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1. iIntroduction .

The term “askarel” as defined by 1EEE, ASTM and the National
Electrical Code generally dexcribes a broad class of fire-resistant®
synthetic chiorinasted hydrocarbon insulating liquids widely used in
transformers, reactors and accCessory equipment operated at power
frequencies. Askarels of various compositional types are in use. (For the
general properties and types sse ASTM D-2283.) Under arcing
conditions the gases produced, while consisting of predominantly
non<combustible hydrogen chloride, can contain varying amounits of
combustible gases depending upon the askarel type.

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

The information is based on facts gathered by Monsanto over 40 years
a3 2 producer of askarel, plus knowledge gained from the experience
of transformer manufacturers and users. This guide outlines the
maintenance required for askarel fluid in “modern” transformers and
offers suggestions for saling and maintaining askarel in old units. By
following this guide, we believe users will obtain maximum service from
askarel insulation with » 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 acknowledges the assistance, guidance and the

- contributions of certain data by the following:

Edward L Raab — Geners! Electric
Dr. T. K. Siost — Westinghousa Electric

fl. History of Trade Name Types

“Askarsi” is the generic name for the fire-resistant liquid insulation
and coolant first used by Genersl Electric Company in 1932 for their
Pyranol! brand name fireresistant transformers, Westinghouse Electric
Corporation uses their brand name, I-=-teen,2

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

In addition to manufacturing Arocior® (chlorinated biphenyl),
Monsanto also mixes this dielectric fluid with chlorobenzenes to
g:!:u the presently used Inerteen and Pyranol blends described in
able 1,

. ®"NOTE: Matecisis designated Yire resistam’ generally are more difficult 1o

ignits, or once ignited, burn at & slower rate than correwonding convennonal
matwisie. This term doss not mesn that firg resistant materials will Aot burn,
However, when properly vsed, Monsanto’s fire resistant ASIKAREL FLUIDS e
umrtul in heiping customars mest their fire ety raquirements.”

Mrademark of Genersl Etecrric Compeny
2rragamark of Westinghouss Elactric Corporation

OR egistared trademark of Momsento Comparry
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ASTM Method D-2283, titled “Dhiorinated Aromatic Hydrocarbons
fAskareis) For Transformers”, also lists the composition of all
transformer askarels used at various times sincs 1932.

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

ti1. Interchangeability

In genersl all transformer askarels are interchangeable. However, it is

suggested that the transformer manufacturer be consulted prior to
. mixing in significant proportions or tota! substitution.

IV. Transformer Askare! Specifications -

Specifications for the thres modem transformer askarel fluids are
shown in Table i1,

V. Ordering Instructions

Monsanto’s current policy is to seil askarel transformer fluids only to
transformesr manufacturers. Others intsrested in thess fluids should
contact the manufacturers of askarel transformers snd not Monsanto.
The transformer name plate indicates the transformer maker and
usually gives sufficient dm to identify the specific uluul fluids used.

Vi. Contamination

Askarel insufation must never bs mixed wuh mineral oil. Over two
percant of mineral oil by volume in askarel begins to lownr ity fire
resistancs.

in modern wansformers, the prineipol “enemy”™ of askarel is
contamination by water, Kupml askarsl watar-free will insure
fong-time service. .

Askarsl is hagvier than weter. if water gets into askarel insulstion, only
& tiny amount {approximately 125 ppm) dissolves — the rest floats on
top. Askarel is very insoluble in water, only about 200 parts per b-lluon
dm«inolnmm #t normal temperatures.

VI, Precautions When Handling Drum, Tank can, and When _

Opening Transformers . - e B N
'lhﬂollmngmmfmtm: . RN e
A" Koep Dry During Handiings — =° - IR

R T R Tt e = AEUEST AT W N EIIT AT et
gt e BT ?:_'. -.ai..-.v‘--iﬁ\ ~e T
..-. R e " . Py PAaET A Py R
LaT T ﬂnﬂompoumdfypd‘l’mdmm i Do
I ..é-»-'m“' e asozm -
Trade Names - lmn-\ . Inerteen Pyranol
1030 ,~- 10042 A138383
Ingedisnts (% by wt.) i ' . - o
Aroclor® 1254, -t
chiorinated bipheny!
{54% chiorine by weight) 70 - 60
Arocior® 1242, )
chlorinated biphenyl
{42% chlorine by weight) - 100 -
4 Trichlorobenzene 30 - 40
' Phenoxypropens oxide ‘
[ scavenger 0.18t00.22 0.18tw0 0.22 -
s Diepoxide scavenger - - 0.115 t0 0.135

. Inhmdm;numgsmpliuuuhmmnud anda

¢
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Specification Propertis!
Color, APHA
Condition
Water content, ppm (ASTM D1533.60)
Acidity, mg KOH/g ASTM D974 55)
Dislectric Strength, 26°C, 0.1 in. gap
(ASTM D877-49)

- Dislectric Constant, 100°C, 60 Hz

(ASTM DD24-49)

Volume Resistivity, 100°C,
$00 voits OC 0.1 inch gap, 10° chm-cm
(ASTM D1169)

Inorgamic chiordes, ppm [ASTM Dm?l and
G.E. Method E4CA418)

Relfractive index, 25°C (ASTM D1807)

Viscosity at 37.8°C (ASTM D88-56)
Saybolt Universal Seconds

Pour Point °C (ASTM D 97 57)

Specific gravity 25/15.5°C (ASTM D1810)

Burn point (ASTM D92)

Disullation range (ASTM D20-56) corrected

tor stem and barometric pressure

Fixed chlonine
Corronon test

Color, APHA
Acidity, mg KOH/g
Inorgarc chiorides ppm
Conthtion

Scavenger content

Typical Properties?
Coeflicient of Thermal Expansion
(ASTM D1903), cmZ/cm?/C
Arc formed gases

*Weniinghouse usss thelr privete number Inerteen
S4201KA for inerteen 70-30 and therr privare
number inerteen 64201CM for Inertsen 100-42.

T | (<)

Transtormer Askarel Specifications (New Fiuid)

Genersl Electric Co, Wastinghouse Westinghouse
Teanstormer Transformer Transformer
Pyrenol A13B3D-3 inerteen 70-30° Inertaen 100-42°
ASTM D2283 Type G ASTM D2283 Type D ASTM D2283 Type E
150 max. 150 max. 60 max, '
Clear Clear Clesr ,
30 max, 30 max, 36 max, o
0014 max, 0.014 max, 0.01 man,
35 KV, min, 35 KV, min, 35 KV, min,
421046 4.2w045 47049
100 ‘ 100 00
0.10 mosx. 0.10 max. 006mex, , .
161101016120 16153 10 1.6173 1.6240 10 1.6260
441048 56 10 61 82w02 .
-38 or lower -30 or fower -17 o lower .
149510 1510 1.518 10 1.528 1381101392 -,
None 1o boiling Nane to bouling None t0 boiling -
151 drop 200°C min. 1st drop 200°C mun_ 10% 325°C min, = .
40% max. below 270°C 35% below 270°C 90% 360 man, )
90% 379 10 394 90% 379 to 394
- 56.4+05% 55.6% min. 43+ 05% -

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

200 max. 200 max, 200 max.

0.014 max. 0.014 man. 0.01 max.

0.15 max. 2.0 max. 0.16 max.

Clear Clear Clear
0 11510 0.135% 0.18100.22% 0.18100.22%
Diepoxde phenoxypropene oxide phenoxypropene oxide

0.0007 0.0007 0.00068
Asluuu ol vanouy wnpomw twu are used. Under srcing conditiom the gases produced, white "]
ly of non. frogen chiorde, can include varying of bustiie gares depending

uuon the ssharel lwo Insutation lvuems wcorpol ating these atharels and celluionc or other organic materists may,
when srced, which e moderately flammabie. As o precaution, such gases shouwld be
removed trom the utuul by bubbling dry mirogen through the askaret and Hushing the gis spece with dry mirogen
belote any work 13 performed on the apgstatus.

Mok i

I Thase quentities sre fine! seles apecifications only 10 the extent that they comcide with M ‘s publ wec

2This dets is besed upon emples tested i the lsborsiory snd 1s Not gusrsntesd lor ol wmples. Write us tor plete seles

[ tor Askers! Huids.
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opecating askarel transformaers — take every precaution to guard
the asskarel insulation from exposure to high humidity and

" moisture contamination, Keep 5 or 55 gallon drums of askars!

dry; iay stored drums on their sides with the burg st the highest
point from floor to keep watar off the drum head (which can be
sucked into the askarel by the drum “breathing’?). This pracaution
it not necessary when drums are stored indoors, which is the
preferred place for storage.

To avoid leikage the drums used for askarsl are of heavy
construction. Sixteen gauge metal is used, with special rim sesl snd
bung construction. The drums should be drained as completely 88
possible and then flushed twice with kerosens type solvent to
remove all of the askarel. Accumulated liquids snd washings
should be collected and shoulkd be incinerated ot high
temperstures, 8.g., about 2000°F, to destroy tha polychlorinated
biphenyls (PCBs). Ses Section A, VIII.

Tank cars usad to transport askareis are in exclusive service snd
not used interchangeably for other products, All cars must bs
unioaded through the top (dome fitting) either by pumping or
with controlled pressure using dry sir or dry nitrogen, If nitrogen
has been used for unloading it is necessary to advise the shipper 30
that when the car returns the nitrogen can be replaced with dry »ir
before any one may enter the car. tf the car is to bs uniosded by
pumping it will be necessary to use a dryer on the sir intake line
remove moisture,

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

Convenient handling and pumping temperatures are given in
Tabie iil.

Use Ordinary Personasl Precautions:

Transformer askarel has been made, handled, and used for over 40
years. It can be handled safely with recommended precautions. If
sccidentaily spilied on hands, no serious skin irritation will oceur,
However, liquid asksrel has 8 solvent action (similar to paint

Table Ilt
Handling and Pumping Temperatures
Unloading,
Handling and
Pumping
Product Yamperature T

‘Pyranol A138383  20-55
Inerteen 70-30 20-55
Inerteen 10042 35-78

thinner) on the fats and oils of the skin and prolonged contact
may lead to drying and chapping of the skin.

In case of contact, wash the skin with soap and water; remove snd
dry clean ssturated clothing. Clean up spills with rags, sawdust snd
sbsorbant clay. Eye contact may result in painful irritation but no
permanent damage to tissues. If askarsl gets in the eyes, flush with
largs amounts of water, As with all eye first aid, refer to 8
physician. To relieve irritation, physicians have used an opthalmic
snesthetic solution as well as opthalmic cortisons acetste solution,
or castor oil. .

Infrequent exposure to askarel vapors will not cause il effects.
Howsver, prolonged sxpasure to high vapor concentrations should
be avoided. If hot sskarel must bshandled in a closed or confined
ares, provide the ares with mechanical exhaust ventilstion — or

-
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. . wear an organic um'dp' respirator approved by the U.S. Bureau
A of Mines., -

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

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

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

The American Institute of Elac:rical 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 Strest, New York, New York
10017. We recommend that users of askare! transformers refer 1o this
1EEE document.

VIil. Avoid Environmental Pollution

Transformer askarels contain polychlorinated biphenyls (PCBs} which
have been used in the United States and eisewhere over the past 40
vears for many industrisl and consumer applications. During the past
seversl 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 Interdepsrtmental Task Force on
PCBs, Com-72-10419, in their March 20, 1972 report Utled,
“Polychlorinated Biphenyls and the Environment”, recommended
restricting PCBs to use in capacitors end transformers.,

This report is distributed by the National Technical Information . !
Service, U.S. Department of Commerce, Springfield, Virginia 22151,
A document titied, “Guidelines for Handling and Disposal of Capacitor t
and Transformer Grade Askarels, Containing Polychlorinated :
Biphenyis”, has been prepared and is available from the American
‘National Standards Institute, Committee C107, 1430 Broadway, New
York, New York 10018,

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

ANS| Committee C107 '

Seope: :
Procedures and guides for safe use, maintenance and disposal of {
askarel and sskarel-soaked materisls used in electrical equipment.

Objectives: - .
1. Sourcs of technical information and advice for Federal, ,
State, local suthorities and all others concerned. H

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

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

Composition: :
Organizations active in or represented by this ANSI committee
include: National Electrical Manufacturers Association, Electronic :
industries Associstion, Institute of Electrical and Electronic ;
Engineers, Americen Society for Testing and Materials; Electric 1
Light and Powsr Amocistion; Cartified Ballast Manufacturers
Associstion; Environmentsl Protection Agency; Office of H
Environmental Affairs; General Services Administration; National :

© e e e e
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Buresu of Standards; Depsrtment of the Army; Rural
Electrification Administration; Division of Environmentsl
Resewrch, TVA; American Public Power Associstion, Water
_ Poltution Control Federation; Food and Drug Administration; .
National Fire Protection Associstion; Underwriters Laborstories; ~
and several sections of the U.S, Department of Interior,

The following are pemnmt uenpn um\ from tho ANS! Guidelines
for askarel trangformers:

1.

LABELING ASKAREL TRANSFORMERS (Pg. 16)

4221 New Transformers. All new transformers that
contsin PCBs shall have a label of adequate durability,
permanently and prominently attsched to the tank by the
manufacturer, piven adequate warning and instructions. A
supgested label includes the following:

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

4.222 In-Service Transformers. The transformer manu-
facturer should make available suitable labels with a similar
warning #s shown in 4.2 2 1 for use on existing transformers.

DISPOSAL OF LIQUID AND SOLID WASTES (Pg. 15)

4.1.6.5.1 General. Disposal of askarels and askarel-soaked
materials should be accomplished by means in which there is
no significant relesss of askasrel to the environment At
present, dispossl is accomplished by carefully controlled
incineration of liquids and sosked software, and by con-
trolied landfill burial of apparatus and other hardwers from
which askarel has been previous'y arained and washed.

Present knowledge indicates that proper incineration
must involve a suitable belence between dweil time and
temperature in the incineration plus oxygen availability and,
finally, suitable scrubbers 1o remove the HCI that will be
formed; for example, 2second dwell time ai 2000°F and
3% excess oxygen in stack gas, or 1.5-mcond dwell time at
2700PF and 2% oxygen in stack ges.

These faciitiss should meet the applicable requirements
of the state in which they are locared and should control
effiuents within the limits set forth in this standard.

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

Tha ANSI Guide lists the locations of facilities that conform
with the above requirements. Monsanto has such an incin-
erator at the W. G. Krummrich Plant, Department 831,
Sauget, Hlinois 62201, where arcangements 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, Stats and local regulations.

CONDITIONING OF NEW OR RECYCLED ASKAREL
(Pg. 16) -

4.21.321. Askarel Conditoning Equipment. The condi-
tioning unit should be located either in the storage ank srse
or in the main transformer manufscturing area for filling
with askarel, .

4.21.22 Fuller'’s Earth. Condltioning of new sskarel or
racycied askarel requires fuller’s sarth treatment The spent
fuller’s sarth in cortridges or bags, when replaced, showid be
sliowed to drain thoroughly over drip pens to remove ss

much liquid askarel a8 possibla. The cartridge units of stesl .

mesh construction should be pleced in tw “STEEL CON-
TAMINATED WITH ASKAREL” container for digposition.
Cloth bag lilled with fuller's asrth shouid be placed in the
ZSCBAP BURNABLE ASKAREL WASTE” continer for

. e
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.. & TEARDOWN OF TRANSFORMERS FOR REPAIR OR
© DR . SCRAP (Pg. 164
SR 4.21.4.7 Drain all askorsl fram the unit either into »
© * holding tank or reuse or into the arum labeled “SCRAP
= = - ASKAREL" for diposition, and then sllow sufficient nume
for al! of the askarw! to drein fromn the core and coils.
4.2 1.4.2 Remove the core and coil assembly from the
transformer, Sufficient absorbent material should be placed
", on the floor to absorb any sskarsl fluid that still drips from
> S o the zansiormer.
R - 4.2.1.4.2 Place 8/l materisls in the appropriate salvage
oo containers during the dismantling for /ater disposition.
lj .t - s 4.2.1.4.4 All used materisls, including rags. sswdust,

taoe, e, repardiess of quantity, shall be put into the
sppropriste containers for disposition.

8. TRANSFORMER DISPOSAL (Pg. 17)

4.2.3.6 The ultimate disposal of an askarel-filled trans.
former may be sccomplished in either of two ways:

(1) Complete orsinage and dismending with the proper
digposal of the sskarel and eskarei-sosked components as
dexcribed in 4.1.6.

(2) Disposition of askarel transformers by means of junk
or scrap deslers. This should be avoided uniess a transformer .
i ftirst dreined, followed by sosking the interior with » )
suitable solvent. Accumulated liquids and washings are 1o be
disposed of as dexcribed in 4.1.6

IX. Expected Service Lifs -
Manufacturers indicate that properly designed and instalied askarel .
transformers are expected to give trouble-free service for at feast 30 '
. years. Since their introduction in 1832, the manufacturers report i
. finding the overall failure rate to be less than 0.5% for all units under
-( . test and service conditiors. The Edison Electric Institute’s report

(1956-1958) on their member utilities publishes the failure rate for
askarel transformars as 0.13 per hundred banks per year.

- Mr. Frank-M.-Clark, who inventad tansformer askarels at the General
Eiectric Company in the early 18305, made the highly pertinent
—§ - comment based on his many yesrs of experience with G.E. Pyranol :
. - ({sskarel type) transformers that - - 1
] “The important thing is o keep them dry — otherwise leave themn }
sone™. ;

) .- Thess words of wisdom became especially applicable in more recent
. . yesrs when welding shut rather than gasketing became the main method .

- of wmaling mkarel tramsformers. Thess units are sold with the H
< . . understanding that the liquid i3 in a normaily hermeticaily closed
System,

X. General Characteristics of Transformer Askarel Fiuid
Apprecistion of the following characteristics, a3 given in the IEEE
. Guide, ieads to understanding the ressons for selecting dielectric
- breskdown voitage and moisture as the prime practical tests 10 judge
. . the quality of transformer askarel fluid. Also, due to these

. - characteristics the power factor of transformaer askare! will be normally
much higher than the carresponding values for miners! oil.

A; " in comparison to minsrst insulating oil, askarel is a relstively polar .

L matarial; 12., iz moleculss are dipoles, free to rotate around their axes :

- N and resporsive to orientation by electrical forces. Askarel aiso exhibity

R - 8 much higher dislectric constant and capacitsnce than insulating oil,

. - ond these dnfhrm must be kept in mind whm mecpmmg electrical
o - ER m'm e - \,..—) .

. '_7"':" - -'"' ' Becaum it h rdnhulv pdr-l M‘& nlhm-.y power, sskarel
. T R # much more electrically sensitive than minersl oIl to traces of
extraneous soluble polar matsriahs, and consequenty the choice of '

GBRAN 001058 7
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constructional materisis destinad for um in askaral is very critical, This
sensitivity is reflected in the powu hctof and ressuwity lspaaﬁc
us-sunuldﬂnakaul L ted

1t is important ta nou IML with m exapmn of water, the dicle:lrb
breakdown woltage of askare! is not genersfly adversely effected by
many of the soluble polar materigls % which its power factor and
resistivity (specific resistancs) ere 50 sensitive, in fact, the dislectric
breakdown volitage of askarel i somewhat greater than that of
imulating oil, Therefore, the values sssigned these dielectric fluids
newly supplied transformers are 30 KV min. and 26 KV min,
respectively.

As with insulating oil, askarel must be kept dry. It can pick up moisture
from exposure to humid atmosphere. Under similar conditions of
exposure, askarel can pick up nearly twice a3 Mmuch morsturo when
measured on » parts per miflion weight basis.

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

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

“Because of the high specific gravity (refative demity) of askarel
{greater than 1), water end some other impurities arz m ~<¢ likely to be
found at or near the surface, The top sample, therefore, .. _onsidered to
represent the worst condition.”

Xil. Evaluation of Askarel Received in New Equipment

Some users of askarel equipment find it desirable to make ““as received

tests” on all equipment. It is quite common to use the dielsctric
breakdown voltage test and visual sppearance as the most significant
tests.
additional information may be obtained from the power factor, color,
and moisture content tests.

In sampling askarel contained in |pp.orltus extrems care must be
exercised in order to obtain a representative umple ASTM Method
D 923 should be followed.

New equipment with askarel thlbutmg the followmg characteristics is
considered acceptable:

‘ ASTM Methods
Dielectric Breakdown : :
Voltage 30 KV min. 0 877
Color 300 max. {Straw eoiorl D 2129
Condition - Visusi Clesr D 1702
Water Content 35 ppm max. D 1533
Power Factor at 25°C * D 924,00 150

*The power factor of askarel taken from new transformers,
reactors and sccessory equipment can refiect 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 liquidtosolid insulation and
to the high solvency power of the askarel. Given an acceptsble
water content and dielectric breskdown voltage of the askarel =
indicated sbove, a high power factor ssidom impsirs the
sarvicesbility of ‘the sskarel vmhm rather broad limits and is

1 suitable equipment and trained personnel are available

; "l'
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Memn of mc m of mm soluble polar mater.aly

" Roeqman' the possbcmr d undo range of power tactors being

.~ tecorded for askarel in new equipment, it is difficult to establish »

. . single limit which would be scceptabie to both suppliers and users

) : <0 for ali applications. However, a8 8 brosd guide, bower factors up

- ’ . . e . _to about 10% at 25°Cand 60 cycles per sacond (hertz) do not in

' . 1. . general indicate any abnormal contamination providing that the .

* other criteris {water content, dielectric braskdown voltage, etc.) :
are met. Much higher power factors may indicate excessive

e e wm e e

= contamination or the misapplication of the solid materials used in i
manufacture in contact with the askarel and should be .
investigated.

XHi, Dielectric Breskdown Voltags — Moisture Relationship
The dielectric breskdown voltage of askarsl is highly sensitive to excess
moisture; not sensitive to ordinary dissolved polar materials. While the - d
dielectric breskdown voltage can also be lowered by severe arcing,
askarel rurns noticsably black or has particles of sooty carbon floating
in it if arcing has occurred. Then the transformer should be repsired

and the askarel replaced.
L ]
If the dislectric breskdown voltage is checked periodically and H
™~ . decresses sigruficantly — this indicates moisture pick-up, arcing, or H
P hues  both, Whan tha dielectric breakdown voltage has dropped to 26 KV or 4
——— less, an anatysis for water is necessary. If water is found in excess of 40 '

PpmM st room temperature, its source shouid be focated and corrections

T |

When the moisture content spproschet 125 ppm (saturation level ot
room temperaturej, the dielecwric breskdown voltage of askarel drops
below the value required for afficient imsulating. The moisture content
should not be aliowed to rise over 70 pom, sampied st operating

e S S0l st e

J' temperature. if the moisture content is found to be in a satistsctory :

. range and the dielectric breakdown wvoitage is fow, the transformer {
! manufacturer should be consulted,

~ Table IV shows the relationship of dielectric braakdown voltage vs.

moisture and Table V indicates the approximate water solubility limits ¢

in asl:lrcl and mineral oil.

R Toble IV '

_ num of Dielsctric Braskdown Voltsge to Amount of Dissoived i
- _(JA e . . . Water in Askarel snd Minerat Oil .
S Breskdown Voltage (ASTM DE77) !
._‘ . Water Content (PPM) Askarel Minerat Ol
’ ' 70 KV 50 KV
55 a9
a7 30
Y 2
» 7
10 5
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X1V. Turbidity .- -

. may be the visual sign of undissolved water, or may indicate em.
Cloudmes 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 sround 15°F above 2sro. To
redissolve it requires heating to 150-200°F and nnmon

High c.electric breakdown wvoltage will quickly md-au thlt

turbidity present is not moisture; that the insulating efficiency of th
askarel is stilt excellent. However, if the dislectric strength is below 26
KV, moisture should be determined, using the Kui Fm mothad .
(ASTM D1533-80). &l LIS S

The dielectric breakdown voltage test for askarel mpnmm‘lyam
indicstor for moistre, klbylrdnmlnwmtmm-t
for ransformer askarel. ’

XV. Check Points for Maintaining Askare! lnsuhﬁon
A. General Considerstions:
Modern askarel transformers with welded construction or silicons -
or Viton® gaskets (hand holecover, switch end tarminal
compartment covers) and with properly constructed bushings
require little maintenance. With properly constructed trane -
formers, annual or semi-annual visual inspection snd dislectric
breakdown voltage test of the askarel fluid should suffice for
routine maintenance checking over manv vuu of -mea.

However, many askarsl mmmnfnsuﬂld mtht-ﬂy 1m -
before the development of some of the better modermn gulmin'
materials and before improved designs were developed for seeling

out moisture. Such early units should be, and can be, modernized,
Leaky or deteriorated gaskets should be replaced. If the askarel
has become contaminatad, it should be reconditioned. At the same
time, & general clean-up of the unit and pouiblc rcﬂmahm. muy be
desirable.

if it is not eonvmmtoukomoldv'lmformu:.to.fmsa'wA
generat rapairs, leaky gackets can be sealed umponriiv by painting
omﬁuh&yammthmxyam -

‘. - .
e ) h .
P At S -
[SA N H 5
- - -
) g o2}
-
£y
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Ammyofmlmﬁamapdww.ﬂvw'nm —
transformers (over 20 years old) sre kept in continuous servics in . .-
critical  installations by tho follovnn' m (instud of
) madomnuuoal . vie e -~ . .
oLt ..-r - \

. [N

. mop«ﬁqmmmnﬂppdwmmponndwm”
for reading pmmﬁhlwmph«hm
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DT " pressure is maintained on the shell by introducing nitrogen at 2 to
- 3 pounds above stmospheric. Regular workmen in the ares daily

record the temperature and pressure. If 8 sudden pressure drop is
noted more nitrogen is introduced and the gaskets are checked for
A lesks with soap solution. Lesks are sesled by applying epoxy

- e csment.

B. Modern Sealing Procsdures:

Transformer purchasers should specify ths following modern

techniquas for sealing:

1. Waelding Construction: Covers, radistor connections, switch
and tarminal housings, instrument connections, etc. shouid
be welded.

2. Bushing Connections: A naumber of bushings have been
developed to obtsin 8 proper seal for the electricsl
connection through the tank wall. They are classitied as
foliows: )

1)  Walded Type - (Bushing Range weided to tank wait)

a. Cast resin bushing with a molded seal to the
bushing stud and external stainless steel or copper
flanges.

b. Rolled flangs bushing with the metal to porcelain
seal at the cap and flange made by being rolled into

grooves in the porcelain over silicone rubber rings. i
/ The sesl bstween the cap snd stud is made by i
( welding. o
¢.  Porcslain or glass bushings with metal to glas or
maetsl to porcelsin seals.

2) Bolwsd Type - (Bolted to tank wall) S }
a. Cast resin bushings with sither cast or metal flanges :

containing recassed gasket grooves. ;

b. Porcelain or glass bushings with flanges containing !

recessed grooves or gasket stop. !

The gaskets may be either of rectangular or circular cross-section, .-
ususlly % inch thick. Bushings with recessed grooves are suitable
10 use with cork, cork-nitrile rubber combinations or nitrile rubber

as well as-gasket materisls such as silicone or Viton. i

\

3. Small Size Connsctions: When not possible to weld, small
siza connection sesls shouid be mads with Flexitaliic’
stainless steel rings, The surfaces must be machined and
paraliel. The filler between the steel laminations of the
Flexitallic ring should be sither silicone or Viton, .

4. Gaskets for Hand-Hole Covers: Modern design specified i
silicone gaskets. Such gaskets must be retained in a groove. !
The groove preferably is machined into the flange or cover, 4
Howevar, it can 3is0 be formed by weliding concentric steel ot
strips to the flange or the cover, Generally the gaskets should .
be §/18 to 1/2 in. thick for covers, depending on the depth -
of the groove or stop. A rectangular cross-section is usually ’
used.

The ulm material should be Dow Corning No. S0
Silastic®® or equivalent. This is 8 low compression set
material. For best sesling 20-25% compression s
recommended, with ample clearance in the groove or stop to '
allow for this compression,

No cament is required. With reasonable care the gasket is i
removable without damage and is reuseable.

Silastic 50 is slightly swellsd by askarel which contributes 10
the tightness of the mssl. It is not deteriorated by askare! fluid
‘or npon. It resists wuthmm and it is thermally stable and
--'__-_._c& .—-‘_-___ . -

. -
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. Silastic 50 gaket fabricators o ol tansformer ‘O;’ Rt ’ &i-

s . manufacturers or users. Thay will afso furnish technicat - :
dats. See Apundx & Sedts, Propnmn ad. : . 3
Procursments. * .. ..t . , T

C. TheOlder Sealing Amrargements; = “ -7 s . e

The older type gaskets consist of either cork or eat-mtr'ln rubbcr . -

combinations or straight nitrile rubber, : :

1. Cork-Nitrile Combinstions: Covers tor ﬂ\o mm tank, -,
hand-holes, switch and terminal chambers, relisf diaphrams, ’
etc., are held in place by studs weided to the flange or by
boits. The gaskets sre cut with openings and pisced over the
boits. Often Shellac (Westinghouse Style No. usouo or
Generai  Electric Company's Glyptal® 1276) is used to
cement the cork to the flanges.

! The following is recommended for sesling with the cork —
nitrile rubber combinations:

L.

Use Armstrong NC-757 cork-nitrile matarial or equivalent,

The gasket can be cut from a single sheet or by scarfing strips

of the material. A convenient method for joining strips is to %

make 3 Keystone Type joint, For this purpose, Westinghouse,
- Sharon, Pennsylvania, offers their guslm eumr Styn No. 328

8614 GO1, (about $15). .

The joints — and s8lso the gasket - should bs cemented 1o the
. flange, using one of the above cements. Excass cement shouid
. not be sllowsd to reach the interior of the transformer,

P UU

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

IOt . e ~rp——————

This epoxy cement is & paste to which s curing catalyst-is - r

added immediately before use. Typical are: " H

C . s. EpoxyPatchKit 1L R

N Hysol Corporation, Olean, New Yu‘l T

’ b. Scotchcast®® Resin o4
Minnesota Mining & Manufmm Cmnpny
St. Paul, Minnesota

e. Adhesive A-1 and Activator Type B - L
Armstrong Products Compeny , | - o ait L, ___~_

' - Argonne Road, Warsaw, In‘m

d. Adhesive 0880-1, Synthetics’ Ommc Comw!v :
Cleveiand, Ohio, used with activator disthylens triamine .
{Carbide and Carbon Chemical Compeny) - -.

N 2 Straight Nitrile Rubber: When straight nitrile rubber was
originally used, invariably the gasket was recessad in 2 groove.
. This was to prevent gasket flow and to protact the material
ageinst excessive compression. Although this type seal was
not cementad, the nitrile rubber gasket is not reuseable. r g

4 - .  Since grooves or stops have airsady been provided for the

3T nitrile rubber seal, s.lnuesomu-auywnnuum'- \
0, - . . tecommaended. Thueonfonmmm modarn practica. - .

.3

o XV Pmodue Fluud Impoction and Wh-t CI\odtpomu Mean e

H On a reguier ichedule — & six, nine, or tweive-month imtarvals — make

8 simple visusl impection of your dufd lnullum and tun adnhari:
Inukdcmvdtmdut. e e, . -

R R .'-_, WL e

}t:
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P .. Askarsl s 8 clesr, umwcllow loqud. After long-term use this
L color may graduslly intensify to light brown. The fiuid should
¢ "nmmdoumdfrnhuntwbodnwudwd«m . T

N .o Anveolum-sud\utolgmn,rdorﬂmm-indinm

co - extraction of impurities (color materiais) from the solid insulation.

: © if s distinct foreign color pick-up is noted, check the complete

- - . - range of electrical characteristics and notify the transformer

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

Other color changes slone are not danger signals since the
dislectric breskdown voitage is not likely to be impaired.

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

The dielectric breakdown voltage of askare! it the major indicstor
to the operating efficiency of your liquid insulstion. Besides the
visusl inspection tests, dielectric breakdown volitage is the only
test necessary 10 run on & routine basis. Well-sealed askarel
transformers have service records of 25 to 30 years on the original
askarel,

XVII Inspection Checklist

If askarel is clear ~— even though darkened 10 light brown, has no .

sadiment or turbidity, has dielectric breakdown voltage over 26 ,
KV -~ give it the inspection “OK”, -

2. If askarel is clear, but has foreign color of blue, green, red . . . it is
“axtracting color” from internal matserisls. This is not, of itseif, an
operating hazard when the dielectric breskdown voltage stays over
26 KV and moisture remaing low, However, this rare occurrencs
calls for checking into the condition of the interior construction
and consulting the transformer maker. However, when sampling
the fluid care shouidbe taken to avoid getting color into the
askarel from paint that may be inside or outside of the sampie
valve. )

[

3. i the moisture content is found to be above 70 ppm at operating |
_tamparsture, then sampling should be done at more frequent
inmervals to establish a possible trend, particularly on outdoor
installations.

If askaref is clesr, but dielectric breakdown voltage drops to 22 or
lowsr KV, and moisture rises over 80 ppm when sampled at - 1
opersting temperature .., the askarel is ready for simple i
“refining”. If the mcisture is near the saturation level (about 128

ppm st room temperature} & thorough inspection should be made '
for water droplets in the transtormer tank, and even for
“globules™ of water floating on the askarel surface. 1f found, the
transformer manufacturer should be consulted for reconditioning

both the transformer and the fluid.

1t askaret is dark brown to biack, if black particies of carbon are
seen, and dielectric strength is low . . . the askare! has been broken
down by arcing. It cannot be refined end should be removed and

incinerated under proper conditions. (See ANSI Committse C107
report on Use and Disposal of Asterel and AskarelSosked
* Materisie. 1430 Brosdway, New York, New York 10018

|i:m of thee five simple inspection tests appesr out of the
ordinery or the relstionship between appearance and test values is
abnormal, contact your tnmfm wpplier for 8 eompmc
undyu , . N - -

Whenever awn'élo is 10 be shipped to Monsanto, plazse follow the

directions shown under: “SAMPLING ASKAREL].

‘.,-' ..:7'"",‘-. ) GBRN Q0 106‘0 ﬂg
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XVIH Conmmuon in Transformaers
Moisture, pamculsu matter and areed dlcompwnm products sre

known to be serious eonumnmtu mﬂune- on mnsformor m. ‘.

The power factor test normaﬂv uad for the dom-on of conwmnnm
in minsral oil filled transformers is of little use for this purposs n
askarel filled transformers, dus 0 the extreme effect of extransous -
soluble polar materists. This increasm in power factor as illustrated in
Tabie V! has no adverse effect on dislectric breskdown voltage. :

: TableVd
Effect of Common Insulstion Materials on Power
Factor and Dielectric Strength
(Heat Aged 98 Hours in Askare! st 100°C.}

Askarel Attor Exposure

Pagver Factor, Dielectric
cent at 60 Strength
25C.

Materiat iImmersed eye., 100°C

Nona {controt) 1.0 I KV
Black varnished cloth 8%.0 42
Copper 15 40
Pressboard 20 37
Manila paper 15 k-]
Phenol formaldehyde resins 1.6 4
Shellac 8.0 38
iron : 50 »

- Synthetic rubber 700 k< -]

Similarly, trace contaminants from commonly used construction
materials can lower the volume-resistivity of askarel, without sffecting
its dielectric breakdown voitage. This is shown in Table Vii,

Tadle Vi
Etfect of Common insulation Matarials
on Volums Resistivity of Askarst
Volume Resistivity
x 100 ohm-<cm (st
. - 100°C., 500 Volts
Sample DC., 0.1" gap)
1. New askare! before hest aging 2,000
2. New askarel after hest aging 58 hours at 100C 1,900
A, After heat aging with 1 3q. inch specimens of:
a. Phenolic resin tap changer matsrial 1,200
b. Paper ) 150
c. Grade A pressboard (an) ’ 500
d.Grade A pressbosrd (gray) 500
8. Grade A pressboard, laminated strip 400
f. Cotton wrapping 300
9.Glyptal 1276 cement, cured 48 hes. st 110C 100

Whils trace contaminstion essily lowsrs volume resistivity from high
levels, it is important to note that heavy contamination (as when srced)
doss not lower the rasistivity below the order of 108 ohm-<m. 8t 100°C.

The ditferent behavior of askarel vs. minsrsl 0il in thes respects con be
ummmud as follows:
High power factor and low volume resistivity in u—ndm
miners! oils are commonly regarded as “danger signais™ that the
. almmmmvmmmulyu-m
momuu sM e -

. fl‘hk #NOT 'I’RUE d adwul fiquid insulation unism the dnlceu-h )

G6BRN 001065
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¥ -25 - Manufacturers of askarel wp-?wommpimmmn it i quits

X < well known that askaral transformers with initisl power factor of the
sskarel fiuid in excess of 50% st room temperature and 80 Mz are giving
: 'um(aenry service life. Howewer, thers needs to be asurence thet both
.55 dislectric braakdown voltage and moisture are st utithetorv lavels and

. donotﬂmadw-m --_.‘“" ..... -

. XIX. ASTM 03255 Mmod For !nvcmptmg The Compat-
fility of Transformer $nsulstion and Comtrucuon Materials
2, O in Askarels R ,-:'s R
«~7  This method uses the chenge of doctmal sndfor chemical
<o -, characteristics of transformer askarel resuiting from its controlled
) ) " exposure 10 insulation and construction materials, in order to svaluats
their immediate major ~contamination™ effect on the askarel fiuid.
Delayed or long time contamination effects may not be detected.

The method also utilizes wlous “physical tests on the insulation and
construction materiais after controlied exposure to -the askarel to
determine the compatibility of m materiais with transformer askarel.

Properly proportioned specimens of the insulation or structural
materisls are immersed in refined askarel for 188 hours at 100 £ 1°C in
8 forced draft oven. Changes in electrical and chemical properties of the
transformer askarel are compersd sgainst 3 control sample of the
askarel trested in the same manner, in absencs of the test specimens.

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

.. askarel fluid is refined by absorptive trestment to a dissipation factor

tevel of 0.05 max. st 100°C and 60 Hz and 0.01 max. st 25°C and 60

ot Hz. Corresponding values of the askare! fiuid sfter hesting 168 hours at

S .. 100°C in sbsence of a test specimen are 0.075 and 0.02 respectively.

: The maximum dissipation factar levels suggested for the askare! after

. hutmnmmmofmmmchmucomnif.btmdsom

‘ .- : and 004 n25°Cand 60 HZ. .-,

L. . R -

XX. Rafining Askarel for Reuse :
A, Filtering Through Dry Blotter Paper to Remove Moisture and
: X Extraneous Particles: .
= Most operators prefer portable refining apparatus, such as a plate
. press fitted with & dolly, available from Sparkler, Mundelem,
linois or Genera! Electric Company, Pittsfield, Massachusetts; or
the sarthen cartridge fitter typs svailsble from Industrial Filter
Corporation, Lebanon, Indisna. Fitter paper liners for the plats
- press are available from Cart Schisicher and Schuell Company,
~ . L Keans, Nu Hampshire and mmufuaums of fnlw presses listed

. pbon. . ._.-,-- cnd =

. The ﬁltw paper must be drhd immduwv before use. For best
resuits, spread the paper for maximum surface exposure in 3 hot
air circulating oven and hest it for 4 to 8 hours at 110°C.

. Circulate the askarel hot (w; not over 40°C) through the filter
fitted with the dry paper liners,

Afrer filtration the dielectric breskdown voitage of the askarel
should be 35 KV minimum.,

o SRR

PRECAUTIONS: K
1.. Filtering should not be done when the relative humidity
exceeds 75%. Diem

2 Anyfisxible hows N gaskets on the refining squipment

“ should be lined with or made of matarials that will not

. . be softened by contmst with askarel fluid. (Materials

- lined with Silicons, Vlmar‘l’oﬂon or fiexible metal
matsrisis sre suitabiey”.
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B. Dispotal of Solid Wastes:
~ The ANS! guide C107.1-1874, Section 4.1.8 gives detailed
recommancistions. .

C.  Solid Insuiation Requiring Drying:
1 I the solid insulation of the transformer requires drving, consuft
the wansformer manufacturar or an apparatus service shop, a in
such case oven drying is preferred.

D. Earth Trestment for Maximum improvement of Power Factor and
Volume Resistivity:
We question whether pumping and filtering the fluid solely to
achieve » change in power factor or volume resistivity alone is
justified in today’s ecologicsl climate regarding PCBs. We racom-
mend that in thess situstions the original transformer manufec-
turer be contacted.
1. Procedurs:
The askarsl liquid should be reletively dry prior to the
following earth ﬁlrution.

.
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As s eomng on the f’lm Daper surfm use finely divided

- ® ciwy or Fuller’s sarth dried and sctivated by

hasting for 12 hqurs at 300-350°F immediatsly prior to use.

3% U Ths amoulk €' & Tarth ulwd shouid be 0.1 to 0.2 percsnt by

R O waight on the weight of the askaral to be trested, Askarel
. weighs sbout 12.5 pounds per puoa. .

To deposit the earth evenly, stir m-mwd of the sarth with s
small portion of askerel in 8 clesn contsiner. Pumg the
" mixture through the filter and follow with two more
one-third portions. Then circulate askarel uken from near
the top of the tantformer, pes it werm (not over BS'C)
through the esrth-contad filtar snd feed back through the
bottom transformer outlet, Continus circulation until the
fluid i clasr and test shovn that the slectrical pmpcmum
! : fully restored.
IR 2. Effect of Earth on Removel of
Only dight and insignificant joss by slective absorption of
tin tatraphenyl and epaxides occurs when askared is refined
by treatment with 0.1 © 0.2 percent by weight of earth. To
remove significarnt smounts of the scavengers requires repe-
titious traatment with much larger smounts of sarth. - .
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" *;.‘Amzhm Rolctbmhip Showing the ln-.nnm

,".}— Effoct of Power Factor and Volume-Resistivity on
Dislectric Braakdown Voitage of Transformer Askarel

,,r-“'-""ﬁr -u--"' ‘Voluie Resistivity -~ =
..._..‘.*,!m Factor . .| x10° ohmem (st  Breskdown
.- 60 ~-_ 100rC, 500 Voits Voltage -
9C - _DC.O1"gep)  25C.0.1"gep
1500 35 KV
$00

100
60-70
28

Rage

ho i XXI Clesning Arced Transformers
<o ‘.'.-’.'.' . lfuumthnnreld»ﬂmuuulwolunolomrhferuu a thorough
e T R © cleaning of the unit is necemary h-!ou refilling with new askarel
o~ ~ insulstion and returning it to service®. Follow this procadure insuring
“7  care s taken to prevent any loss of liquid sskarel to effiuent streams.

- —_— L. -~ o ) . A. Drain out il derk, carbon-contaminated askarel, Arrange to have
- LT - . . tha scrap fluid incineratsd undtr proper conditions. (See ANSI
: T R ) L Commmummnwu

. . B CUd'u“y brush carbon dnposits from internal parts and insulation,
e TS T e T ea T8 L using @ soft bristie brush making sure that insulation is not

. . ERR *-- w7 . L -' . d.'\w . . “ro‘
. Tk oo S0 Eah v\orwﬁly usim now " akarel — not an oil, not 8 clesning
- -_..__“,_.' solvent, P .
e ST T DL Frush e second time with m askarsi: drain; then fill to the
s . . proper level with new askarel.
- T - E " Energize transformer to warm lht fluid for 24 to 48 hours; then
DS circulate the askarel through a filter, returning it to the umt
SR «--,.-~-folmduudrudyfcru¢. .
TR e © XX1. Sampling Askarel

. .Take a sampls-ss close to the top of Iho tiquid wrfaa a3 possible. Many
ltroo askarel transformers have 8 built-in sampling tube nesr the surface
. for convenient ssmpling. Then, to make sure that your sample truly
. represents. your askarsl insuistion, take snother sample from the
~ botsom.. If sdditions! sampling tube connections are contrived on the
“_'valves for sasier sampling, make the tubes of clean glass, stainiess steel,
duminum or tn for riand twa. lnd nlm or Viton or Teflon tubing
- for Mn‘ﬂ! twu.

- ~;..-:- " Use NEW containers for the sskarsl ssmple. A new and thoroughly
e . pre<dried, small-mouth quart glass bottle fitted with s Bakelite*® screw
~ cap with aluminum or tin cap liner is recommended for quick, on-site
. tasting. (It eou\plm ondvm i' to be made, a 5-pint size sample is
mw-u. NP

lommuuumbomdoclnotmrdomtoedlmdunor
. moisture, Rirss the sample bottle and cap lining two or three times
mmmmm transformer, then fill it. If the sample will be
Wuwpuv.odmgl-mmuwd It sample is to be
MMmm.uandubonhuwnodnrgimmm
'llwrummhl..._... . omerlsl .

A. Sdcauhdw Dommﬂonulnmonuwm moist day
- m.mmuwmm-q...

“Th soaas hmdmhbmmdwmun:‘u;.m

“".“ e usuaity necemery

‘i, A _mmh“hmmﬁ'mmmm

‘u.— b ..

T ‘rff(-'-‘«. ',
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e i 8. Make sure that m.wunm.m-m-mmmum TA :
4 -, am. (Cold liauids ean zndenzs moisture from humid eir) R AP }
3l - .S lem e, R - - -

ol ;1 c nm.sumﬂmgu&uﬂlﬂnlvuskmm-mtihbntu:uhlvn - R {
B umple whan the unit is warm ardd opersting st aversge or | L i

s d I maximum load, especially for o check on moisture a reflectsd by <~ =27 - d

v.. *7 g dielectric braskdown woltage tert. Sempling the warm askarel - - ‘ k
14 ,i - mauwuVnwaunﬁuauﬂnnnéuﬁnqnnuau- : ]

! i . Experiencs shows Ihlt umlr will migrate from a wwhm-r‘l o 4
Ay -; s0tid insulation to the skarsl liquid and vice versa, dependingon . .- 1
L i temperature. Therefors, when the trarsformer is hot, the moisture .
mo is most likely €0 be found in the liquid. This sccounts largely for ;
b oy periodic variations in dislectric breakdown voltags. For example, » .
4 , relatively high dislectric breskdown voltage may be found during !
RN winter months and a relstively low dislectric breskdown voltage ;
.,.,-‘i ) during the summer months on samples taken from the same unit, :
vl
PE L When testing has been completsd, the remainder of the fluid ) t
. ;‘a i sample should be destroved by high tempersture intinerstion -
s described in Section ViiI,
B ! .
'

(@

Wawawr s R

e
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- High voltage leads are usuollv connected to askarel or mineral oil-filied
' network transformers and power centers through terminal chambers 4
Askarel : " and switches, in some cases terminal chambers are not used, and the Ll
high voltage isads ars connected directly to the switch terminals. They s
] ® may be mltd with sither askarel or mineral oil. Switches are ususily :
Fllle WltChes rotary or drum type fitted with a revolving biock and porcelain unit as :
the principal slement arranged for thres-phase service. .

1 .
} and Termlnal . Askarsl transformers with sttached switches have been in use for about ‘

} . 30 years. When they wers first introduced, the availsbility of insulating
* Ch amb el's and gasketing materials was rather limited and sven the best materiais at l
the time had no servics history. As 8 result, inadequate gasketing
: : materials such 88 cork, nitrile rubber, and nitrile rubber-and-cork
perticles wers used. While satisfactory for 8 limited period of time,
Co . these materials cannot bs depended upon for the expected long life of
. . the squipment.

Ths terminal chamber s usuallv sbove or below the switch y
compartment and separated by 3 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
‘ ; L poor bushing seals, and the terminal chamber sbove the switch, potting

A compounds or cable oil can seep into the askarel. When the terminsi
chamber is below the switch, askarel can drain into the terminal

C' - . chamber.

- 1l. Sources of Contamination I
Thers are three possible sources of contamination for askarel in )
switches and terminal chambers: they rank in this order of frequency: |
(1) wates entering through poor gaskets; (2) decomposition products
from arcing when switch is used to break magnetizing current; (3)
entrance of pothead or cable compounds through leaky bushing seals.

-~ Uniike an askarel transformer where the amount of contaminant is

3 . . likely to be very smail (probably only trace amounts) in relation to the
e Vil volume of askarsl fluid — in switches or terminal chambers with faulty !
: n © . sesls, the smount of contamination can be relatively large. '

- Experience has shown thst, besed on the numbsr of installed
. sskarslgwitch 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 petrolatumn and asphalt material, due to
leakags, have euud » fow failures.

Petrotatum is uud frequently hr filling terminal chambers. When either
cable oif or petrolatum seeps into askarel, no grest harm results. The
fire resistance will be somewhst decreased and power factor of the
askarel will increass with an sccompanying drop in resistivity, While
highly undesirable, it is doubtful that failure of the unit results, Where
upholm compounds are used in place of petrolatum, the danger is
somewhat becsuss ssphaitic contaminstion may causs
cxauwdyhmdwlmielouamlhom

When Ihl ufminli dumh' lsbllculhtnnd\dumblr the potting
. compound can be contaminsted by askarel if the bushing seals are
.. esky. This is undesirable becouse the askare! will increms the power
foctor and conductivity of the potting compound or cable oil and
d-nlop hm from duloetric la-. it thu mixture is drawn into the cable

GBRN 001070 ) ﬂ@
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possible is highly desirable (ss coversd in Section A). Whers an ~ -~ 7~
blasmmcuoluhhundhmmmm*udmd

. petroleum oil, Dul'ont'nmnnhmpmd. i e L=

-oan

= A% 80y

For new equipment m uur d\odd sp-e:fy these modern unimg
arrangemants to keep out contaminants and mquma maintenancs.

' IV. Askarel Used Under Mild Arcing Conditions S
' The 1EEE Guide for Transformer Askarei calls sttention to the E
following:
“Askarel is used, t0 sOma extent, in apparatus whers it is subjected
to light intermittent arcing, such as in self-contained induction
reguiators, where operating switches are continually producing
slight arcs, in transformar de-energizing switches, stc., Under
normal conditions, deterioration of the askarsl is very slight,
However, improperly adjusted or defective switches in this type of
apparstus can produce excessive and prolonged arcing and -
sccelerated deterioration of the askarel, It is recommended that -
) when askare! is used under these conditions, checks of the liquid,
2 especially for moisture and dielectric breakdown voltage made .
more frequently than when it is used only & » cooling and ' . .
insulating fluid. Deterioration of this typs is indicated by a :
blackening of the liquid. It can wsuaily be reconditioned ss
. previously described. Special attention should be given to
maintaining the scavenger at the sppropriste concentration.” . -

Vsl semaasa atema @

V. Maintenancs for Askarel Filled Switchas
A. Switches used for grounding asfter powsr source has been
de -energized will not undergo arcing.

s mtem N e ene e

8. Switches interrupting magnetizing current will be subject to o
arcing; the amount of decomposition will depend on power :
interrupted, time and frequency of operation. As a general rule,
T777 ° the liquid should be checked after 5 to 10 operations.
1.  On newly instalied switches, check the askarel a1 3, 8 and 12 )
month intervals; if found satisfactory, check once annually S .. ) E
thereafter. With proper sttention to the gatketing of covers . i ’
snd bushings, experienca will probably indicate that fess
frequent inspection is warranted,
2. Check askare! for:
8. Dielectric breskdown voltage (ASTM D877): lt should e
be 26 KV minimum. If dislectric breskdown voitage is .o .
lfow, confirm presence of water by Karl Fischer method
ASTM D-1533. Filter t0 remow moisture. Diolc:tﬁc S ot
strength should then be 30 KV minimum. - - ' .
b. Pressnce of carbom from arcing: Fiuid lhould be '
relatively free of cygbon. If badly arced and very black, {
replace fiuid. if only minute amounts of carbon are .
presant, filtration is recommended. Check power factor
of liquid (should not be over 5% at 25°C and 80 cycies). -
. Flush out switch chamber with sveral galions of fresh  ~ . . . .-
R ' wskarel before refilling. : '
. 3. i there s discoloration, high power factor, detectable changs
. in specific gravity or refractive index, or if fluid flashes below
250°F, thers is a possibility of sespage of potting compound - -
4 into the switch compartment. [n this case, correct any lesky
{ . bushing seals with proper replacements w Rl with new =
. &.d - Lt -
4. it termingd chamber & hclon switch, check potting .
compound for presence of asksrsl (can ususlly be detactad
by odor or by an increass in specific gravity), If askarsl s - .~ ..
present, correct any lesky bushing seals _with proper -
replacements, and renew compounds, - M
Eumm eomoulms viwn"y. Osterioration em be dtw ..

LR VIR | RPN
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. . severs detariorstion, liquid ssepage is wsually present,
Check for leakage at packing gland of switching shaft. If
iy lukl!‘,npadzmﬁ.&l-ﬁeﬂn.wum

- Aﬁgd Undor Exesslvn Temperature or Fault

E Guide sl pdm: out that,
“Chiorobenzenss wed in vansformer askarels begin w0 boil nt
tsmpecstures of about 205°C, under atmospheric conditions. If the
A _material is heatsd to such high temperature in 8 seaied system,
... .7 pressure develops. Pressurs will aiso develop in the system if the
* - askarel is arced sutficiently to generate copious hydrogen chioride
988, .

<. - “Therefore, it is recommended that wherever possible, sesled

. sskergl-filled equipment bs provided with pressure relief devices.
Thess devices must be large enough to provide immaediate relief at
8 definite pressure, and to prevent further build up of pressure if
decomposition continues. It must be remembered that the
presence of devices of this sort does not necessarily preclude the
rupturing of containing vessels, since pressure build up can be
extremely rapid under violent arcing conditions.”

0 I. Inhalation
g@@ﬁﬁ@[ﬂ ) At ordinary temperatures the chiorinated biphenyls in Askars! have not
presented industris! toxicologicsl problems. The hazard of potential
o @ toxic exposure varies with their volatility: the lower-chlorinated, more-
]leClty & . volstile ones present more of a potential problem from the standpoint
of both inhalstion and skin contact. When Askarel fluids are used &t

slovated temperaturss, enginsering controls must be apolied, either by
Safe Handlln the ume of clomd systems or by effective local-exhaust ventilation
togsther with general workroom exhaust.
i " Vapors of Askarsl st room temperature shouid not be brsathed in s

o T e - * “confined space, and no vapor of any fluid evolved at elevared
- - tamperatures should be sliowed to be dispersed into the general

R e

;. inhalstion tests on animals indicate that the maximum safe concentra-
.. "t 0 tion of vapor is in the rangs of from 0.5 to 1.0 milligram per cubic
s . meter of sir. The threshold limit value (maximum aliowsable concen-
N . tration of en &-hour working day) set by the American Conference
of Government Hygienists are 1.0 milligram of the lower-chiorinated
biphenyl compounds per cubic metsr of air and 0.5 milligram of the
more-highly-chiorinated compounds, per cubic metr of sir.

1. Skin Contact

Prolonged or repeatsd skin contact with the Askarel fluids must be
svoided by the use of gloves and protective garments, because of the
possible occurrence of » condition called chioracns. Although reports
of this condition caused by Askarsl are rare, it can be produced by
excessive skin contact. i the fluid is spilled on the skin the skin should
hthMuudWﬁmo“dm

e Ammwmmm-mmwmcuuunnm
ordln.yhln. .
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Anal tl'c lServncé"s D

-

s 'l’mufarm unn not wﬁihﬂb’m m-r own ﬂuid amlvaucm obuln the service from Monianto. Simply contact Monsantp
=7 and poeufy what analysst ars wanted. You will be sant the propersizad, clesn sample container, fitted with & proper label. When
. you receive this, carefully ‘take your sample (following the procsdure for sampling in this guide). Send the container 1o
Monsanto‘s labocatory. Charges llmd Indua umueant-n-r and ubomerveom.'lhdumnmo- in effect March 1,
1875, and are subject to changs. - 5587

Types of Analysss Amlabh
Analysis 1)
HOUTINE MAINTENANCE G'IEO( - Totat Charge: $30.00

" Yo determine the gmml eonauﬁon of m ﬂuid a\d find whether further snalysis is necessary. {onequart sample roqu-red)
.* ", Properties Testsd - S ORI Dklccvie Breakdown Voltge
.- Color and Condition - . Moirtu
. You will be notified of the results of dm LA funhu testing is ind-cmd and you mm & compiete analysis, you will be sent
_ five-pint sample container. This wmh will be used for the following series of tasts:

-~ Analysis 2) R B '--~-..- ;‘ -
WLETEANALYSN e Todm $75.00 . - -

-

T ,‘p"j‘.lmt‘-\‘ ll.

{1} To detarmins the extent of fluid contamination, (2) ssrth refinement to determine Mm dogm of restoration of elecwical and
insulating proparties is possibie, (3} check west 1 see how the fluid responded to urth reatment.

a) Complete Analysis: to determine the extent of contsminstion

" b) Earth Rofmcment chonn - T
- Comists of treatment for 2.5 hours at som mth 01 to 0.2 pomnt by weight of properly conditioned Attapulgus cley
. and then filtration through dry filter paper. .

Properties Tested o o - FreaChiorides R oL .
Color and Condition . - ~ . Acidity . ’ Sl . _
Specific Gravity S *. .. Dislectric Breakdown Voltage '
Refractive index AR Povnr Fu:tar, Dielectric Gommt.md Runmitv -~ .o ’

Water . : T -'.‘ ] s

ei Analysis Atter Laboratory Esrth Mmmorn' o . L -
Properties Tested Acidity N
i Refractive index . . - Dislectric Braskdown Voitage
o Water - o T e MFoctov. Dietectic Conmnnand Rcdsuviw
Fres Chiorides e b

You will be notified of thl results of this test nrin on your sample. anrnﬂmngyounnﬂn transformer fluid fill you
'mduckonmuulnbymﬁmhfoﬂmwmt. -

R .-_ B ) ; . .

Mm } ‘-‘ .r«‘-'.'.-. e e R -

ANALYSIS AFTER EARTH REFINEMENT ' Totsd Dmp. SSO(I) e L
IR -:;., _.,‘:v -,r*'”r\!:. “~*{This charge will not apply when - R
e L B S ndvmlmd?hmclrndvbnmm&.l

To dntmm me- the cmirl bt of tho nhr-l ﬂ!l responded b the umo cm ] h Iabormrv amplc (five-pint sample

required) R on
Properties Tested .- me e et
Color and Condiﬁm A - Acidity . .
Mcedvl Index 0o ‘v hg, . Dislectric &ukdom Volup o
Wawr - -_.'.,“ MRS " Power Factor, Dielectric Conmt.ud Mnmtv

Tomfwﬂnmdowﬂbdam\mnbmfommn: )
_.de . . . N .'.:,._.-' - )
- mmm:ﬁdwswa,-‘ C e _--'.;'.'_' e TS
) lDMI.mdwwEvd. D A P R L
. &.Lnuu.mawﬁﬂlﬂ :

Wuumwaumwmmmmmmmu'
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APPENDIX A N . -
Askarel Stability and Composition of Arc Formad Gas: Askarsl insulation is ona of the most inert, chemically-stable hest
resistant, non-corrasive liquids known, it will not break down, oxidize or sludge when exposed to sir and high temperatures,
150°C. or even somewhat higher. Am homnr, will break down thc compound to libsrate some hvdrown chioride and
small mounadm ..
)  APPROXIMATE COMPOSITION
ARC-FORMED GAS FROM TRANSFORMER ASKAREL ULEN“
ASTM TYPES D AND G
(INER'I’EEN 70-30 AND PYRANOL A13838.3, RESPECTIVELY)
Gas . ol .. Amount . . .
carbon monoxide Tt il . WP LT 03% . . - :
carbon dioxide 0% - .. .
oxygen ) - T, 08% T e
inert gases . . ' 15% ’
hydrogen chioride . ’ 97.3%
(note the absence of phosgene) R Cl . -
This arc-formed gas from ASTM Type D urd Type F mhrm- dunls L mﬂmablo and wb:nbh. ‘ K 3
_'§ For all practical purposes, d\lnwmdplﬂnuuhmmm.'immdvdngwﬁmhm lOOcubtc
( ’ centimeters per kilowstt-second.
APPENDIX B
SOLUBILITY OF GAS IN TRANSFORMER ASKAREIJ
. .. ASTM TYPES D AND G
. & Pomntoqu By Volume Correctad to:
- "..,Z ‘ e 0°C. 760 mm
JETEEEIR ..._ . ._!-'...‘: ! i {.“-;"';.‘ﬁ:'g..." .. 100C - .....' . ’
‘Carbon dioxide 70" ot R T .- J
) Ale B .. .88 T
itrogen - o : . ..
Hydrownd\loddu‘r . - D - :
'lnMdm L
APPENDIX C . ceen
EFFEC‘I’ OF TMRA‘I‘UBE ON o:sn.ecrmc IREAKDONN VOI.‘I’AGE OF ASKAHEI.
. : m
ASTM oe77 .

.. " e
- >:1 "u—a”";.
A e
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EAPPENOT B S5 et ST P SR T
Ly WM“O'THE APPROXIMATE VISCOSITY IN SAYSOLT UNIVERSAL “m

o ';“ e
7030

2,500

198

85

80

40

k<]

3

. P THE DENSITY OF INERTEEN 70-30
Yiie coke o0 AND TRANSFORMER PYRANOL A13838-3
R T U o Amz.bomhv.mln
I i ’ : 1 !
Temp.C 70-30 A138383
0 - 1574 ¢ - 1877
o el B e L .- 1882 : 1.555
- 40 1529 1532
: 0 1.507 1510
20 1485 1488
APPENDIXF ~ i - K L
The thermal conductivity veluss of transformer Pyranol A13838-3 at 27°C and 58°C are 28.2 and 258 x 10 calories

“cantimeters1, degrees centigrade-l, second-3, respectively. Or, spproximstety 0.08 BTU per (he) (sq. ft.) ("F.) per foot.
This same amximﬁon applies to inerteen 70-&. . ’

APPENDIX G

Host Capecity - -
Mmmmwdau|2§'Chmdﬁehondmmformnlwdlsdcutoowelormporrampor

APPENDIXH 7T - -

Coefficient of Expansion ~ **13 %™ &357 | i - -
The average cosfficient of umbﬂ of transformer dur-l over the mmn m\pzon IWCIIOM? cc/cc/*C.One
galion wouid increms to 1.068 galions on hesting from 20 to 100°C.

-—teie *e

, mnouxt"-"‘"‘* S R T

Firs Resistancy - : '

Mdmmm m:unuud UWMthm'mm while consisting of

‘dommm“ mm’hh hydrogen chioride can yield vuym| smounts of combustible gases depending upon the
R AN e R

'mm&m&'wm-tmuwmo;bummw*m when srced, produce gaseous
mixtsres which sre moderately flanmable. As a pracaution, mmmumnuﬂmmmwwwmm
llit_vmwwmdldwﬂwlmhnmm*vdumthMhmhmnﬂonmmnm
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APPENDIX J

Seals, Properties and Procurement '

Dow Corning Corporation, Midland, Michigan with Districts at Atlants, Boston, Chicago, Cleveland, Dallas, Los Angeles,
New York City, Washington, D.C. and Toronto has aveilable Bulletin 09-019, August 1962 entitled “Silastic Design Data”.

‘ This lists the gasket fabricators throughout the country from whom the *Silastic 50" gaskating can be purchased in sheet,

* extrusions or moided shapes,

Generally, Sifastic 50 sheet goods sre stocked by local die cutters, hence, could be genersily purchesed locally. Usually small
quantities of gaskets are die cut. If larger Quantities sre nesded, tools sre made of the same typs used 1o cut other
elastomers. .

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

Dow Corning points out that the local “rubber™ fabricators purchase the Silastic 50 in billet form. This is worked on 3 rolt
mill in preparation for sheeting or extrusion. Then to obtain the desired physical properties the fabricator must oven cure
the Silastic 50 for 24 hours at 480°F,

SPECIFICATIONS®

Color White

Specific Gravity at 77°F 1.20+0.02
ASTM D678 Hardness, Shore A, Scale 45 10 80
ASTM D412 Tensile Strength, psi, min 900
ASTM D412 Elongation, percent, min 250
ASTM D396 Compression Set sfter 22 hrs .

at 300°F, psrcent, max x

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

APPENDIX K

Caution Label .
q The foliowing or equivalent caution statements should be fixed on sll contsiners of transformer askarels and the

transformers themssives:

This product contains Polychlorinated Biphenyls {PCBs). Care should be taken to prevent entry into the environment
through spills, leakage, use, vaporization, or disposs! of liquid or containers. Avoid prolonged breathing of vapors or mists. _
Avoid contact with eyes or prolonged contact with skin, If skin contact occurs, remove by washing with s0ap and water,
Following eye contact, flush with water, In case of spillage onto ciothing, the ciothing 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, MISSOUR! 63188

The information herein regerding obtaining optimum results from askarel fluids in your transformer has besn accumulated by
Monsanto for over 40 years from the experiencs of makers and users of askarel transformers and it is believed will be he!pful.

Nothing herein shall be construed as applying to other than askarsl insulstion. Dats and maintenance suggestions herein do not
apply to the other components of the transformer. All operating and maintefiance suggestions recommended by the manufac-
turer of the transformer should siso be carsfully followed.

‘&ma thess maintenance directions apply only to the askarel insulstion, Monsanto disclaims any liability for damage to

property or injury to persons arising from transformer operation.
GBRN 001070 25

LEXOLDMONO03271



‘-

" Suine 800
Ta. (404) €36 0008

SOSTON, MASSACHUSETTS G’. .
Eversnt Smuiow
Ta. (817) 387408 .

R R
T A e
S s

‘l’cl. ”na Ql“
LOS ANGELES, CALIFORNIA
1601 Dove Jrest

Newport Beuch, CalNernis 92680
T, (714) 8281800

NEW YOAK, NEW YORK 10038
11116 Averim of the Americes
Te. (12) 7646000

T .ngs,tmsaun’l,::rn
Ta. l.rmmm

SAN FRANCISCO BAY AREA
2710 Lateyorm
Sna awa. Califernis 96052
Tol. (408} 2430814

MLHINGTDN DELAWARE 19810
Suim 204, Sancroft Sidg.

3411 Shveraice Roed
Tol. (202) 4784000

INTERNATIONAL OFFICES
ARGENTINA
Monmnw Argertine SALC.
Awcls Madere 1020, Ficors 17th & 189
Suencs Aires, Argentine

Monmem Avswells Limiud
Pose Otfice Gox 111K, Adeleide
South Awsralis 5031

Monmnte Ausrells Limind ’
Sristone

P, 0. Bosz &3, Wernfmn Canwal
Quesnsiand, Austrelie 4007
Monmnte Awwelie Limind .
Paror

2.0. 802 77

Doubleview C . .
Wost Austre/ls 6018 R

AUSTRIA

0 GmdM Ausrly
Rugoifplenr 12
 &1010Wen 1, Awews
SELGIUN
Monmnw u. DY
'Mlzu' ‘ L
1030 Srunssts, Beighem ,__,.; <

e * SRR R N Avckiond §, Now Zesterd
OO o
LJ
~  Currers . Menmr® (Nicorepm) LA
Pt P.0. Sos 208
Nicwrspue
O e A8
cny-n:-.... Monmow Aup'A':.
DK 1564 Copenhagen ru'a--‘ X
£L SALVADOR PNILIPPINES
» Mhiligpines inec.
e M B T S ik 4 e
"
Z‘::v..;l'ﬂ*.-'. Mok ot Rizal D-708, Philigpines
PUEATO AICO
FIIILAM" s oo .
Artadienter 8 C 20 Aunes Rivers Aw. Sorniguen St
00100 Heimnki 10, Finlend Ris Motras, Pharw
’Mhm; AMon, LA -'-'. M Pe) Lt
- -
.M(Aru.-'u Svite MOMM Floor
78 Pacis (8) Franee Mount Sephis, Singapare § .
GUATEMALA SOUTH AFRICA
Monmnm Gustamely ine. Mongnto Sowth Africe (Pry.) Lok
icie Cam 170h Fioer, mafr Sidyp.
Js Awnide 7-11 Zore § Sangion, Trannael, Seuth Africs
Guwsnmeb Oy,
HONG KONG ’%-l- theriee S.A.
Monsenw Far East Lo, Lapanve 2508
£ ve, 2wl Floar Sercvions 13, Spein ®
m’. Kong, 8.6 SVEDEN
- . Uvsundevegan 108 A
INDIA
z::hml. P Sromma, Sowdan
e Ohvemical of Indle MTZER
Wakofiold Howm Monsmn® [Sime) BA.
11 Sprom Ne., Sallrd Esmm . Tetonnete 18,
Sombay 400 001, indin CHOOR2 Zurieh, Switasriond
Mindis Cromianls Lod. TAIWAN
nndmmnuwn Monswn®m For Eost Lrd. - (Toiwan Branch}
el xcw’annnu. &A Fioar
76 601, Suctign |, Toipe!
o, Mindle Chominsls Lul.
+  Mensne Chomissh of indls. Pyt Lot
%" Lb‘ ™ > Thedand Lot
. ’
° B Fioer, Kesmwwdc§
. 1, p-Sated X [
’rh%nul.l. Sanghok, Theiland
ndla UNITED RINGOOM
Now Daii 110 007, phhodaiug sy
INOONES!, 20-18 Vicruria Stramt
P, Aun.nnhnm Monmn® Mowse
z'ﬂ. Sehardie Landes SWIN ONQ Snhgiend
VENEZUELA
1TALY Monmam [Vorszuohl CA
Mermnwm Inliorw S8A Tarve Preips Mg 24
Vis Meichiorre Gisis 8 . . Mazs Vensnmis
UM”!:‘.M . Carsans 101, Venstuele
PN WEST GERMANY
n'bu e T Monmne M:mw
fReem 217, Srin Kektuni Ny, lmmermennstress
O-l.l.un-.dw,d- T mu—w Mot Gormany

SR Monsanto

-'9."
Q Lo

MM& IAumumc-g_{___ma Sivd, R. Lovis, Mo. 53108 -
7, 5 .

| MEMMOMEE VB e uRA
.. o

GBRN 001077 -

LEXOLDMONO003272

[ WPt

T



