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Abstract. A sample of light distillate cut of crude oil of Saudi origin has been solicited and evaluated to
be adopted as insulating oil. The ple was procured from a commerciul local refinery. The conduction
current (both quasi- and burst), gas liquid chromatography, IR spectroscopy analysis and the effect of an
additive were investigatcd and comparcd with the result of a typical commercial transformer oil. It is
shown that - after typical chemical treatment - this light distillate cut can be a potential base for producing
insulating oils. Further laboratory tests are under examination.

1. Introduction

Electrical insulating oils have been refined - since World War I - from naphthnic
crude petroleum oil. However, traditional naphthnic crude oils have become rare
and there is a trend that the demand for insulating oils will cxceed the supply. Synthe-
sised fluids may be a solution but there are drawbacks to the use of synthetic oils [1],
the most important of which is the reiative low cost of petroleum mineral oil. Paraf-
finic crudes occur in much greater quantities and can be refined by much the same
technique as naphthnic crude [2,3]. In producing electrical insulating oil from pet-
roleum crude, particular attention is paid to obtain a “tailor made™ product having
optimum properties - to meet the necessary functional requirements, which depend
largely on the degree of refining treatment |4]. Fortunately, the light Saudi Arabian
crude oil is categorised chemically as a paraffinic/naphthnic produet, i.e. it is mostly
paraffinic with low sulfur content. So we have planned to ¢valuate cxperimental sam-
ples of certain light distillate cut acquired from local refineries. Evaluation of the
samples will be carried out through a number of standard tests - mostly ASTM [5],
but a good start would be the behaviour of the conduction current, gas liquid
chromatography {GLC) and infrared spectrophotometry {(IR). To our knowledge
this is a new work to be adopted in the field of electrical insulation application.
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It has up to now been difficult to establish a so called “oil index” for evaluating
an oil. For this, several physico-chemical and electrical properties must be investi-
gated according to current international standards. After that the oil must undesgo
several tests in actual transformer.

In this paper, the first set of results of evaluating a Saudi light distiliate {Code:
5101} is presented and discussed from the point of view of conduction current, burst
current, GLC, cation content and a certain additive (Cede: AD1).

2. Experimental Technique

Samples under investigation (8J01) were carefully chosen from a local refinery
so that the typical characteristic can be further tailored - through blending, treatment
with other products - to produce electrical insulating oils having the target proper-
ties. Table 1 shows a comparison of some preliminary properties [5] of SJ01 and that
of transformer oil type-I [6]. The sample was dehydrated by passing through ane
meter long chromatographic column contairing non-absorbent silica gel. After
dehydration it was filtered by passing through a sintered glass filter having porosity
16 to 40 pm (F3).

Tabie 1. Comparison of typical properties of the sample $J01 and function praperty requirement of irans-
former oil Lype-1

Samplc 5J01 Trwnsfprmer oil

Propecty 5] Type [6) ASTM test
Specific gravity
@ 15°C/15°C (max) 0.8681 0.%1 D1298
Plash point,
“C: (mnin) 199 145 D92
Pour point,
°C(max) -18 -40 D97
Viscosity
CSt@40°C 1821 12 D445
CHt@100 3.89-4.2 3
Colour 1 0.5 D1500
Sulfur, percentage
weight 0.8 - D1275

The experimental setup for conduction current is shown in Fig. 1. The point-
plane electrode assembly with a gap fixed at 1.5 mm was immersed in the test cell
containing the oil sample. The test cell and the electrodes assembly were ¢leaned
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Fig. 1. Fxperimental set-up

with n-haptane subjected to ultrasonic cleaner (Fisher Model: B-22-4) for 30
minutes. After cleaning, the test cell was dried inside the temperature chamber at
110°C for 30 minutes. The positive high voitage was applied to the point electrode,
the plate copper electrade remained connected to the ground in all experimental
observations. The conduction current was recorded on a Y-t recorder for more than
10 minutes (600 sec) duration, after the application of the stress for each run. Every
possible measure and precaution was taken to avoid leakage currents. The additive
(AD1} has a molecular weight of 142.2 and it was mixed thoroughly in 8J01 sample
by a magnetic stirrer.

For the GLC, the samples were diluted with cyclohexane (10% dilution) and run
against a standard sample C6 to C40 using a Varian 3700 instrument. The following
conditions were employed;

Column: 3% OV-17-Chrom. {W.H.P.);
Temperature programming: being from 50°C then increased to 250°C at
10°C/min;  Carrier gas: N, at 30 ml/min_
and
Sample size: 0.5 yl.

The IR spectra were recorded on a Perkin Elmer Spectrophotometer 580B using
a scan from 625 to 4000 em ™t

3. Results and Discussions
3.1. Electrical

Quasi-steady state conduction corrent

The variation of the quasi-steady state conduction current i, with time lapse t is
shown in Fig. 2 for the sample SJ1 and typical transformer oil. (‘_iienerally, the trend
of the sample SJ01 is very similar to the behaviour of a transformer oil. The current
i, versus time t can be fitted to the general relation:

q
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Fig. 2 . Time dependence of the quasi-steady state current i for the
sample 5J01 and typical trans former oll

where C and m are constants and 10s = t = 600s. The slopes of lines {m) are almost
the same, however dehydration and filtration reduce the current by about 75% for
the 5J01 sample.

For comparison, the trend in a dehydrated aged transformer oil is also shown in
Fig. 2. This result represents the highest magnitude of current which is obtained
when the positive voltage is applied to the copper plane electrode in a point-plane
configuration [7]. Still the current in the SJO1 sample is twice as much in the aged
transformer oil. Further dehydration and filtration may improve the conduction cur-
rent characteristics through the removal of imputities and moisture content.

Fig. 3 shows the variation of the quasi-steady state current with molar concen-
tration of the additive AD1 at 10kV and 12 kV and after 10s of voltage application.
It is seen that the current increases with molar concentration at low levels - around
0.001 molar - to a certain maximum then it starts decreasing upon further increase of
concentration. At molar concentration of (.01, the conduction current becomes very
near to that of the sample without additive, which may be considered the optimum
molar concentration M, = 0,01, Itis interesting to note that similar optimurn concen-
tration phenomenon of organic additives at which gas evolution is minimum has been
reported in insulating liquids [8]. With naphthalene as additive, the concentration
corresponding to the peak and minimum breakdown voltage of degassed trans-
former oil occurs at 0.05 and 0.01 molar respectively [9].

An increase of the molar concentration up to 0.001 mole may enhance the for-
mation of charge carriers, resulting in increase in conduction current. However,
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Fig. 3 . Effect of additive concentration on the quasi-steady current i,

increasing the additive concentration leads its action as a gassing inhibitor, con-
sequently, the current starts decreasing. Morcover, the trend of the curve indicates
that a certain optimum concentration of the additive is reached, at which the current
is minimum.

This phenomenon of optimum concentration supports the hypothesis that all the
additives in general pussess resonance structures. Two different reactions between
the additive and the free radicals occur; the first is gas absorbing whilst the second is
gas evolving which increases with increasing concentration {8]. A pointis reached at
which the valatile molecules dissolve in the oil at greater rates which correspond to
the optimum concentration of the additive.

Burst carrent activity

Figure 4 illustrates the burst current at a field strength 10 kV with 0.001, 0.005
and 0.010 molar concentration of the additive in the sample.

For 0.001 molar, the burst activity is not vigorous and characterised by few large
unidirectionally increasing bursts, of the order of 140 nA peak. As the molar concen-
tration is increased to 0.005 the burst activity becomes more vigorous but of lesser
amplitude of the order of 70 nA. Further increase of molar concentration to 0.010
results in less burst activity and smaller burst current.

Comparing Fig. 4b and Fig. 4d shows that the burst activity has been suppressed
after removal of the wax deposited on electrode surface. This implies that the wax
plays an important role in the sample and has to be removed for achieving similar
burst characteristics of transformer oil. It is noted that the burst amplitude and dura-
tion are of the same order as previous finding in transformer oil [10].
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Fig. 4. Effect of additive concentration on burst current al 18 ks for sumple 8J01: () 0,001 molar,
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3.2, Chemical

The IR of the filtered vil cut studicd here was compared with that of fresh oil.
The two spectra showed some similarity, revealing the presence of open chain alipha-
ti¢, alicyclic and also showed aromatic hydrocarbon, Fig. 5.

The G1.C run of the oil cut sample showed the chain of hydrocarbons starting
from C10 1o C21. When compared with the spectra of fresh oil, generally we found
that they bear some similarity which makes this oil cut a potential candidate for mak-
ing transformer oil. Obviously this cut necds a propet refining process such as solvent
extraction, dewaxing and adding certain additives, Fig. 6.

The cation content of this oil cul revealed a relatively high content of ferric and
copper but reasonable amount of lead in comparison with that of fresh vil, Table 2.
This high content of Fe?+ and Cu** metals is reflected in the behaviour conduction

of the oil.
Table 2, Cation content of the sampie and fresh transformer oil

I Todal elerment in sample Fresh Teansformer
ent {ppm) oil

Cu’t 0.35 .60

Fe? 0.45 Nil

Po 0.3 1.2
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4. Conclusion

The investigation of conduction current and chemical spectroscopy of a light dis-
tillate cut solicited from Saudi local refinery indicates that this cut can be a potential
base for making transformer vil. Further dehydration, filtration and treatment will
improve the conduction current to be comparable with a typical transformer oil. Cer-
tain additive shows optimum comcentration value similar 1o cited literature. GLC
and IR spectroscopy run of the oil cut sample shows the chain of the hydrocarbons
starts from C10-C21 which is similar to the spectra of a transformer oil. Further
characteristics are under investigation.
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