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g - ABSTRACT o

The effect of the anti-oxidant {hydroquinone} on the breakdown. vollage of p'\lm olein samples was
studied. The oil sam\ples had different acid values resumng from the different degrees of
neuttalization treatments given. The hydroquinone additioh ranged from 0.23 to 1.13 weight percent
of the oil.
The hydroqumone had a positive effect on the breakdown voltage of the oil samples. The
increase in the breakdown voltage was rapid at low concentrations of the. hydroqumone with the
. tncrease tending towards -an asymptotic value at hlgher concentrations. The effect of the
hydroquinone on the breakdown voltage wads also dependent on the acid value of the oil.: Oil samples
with lower acid values had sharper increases in their breakdown voltages.  Percentage increase in the
breakdown voltage of 66 67(vis-a-vis the additive-less samples) was recorded for oil sample of acid
value of 1.515 mg KOH/‘g oil and containing 0.45% by weight hydroqumone These results show that
the one major problem (oxidatlve stability) in the use of vegetable orl as transformer oil can be
overcome without an adverse effect on therr electrical properties. ; :

:
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INTRODUCTION | | ' !
A AT \

Any oil whether of synthgtic, vegetable, mineral or.animal origin, if free from water, acid, alcohol,
amines and similar conduéting liquids, will withstand the minimum  electric strength test prescribed for
insulating oils (Sillars, 1973). Vegetable oils -Soybean oil, cotton seed oil etc -consist principally of
glyceride esters of fatty acids and are characteristically soluble in organic solvents { Kirk—-Othrer,
1978).

Transformer oils are used in power transformers for the purpose of i sulatlon and cooling. Th(,
production of satlsfactory insulating oils is partly dependent on choosing suitable crude stocks and

- partly on refining: techmg,ues in relation to the stocks being used (Sillars, 1973).

One of the most interésting recent developments is a growing realization that vegetable oils present a
practical alternative to fuels, lubricants derived from fossil fuels (Weiss, 1983). In the formulation
of-transformer oils from base stocks, the use of additives is necessary since no oil -vegetable or
mineral possesses all the properties required by modern technology. Such additives are often specific
in- function and are used' in concentrations varying from parts per million up to about 20 percent
(Halton, 1962). Types of additives mclude viscosity index improvers, pour point depressants,
oxidation inhibitors fanti- oxrdants) anti-corrosion agents etc. -

The aromatic content of 0|I rncreases its tendency to absorb oxygen when subjected to discharge,
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“and.was widoly, balleved to Increase Its tendeney to oxldation. (Slllars, 1873 ). The uso of oxldetlun
inhibitors In transformer olls has boon falrky common practice In the U.S.A for ‘soma years (Sillarg)

1973), The best known are 2, G ditertlary butyl -p-cresol (DBRC), hyclroqulnone, butylatud hydrexy:

woluane (BMT), ete,

. One-major problemin the use of vogetable oli as transformar oll is thair oxpe(,ted Iowor reeletanuu v
" oxldation than tha mineral olls. In this study, the effect of an antl-oxidant on the breakdown valtage

of palm olein was examined. Thalr poslitive effects (increase In oxidation stabllity) witheut a decrease
In their electrical properties will enhance the potentlal use of such olls in transformars.

EXPERIMENTAL PROCEDURE

Materlals o : : D ey

"The mujor test'material is’ the palm oleln oll. This was obtalned from - : '
PRESCO, a palim oll pfocessing mlll ln Benln City. Other reagents used are KOH toluene, neutrallzed
alcohol and hydroqulnone. ) . .

Exporlmente

Dotermination of acld value of oII WG A'

\

The acud values of the oll samples were measured aft’er and before each KOH neutrallzatlon

step. The acld value of oll s expressed in terms of mnlhgrams of KOH required ‘to neutralize the fruo

fatty acids in one gram of oil. The acid value determination was made by weighing accurately about
10g. of the oil in a flask and adding 100 m! of a mixture of 80ml of toluene and 40ml, 01 alcohol

which has been neutralized. This was- titrated with 0.1M " potassmm hydroxide sotution using -

phenolphthalein as indicator. The acid values of the samples were calculated from the formula:
AV = 56MV(W) : ' e R,
where AV is the acid value in mg KOH/g of oil. : , 3
' V is the volume of KOH solution at end point. : ’

W is the weight of oil sample

M is the molarity of potassium hydroxide solutlon o o o _ e

Degumming of oil:

The essence of degumming is to remove the phosphatides present in the oil. The oil.was
weighed into a beaker in a water bath maintained at 70°C.. While the oil was being stirred, water
{about 5% by weight of the oil) was added. The mixture was stirred contlnuously for 30 minute after
‘which it was allowed to cool. The,“gums” separated out from the oil and settled’ at the bottom of the
beaker. The oil was fmally separated from the gums in a separatlng funnel :
Neutralization o

! ]

In the neutralization process, the free fatty acids reacted with the potassium hydroxide
according to equation 2 to form soap. . . _ - - ’
'RCOOH + KOH —————> RCOOK + H:0 ----- S (2)
{Acid) {alkaline) (soap) . L e '
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The oil was warimed to 40°C. While stirring, the potassium hydroxide was added drop wise to the oil
to neutralize the free fatty acid. Different degrees of neutralization were achieved by addxng different
amounts of potassium hydroxide solution. The mixture was. then warmed to 60°C and the Sllrrlllg.
stopped only when the soap stock showed signs of separating. The soap stock was separated from
the oil in a. separating funnel. The neutralized oil samples were washed with warm water to remove
any remalnmg soap particles. : '

The o0il samples were then dried to remove all traces of moisture that must have been
introduced during the degumming, neutralization and washing steps. The oil was heated in a flask
indirectly through a water bath to a temperature of about 60°C. The flask -was connected by means
of a rubber tubing to a vacuum pump to suck the water vapour above the oil.

NMeasurement of the breakdown voltage of oil
) v

Flve'dif'ferent measurements were made on each of the oil samples each measurement with a
different concentration of anti-oxidant ranging from 0.23 to 1.13 weight percent of Uoil. The
- breakdown voltage is the maximum voltage the oil can withstand while remaining as an insulator. The
mgthod consists of immersing two electrodes from a voltage source in the oil and continually
increasing the voltage until the oil starts conducting. The test cell consists of a glass vessel 55mm
by 90mm and 100mm high with two spherical electrodes 13mm in diameter made of brass with a
gap of exactly 4mm. The alternating current was supplied through a transformer so that it shall be
approximately of sine wave form and having a frequency of between 25 and 100 Hz., and capable of
being raised uniformly from zero. The oil was placed to a depth of 40mm above the electrodes and
“left undisturbed for 10 minutes for air bubbles to escape. The power was switched on' and the
voltage across the electrodes was steadily increased to a specified value in 10 seconds. The voltage
at which the breakdown of the insulation occurs between the electrodes is the breakdown voltage.
‘Five different readings were taken Yor each sample after a time interval of 10 minutes. The average
of the readings is taken as the Breakdown voltage of each sample ofﬂoil o

RESULTS AND DISCUSSION

The resuits obtained from the vanous expenments conducted are as presented in Tables i~ v and
'Flguresl —3 T N S S

Acnd value of sample s of 0|I .

The acid values of the onl samples due to dn‘ferent degrees of potassnum hydroxide neutralizations -are
sHown Table 1 Sample A is- the crude olein oil. B, C, XD and E represent oil samples after dn‘ferent
degrees of- neutrallzatlon v T

N Breakdown voltage of olein oil samples:

~.The breakdown voltages of-the olein O|l samples at dn‘ferent anti- oxndant concentratlons are shown in
Athe tables 2,3,4 and 5. : .

—
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Effect of anti-oxidant {hydroquinone) concentration'on breakdown voltage.

in figure 1, the breakdown voltage of the sampiss 2t room temperature is presentedL as a
function of anti-oxidant concentration. The trend is the sz.ne for all the oil samples. The addition of
anti-oxjdant increased the breakdown voltage and the stability ‘of the oil 'samples. : This observation js
in line with some findings (Sillars, 1973). The time- taken under standard conditions for inhibited oil
to absorb the equivalent of 300 ml of oxygen per 100g of oil, which broadly corresponds to the

production of an acid value of 1 mg of KOH per gram of oil was measured.” This was called the useful *

life:period. They found that the useful life penod is approximately proportional to the quantity of
inhibitor used. The rate of mcrease in breakdown voltage was higher/at: low concentrations of anti-
oxidant. At high concentratnons of anti-oxidant, the rate of increase in breakdown voltage- with
concentration decreased. - This is evident in figure 2.The reasons for the increase in the breakdown
voltage with anti-oxidant “concentration include the folloyving:

a) Anti-oxidant-is not ionic and therefore will not increase the conductivity of the oil. *

Table 1: Acid values of ml Y mlplu

Sample of [A B8 C 0 E
Otewmn Ol B D SR L
Acid value (mg | 3.927 355 3324 2.076 1.515
KOH/g o)

"
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(:\.‘:Lﬁl; n n;m ; \ump‘lo. }) Sample C Sample D Sample 1
[T E YT 14.00 o0 2200
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0LOR0Y (v‘ e 3 1696 - JUCHY X : 46.06 01.04
0913 1 . 11666 2361 51.38 ST.78
1.130 3.50 10,50 38.7§ 4428

b} The anti- -oxidant’ mtermpts the free radical mechanism of glyceride auto oxidation and hence stop
the producuon of ions ‘such as, free fatty acids from the naturai,degradatidn of the oil (Sherwin,

1976, Thompson, 1 1966). ' ' .
c) Itis also possxblg for the anti-oxidant to combine with some of the free fatty acid present in the
ail. R :Irh :yh)'qn“,g jpededg el s S !

This reduction in the free fatty acid ‘content reduces the conductwny of the’ 0|| and hence improves
“the breakdown voltage of the oil. “The higher the amount of anti-oxidant, the greater the quantity of
free fatty acid or other ions that will be elnmmated It is obviously difficult to remove the |ast traces -

- of the-acid present in the oil.

.ffect of acid value on breakdown voltage
. In figure 3 the breakdown voltage of the samiples at room temperature is presented as a
. function of acid valug for a given anti-oxidant concentration.. The extent of increase in the breakdown

voltage also depends on the properties of the oil. By reducing the acid value through repeated

patassium hydroxude neutralization, the extent of lncrease in breakdown voltage was observed 10
' lncroase - see figure Ap.w : , "

Tha omda‘uon»of free fatty acuds produces mmsture contalmng compoundé such as ketones,
S . ; cPhes . ) : . g ; o ~§'E.

-
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alcohols, and carboxylic acids that may ‘condense to polym'e'rs‘f'su'clgf»és"fIéddde?s"i»’gﬁms, sludges, etc
(Halton,1962).The higher the extent of oxidation the greater. the, effect on the breakdown voltage
“since the amount of moisture ~ containing compounds will~'ing:rease.~'“The'mﬂois}tyfe content of oil has

been shown by( Weiss, 1988) to be inversely proportional to the bré'ék‘ab\'/’vnfvé'lfage. :The function of
the anti-oxidant is to extend the induction time thereby delaying oxidation. R o

The results show that the use of chemicals opens the potential use‘:of\'/egetable oil as transformer oil.
Although oxidation stability problems exist when /Mineral oils are used as transformer oil these
problems are expected to be higher when vegetable oils are used. This is due to'the difference in the
chemical composition of the two oils. There is the possibility that an oxidation stability agent could
adversely affect the desirable electrical properties of the oil. This could negate the use of such an
additive. What is required now is a more serious quaptitative study of both the oxidation stability and
electrical properties of both! oils {mineral and vegetable oils) in the presence and absence of anti-
oxidants. This should point dut the true potential of vegetable oil as transformer oil.

A .
CONCLUSION S 5 GRS I
From the experimental results and their analysis, the following conclusions are here by made:
a. Increasing the concentration of anti-oxidant in an oil sample increased the.breakdown voltage.
b. Reducing the acid value of an .oil sample inc_reased‘the*b!reakdown'voltage for a gjven anti-
oxidant concentration,.i.. ... .1l N B T
c. The rate of increase in 'breakdown voltage of an oil sample deprqased Withwincreasing
s A g e

concentration of anti-‘og(idagtv\?ﬁ{?‘.g;;;}é'“““’
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