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P B "y i ' 1. Introduction

S @@ﬁ @m ¥ The term “askarel” a5 defined by IEEE, ASTM and the National
e Electrical Code penerallv describes a broad class of fire-resistant®

T synthetic chlorinated hydrocarbon insulating liquids widely used in

rans 0l‘mel‘ transformers, reactors and accessory equipment operated at power

B s frequencies. Askarels of various compositional types are in use. {For the
Askal’el general properties and types see ASTM D-2283.) Under arcing

R conditions the gases produced, while consisting of predominantly

non-combustible hydrogen chioride, can contain varying amounts of
: oombusnble gases dependmg upon the askarel type.

Thus manual describes the operatmg characteristics of transformer
askare! liquid insulation as manufactured by Monsanto and how it
ditfers from mineral oil. Appropriate handling and disposal procedures
for both scrap askare! liquid and impregnated solid materials are given
4n_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 askarel, plus knowledge gained from the experience
of transformer manufacturers and users, This guide outlines the
maintenance required for askarel fluid in “modern” transformers and
offers suggestions for sealing and maintaining askarel in old units. By
following this guide, we believe users will obtain maximum service from
askarel insulation with a reasonable minimum of maintenance. If
questions arise relating to the designing and building of transformers,
these should be referred to regular transformer suppliers.

- Monsanto gratefully ack the assi guidance and the
contributions of certain data by the following: .

Edward L. Raab — General Electric
Dr. T K. Sloat =~ Westinghouse Electric

: ll Haslory of Trade Name Types .~ -

““Askarel” is the generic name for the fire-resistant tiquid insulation
and cootant first used by General Electric Company in 1932 for their
Pyranol? brand name fire-resistant transformers, Westinghouse Etectric
: Oorpomhon uses their brand name, Inmeen. : )

& 1
Whatever the trademarked brand the askarel comams chlorinated
bipheny! — one of the best liquid msulmons developed by science. This
inert material is chemically stable, fire-resistant, heat stable,
non-corrosive, and has high dielectric strength under the operating
oondmons encountered in t:ensformers.

" in addlﬂon 10 manufaclunng Aroclor®  (chlorinated biphenyl),

Monsanto also mixes this dielectric fluid with chlorobenzenes to

g gﬁuoe the presently used |ner(een and Pyranol blends described in
able ! .

"'NOTE Materials designated ‘firs resistant’ penerally " more difficult to
ignite, or once ignited, burn et & slower rate than corresponding conventional
materlais. This term does not mean that fire resistant materials will not bura,
However, when properly used, Monsanto’s fire resistant ASKAREL FLUIDS are
useful in hulplng customers meet their fire safety requirements.”

g ’Tradsmlrk of Gmeul E‘umc Cornpmy
Frademark ni Eloc\flc C

Kot M 0 C
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Trade Namas

lnnrediontl (% t;y M

Aroclor® 1258, :
chiorinated bipheny! . *
{54% chlorine by weighg)

* Avoclor®1242, - .
chlorinated blnhenv|
{42% chlorine by wemht)

Trlchlorobenzans

Phenoxypropene oxide : LT
scavenger. . 0!810022 018(0022 R

Diepoxide scavengor - - - -, 0116100435

ASTM Method D-2283, titled “Chlorinated Ala}ﬁatic ’Hydrocarboné
{Askarels) For Transformers”, also lists the composition of ail
mms'ormer askare|s used at various times since 1932, X

. Monsonlo if similar trahsf askarel l‘lmds Sn England A
where the trade name Pyroclor is used. ) T

"l lnterchangeahnllty o o
in generatl all transformer askarels are |nterchangeablo However. itis
iuggomad that the transformer manufacturer be oonsulted pnor to
muung In significant proportlons or total substitution, .

V. Transformer Askarel Specihcauont Ny
Specifications for the three modern lransformer asknrel fluuds are’ v
shown ln TDb|l . ) : .

V. Ordermg lnstruchons L S
Monsanto's current policy is to tell askarel translormer flunds only to
transformer manufacturers. Others interested in n\ese fluids should
" contact the ‘manufacturers of askare! tiansformers arid not Monsanto.
The transformer name plate indicates the transformer maker and :
usun|ly nives sumclem date 10 Iaemny the speclﬂc askaret flulds used. MR

Comamlnauon * L
Askerel Insulation must never be mlxed with mmml 0|I Over two " : o™
percent of mineral oil by voluma in askarel begsns to fower its fire
resnmnoo .

In modom lrans(ormers, the pnncipa‘ "enamy" cﬁ askarel is
contamination by wa:er Keepmg askarel water-free will ,insure
long time service. : ’ ' ' p . :

Askare! u heav;er thnn waler lf waler nets Imo ‘askarel insukmon only
_ @ tiny amount {app 126 ppm) dissolves — the rest fioats on

top. Askarel is vory insoluble in watey, only about 200paru P°r b-lllon L

of askarel dissolve in water, ot nox’mﬂ temperaturo;

_ V1. Precautions When Handling Drums, Tank Cars, and Whan o
Opening Transformers b
The (o“owmy are s:gmfucem precaut

)

' LN et i s
0509495 p:
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966060

E Color APHA
Water content, ppm (ASTM D1533.60)

-, {ASTM D877-49}

- Inorganic chiorides, por (ASTM D1821 and

.-Viscosity at 37.8°C (ASTM D88-56)

“Pour Point °C (ASTM D-87-57)
. Specific gravity 25/15.5°C {ASTM 01810)
. -Burn point (ASTM D92) o
Distitlation range [ASTM D20.56) corrected 7
- far stem and baromemc prewure

-+ Fixed chiorine .
Coftrosion test

Conditiort

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

Dietectric Constant, 100°C, 60 Hz
{ASTM 0924.49) .
Volume Resistivity, 100°C, -
- 500 volts DC 0.7 inch gap, 109 ohmm :
- (ASTM D1169)

G.E, Method E4C41B}).
Refractive index, 25°C (ASTM 01807)‘

Saybolt Universal Seconds

" Color, APHA - S
© Acidity, mg KOH/g =
inorganic chlorides ppm
Condition
Scavenger cantent

Typicai Properties?
Coefficient of Thermal Expansion
(ASTM D1903), em2/cm2/C

- Arc formed gases

*Westinghouse uses their privats number [nerteen

54201KA for Inerteen 70-30 and their private
number Inerteen 54201CM for Inerteen 100-42.

Ihese quantities are fingl selea specifications only to the extent that they caincide with (]

. 200 max. 00 max. - o s, 200 max
: OOMmax. -0.014 max. : v - 001 max,
0.15 max. - : : 2.0 max. 015max
Clear - . . X Clear - “Clea
R 0115!00135% - . 0.18 t0 0.22%. -~ 018!0022%
Duepomde : o phenoxypropene oxide phenoxypropene ox-de»-_
- 0.0007 1 0.0007 - 000068 i
Askams of various compositional types are used. Under arcing the gases p  while Bonsisti ing

.~ 150 max,
- Clear
30 max. - -
0.014 max.:
©.- 35 KV, min,

421045 .

1.6110t0 16120

. -38 or fower"

149510 1.510

. None to boiling

st drop 200°C min.
40% max. below 270°C

90% 37910 394, :

None to boiling
*.1st drop 200°C min
- 35% below 270°C
: 90% 37¢ © 394

564*05% '66.6% min. _

- -After heating with aluminum for 8 hrs. at 200 to 220°C, the alummum must not be corroded
on either visual or welgm mspecnon and the askarel shou\d meet the following specifications,

y of hydrogen chloride, can include varying ot gases
uoon the askaret type. Insulation systems incorporating these askarels and cellulosic or other organic materials may
when arced, produce geseous mixtures which are moderately flammable. As a precaution, such gases should be
removed from the askaret by bubbling dry nitrogen through the askarel and flushing the gas space with dry nitrogerr
before any work is performet! on the apparatus,

2This gats is besed upon samples tested in the laboratary and is not guarentsed for sl semples. Write us for complete sales specifications for Askarel fluids.

TOWOLDMONO0034778
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- the eskarel .insulation from exp 2o ‘high humidity and

dry; fay stored drums on their sides with the bung at the highest

is not necessery whoen drums are ‘stored lndoon which is the
pre'erred place for storaps e ; 2 ey

To avold leakoge the drums used or‘askaral are of heavy

construction, Sixteen gauge metal is used, with special rim seal and .
bung construction, The drums should be drained as completely 8s - .-

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. st high -
temperatures, e.g., about 2000°F, to destloy the polyehlorinated .

bnphenyls (PCBs} See Section A, VIH

Tank cers usod to transport askarels are in’ excluslve service and
not used interchangeably for other products. Al cars must be
unloaded through the top (dome fitting) either by pumping or
with controlled pressure using dry air or dry nitrogen. If nitrogen
has bean used for untoading it Is necessary to advise the shipper so
that when the car returns the nitrogen can be replaced with dry air

before any one may enter the car. If the car is to be unloaded by |
pumping it will be nccessary to use a drver on vhe air intake lineto i -

‘remove molsture

. AII tank cars are fmed wuh ‘stoam ‘colls, which are avallable for E

unloading under extreme low temperature conditions,

Convement handlmn and pumpmg temperatures ave glven i
Tab!e II

B. Use Ordmnry Personal Precaullnns .
Transformer askare! has been made, handled, and used for over 40

years, It ¢an be handled safely with recommended precautions, If -

accidentally spilled on hends, no serious skin {rritation will ocour,
However, liquid eskarel hes a solvent action {similar to paint

L Tabledll i
Handlinu and Pumplng Temparatum

Y Unloading, -
g *_‘Handling and
. . 7 Pumping
Ploduﬂ A ; Temggrature‘c
'Pvranol A13B3B3 Y90 55
Inerteen 70-30 20-66
Inerteen 10042 - 35-76

thinner} on the fats and oils of the skm and proloraged contact
may fead to drying and chapping of the skln . X

In case of contact, wash the skin with sosp and water; remove and

dry clean saturated clothing. Clean up spitls with rags, sawdustand -

absorbent tlay, Eye contact may result in pnmful irritation but no
permanent damage to tissues, 1 askarel gets in the eyes, flush with
targe amounts of water, As with ali eye first aid, refer to &

* ‘physician. To relieve irritation, physicians have used an opthaimic
anesthetic solution as well 25 opthalmuc cortisone aoeme solutnon,
or castor oll ;

Qnﬁequent exposure to askarel vapors wlu not cause Wi effects,

pera\!nu askarol transformen take everv pvecaution to guard
i .
‘molsture contemination. Keep B or 55 galion drums of askare!.

.+ point from floor to keap watar off the drum head (which can be’
sucked into the askarel by the drum “breathing™). This precaution

However, prolonged exposure to high vapor ations should
be avoided. ¥f hot askerel must be handled ina ciossd or oonfmad

Area provlde the area wnh echani 3 0~ OF

TOWOLDMONO0034779
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Precautlons On Openmg an Askarel Tfansformer.
Askarels of various composniona\ types are used. Under arcing
conditions the gases produced, while consisting of predominantly
non-combustible hydrogen chloride, can yield varying amounts of
combustible gases depending upon the askare! type.

- Insulation ‘systems incorporating 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 reémoved 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 g»ves more detailed instructions and guidance
“For Accep and & of Transformer Askarel in Equip-
ment”, ‘This guide is published by the Institute of Electrical & Elec-
tronics - Engineers, Inc,, 345 East 47th Street, New York, New York
“10017, We recommend that users of askare! transformers refer to this
lEEE documem

VIii. Avoid Envnronmental Pol|uuon

" Transformer askarels contain polychlorinated blphenyls (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 effects. !

The United States Government's Interdcpartmental Tesk Force on
PCBs, Com-72-10419, In their March 20, 1972 report titled, |
“Polychlorinated Blphenyls and the Envlmnment ', vecommended
_restricting PCBs to use in capacitors and transformers,

This report is distributed by the National Technical Information
Service, U.S. Department of Commerce, Springfield, Virginia 22151,

A document titted, “Guidelines For Handling and Disposal of Capacitor
and Transformer Grade . Askarels, -Containing Polychlorinated
Biphenyls”, has been prepared and is available from the American
National Standards institute, Committee C107, 1430 Broadway, New
, York, New York 10018, :

The scope, ob]ectnves and lhe Composllll)n o! this committee are:

. " ANS! Committee C107

. Procedures and guides for safe use, maintenance and disposal of
askarel ‘and askarel-soaked materials used In electrical equipment,

Ob;ectvves
1. Source of technical information and advice for Federal,
State, local authorities and alt others concerned.

2, Encourage development of suitable disposal facilities and
keep all concerned informed.

. '3.  Serve as the advisory group for United States participation in
international organlzanons CEE, IEC, CIGRE,

Composmon. ’
Organizations active in or represented by this ANSI committee
include: National Electrical Manufacturers Association, Electronic
industries Association, Institute of Electrical and Electronic
v ... Engineers, American Society for Testing and Materials; Electric
: - Light and Power Association; Certified Ballast Manufacturers
Association; Environmental Protection Agency; Office of
Envir | Affairs; General Services Administration; Nationat

0509498 4
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Burcau ' of ‘Standards; Department . of ' the “Army.  Rural
Efectrification Administration; ' Division - of . ‘Environmenta)
Retearch, TVA; American Public Power 'Association,  Water

", Pollution Tontrol Federation; Food and Drug Administration;
_ Natjonat Fire Protectiori Assocmuon. Underwriters Laborntona,
and scveral sections of (he U,S Deparlment of Imenor >

The fo!lowmn are perunent excerpts mken from the ANS! Guldelunes :
for nskarel transformers: .

fy LABELING ASKAREL TRANSFORMERS(PQ 16) X .
G 4221 New Yransf All new that -
contaln PCBs thall have a label of adequate durebility,:
permanemly and promlnently attached to the tank by lhe
and instr .

give
suggested Iabcl Includes the Iallow/ng AR
CAUTION: The insulating tiquid in rh/s uensrormer o
contains polychlorinated biphenyls (PCBs). Care should be - . ... ..
taken to prevent entry into the environment. In case of . - B
malfunction or leaks, consu/t the, lnstrucuan manual or o)
the manufacturer. E
4.2.22 In-Service Transk 77:& former manu-
facturer should make available Sultable labels with a similar -
warning as shown in 4. 2 2.1 for use on existing lramfonners S p

2. DISPOSAL OF LIOUID AND SOL!D WASTES (Pg 15) S
4.1.6.5.1 General, Disposal of askarels and askarel-soaked |
materials should be accomplished by means in which there is
no significant release of askarel to the environment. - At
present, disposal is accomplished by carefully controlled
incineration of liquids and soaked softwere, and by con-

trofled fandfill burial of apparatus and other hisrdware from .-

which askarel has been previously drained and washed. o
Presont knowledge indicates that proper incineration
" must involve & suitable balance between dwell time and
e in the inc ion plus oxygen availability and,
fmally, suitable scrubbors to remove the HCI that will be
formed, for example, 2-second awell time at 2000°F and
3% excess pxygen in stack gas, or 1.5-second dwell nme at

2700°F and 2% oxygen in stack gas.

These facilities should meet the applicable requ:rements
of the state in which they are located and should control
effluents within the limits set forth in this standard, ="

Controlled landfill or deep-well dispossl can be used wherq
permmed by federal, sta te, and local repulat/om

The ANSI Guide lists the locations of facnhﬂes thut con orm "
with the above requirements. Monsanto has such an incin-
! erator ‘at the W. G. Krummrich Plant, Depariment 831, :
© o Sauget, lllinpis 62201, where arrangements can be made for =
scrap atkare! liquid disposal for 8 modest fee. For disposal
of solid scrap a controlfed dry fand-fill can be used whefe
permitted by Federal, State and local regulations. :

3. CONDITIONING OF NEW OR RECYCLED ASKAREL
(Pg. 16) :
4.21.3.1. Askarel Conditioning Equipment. The condi- .
tioning unit should be located either in the storage tank area
: or in the main transformer manulocturlny area for lrll/ny
... with askarel. :
4.21.3.2 Fuller'’s Eardi Condmonlny of new askarel Or ¢ s
recycled askarel requires fuller’s earth treatment. The spent
fuller’s earth in cartridges or bags, when replaced, should be
allowed to drsin thoroughly over drip pans to remove as
much liquid askarel as possible. The cartridge units of steef ..
mesh €onstruction should be placed in the “STEEL CON- -
TAMINATED WITH ASKAREL" container for disposition.
Cloth bags filled with fuller’s earth should be placed in the
“SCRAP BURNABLE ASKAREL WASTE™ comamer Ior
disposition, - :

TOWOLDMON6034781 ‘
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. years, Since their introduction in 1832, the ‘manufacturers report

. These words of wisdom becan

- understandmg mu the hqu‘d is in a normally hermetically closed

. ‘the quality of transformer askare! fluid. Also, due to these

- much higher than the corresponding values for mineral oil.

in comparison to mineral insulating oil, askarel is a relatively potar i

extraneous soluble polar material

TEARDOWN OF TRANSFDRMERS FOR REPAIR OR
SCRAP 1Pg.
i 42149 Dram all askarel Jrom the unit either into a
ho!dmy tank or reuse or into the drum {abeled “SCRAP
. ASKAREL" foi disposition, and then allow sufficient time
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
“trensformer. Sufficient absorbent matorial should be placed
‘on the floor to absorb any askere! fluid thet still drips from
N the transformer.
. 4.21.4.3 Place al{ materigls_in the approprlate salvage
during the dis ling for later dj
42144 AII used matermls, mcludmy rags, :awdust
tape, etc, regardless of guantity, shall be put into the
appropriate containers for disposition.

"TRANSFORMER DISPOSAL (Pg. 17)
4.2.3.6 The ultimate disposal of en askarelfilled trans-

tormer may be accomplished in either of two ways:

. {1) Complete drainage and dismantiing with the proper

disposal of the askarel and askarel-soaked components as

described in 4.1.6,

12} Disposition of askarel transformers by means of junk
or scrap dealers. r/us should be avoided unless a transformer
.48 first drained, d by the Intecior with &

itable solvent. A /i ‘llqu:ds and hings are to be
d/:pased of as described In 4.1.6. .

TIX, Expected Servion Lite £l I
Manufacturers indicate that properly desugned and lnstalled askarel
_wransformers are expected 1o give trouble-free service for at feast 30

: e men, -t o .

finding the overall failure rate to be'less than 0.5% for all units under k
test ‘and ‘service conditions. The Edison Electric Institute’s report
(1956-1958) on their member utilities publishes the failure rate for
askarel transformers as 0.13 per hundred banks per year.

M. Frank M, Clark, who invented transformer askarels at the General
Etectric Company in the early 1830s, made the highly pertinent

comment based on’ his many years of _experience with G.E. Pyranol
(askarel type) transformers that <, . ="

“The ;mpomm rh/ng I: to ksep ‘them dry -~ otherwise leave them
. alone

PR

especially applicable in more recent |
years when welding shut rather than gaskahng became the main method ki

of sealing askorel transformers, These units are sold with the

system.

X. General charactenstms of Tmnsformer Askarel Fluid

Appreciation of the following characteristics, as given in the IEEE
Guide, leads o understanding the reasons for selecting dielectric
breskdown voltage and moisture as the prime practical tests to judge

characteristics the power factor of transformer askarel will be normally .

material; ie.; its molecules are dipoles, free 1o rotate around their axes
and responsive 10 ‘orientation by electrical forces. Askarel also exhibits
a much higher dielectric constant and capacitance than insulating oif, :
and these dmerenoes must be kept in mind when interpreting electrical :

Because it is re!atively polar,and possesses high solvency power, askarel 4
is much more_electrically sensitive than mineral oil 10 traces of

and consequently the choice of

0509500 i !
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constru iohal matérials destined for wse in askarel is very eritical. This
T

. many. o| the ¢oluble polar' matefisls to which its power hctor and

vespecllvelv,

" exposure, askarel can pick up nearly twcoe as much movslure when

+ ‘result in a sampte that I not truly representative, This generally leads to

“Bocause of the

md molsture contenl tests.

'tn sempling " askorel )
exercised in order to obtain a vopre;enlauve ssmple. ASTM Method

) New eaunpment wnth askurel e:(mbning the followmg charnc(enstncs is

sensitivity i reflected i
reslmnoe) oi 1he askarel

and resistivity {specific

lt s imporun\ X ofwa(er,fhad ectric
"breakdown ‘voltage of askarel is not generally auversely affected by

y {specific’ resi } ‘are’s0 sansitive. 4n fact, the di
‘breskdown - voltage of -askarel s wmewhat greater than that of
insutating oil, Therefore, the va‘ua; assigned these dielecttic fluids in - .
newly  supplied wans(ormers are 30 KV min. and 26 KV ‘min,, -

As wnth insu!aung : d
from exposure t0 humid ulmo;phera Under similar - conditions of

measured ona parts per mutluon we‘gm bam SRR
Xi. Sampling Translormer Askarel Fluid

- The following precautions about sampung are quoxed from \he tEEE :
. Guide, : . . o

"Represenla\ive samples, whether of the complete ‘contems oronly

parts thereof, are -extremely important from the standpoint of . 47
evaluation. of the quality of the product sampled, Obviously careless . = " 7
ssmpling procedure or contamination in the sampling equipment will

errongous “conclusions concerning quality and incurs loss of time, -
effort, and expense involved in securing, transporting, angd testing the
umple itis strong\y recommended that all of the procedures and

ecautions outlined in the Iatest revlsnon 923 (Sampling -
Electrical Insutati g L s} be f

gh’ specmc gravhy

{greater than 1), water and some other impurities are most likely to be
found at or near the surface. The top sample the(eicre, is coﬂstdered to B
vepresent the wom oondmon o .

Xl Evalunuon of Askaral Received in New Eq .
Some users of askarel equlpmem find it desirable to make “as recenved R
tests” on all ‘equipment, It is quite common to use the dielectri¢’
breakdown voltage test end visual appearance as the most significant
tests, {f suitable equipment and trained personnel are available
additional mformanon may be obtained lrom the power factor, oolor E

(macarems

e

-0 923 Should be lo!lowed

oonsidered aooeptable

ASTM Methods
Dnelectuc Breakdown o

R

Voltage - . 30KV min. - . )] 877 .
Cotor W 300 max. {Straw oolor) 02129
Condition - Visual . ~Clear - ...~ - D 1702
Water Content ; :'56 ppm max. . - : D 1533

Powev Factor st 26‘0 D 924 D160

.r

‘The power lac!or ol askarel uken ﬁom new trans(ormers,
seactors and accessory equipment cah reflect the presence of
moisture, dissolved polar compounds, or other contaminants and
may vary with the type of equipment from which the sample was
taken due to the different ratios of liquid-tossolid insufation and
to the high solvency power of the askarel, Given an acceptable
water content and dielectric breakdown voltage of the askarel as
indicated above, # high power factor seldom “impairs the

D)

servioeability of the askarel within rather broad limits and 15T

0909701
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fot, k it i

“gingle Timit which would be acceptable 1o both supphers and users
¥or all applications. However, as & broad guide, power factors up
. t60' about 10% at 26°Cand B0 cycles per second (hertz) do neot in
general indicate any abnormal contemination providing that the
‘other eritéria (water content, dielectric breakdown voltage, etc.)
are  met, Mgoh higher power factors may indicate excessive
.. contamination or the misapplication of the solid materials usad in
manufacture ~in ~.contact w-th the askare! and should be
investigated. | M :

X1, Dielectric Breakdown Voltage - Moisture Relationship /
The dielectric breakdown voltage of askare! is highly sensitive to excess N
moisture; not sensitive to ordinary dissolved polar materials. While the
. dielectric breakdown voltage can slso be lowered by severe arcing,
askaret turns noticeably black or has particles of sooty carbon floating
in it if arcing has occurred, Then the transformer should be repaired
g and lheaskarel {ephlced pe . P .

s

H the dcelecmc braakdown voltsge is checked periodically and
decreases ‘significantly — this indicates molsture pick-up, arcing, or
- both, When the dielectric breakdown voltage has dropped to 26 KV or

. less, an analysis for water is necessary, 1f water is found in excess of 40
- ppm at room tempefawre source should be located and corrections i

When the moistute coment approaches 125 ppm (saturation leve! at
foom temperature), the dielectric breakdown voltage of askare! drops
‘below the value required for efhclem insulating. The moisture content
- should not ‘be allowed to rise’ over 70 ppm, sampled at operating

. temperature, If the moisture content is found to be in a satisfactory
range and the dielectric breakdown voltage is |ow, the wransformer B
manufac!urer should be consulted C e i

) ab\e IV OWS :he vela\mnﬁhlp o! dne!ecmc breskdown voltage vs. i
mamurﬁ amndt Table V indicates the approxnmne water solubility limits I
in askare! and mlneral oli .

Rehlcon of lewmo ;eak;iown Vohage toquoun\ of Dlsso|vod ' i
Water in Askarel and Mineral O - i

" Breskdown Voltage (ASTMDB77) ‘:.[

- Askarel ~ Mineral Oil

DKV 50 KV
5 39
a7 30
.. 2%
38 22
0 . b

0509502 MY‘ - o
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. ,rodmolve it veq

' High dmleclrlc

“(aSTM 0163360).
" The dwleclrlc bmkdown voltage test for asknrel serves pnmardy as an

"f i or. Viton® gaskets {(hand holecovér, “switth .and terminal

)(IV Turbidny

. may be the visual sign of undlssolved water, or-may indicate dirt,
Cloudmess may also result from cold precipitation of tin tetraphenyt -
Mseavenger'' that was used in the earlier Pyranol trensformers, This
scavenger begins to come out of solution around 15°F al
es heatmg lo 160 200°F and agitati

reskdown voltaue w1|l qu kly “Indicate " that any
turbidity present is not moisture; that the insulating efficiency of the °
askare) Is stil) excellent. However, if the dielectric strength is below 26
KV, molsture_shoul ined, usnpg(thq Karl,

indicator, for nioisture, 1t isby for the most important faintenanpe tost
for mnsformer ssknrol

XV. Check Points for Mamtaimng Askarel lnsulation
A. General Considerations: - .
_Modern askere! transformers with welded oonmucUon o silicone

- pompartment. covers) and with properly construcled ‘bushings:
require little  maintenance. With properly. constructed trang- <.
formers, annual o semi-annual visusl Inspection and_dielectrio
_breakdown voltage test of the askarel ‘fluld should suffice_for
_foutine maintenance checking over many yesrs of service

However, many askarel units wers installed in'the early 19305 -
before the development of some of the better moden gasketing
materlals and before improved designs were developed ¥or scallng
out moisture. Such early units should be, and can be, modernized.
- Lesky or deterlorated gaskets should be replaced, 1f the askarel . -
" has become conteminated, it should be reconditioned. At the same .
time, & general clean -up of the unit und posslble refinishing may be
deslrablo - : I .

1f it Is not oonvayhlent 10 take an ofd transformer out of service foi-
general repairs, leaky gaskets can be sealed tempomllv by palntmg
over \he Ieaky area with Bpoxy oement ! 3

A survov of uwrs lndmm a good number of earlv-bu“t askare]

transformers {over 20 years old) are kept in continuous service in

critical  installations by the following steps (inmad of
. modermzatlon)

S The oporatlnn units are aqulpped with oompound pressure gauges
for teadlng pressure _above and below “atmospheric.” Positive

0 so%ua )
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pressure s mamtamad on the shell by mtroducmg nitrogen at 2 to
/3 pounds above atmospheric. Regular workmen in the area daily
.. record the temperature and pressure. If a sudden pressure diop is
_ noted more nitrogen is introduced and the gaskets are checked for
teaks with soap soluﬁon. Leaki are sealed by applying epoxy

Modern Sealing Procedures:
.. Transformer purchasers should specufy the followmg modem
. techniques for sealing: J
27 4. Welding Construction: Covun 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 electrical
" connection through the tank wall, They are classified as
* follows:
1), Welded Type - (Bushing ﬂange welded to tank wall)
: . e Cast resin bushing with a molded seal to the
: ' . R Lo bushing stud and external stainless steel or copper i
7 ) ‘ - flanges. !
i

Rolled flange bushing with the metal to porcelain

seal at the cap and flange made by being rolled into i
grooves in the porcelain over silicone rubber rings. 3
Thed seal belween the cap and stud is made by i
welding :

» . Porcelam or glass bushings with metat to glass or
. e metal to porcelain seals, |
b ; “2) Bolted Type - (Bolted to tank wall) . - !
... Castresin bushings with either cast or metal fianges g
. 4 containing recessed gasket grooves, ;
; b, Porcelain or glass bushings with flanges contalnlng i
veoessed grooves or gaske( stop. )
. : Cg The gaskets may be either of rectangular or circular cross-section, }
usually % inch thick. Bushings with recessed grooves are suitable 1
[ ] . to use with cork, cork-nitrile rubber combinations or nitrile rubber

8s well as gasket materials such as silicone or Viton, . i

3. 'Small Size Connections: When not possible to weld, small d
.. size connection seals should be made with Flexitallic*
stainless ‘stee! ‘rings. The surfaces must be machined and
paraliel, The filler between the steel laminations of the :
Flexitallic ring should be gither silicone or Viton. N
Gaskets for Hand-Hole Covers: Modern design specified
silicone gaskets, Such gaskets must be retained in a groove,
The groove preferably is machined into the flange or cover. i
-However, it can also be formed by welding concentric steel i
 strips to the flange or the cover. Generally the gaskets should
. be 6/16 to 1/2 in, thick for covers, depending on the depth |
of the groove or stop. A rectangular cross-section is usually 1
" used

. The silicone material should be Dow Corning No. 50
Silastic** or equivalent. This is  low compression set
material. For best sealing 20-26% compression is {
recommended, with ample clearance in the groove or stop to :
allow for this compression,

No “cement 45 required, With reasonable care the gasket is
* removable without damage and is reuseable.

. 'v Silastic 50 is slightly swelled by askerel which contributes to
the tightness of the seal. 1t is not deteriorsted by askarel fluid
*or vapors. It resists weathering and it is thermally stable and

'Trodamlrk of Flnx-ulhc Ga:‘m Compnny

"‘rradamark ot Dow Oormm R
n s;)(; 504 ‘ ﬂ ﬂ &
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i 8N ‘ope "ng tempera
monslumblrrlof.’ i

NOTE Dow cornlng "Midland, Michigan will supply a fist
.". Silastic - 50 gasket . fabricators . to  all transformer
manufacturers or users. They w‘ll also furnish technical
data, See Appendix 3 sms,v Propemes
Procurements. .

€. The Otder Seating Arrangemen :
' The ofder type gaskets consist of either co
combinations or straight nitrile rubber, . :
1. CorkNitrile Combinstions: Covers for ‘the main ~tank,
* hang-holes, switch and terminal chambers, relief diaphrams,
: etc., are held in place by studs welded to the flange or by
bolts. The gaskets are cut with openings “and placéd over the
bolts. Often Shellac (Westinghduse Sty|e No. 1150419, or -

General Electric Company’s Glyptal 1276} is. uwd to

cemenl the ocork to the flanges. " ' ; :

The followmg )s u:oommended for seahm wn\h the cork —
mtrile rubber oombmauons . ;. ;

Uia Armstrong Nc757 oork-nnn\e mawml or equlvalent
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, | B
Sharon, Peansylvania, offers their gasket cutter Style No. 328

8614 GO1, labout $16), : iy

The Joln\s - and also the gasket - should be cemented 10 the X
flange, using one of the above cements. E xcess cement should
not be n!lowed to reach :he inteyior of :he uanslormer

After instalfation and boltmg, the outside edge of the qaske!
should be coated lhomughly with epoxy oement to increase
weather resmance .

———

This epoxy cemem is a paste to which.a o«rlng catalyst is
added ummedmely belore use, Typlca! are:

9. Epoxv Petch Kn #iC ¢ ¢
Hysol Corporalion Olean, Neon
ST bl Scotoheast™ ® Resin #4
FU . Minnesota Mining & Manu!acturmn CDmpany
i _ St. Paul, Minnesota :
Adhesive A-1 and Activator TypeB
. Armstrong Products Company
Argonne Road, Warsaw, India K
Adhesive 98601, Svmhuncs Orgamc company.
Clevetand, Ohio, used with activator diethylene trlamme
{Carbide and Carbon Chemical Company} ’

2. Straight Nltnle Rubber: When straight nitrile rubber was
; originally used, invariably the gasket was recessed in a groove,
This was to prevent gasket flow and to protect the material
against excessive compression. Although this type seal was
© oot cemented the nitrile rubber gasket ls not reuseuble o

) Smoe qrooves or stops have nlready bcen prowded ior the
" ®itrile rubber seal, Silastic 50 can be easily substituted and is -
. leoommended This conforms wnh modern practice, .« ..

XVI. Periodic Fluid Inspectcon and What checkpomﬁs Mean
On a regular schedule — et six, aine, or twelve-month &ntervals = make
a simple visual lnspection of your askarel insulati and run a diel .
breakdown voltage check, : o

'T rodnmnvk o;

ﬂﬁ)

¥ neral Eipctels Dompany
Mi Mining & M

e bl
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Visunl Inspechon
Askarel is a tlear, faint-yellow hquid After Iongterm use thls

remam c!ear and free from wrbidnv or doudunes:. e

Any co1or channe - such a8 loagreen red or blue cast = indicates
_extraction of impurities {color materials) from the sotid insutation,
If a distinct €oreign color pick-up Is noted, check the complete
-~ range of electrical’ characteristics and notify the transformer
- 'maker, Blackening of the askare! may indicate an arcing condition.
Other color changes along are not danger signals since the
dle!ectric breakdown vonage Is not hkely to be :mpalred

D;eleclnc Breakdown Voltage

- Af the ditlectric breakdown voluge has decreawd ugmﬁcantly

from the last inspection, or if it has gradustly decreased below 26

KV range (at 26°C) ~ RUN A CHECK FOR MOISTURE Use
ASTM 01533 {Karl Flscher Method) -

The dilectric breakdown voltage of askarel is the ma]or indicator
to the operating efficiency of your liquid insulation, Besides the
vlsual inspection tests, dielectric breakdown voltage is the only
"test | fecessary |10 fun on a routine basis, Well-sealed askarel
trans ovmers have service feoords of 25 to 30 years on the originat
: askarel L

'XVII lnspectoon Checkllst e
1. If askarel is clear — even though darkened to light brown has no

" sediment or turbidity, has dielectric breakdown voltage over 26
KV glveltthe mspecuon 'OK“ .

) lf oskarel is c|ear bul has foreugn color of blue, green, red . . . ll s
*extracting color’ from internal materials. This is not, of itself, an
operating hazard when the dielectric breskdown voltage stays over
26 KV and moisture remains low. However, this rare occurrence
" calls for checking ‘into the condition of the interior construction
and consulting the transformer maker. However, when sampling
the fluid cere should be taken to avoid getting color into the
askarel fmm palm that may be lnsude or outside of !he sample
valve, .’ : . :

K1 the molsture content is iound 10 be nbove 70 ppm at operating
temperature, then sampling should be dons at more frequent
" intervals to tablish‘a possible ,t(end, particularly on outdoor

. ins\aﬂan :

" askare! is cieav but duelectnc breakdowr\ voltage drops to 2201
.lower KV, and moisturé rises over B0 ppm when sampled at
operatmg temperaturs -, . the askarel is ready for simple

“refining”. 1f the moisture is near the saturation level {about 125
ppm at room temperalure) a thorough inspection should be made
for water droplets in the transformer tank, and even for
“globules” of water floating on the askarel surface. If found, the
transformer manufacturer should be consuited for reoondmomng
both the trans(ormer and the fluid,

. K2 askurel is dmk brown to blaek if black particles of carbon are

- seen, and dielectric strength is low . . . the askarel has been broken
down by arcing. 1t cannot be refined and should be removed and
incinerated under proper conditions. {See ANSI Committee C107
teport on Use and Disposal of Askare! and AskarelSoaked
“Ma ter:als 1430 Broadway, New York, New York 10018.

f any of these five scmple mspectlon tests appear out of the
¢ ‘ordinary or the relationship between appearance and test values is
abnormal, contact your transformer supplier for a complete
analysis : :

Whenever a sampie is to be shupped to Monsan\o please follow the
anroc{tons ﬁhown under "SAMPL%NG ASKARE "\

eplor amay_gradually intensify to light brown. The fluid should
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‘ )(VII! contammatcon in‘fmns!ormarc o o
. Moisture, pamoumc matter and arwd docomposvt:on pmducu are
"known to be senous i u on mcr askarel

- The power faclor test normallv used for the deteoﬂon of conuminmon
in mineral ol filled transformers is of little use for this purpose in
askarel filled transformers, due to ‘the extreme effect 'of extraneous
soluble polar materials. This increase in power factor as illustrated in
Table Vi has no adverse effect on dadeclrlc breakdown vo!tape

: . Td)ln Vi )
E«oc( o! Common tnsulation Materlals on Powur ¥
Factor and Dieloctric Strength
(Hen Aqod 96 Hours in Askaral at IOO‘C )

' Askurel A'ter £ xposure

* - ‘Power Factor,
Percent at 60

cyc, 100°C. -

Diglecwic
- Strength .
25°C.

Material Immersed “ .5

None (control)

Black varnished cloth
Copper
Pressboard
Manila paper ' ;
Phonol Immaldehyde resins
Shellac . :
fron .
Synthetic rubber

Simitarly, trace ts from ly used construction
materiels can lower the volume-resistivity of askarel, without affecting
" Jts dietectric breakdown voltege. This is shown in Table VIi, . " .

Table Vit
Effect of Common fnsulation Materials
on Volume Resimvity o' Askarel

L Volume Resistivity

© %109 ohm-cm {at

lOO“C., 500 Volits
_DC.,0.1" gap)

Sample

" 1. New askare! before heat aging ‘
2. New askarel after heat aging 96 hours at IOO’C

2000 4

1900

3. After heat aging with 1 sq. inch specimens of:-
8. Phenolic resin tap changer mﬂeml
b. Paper
c. Grade A pressboard (ten}
d. Grade A pressboard (gray)
e. Grade A pressboard, laminated strip .
. Cotton wrapping ' o
8. Glyptal 1276 cement, cured 48 hrs. at 110°C

While trace contamination easily fowers volume tesistivity from high
fevels, it is important 1o note that heavy contamination (as when arced)
does not tower the mmnvlty be!ow the order of !09 ohmcm at !00"(:

The d:"emm behavior of askarel vs. m‘nera\ oil in lhesc respecu can be

tummarned as follows:
; High power factor and low volume resm-vnv in mnsformer
mineral oils are commonly regarded as “danger signals™ that the
oil has deteriorated and broken down chemucallv or excessive
molslure is presen\ .

This is NOT TRUE of askare! hquid insutation unlass !hed:electrlc
. breakdown vo|tn9e s ‘low or the mols(ure content |s high. -

" TOWOLDMON0034789
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'well known that askare! mnﬂormen with initial power hc(o« of the
askare! Hluid In’ éxcess of 50% at room temperature and 80 Hz are giving
smshctorv service Iife. Howmr. theye needs 1o be assurance that both
“_dielectric breakdown vottage e
verse trends

(> athod For Investigatmg Tha Compat-
tbitity of Transfor, lnwiatlon and Constructuon Materials
in Askarels

This~ method : uses . the
istics of transt

chmoe of elecmca1 and/or chemical

ich pskarel Iting from its controtled i

exposure to insulation and con;tructlon matenals in order to evaluate I

- their di major :*" ion” effect on the askarel fluid. h
i

Delayed or tong t»me oonlammalwn ffects may not be detected.

" The method also uullzes val ysical tests on the lnsulenon and
oconstruction materials -atter oontrolled exposure to the askarel to
'determme the eompatubmt of these matariﬂs with transformer askarel,

Properly proportloned specimem oi the msulatlon or structural
_ materisls 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 the
askarel ueated Sn the same manner, in absence of the test specimens.

ipation factor (ASTM D 924) change is one of the crilarla used., The it
askarel fluid is refined by absorptive treatment to a dissipation factor
fevel of 0.05 max. at 100°C and 80 Hz and 0.01 max. at 25°C and 60
" Ha. Correspondmg values of the eskarel fluid after heating 168 hours at
100°C in absence of a test spacimen are 0.075 and 0.02 respectively,
The maximum dissipation factor levels suggested for the askare! after
“heating in presence of the mt imen are 0,20 at 100°c and 60 Hz
andOmat?S‘CandGOH

. XX Refining Askarel for Reuse .- ’
R Filtering Through Dry B!otter Paper !o Remove Momure and
€ xtrangous Particles:
Most operators prefer portable refunlng apparatus, such as & plate
- press fitted with a dolly," available from Sparkler, Mundelein,
" ttinois or General Electric Company, Pittsfield, Massachusetts; or !
i

the earthen cartridge filter type available from Industrial Filter
Corporation, 1_ebanon; lndlnna. Fitter paper liners for the plate
" press are avmlnble from Tarl Schleicher and Schuell Company,

N and manuf ers of fllter presses listed

The ﬂuey paper must be dried ]mmeduatelv before use. For best
! . vesults, spread the paper fof maximum surface exposure in a hot
©alr chculating oven and hea! it for 4 to 6 hours at 110°C.

Circulate the askarel 'hot {but not over 40°C) through the filter
fitted whh the dry papar |met$. '

Aﬂsr filtraloon the dneiecmc breakdown voltage of the askaret !
shoutd be 35 KV minlmum o :

PRECAUTIONS
1 1. Fittering should not be 6ona when the retative humidity
‘1 . exceeds 75%.
© 2. Any flexible hoses nnd gaske\; on the refining equipment 1
*". " should be lined with or made of materials that will not i
<. be softened by contsct with askare\ fiuid. (Materials P
“ " lined with Silicone, Viton or Tefion*® or flexible metal
materials are suhable! -

‘ urogt megmﬂm
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TA
Gum 1o Rats of Dissolvad Water Romoval
By Filuﬂng Askarel ‘ﬂ\rwﬂ\ & Paper Press

Disposal of Solid Wastes:”

acommendauom

Solld lnsutanon mqunrlnq Drylng

1 the solid insulation of the transTormer requires drying, consuft :

the transformer manufacturer or an apparatus sewioe shop, usi
tuch cnee aven drying i ls pxeferred -

Earth Treatmem for Ma
Volume Reslstivity: .

““achieve ® change in power (aClor or volume resistivity alone is
Justified in today's ecological climate regarding PCBs. We recom-

" mend that in these tu the origina! transfm er manufac~ ,_f

" turer be contacted
V.. Procedure:

The sskere!l diquid “should be relauve!y dry rior to zhe_

following earth mtmuom

eoatlna on 'the filter peper surface use finaly dlvnded
Attapulgus® clay or Fuller’s earth dried and ‘activated by
heating for 12 hours at 300-350°F immedistely prior to use,

‘The amount of earth used should be 0.1 $0 0.2 percent by

welght on the weight of the askarel 1o be ‘treated. Askare!
wmm: nbout 12 5 paunds per gall

[ po:‘lt ﬂ\e earth cvenly, #tir one-! thlr o the earth witha

small. portion of askarel in # tlean container, Pump the

mixture . theough the filter  and folfow with two more

*.‘one-third portions. Then circulate askarel taken from near - -

' the top of the transformer, pass it warm {(not ‘over §5°C)
through the earth-coated filter and feed back through the
bottom transformer outlet. Continue circulation untit the
fluld is clear and test shows that the e1ectncu! proparucs are
“fully restored. :

Effect of Earth on Hemoval o( Scavengers
Only stight and insignificant loss by selective absorpuon of
tin_tetrapheny! and epoxides occurs when askaret is vefined
by treatment with 0.1 to 0.2 percent by weight of earth. To

remove significant amounts of the scavengers requirec repc-" -

" titious treatm nt w-th much Iaroer amounts of earth

The ANSI guide C107.11978, Section 4.1.6 give detailed

TOWOLDNION0034791
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Approximate Romlonship Showing the Insigniﬂunt
Effoct of Power Factor and Volume-Resistivity on f

\Ioluma Resistivity ; |
%10° ohm-cm {at  Breakdown i
100°C, 500 Volts _ Voltage i

_DC,01"gap) . 250C,0.1"gap !

|
|

XX1. Cleaning Arced Transformers : !
1f 2 unit has arced so that the askarel is no longer fit lor use, a thorough :
cleaning of the unit is necessary before refilling with new askare!
insulation and returning it to service™. Follow this procedure insuring o
. care s taken to prevent any loss of tiquid askarel to effluent streams.

Drain out all dark, carbon-contaminated askarel, Arrange to have Hl
the scrap fluid Incmerated under proper conditions. (See ANSI
.CommmeeCﬂﬂ report,) .

Carefully “brush carbon deposnts from mternal parts and insulation,
Lusing a soft bristle brush makmg sure that Insulauon is not
damaged, g

lu;h lhoroughly usmg

FY 'afel - nof on oil, not & cleaning
so!vent‘ \ .

"Flush a second time with fresh askaral dram, then fill to the
proper level with new askarel.

Energlze transformer to warm the fluld for 24 1o 48 hours; then
circulate the askarel through a filter, returning it to the unit
fmeved and ready for use. . . K .

XX, Samplmg Askare) < in T
~Take asample as close to the top of the liquid surface as possuble Many '
large askarel transformers have a built-In sampling tube near the surface
for convenient sampting. Then, 10 make sure that your sample tiuly
vepresents . your askarel .insulation, take another sample from the
bottom. If additional sempling tube connections are contrived on the
“valves for easier sampling, make the wbes of clean glass, stainless steel,
luminum or tin for ng-d types, ang si eona or Vlton or Teflon tubing

“Use NEW"conla‘ners 1or the askarel sample, A new and thoroughly !
. pre-dried, small-mouth quart glass bottle fitted with a Bakelite** screw !
cap with aluminum or tin cap liner is recommended for quick, on-site
testing. {If complete ﬂnalysls |s to be made, a b-pint size sample is
" required.) i :

. Be sure that the new boltle does not stand open to collect dust or

' moisture, Rinse the sample bottle and cap Ilnlng two or three times

" with askarel from the transformer, then fill it If the sample will be

.. tested promptly, a clear glass bottle can be used, If sample is to be i
-stored indefinitely, use an amber glass bottle or wrap clear glass with
alummum foil. .

' Al . Select s dry day. Do not sample insutation on a8 warm, moist day |
o when humldlty exceeds 75%, end ... P

. "Thh umes ﬂm tha cause o' amng has beon established and corrections made. !
. When sovere arcing occurs, major repairs are usually necessary and the unit
rabullt; Thls procedure tan be applied (or ilu;hmn out the reps"ed units.

Tndmrkofﬂnlon Carb) ’Corpnuuon et
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Mako sut that the askare! s at Isast as Warm a5 the sis
(Otﬂd hqulds ean condenisc molsmre from humld ilr.) i

When nmpnng a;‘um from tflns'orman, itk bast fo uku xha
“sample when the Onit is werm and opsratmg ‘at .average OF .
maximum foad, especially for a check on moisture as refiected by
“a dielacteic breskdown voltage test, Sampling the’ warm atk.rcl
. mofe \My repvesems lts (:ondlupn durmg opmuon

Expenenoe showc zhat water witt m&grate trom a tr rmer's
" solid {nsulation to the askare) liquid and vics versa, dapendlnaon o
. temperaturs, Therelore, when the transformer is hot the moistuse
© i most likely to be found in the tiquid. This acoounts largely for .~ -
" periodic varl ind breakd vo!upe For example, 8
. selutively high dielectric breakdown voltage may be found during
winter months and a relativaly low dielectric breakdown voltage
during the tummer months on samp|es taken from the same unlt

When !e;llnu has been compleled !he remainder of the ﬂu(\i
. sample should be destroyed by high temperstute lnclnamion S
 described in Section Vlll et R :

TOWOLDMON0034793
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71, Introduction : |
High voltage leads are usually connected 10 a:karel or mineral oil-filled i
. network transformers and. power centers through terminal chambers
- and switches, In some cases terminal chambers are not used, and the
high voltage leads are connected directly to the switch terminals. They

may be filled with either askarel or mineral oil. Switches are usually
Fllled sw‘tc‘les rdlary or drum type fitted with a revolving block and porcelain unit as

the pnnc:pal element arranged for three-phase service,

and Termlnal Askarel transformers wnlh attached swnches have been in use for about

30 years. When they were first introduced, the availability of insufating

h ambers " and gasketing materials was rather timited and even the best materials at

the time had no service history. As a result, inadequate gasketing

¢+ materials such as cork, nitrile rubber, and nitrile rubber-and-cork
" particles were used. While satisfactory for a limited period of time,
.-, these materials cannot be depended upon for the expected long life of
. the equlpment

The tevmmal chamber ls usually above or belvw the switch
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, With
pooar bushing seals, and the terminal chamber above the switch, potting
compounds or cable oif can seep into the askarel. When the terminal
chamber Is below the switeh askare] can drain into the terminal
chamber., .

1. ‘Sourdes ol Contamlnation '

There are three possible sources of contamination for askarel in

switches and terminal chambers; they rank in this order of frequency:

{1} water entering through poor gaskets; {2} decomposition products
. from arcing when switch is used to break magnetizing current; (3}
. entranoe of pothead ot cable compounds through Ieaky bushlng seals,

Unlike an askarel transformer where the amount of contaminant is .

likely to be very small {probably only trace amounts) in relation to the

volume of askare) fluid — in switches or terminal chambers with faulty
" seals, the amount of contamination can be relatively large.

" Experience has shown that, based on the number of installed
N foad askarel-switch units, the percentage of failures is extremely small. When
PR .. o investigated, it has been found that most failures originate in the switch
. chamber. Water is the chief source of contamination. However, heavy
contamination of askare! with petrofatum and asphalt material, due to
leakage, have caused a few faitures. )

R SEEER A Pe\rolatum 15 used frcquently for filling terminal chambers When either }
. i ~ cable oil or petrolatum seeps into askarel, no great harm results. The "

. . . A - fire resistance will be somewhat decreased and power factor of the
e L . e . askarel will increase with an accompanying drop in tesistivity. While

T R L L Lo highly undesirable, it is doubtful that failure of the unit results, Where
oo i o LI asphaltic compounds are used in plaoe of petrolatum the danger 1s i
T : : increased somewhat b may cause i

. TR . excessively h:ah dnelecmc 1osses in lhs askarel. ¢

When the lermlnal chamber is betow the swnch chamber, the potting i
compound can be contaminated by askarel if the bushmg seals are P
leaky, This is undesirable because the askarel will increase the power .
factor and conductivity of the potting eompound or cable oil and :
; develop heat from dueleclnc Ioss 11 this mixture is drawn into the cable !

- 0509512 ‘) ﬂ@
- ~ TOWOLDMONO034794
WATER_PCB-00019263




i

. imporunoe of tlght bushmg usombli

" petroleum | oll DquM s Vuon is sugoened

A. Switches used for grounding after power source has beun

111, ‘Sealing Switches and Termjnal Chambers
Propsr bushlng construction, use of Silastic seals and welding wherever
possible is highly deslrnble {as covered in Section A). Where an
Blastomeric seal is to be wused in contact with both askarel ‘and .

For new equnpmenx the user should speclfy these modevn sea!nng:‘

arrangements 1o keep out minants and
" V. Askarel Used Under Miid Arcing Condltlons T SO
The 1EEE Guide for Transformer Askerel ca!ls ‘attention to the = -
following: T :

: ""Askarel isused to some extent in PP where it is subjected

to light intermittent arcing, such as in self-contained induction
regutators, where operating switches are continually producing
slight arcs, 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. 1t is recommended that .- ©
when askarel {s used under these conditions, checks of the liquid,
especially for moisture and dielectric breakdown voltage made
more frequently than when it is used only as a cooling and
__insulating 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. glven to
malntalnlna the scavenger a‘ the appropnate concen

it
V. antenance for Askarel F|lled Swltches

. de-energized will not undergo arcing.

B. Switches interrup(ing magnetizing current will be subject to
arcing; the amount of decomposition will depend on power
interrupted, time and frequency of operation, As a general fule,

the liquid should be checked after & to 10 operations. - g

1. On newly instelied switches, check the askarel at 3,6 and 12
month Intervals; if found satisfactory, check once annually -
thereafter. With proper attention to the gasketing of covers
and bushings, expenenco will probably lndlcaw that Iess
frequent inspection is warranted, A H

2. Check askarel for:

_ Dielectric breskdown voltape (ASTM 0877) It shoutd
be 26 KV minimum. 1 dietectric breskdown voltage is
tow, confirm presence of water by Xarl Fischer method

ASTM D-1533, Filter to remove molsture, Duelectric‘
strength shoutd then be 30 KV minimum. :

b. Presence of carbon from arcing: Fluid should be
relatively free of carbon, tf badly arced and very black,
replace fluid, If only minute amounts of carbon are
present, filtration is recommended. Check power factor
ot liquid (should not be over 5% at 26°C and 60 cycles).

. Flush out switch chamber with several gallons of hesh
* askarel before refilling.

3.  Ii there is discoloration, high power factor, detectable chanoe
in specific gravity or refractive index, or if ‘fuid flashes below "
260°F, there is a possibility of seepage of potting compound L
into the switch compartment, In this case, correct any leaky .5,
bushing seals with proper replacements and fill with new ‘
askarel.

4, 1f terminal chamber s below switch, check potting
compound for presence of askarel {can usually be detected
by odoy. or by an increase in specific gravity). If askarel is
present, correct any leaky bushing seals ~with . proper
replacements, and renew compounds.

6. Examine cover gaskets visually, Deterioration can be detected '

B
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by swel and cm;kmg of ‘the exposed edge. Tn cases of

vere dezenoratwn, tiquid seepage is usually present.

Check for leakage at packing gland of switching shaft. if
king, repack wm\ a Sllasuc tmg type gaske! R

nder Excesscve Temperaturs or Fault

v
‘Conditions o

- The |EEE Gulda also polnt; out that, ~ - i
" “Chlorobenzenes used in transformar askarels beum to boil at ;
~ temperatures of about 205°C, under atmospheric conditions. If the !
material is heated to such high temperature in 8 sealed system,
pregsure develops, Pressure will also develop in the system if the
askarel Is arced sulhciently 1o generate comous hydrogen chloride
gas. . .

»"Therefore, it s o ded that h sealed
askarel-filled equipment be provided with pressure rellef devices.
These devices must be large enough to provide immediate retief at
a definite pressure, and to prevent further build up of pressure if
decomposition “continues. 1t must be remembered that the
presence of devices of this sort does not necessarily preclude the
rupturing of containing vessels, since pressure build up can be
extremely rapid under violent arcing conditions.’". - «

¢ Sectiom C
Toxicity&

Safe Handlmg o

3 ,together with general workroom exhaust.

" confined space,

. workroom i

K ‘more-highty-chiorinated compwnds, per cublc meter of air.

1. Inhalatuon o
At ordinary temperatures the chlorinated biphenyls in Askarel have not
* presented industrial toxicological problems. The hazard of potential

"~ toxic exposure varies with thelr volatility: the lower-chlorinated, more-

i
volatile ones present more of a potential problem from the standpoint !
of ‘both inhatation and skin contact. When Askarel fiuids are used at I
elevated temperatures, engineering contcols must be applied, either by

the use of closed systems or by effective local-exhaust ventilation |

and no vapor of any fluid evolved st elevated
temperatures_ should be allowed to be dispersed Into tha general

Inhalation tests on anlmals indicate that the maximum safe concentra-

Vapors of Askarel at room temperature should not be breathed in 8 !
!

tion of vapor is in the range of from 0.6 to 1.0 mitligram per cubic

- roeter of air. The threshold limit value {maximum allowable concen-

“ of Government Hyglenists are 1.0 milligram of the lower-chlorinated

tration of an 8-hour working day) set by the American Conference ]

biphenyl compounds per cubic meter of air and 0.6 milligram of the

1l Skin Contact
Prolonged or repeated skin contact with the Askarel fluids must be |
avoided by the use of gloves and protective garments, because of the !
possible occurrence of a condition called chioracne. Although reports
of this condition caused by Askarel are rare, it can be produced by
excessive skin contact. If the fluid is spifled on the skin the skin should
be washed in the usual manner with a soap soluuon : .

o A hurn caused by contact with 8 ho\ Askare\ shoutd be treated like any
. ordlnary bum. :

| § muctnons of Askara| fuids, see Secﬁon A-vh, pane 8.
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‘S@@ﬁﬁm@ Analytlcal Services
‘'on Transformer Askarel
‘Available From Monsanto

. * Transformer users not wishing 10. make thent own fluid ana!ym can obtain the service from Monsanto. Simply contact Monsanto
s and spacliy what snalyses are wanted. You will be sem the proper-sized, clean sample container, fitted with a proper fabel. When |
. you' receive this, carefully take vour sample (ol g the procedure for P in this guide). Send the container to

Monsanto’s Iaboratory. Charges listed includ e cont iner and laboratory costs, 'lfhe charges are those in effect March 1,

1976, and are subject to change.:

Hpes of)Anawses Avan'able
ROUTINE MAINTENANCE CHE

Total Chnrge $30 00

) To determlne the penernl cond[tlon of the ftuld and find whether further analysls i necessarv (one-quart sample required)
: Properties Tested Dielectric Breakdown Vohage .
i Color and Condition Molisture B :
You will be notified of the results of thl& tast. If further Qesnng is lndlcated and vou wanta compiote ana)ysls, you will be senta
. five-pint semp!e wn(alnev 1'Ms sample will be used for !he lallowlng sernes of tests:
Analysis 2) v Mo
OOMPLETE ANALYSIS Tola Charge $75 00’ -

ll) To determiine the extenl of fluid contamination, (2) ‘earth refinement to determlne what degree of restorauon of electrical and

insummy properties Is poss:ble, (3) check test to se¢ how the fluid responded to earth treatment.

a) Complete Analysis: to determine the extent of contamination
Properties Tested L N : Free Chiorides ;¢ 0
Color end Condition : Acidity o
Specific Gravity Dielectric Breakdown Voltaoe

Raﬁncnvn Index Pawer Factor, Dlelectnc C«umunt, and Resistwltv »
Wnor g

bi Earth Re(mement Response.

Consists of treatment for 2.6 hours at 50-60°C. with 0.1 to 0.2 percem by wexghl of property conditioned A\\apulgus clay
.. &nd then filtration through dry filter paper. .~ A
c) Analys)s After U:boratory Earth Reﬂnement
" . Properties Tested ‘. . Acidlty e
" Refractive index . Dielectric Breakdown Voltage

Water ~iii oo Power Factor, Dielectric COnswﬁ\, and ﬂesmwny
Froe Chlorides e

You will be notitied of the results of this test serws on vour sample Then after refming yuur entlra t(ansformer fluid fill you
“_cancheck on the results by requesting the following analysis.

‘ Analysls3) 0 5
ANALVSlS AFTER EAHTH REFINEMENT

" Total Owargo $5000
““(This charge wilt not apply when
analyses 1 and 2 have alreadv been made 3

To deter)mme what‘m the “entire fot o( the askare1 tm responded to the same ex!snt as the laboratorv sampte. (five-pint sample
‘required, .

Propertics Tested e ~ " Free Chlorides *

Color and Condition* SR Acidity :

Refeactive (ndex AN 1 Dislectric Sreakdown Voltaga
Water . B

" Power Factor, Dielectric Oonsunt and Resls\(vny

To marme 101 the tests descnbed above wme to the followmg nddress
David Wood - W
Monsanto Industriat Chemicals Oompany :
80D North Lindbergh Bivd. .
St. Louis, Missouri 63166

Monsante Company A
W. G. Krummrich Lnbofntorv -
Sauget, Ulinois 62201 - ’

Attention: R, Kuster ;

Samples to be tested shou|d be clearly marked for idanhhcatlon and scnt dlrectly to:, "

0509515
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APPENDIX A
Askare! Slablllty and Combosmon of Arc Forrhed Gas: Askare! iritulatlon is one of the most inert, chemically-stable heat
resistant, non-corrosive liquids known, 1t will not break down, oxidize or sludge when exposed to air and high temperatures,

150°C. or even somewhat higher, Arcing, however, will break down the compound to hberate some hydlogen chloride and
sman amoun!s of carbon. :

' APPROXIMATE OOMPOSH’ION .
: ARC~FORMED GAS FROM TRANSFORMER ASKAREL BLENDS
§ ASTM TYPES D AND G

(INERTEEN 70-30 AND PYRANOL A1383B-3, RESPECT!VELVD

Gan R

» - carbon monoxide ;

"~ carbon dioxide
Toxygen

inertgeses |

.- hydrogen chloride, 8

{note the absence o( phosgane)

mwel 1

This arc: 1urmed 9 lrom ASTM Tvpe D ang Tvpe Fi ransf

'For all prncncal purpose; the amount of gnliberated from skarel under a glven m of arcmg condttions ls about 100 cubh:
(‘ centimeters per kilowatt-second, o : ; Ve :

APPENDIX B

Bt SOLUBILlTV OF GAS IN TRANSFORMER ASKARELS
o : ASTM TYPESDANDG -

Percent of Gas By Vohm\e Correctad to:
26°C 760 mm ; O°C. 760 mm

" "Carbon dioxide
Air . :

" Nitrog )

Hydrogen c:hlmidel

13n absence of scavenger

APPENDIX C
EFFECT OF TEMPERATURE ON DIELECTRIC BREAKDOWN VOLTAGE OF ASKAREL

: : : Dietecuic Breakdown
I : L Voltage
Temperature °C ., " . ASTM D877 .
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THE DENSITY OF INERTEEN 70-30 (=%
AND TRANSFORMER PYRANOL A138333 :
3 Approx Density gmloc

Pyranol
A13838-3
1677 .
1565 -
1532

1510

1488

* Ineitéen
70-30

“thorm &1 s Ry '
“oentimetersd, degrees oentlgrudo -1, second-?,
This seme approximation applies to !nerteen 70 30

: i’yranol A13838~3 at 27'0 and B3°C are 26.2 and 268 x 103 calories
..ay- 01)6 BTU per (hr.) (sq t.) (°F.) per foot,

APPENDIX G

Heat Capnchy N o TR
Over the ‘W'PNOW'G rono! of 25' 1o 125'0 (he speclﬂc heut of transformer askare! is close to 0.30 calorles per gram per
dogreo. - . e \ g

’T 'AFPENbi‘iEH ‘

The average coefficient of expansion of transformer askare! over t)\e tempemure range?t)to lOO'CuD 0007 cc/oc/°C.One
"pallon would increase to 1,056 gallons on heating from 20 to 100C. -

‘ APPENDIX!‘

Fire Resistance S . :
Askarel of varlous compositional types are used. Under arcing conditions the gases produced, while consisting of

domil bustibl, hydrogen ehlorlds can viald vorying amoun& of combustible gases depandmg upon the
nskcroltypa. AT S TR

“insutation systems !ncorpora(ing these nskarels and eellulonc or other organlc materials may, when arced, produce gaseous
mixtures which are moderately flammable, As a precaution, such geses should be removed from the askarel by bubbling dry
nitrogen through the askaret and fiushing the gas space with dry nitrogen before any work is performed on the apparatus.
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APPENDIX J

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

Generally, Silastic 60 sheet goods are stocked by local die cutters, hence, could be generally purchased locally. Usually small
quantities of gaskets are die cut. If larger quantities are needed, tools are made of the same type used to cut other
elastomers.

Where the gasket 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 1.204 0.02
ASTM D676 Hardness, Shore A. Scale 45 to 60
ASTM D412 Tensile Strength, psi, min 800
ASTM D412 Elongation, percent, min 250
ASTM D395 Compression Set after 22 hrs
at 300°F, percent, max 30

*AN physical properties measured on 0.075 inch thick samples molded 5 minutes at 240°F, and oven cured 24 hours at
80°F.

APPENDIX K

Csution 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 taken to prevent entry into the environment
through spills, leakage, use, vaporization, or disposal of liquid or containers. Avoid prolonged breathing of vapors or mists.
Avoid contact with eyes or prolonged contact with skin, If skin contact occurs, remove by washing with soap and water.
Following eye contact, flush with water, In case of spillage onto clothing, the clothing should be removed as soon as
practical, skin washed, and clothing laundered.

Monsanto

MONSANTO INDUSTRIAL CHEMICALS COMPANY
SPECIALTY PRODUCTS GROUP

800 N. LINDBERGH BLVD.

ST. LOUIS, MISSOURI 63186

The information herein regarding obtaining optimum results from askarel fluids in your transformer has been accumulated by
Monsanto for over 40 years from the experience of makers and users of askarel transformers and it is believed will be helpful.

Nothing herein shall be construed as applying to other than askarel insulation. Data and maintenance suggestions herein do not
apply to the other components of the transformer. All operating and maintenance suggestions recommended by the manufac-
turer of the transformer should also be carefully followed.

‘Jecause these maintenance directions apply only to the askarel insulation, Monsanto disclaims any liability for damage to

property or injury to persons arising from transformer operation.
S
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INDIA
Mindia Chomicels Led.
Monsanto Chemicsl of India Put. Ltd,
{Ag Products)
Wakefield House
11 Sprott Rd,, Balisrd Estate
Bombey 400 001, Indis

Mindis Chemicels Led. .
19 Rajendrenath Muklmjn Rd.
Calcutte 700 001, indle

Mindle Chomicels Led,
Monsanto Chemicals of india. Pvt. Ltd.

(Ag Products)
310-311 Li IDhnty Street
Madres 600 001, Indis
Mindis Chemicals Led.
3/8 Asaf Al Roed
New Dethi 110 001, India
INDONESIA

P. T. Monsanto Pan Eloctronics
181 DJ. Dr Sahardjo
Jakarta, Indonssia

ITALY
Monsanto lislinna Sp.A.
Via Molchiorrs Gloin 8
Milano 20124, italy |

JAPAN .
Monsento Japan st
Room 212, Shin Kokunlbldy RN
&-1, Marunouchl 3chome
Chiyodeku, Tokyo, an

MALAYS/IA
Monsonto Far East Lod.
{Malaysls Bulloh)
6, Jolan Soman,
c{ll/ny Jaya, sauw Mllayl!'

e A LA 2 e

gl 0509919

| NETHERLANDS

" NICARAGUA

N. Lindbergh Bivd., 8. Louis, Mo. 63186 .

MEXICO
Moniento Comercis! .A. de C.V.
Thiers No.
Moxico 8, D.F.. Mexico

Monsanto B.!

. Jan van Nessastrast 5356 & '
T Den

The ngomm, Holland

NEWZEALAND
Monsanto New Zesland Led.
II Omr South Road

Aucklnnd 5, Now Zealand

;fnén:nm [Niceragua) S.A.
Ai-nqm, Nlurnm

NORWAY
Monsanto Norge AS.
Frod Oiensgate 11
Oslo 1, Norway

PHILIPPINES
Monsanto Philippines Inc.
Suite 1101 Security Bank & Trust
6788 Aysis Ave,
Mokati HmID 708, Philippines

PUERTO RICD
Monsanto Pusrto Rico Company
Munoz Rivers Ave. Borniquen St.
Rio Piedras, Puerto Ric

SINGAPORE
Monssnto Singapore Company (Pte.) Led.
Suite 706 Cathay Bidg., 7th Fioor
Mount Sophia, Singspore §

SOUTH AFRICA
Monsanto South Alrice IPry Jiod
11th Floor, Ssndton City Bidg.
Sandton, Transvael, Soum Africe

SPAIN
Monsanto tborice S.A, -
Lepanto 3605 Q\
Barcelona 13, Spaln ‘
SWEDEN
Monsanto [Scandinavia) AB
Ulnundavagcn 108
Bro, Sweden

e,

SWITZER
Monumo (Sulm) &A
Tiefonhofe 10,
CHBO22 Zwl:h Switzeriand

TAIWAN
Monsento Far Esst Ltd. - (Teiwen Branch)
36 Chang An East Road, 6th Floor
Soction 1, Yaipel
Tolwan

THAILAND
Monsanto Thalland Ltd.
&th Floor, Kesemk{f Bidg.
120 Sitom Rosd
Bangkok, Thalland

UNITED KINGDOM
Monsanto Lrd.
10 18 Victoris Strest
Monsanto House
London SWIN ONQ England

VENEZUELA
Monssnto (Venervela) CA
TYorre Phalps Piso 24
Piaze Veneruels
Caracas 101, Venezuels
WEST GERMANY
Monsanto (Deutichlend) GmbH

Immermannstrasse 3
D-4000 Dusssidorf, West Garmeny

Monsanto

2364204756 Uhois USA.

TOWOLDMONO0034801
WATER_PCB-00019270




