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ABSTRA0T ~~ 

The effect of the anti-o-;(idant (hydroquinone) on the breakdown" voltage of JJalm olein samples was 
studied. The oil san1fles had different acid values resultir}g from the different degrees of 
neutralization treatment~ ,given. The hydroquinone addition ranged from 0.23. to 1.13 weight percent 
of the oil. , 

The hydroquinone. 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 :hydroquinone with the 
tncr~ase tending towards an asymptotic value at higher concentrations. The effect of the 
h"ydroquinone on the breakdown voltage was also dependent on the acid value of the oil. Oil samples 
with lower acid values had sharper increases in their breakd.own voltages .. Percentage increase in the 
brea't<down voltage of 6p.67(vis-a-vis the additive~less samples). was rec~rded for oil sample of acid 

• value of 1 .515 mg KOH/tj oil and containing 0.45% by weight hydroquir;10ne. These. results show that 
the one major problem !oxidative stability) in the use ·of vegetable oil. as :transformer oil can be . ~ 

overcome without an ad~e,rse effect on their electrical properties. 
''! r : i) I 
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INTRbOUCTION 

Any oil whether of synti4C!tic, vegetable, mineral .~>r.animal origin, if free from water, acid, alcohol, 
amines and similar condu~ting 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 sblvents ( Kirk-Othrner, 
1978). 
Transformer oils are used in power transformers for the purpose of ir;sulation and cooling. The 
production of satisfactory insulating oils is partly dependent on choosino suitable crude stocks and 
partly on refining technig,ues .in relation to the stocks being used (Sillars, 1973). ·: 
One of the most inter~stihg recent developments is a growing realization that vegetable oils present a 
pr,ctlcal alternative to fuels, iubricants derived from fossil fuels (Weiss, 1983). In tile 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' io concentrations varying from parts per million up to about 20 percent 
(Halton, 1962). Types c;>f additives include; viscosity index improvers, pour point depressants, 
oxidation inhibitor~ {anti-oxidants) anti-corrosion agents etc. 
The aromatic cont~nt of oil increases its tendency to absorb oxygen when subjected to discharge, 
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tmd. was wldoly 1 bollovec.J to i11crouo Its umcJoncv, .to .oxldt;ltlor1. (SIIIt1r~~ 19.73,) .. Tho. U.fHl C)f .uxlclutltm 
il\l1lbitorl 'lh troruformor oils t1m11 l~oon h'rirl-y cor1·1mo·n pft'lcttca In tho U.S.A fo/;s~rri~ .. :votlrQ (StU,aro):' 
1 D 7 3 ) , Tllo boat lmown 11ra 21 O·n dl tortlory l1~1tyl "'IN.:ruol lDBPC) 1 lwclrotJulr r'uno1 ·~1Jtvlu~o~ .. J1y(.lru,x_y, 
\ulueno ( lJHT) 1 Ate, •· · · '· · · · · · ·• · · ·· -"'·· 

. OrHI ,,,njor proiJiom -In tho uao of vogotablo oil llll trunsformor oil Is l11oir oxpf.lot~tl lowor roolatl:ina~· t'iJ. 
oxidation tl1an t11o n1iiU1ral ollra. In this study, tho affoct of tm Dfltl·oxldenrt or1 llio bromkdow11 vt~IH!UU 
of palm ololn wu axomlnod. Tholr pooltlva effects (lricromsa In oxlcJmtlor, sUJblllty) wlli10llt 1,1 deerotHIS 
111 their oloctrict~i prop~rties will tll11umco tho potontlnl ~ruo of 11~tcl1 oils In trr:msforrnoro. 

EXPERIMENTAL PROCEDURE 

M3terlnls ,,J' 

TIHI mujor toot 'motorial Is tl1o 1'01111 ololn oiL Till a wu obtaltHH.:I from· 
PRESC01 a palm oil proceult1g mill In o·or1ln City. Otl1er rugonts used are KOH, tolueM, noutralliacJ 
mlcol1ol LH1cl hydroqulr1ono. ·,. · · ··' · · 

Exporlmonta 

• c~f ! ~·. ~ i r n: l :: '' ,;.. ·,' ' . ' 

Tho ~cid values of the oil· sa~1ples'wero rneasured affer and before ea~h KOH' r1eutralization 
stop. The acid value· of oli'ls expressed i11 ·tarms of milligran1s' of KOH required to r1eLrtrallza tho fruo 
fatty acids in one gram of oil. The ocld value dotermir1atio11 was made by weighing accurately f.lbout 
1 Og. of tho oil in a flask and adding 100 ml of a mixture of 60ml of 'oluene and 40ml. ,Of alcoh()l 
which has been neutralized: This was titrated with 0.1 M potassi~rn hydroxide soh.Jtion usir1u 
phenolphthalein as indicator. The acid values of the samples were calculated from tl1e formula: 
AV == 56MV(WJ -----------.------ - -~- -·- ~---- -. '! 
where AV is the acid value in mg KOH/g of oit. 
· V is the volume of KOH solution at end point. 

W is the weight of oil sample 
M is the molarity of potassium hydroxide solution 

Degumming of oil: 

The essence of degumming is to remove the phosphatides present in tile oil. The oil . was 
weighed into a beake,r. in a water bath maintained at 70°C. While til~ oil was being stirred, water 
(about 5% by weight of the oil) was added. The mixture was stirred continuoi,Jsly 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 finally separated from the gums in a separating funnel. · · · 

Neutralization 

In the neutralization process, the free fatty acids reacted with the potassium hydroxide 
according to equation 2 to form soap. 
R COOH + KOH R COOK + H20 - - - - - - - - - - - - - - - - - - - - - ~- - - -- - - - - (2) 
(Acid) (alkaline) 

.. ,_ 

(soap) 
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The oil was warined to 40nc. While stirring, the potassium hydroxide was ndded drop wise to the oil 
to neutralize the free fatty acid. Different degrees of neutralization were achieved by adding. different 
amounts of potassium hydroxide solution. The mixture was then warmed to 60°C and th'e stirrii·,g· 
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 t~ remove 
any remaining soap particles. · . 

The oil samples Were then dried . to remove all traces of moisture that must have bee1i 
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. 

Measurement of the breakdown voltage of oil 

Five different measuremehts were made on each of the oil samples each measuremeqt with a 
·.different concentration of anti-oxidant ranging from 0.23 to 1.13 weight percent of Vail. The 

breakdown voltage is the maximum voltage the oil can withstand while remaining as an insulator. The 
m~thod 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 vess·el 55mm 
by 90mm and 1 OOmm 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 lor each sample after a time interval of 1 0 minutes. The average 
of the readings is taken as the Breakdown voltage of each. sample of oi~ , . 

RESULTS AND DISCUSSION 
:·: l" 

The results obtained from the •varlous .experiments conducted are ,~.i/p~~~~ri.~ed in Tables i - v and 

·Figures 1 - 3. " .•:• "" 1 

, . ; : 1', ~--' -:.' .. u ! 

Acid value .of s·ample s of oil . : ~. ... •:.• l.'Y ;. · .' , , . 

: ' I; • ']. : : .• ' \ .:~: L1 ~h1n~;_.!)il; t' r; . 
The acid values of the oil sam,&'ie~ due·to diffe~el}t.d~gr~·~s,~f.~ot.assium hydroxide neutralizati?ns are 
sHown Table 1 . Sample A. is the crude olein oii..B, ,C,p, a~d,E repr~sent oil samples after d1fferent 

degrees of neutralization. · : : 1:· i , 

''•I 

Br'eakdown voltage of olein oil samples: 

.The breakdown voltages of-the olein oil samples at different anti-oxidar1t concentrations are shown in 
. th.e tables 2,3,4 and 5. · · · · 
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i. 
In figure 1, the breakdown voltage of the !;amr;..i~'S ?! room temperature is presented as a ·• · 

function of anti-oxidant concentration. The trend is the sc.11e for all the oil samples. The addition of 
anti-oxidant increased the breakdown voltage and the stability of the oil samples. This observation"js 
in line with some findings (Sillars, 1973). The tim A- taken under stand~rd conditions for inhibited oil 
to absorb the equivalent of 300 ml of oxygen per 1 OOg 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 thy useful • 
life period. They found that th·e useful life period is approximately proportional to the quantity of 
inhibitor used. The rate of increase in breakdown voltage was higher :13!' low concentrations of anti· 
oxidant. At higl1 concen'trations 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 tlole folloyving: · 
a) Anti-oxidant·is not ionic and therefore will not increase the conductivity of the oil. 
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: ' ' ' ' ' i' ' 'll Y'lll ' ~~:I I i! l ; ' ' 
Tul~lc 5.:% in~r·,•n•c in l·,..,.,.kdnwn \'nll:r •c wilh ru\ti-oxhlunl cunccnlnrlinn · , 
~1\11.-~IXI.UI~III J>:rc_t.;IJ.1Uf.!t.;_il!£1~~s~-.i!l_~>~aktl~l (·uJt:rg<;_!%k Y.L_-~·:~-~- ~-. -, 
C<lllcc nlltllll•n Sum pic II Smnplc C Sample () S;rmJ>k; t: 
IWI ··•l 
o.Bo, 
U..l5'l 
U.hX(i; 1 
(),913 
I.IJU .. 

\!11 

(t.OO 

1~.% 
l6.•i(l 
16.66 
;1.50 

14.00 
24.07 
~2.73 
23.61 
10.50 

16.00 22.00 
40.70 {)(l.Ct7 
46.06 ft.l.M 
51.38 57.7K 
35.75 ~-~.~s 
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b) The antl-oxidandnt~/~~1,pt~ the ti~e radic'al mechanism of glyceride au,to oxidation and hence stop 
the production of ions,sucl) as, free fatty acids from the natural degradation of the. oil (Sherwin, 

1976, Thompson, 19661 · · . 
c) It is also possibl~ for the anti-oxidant to combine with some of the free fatty acid present in the 

oil. . · ~ . .·<_, )f·.dllJt' h·Jtf·!~~:.nli;,rnJ~t.; 1 -·:i .. ·' . : . . . 

This reduction in the free fa~ty· acid ·content reduces the conductivity of the oil and hence improves 
·tho breakdown voltage of the oil. ··The higher the amount of anti-oxidant, the greater the quantity of. 
free fatty acid or ot!ler ions that will be eliminated. It is obviously difficult to remove the last traces 

of the acid present in the oil .. 

~ffect of acid value on breakdown voltage 
' -

In figure 3 the breakdown voltage of the samples at room temperature is presented as a 
function of acid vaiU!') for a given anti-oxidant concentration. The extent of increase in the breakdown 
voltage also. depenqs on the properties of the oil. By reducing the acid value through repeated 
potassium hydroxide neutralization, the extent of increase in breakdown voltage was observed to 

Increase -.see figure 4;\1~ 
·• Thit oxidationt"of tree fatty acids produces moisture containing ·compound~ such as ketones, 

. ., . . :·· ·f: 
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alcohols, and carboxylic acids that ma,y condense to polymers ~such .as 'lacquers, •guros, sl4dges, etc 
(Halton, 1962). The higher the extent of oxidation the greater the.,.eff.ect on the breakdown voltage 

·'since the amount of moisture - containing compounds will'increase,dcThe moisture content of oil has 
been shown by( Weiss, 1988) to be inversely proportional.to the break'cfo.;..,n:'vo(t?ge .. :The function of 
the anti-oxidarit is to extend the induction time thereby delaying oxidation. ,. . 
The results show that the use of chemicals opens the potential use of 'vegetable oil as 'transformer oiL 
Although oxidation stability problems exist when_;lnineral oils are used as transformer oil these 
problems are expected to be higher when vegetnble .... oiJ's are used. This is due to'the difference in the 
chemical composition of the two oils. There is the possibility that on 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 n9w is a more serious quantitative study of both tl1e 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. 

1,. 

CONCLUSION I 1:. .,. 
, I " 

From the experimental results and their analysis, the following concllrsions are here by made: 
a. Increasing the concehtration of anti-oxidant in an oil sampl~ increased the.breakdown voltage. 
b. Reducing the ac'id value of an oil sample increased the· breakdown· voltage for a given anti-

oxidant concentration . • i: . . __ : ! · • · ':~J .. >- .... ·-'! _ . _ .. _ " 1 1.! '· 
c. The rate of increase ·in breakdown voltage ·of an oil. sample decreased with-,. ircreasing 

concentration of anti-oxid8[1t:l11~;t~'!.l!t~!·d\11!: '_iii 11 ?ll'~''''' "'~"'!·"'•:•:' ni .,, ,·,:· '.' ,::· ·~· •• · · 

. /~··~i·v{ ~- .~~~~~1!~~~c:::::~·~~~.; ;(:. :. ;, ··;!;t;:;i::.::.' : .·.:·.: .:.,._ ... : ~. ~ 
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