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Aroclor Dielectrics

Whn( me Aroclors Y Aroclor* dielectrics are members of a group of synthetic insulating 
fluids known as \i'k,nvh't which, by definition, are fire-resistant 
and incapable, when decomposed by an electric arc, of evolving explosive 
gases or of forming explosive mixtures with air. Most askarels are 
chlorinated diphenyls or blends thereof with other chlorinated organic fluids. 
The Monsanto range of askarels includes Pyroclor, flD.7051 and the 
Aroclor series of dielectrics. Capacitor and transformer manufacturers 

often apply their om trade names to the askarel fluids.

Aroclor Aroclors are a series of chlorinated polyphenyls manufactured 
by Monsanto Chemicals Limited. Each member is identified by a 
reference number, the last two digits of which indicate the 

percentage of chlorine in the molecule. Thus Aroclors 1242 and 1254 
contain 42% and 54% by weight of chlorine respectively.
Each Aroclor is a mixture of isomers of a chemical compound; 

the fluids therefore do not have sharp points of crystallisation but 
thicken when cooled below their pour points.
Aroclor dielectrics are highly refined by distillation and by special 
treatment to remove impurities. Manufacture to rigid specification 
ensures high resistivity and low power factor.

Pyroclor Pyroclor is a fire-resistant fluid based on a blend of Aroclor 1260 and 
highly-purified trichlorobenzene and has been specially developed 
as an alternative fluid to mineral oil for use in transformers.

Fluid RD.'bOl Fluid KD.7051 is a fire-resistant fluid based on Aroclor 1248 and 
is suitable for operating at higher temperatures than Pyroclor or 
mineral oil. The Aroclor and Pyroclor dielectrics are fire-resistant 

and will not produce explosive gases or explosive mixtures with 
air when heated or brought into contact with an electric arc.

* aroclor ia a Registered Trade Mark.
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Introduction

The loUi^nnc pmperins o! the Arn(},ns )nne offrneteJ the interest of the eleetnail tn>iustr\ b\ 
renst'ti oi then :

1 Excellent electrical properties

2 Fire-resistance

3 Chemical inertness

The Aroclors, on account of their superior properties, are gradually replacing 
mineral oil as the traditional dielectric fluid, and have made possible a considerable 
improvement in the design of electrical equipment.

Mineral oil dielectric fluids have two serious limitations:
1 Oil is inflammable and its vapour or decomposition products can form explosive 
mixtures with air.
2 Under continuous electric or thermal stress in the presence of air, degradation 
occurs which seriously reduces the electrical and physical properties of the oil.

Aroclor dielectrics, in addition to being fire-resistant, do not react with water or air, 
nor do they affect recommended materials of construction. Furthermore, their 
permittivities and breakdown-strengths are superior to those of mineral oil. Aroclor 
dielectrics may be used in suitably designed equipment for many years without 
purification or replacement.

Although initially more expensive than mineral oil, Aroclors are often more 
economic in the long run when the lower cost of installation and prolonged service 
life are taken into consideration. In Capacitors, Aroclor dielectrics permit consider­
able savings to be made in size, weight and cost for a given capacity rating. In 
Transformers, Aroclor dielectrics are used when mineral oil would introduce a fire- 
hazard or where minimum maintenance is especially important. This latter con­
sideration w ill also affect the choice between askarel-filled and air-cooled equipment.

Aroclor dielectrics manufactured by Monsanto Chemical Company, U.S.A, have 
been in use in many parts of the world for more than 20 years and have been 
available from U.K manufacture since 1951.

The first part of this booklet deals with the general properties of Aroclor 
dielectrics. Detailed consideration of two important applications for Aroclor 
dielectrics—capacitor impregnation and transformer cooling-then follows. Other 
applications—such as in rectifiers, induction regulators, cable impregnation, and 
potting and jointbox compounds—are briefly considered.
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Properties of Aroclor Dielectrics

Ttbla 1 Propartita ol Aroclor Dlalaetrioa (Typical TaloeaJ

Units Aroclor 1242 Aroclor 1248 Aroclor 1254 Pyroclor*

Description CLIAR, PRACTICALLY COLOtIRLISS LIQt

Pour Point 9C -18 -9 + 10 -32

Viscosity cka. 8.0 (55*C) 5.4(80*C) 6.5 (100° C) 2.5(90 C)

Specific Gravity <jto 100* C 1.31 1.38 1.47 1.48

Specific Gravity (ff* 20“ C 1.38 1.46 155 1.56

Specific Heat <$. 20-100* C Cal/gm*C 0.28 0,27 0.26 0.26

Index of Refraction <$ 25° C Dcine 1.824 1.630 1.637 1.615

Evaporation Lots 
(n) According to DIN 

(2hit (5 125°C) 0.12 0.07 0.03 2.5 (6H, 100’ C)

(6) According to BS.148:5I % 0.4 (max) 0.3 (max) 0.1 (max) 0.6 (max)

Fire Point None None None None

Acid Number mg/KOH/gm <0.01 <0.01 <0.01 <0.01

Inorganic Chlorides p.p.m. <0.1 <0.1 <0.1 <0.1

Permittivity (50-1000
cycles) 100’ C 4.8 4.6 4.2 ca.4

Power Factor to i 00' C 
and 50 c/» % <4.0 < 3.0 <1.5 <3.0

Resistivity « 100 C and
200 v/mm, 1 min. ohm. cm. >1x10" > 1 x 10" >1 xlO" >1x10"

Dielectric Strength 
(a) According to Vcrcin 

Deuttcher Elektro- 
techniker Specifics' 
tion 0370, 2.5 mm gap kV/cm. >200 >200 >200 >200

(*) According to
BS.14R:51 4 mm gap kV >40 >40 >40 >40

* Pyroclor and RD.705I may contain crystals at room temperature, but these crystals should 
dissolve if the liquid is wanned to 60° C (140° F)

Pyroclor boils at approximately 210'C (410°F), the boiling point of trichlorobenzene

HOMS 079688
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PHYSICAL PROPERTIES

SlHTlh' L'MVIIV

Vmosil.v and i>oui poml

SiH'i ilk’ brill and 
llinmnl conductivity

Vapour pipssuif

CoollMK ellK'KUKW

The Aroclor dielectrics are heavier than water or mineral oil, and this should be 
taken into account in designing electrical equipment. It should also be remembered 
that any moisture finding its way into Aroclor filled equipment will float on the 
fluid. Conductors brought out through the liquid surface should be encased in 
suitable sleeving (glass, porcelain, or bakelised paper) to prevent the possibility of 
flashover arising from surface moisture.

The temperature/viscosity curves for the Aroclor dielectrics and a typical trans* 
former mineral oil are shown in Fig. 1. The viscosities and pour points of the 
individual Aroclors largely determine their operating temperature ranges. Aroclor 
1254, for example, is widely used in capacitors for steady or intermittent operation 
in ambient temperatures down to about -20° C (-4° F). Where capacitors may 
be exposed to lower temperatures, Aroclor 1242 or a blend of Aroclors with a 
liquid such as trichlorobenzene is recommended.

As will be seen from Fig. 1, Pyroclor was designed to match fairly closely the 
viscosity/temperature curve of conventional transformer oil. Fluid RD.7051 is 
suggested, however, for transformers which are designed for a fluid temperature 
rise substantially greater than 55° C (130° F).

The specific heats of the Aroclors 1242,1248, and 1254 are shown in Fig. 2 and their 
thermal conductivities in Table 2 below. The specific heat of Pyroclor can be taken 
as 0.25 cals/gm/°C (0.25 B.Th.U./lb/°F) for all practical purposes over a fairly 
wide temperature range.

Table 2 Thermal conductivity ol Aroclor Dlelectrici at 40° 0 (104° 7)

Product K.calsjsec cm °C or B.Th.U.Ihrft F

Aroclor 1242 0.095 0.0713

Aroclor 1248 and RD.7051 0.090 0.0682

Aroclor 1254 0.087 0.0652

Pyroclor 0.083 0.0623

Figs. 3a and 3b illustrate the variation of vapour pressures of the various fluids with 
temperature.

The cooling efficiency of Pyroclor is comparable with that of mineral oil.

URRATUM
P«ge 6, Tible 1, Units column: 
for Deine read D line
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Fig. 2 Specific betU ol Aioclors as a function of temperature

CHBMIOAL PflOPIRTICS

The chemical inertness of the Aroclors is outstanding. The fluids are not oxidised 
by exposure to air or oxygen even under extreme conditions of temperature and 
pressure, nor do they react with moisture. When subjected to a bomb test at 140° C 
(284° F) in oxygen at a pressure of 250 lb per square inch (12 kg/sq. cm), there is 
no evidence of oxidation as judged by development of acidity or formation of sludge. 
They can withstand many years of service in electrical equipment at high tempera­
tures without oxidation or sludging,

Ability ami tree I'lilondrs Aroclor dielectrics are manufactured to a rigid specification ensuring a low initial 

value for free acidity and free chlorides. Tests have shown that these low values are 
maintained even when the fluids are heated for prolonged periods in the presence of 
air and moisture at temperatures of 100° C (212° F).

Iniht MiiMfniu As a general rule, Aroclor dielectrics are unaffected by exposure to light but the 
lower chlorinated members of the series, such as Aroclor 1242, are slightly sensitive 
to ultra-violet light, which can result in the formation of traces of ionic contaminants. 
Opaque bushings are therefore recommended for capacitors impregnated with 
Aroclor 1242.

HONS 079891



10 Fig.3a Vapour pressure of Fyroclor as a (unction o! temperature

INVERSE ABSOLUTE TEMPERATURE

Vi(.3b Vapour pressures ot Arocloit as a (unction ot temperature
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Thrim;*) l*nnkrln\Mi Aroclor dielectrics undergo no decomposition at temperatures up to 175 C 11 
(365° F). At much higher temperatures or when subjected to power arcs, the 
principal decomposition products of the fluids are carbon and hydrogen chloride.

Table 3 gives an analysis of the decomposition products formed by subjecting a 
typical transformer oil, Pyroclor, and Aroclor 1254, to an electric arc. The samples 
used for the test had not been de-gassed.

Table 3 Decomposition products by electric arc

Mineral oil Aroclor 1254 Pyroclor

Hydrogen 60% Hydrogen 0% • Hydrogen 0%
Carbon Monoxide 3 Carbon Monoxide 0-0.3 Carbon Monoxide 0.25
Carbon Dioxide 0 Carbon Dioxide 0-0.3 Carbon Dioxide 0
Unsaturated Unsaturated Unsaturated
hydrocarbons 16 hydrocarbons 0 hydrocarbons 0.50
Saturated Saturated Saturated
hydrocarbons 10 hydrocarbons 0 hydrocarbons 0
Oxygen 2 Chlorine 0 Oxygen 0.25
Nitrogen 9 Hydrogen Chloride 99-100 Nitrogen 2.0

Hydrogen Chloride 97.0

It is evident that the gaseous mixture formed by the mineral oil would yield highly 
explosive mixtures with air. On the other hand, not only do the askarel fluids 
produce a smaller quantity of gas than mineral oil, but the gases evolved are 
non-inflammable.

Laboratory tests and practical experience with transformers have shown that 
phosgene, chlorine, carbon monoxide or hydrocarbons are not formed as de­
composition products of the Aroclors. Hydrogen chloride, which is non-inflam­
mable and easily detected by its sharp odour, is the only gas produced.

Solubility of gases The Bunsen coefficient is defined as the number of cubic centimetres of a gas at 
N.T.P dissolved in one cubic centimetre of the fluid at a partial pressure of 760 mm 
of mercury. The coefficients for Aroclor 1248 and Pyroclor are shown in Fig. 4. The 
gas absorption of askarels obeys Henry’s Law over a range of several atmospheres, 
i.e, the volume dissolved is proportional to the pressure, but since the gases them­
selves obey Boyle’s Law, it follows that the volume of gas, measured at the equili­
brium pressure of the gas-liquid system will be a constant. This volume of gas 
when related to one cubic centimetre of fluid will, therefore, be numerically equal to 
the Bunsen coefficient. The following expression applies therefore:

p„
P, 1 ■ RB

Where P0 is calculated pressure without absorption 
Pi is the equilibrium pressure 
R is the liquid volume/gas space ratio 
B is the Bunsen coefficient

Thus, in the case of a transformer filled with Pyroclor such that at maximum 
operating temperature of, say, 80° C (176° F), the air-fluid ratio is 1:5 with an 
Internal pressure of 5 lb per sq in., then the amount of air dissolved in the fluid 
would correspond to a reduction of pressure from a theoretical value of 5.8 lb per 
sq in. without any absorption to the practical value of 5 lb per sq in.

HCNS 079893
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ELECTRICAL PROPERTIES 15

Breakdown itmwili The breakdown strengths over a range of temperature of typical samples of Arodors 
and Pyrodor are shown in Fig. 5. These measurements were carried out using two 
electrodes of J in. diameter (BS. 148 : 51) with a spacing of 2 mm. These values 
are at least as good as those obtained with a good mineral oil.

......... .. The permittivities of the Arodors over a range of temperature for various frequen­
cies are shown in Figs. 6, 7, and 8. They were measured by a Schering bridge, the 
sample being contained in a stainless steel test cell. It is apparent that this property 
is dependent on both frequency and temperature, but its value is greater than that 
of mineral oil (2.2-2.3) for those conditions that are usually encountered with 
impregnated paper capacitors.

Permittivity is less important in the case of transformer fluids and, therefore, a 
graph for Pyrodor has not been included. At -30” C (-22° F), Pyrodor has a 
permittivity of about 5 falling to about 3.9 at 100° C (212° F). On account of its 
relatively high permittivity, however, it is advantageous to design transformers so 
that facing electrodes should be in the vertical plane wherever possible.

1’imsi lactin The power factors of the Arodors are shown in Figs. 10,11, and 12. These values 
were measured over a range of temperature at various frequencies and are higher 
than those obtained for mineral oil, particularly for certain combinations of 
frequency and temperature. Although a low power factor is desirable in capacitors, 
it will be shown later that the higher power factors of the Arodor impregnants are 
not a serious disadvantage.

Fig.ll! Aroclor 12M power lector at 80 c/s, 1000 c/s and 20 kc/s

I- -4"
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Fif.13 Permittivity at radio frequencies

JO* 10’ 10* >0* 10'*
FREQUENCY CYCLES/SEC.

The permittivities of the Aroclors and Pyroclor are plotted in Fig. 13 as a 
function of frequency at 25° C (77° F). Over an appreciable range, the permittivity 
of the Aroclors is higher than that of mineral oil.

Fig. 14 shows the values of tan 8 of the Aroclors and Pyroclor over a frequency range 
at a temperature of 25° C (77° F). These values are higher than are encountered 
with mineral oil. Tan $ is related to power factor by the relation:

c tan Spower factor - „
K tan1 «

The high volume resistivity of the Aroclors and Pyroclor is achieved by rigid 
purification and control procedures. If the fluids should become contaminated, as 
for instance by careless handling, then the high electrical properties of the fluids can 
only be restored by suitable filtration treatment through Puller’s Earth. Typical 
results of volume resistivity measurements on production samples of Aroclor 1248 
and Aroclor 1254 over a temperature range are shown in Fig. 15. Measurements 
were carried out with a field of 200 volts/mm in a stainless steel test cell, the actual 
reading being made after one minute’s electrification.

MONS 079890
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Applications of 
Aroclor Dielectrics

CAPACITORS

It was recognised early in the development of paper-and-foil capacitors, that 
improvements could be achieved by filling the air spaces in the paper with a 
material having a permittivity equal to that of the paper itself. Although mineral 
oil and petroleum jelly have been used for many years, their permittivities are still 
low compared with the cellulose of the paper and it is only with the development of 
the askarels that further improvements have been achieved.

Chlorinated diphenyls were first used commercially for capacitor impregnation 
in the early 1930’s. Since then the chlorinated diphenyl capacitor has become 
increasingly popular in Europe, particularly in France, Italy, and Germany and 
the trend towards their use continues. Power factor correction capacitors with 
chlorinated diphenyl impregnants are now in use throughout the world. In the 
U.S, for example, it is reported that over 20 million kVArs of power factor correction 
capacity, using askarel impregnants, have been installed. Also, it is said that more 
than 60 million small capacitors are in service in fluorescent light ballast, capacitor- 
start motors, and electronic equipment.

Chlorinated diphenyl impregnants have enabled considerable advances to be 
made in capacitor design for industrial power factor correction, and have led to the 
15-kVAr and 25-kVAr unit capacitors now in use at voltages from 440 up to 13,800 
volts.

Aioclor DUli-ctm-s anil mineral Permittivity

nil as Caimcitoi iiiuireimaiiis As js shown in Figs. 6,7, and 8, the permittivities of Aroclor dielectrics, at tempera­
tures above their pour points, are much higher than that of mineral oil. By proper 
selection of Aroclor dielectrics or by blending them with a suitable fluid, such as 
trichlorobenzene, fluids can be produced having very low pour points but still 
having the same high permittivity of chlorinated diphenyl.

Capacitor tissue may be considered to be a fibrous mat, the fibres of which have a 
permittivity approaching that of pure cellulose, i.e, about 6.6. In the impregnation 
process the air in the interstices between the fibres is replaced by a suitable 
dielectric fluid. If the permittivity of the impregnant corresponds exactly to that of 
the cellulose fibres of the tissue, then the total volume of the dielectric could be 
reduced to a minimum and the stress gradient would be uniform, l he high 
permittivity of Aroclor dielectrics enables advantage to be taken of tliis fact and, in 
consequence, reductions in volume of as much as 40% compared with the equivalent 
mineral oil capacitor, have been achieved.

M0N3 079900
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fr-voltage outdoor capacitor unita 
» kVAr >t a kV, JO c It,

f; *■**■« wntfw«i»«.
It*JffJ * • «taeral oil impregnated unit, 
OyWNHten boneimpregnated with Aroclor.

JpHPb by courteay of 
“ "" r Co (192$) Ltd.
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Fig. 16 Breakdown voltage o! Aroclor and mineral oil impregnated Kraft paper

Dielectric strength

A comparison is made in Fig. 16 between the dielectric strengths of 0.003 in. 
Kraft paper impregnated with pentachlordiphenyl (Aroclor 1254) and the same 
paper impregnated with mineral oil. The higher breakdown strength of the Aroclor 
impregnated paper permits the use of higher working stresses in capacitors. The 
higher dielectric strength of Aroclors and the more uniform stress distribution 
achieved by the use of Aroclor-impregnated tissue, allow Aroclor capacitors to be 
operated at considerably higher stress gradients than mineral oil impregnated 
capacitors.

Power factor

The relationship between power factor and temperature is shown in Figs. 9,10,11, 
and 12 for the Aroclors 1242, 1248, and 1254 and for mineral oil. The presence of 
minute amounts of ionic impurity accounts for the fact that the Aroclors have 
higher power factors than mineral oil over the whole temperature range. The power 
factor of an Aroclor-impregnated capacitor is, however, lower than would be ex­
pected as these ionic impurities are held by the paper and, hence, are prevented 
from contributing to the poweT factor of the unit.

A further factor to be taken into consideration regarding the power factor of an 
impregnated capacitor is the influence of the density of the paper used. Thus, 
although the power factor of Aroclor-imprcgnated paper is higher than that of the 
same paper impregnated with mineral oil due to the higher permittivity of the 
Aroclor, a paper of lower density can be used with Aroclor than would be used with 
mineral oil. This will offset the permittivity effect and result in a capacitor of lower 
power factor (see Fig. 17). The use of lower density paper will also reduce the 
resultant permittivity of the impregnated unit but the magnitude of the reduction 
is very much lower than would result if the same paper were used with mineral 
oil (Fig. 18).

The power loss of an Aroclor-impregnated capacitor is somewhat higher than 
that of its mineral oil-filled equivalent but the increase is acceptable. Values of the 
order of 0.3% are typical.

HONS 079902



Fig. 17 Power factor of impregnated and non-impregnated paper
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It will be seen from Fig. 19 that both Aroclor-impregnated and mineral oil-impreg­
nated tissues show a fairly sudden increase in power factor at a certain level of electric 
stress due to minor breakdowns in the impregnant. This level of stress* the '‘inception 
discharge voltage”, is higher for Aroclor than for mineral oil. Early failure will result 
if the dielectric operiffes at above this stress, but it is clear that the value for Aroclor 
is much higher than for mineral oil. Below this critical level, a small amount of 
degradation still occurs, but this is less with Aroclor than with mineral oil. This 
degradation is reflected in a fail in inception discharge voltage and it has been found 
in life tests under constant stress that, although the inception discharge voltage 
decreases during life, it drops far more slowly with Aroclor than with mineral oil. 
Under surge conditions, Aroclor-impregnated tissues of the thickness encountered 
in capacitors have a breakdown strength at least equal to that of similar tissues 
impregnated with mineral oil.

Fire resistance

The Arocfors will neither cause electrical fires nor contribute to fires from other 
sources.

Stability

0 )0 20 30 40 so
l-IEI.D STRENGTH (kV.mm)
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l->'"oiaiPd Capacitors

Intermittent operation in cold weather

A capacitor impregnated with Aroclor 1254 put on circuit at temperatures below 
the pour point of the fluid would have only about 75% of its rated capacity and its 
power factor would be high. If, however, the temperature at which the unit were 
put on load were not below about -20° C (- 4' F) the capacitor would safely 
reach its full capacitance value in a few seconds due to the heating associated with 
the relatively high power factor. Under continuous operating conditions, an 
equilibrium will be reached between the internal and ambient temperatures, thereby 
ensuring that the capacitor operates at its rated capacity with minimum losses. 
(See Figs. 20 and 21.)

At lower temperatures contraction of the frozen dielectric may lead to Assuring 
which could result in flashover and rapid destruction of the capacitor. Under such 
conditions, it is preferable to use an Aroclor with a very much lower pour point 
such as Aroclor 1242 or to use a blend of Aroclor 1254 and trichlorobenzene.

HONS 079905
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Manufacture of 
A«K'l(»r*mifii(*Kn«ted Cttpnt’itors

Since the total volume of the capacitor is reduced if chlorinated diphenyl is used as 
the impregnant instead of mineral oil, it follows that the total surface area of <hc 
capacitor is smaller. Heat dissipation would therefore be less efficient and the inter­
nal temperature of the capacitor would be higher. The use of low density capacitor 
tissues, however, lowers internal losses and hence reduces the internal temperature 
of the capacitor. On the other hand, Aroclor capacitors give longer life and better 
performance at higher temperatures than mineral units. Twenty-five kVAr units 
have been working for many years in such locations as the Arizona and Libyan 
deserts, where the ambient temperatures are about 40° C (104' F). Under such 
conditions the maximum temperature in the centre of the windings is in the region 
of 80' C (176° F).

Service life

Arodor-impregnated capacitors used for power-factor correction,although normally 
operating under higher voltage-gradients than oil-impregnated capacitors, have 
given fully comparable service life. This is not surprising in view of the excellent 
chemical and thermal stability of the Aroclor dielectric.

Not only is the ionisation inception voltage higher for Aroclor than for oil, but 
the differential is increased during long periods of electrical stress particularly at 
higher temperatures, and this favours longer service life.

D.C. Capacitors

Several years ago it was observed that the service life of chlorinated diphenyl- 
impregnated capacitors under continued D.C. voltage stress was reduced as the 
working-temperature was raised above 40° C (104° F). It was found, however, that 
certain stabilisers could be added to the chlorinated diphenyl to counteract the slight 
degradation occurring at thgte high operating temperatures. Typical stabilisers arc 
anthraquinone, azobenzene and certain of their derivatives. Accelerated life tests 
of Aroclor 1254 capacitors with and without stabilisers are shown in Figs. 22a and 
22b. Capacitors impregnated with stabilised Aroclor have a service life under D C. 
operation comparable with that for oil-impregnated capacitors.

Cost
Substantial reduction in cost of capacitor manufacture is possible through the use 
of Aroclor dielectric impregnants due to savings in paper, aluminium foil, and 
containers. Furthermore, production rate can be increased since the higher permit­
tivity means more kilovars per impregnation batch.

High temperature operation

The impregnant in capacitors is under much higher electrical stress than the 
insulating fluids in other apparatus. Consequently, precautions must be taken to 
ensure that the impregnant should have the highest possible resistivity and the 
lowest possible power factor. Most manufacturers dehydrate and filter the 
dielectric fluid and carry out impregnation under carefully controlled conditions in 
order to avoid contamination.

Capacitor Aroclor should never be exposed to the atmosphere except when being 
transferred to storage, or when an impregnator is opened after a batch of capacitors 

has been impregnated. The Aroclor which is returned to storage should be 
dehydrated and filtered through Fuller’s Earth before re-use. Procedures for
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Fig.22a Showing the rapid electrical deterioration which occurs when an askarel 
treated capacitor is operated on D.C. voltage at high temperature

Fig. 22b Electrical deterioration of the askarel treated capacitor illustrated in Fig. 22a
it eliminated i! anthraquinone be dissolved in the askarel impregnant. One half per cent anthraquinone
it dissolved in the askarel impregnant of the capacitors here illustrated
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dehydrating capacitor AroeJor are, in general, similar to those followed for mineral 
oil. It is somewhat easier to de-gas Arocior than mineral oil under vacuum because, 
firstly, less frothing occurs, and, secondly, Arocior releases the last traces of air 
more easily than oil. Dehydration of Arocior 1254 is usually carried out at a 
temperature not above 120' C (248' F) and at a vacuum of 1 mm Hg or less 
depending on the temperature.

Impregnation temperatures up to 130' C (266’ F) are used with Arocior 1254; 
75 C (167: F) with Arocior 1242. It is advantageous to dry the capacitor windings 
before impregnation at as hard a vacuum as possible. Impregnation cycles from 12 
hours to 48 hours arc usual. Arocior capacitors are sealed either with casings full of 
warm fluid or with a dry air or inert gas space above the fluid to allow for expansion.

Care should be exercised in selection of materials to be used in Aroclor-im- 
pregnated capacitors. Kraft tissue is strongly recommended because it has been 
found to give the best service life. Copper lead-in tabs should be tinned. Fluxless 
solders are preferred, but if fluxes arc necessary, they should be used sparingly 
and care should be taken to remove residual traces before impregnation. Trichloro­
ethylene vapour degreasing plant is suitable for this purpose.

Bushings and gaskets which are likely to be in contact with the fluid may be made 
from silicone elastomers, most grades being suitable. Although internal fuses have 
been used in some Aroclor-impregnated capacitors, their use is not generally 
recommended for multi-plate types.

Arocior 1254 is usually selected for operation throughout the normal ambient 
temperature range. Arocior 1242 is suggested for use at lower temperatures down 
to about - 40 C (- 40 F), or alternatively, and at still lower temperatures, mixtures 
of Arocior with low pour point fire-resistant solvents of suitable electrical quality 
may be used.

TRANSFORMERS

A deliberate search for insulating fluids possessing the excellent insulating proper­
ties of freshly purified mineral oil coupled with higher stability in service and a high 
measure of fire resistance resulted in the development of askarels as transformer 
coolants.

The inflammability of mineral oil and, more important, the danger of explosion 
from decomposition products arising when mineral oil is subjected to arcing, 
necessitate the installation of numerous safety devices and the observance of 
safety regulations, sometimes enforced by law, to protect premises where oil-filled 
electrical equipment is installed.

When oil-filled transformers are installed outdoors they can be isolated and the 
consequences of explosion and fire arc minimised; when installed indoors, however, 
fireproof vaults, oil run-off drains, pebble pits, and chemical firefighting equipment 
may be necessary. 2n some installations, the associated buildings and equipment 
may be very expensive and inconvenient to install, occupying valuable space and 
adding very appreciably to the cost of installing the transformer.

A second disadvantage of mineral oil is its sensitivity to heat, particularly in the 
presence of air or moisture. A series of chemical reactions gradually occurs in warm 
transformer oil, leading by degrees to formation of peroxides, organic acids, and 
complex long-chain hydrocarbons. The complex hydrocarbons eventually produce
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One of fifteen transformers, designed to operate in 
conjunction with a 500 KV mercury arc rectifier for underground 
service in mines, being charged with Pyroclur.

Photograph by courtesy of Hackbi idge & Hew itlic Elect i it t'oinpam Limit id.
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28 a sludge which raises the viscosity of the fluid and, in severe cases, deposits a coating 
on the windings of the transformer severely reducing the transfer of heat to the 
coolant. It has been reported that the rate of sludge formation doubles approximately 
for each 7-10° C (10-14° F) temperature rise in the region of 80° C (144' F).

The formation of peroxides and acidic by-products increases the sensitivity of 
the oil to moisture. Water-in-oil emulsions may result from the emulsifying action 
of the metallic soaps produced by the attack of these acidic products on the metals 
present in the transformer. Under such conditions the dielectric strength of the fluid 
falls to very low values.

These deficiencies of mineral oil are well recognised and attempts have been 
made to retard deterioration by the addition of oxidation inhibitors or by sealing 
under a nitrogen atmosphere.

Transformer askarels, on the other hand, are fire resistant and do not deteriorate 
chemically, a fact that has been borne out by service records extending over a 
period of 15 years and more.

When tu use Three types of industrial transformers are manufactured, mineral oil-filled, 
Pyiodoi transformers askarel-filled, and air-cooled.

Most transformers are mineral oil-filled because they are usually the least 
expensive to construct. In those locations where an oil-filled transformer would 
have to be enclosed in a safety-vault, the overall installation cost may exceed the 

‘ cost either of an askarel-filled transformer, or of an air-cooled transformer, both
of which would provide the required safety without the addition of vaults.

Both askarel-filled and air-cooled transformers have their own advaniage>, 
depending largely on the particular circumstances of a given installation. The 
initial cost and subsequent maintenance of air-cooled units will vary greatly 
according to their location and rating. The askarel unit usually provides the more 
economic alternative in dusty, damp and corrosive atmospheres because of the 
difficulty of sealing and providing adequate cooling for a dry-type transformer. The 
space requirements for askarel and air-cooled transformers are about the same, 
except when voltages upwards of 3.3 kV are considered. For these higher voltages 
askarel-filled units often show a size advantage. The impulse rating of askarel 
transformers is very much belter than that for air-cooled units. The air-cooled 
transformer must rely upon clearances in air for its insulation- The dimensions, and 
rcsuiiant cost, of an air-cooled transformer designed to operate at the impulse 
levels of a liquid-filled transformer would be considerably greater than those of its 
askarel-filled counterpart. This high cost is usually not considered justifiable.

Air-coolcd transformers are likely to be lighter in weight than askarel units though 
this is rarely a consideration; they are, however, noisier in operation. A comparison 
of the sound levels of typical liquid-cooled and air-cooled transformers made in the 
United States gave the following figures:

Transformer sound levels

hi'A Rating Liquid Filled "Dry" Type

200-300 56 db 66 db
301-500 58 db 68 db
501-700 60 db 70 db
701-1000 62 db 72 db
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Pyrodor-fillcd h'crrtnti transformer, left,
installed adjacent to conventional rectifier-transformer
installation at Monsanto's Newport Works.

Unit substations

The absence of fire-risk with the askarel transformer has brought about economics 
through a new trend in indoor electrical distribution involving the so-called “unit 
sub-station”. This system feeds power at a voltage higher than utilisation levels, 
which is stepped-down by means of transformers sited at the centres ofload. By 
carrying power through industrial plants at high voltage to the actual load centres, 
considerable savings result from the reduced cable requirements; LT cable costs 
arc lowered; less copper is used, and voltage drop is reduced with corresponding 
improvement in the performance of equipment. The cost of the secondary and 
power centre distribution transformers is more than offset by the savings resulting 
from the elimination of long, costly low-tension runs inside the plant.
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Cost considerations 
lot Pyroclor transformers

With the development of solid insulating materials capable of withstanding 
temperatures up to about 200 C (360° F) attention has turned to the possibility of 
operating electrical equipment at higher temperatures. Theoretically, both the air­
cooled transformer and the askarel-filled transformer can be operated at much 
higher temperatures than are possible with oil-filled equipment.

Although Pyroclor was designed for operation at temperatures normally en­
countered with mineral oil, it can be operated safely at higher temperatures for 
extended periods in transformers under high overload conditions. Other Atoclor- 
based fluids, such as RD.7051, are recommended for normal on-load operation with 
top fluid temperatures above 100° C (212° F). By the use of liquid-cooled trans­
formers operating at higher temperatures, smaller, and perhaps ultimately cheaper, 
units may be designed with reductions in iron, copper, and the coolant itself. A 
detailed examination of materials and equipment suitable for use at these higher 
temperatures is being carried out and further information will be given on request.

Applications of Pyroclor transformers

In current practice, the power rating of askarel transformers is in the range 50 
kVA-2000 kVA, although units are in service at ratings up to about 30,000 kVA. 
Large units installed outdoors are generally mineral-oil filled. Pyroclor transformers 
are especially recommended for basement sub-stations, or for unit sub-stations 
located near load-centres. They are also recommended for use in electric loco­
motives, mines, theatres, department stores, hospitals, blocks of flats, for rooftop 
installation, electric furnaces, infra-red ovens, oil refineries, ships and, in general, 
in any area which may be considered “difficult” because of dirt, dampness, fire- 
hazard or where the elimination of otherwise essential fire precautions would lead 
to economy.

Operating temperatures

Pyroclor is appreciably more expensive than mineral oil on a volume basis, and the 
price of Pyroclor transformers is likely to be 20-30° 0 higher than that of mineral- 
oil filled counterparts. On the other hand, the installed cost or total cost amortised 
over the expected life of the equipment may work out to be less with Pyroclor.

A typical example of this difference in installation costs is afforded by the ex­
perience of a manufacturer who installed a Pyroclor transformer and an oil trans­
former of equivalent rating in different areas of a paper mill to perform the same 
type of service. The total installed cost of the oil-filled unit worked out to be 22",, 
more than the total cost of the Pyroclor-filled unit, largely owing to the fire- 
protection requirements for the oil-filled unit. The use of Pyroclor transformers 
allows the following economies to be made:

Space, associated buildings, etc.

Pyroclor transformers, as they are free from fire risk, do not require provision of 
vaults, anti-fire arches, oil-drains, sumps, or fire-fighting equipment.

Installation

Savings in feeder-cable costs may be achieved by placing Pyroclor transformers at 
the centre of electrical loads. To cite a hypothetical case, a saving of nearly 1 ton of
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A f>00 kVA, 3-phe»c, 50 cycle, ground mounting transformer 
with a voltage ratio of 11,000'415 volts.
This Pyroclor-fillcd transformer was ordered for 
installation in the Royal Palace at Baghdad.

Photograph by courtesy of The English Electric Company Limited.
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Pyroclor-fillcd transformers built by South Wales Switchgear J.nl, 
lor Krangede Akticbolag, Stockholm.
('holograph by courtesy of South Wales Switchgear Ltd.

Pyrotlor-fillcd transformers. Two 250 kVA transformers in foreground, 
and 300 kVA, 3-phase, 50 cycle, transformers in background. 
Photograph by courtesy of Mctropolitan-Vicker.s Electrical Co l.td.
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33copper may be made in feeder-cable by reducing by 400 feet the distance from the 
low-voltage side to the service point of a three-phase transformer of 1000 kVA, 
13,500/380 volts. In some installations it is also possible to realise significant 
economies in switchgear through the use of Pyroclor transformers.

Service

Economies during service may be manifest in several ways:

1 Pyroclor transformers require considerably less maintenance than oil-filled or 
air-cooled equipment.

2 Pyroclor transformers have much greater overload tolerance.
3 Insurance premiums are reduced in some countries when transformers filled 

with a fire-resistant liquid are used.

Fig. 93 Solubility o! water in aakarel and in new mineral insulating oil
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Performance ol Pproctor Dielectric strength—effect of moisture

The dielectric strength of Pyroclor at power frequencies is about 20",, higher than 
that of fresh mineral oil, the differential usually increasing during service The 
dielectric strength of Pyroclor, as of mineral oil, may be lowered either by the 
presence of fibres or by moisture. Moisture should, therefore, be avoided in 
Pyroclor-filled transformers, although the effects of moisture are rather different 
from those in oil.

The solubilities of water in new and used mineral transformer oil and in new and 
used transformer askarel are shown in Fig. 23.

It is interesting to note that although the initial solubility of water in askarel is 
higher than in mineral oil, it docs not increase significantly during service. On the 
other hand, one of the well-known problems with mineral oil is the increase in 
moisture solubility after the oil has been in service, and the fact that the presence of 
dissolved moisture contributes to further degradation of the oil. Absorption of 
water in mineral oil considerably reduces the resistance of the oil to chemical 
changes through oxidation. Absorption of moisture, however, docs not affect the 
chemical resistance of Pyroclor.

t; • •

c 40 I so [ so | | ioo | | i:u -c
•is iso 140 ioo iw) :oo ::o :4u

Fig. 24 Breakdown voltage as a function of temperature 
[\* sphere electrodes - 2 mm. gap)

Moisture will float on Pyroclor and will not, therefore, tend to be carried down 
into the windings. If leads are taken through the liquid surface, however, they 
should be suitably encased in porcelain, or other material, to prevent flashover.

Dissolved moisture may be removed from Pyroclor by standard Fuller’s Barth 
treatment, or other dehydration techniques.

Oxidation and sludging

Mineral oil, heated in the presence of air or moisture, will oxidise and deteriorate; 
no such deterioration occurs with Aroclor dielectrics. The comparative efi'ea
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on dielectric strength of heating Pyroclor and transformer oil in air is shown in 
Fig. 24.

35

Design and construction 
o! Fyroclor-Alled transformers

Corrosion

Pyroclor has a low free acid value (see Table I, p. 6) and, consequently, is non­
corrosive. Furthermore, askarel transformer fluids, after service for 15 years, have 
shown only negligible acidity change. It has been reported that even these minor 
changes have been attributed to traces of the solid insulation or varnish dissolving 
in the askarel. In one test the original askarel had a neutralisation value of zero 
which rose to only 0.03 mg KOH/gm after 15 years of service.

Pyroclor contains 0.125% oftetraphenyl tin which absorbs any hydrogen chloride 
which might be liberated if the fluid is subjected to corona discharge or occasional 
“spitting", and which in the presence of moisture would corrode the metals and 
weaken the ceilulosic materials used in the construction of the transformer.

Contamination with mineral oil

Mineral oil is soluble in Pyroclor, and any contamination of the Pyroclor by oil will 
reduce its Are resistance. The Underwriters Laboratory in the United States 
permits a maximum hydrocarbon contamination of askarel of 2% by volume. 
Pyroclor transformers should never be “topped-up” with mineral oil.

Sealed and open types

Pyroclor-filled transformers of both the sealed and open types are in common use. 
The sealed type is, however, preferred since by preventing contamination from 
outside sources, the full benefit of the high stability of Pyroclor is gained giving 
years of maintenance-free operation. The breathers on open type transformers 
should be fitted with moisture-absorbing driers, which must be maintained in an 
efficient condition.

Sealed units are designed with a 15-20% free space which is filled with dry air 
or nitrogen. Generally, the tank is sealed whilst the Pyroclor is warm so that the 
transformer is under a slight negative pressure when cold. The internal pressure 
at normal operating temperatures is thus correspondingly reduced.

Rupture discs

Arcing within the transformer can cause a considerable increase in pressure due to 
the formation of hydrogen chloride and hence confined spaces in which breather 
type transformers are installed must be well ventilated. Alternatively, vent pipes to 
the outside atmosphere should be fitted to the transformer and be at least equal in 
diameter to the relief diaphragm. The vent pipes on outdoor installations should 
be fitted with self-closing check valves to prevent ingress of moisture to the trans­
former interior should the relief diaphragm break.

Gas absorbers
In some installations, gas absorbers containing soda lime are fitted after the relief 
diaphragms to absorb any hydrogen chloride released as the result of a short 
circuit and bursting of the relief diaphragm. The modern tendency, however, is not 
to fit absorbers.
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Pyioclor-filled transformers manufactured by The Electric Construction Co Ltd, installed at (he 
Milk Arch sub-station below Waterloo Station.

Photograph by courtesy ot British Railways (Southern Region).

Tank and finings

Careful design of the transformer tank reduces the volume of fluid required and 
hence compensates for the relatively high cost of Pyroclor. Reductions of up to 
40% have been achieved by shaping the tank to the coils, filling dead spaces with 
inert material, and using specially shaped tubes (star or oval) giving maximum 
cooling-surface to volume ratio.

Tap-changers

On-load tap-changers, if used with Pyroclor-filled transformers, should not 
operate under the surface of the fluid. They are usually installed in a separate air- 
box attached to the main transformer tank or inside the tank above the fluid level.

Materials of construction

Impregnating varnishes and coatings used in Pyroclor-filled transformers must be 
tested for resistance to the fluid. Tank coatings are unnecessary as Pyroclor itself 
acts as a corrosion inhibitor if filled into a bright steel tank. However, if it is
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37considered desirable to paint the inside of the tank, recommended primers and 
paints are available and details will be supplied on request.

Pyroclor softens natural rubber and many of the available synthetic materials. 
Seals and gaskets should be made from nitrile rubber, and should be designed to 
present minimum surface area to the fluid.

Pine, maple, poplar, hornbeam, and beechwood, if thoroughly dried and heated 
to free them from natural oils, are suitable for use with Pyroclor. Varnished, oil- 
treated or paraffin-treated woods of any kind should not be used.

Maintenance

Properly designed Pyroclor transformers require very little maintenance during 
service life. Examination of the Pyroclor after many years’ service in sealed units 
constructed of recommended materials has shown it to be in practically as good 
condition as when the transformer was originally filled.

Pyroclor, if contaminated with dirt or moisture or by absorption of ionic or 
resinous impurities from materials of construction within the transformer, can be 
purified by filtration techniques similar to those employed for oil using Fuller's 
Earth or activated alumina. Activated alumina is preferable because it is less likely 
to remove the tetrapheny! tin. Detailed suggestions for treating and filtering Pyroclor 
with activated earth or alumina may be obtained on request.

OTHBR RLSOTRICAL KQUIRMBNT

Pyroclor is used in transformers not only on account of its dielectric qualities, but 
also because it has good heat exchange properties. There are many other types of 
electrical equipment which also require a highly inert heat exchange medium. For 
example, heavy-load resistors and rectifiers have been successfully cooled by 
Aroclor 1248 and induction voltage regulators have been filled with Aroclor or 
Pyroclor. In this last application, on-load switching should not be carried out 
under the surface as Aroclor is not as efficient an arc-suppressive fluid as mineral oil, 
and hence fluid degradation and burning of contacts will occur. Owing to this lower 
arc-suppressive efficiency, askarels cannot be used in place of oil in switch-gear.

The thermal properties of the Ailing for temperature-sensitive elements of 
equipment such as thermostats is also of prime importance. The relatively high 
coefficient of expansion of the Aroclors, coupled with fire resistance and stability, 
renders them ideally suitable as thermal-responsive fluids.

The dielectric properties of the solids and fluids used in cable and junction boxes 
are also of great importance. Although at high voltages the high permittivity of 
Aroclor would lead to high power-dissipation from conductor to earth, with low 
voltages and heavy currents the power dissipated in this way would be negligible 
compared with that due to resistance heating of the conductor. Aroclor impregnants 
may be used, therefore, in cables carrying heavy currents at relatively low voltages 
where Are resistance is important.

The lower members of the Aroclor range are not suitable for joint-box Ailing 
owing to their fluidity. However, the more highly chlorinated, resinous, compounds 
such as Aroclors 1260, 1262, and 4465, have good insulating properties, and are also 
extremely water-repellent. They are, therefore, very useful for this application. 
Aroclors 1242 or 1248 may be used in fluid-Ailed bushings.
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Compatibility of
Aroclor Dielectrics with other
engineering materials

It cannot be emphasised too strongly that ihy materials to be used with Arocior 
dielectrics must be very carefully selected if the electrical properties of the Aroclor 
fluids are to be fully utilised. Most inorganic materials used in transformers are 
unaffected by Aroclors, but many organic materials are either dissolved or swollen 
bytthem. Some composite materials commonly used in the electrical industry, 
however, may impair the electrical qualities of the Aroclors, although their own 
physical characteristics are not appreciably affected. Monsanto has tested many 
such materials and can recommend a selection which will be suitable for use with 
askarel fluids.

Materials should be examined for resistance to Aroclors by immersing samples 
in the fluid at 100° C (212° F) for two days, and then comparing the electrical 
properties of the fluid and the physical properties of the sample before and after 
immersion. The following general recommendations may be given:

Inorganic materials Glass, asbestos, magnesite and porcelain are satisfactory provided they are dry and 
free from ionizable impurities.

Metals Aroclor dielectrics are non-corrosive to those metals commonly used in electrical 
equipment, e.g, steel, aluminium, silver, tin and zinc. Exposed copper is satis­
factory in Pyrodor-filled transformers but copper for use in Aroclor-impregnated 
capacitors should be tinned.

Plastics and resins In general, fully cured thermosetting plastic materials are suitable for use with 
Aroclor dielectrics; most of the thermoplastic materials are unsuitable. Plastics 
which can be used with Aroclors include phenol-formaldehyde (Bakelite, most 
grades), melamine-formaldehyde and resorcinol-formaldehyde resins, polyesters, 
polyurethanes, epoxy-resins, silicones, Terylene, cellulose tri-acetate sheet and 
nylon. Polyvinyl chloride, most alkyd resins, polystyrene, acrylics and polyethylene 
are unsuitable. Materials based on thermosetting resins should always be checked 
for compatibility with the fluids with which they will come into contact. An extra 
curing treatment (a few hours’ heating at 100-120° C (212-248° F) in an air oven) 
often greatly improves the resistance to attack by Aroclor dielectrics of a material 
which should be suitable in all other respects.
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Protective coatings

Elastomers

Cellulose

Oil and grease

Adhesives and fluxes

Baked coatings ore generally satisfactory, air-dried coatings are usually not suitable. 39 
If varnishes and paints must be used in the interior and coils of equipment filled 
with Aroclor dielectric, they must be tested for adequate resistance to the fluid. The 
fluids themselves function as corrosion inhibitors.

Of the synthetic elastomers, silicone and isocyanate rubbers are most satisfactory; 
certain other elastomers, e g, nitrile rubber, may be used provided the area of 
contact is very limited.

Cellulose itself is not affected by Aroclor dielectrics, and most woods, paper, and 
cotton are satisfactory. Materials likely to produce fibres easily should be avoided. 
Woods having a high resin content should be stove-dried before use. Cork is 
satisfactory.

Aroclor dielectrics are miscible with mineral oil, and once thus contaminated can 
be purified only with great difficulty. Aroclor for capacitor manufacture must never 
be contaminated with mineral oil. In Pyroclor-filled transformers, slight mineral 
oil contamination of the fluid is not harmful, but if the fire-resistant properties of 
the Pyroclor are to be retained, the mineral oil content should never exceed 2",, 
w/w (see page 40).

Mineral-based greases should not be used on cocks and valves in process lines 
handling Aroclor dielectrics.

In general, adhesives based on thermoplastic resins or on animal glues should be 
avoided. Adhesives based on starch or certain natural gums (such as gum arabic or 
shellac) are permissible. Fluxless solders are preferred, but if fluxes are essential, 
they should be of the resinous type and any residual flux left on the ioint should be 
carefully removed with suitable solvents (see page 26).

From the detailed account given above, it it evident that conductors and the majority 
ot the oommon structural materials used in the electrical industry are satisfactory for 
use with Arooior dieleotries. I! there is any doubt as to the suitability of a particular 
material, the user is invited to consult Monsanto Chemicals Limited.
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I
Handling of Aroclor Dielectrics

Toxicity Aroclor dielectrics are not particularly difficult fluids to handle. They should, 
nevertheless, be handled with care since prolonged contact can lead to absorption 
of the fluid through the skin. Such exposure may produce a type of acne and lead 
ultimately to liver damage. The hands should therefore be protected by gloves or 
by a barrier cream. Workers should be instructed to wash with soap and water after 
handling Aroclors and they should be encouraged to maintain a high standard of 
personal hygiene.

The vapour pressures of the Aroclor dielectrics are low, and no problem from 
Aroclor vapours should be encountered at ordinary temperatures. The vapours of 
hot Aroclors should be avoided, and for this reason capacitor-impregnation plants 
should be well ventilated. The same precautions should be taken with Pyroclor 
which has a somewhat higher vapour pressure on account of its trichlorobenzene 
content.

It should be emphasised that the standards of cleanliness demanded are also 
those required to protect the fluid from contamination. Aroclor dielectrics should 
be kept in closed containers, away from atmospheric moisture and dust, to prevent 
the access of impurities which would seriously impair electrical characteristics.

Tr»nsier And noraae Aroclor dielectrics are shipped in galvanised drums or special road tankers. These 
should not be opened until the fluid is to be used or transferred to permanent 
storage. The Aroclor dielectrics should be slightly warmer than the surrounding air 
when they are transferred to storage vessels and the transfer should not, if possible, 
be made in wet weather. Containers, pipes, metal hoses, and pumps used for 
handling or transferring Aroclor dielectrics must be completely free from oil, 
grease, or other foreign materials. Such equipment should, if possible, be kept 
exclusively for use with these fluids or, if this is not possible, the containers and 
transfer system must be washed with Aroclor dielectric before transfer of the main 
portion of the fluid. Although mild steel storage tanks are suitable for Pyroclor 
and have also been successfully used for capacitor Aroclors, storage and im­
pregnation vessels of stainless steel, zinc/tin, aluminium, or galvanised steel are 
to be preferred. Aroclor 1254 is usually stored at a temperature of between 60-804 C 
(140-176° F) and Aroclor 1242 at not over 70° C (158° F). Storage tanks should 
preferably be sealed from the atmosphere to prevent entry of moisture. If, however, 
the tank is connected to the atmosphere, it should be fitted with a silica gel drier 
which should be kept in fresh condition. Stirrers are not necessary in storage tanks, 
but circulating pumps should be provided. Pump inlet connections should be made 
as short as practicable and maximum use should be made of gravity feed due to the 
high specific gravity of Aroclor.
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41Tesfiiur Since these fluids are to be used in electrical applications, electrical tests are the 
only means of checking quality. For capacitor dielectrics, breakdown strength, 
permittivity, power factor, and volume resistivity are the important criteria. For 
transformer fluids, breakdown strength is most important although volume resis­
tivity also gives an indication of quality.

The greatest precautions to avoid contamination are essential. Sampling should 
be carried out with carefully cleaned and dried apparatus, as described in ASTM 
D.925-49. After sampling, the fluid should be stored in tinted glass bottles and 
tested as soon as possible. The stopper of the bottle should be of glass, fully cured 
thermosetting resin or polyethylene, and covered with clean tin-foil. A small 
quantity of the fluid should be allowed to pour over the lip of the bottle to clean off 
any dust or other impurity before a sample is taken for tests.

It is usual to test for volume resistivity, permittivity, and power factor in the 
same test-cell. Suitable cells have been described in the ASTM handbook and 
elsewhere. Great care must be exercised in cleaning the cell before use and it is 
emphasised that cleaning techniques adequate for testing mineral oil are not sufficiently 
rigorous for fluids such as the Aroclorsy having higher permittivities.

The cell should be taken apart and the electrodes rinsed with hot and then cold 
trichlorobenzene. They should then be washed twice with methanol, and then twice 
with tap water, followed by a 10-minute soak in hot 10% trisodium phosphate 
solution. Finally, they should be thoroughly washed with tap water, assembled, 
washed at least twice with distilled water, and dried in a clean air-oven at 120° C 
(248° F) for two hours.

If the cell is left for much longer than two hours, ionic contamination will occur, 
which will affect the measurements. The cell must not be touched by hand during, 
or after, the final washing.

When a test-cell is reserved for testing ArocJor and Pyroclor, washing the cell 
with hot trichlorobenzene or benzene and drying before use is sufficient. The cell 
should be stored under one of these solvents.

The first, and preferably the second, filling of the cell should be discarded.
A.C. tests must be carried out before the volume resistivity measurement at high 

D.C. voltage is taken, since the latter test is likely to produce long-term polarisation 
effects in the fluid which can lead to errors in subsequent tests. Permittivity and 
power factor can be measured by any reliable bridge technique. The tests are 
carried out at 100° C, maintained at plus or minus 1° C by a thermostatically 
controlled oil-bath or air-oven. A test frequency of 50 cycles/sec is preferred to a 
higher frequency since the power factor at this frequency is a much more sensitive 
criterion of dielectric purity than at higher frequencies. Volume resistivity measure­
ments are made at 100° C by applying a stress of 200 volts D.C. per mm. It will be 
found that more polarisation occurs with Arodor and Pyroclor than with mineral 
oil, as evidenced by a greater increase of resistivity. It is therefore necessary to 
measure resistivity after one minute's electrification as a standard test. Any standard 
method of measurement may be employed in the laboratory (galvanometer, etc) but 
in the plant or warehouse an industrial megohmeter is quite suitable.

Breakdown-strength is measured by the method of BS. 148:51. Cleanliness of 
apparatus in this test is not so vital, and it is sufficient to clean the electrodes with dry 
calendered tissue. The first filling of the cell should be discarded. It will be observed 
that the Arodor dielectrics form more carbon on breakdown than mineral oil.
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42 Tests of both the low-voltage and high-voltage measurements should be repeated
if possible, particularly in the case of breakdown voltage.

Earth treatment and filtration Although the electrical properties of each batch of Arocior dielectric are checked 
before it leaves the factory, they should be re-checked by the customer before use. 
In general, the filtration and dehydration procedures used with mineral oil are also 
applicable to Pyroclor and to capacitor-grade Aroclors. It is recommended that 
Arocior for capacitors should be given a Fuller’s Earth or activated alumina treat­
ment immediately before use to guarantee that the electrical properties of the fluid 
passing to the impregnator are as high as possible.

The precise method employed for filtration is not critical, but it is important that 
the Fuller’s Earth be tteroughly dry before use, and that adequate time be allowed 
for the Arocior dielectric to mix with the earth before filtration. The earth should 
be heated in shallow pans in an oven between 200° C and 400' C (390' F and 750 F) 
for 2-12 hours, depending on the temperature. Up to l"u by weight of earth 
should be added to the Arocior and the mixture slowly stirred or re-circulated at 
70-80L C (158-176° F)(not over 70° C(158° F) for Arocior 1242) for about 4 hours 
before filtration.

The treatment is repeated if tests indicate that the desired electrical properties 
have not been q^t|jfied.

Monsanto Chemicals Ltd is always ready to provide additional information 
on the use of the materials indicated in this booklet and to assist manufacturers 
in the solution of particular problems arising from their application.
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Suggestions made in this booklet are based on conclusions reached after 

extensive laboratory investigation. They are published iu the 

belief that they will be of value, but in view of the variations in conditions 

under which they may be applied, we cannot accept responsibility for 

loss or accident which may result from their use or application.

Pyroclor-filled 250 kVA transformer.
Photograph by courtesy of 1 he Howatcr Paper Corporation Limited.
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book give the specific inductive capacities anJ 
power-factor over a frequency range.

HONS 079926



Propcrtiu

F. M. CLARK, Journal of Industrial and Enginttring 
Chemistry 19, 689 (1937)
The electrical applications of chlorinated hydro­
carbon* are surveyed. A quantitative investigation 
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voltages for various thicknesses of impregnated 
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The effect of water on mineral oil and atkarel 
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conditions breakdown strength/temperature curves 
at various water contents show that atkarel is 
superior to mineral oil at the higher water content 
level at lower temperatures. However, for 1 minute 
B.D.S. tests at power frequencies and at room 
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entire range of water contents. The effect of water 
absorption on cellulose insulation »nd on power 
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tions to a blotter press are described.
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Symposium on Insulating Oils. Special Technical 
Publication No. 95 (1949)
The electrical applications of chlorinated hydro­
carbons arc surveyed and the non-sludging 
properties of the fluids are emphasised. Solubility 
of water in transformer askarel is graphed as a 
function of temperature, and the effect of passage 
of water-contaminated liquid through a paper 
filter-press is shown graphically. The fire- 
rcsistance of chlorinated hydrocarbon dieiccttic it 
discussed, and the effect of scavengers at a means 
of absorbing dissolved hydrogen chloride is 
closely examined. The author takes the view that 
with atkarel only chloride concentration and 
dielectric strength are important, power factor not 
being of any significance. However, the addition 
of aluminium hydroxide to reduce the power 
factor of the fluid whilst in the tank is described. 
There follow* a considerable amount of interesting 
discussion.

a. o. CHILDS AMD a. w. STANWTT, Proceedings of 
the Institution of Electrical Engineers, Vol. 100, 
Pt. 11a, No. 3 (1953)
An investigation of the effect of hydrochloric 
acid liberated by arcing transformer askarel on the 
tensile strength of paper uaed for insulating 
transformer! (a) in the presence, and (b) in the 
absence of tetraphenyl tin scavenger. Whilst a 
considerable fall in tenaile strength of the paper 
occurred when no scavenger was present, the 
paper which had been exposed to askarel con­
taining tetraphenyl tin showed no significant 
change. Comparative physical data on transformer 
askarel and a typical Claia B.30 oil are included In 
the paper, and further references are made to 
askarels in the discussion, ibid page 94.

T. w. DAKIN AND C. N. WORKS, American Institu­
tion of Electrical Engineers. Technical Paper 51, 
228(1952)
Impulse breakdown tests on askarel are reported. 
The impulse breakdown strength in asymmetric 
fields of impregnated pressboard is shown to be 
lower with askarel than with mineral oil, dcapite 
the fact that the 60 cycles B.D.S. is considerably 
greater with askarel. It is shown that this effect U 
connected with the chlorine atoms of the molecule. 
Several graphs of breakdown /electrode spacing 
and number of cycles applied are given.

0. M. L. SOMMBRMAN, C. ). BOTE AND I. L. C. 
LARSON, American Institution of Electrical Engi­
neers. Technical Paper 54, 69 (1954)
A photographic technique to measure ionisation 
in mineral oil and askarels is detailed. Disc 
electrodes between which were placed impreg­
nated pressboard and dry photographic paper 
were immersed in the liquid under test. Above a 
threshold voltage, Lichtenbcrg figures occurred 
in the thin film of liquid under the rounded 
electrode edge. With mineral oil the figures were 
independent of voltage polarity and evenly 
distributed, whilst with askarel the figure* 
depended markedly on voltage polarity and were 
more localised. The chlorine atoms of the askarel
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46 were shown to affect the liquid ionisation process 
and the puncture voltage of askarel in impregnated 
presiboard. Chopped wave testa showed that the 
ionised particles originating near the cathode 
travelled much faster in askarel than in mineral 
oil.

c. w. lewis, Journal of Industrial and Engineering 
Chemistry 46, 366 (1954)
The mode of action of tetraphenyl tin as a 
scavenger is investigated. The rate of change of 
concentration of hydrogen chloride in askarel 
containing tetraphenyl tin was examined using a 
solomctric method. The reaction rate indicated 
that a bimolecular process occurred, and it is 
suggested that triphenyl tin chloride and benzene, 
or diphenyl tin dichloride and benzene are 
formed. Ethylene oxide—also known as a 
scavenger—was also examined.

Transformer Design and Applications

L. CANTALUM, Elettrificatione 2, No. 12, p. 14 
(Dec., 1951)
Askarel transformer design in Italy is discussed. 
The electrical and thermal stabilities of chlorinated 
hydrocarbons arc considered. The actual places 
where such transformers were used in Italy at the 
time of writing are mentioned and the general 
considerations affecting the choice of such units 
are examined. Materials suitable for use with 
askarel are listed: the author considers that any 
copper used should be passivated with cellulose 
covering. Methods for allowing for expansion of 
the fluid with temperature rise are mentioned.

H. h. turner ano w. t. mclachlan, General 
Electric Hmrai 101, 726 (1933)
Askarel (Pyranol) transformers are described. 
The savings involved in installation costs of 
Pyranol transformers are mentioned. Single-phase 
units have been built with a 35\ reduction in 
dielectric volume. 500 kVA 27,000'216 Y-volt 
secondary network units of much smaller dimen­
sions than the equivalent oil units are described, 
in which height was reduced from 88} inches to
60 inches, length from 106} inches to 102 inches, 
and width increased by 4 inches, resulting in 50'*0 
reduction in fluid volume. The high-voltage 
cables were connected by plugs instead of junction 
boxes, thereby making the connections more 
accessible. The grounding switch earthed the 
feeder cables at the transformer terminal by plugs 
and sockets controlled from outside: an electrical 
interlock prevented switching when the unit was 
energised. An interlock prevented the movement 
of the ratio adjuster unless transformer was 
grounded, and also prevented switching on unless 
(he adjuster was in one of the tap positions.

L. H. BURNHAM AND S. T. MAUNDER, General 
Electnc Rexnew 42, 236 (1939)
Several types of askarel (Pyranol) transformer are 
described and the saving of total installation cost 
is stressed. The use of star-section circulating 
pipes to reduce fluid volume is mentioned. It is

stated that a diaphragm and pipe for venting in 
the event of arcing failure should be at least 6 
inches in diameter. A self-closing check should be 
fitted outside the vent-pipe to prevent ingress of 
moisture in the event that the diaphragm is 
broken. Forced-air cooling of pipes may be 
employed, but water-cooling may also be used. 
The Pyranol itself may be pre-circulated through 
air-blast cooled pipes, as has been done fur railway 
traction units. On-load tap-changing has been 
effected by mounting the contactors in an air-box 
Types of transformers illustrated and described 
above:

1 4000 kVA 11,431—to 2300 4000 Y-volt 60- 
cycle single-phase with gas-absorber.
2. 2500 kVA 6900—to 460-volt 60-cycle three- 
phase.

3. 2000 kVA 26,000—to 575-volt 60-cycle three- 
phase with vent-pipe.
4. 5000 kVA'6667 kVA 33,000—to 2400 4160 
Y-volt with ioad-ratio-comrol equipment (con­
tactors in an air-box) and tins for forced-air 
operations on overloads.

5. 4850 kVA 11,000—to 1408-volt 25-cytlc with 
forced Pyranol circulation and air-blast cuolmg 
and with air expansion-chamber (fur mam-line 
locomotive).
6. 12,000 kVA 44,000 Y—to 200-volt three-phase 
60-cycle water-cooled with expansion-chamber— 
for furnace application.
7. 625 kVA II,000-volt 25-cyclc air blast cooled 
(for multiple-unit cars).
8. 1370 kVA 11,000-volt 25-cycle forced-air 
cooling (for railway traction).

British Thomson-Houston Activities 16, 115 (1940) 
A description it given of a transformer filled with 
askarel. Economy in the quantity of fluid was 
effected by compact design. T he tank was 
hermetically sealed and equipped with a bursting- 
disc and vent. The sampling-valve was at the >op 
of the tank, so that if water were present this 
would be detected.

General Electric Review, p. 30 (Jan.. 1938)
A note on the use of askarel in railway traction 
transformers. Small units are cooled by thermo­
syphon action from the transformer lo an air-bluM 
cooler; forced circulation with turbulent flow is 
employed in larger units.

General Electric Review, p. 44 (Jan., 1934)
A genera) description is given about (he develop­
ment of askarel transformers in the U S.A. It is 
pointed out that total installation costs are cheaper 
in many cases with askarel than with mineral oil.

L. H. BURNHAM, Railway Electrical l-ngni«v* 29, 
160 (1938)

Askarel transformers used on railway traction are 
described. The problems arising in using air­
cooled units in this application are discussed and 
several types of Askarel transformer employed on 
American locomotives arc described.
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I‘yiui'lur*fUlcd transformer built for
the General Post Office by South Vales Switchgear Ltd.

Photograph by courtesy of South Wales Switchgear Ltd.
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