BULLETlN NO. IC/FF 38R
{Revised March, 1975)

TRANSFORMER

_ lnspéctibii & Maintenance Guide

9

Monsanto

: ; ERC “Mm»mﬂwu Co
¢ 0509492 L
7T TOWOLDMONO0034774




Tlablle of
Comtemts

SECTION A
TRANSFORMER ASKARELS ................. 1
Introduction . ............c..ii... 1
Il History of Trade Name Types . . .......... 1
Tabte | — The Composition of
Transformer Askarels . .
" interchangeability ................... 2
. Table 11 — Official Transformer Askarel
Shipping Specifications
V. Ordering instructions . .
Vi, Stability ........00iiii e 2
VIl Precautions When Handling Drums, Tank Cars
and When Opening Transformers . . . ....... 2
A. Keep Dry During Handling .. ......... 2
Tabte 111 — Handling and
Pumping Temperatures ... ........... 4
B. Use Ordinary Personal Precautions ...... 4
C. Precautions on Opening an
Askare! Transformer . .. ............. 5
Vill.  Avoid Environmental Pollution
1. Labeling Askarel Transformers . ........ 6
2. Disposal of Liguid and Solid Wastes .. ... 6
3. Conditioning of New or Recycled Askarel .6
4. Teardown of Transformers
for Repair or Scrap
5. Transformer Disposal . N
1X. Expected ServiceLife ,................
X. General Characteristics of Transformer
Askarel Fluid . . .......... ... .o 7
Xi. Sampling Transformer Askarel Fluid ....... 8
Xil. Evaluation of Askarel Received
in New Equipment ... ............ ve...B
Xii.  Dielectric Breakdown Voltage —
Moisture Relationship . .. .............. 9
Table IV — Relation of Dielectric Breakdown
Voitage to Amount of Dissofved Water in
Askarel and Mineral Oil .. .............. 9
Table V — Approximate Solubility of Water
in Transformer Askarel and Mineral Oil . ...
XIV,  Turbidity .....0vvnvnievnrnannennnn 10
XV.-  Check Points for Maintaining
Askarel Insulation . ................. 10
A. General Considerations . ....... ..10
B. Modern Sealing Procedures .1
C. The Older Sealing Arrangements . ... ... 12
XVI.  Periodic Fluid Inspection and
What CheckpointsMean . ............. 12
A. Visual Inspection . . ............ ... 13
B. Dielectric Breakdown Voltage ........ 13
XVIl.  InspectionChecklist .. .......... .
XVill. Contamination in Transformers
Table VI ~ Effect of Common Insulation
Materials on Power Factor and
DielectricStrength . . . ............... 14
Tabte VII — Effect of Common Insulation
Materials on Volume Resistivity
of Askarel ......... ... . 14
XIX. ASTM Method for Investigating the
Compatibility of Transformer Insulation
and Construction Materials in Askarels . .., . 15
XX. Refining Askarel forRe-Use ............ 15

A. Filtering Through Dry Blotter Paper
to Remove Moisture and
Extraneous Particles . .. .......00n 15

Table Vi) — Water Removal by Filtering
Askarel Through a Paper Press . ......... 18

B. Disposal of Solid Wastes . . . .. 16
C. Solid Insulation Requiring valng ...... 16
D. Earth Treatment for Maximum
improvement of Power Factor and .
Volume Resistivity ............... 16
Table IX — Effect of Power
Factor and Volume Resistivity ... ....... 17
XXI.  Cleaning Arced Transformers . .......... 17
XXIl. Sampling Askarel ., ................. 17
SECTION B
ASKAREL FILLED SWITCHES
AND TERMINAL CHAMBERS ...............
1. Introduction . ............... .
1. Sources of Contamination

n. Sealing Switches and Terminal Chambers . . .20
. Askarel Used Under Mild Arcing Conditions .20
V. Maintenance for Askarel Filled Switches . . . .20
Vi Askarel Under Excessive Temperature

or Fault Conditions . ................ 2

SECTIONC

TOXICITY AND SAFE HANDLING ... ......... 2
I Inhalation
I SkinContact . . ........cnvvvvuuenns 21

SECTION D

ANALYTICAL SERVICES ON

TRANSFORMER ASKAREL

AVAILABLE FROMMONSANTO ............. 22

Types of Analyses Available: .. ............... 22
1) Routine Maintenance Check .. ............. 22
2) Complete Analysis .. ......c.ocovveinnnnn 22
3} Analysis After Earth Refinement .. ......... 2.

SECTION E

APPENDICES ... ... ... .00vtininnnnnnnnnn 23

Appendix A — Askare! Stability and
Composition of Arc Formed Gas . . ............ 23

Appendix B — Solubility of Gas in
Transformer Askarels ..................... 23

Appendix C — Effect of Temperature on
Dielectric Breakdown Voltage of Askarel . ....... 23

Appendix D — Comparison of the Approximate

Viscosity in Saybolt Universal Seconds of

Transformer Askarels and Mineral Oil .. ......... 24
Appendix E — The Density of Inerteen

54201 KA 7336-9 and Transformer

Pyranol A13B3B-3 ..........coiiiinnnn. 24
Appendix F — Thermal Conductivity Values

of Transformer Pyranol A13B3B-3............. 24
Appendix G — Heat Capacity ............ ..24
Appendix H — Coefficient of Expansion ..24
Appendix | — Fire Resistance ... .............. 24
Appendix J — Seals, Properties

andProcurement . ........... ... . ... 25
Appendix K — Caution Label . ................ 25

NOTICE: ““Nothing contained herein is to be construed
as a recommendation to use any product in conflict with
any patent. MONSANTO MAKES NO WARRANTIES AS
TO THE FITNESS FOR A PARTICULAR PURPOSE OR
MERCHANTABILITY OF ANY PRODUCT REFERRED
TO, no guarantee of satisfactory results from reliance up|
on contained information or recommendations, and dis-
claims all liability for any resulting loss or damage.””

0909493

TOWOLDMONO0034775




S@@ﬁn@m A

iTransformer
S Askarel

. !mroductuon

* combustible gases depending upon the askarel type.

This manual describes the operating characteristics of transformer

. for both scrap askarel liquid and impregnated solid materials are given

askarel insulation with a reasonable minimum of maintenance. If

" contributions of certain data by the following: .

n. Hastory of Trade Name Types .~ -
"“Askarel” is the generic name for the fire-resistant tiquid insulation

: Oorporatlon uses their brand name, lnerteen,?

'gv%(i!uee the presemly used Inerteen and Pyranol blends described in
able !,

“‘"NOTE Mamials des’ d “fire resi * ‘ate more difficult to
.. ignite, or once ignited, burn st a slower rate than corresponding conventional

useful in helplnn cus\omms meet their fire wialy requirements.”

l‘l’uclamurk o" Genau! Electric Cornponv

The term *‘askarel” as defmed by QEEE ASTM and the Natronal
Electrical Code generally describes a broad class of fire-resistant®
synthetic chlorinated hydrocarbon insulating liquids widely used in
" transformers, reactors and accessory equipment operated at power
frequencies. Askarels of various compositional types are in use. (For the
general properties and types see ASTM D-2283.} Under arcing
conditions the gases produced, while consisting of predominantly
non-combustible hydrogen chloride, can contain varying amounts of

askare!l liquid insulation as manufactured by Monsanto and how it
differs from mineral oil. Appropriate handling and disposal procedures

in. accordance with thé 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 betieve users will obtain maximum service from

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

Monsanto gratefully acknowledges the assistance, guidance and the
Edward L Raab ~ General Efectric
Dr. T K. &oat —-'Westinghouse Electric”

and coolant first used by General Electric Company in 1932 for their
Pyranol? brand name fire-resistant !ransformers, Westinghouse Etectric

Whalever the trndemarked bund the askarel comams chlorinated
bipheny! — one of the best liquid insulations developed by science. This
inert material is chemically stable, fire-resistant, heat stable,
non-corrosive, and has high dielectric strength undev the operating
oondmons encountered in uansformers.

In addition . to manufacturmn Aroclor® (chlorinated biphenyl),
Monsanto "also mixes this dielectric fluid with chlorobenzenes to

materlals. This term does not mean that fire resistant materials will not burn.
However, when properly used, Monsanto’s fire resistant ASKAREL FLUIDS are

e e RSN P e O S

Trademark of Waestinghouse Electric Corporation

K of Monsanto ©
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. Inerto‘en‘
100-42

 Trade Names

lnmedfanrs (% by wt
Aroclor ® 1258,

chiorinated bipheny! .
) {54% chlorine by weight}

© Aroclor®1242,-
chlorinated bipheny! - .+
(42% chlorine by weight) .

.Trlchlorobenzene ) ) 40
Phenoxypropene oxide H A IR
scavenger. - 0.18t00.22 0.18100.22 -
Diepoxide scavenger - - b TS T 0116100435

ASTM Method D-2283, titled “Chlorinatéd Aromatic ‘Hydrocarbons
{Askarols) For Transformers™, also lists the composition of all
transformer askarels used at various times since 1932, .- et

o Monsamo manuiaclures similar transformer askarel ﬂmds in Englnnd .
where the trade name Pyroclor ls used : .

. lnterchangeahuhty BRSRR R I s -

in general all transformer askarels are mterchangeable However, itis
sugpested that the transformer manufacturer be consulted pnor to
muxnng in slgmﬂcunt proportnons or total subsmuuom .

V. Transformer Askarel Specifrcattont 3 ’ S g
Specifications . for the three modern uanslormer askarel fluads are'. e
shown in Tab!e . : L

A Ordering lnstruchons ¢
Monsanto’s current policy is to sell askarel transformer fluids only to
- . transformer manufacturers. Oxhers interested in thesq fluids should
" contact the ‘manufacturers of askare! tiansformers and not Monsanto.
The transformer name plate indicates the transformer maker and
L. usually nlves sufficient data to iden 1v the specrfnc askarel ﬂulds used. .

Contammatron ’ .
Askarel insutation must never be mlxad wnh mmeral oil. Over two Lt
percent of mineral oil by volume ln askarel bemns to lower its flre
reslstanoe . .

. : 3 & ' i B
In modern uanslormers, the prlnc:pa! "enemv" of askarel is 1
contamination . by, water.. Keeping askarel water-free will insure
lona:lmeservlce‘ ST e T R

Askarel is heavier than water, If water gets into askarel insulation, only

. .@ tiny amount {approximately 126 ppm) dissolves — the rest fioats on °
top. Askarel is very insoluble in water, only about 200 parts per bllllon )
of askarel dissolve in water. at norma| temporawros, -

_ V1. Precautions When Handling Drums, Tank Cars, and Whan =
Opening Transformers
The fo|lowing are significant precautrons

A Keep Dry DuringHandling“ .
- ., In handling, storing, ‘sampling and inspectmg askarei R and ln

i i e 8 i i SO

0509495 st
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Color, APHA -150 max: 150 max.
~Condition - . . Clear Clear = -
<~ Water content, pom {ASTM D153360) . 30 max, - 30 max. .
‘Acidity, mg KOH/g {ASTM D974.55) - 0.014 max: S 77 0.014 max.
. Dielectric Strength, 25°C, Q.1.in.gap . R 35 KV, min. - 35 KV, min,
- {ASTM D877.49} - . . :
-~ Dietectric Constant, 100°C, 60 Hz 42046 421045 .
{ASTM 0924-49) . e g
Volume Resistivity, 100°C, - - e
- 500 voits OC 0.1.inch gap, 109 ohm-cm i 100 51007
< {ASTM D1169) . - SR,
tnorganic chiorides, pom (ASTM D1821 and 2 0.10 max. 75 0.10-max.
" G.E, Method E4CAIB) § .
Refractive index, 25°C {ASTM 07807) 21 61101016320 o 16153101 61 73,
_-Viscosity at 37.8C {ASTM D88-56) S to48 L LA 56106

.- Pour Point °C (ASTM D-87-57)
.. Specific gravity 25/15.5°C {(ASTM D1810)
“ . Burn point (ASTM D92) -

- Distitlation range (ASTM D20.56) corfecced g st drop 200°C min. st drop 200°C min,
v for stem and barometr-c prasure : 40% max. below 270°C = 35% below 270°C -

"." Cofrosion test

DR 00 max.: .. 00 max. - oo . 200 max
“ Acidity, mg KOH/g S 70,014 max. . -0.014 max. - .0.01 max.
inorganic chlorides ppm W o~ +0.15 max. "o 2.0 max. . 0.15 max
Condition g Ll s : Clear - .| Clear o s ve - Clear
Scavenger content . - T - 0115 10 0,135% - 0:.18100.22% -~ . .0.18 t0 0.22%"
- Xi s i L heno: 3
Typical Properties? o ] - Diepo: ‘de", . . pheno?(ypropene oxide pl ’xvpropeﬂe ofnde ¢
Coetticient of Thermal Expansion SR {00007 7 : : -+ 0.0007 P - 000068 7 i
(ASTM D1903), cm2/cm2/C - : .- . . - - o
" - Arc formed gases T - Askarels of various compositional types are used. Under arting diti the gases produced, while i

Westinghouse
- Transformer
 Inerteen 70-30* .-
ASTM D2283 Type G -~ .. ASTM D2283 Type D,

Saybolt Universal Seconds :
30 or fower

1518 to 1.528
None to boiling -

.. .38 or lower:*
1.49510 1,510
None to boiling

T s 90%379t0394:_ "7+ 90% 379 10.394
Fixed chlorine T T ; R . 5G4+°5% SRR 55.6% min. :

) : o .- After heating with alumiinum for 6 hrs. at 200 to 220°C, the aluminum must not be corfoaeG
on either visual or weight mspectuon and the askare! shoutd meet the following specifications:

" Color, APHA

nantly of non-Ct ible hydrogen chloride, can include varying ot gases
: uoon the askare! type. Insulation systems incorporating these askarels and cellulosic or other organic materials may
. N o when arced, produce gaseous mixtures which are moderately flammable. As & precaution, such gases shouid be. .
"’s’f;‘(;;'g‘:";' unes * their %?om-::mxa:m . removed from the askare! by bubbling dry nitrogen through the askarel and flushing the gas space with dry nitrogeny -
number Inerteen 54201CM for fnerteen 100-42. before any work is performed on the apparatus,
1These quantities are final sles specifications only to the extent that they

2This cats is besed upon samples tested in the faboratory and is not guaranteed for ell semples. Write us for complate sales wecifications for Askarel fluids.

with M s
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: operatlna askural vans'ormerc - uk« everv Procautlon to guardv
--the askerel .insutation from exposure %0 ‘high y .
‘molsture contamination. Keep B or 55 gatlon drums of askarel .
“dry; lay stored drums on thelr sides with the bung at the highest
point from floor to keap water off the drum head (which can be’
sucked into the askarel by the drum “breathing’). This precaution

is not necessary when drums are 5torod lndoors, whlch is the *
prelerred place (or storage KEEA

To avoid leakage the drums uwd for askarel are of heavy

construction, Sixteen gauge metal is used, with special rim seal and .
bung construction, The drums should be drained as completely as -
possible and then flushed twice with kerosene type solvent to
remove all of the askarel. Accumulated liquids and washings
shoutd be collected and should be incinerated at high ~
temperatures, e.g., about 2000°F, to destroy the polychlorinated :
btphenyis (PCBs) See Section A, VIH

Tank cars used to transport askarels are in oxclusive sevvice and
not used interchangeably for other products. All 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 beon 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 necessarv tousea drver on the alr intake line to
remove molsture :

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

go&venient handliny and pumplng temperatures are gwen in
able il .. . ; L

Use Ordlnary Personal Precauuons g )

Transformer askarel has been made, handled, and used for over 40
years, 1t can be handled safely with recommended precautions. if -
accidentally spilled on hands, no serious skin lrritation will ocour, -
‘"However, liquid aeskarel has a solvent action ({similar to paint .

. Table 1 = - ;
Handlinn and Pumplna Temperaturu

Unloading, :

. Product. ; S Z_emggrsturst
" pyranol A138383 © 7 20.85
Inerteen 70-30 ; 20-66

Inerteen 10042 35-75

thinner} on the fats and oils of the skln and pro|onged contact
may lead to drying and chapping of the skin. .

tn case of contact, wash the skin with soap and water; reniove and
dry clean saturated clothing. Clean up spills with rags, sawdust end -
absorbent clay. Eye contact may result in painful irritation but no
permanent damage to tissues. If askare! gets in the eyes, flush with
targe amounts of water, As with all eye first aid, refer to &
" physician. To relieve irritation, physicians have used an opthaimic
anesthetic solution as well as opthaimu: oortlsone acetate solunon,
or castor oll. ! : .

infrequenl exposure to a:kare| vapors wlll not cause I effects,
However, prolonged exposure to high vapor s should
be avolded 1f hot askarel must be handled in a closed or confined
area, provide the area with mechanical exhaust ventilation — or

TOWOLDMONO0034779



“year an orgnmc bartndge resplra\ov appvoved by the U.S. Bureau
of Mlnes

K Precauuons On Opemng an Askarel Tfans(ormer‘

' Askarels of various compositional types are used. Under arcing
conditions the gases produced, while consisting of predominantly
hon-combustible hydrogen chloride, can yield varying amounts of
combustible gases depending upon the askare! type.

- {nsulation “systems incorporating these askarels and cellulosic o
other organic materials may, when arced, produce gaseous
mixtures which are moderately flammable. As a precaution, such
“gases should be removed from the askare! by bubbling dry.
nitrogen through the askarel and flushing the gas space with dry
nmogen before any work is performed on the apparatus.

The Amencar\ lnsmu\e of Etecirical and Electronic Engineers Guide
"No. 76, March, 1974 gives more detailed instructions and guidance
“For Acceptance and Maintenance 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 askarel transformers refer to this
. {EEE documem .

VIii. Avoid Envuronmenta| Pol|utaon .

Transformer askarels contain polychlorinated b|phenyls (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 loxuoologncal effects.

The Um(ed S!Mes Gevemmen('s fnterdepartmentat Task Force on
PCBs, Com-72-10419, in their March20, 1972 report titled,

“Polychlorinated Biphenyls and the Environment”, recommended
_restricting PCBs to use in capacitors and transformers,

This report is distributed by the National Technical Information
Sennce US Departmem of Commeree Springfield, Virginia 22151.

A document titled, “Guidelines for Handling and Dlsposal of Capacitor
and - Transformer Grade . Askarels, Containing Polychlorinated
Biphenyls”, has been prepared and is available from the American
National Standards Institute, Commlt!ee C107, 1430 Broadway, New
York, New York 10018.

The scope objectlves and the composmon of this committee are:
e " ANSH Committee C107
“Soope: - L .
. Procedures and guides for safe use, maintenance and disposal of
) askarel ‘and askarel-soaked materials used in electrical equipment.

Objectlves -
1. Source of technical information and edvice for Federal,
State, focal authorities and all others concerned.

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

1’3, Serve as the advisory group for United States participation in
international orgamzatlons CEE, 1EC, CIGRE,

Composmon

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

05()9498 -
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' Researoh,  TVA; American Pnbhc Powar Assocmuon Water:
... Pollution Control Federation; Food and Drug Admnmstratnon,‘

The followmg are pemner\t excerpts mken Irom the ANS| Guldelmes :
for askarel transformers:’ b s ‘ .

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

Bureau ' of Standards. Depar(men! of the Army, Rural
€ tectrificati ) - of

National Fire Protection Association; Underwriters Laboratories,
and several secuons of the US Deporlment of |ntenor

" LABELING ASKAREL TRANSFORMERS(PQ l6)
' 4.2.21 New Transformers. All new transformers that
contain I’CB: shall have a label of adequate durability, "
per fy and pr tly hed to the tank by the

f. er, given adequat warnmy nnd mstruclloni A
suggested label includes the following: E SR
CAUTION: The insulating fiquid in thls trans!ormer o
contains polychlorinated biphenyls (PCBs). Care should be
taken to prevent entry into the environment. In case of
malfunction or leaks, consult the, instrucnon manual or
the manufacturer. .
4.2.22 In-Service Transformers. The transformer manu-
facturer should make available suitable labels with a similar
warning as shown ind. 2 2 1 for use on existing transformers.

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 software, and by con-
trolled landfill burial of apparatus and other hardware from -
which askarel has been previously drained and washed, - - -

Present knowledge indicates that proper incineration

" must fnvolve a suitable balance between dwell time and
temperature in the incineration plus oxygen availability and,
finally, suitable scrubbers to remove the HCI that will be
formed; for exnmple 2-second dwell time at 2000°F and
3% excess pxygen in stack gas, or 1.5-second dwell llme at
2700°F and 2% oxygen in stack gas.

These facilities should meet the applicable reqmremsntc
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 disposal can be used wherq
permmed by federal, sta re, and local reyulatlons

The ANSI Guide Vists the locations of facdmes that conform o

with the above requirements. Monsanto has such an incin-
erator ‘at the W. G. Krummrich Plant, Department 831,
Sauget, MNlinpis 62201, where arrangements can be made for
scrap askarel liquid disposal for a modest fee. For disposal
of solid scrap a controlled dry land-fill can be used where
permitted by Federal, State and local regulations.

3. ?ONDITIONlNG OF NEW OR RECYCLED ASKAREL
Pg. 16) : :

4.2.1.3.1. Askarel Conditioning Equipment. The condi- ..
tioning unit should be located either in the storage tank area .
or in the main rranslormer manufnctu/lng area for frllmy
. with askarel.
4.2.1.3.2 Fuller's Earth Condmonmg of new a&karel or
recycled askarel requires fuller’s earth treatment. The spent
fuller's earth in cartridges or bags, when replaced, should be
allowed to drain thoroughly over drip pans to remove as )
much liquid askarel as possible. The cartridge units of steel - .
mesh construction should be placed in the “STEEL, CON- -
TAMINATED WITH ASKAREL container for disposition.
Cloth bags filled with uller’s earth should be placed in the
“SCRAP BURNABLE ASKAREL WASTE” contalner Ior
disposition, -

TOWOLDMON6034781 ‘



TEARDOWN OF TRANSFORMERS FOR REPAIR OR
; SCRAP {Pg.

4.2 Idl Dram all asketel from the unit either into 8
. hofdma tank ‘or reuse or Into the drum {abeled “SCRAP
. [ASKAREL" for digposition, and then allow sufficient time
. for all of the askerel to draln from the core and coils.

. 4.2.1.4.2 Remove the core and coil assembly from the
transformer. Sufficient absorbent materlal should be placed

the transformer. . -

. 4.21.4.3 Place all marenals in the appropriate salvage
e s during the di g for fater disposition.
42144 All used materials, including rags, sawdust,
tape, etc, regardless of quantity, shall be put into the
appraprlare con tamers for disposition.

TRANSFORMER DISPOSAL (Pg. 17}
4.2.3.6 The ultimate disposal of an askarel-filled trans-

former may be accomplished in either of two ways:

{1} Complete drainage end dismantling with the proper

disposal of the askarel and askarel-soaked components as

described in 4.1.6.

{2} Disposition of askarel transformers by means of junk
or scrap dealers, This should be avoided unless a transformer
is first drained, followed by sosking the interior with a
" suitable solvent. Accumulated I:quldt and washmgs are to be
dlsposed of as described in 4.1.6. - .

X, Expected Service ufe : N
Manufacturers indicate that properlv designed and mstal!ed askarel
transformers are expected to Pive trouble-free service for at least 30
“years, Since their introduction in 1832, the manufacturers report
finding the overatl failure rate to be tess than 0.5% for all units under
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.

Mr. Frank M. Clark, who invented transformer askarels at the General
Etectric Company’ in the early 1930s, made the highly pertinent
comment based on his many years o' experlence with G.E. Pyranol
" (askarel type) transformers that -

*The lmportam rhlng I; o keep them dry otherwise leave them
: a/one

. These words of wisdom became especla"v npphcab!e in more tecent
‘" years when welding shut rather than gasketing became the main method
of sealing askarel transformers, These units are sold with the
- understanding that the llquid is in a normally hermetically closed
system . .

X. General Charnctenstucs of Transformer Askarel Fluid
Appreciation of the following characteristics, as given in the IEEE
Guide, leads to understanding the reasons for selecting dielectric
breakdown voltage and moisture as the prime practical tests 1o judge
the quality of transformer askare! fluid, Also, due to these
characteristics the power factor of transformer askarel will be normally
-~ much higher than the corresponding values fot mineral oil.

in to ineral ir- Mating oil, askava| is a relatively polar
) matenal ln its molecules are dupotes free 10 rotate around their axes
and tesponsive to ‘orientation by electrical forces. Askare! also exhibits
a much higher dielectric constant and capacitance than insulating oil,
and these differences must be kept in mind when interpreting electrical

Because it is telatively polar, and p high solvency power, askarel
is much mote electrically sensitive than mineral oit 1o traces of

exuaneous so!uble polar materials, and consequently the choice of
. MR 2 bt am-éﬂ-\

0509500

" on the floor to absorb any askerel fluld that still drips from
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! oonmucuona materials destingd for use in aikarel s very cﬂucal

’reslslanoe) of xhe askarel,

s with insufat

. measured on a parts per mullnon wetght bms

. Guide,

"Represenutwe samples, whether of the comp!ete conten(s or only

etfort, and expense involved in securing, transporting, and testing the

‘tn samphna askam contained
D 923 shouldbe followad

considered occeplable.

This

sensitivity is reflgcted in {specific -

1,
breakdown m)ltage of askuroi Hy adverse!y aﬂected b

gei
-many pf the ¢oluble ?ohr waterisls o which its power factor and ;'

{specitic’ } ;are 5o ‘sensitive. tn-fact, the dietectric

‘breskdown voltage of -askarl is somewhat greater than that o(, :
"insulating oil, Therefore, the va1ueh amgned these dielectfic fluids in

newly supplied nsformets are 30 KV min. and 26 KV ‘min,, -

respactlvelv

ng oil, askarei must be kept
from exposure t0 humid stmosphere, Under similar - gonditions of - ,
exposure, gskarel can pick up nearly twice as much monswre when -

X1. Sampling Transformer Askarel Fluid .
The following precamlons bout sampHng are quoted from the lEEE

parts thereof, are -extremely important from .the standpoint of '
evaluation of :he quality of the producl sampled, Obvlously careless . .7
sampling procedure or contamination in the sampling equipment will
result in a sample that is not truly representative. This generally leads to
erroneous conclusions conoeming quality and incurs loss of time,

sample, 1t is strongly recommended. that all of the procedures and
ecautions ou(lnned in the latest revisuon ASTM 0923 {Sampling

94

leclrical 1 Liqulds) be f

"Because oi !he Ngh cpecmc gravlty ative density) of askarel

{greater than 1), water and some other impurities are most likely to be
found a1 or near the surface. The top sample herefore, is idered to
tepresent the worsl oondiuon A U T I i s

Xu. Evaluauon of Askaral Reoewed in New Eqmpment : .
Some users of askarel eqmpmenl find it desirable to make “as received |-
tests” on all equipment, It is quite common to wse the dietectric’
breakdown voltage test and visual appearance as the most significant
tests, {f suiteble  equipment. and  trained personnel are available
additional -nlormauon may be oblamed lrom the power factor, oolor .
nnd molsture content tests :

appamus extreme
exercised in order to obtain a representative samp!e "ASTM Method

New equlpmenl with askarel exhubuting (he fu||ownng characlenshcs is

ILS_TMMe(hods
Die\ec‘lvic Breakdcmn e

Voltage 30KV min. - 0877 -
Cotor ' 300 max. {Straw color) D 2120
Condition - Vnsual - Clear - v, D 1702
Water Content 35 ppm max. D 1633

. : D 924 D150

Power Factor at 25’ C

S

} ‘I’he power factor of askarel uken 'rom new trans(ormers,

reactors and accessory equipment can reflect the presence of
moisture, dissolved polar compounds, or other contaminants and
may vary with the type of equipment from which the sample was
teken due to the different ratios of liquid-to-solid insulation and
to the high solvency power of the askarel, Given an acceptable
water content and dielectric breakdown voltage of the askarel as
indicated above, a high power factor seldom impairs the
éervioeatyylitv of the askare! within rather broad limits and is -/
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e possibdlty of awide range of power factors bemg
“askarel in new equipment, it is difficult to establish a
single timit which would be acceptable to both suppliers and users
for all applications. However, a5 a broad guide, power factors up
to' about 10% at 26°Cand 60 cycles per second (hertz) do not in
noral indicate any abnormal oontamunatlon providing that the
ther critéria {water , breakd voitage, etc.)
are met. Much higher power factors may indicate excessive
contamination or the misapplication of the solid materials used in
manufacture in " gontact (wixh the askare! and should be
mvesligaled R

XiN. Dielectric Breakdown Voltage — Moisture Relatlonshlp
The dielectric breakdown voltage of askarel is highly sensitive to excess

- moisture; not sensitive 1o ordinary dissolved polar materials. While the
... dietectric breakdown voltage can also be lowered by severe arcing,
askarel turns noticeably black or has particles of sooty carbon floating

in it {f arcing has occurred, Then the transformer should be repaired

und the askarel rep’aoed . . .

: breakdown vohsge is checked periodically and
decreases sognmcamly ~ 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 8t loom temperature its source should be located and corrections

: - app s 125 ppm (sa\uration’ level at
room temperature), the dielectric breakdown voltage of askarel drops
below the value required for efficient 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

" renge and the diefectric breakdown voltage is low, the transformer
manufacturer should be consulted

Table 1 shows the felanonshnp of dcelec!nc breakdown voltage vs.
molslure and Tab!e v indlcates the approxcma‘e water solubility limits

i ‘,'Table W ‘ ' :
Relation of Pielectric Breakd: Voltaga 10 Ar t of Dissolved
\Na\er in Askarel and Minera! Oi) :

Breakduwn Voitagc (ASTM DB77)

.+, Water Content (PPM) . .- »,‘: : Askarel

0509502
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Soiubuny of Waterin T
X Askarol and Mineral

XlV Turbrdny !
... may be the visual sign of undlssolved waler. or may indicate dirt, *
Cloudiness may also result from cold precipitation of tin tetraphenyt -
"scavenger” that was used in the earlier Pyranol transformers, This
scavenger begins to come out of solution around 15°F above zero. To
o ‘rodcssolve lt requlres heatmn to 150-200°F and agrtauon. : :

" High drelec\dc breakdown voltage erI qunckly indicate that any
turbidity present is not momure, that the insulating efficiency of the "
askarel is still ] H L if lhe diglectric strength is below 26

KV, moisture_should be ¢ d, usnng thq Karl Fisch od

v (ASTM 01583 80).

lTha dwleclrlc bm down voltapo test for askarel serves prima
*" Indicator. for nioisture, 1f js 6y far the m st lmporl At maintenanpe st
for transformer askaral PO 3

XV Check Pomts for Maintammg Askarel Insulation
Genera) Considerations: -

... Modern askare! transformers wtth welded construcuon or silicone

A5 or - Viton® 'gaskets {hand hole-cover, “switch . .and " terminal

- pompartment oovers) and with properly construcled bushmos“

require little maintenance. With properly. constructed trans-7.

formers, annual ot semi-annual wvisual inspection and diefectrio

_breakdown voltage test of the askarel fluid should suffice for’

. routine mnrntenanoeycheckmg over many yeers of service,; "

However, many askarel units wera nstalted in'the early 1930
before the development of some of the better modein gasketing
materlals and before improved designs were deve!oped for saallng
out moisture, Such early units should be, and can be, modernized.
- Lesky or deteriorated gaskets should be replaced. 1f the askarel
has become contsminated, it should be reconditioned, At the same '
time, a general clean -up of the unit and possnble reﬂnushina may be

desrrab!e

if it Is not oonvemen! !o take an old mansformer ou'! of semoe for
general repairs, leaky gaskets can be sealed tem porarilv by pamtmg
over the leakv area wnh epoxy cement. - .

A survey of users lndrcates ] good number o( earty~bum askm]
transformers {over 20 years old) are kept in continuous service in .
critical installations by the following steps (instend of o
. modernlzatlon)

. ‘The oporatlnn unlts are equlpped with oompound pressure guuges RN
for readlog pressure above and below “atmospheric,” Positive .-

0509503
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. pressure is mamtamed 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 drop is
_ noted more nitrogen is introduced and the gaskets are checked for

teaks with soap solu(ion Leaks are sealed by applying epoxy
oemem. .

. Modern Seating Prooedures : .
- Transformer purchasers should xpecufy the followmg modern 3
. techniques for sealing:

7 3, Welding COnstrucllon Covers radiator connections, switch |
and terminal housings, instrument connections, etc..should f
be welded, :

- 2. Bushing Connections: A number of bushings have been i

R developed to obtain a proper seal for the electrical )
" connection through the tank wall, They are classified as I

{

i

t

* follows:
1) . Welded Type - (Bushing flar\ge welded to tank wall)
Cast fresin bushing with a molded seal to the
bushing stud and external stainless steel or copper
flanges.
Rotled 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
The seal between the cap and stud is made by H
welding.
. Porcelain or glass bushings with metal to glass or

o . metal to porcetain seals, !

G L ) Bolwd Type - {Bolted to tank wall} . * - !

- - v . .8  Castresin bushings with either cast or metal flanges |
e containing recessed gasket grooves,

b, Porcelain or glass bushings with flanges containing
“recessed grooves or gaske( stop.

v,

{ ’ ; : v The gaskets may be el(her of rectangular or circular cross-section, i
Y usually % inch thick. Bushings with recessed grooves are suitable i

. 1o use with cork, cork-nitrile rubber combinations or nitrile rubber :
\ as well as gasket materials such as silicone or Viton, - . i

3. Small Size Connections: When not possible to weld, small
. size connection seals should be made with Flexitallic®
staintess ‘steel ‘rings. The surfaces must be machined and
parallel, The filler between the steel laminations of the
Flexitallic ring should be either silicone or Viton.

Gaskets for Hand-Hole Covers: Modern design specified
silicone gaskets. Such gaskets must be retained in & 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 5/16 to 1/2 in. thick for covers, depending on the depth :
of the groove or stop. A rectangular cross-section is usually i
: used

-~ The sohcone malenal should be Dow Corning No. 50 ;

Silastic** or equivalent. This is a low compression set

material, For best’ sealing 20-26% compression is {

recommended, with ample clearance in the groove or stop to
allow for this compressoon

B No cement s required. With reasonable care (he gasket is
o { bl wnhout“ ge and is

'v Sllasuc 60 Is shghtlv swelled by askarel which contributes to
the tightness of the seal. 1t is not deteriorated by askarel fluid
" .or vapors. It resists weathering and it is thermally stable and

. ‘Tradmark of Floxitallic Gosket Compnnv
“Trndemnrk o' Dow Oomnm Y

NS

0n%095%04

JEgee
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* flexibl e operatmg temperaturss, it'ls m\ excel!ent
mouture barrler.’

NOTE Dow rning, Mi and Mlcmganwm supp’lyahstof'

.. Silastic - 50 - gasket . fabricators ‘2o all transformer
manufacturers or users. They w‘ﬂ a\so furnish'technical
data. See Appendix F I sws,, Properties “and,
Procurementc ‘ PN

C The Older Seating Arrangements, i
' ‘The older type gaskets consist of either oorko (]
combinations or straight nitrife rubber, :
1. Cork-Nitrile Combinations: Covers for ‘the main  tank,
* hand-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 {Westinghouse Style No, 1150419, or

General Eiectric Company’s thptat 1276} is_ wsed to

cement the oork 10 the flanges, ' ; :

ARSI 7 Tl
-nitrite rubb'er .

" The followmg ls recommended for sealing w:th the cork -
mtrile rubber oomblnutuons‘ : e

Use Armstrong NC- 757 oork-mtnla matemi or equwalent E
The gasket can be cut from a single sheet or by scarfing strips
‘of the material. A convenient method for joining strips is to
make a Keystone Type joint. For this purpose, Westinghouse,
;. Sharon, Pennsylvania, offers their gasket cutter Style No 328
8614 GO1, labout $15).

L The 1o|nu - and also the gasket - shou\d be cemented to the )
cr flange, using one of the above cements, Excess cement should
not be 3|lowed to reach the interior ol the \ransformer

After installation and boltmn, the outside edge cf the gaske:
should be coated thoroughly with epoxy oement to increase
weather 1esustance R .

This epoxv cement is a paste to which’ a ourlng catalys\ is F
added unmedla\ely before use, Tvplcal are:

.. Epoxv Patch Kn $C o

-~ Hysol Corporalion O\een, New York
©ST bl Scotcheast® ® Resin #d
YU Minnesota Mining & Manu'uc!unng Oompany
ioooicn L St Paul, Minnesota -

Adheswe A-1 and Activator Type B
’ trong Products C :
Argonne Road Warsaw,lndlana < -
Adhesive  9860-1, Sy ics  Organic Co p
Cleveland, Ohio, used with activator dnethylene trlamms .
{Carbide and Carbon Chemical COmpany) ’

2, Straight Nxmle Rubber: When straight nitrile rubber was
originafly 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

- - not oemented the nimle rubber gasket is not reuseable Ll

‘Smw grooves or nops have alreadv been prov%ded ior the
- altrile rubber seal, Silastic 50 can be easily substituted and is
o recommended Thls conforms wnh modern pracﬂoe

XV1. Periodic Flmd lnspectron and What Checkpomls Mean
On a regular schedule — at six, hine, or twelve-month in\ervals - maka
a simple visual inspection of your askarel ir nd run ic -
breakdown voltage ched( e

. ‘Tr-damark ol Gonar-l Elpcmc companv
R yte Minlng & M

A

o;éqsoﬁ
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“Askarel. is a c1ear farm yellow hqurd Atter lona lerm use thrs

remam clenr and free from wrbrdny or doudrnes:. e

Any co1or cbanue - such astoa green red or blue cast = indicates

_extraction of impurities {color materials) from the solid insutation,

1f a distinct €oreign color pick-up is noted, check the complete

. range of electrical _characteristics and notify the transformer

'maker, Blackening of the askarel may indicate an arcing condition.

-~ Other color changes ‘slong are not danger signals since the
drelectnc breakdown voltage is not hkely to be nmpaured

. Orelecmc Breakdown Voltage

- Af the dielectric breakdown voltape has decreased significantly
from the fast inspection, or if it has graduatly decreased below 26
KV _renge (at 25°C) ~ RUN A CHECK FOR MOISTURE Use
ASTM D1533 {Karl Frscher Method)

The dleleclnc breakdown voltage of askarel is the ma]or mdncator
. to the operating efficiency of your liquid insulation, Besides the

,vrsual inspection tests, dielectric breakdown voltage is the only
"test ‘necessary 'to run on a routine basis, Well-sealed askarel
transformers have servuce reoords of 25 to 30 years on the original
! askarel . : .

XVII lnspecﬂon Checklrst : )

1f askarel is clear — even though darkened to light brown, has no
sediment or turbidity, has dielectric breakdown voltage over 26
KV gIVB it the mspecnon "OK"

) lf askarel is clear, bul has forergn color of blue, green, red . n is
*“extracting color” from internal materials. This is not, of ltself an
operating hazard when the dielectric breskdown vo|tage 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 care should be taken to avoid getting color into the
askarel (rom paunt that may be msnde or outside of the sample

alve.v - ;

" the morsture content is found to be above 70 ppm at operating
temperature, then sampling ‘should be done at more frequent
intervals to establish a posslble uend pamcu!arlv on outdoor
. mstallanor\ 3

If askarel is clear, but duelectrrc breakdown voltage drops to 22 or
_lower KV, and moisture rises over 80 ppm when sampled at
Operatmg temperature -, " the askarel is ready for simple

“refining”. 1f the mcisture is near the saturation level (about 125
ppm at room \emperature) 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 consulted for reconditioning
both the transformer and the fluid, :

3 _lf askarel is derk brown to blaok if black particles of carbon are

- seen, and dielectric strength is Tow .. . the askarel has been broken
down by arcing. 1t cannot be refined and should be removed and
"incinerated under proper conditions. {See ANS) Committee C107
report on Use and Dispossl of Asksrel and Askarel-Soaked
N Materrals 1430 Broadway, New York, New York 10018.

f any of these ﬁve srmple rnspectron tests appear out of the
ordinary or the rel p Y app ce and test value; is
abnormal oontact your - transformer ppli for a

Whenever a samp!e it to pe shlpped to Monsanto please follow the
d-rerxions shown under. “SAMPL!NG ASKARE *, .

cdot anay_graduelly intensify to light brown. The Mfuid should v
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. Moisture, parlrculate matter and arced decomposmon products are .-

© The power factor test normally used for the dezectron of oonuminauon

* Table VI has no adverse sifect on dielectric br

" 1. New askarel before heat aging .

-
While trace contamination easily fowers volume resistivity from high (

summarrred as follows:

xVHI Contammauon in ‘fmmformen

“known to be senous oontammatmg innuences on, transformer askare!

in mineral oll filled transformers is of little use for this purpose in
askarel filled transformers, due fo the effect of v
soluble polar materisls. This increase in power | factor as rllustmed in

' IS Tablu W .
E«em of Common Insulation Materlals on Powor

: Factor and Dislectric Strength
[ {Heat Aged 96 Hours ln Askaral at 100°c)

‘ " Askarel Aﬂer € xposure
. . Power Factor, Diglectric
T e Percent at 60 - - Strength
Material Immersed ..o . _eye, 100°C. - 25C. - A

None {control} ' 35KV .1
Black varnished cloth 42
Copper . Lo . 40 .
Pressboard o 37
Manila paper : 39
Phenol lormaldehyde resms a1
Shellac . 36 -
tron . 39
Synthetic rubber 39

Similarly, trace ‘contaminants from commonly used construction
materials can lower the’ volume-resistivity of askarel, without aﬂecung
its dielectric breakdown voltage. Thrs is shown in Table VII

Table Vii
" Etfect of Common Insulation Materials’
on Volume Resistivity of Askarel -

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

Sample e ST _DC.,0.1" gap)

2. New askarel after heat aging 96 hours at 100“0
3. After heat aging with 1 sq. inch specimens of:- .
8. Phenolic resin tap changer mneml -
b. Paper
c. Grade A pressboard (ten) - IR
d. Grade A pressboard (uray)
e. Grade A pmssboard laminated strup
{. Cotton wrapping ’ .
8. Glyptal 1276 cement, cured 48 bhrs. at 110°C

fevels, it is important to note that heavy contamination (as when arced)
does not fower the msrslwlty below the order of 109 ohm~cm et 100"0

The drf(erent behavior of askarel vs. mlnera‘ oll in these respects can be

High power factor and low volums resrslrvnv in tunsformer
mineral oils sre commonly regarded as “‘danger signals” that the
oil has deteriorated and broken down chemrcally or excessive
molsture is presem ! o

N ' i m_,_
; Thls isNOT TRUE of askarel hqurd rnsulatuon unless lhe drelectrlc T . - - k
,breakdown voltage s 1ow or the moismre contenl rs mgh R 0509507

e
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Manu(acmrerﬁ of askara! tyi ranstormers poim out that it is quite
'well known that askaref mn:'ormers with initial power factor of the
askare! fuid In'éxcess of 0% st room temperature and 80 Hz are giving

dictectric breakdown voltage »

 molsture are at senisfactory fevels and

A : or Investigating The compat-
Ibihty of Transfor f Insulation and Constructlon Materials
. In Askarels
- Thismethod- - uses . the of electrical and/or chemical
characteristics 'of transformer | pskarel _resulting from its controlled
exposure 1o insulation and constructlon materlals in order 1o evaluate
their | diate major ¢ ion™ effect on the askarel fluid.
Dehyed or tong tvme contam mon effects may not be detected.

.- The method also uullzes varlous physical tests on the lnsu!auon and
construction materials  after “controlled exposure to the askarel to
'determme the compatubnl-ty of ese materials wa\h transformer askarel,

1at]

Properly propurlloned p i or structural
_ materials are immersed in refined askarel for 168 hours at 100 ¢ 1°C in
. a forced draft oven, Changes in electrical and chemical properties of the
"transformer askarel are compared against a control sample of the
) ed in the same in absence of the test specimens,

ation factor (ASTM 1) 924) channe is one of the criteria used. The
askare! fluid is refined by absorptive treatment to a dissipation factor
tevel of 0,05 max, at 100°C and 80 Hz and 0.01 mex. at 256°C and 60
Hz. Correspondmg values of the askarel fluid after heating 168 hours at
100°C in absence of 2 test specimen are 0.075 and 0.02 respectively.
The maximum dissipation factor‘lsvels suggested for the askarel after

“and 0.04 8t 26°C and 60 H

XX Refining Askare! for Reuse -

. A. Filtering Through Dry Blotter Paper 1o Remove Moisture and
Extraneous Particles:
Most operators prefer po ble refmlng apparatus, such as a plate

“press fitted with a dolly,” available from Sparkler, Mundelein,
linois or General Etectric Company, Pittsfield, Massachusetts; or
the earthen cartridge filter type available from {ndustrial Filter
‘Corporation, L.ebanon, Indiana. Filter paper liners for the plate

“press are available 1rom Carl Schieicher and Schuell Company,

nd manulacturers of fulter presses listed

| Immediately be?ore use. For best
¢~ wesults, spread the paper for maximum surface exposure in a hot
air circuhmng oven and h for 4 10 6 hours at 110°C.

Circulate the askare! hot (but ot over 40‘0) through the filter
fmed wlth rhe dry paper Iinm ' )

After flltratlon the dnele (! breakdown voltage of the askare!
should be 35 KV minlmum,

PRECAUTIONS:
1 1. Fittering shoutd not be. done when the relative humidity
© 0 exceeds 76%.
© 12 Anyflexible hoses and geskels on the refining equipment
" " should be lined with or made of materials that will not

.- be softened by contact with askare! fluid. (Materials
lined with Silicone, Viton or Teﬂon or flexible metal
materials are sultable.) -

cﬁm"y‘
0509908
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TA
_Gulde to Rate of Dissolved W tor R
By Fllming Askar lmrw;ﬂ\ [ Pnpev Pren

Disposal of Solid Wastes: W
The ANS! guide C107.1- |974 Sechon 4.1.6 gives detailed .
o vocommendauons ‘ O

Solid lnwlauon Requnrlng Drylnp,

" 4f the solid insulation of the transformer requires drvlng, consui
the transformer manufacturer or an apparatus service shop, asi
mch case oVen drying is preferred.

D. Earth Twnlmem for’ Maxi
Volume Resistivity:
. We question’ whether pumping and ﬂher‘in the fluid solely to
echieve » change in’power factor or volume fesistivity afone is
" Justified in today's ecological climate regarding PCBs. We recom-
" mend that In these sltuations ‘the originat tmnsformer manufac
" turer be contacted B
1., Procedure: §
: ;me askarel liquid &wuld be elatively drv
following eanh m‘m

As eoutlna on’ the filter paper surface use fmely dwuded .
.. Attapulgus® clay or Fuller's earth dried and ‘activated by
“heating for 12 hours at 300-350°F immediately prior to use,

The amount of earth used should be 0.1 o 0.2 percent by

welght on the weight of the askarel to be ‘treated, Askarel
“weighs about 126 pounds per ‘ga !

To depoﬂt the earth evenly, + one-third of the eafth with a
“small_ portion of askerel in & clesn container, Pump the
; mixture through the filter  and follow' with two more
Jone-thitd portions. Then circulate askarel taken from near - -
;' the top of the tansformer, pass it warm {not ‘over 55°C)
through the earth-coated filter and feed back through the
bottom transformer outlet. Continue circutation until the -
fluid is clear and test shows that the e!ecmca\ propemes are
“fully restored, . A :
Effect of Earth on Removal of Scnvengen R
Only slight and insignificant loss by selective abso: )
. tin tetrapheny! and epoxides occurs when askarel is refined
by treatment with 0.1 to 0.2 percent by weight of earth. To
" semove significant amounts of the scavengers requires repe:
L !luou: treatment wrth much larqer amounts of earth . K

d Minerals and Ch
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Apbrox mata Relaﬂomhip Showlng me Insigniﬁunt
Effect of Power Factor and Volume-Resistivity on S

5 Volume Resistivity & !
x 10° ohm-cm {at Breakdown |

100rC, 500 Volts Voltage
0C, 0.1" gap) 25°C, 0.1 gap

2025% .0 o - ,
4050% 1o - 25’ 35

i

M 1
XXi. Cienmng Arced Transformers i
i

1 a unit has arced so that the askare! is no longer ﬁt for use, a thorough
cleaning of the unit is necessary before refilling with new askarel :
insulation and returning it to service™. Follow this procedure insuring i
L care is taken to prevent any loss of tiquid askare! to effluent streams.

‘Drain out all dark, carbon-contaminated askarel, Arrange to have
the scrap fluid incinerated under proper conditions. {See ANSI
C it eC107 report,) -

‘c;xreYu y “brush carbon deposuts from mlerna! parts and insulation,
Lusing a soft bnstle brush making sure that insuiauon is not
damaged, ; .

Fiush tﬁorough y usirﬁ

afel '~ not en oil, not a cleaning
so!vent . R .

'Flush a seoond time with fresh askaral drain; then fill to the
proper level with new askarel

Energnze tvansformer to warm the fluid for 24 to 48 hours; then
. circulate the askarel through a ﬁlter, relumlng it to the unit
fittered and ready for use.

XX, Samplmg Askarel :
Take a sample as close to the top of the Ilquud surfaoe as posslble Many "
large askarel transformers have a built-In sampling tube near the surface
for convenient sampling. Then, to make sure that your sample truly
vepresents your askarel insulation,  take another sample from the
" _bottom. If additional sampling tube connections are contrived on the
" valves_for easier sampling, make the tubes of clean glass, stainless steel,
aluminum or tin for r)gnd types; and sulwona or Vnon or Teflon tubing
for flexible tvpes sy i

Use NEw“comamers for 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 compiete analysas is to be made, a 5-pint size sample is

"required)) G

Be sure that the new bottle does not stand open to collect dust or
moisturé. Rinse the sample bottle and cap lining two or three times

" with askare] from the transformer, then fill it. If the sample will be :

tested pvomptly, @ clear glass bome can be used. If sample is to be i

s&ored ‘indefinitely, use an amber glass bome or wrap clear glass with

alummum foil. 0 id

Al Selact a dry dav Do not sample insulation on a warm, moist day }
" when hudenty exceeds 75% and... i

‘Thls assumes thn tha cause o' arcing has been established and corrections made.
When severe arcing occurs, major repairs are usually necessary and the unit
rebuiﬂ, Thk procedure tan be appliod lov !luihma out the ropalrud units.
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N C Whpn nmp!ing 8! arel from trans'ormers it best to take the
semple when the (nit {5 warm and o»emmg ‘#t average of
maximum foad, especially for a theck on moisture as reflected by
' a dielectric breakdown voltage test. SAmplmg the’ warm asknrel

= more t(ulv repments Its condmpn durlng opemu

) Experlenoe show; xhat water will mig te ¥ mer's -
- 'solid insulation to the askare) liquid and vice versa, dependingon ™
temperature, Therefore, when the transformer is hot, the moisture
" 5 'most Vikely to be found in the fiquid, This acoounts targely for |
" periodic varhuons in dtelecmc breakdown voltage. For example, a
« selbtively high di ic breakd voltage may be found during
winter monlhs and a relatively low dielectric breakdown voltage
during the Summer mon\hs on samples taken from the same unlt

‘When tesling has been completed the remainder of the ﬂund
sample should be destroyed by high temperatute lnclneratlon L
descvlbed in Section Wll PR

0309.‘711

s i
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L lntroduction
High voltage jeads are usually connected to askarel or mineral oil-filled
. ‘network transformers and power centers through terminal chambers
- anit 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 SWltches * ‘rotary or drum type fitted with a revolving block and porcelain unit as

. the prmmpal element arranged for three-phase service,

and Termlnal Askarel mnsformers with attached switches have been in use for about

30 years. When they were first introduced, the availability of insulating
ambers and gasketing materials was rather limited and even the best materials at
the time had no service history. As a result, inadequate gasketing
materials such as cork, nitrife rubber, and wnitrile 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 equment ¥ .

The tevmuna\ chamber is usually above or below the switch
compartment and separated by a steel wall through which the bushings
are inserted. When bushings are properly selected and correctly

" instaled, there is no feakage from one compartment to the other. With
poor bushing seals, and the terminal chamber above the switch, potting
compounds ot cable oil can seep into the askarel. When the terminal
chamber is below the swuch askarel can drain into the terminal
chamber. ° Ry

i Souroes of Contamination

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}
’ enuance of pothead of cable oompounds through Ieaky bushmg seals,

Unlike an askare! transformer whete 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 i
" seals, the amount of contamination can be relatively large. i

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

et et T LN I Petrolatum s used frequently for flllmq terminal chambers. When either t

: . ’ ‘ ’ cable oil or petrolatum seeps into askarel, no great harm results. The

. : i - fire resistance will be somewhat decreased and power factor of the
Ty S L e askarel will increase with an panying drop in resistivity. While
e s L Lot 2 highly undesirable, it Is doubtful that failure of the unit results, Where
R E A asphaltic compounds are used in place of petrolatum, the danger is i
Gt . ", increased somewhat because asphaitic contamination may cause b
= - : o L excessively hugh dlelecmc 1osses in the askarel .

When the termina‘ chambev ls betow the switch chamber, the potting
compound can be contaminated by askarel if the bushmn seals are P
leaky, This is undesirable because the askarel will increase the power
factor and conductivity of the potting compound or cable oil and
develop heat from dlelectnc Ioss 1 this mixture is drawn into the cable I,

T R i
‘ 0509512 A) .
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o

', blastomeric seal Is to be wsed in’contact with both, eskarel and .

. impor\anoe of !lght bushing assemblie

" {V. Askaret Used Under Mild Arcing COndltlons o
" The 1EEE Guide for Transformer Askerel calls’ at(enﬂon (o the L
‘following .

A. Switches used for grounding after power source has been

{11, ‘Sealing Swltohes and Tormjnal Chambeu
Proper bushlng construction, use of Silastic, seals and welding wherever
possible is highly desirnb‘e {as covered in Section A). Where an

petroleum | o\l DuPom s Vvton is suagestod

For new equnpment tho user shou\d specvfy thesg modern sealing
arrangements to keep out oontaminants and minimize mamtenanoe

“"Askarel is used o some extent in apparatus where itis subjecwd
to light In!ermment arcing, such as in self-contained induction
regulators, where operating switches are continually producing
slight arcs, in transformer de-energizing switches, etc,, Under
normal conditions, deterioration of the askarel i very slight. -
However, improperly adjusted or defective switches in this type of
apparatus can produce excessive and prolonged arcing and
accelerated deterioration of the askarel. It is recommended that .- -
when askare! is 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 given to
. malntamlng the scavenger at the appropnate concentration

\'A Mamtenance for Askarel FI"Bd Swnchas
. de-energized will not undergo arcing.

8. Switches interrupting magnetizing current will be subjem to
arcing; the amount of decomposition will depend on power
interrupted, time and frequency of operation. As a general rule,
the liquid should be checked after & to 10 operations. . :
1. On newly instatied switches, check the askare! at 3, 6 end 12

month Intervals; if found satisfactory, check once annually -
thereafter. With' proper attention to the gasketing of covers '
and bushings, experience will probably mdlcate that less
frequent inspection is warranted. . -~ X : !
2. Check askarel for: =
7. a8l Dielectric breakdown' voltage (ASTM 0877) ‘1t shoutd
o be 26 KV minimum, If dietectric breakdown voltage is
tow, confirm presence of water by Karl Fischer method
ASTM D-15633, Filter to remove molsture, Dlelocmc‘
strength should then be 30 KV minimum,

b. Presence of carbon from arcing: Fluid should be
relatively free of carbon, {f badly arced and very black,
replace fluid. 1§ only minute amounts of carbon are
present, filtration is recommended. Check power factor

: of liquid (should not be over 6% at 25°C and 60 cycles).
..+, Flush out switch chamber with several gallons of fresh

* askarel before refilling.
11 there is discoloration, high power factor, delectable change
in spacific gravity or refracuve index, or if fluid flashes below
250°F, there is a possibility of seepage of potting pound
into the switch oomparlment In this case, correct any leaky
bushing seals with proper replacements and fill with new
askarel.

1f terminal chamber is below switch, oheck potting

compound for presence of askarel {can usually be detected

by odor. or by an increase in specific gravity). If askarel is
present, correct any leaky bushing seals “with  proper
replacements, and renew compounds. . ;

Examine cover gaskets visually, Deterioration can be detected . """ - L )

0509513 } ‘
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by swelling and Craokmg of lhe exposed edge. 1n cases of

severe deterioration, fiquid seepage is usually present.

Check for leakage at packing gland of swltohlnn shaft, If
aking repack wnh a S-Iastlcrmg type uasket .

Vi Askarel Under Excessm Tempevature or Fault
Conditions
The 1EEE Guide also polnts out that, -

. *Chlorobenzenes used in transformer askarels begin to boil at
temperatures of about 205°C, under atmospheric conditions, If the
material is heated to such high temperature in @ sealed system,
pressure develops, Pressure will also develop in the system if the
* askare! Is arced sufﬁclentlv to nenerate copious hydrouen chloride

qas : .

T herefore, n is recommendod tha| wherever possrble sealed
askarel-filled equipment be provided with pressure relief devices.
These devices must be large enough to provide immediate relief 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. - «

B

(' : / " L Inhalation .

oL S@@@ @m @ .. Atordinary temperatures the chlorinated biphenyls in Askare! have not
. ‘ ' presented industrial toxicological problems. The hazard of potential
- toxic exposure varies with their volatility: the lower-chlorinated, more-
rlhx‘clty& volatile ones present more of a potential problem from the standpoint
. of ‘both inhatation and skin contact. When Askarel fiulds are used at
" ‘elevated temperatures, engineering controls must be applied, either by
" the ‘'use of closed systems or by effective local-exhaust ventilation

* together with general workroom exhaust

Vapors of Askarel at room temperature should not be breathed in a
> confined space, and no vapor of any fluid evolved at elevated
. temperatures mould be allowed o be dispersed imo the general
; workroom : :

Inhalation tests on ammals indicate that the maximum safe concentra-
tion of vapor is in the range of from 0.5 to 1.0 mitligram per cubic
- meter of air. The threshold limit value {maximum allowable concen-
tration of an 8-hour working day) set by the American Conference
“ of Government Hyglenists are 1.0 milligram of the lower-chlorinated
.. biphenyl compounds per cubic meter of air and 0.5 milligram of the

_more-highly-chlorinated compounds, per cublic meter of air.

1l. Skin Contact

Prolonged or repeated skin contact with the Askare! 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 Askare! are rare, it can be produced by
excessive skin contact. If the fluid is spilled on the skin the skin should
be washed In the usual manner with a sozp solutlon : .

A bum cnused by contact with a hot Askarel should be treated like any
ordmnrv burn.

fons of Askarg\ fluids, see Section A - VL, page 8.

0909514 }J
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* Yransformer users not wishing to make thenr own ﬂuld analyses can obtaln the servlce from Monsanto. Simply contact Monsanto
and spacl(y what analyses are wanted. You will be sent the propersized, tlean sample container, Titted with a proper label. When
you' receive this, carefully take your sample (following the procedure for sampling in this guide). Send the container to
Monsanto’s laboratory. Charges llst d Include sample container and laboratory costs, The charges are those in effect March 1,
1976, andara subject to change. g v R N N R

pres ol’Analyses Avallable
alysi
ROUTINE MAINTENANCE CHEOK : Total erge $30 00

Yo determine the general con tlon of lhe fluld and find whether further analysis is necessary (one-quart sample requnred)
Properties Tested - 3 - Dielecttic Breakdown Vol tage .

Color and Condition * . Molsture .* B

You will be notified of the results of this test. If further testmg is Indicated, and vou went a complete analysis, you wilt be sent a
. five-pint sample ccntalner Thls sample wrll be used for the following series of tests:

Analysis 2)

OOMPLETE ANAI.YSIS

Il) To determine the extent of ﬂuld ‘contamination, (2) earth refmement to determlne what dagree of res\oratlon of electrical and
insulating properties Is possible, (3) chack test to see how the fluid responded to earth tr

a) Complete Analysis: to determine the extent of contamination

Properties Tested Free Chlorides

Cotor end Condition - Acidity” . i .
Specific Gravity Dielectric Breakdown Voltage

Refractive lndex Power Faclor. Dlelectnc Consmnt, and Renstlvlty 3
Water: - . . 2

’ b) Earth Refinement Respon J

Consists of treatment for 2.6 hours at 50-60°C. with 0.1 to 0 2 percent by welqht of property conditioned Attapulgus clay
,and then filtration through dry filter paper. ; .

cl Analysis After Laboratory Earth Refmement
_ Properties Tested . Acldny

Refractive lndex : ‘Dielectric Breakdown Voltage bt

Water - 1: st Power Faclor, Dietectric Consumt a )

Froe Chlorides > '

You will be notified of the results of this test senes on your sample Then mer reflnmg your entlre transformer fluid fill you
" can check on the results by requestlng the followmg anal

“Analysis3) o
ANALYSIS AFTER EARTH REFINEMENT

Total Oharée $50.00
27 (This charge will not apply when
analyses 1 and 2 have already been mad‘ )

To de!ermme whether the “entire lot ol the askarel flll reeponded to the same exmm as the labora\ory sample (five-pint sample
required) .

Properties Tes!ed
 Color and Condition’ e . :
.. Rofractive Index © - " | i Dielectric Breakdown Voltage ¥
Water .- L . Lo ~ Power Factor, Dielectric Cons(ant and Reslmvny

To arranoe lov the tests descrlbed above wrn!e to the followmg address
David Wood - RIS
Monsanto {ndustrial Chemicals Companv L
" 800 North Lindbergh Bivd. .
St. Louls, Missouri 63l66

Monsanto Company .

W. G. Krummrich l.aborulory

. Sauget, Minois 62201
1. Attention: R, Kuster ;

Samples to be tested should be clearly marked for ldenuﬁoa\lon and sent dlrectly !

0509519 )
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Askarel Stability and Composmon of Arc Formed Gas: Askarel imulatlon is one of the most inert, chemically-stable heat
resistant, non-corrosive liquids known Tewitl notbreak down, oxid-;e or sludge when exposed to air and high temperatures,

APPROXIMATE COMPOSITION '

; ARC FORMED GAS FROM TRANSFORMER ASKAREL BLENDS
' ASTM TYPES D AND

(INERTEEN 70-30 AND PYRANOL A13B3B~3 RESPECT!VELV)

Gas i
carbon monoxide

0.3%
~“carbon dioxide 0.3% .
" oxygen - 0.6% -
inertgases | . 15%
hydrogen chloride , 7.3%

. (note the absence of phosgene)

For all prachcal purposes, the amount of gas Hbemed fro Y

kare! under a glven set of urcung condmons ls ubout 100 cublc
centimeters per kilowatt-second, : §

APPENDIX B '~ o0 e AT

SOLUBILITY OF GAS IN TRANSFORMER ASKARELS
. ASTM TYPES D AND G

Percent of Gas By Vo|uma Corrected to:

" Carbon dioxid
Air .

" Nitrogen

" Hydrogen chlorldel

13n absence of scavenger

APPENDIX C

EFFECT OF TEMPERATURE ON DIELECTRIC BREAKDOWN VOLTAGE OF ASKAREL

- T Dlelectnc Breakdown
. e E ) S Voltage
Temperature *C . . ASTM D877 .
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THE DENSITY OF INERTEEN 70-30 @ "
AND TRANSFORMER PYRANOL Msaase ;
) Approx. Denslty amloe

Pyranol
A13B3B-3
1677
1566
1.632
1510
1488

f

B APPENDIX F

.The ‘thermal oonductlvlty values trans ormer Pyranol A1383B-3 at 27°C and B8C are 26.2 and 26.8 x 103 calories
‘centimeters-, degrees centigrade-, second-?, respectwuly. Or approxlmmly 0.06 BTU per (hr.) (sq ft.) (°F.) per foot,
This same approximation apphes to lnerleen 70 30,

'APPENDIX G

Heat Capscity -
Over the temperatul
doqreo g

_ APPENDIX H -
Coefficient of Expamlon

The average coefficient of expansion of transformer askarel over the temperature ranpe20to 100'0 wO ooo7 cc/cc/°C.One
pallon would increase to 1,056 gallons on heating from 20 to 100°C..

‘ APPENDl'xi

Fire Resistance i S

Askarels of ve varlous oompositlonal types are’ used Under arcmg conditions the gases produced, while consisting of
ptodomlnantly noncombusuble hydvogen chloride can yleld varyma amounu o' combustible gases dependmg upon the
askarel type, . . EROE B

Insulation syslems Incorporatmg these askurals and oellulosoc or other ovgnnlc 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
nitrogen through the askarel end flushing 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 60’ 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 60 for 24 hours at 480°F.

SPECIFICATIONS*

Color White
Specific Gravity 8t 77°F 1.20 4 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

*All physical properties measured on 0,075 inch thick samples molded 5 minutes at 240°F, and oven cured 24 hours at
480°F.

APPENDIX K

Caution Labe|
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 63166

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 askare! 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.

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

property or injury to persons arising from transformer operation.
0509518 ) Zé ;;
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