earth in cartridges or bags when replaced should be
‘allowed to thoroughly drain over drip pans to rcmove
as much liquid askarél as possible. The cartridge
units of sﬁeel mesh construction should be placed in
the "Steel Contaminated with Askarel" contaliner for
disposition, Cloth bags filled with‘Fullcr‘s earth
should be placed in the "Scrap Burnable Askarel'Waste“‘
‘container for di;position. '

&, Teardown of Transformers for Repair or Scrap

a.,  Drain all agskarel from the unlt either into a
holding tank for reuse or into the drum labeled
"Scravaskérel"'fur disposition, then allow suf-

ficient time fbr all the saskarel to drain from -

the core and coils, _

b. Remove the core and coil assembly from the trans-
former and place Lt on the floor. Sufficient
absorbent material should be placed on the floor
to absorb any askarel fluid that spill drips from
the transformer.‘. v

c. Place all materials in the appropriate sdlvage
containers during the dismantling'fop.laﬁer.dis- -
position, . v o : |

d. All used materials, including rags, sawdust, tape,

etc., resardless of quantity, should'be put into

——— the'appropriéte containers. for dlspositibn.
o o , NPC00035430
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liquids and soaked software; and by controlled dry
land-£111 burial of apparatus .and other hardware
from which askarel has been previously drained and
- washed,
Present knowledge_indicateé that proper incineration
should involve a suitablé balance between dwell
‘time and tcmperaturé in the-incinevator plus oxygén
availability and flnally suitable scrubbers to re-
move HC1l formed; eg. (1) two-second dwell time at
2000°F and 3% excess cxygen in stack gas; (2) 1-1%
second dwell time at 2700°F and 2% excess oxygén in

stack gas.

;"- The ANSI Guide 1ists the locations of facilities that

- conform with the above requiremeﬁté. Monsanto has
such an incinerator at the W. G. Krummrich Plant,
Dapt. A-246, Sauget, Illinois, where scrap askarel
liquid is received for disposal at 3 cents per pound
charge.
For disposal of solid'scrap a controlled dry land-fill
or deep-well disposal can be used yhére,permitted by
Federal, State and lucal regulations.

3. Ccnditioninz of New or Recveled Askarel

Conditioning of new askarel or recycled askarel re-

quires Fuller's earth treatment. The sgent Fuller's

—
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Mr. Frank M. Clark, who invented transformer askarels
at the (Qeneral Electric Compdny in the early 1930s,
made the highly pertinent comment based on-nls maﬁy
years of experience wlth G,E. Pyranol (éskafel type)
transformers that --

"The important thing,is to keep them dry --
oLher:is» Leave Cham aLone

These words of wisdom became cspecially applicable in
more recent years when welding shut rather than gasQ ‘
keting became the main method of seaiing askarel trans-
formers, These units are sold with the understanding:

that the liquid 1s 4in a normally hermeticélly closed

system.

IX. GcneraIVCharacteristics of Transformer Askarel Fluid\
Appreciatioh of the following characteriﬁtiﬁs, as'given
in the IEEE Guide, leads %o understanding-the reasons
ffor selecting dielectric breakdown voltage and moisture
as the prime practical tests tn Jjudge thg quallty of
transrérmer:aSRarel fluid. Also due to these characteristics
the power factor of transformer askarel will be normally

much higher Lhan the corres pcndiny values for mineral oil,

—— ™ —
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5. Transformer Disposal

The ultimate disposal of an askarel-filled transformer

may be accomplished in either of two ways:

a, Complete drainage and dismantling with the proper
disposal of the askarel liquid and askarel-scaked
components a3 described above,

b. Dlsposition of askarel transformers by mcans of
Junk or scrap dealers should be avoided unless a
transformer is first drained, followed by soaking
of the interior with a sultable solvent, such as
kerosene, Accumulated liquids and washings are

to be dispased of as described earlier,

VIII. Expected Service Life

Properly designed and installed askarel transiormers are
expected to give trouble-free service for a2 minimum of
30 years, Since thelr introduction in 1932, the manu-
facturers report finding the over-all failure rate to be
less than 0.5% for all units under test and service con-
ditions. The Edison Electric Institute's report (1955-
1958) on their member utilities publishes the failure
rate for askarel transformers as 0.13 per hundred banks

per year,

———
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In comparisesn to mineral insulating oil, askarel s é relati-
vely polar material; i,e., itas molecules are dipoles, free Lo
fotate around Lheir ax=23 and responsive to orientation bty eiec—
triéal foree3. . Askarel also exhibits a much higher dielectric
éonstant and capacitance than insulating oil, and these dif-
fercnces must be kept in mlnd when 1nterpretihg‘electrical test g

-------

data.

Because 1t is relatively polar, and possesses high sovlvency

power, askarcl 1s much more electrically sensitive than mineral

oll to traces of extrancous soluble polar materials, and ccnse-

Ifquently the choice of constructlional materials destined for use
flrivaskarel is very critical. This sensitivity is reflected in
J;i;fhe powor factor and resistivity (specific resistance) of the

askarel.

It 1is impgrtant to note that, with: the exception of water, the
diélcctric breakdown voltage of askarel 13 not generally az-
versely affacted by many‘of the soluble bolar materials to which
1ty power factor and resistivity (specific resistance) are so‘
sensitive, . In fact, the dielectrié oreakdown volctage of 2ckarcl
1s somewhat greater than that of insulatinz oil. Therefore,

cne values assigned these dieléctfic qujdn in newly supplied.
btransrormers are 30 KV ri{n. and 26 KV min., réspeﬂflvelY-

——

—

NPC00035433

905095



-20-

As with insulating oll, aékarel must be kept dry. It
can pick up moisture from exposure to humid atmosphere.
Under similar conditlons of exposure, askarel can pick
up nearly twice as much moisture when measured cn:a
parts per million weight Baéis.

X, Samplinz Transformer Askarel Fluid

The following precautions about sampling are quoted from;

- the- IZEE Guidc.‘

Representative'samples,'whether of the complete contents

“or only parts thereof, are extremely important from the

- standpoint of evaluation of the quallty of the product
““sampled., ~ Obviously .careless sampling procedure or con-.
'ﬁtt tamination in the sampling equipment will result in™a =
sample that is not truly representative. This génerally
leads to erroneoqé conclusions concerning quality and
incurs leoss of time, cffort,'gnd expense involved in se-
curing, trénsporC1n5, and testing the sample. It is
strongly recommended.that>all of tﬁe procedures and pre;
cautions outlined in the iatest revision of ASTM D 923

(Sampling Electrical Insulating Liquids) be {ollowed.

Because of the hlgh specific gravity (relative density):
of askarel (greater than 1), water and some Sther impu- -
rities are most likely to be found at or near the surfaée.

The top sample, therefore, 1s ccnsidered to represent

— T ——

fhe worst condition.

-
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‘Dielectric Breakdown

. -21-

Evaluation of Askarel R°091v9d'in Név Eauionnnt

Some uscrs of askarel equipmenL find it desirable to make
"as reccived tests™ on all equipment. It is quite conmon
to use tﬁéfdielectric breakdown Qoltage test and visual
appearance aé,the»most siﬁnifiéant tests. It suitqble,

equipment and trained perscbnei are'évaiiable addiéional

finforwation may be obtained from the power factor, ‘color,

and moisture content tests.

In,sampliﬁg'askarel contained in apparatus extreme care
must be exercised in order to obtain a representative

éémple.n.ASTM Method D 923 should be followed.

.;~,‘-.,.- .

New equipment with asxa"el exhibiting the following charac-

teristtcs ia- con tdered acceptable

'ASTM'MethodS

CVoltage . 30 kV min.'

§ 7

Color : 300 max, (Straw color) D 2129
Condition -~ Visual Clear D 1702

Water Content - 35 ppm max, - ‘D 1533 ’
Power Faotor at 25C - * - -~ D924, D 1)0

*The. power factov of askarel taken from new

- transformers, reactors and acceasory equip-
‘ment can vef'lect the presence of molsture,

. dissolved polar compounds, or other contami-
nants and may vary with the tyre of equip-
ment from which the sample was taken due to
the diffarent ratlos of liquid-to-solid in-
sulation and to-the high solvency power of
‘the askarel, Given an acceptabl: water, con-
‘tent and dielectric breakdown voltage »f the
askarel as indicated above, 2 high power
factor seldom impairs the oervlneability of
the askarel withln rather broad limits and

——=—1s indicative of the degree of exiranecus ‘

‘soluble polar materials present,

. o 908007
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XIII.b Turbidity
| ...May be the visual sign of undissolved water, or may
indicate dirt, Cloudinéss may also result from cold
precipitation of tin tetraphenyl "scavenger" that was
used 1in thebearlier Pyranolé. This scavenger begins
to come out of solution arouhd 15°F, above zero, To
redissolve 1t requires heating to 150-200°F and agita-

tion.

High dielectric breakdoﬁn voltage will qulckly indicate
that any turbidity present is not moisture; that the
.;nsulating;effiqiency of the askarel 1s still excellent,
..However, if the dlelectric strength is below 26 KV,

molsture should be determined, using the Korl Filscher.
method (ASTM D1533-60).

The dielectric br2akdown voltace fest for askarel serves

Frimarily as_an indicator_for moisture. It is by far

the most important maintenance test for transformer

askarel.

XIv, Check Points for Maintaining‘Askérel Insulation
A. General Considerations:
Modern askarel transformers with welded construction

or siliccne or Viton gaskels for hand hole-cover,

switch and terminal ccmpartment covers, with properly

——

constructed bushings require little or no maintenance,.
— - _Wlth preperly constructed transformers, annual or”

— - semi-annual visual inspection and dielectric break- -

Cn e e aaem

— =
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down voltage test of the askarel fluid should
suffice for routlne maintenance chececking over

many years of service,

However, many askarel units were installed in
the early 19305 -- before the development of
some of the better modern gasketing materials
and before irmproved designs were developed for
sealing out molsture, Such early units shouid
be, and can be, modernlzed. ILeaky or deterio-
rated gaskets should be replaced, If thc aska-

rel has become contaminated, it should be re-

w e

condit;éned. ,Aththewééhe fime, a general clean-
up of the unlt and possible refinishing may be

desirable,

If 1t is not convenlent to take an old transfor-
mer out of service for general repairs, leaky
gaskets can be scaled temporarily by painting

over the leaky area wlth epoxy cement.

A surﬁey of useprs indicates a good number of
early-built askarel transformers (err 20 years
0ld) are kept in continuous service in critical
installations by the follewing steps {instead

of modernization).

— =
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The operating units are equipped with compound
pressure gauges for peading prossure above and
below atmospherie, Positlive pressure is main-
tained on the shellyby intreducing nitrogen at
2 to 3 pcunds above atmospherie., Regular wofk-

men in the area daily record the temperature

-and pressure. If a sudden pressure drop is noted

more nitrogen is introduced and the gaskets are

checked for leaks with soap solution., Leaks arc

'lsealed by applying epoxy cement,

— et

——

.

Modern Sealing Procedures:

- Transformer ﬁurchasefs should sﬁeciry the follow-

ing mcdern technlques fob sealing:

1, Welding Construction: Covers, radiator coh-
nections, switch and. terminal housings, in-
étrument~connections, etc. should be welded,

2. 'Bushing Connectlons: The most satisfactory

bushings are the type with rolled-on flanges -

-and two’ring seals rolled into a depression
in the porcelain -- sealed with silicone fub-
ber rings helﬁ under compression. Metal-to-
glass or metal;to-porcclain sealcd bushings
are also satisfactory.

If for any reason the above typé bushings‘
cannoﬁ be usedlﬁhen usé a. porcelain or glass.

bushing with a silicone or Viton gaskeﬁ re-

or stor, S
tained in a groove/ The gasket can be elther

~— -

905100
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rectangular or circular cross section, usually

1/4 inch thick,

Small Sizc Connections: When not possible to-

‘weld, small size connecticn seals should be

made with Flexitallic stainless steel rings,
The surfaccs must be machined and parallel.
The filler between the steel laminations of the
Flexitalllc ring should bec elther silicone or
Viﬁoﬁ.
Gaskets For Hand-Hole Covers: Modern design
specifies.silicone gaskets., Such gaskets must
be retained in a groove. The groove preferablyb
is machined into thé flange of cover., Howéver,
it can also be‘formed by welding concentric
steel strips to the flange or the cover,
Generally the gaskets should_be‘5/16 to 1/2 in.
thick for covers, depending on the depth of the

or stop. ‘ cross
groove / A rectangular/section is usually used.,
fhevsilicone maCerial‘should be Dow-Corhing No.
50 Silastic or equlvaient. This is a low‘com-
pressioniset méﬁerial. For best sealing 20 to
25% compression is recommended, with ample

cr stop

clearanc: in the groove/to allow fur this com-

pression,

No cement 15 required. With reasonable care the-

gasket is removable without damage and is re-

useable, ' - -

— -
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Silastic 50 is slightly swelled by askarel
which contrlbﬁtes to the tightness of the
seal, It 15 not deteriorated by askarel
fluid or vapors. It resists weathering and
it is thermally stable and flexible at all
operating temperatures., It 1s an cxcellent
molsture barrier. | ;
Notes: a. Dow-Corning, Midland; Michigan will supply
a list of Silastiec S0 gaskét fabricators

to all transformer manufacturers or users,

-

They will also furnish technical data.
T vems G e Spine T d e . -

o WL e e e

See Appendix K: Seals, Properties and Pro-

curements, -

aQ

The Older Sealing Arrangements:

The older type gaskc£5-consist of elther cork or
cork-nitrile rubber comblnations or straight nitrile
-rubber.

1. Cork-Nitrile Combinaﬁions: Covers for the main

-

tank, hand-holes, switch and terminal chambers, .

relief diaphrams etc, are held 1in place by studs

_NPC00035440
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welded td the-flange or by bélts;’fTha gaskéts

are cut With openinés and placed over ﬁhe;bolts;
" Often Shellac (w»acingnouse Style No. iisouig,‘>_
" or General Electric Company's Glyptal 1276) 1s

usednto cement the cork to the flanges.

"The fo’louing is recommended for sealing with the
'hcork.-- nitrile rubber combination

Use ArmstfdnngC-757 coernitrilé'matepial §r.

_gf%&i_, o | - equivalent. The gasket can Le cut from a s;ngle‘

. sheet or by sgarfing strips 6: the materiél. ‘A
convenient method ror;Joining‘Strips is to make 

a Keystone Type joint. For this, Westinghouse,

' Sharon, Pa., offers thelir gasket cutter Style No.
328 B514 GO1, (2bout $15).

The joints should be cemented and the gasket also
cemented to the flange, using one of the above
cements, Excess cement should not be allowed

to reach the interior of the transformer.

After installation and bolting, the outside edge
" of tne gasket should be coated thoroughly with

© epoxy cement to increasc weather resistance,

This epoxy cement is a paste to which a curing

- ” 0ata1j t is added immediately before use. Typical
- - are: ' ‘
.  NPC00035441
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a. Epoxy Patch Kit #1-C
Hysol Corporatlion, Olean, N.Y.

b. Scotchcast Resin #4
Minnesota Mining and Manufacturing Co.

St. Paul, Minnesota

¢. Adhesive A-1 and Actlivator Type B
Armstrong Products Company
Argonne Rd., Warsaw, Ind.

d. Adhesgive G860-1, Synthetics Organic Company,
Cleveland, Chlo, used with activator diethy-
lene triamine (Carbide and Carbon Chem. Co.)

2., Straight Nltrile Rubber: When straight nitrile
rubber was originally used, invariably the gas-
ket was recessed in a groove., This was to pre-
vent gasket flow and to protect the material

.agéinst excessive compression, Although this

type seal was not cemented, the nitrile rubber

gasket 1s not reuseabdle,

Since grooves or stops have already been provi-
ded for the nitrile rubber seal, Sllastic SO can
be easlly substituted and 13 recommendéd. This

conforms with mcdern practice,

Xv. Periodic Fluid Inspecticn and What Checkpoints Mean)
On a régular schedule -- At six, nine, or twvelve month
intervals -- make a simple visual inspection of your
askarel insulation and rmun a dlelectric br-rakdown vol-
tage check.

———

— -
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A. Visual Inspecticn:
Askarel is a clear, faint-yellow liquid, After long-
term use this color may gradually intensify to-light
brown.' The fluid should remain clear énd free from

‘turbidity or cloudiness,

- Any colur change -- such as to a green, red or blue
cast -- indicates extraction of impurities (¢olor
materials) from the solld insulation. ir a distinct
foreign color pick-up 1is noted, check the c§mplete
~range of electrical characteristics and notify the
transformer maker. Blackenlng of the askarel may

:::indi;;%él;;ﬁgféiggAééﬁaitigﬁs‘.dtﬁer.coiakrchénges

alone are not danger signals since the dielectric

breakdown veoltage is not likely to bekimpaired.

 .B. Dieclectric Breakdown Voltage
If the dielectric breakdown voltage has decreased
significantly from the last inspection, or if it
has gradually dccréaséd below-26 KV range (at 25°C)
-- RUN ‘A CHECK FOR MOISTURE. Use ASTH D1533
(kKari Fischer_Mephod), '

The dielectric bredkdown voltage of askarel 18 the
major indica:or td the operating efficiency of youf
liquid insulation, Besides the "visual" inspection
_;:::;_tésts, dielectric breakdown voltage 1is the only
7 — - test necessary to run on a routine baéis; Well-

sealed askarel transformers have service records_of

25 to 30 years on the ov1gLnal askarel.

— =
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XVI.

Inspection Check Iist

1.

————

If askarel 1s clcar, even though darkened to 1light
brown, has no scdiment or turbidity, has dlelectric
breakdown voltage over 26 KV .., glve it the inspec-
tion "OK".

If askarecl is clear; has forelgn color of blue, grecn,

red ... 1t is "extracting color" from internal mate-
rials, Thig is not, of 1tself, an operating hazard
when the dlelectric breakdown voltage stays ovef 26
KV and moisture remains low, Howevéf, this rare oc-
curfaﬂcé calls for cheéking into 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 Ehe sample valve,
If the moisture content is found to be above 70 ppm

at operating temperature, then sampling should Ye donse
at more frequent intefvals to establish a possivle
trend, particul_rly on out-door installations,

I? askarel i3 clear, but dielectric breakdown voltage.
drops to 22 or lower KV, and moisture rises over 80
ppm when sampled at operating temperature ... the
askarel 1s ready for simple "refining”". If the moié—
ture 1s near the saturation level (about 125 ppm at
at room temperaturc) a thorough inspection should be

made for water droplets in the transformer tank?

—— -
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and even for "globules" or water floating on the

askarel surface, If fbund, the transformer manu-

facturer should be consultcdbfbr reconditioning

oth the transformer and the fluid. = |
;, ‘If askafel'is dark brown to-blaék, Lf black par;

ticles of carbon are seen, and dielectric strength
- e ' is low... the askarel has,Been.broken down’by
arcing. It cannot be refined and should‘bé;remoyedw
and incinerated under proper conditions.” (SeekANSIu

Committee C 107 report on Use and Disposal of Askarel

and Askarcl-Soaked Materials. 155 Fast 4lith Street,

..ﬁew“¥9rk,.NeﬁhXefk_”}OQlT)j_rd_]

If any. of these'four'simplc inspection‘tests appear

out of the ordinary, or'the:relationship-betwéen
appearance*and'test values is abﬁormalv-- contact

your transformer supplier for a completc'analyﬁisf

whenever a’sampie 15 to be shipped to Monsanté,,
pleaze follow the dircctions shown under: "SAMPLING

ASXAREL".

XVII. Contamination in Transformers
Moisture particulate matter and arced decomposition
products.are known to be scrious centawminating influences -

on transformer askarel.

~ Yhe—power ractor tcst normally used for the detection .

Bf cort amination in mineral oil filled transformers is

of-1little use for this puipoce in askarel £illed trang-

— =
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Cormers is of little use for this purpose in askarel
f1lled transformers, due to the extreme effect of ex-
traneous soluble polar materials, This increase in

power factor as illustrated in Table V has no adverse

effect on;dieleétric breakdown voltage.

Table V v .
~ EFFECT OF COMMON INSULATION: MATERIALS ON POWER
FACTOR AND DIELECTRIC STRENGTH
(HEAT AGED 96 HOURS IN ASKAREL AT 100°C)

P ’ ‘ o Askarcl After Exposure -
. * Powcr Factur, Dielectrie
: : : Percent 2t 60 Strength
Material Immersed cve., 100°C, 25°C.
None (control)....... et 1.0 ' IS KV
Biack varmshed cloth. . ................ 85.0- . 42
Copper. . ..cevvvnnn reeeraecaanan ereees ... LS 40
~ Pressboard.. ..ol Creeeenas 2.0 37
... Manila paper..... teresetnsienas PPN . L5 . 39
- Phenol formaldehyde resins. .o .ovvuenn.d . " 1.6 41
Shellac.......... i 6.0 36
D, A PN 50 : 19
Synthetic rubber. .. ... e eereeeas ) 70.0 39

e e

Similarl:},. trace contaminants from commonly used con-
3tru¢tion materlials can lower the volume-resistivity
of askarel,’ without affecting 1ts dielectric orzakdown

voltage. Table VI shows this.

Table VI .
EFFECT OF COMMON INSULATION MATERIALS ON YOLUME
RELISTIVICY OF ASKAREL ’
) . Volunie Resistiviis x 10% shm-cm,
Sampte : (at 100°C., 00 Valts-DC., 0.1° zup)
1. New askarel before heat aging. . ... ... ..... RERLRE ‘ 2,000
2. Mew askarel after heat agiag 96 hout"s at 100°C. ... .. 1,900
3. After heat aging with | sqg. inch snecimens of: - . ,‘
—= =27 Phenolic resin tap changer material, oo ‘ : ‘ l;.(ZO
S boPaper..l.. . P P DI ‘ : : ‘Z-O
. c..Grade A press board (tan). . . ...... EERRRROTREY SO0
d. Grade A press board (grav). ... .. ce s : 500
e, Grade & press board, laminated strip. ..ol ] . 400
f. Cotton Wrapping.i.. .. vuver vererrioniauan e : © 300 -
L £. Glyptal 1276 cement, cured 48 hes. at 110°C....... o .
.- — )
s R (XS
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While trace contaminatlion easily lowers volume resisti-
vity from high levcls, it 1s important to note that
heavy contamination (as when arced) does not lower the

resistivity below the order of 109 ohm-cm. at 100°C.

The different behavior of askarel vs. mineral oil in
S these :espeéts can bevsummérized as follows:
| High power factor and low volume resistivity
in transformer mineral oils are commonly re-
LA garded as "danger signals" that the oil has
deteriorated and broken down chemically or

excessive molsture is present.

This 1s NOT TRUE of askarel liquid insulation,

unless the dielectric breakdown voltage is 1low,

or ﬁhevmoisture content 1s high.

Manufacturers of askarel type transformers point out
that itkis quite well known that askarel transformers
with initial power factor of the askarel fluid 1n excess
of 50% at room temperature and 60‘Hz are glving satis-
factory service life. However, there needs to be
assurance that both dielectric breakdéwn voltage and
moisturé are at satisfactory levels and do not show

adverse {rends.

T A - e e Lo e e ey s 'NPC00035447
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XVIII. ASTM Method For Investigating The Compatibility of
Transformer Insulation and Constructicn Materials in
Askarels :

This method, which is preasently in process of publi-
cation by ASTM, uses the change of electrical and/or
chemical characteristics of transformer askarel result-
ing from controlled exposure to insulation and con-
struction materials, to evaluate thelr lnmediate major

"contamination" effect on the askarel fluid. Delayed

§§§§§?5 » 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 to determine the compatibllity

of these materials with transformer askarel,

Properly proportioned speciméns of the insulation or
structural materials are immersed 1h refined askarel
for 168 hours at 100%1°C in a forced draft oven, Changes
in electrical and chchical propertlcs of the transformer
askarel are compared against a control éample of thé
askarel treated in the same mannar, in absence of the

test specimens,

Dissipation factor, (ASTM D924), change 1is one of the
criteria -~ used. The askarel fluld 13 reflned by adsord-
tive treatment to a dissipatlon factor level of 0.05 max.

— —"%¢ 100°C and 60 Hz and 0.0l max. at 25°C and 60 Hz.

~— =
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Corresvonding values of the askarel fluid afﬁer'heatingf
168 hours at 100°C in absence of a test specimen are
0.075 and 0.02 respectively, The maximum dissipation 
factor levels suggested for the askaréi'after_heating
vin presence of the tcst specimen are 0,20 at lOO°C

, and 60 Hz and 0.04 at 25°C and 6O Hz.
XIX. Refining Askarel For Re-Use

A. PFiltering Through Dry Blofter Paper to Remove Mois-
ture and Extrancous Partlcles:

Most operators prefer portable r2fining apparatus,
such as a plate press fitéed.with a dolly, (avail-

... . able from Sparkler, Mundelein, Ill. or General

- ¢~ Electric Co., Pittsfield, Mass); or the earthen
cartridge filter type, (available from Industrial
Filter Corp., Lebanon, Ind.). Filteﬁ paper liners
for the pluﬁevpress are avaiiable from Carl Schleicher
and Schuell Cocmpany, Kecane, Mew Hampshire and mahu- :

\

facturers of filter presses listed abo&e.

- Tre filter péper must be dried immediately before
use, For best resuits,_spread the paper for ﬁazimum
surface exposure in a2 hot air circulating oven and

heat 1t for 4 to 6 hours at 110°C.

——
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Circuiate the,askafei hot. (but not bvep_qo°c)

tarough the filtev.fitteq‘glth the dry paper

_of the askarel should be 35 KV minimum.

liners.

After filtration thé‘dieléctriq breakdown voltage

1.

Precautions: Filtering should not be done when
the relative humidity exceeds 75%. .
Any flexible hoses and gaskets on ﬁhc refinihg’

eqﬁipmentfshouid be lined with or made ofvﬁate-

' rials that will not be softened by contact with
- askarel fluid. _ (Silicone or Viton or Teflon-

".-1lined, or flexible metal materials are gsuitable,)

Table VU1

GUIDE TO- RATF. OF DISSOLVED \\')\Ti-'.R REMOVAL
BY FILTERING. ASKAREL TURQUGI A _PAPER PRFESS
Passes Theough . Water in Askarel -
. Paper Press : PPM ’

o s

{ 1s

C2 22

3. 18

4 17

5 10 :

6 10

If the solid insulation of the transformer requires

drylng, consul® the transformer manufacturer or an

apparatus'sevvire shop, as in such case oven drying

{s preferred.

——— -

—
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Earth Tveatment‘for Maximum Imprbvement of
Power Factor and Volume-Resistivity:
Mote, howewver, that pumping and'filtéringf
the fluid tovachieve,.fdr exAample, only a
change 1n.poﬁer factof or volume resistivity
alone is sald to be borderinz on 1rresponsi-
bility in todayls-ecologigal climate regard-
'ing PCBs. '
1. Procedure:

(The askarel liquid should be relatively
dry prior to the following carth filtra-
lfion. - ' : v

Use finely divided Attapulgus clay or Fuller's
»earth*(dried'éﬁd dctivated by heating for 12
hours at 300-350°F‘immediate1y prior to use)
as‘a coating on the filter paper surface, The
~amount of earth used should be 0.1 to 0,2 per
céntbby weight on the weilght of the askarel to
be treated. (Aékarel wéighs about 12,5 pounds

per gallon).

To deposit tha zarth cvenly, sﬁ;r one-third of
the earth with a small portion of askarel in a-
clean contalner, Pump the mixture through the
filter and Fullow wlth two more one-thlrd'por-
‘tions.‘ Then circulate askarcl taken from near
the top of the transformer, pdés'it hot (not
over 55-60°C) through the earth ccated filter.
and feed béck throuzh the bottom transformer “;

— -~
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outlet, Continue circulaticn until the fluid

1s clear and test shows that the electrical
properties arcbfully restored.

2. Effect of'Earﬁh on Removal of Scavengers:
Only slight and insignificant loss (by selec-
tive absorption of tin tetraphenyl and epox-.
id¢s occurs when askarel is refinecd by treét—
ment with 0.1 to 0.2 per cent by weight of
earth. To remove.gsignificant amounts of the
scavengers requires repetitious treatment
with much larger amounts»of earth, o

3. Table IX -- Approximate Relationshlp Showing
. the Inoignificant Erfnct of Power Factor and
| Vblume-Rpsistiviﬁy on Dielnct"ic Breakdown

Vbltare of Transformer Askarel:

Volume Reaistiviuy

Power Factor x 109 chm-cm (at Breakdown
(60 cve,) 100°C, .500 Volts Voltage '
T99°C 257G DC, 0.1" gan) 25°C, 0.1" gap
2% 0.05% 1500 35 KV
5% 0.14 500 35
15% 0.7% 100 35
20-25% 2.0% 60-:0 ‘ 35
h0-50%: - 258 35

XX. Cleaning Arced Transformcrs
I a unit has arced so that the askarel is no longer £it
for usﬁ, a thorough cleanlng of the unit is necescsary be-
fore refilling with new askarel insulation a=nd retufning
it to service*, Follow this procedure:

——

T AT Drajn out all dark, carbin-contarinated askarel,
-Arrange to have the s:irap fluld incinerated undnr
proper conditions. (fec¢ AN3I Committee C1O7 report, )

TR GG STt T s B LaSEE NPC00035452
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B. Carefully brush carbon deposits from: internal
parts and insulation, using a soft bristle brush

making sure that insulation is not damaged.

O

Flush thoroughly using new askarel (not an 611,
not a cleaning solvent). k
D. Flush a second time with fresh askarel; drain;

then i1l to the proper level with new askarel,

kg

Energlze transformer to warm the fluld for 24 to

48 nhours; then circulate the askarel through a

. filter, returning it to the unit filtered and

T e - i -
T et PRl

| .rgédi fo:;dge; |
fs assumes that the.céusgbof aréing has been established and
_corrections made. When sevére arcing occurs, major repalrs:

are uﬁuaily‘necessary and the unit rebuilt. This procedure can

be appllied for flushing out reraired units.

XI. Sampling Askarel

Take a sample as clouse to the Top of the 1liquid surface
as possible, (Many large askarel‘tfansformers have a
bullt-in sampling tube rear the surface for cchveniént
sampling). Then, fovmake sure that your SAMPLE truly
represents your askarel insulation, take another sample
from the bottom, If additionzl sampling %tube connec-
tions are contrived on the valves tor easier‘sampling,

~2::§fké’5he tﬁbes of clean»glaSs, staihless steel, aluminum

- __ or tin for rigid types; and silicone or Vitan ﬁr Teflon

- tubing for flexible tyges, -

— =
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Use HEM containers for thcbaskarel sample. A new and»
thoroughly pre-dried small-mouth quart glass bottle

fitted with a2 Bakeliﬁe screw cap fltted with an alumi-
num or tin bottle cap liner is recommended for "quick
on-the-site testing". (If complete analysis 15 to be

ﬁade, a S5-pint size sample is required).

Be sure that the new bottlebdoés not’stand'open to col-
lect dust or molsiure.. Rinse the sample bottle and éép‘
lining two or three times with askarel from the trans-
former;lthen £111 4t, If the sample will Se tested prompt-
1y, a clear glass bottle oaﬂvbe.used: It éamplé»is to

“be stored 1ndéf1n1tely,su$é*an amber glassvﬁottle or

wrap . clear glass with aluminum foll,

A. Seléct a dry day. Do not sample insulation oﬁ‘a
warm,. molst day when humidity exceeds 7%%, and ...

B. Make sure that the askarel is at least as warm as 
the surrounding éir. (Cold liquids can condense
moisture from humid air.)

C. When sampling askarel from transformers, 1t 1s best
‘tc take the sample when the unit is‘warm and‘opera-
ting at average or maximum load. Lspeclally as a
check on moisture {(as reflected by a dielectric
préakdown voltage test), sampling the warm askarel

——— -

—_ - more truly represent: 1ts cordition during operation,

. — =
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Experience shows that water will migrate from 2
transformer's solild insulation to the askarel
liquid and vice versa, depending on temperature, -
Therefore, Qhen the transformer is hot, the mois-
ture is most likely to be found in the liquid.
This aécounts largely ﬁor'periodic vafiations in‘
dielectric breakdown voltage. for example: a
relatively high dielectric breakdown voltage may
be found during winter months and a relatively

low dielectric breakdown vo]t&ge»@urihg the summer

months on samples taken from the -same unit,

- . PR .. . . - cw
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SHcetlon B
ASKAREL FILLED SWITCHZS AND TERMINAL CHAMSFERS

I. TNTRODUCTIOMN
High voltage leads arc usuallyvcbnnccted Lo askarel or
mineral oill-filled netwerk transformers and power centers
through tcrmina1 chﬁmbers and switches, In some cases
terminal chambers are nof usad, and the high voltage leads
are connecied directly to the switch terminals. They may
ba filled with elther askarel or mineral éll. Swiltches
are usually rotary or drum tyrve fitted with é bcvolving
block and porcelaln unit as the principal alement arrahged
for three-phase service. (A cutaway view of a typical

..ﬂ;erminal chamber-switch comblnation is shown for reference.)

C .. ’

Askcarel transformers with attached switches have been in
use {or abnut 30 years, When they were (irst 1n£roduced,
the avallapility of lnsulatiny and gasketing’matcrials was
rather limited and even the Lost materials at the time had
no service history.  As a r«uulc, inadequate gasketing
materials such as cork, nltrlle rubber, and nitrile rubber-

“ampd—eork particles were used.. nile satisfastcry for a

— =
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limited pericd cof tim2, thes2 materlals cannot be depended -

on lor the expected long life of the squipment,

The terﬁinal chambrer 18 usually above or helow the switch
écmpartment and separated by a steel wall through thch ;he'.
bushinGs are inserted. Vhen bushings are prop2rly selected
and correctly installed, there is no leakage [rom one com-
partment to the other. VWILh poor bushing seals, ahq the
terminal chamber above the switch, potting comzounds or cable’
oil can seep into the askarel, wheﬁ the term;nal'chamber

is below the switch, askarel can drainvinto the terminal

chamber. - ’ °

FSOURCES OF CONTAMINATION

'vThere are three possiSle sources of contamipation for askarel
in switches and terminal chambers; they rank in this order

of Frequchcy:,(l) water entering through poor gaskéts;'

(2) deéompositlon preducts from arcing Qhen switeh 1s used

té break magnetizing curfent; (3) entrance of pothead-or

~cable conpounds through lealky bYushing seals,

Urnlike an askarel transCormer where the amcunt of contami-

nant 1s likely to be very small (probably only trace amounts)

in relation to the volume of askarcl fluld -- in switches c¢r

terminzal chambers with faulty seals, the amoun“ of contami-
nation can be relatively large,

— ™ m—
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IZxperience has shown that, based on the number of installed
asiarel-switch units, the percentage of fallures is extre-
mely small, When investlgaled, il has been found that most
failures originate in the switeh chamber. Water is the
chiol courcoe of c¢ontamination., However, heavy contamilnation
nt" askarel with petrolatum and asphalt material, duc to

leakage, have caused a few failures,

Petrolatum is used Zrequently for €1lling terminal chambers.

When =2ither cable oll or petrolatum seeps into askarel, no

Goamad
R PRI

great harm results. The firs resistance will be somewhat

decreased and power factor of the askarel will increase wilth

..an accompanying drop in resistivity. While highly undesir-
) ?a51e, 1t is doubtful -that fallure of the unit results. Where
‘ asphaltic compounds are used in place of petrolatum, the
danger 1s increased somewhat because asphaltic contamiration

may cause excesslvely high dielectric losses in the askarel.

When the terminal chiamber 1s btelew the swltch chamber, the
potting compound can be contamiﬁatcd by askarel if the bush-
ing s2z2ls are leaky. This 18 undesirable because the askarel
will increase the power factor and conductivity of the potting
compeund or cable oll ﬁnd develop heal from dielectric loss. -
If this mixture ls drawn into the cabdle insulation, a cabhle
foallure is likely. Tiis again emphasizes the taportance of

tight bushing assemdlles,
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IIT. SEALING SWITCHES AND TERMINAL CHAMBERS
‘Pruper bushing construction, usc of Silastic seals and -
welding whercver possible»ls highly desirable (as covered
“in Sectinn A). Vhere én elastomeric seai is Lo be usedl
in contact with hath askare) and petroleum 011; DuPont's

Viten is suggested,

For new equipment the user should Specify these modern

sealing arrangements to keep out contaminants and minimize

maintenance,

.

ASKAREL USED UNDZR MILD ARCING CONDITIONS
%: The LEEE Cuide for TransCormer Askarel calls attention to
1'ﬁg'following:1 AT T

"Askarel is used, to. some.extent, in apparatus
wnera it ‘1s subjected to light intermittent
arcing, such as in self-contained induction
rezulators, where operating cwitches are con-

“tinvally producing slight. arcs, Iln transformer
deeneegizing switches, cte,  Under normal con-
ditlons, deterioration of the askarel 1is very
slizht, ‘Hewewver, improperly adjusted or defec-
tive switches in thic tyre of apparatus can
vroduce 2xcessive and prelonged arcing and ac-
cellerated deterloration of the askarel. It is
recommenced that when askarel 1s used under
these cendltions, chesks of the ligquid, espec-
i2lly for moisture ani dielectric oreakdown voltage
mace more frequently than when Lt 15 used only
as a c¢oolins and insulating fluid. Deteriora-
tion of this type 1s indicated by a blackening

"of the liqui+d, It can usually te reconditicned
as previousiy deserivnd. . 3pecial attenkion
shculd be piven te malintaining the scaverger at
the appropriate concentration.”

—— T m—
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V. MATHTENANCE FCR AéKAREL FIIJMD SWITCHES

A, Switch:i used (or grounding'aftcr pewer Sourcc nas been

de-enorgized will not Qndevg arcing,

B. Switches interrupting,magnetizing current; wili'be‘éub-’
Jeet to arcing;  the amourit of decomponition willjdcpcnd
on power ;ntebrupﬁed,»tlme and franuency of operation,
As a general‘rgle, the 11duid should be chéckéd'after 
5 to 10 operatlons, v
1. On newly‘installed switches,_check the askarel ét'

3, 6 and 12 month intervals; i Foundlsatisfactof&,

check cnce annually‘thereafter. With proper atten-

tion to the gasketing of;pgyersvand:buéhings, exper-
‘.j' ience will probably 1nd£c$te fhat less frequent in-

spection i3 warranted.

2. . Check askarel for:

-

a. Dielectric breakdown voltage (ASTM_D877): It should
v ' : : voltagze
be 26 KV minimum, If dielectric breakdown/is low,

confirm presence of water by Karl Fischer method
ASTM D-1533. Filter to remove moisture.b Die-
lectric strength should then te 30 KV minimum.

b, Presence of carbon from arcing: Fluid should be
relatively trce of carbon. If badly arced and
very blécx, replace fluild, If only minute amounts
of carbcn are present, fiitration is recommeﬁded;

- Check power factor of liquid (should not be 6ver
_;::::_‘ ‘c% at 25°C. and 0 cycles). Flush out switch

- - chamber with severalvgallons of fresh askarel

vefore cefilling.

P ey N . .
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3. If there is discolbration, nigh power Factov;
detectable CQangc in spgcific‘gravlty or refrac-
tive index, or if fluid fléshcs below 250°FP,
there is a possibilityvof gcepage of potting com- '
vound Into the switich compartment, In this case, -
correct any leaky bushing scals with proper re-

_placements and £111 with hew‘askarel.
: b, If termipal chamber is below sw1tch, check potting
compound for presence of askarel (can usually be .
detected by odor or by’an'increasefin»specific
gravity). If askarel is present, correct any leaky
bushing séals:with proper beplacéments, and renew

compounds.

Examine cover gaskets visually, Deterioration can
be detected by swelling and évacking of the exposed
edge. Tn cases of severe déterioratibn, liquid
seepage 1is usually‘prcsent.

6. Check for leakage at packing‘gland of switching

shaft, Il leaklng, repack with a Silastic ring type

VI. ASKAREL UNDER EXCESSIVE TEMPERATURE OR PAULT CONDITIONWS
The IEEZ Guide also peints ont that,

"Cnlorobenzenes used in transfor-mar askarels tegin to boil

~—
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ay temperatur=c of abcsut 205C, undor atmospheric con-
ditiens. If the matirlal is hcated o such high tem-
cerature in a sz2aled system, pressure develops. Pres-
sura will also develop In the system if the askarel is
arced cufficiently to generate coplous hydrogen chloride

gas., "

"vhapefore, 1t ls recommended that wherever possible,
sealed askarel filled equipmont be provided with pressure
relicf devices. Thnse dzvices must be large encugh to
provide immediate relief at a definite pressure, and to

prevent further bulld up of pressure if decomposition

g« — contlinues. It must be remembered that the presence of

devices of thls sort dees not necessarily preclude the

3 ;"4""- < "'.","-;"3 I
Puptu[inﬂ of containing VQSSCIS, since nressure bduild u
> [ -~

can be 2xtremely.rapid under violent arcing conditions.”

—— —
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SECTION C

ANALYTICAL SERVICES ON TRANSFORMER ASKAREL AVAILABLE
, FROM MONSANTO
RN I

Transformer users not wishing to make their own fluid analyses can obtain the seevice from
Monsanto. Simply ccr/t(:xc( Mansanto and specify what analyses are wanted. You will be
sent the proper-sized ‘sample container, 1. When you rceeive this,

carefully tuke your sample. (following the procedure for sampling in this
guidc). Send the container to Monsanta’s laboratory. Charges listed include sample
container, shipping, handling and laboratory costs.

‘Types of Analyses Availuble -

Analysis 1)
ROUTINE MAINTENANCE CHECK
pe ‘ Total Charge: $25.o.0. h

To determine the gencral condition of the fRuid and find whether further analysis is ncees-
..u sary. (one-quart sample required)

Properties Tested

Color and Condition o _ T
- Dielectric Breakdown Voltage ..
e - Moisture
You will he notificd of the results of this test. If further testing is indicated, and you want a
complete analysis, you will be sent a five-pint sumple container. This sample will be usd® -
for the following series of tests: .
_Analysis 2)
COMPLETE ANALYSIS
Total Charge: $55,00
{2) To determine the extent of fluid contamination, (b} carth refincment (o determine what
degrze of restoration of electrical and insulacing properties is possible, (¢) check test to
sce how the Hluid responded to carth treatment.
1) Complete Analysis: to determine the extent of contamination

Propertics Tested

Cotor and Condition

Specitic Gravity

Refractive Index

Water

Frec Chlorides

_ -Acidity
“Dieletric Breakdown Veoltage
~Power Fuctor, Dielectric Constant, and Resistivity
- -
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B Earth Refinement Response:

Consists of treatment for 2.5 hours at $0-60°C. with €1 to 0.2 percent by weight of
praperly conditioned Attapulgus clay and.then filteation through dey filter paper.

Analysis After Laboratory Farth Ketinement:

Properties Tested

Relractive Index

Water

Free Chlorides

Aadity

Dietectric Brr2aldown Veltage

Power Fuactor, Dielectric Consiant, and Resistivity

o
S

You will be notified of the resulis of this test series on your sample. Then aftet refining

your cntire transformer fAwnd Al you can check on the results by requesting the
fotlowing analysis:

Analysis 3)
ANALYSIS AFTER EARTIH REFINEMENT
Total Charge: $35 oc(‘! his charge will not apply whan

analyses 1 and 2 ha\.e alrcady
been made )
~"+4-J

o detcrrnmc whether the entize lot of the askarel fill responded to the same extent as
boratory sample. (ﬁ\e pml samplc rcqulrcd)

Properties Tested = - ' T~
Color and Condition

Refractive {ndex

Water

Free Chlorides

Acidity

Diclectric Breal:dow.. Voltage

Power Factar, Dielectric Conslant, ard Resistivily

To arrange for the tests described above write to the foll>wing address:

Paul G. Beuignus

Mansanto Chemical Cempany
804 Nocth Lindbergh Bivd.
St. Louis 86, Missourt

Samples to be tested should ae clearly marked foc identification and sent directly to:

Monsinto Chemical Company
W. Q. Krummrich [.akoratory
Sauget, Illinois

Attention: R, Kuster

2 -~

.
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APFENDIX

APPENCIX A -- Askarel Stabllity and Composltion of Arc Formed Gas:
Askarel insulation is one of the most inert, chemicaily-stable
heat rosistant, nnn-corbusive liquids known, It will nct brgak
deown, oxidlize or sludge when exposed to élv and high ternera-
tures, 150°C. or even somewhat hizher. Arcing, however, will
break down the compound to llberatc some hydrogen chloride and
small amounts cf carbon. |

APPROXIMATE COMPOSITION

- ARC FORMED GAS FROM TRANSFCORMER ASKARZL BLENDS
ASTM TYPES D AFD o

(INERTEEN SU4201KA AND PYRANOL A12B3B-2, RESPEZCTIVELY
o : e e e e
Gas Amount )
© CATDON MONOXLAC s v e e e e e tenannnernneses 0.3 per cent
carson dioxide.......... C e s et e 0.2
XY BN, sttt strante s tionsanansenans erees O
lnert gases. .. oot iiiniiienannan . . 1.5
hydrogen chloride, ... i cennnnnn s 97.3

(note the abscnce of phosgern=)

This arzc-formed gas from ASTM Tyee D and Type F transformer ask-

arels 1s non-f.ammable and non-ccmbustibils,

For all pracbi al purposes, the zmount of gas libarated from .

iskarel under a given set of arcing conditionz 1s ahout

100 cubilc centimeters per kilowa:t-second.

— ™ —
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APPENDIX B
SOLURILITY OF GAS IN
TRANSFORMER ASKARELS
ASTHM LYPES D AND F
Parcent of Gas By Volume
Corrected to:
25°C 760 mm - -~ 0°C, 750 mm
: eC 100 ¢C 2™ C T 100°C
Carbon dloxide 1% 7% s =
Air _ 5.7 4.9 5.8 5.0
Nitrogen 6.0 h. 8 ' 5.5 T
Hydrogen chloridel 37.8 - 50.9 - -
l) In absence of scavenger

APPENDIX ¢ ‘ L i e i

EFPECT CF TEMPERATURE CN
DIELECTRIC BREAKDOWN VOLTAGE OF ASKAREL
Temperature °C Dielectric Brealtdown Voltage
ASTM D877
-50 B7 KV
-40 63
-20 ) .57
0 55
20 | 50
40 ' ‘ 50
60 48
80 us
I . L SR RN GW o AR § e R ,-,‘;'tx;:‘y . ’_ﬁ NPCO 0 O 3 5 4 6 6 .
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APPENDIX D

COMPARISON OF THE APPROXIMATE VISCOSITY IN
SAYROLT UNIVERSAL SECCHDS OF TRANSIFORMER
ASKARELS AND MINEKRAL OIL :

Inerteen

Temp.°C Pyranol A13B3B-2 10-C Mineral 011 54201 KA
~20 1,000 1,000 2,800
0 100 150 ‘ 195
20 70 85 85
4o - v 45 : : 4g . : - &0
60 ' 39 , . " 40 : Lo
. 80 ' 34 3 35
100 30. 30 _ 33
" APPENDIX 7
THE DEMNSITY OF INERTEEN 54201 KA
7335-9 AND TRANSWORMER PYRAMOL Al3B3B 2
Approx. Density gm/cc.
Inerteen =h201 KA : Pyranol AlgBBB-Q
1,574 . ' 1.577
ean i) 552 LS55
1,529 . 1.532
1,507 : 1.510
1,485 . o 1.488

APPENDIX P

The thevrmal conductivity values of transformer Pyranol Al3B3B-?.
at 27°C and 58°C are 25.2 and.25.8 x 10-3 calorizs centimeters-

dxgress centigrade” -+, seccond” 1, respectively. Or, approximately
0.05 B per (hr.)(sq.ft.)(°F, per foot. This same approxima-
tion applies to Inerteen PPO ((?3 -9}.

- APPENDIX G

Hecat Capacity

Over the tempbrature range of 25° to 125°C the specific heat of
transformer askarel is close to 0,30 calories per gram per
degree, )

APPENDIXH -

—— T —

CEE?FZcient of Excansicn -

The aVPraee coefficient of eAﬁanaion of transformer askarcl ~.-
the fpmnera*ure range 20 tc 120°C 1s 00,0007 ccsec/°C. Cne ga.
lo= would increase to 1.0%6 gallons on n°afl“j frem 20 po~lOU°

— -
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APFEUDIX I

I"ire Resistance

fAskarcls of various compositicnal types are used, Under arcing
condivlens the gases produced, while consisting of predominantly
non-cambustibles hydrogen chlovride can yield varying amounts of

combustlble rasos dependlng upon the askarel type.

Insulation systems 1ncorporatlhg these askarels and cellulosic
or other organic materials may, when arced, produce gaseous

mixtures which are moderately flammable, As a precaution, such

gases should be removed from the askarel by bubbling dry nitro-

<gen through the askarel and flushing the gas space with dry

ﬁi;rogen before any work 1s performed on the apparatus.

PR B [T as -

AFPENDIX J

Seals, Propertiecs and Procurement

Dow ;ovning Corporation, Midland, Michigan with Districts at
‘Atlanta, Boston, Chicags, CleveLand, Dallas, los Angelecs, New
tork City, “ashington, D,C. and Toronto has avallable 3ulletin
312, August 1962 entitled "Silastic Design Data”, This lists.
the gasket fabricators throughout the countpry from whom the
"Silastic 30" gasketing can be purchased in sheet, extrusions

or molded shapes.

tenerally Silastic %0 shzet goods are stocked by local die’
cut<ers, hence, could be gener2lly purchased locally. Usually
Smggl‘gganéities of wzaskaets ave die cut., If larger quantities

are neaded, tools are made of the same type used to cul other

elastomers.

~— -
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Where the maskel 15 extruded for Fiﬁting jnto a machined
groove or hetween gaskzt 5T0D3, Dcw-Cornlng adviges uce of

a scarved Joirt. This Joint 13 then cementad using Dow
corning's Silastic 140 (elear) or their RTV 731 {whitc) mate-

rials, which air cure,

Dow Corninm points ouf that the locﬁl "prubbav” fabricators
purchase the Silastic 50 in billet form, This ls worked on a
roll mi1l in preparation fer sheetling or extrusicn. Then %o
obtain the desired phycical propertles the fabricator must
oven cure the Silastic 80 for 24 hours ﬁt HESTO N
SPECIFICATIONS*

;;', Color.......;....;.............White

Cabaiial R Specifie Gravity at T7°F.......1.20 ¥ 0.02
ASTM D576 -- Hardness, Shore A, Scale,

cev.. 5 to 60
ASTM D412 Tensile Strength, psi, min.....800
ASTM DU12- Elongation, percent, min,......250
ASTM D295 Compresslon Set after 22 hrs...
at 300°F, percont, max......... 20

*All physical properties meagured on 0,075 inch thick samples

molded 5 minuntes at 280°F, and oven cured 2/t hours at /180°P,

ey ——
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