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ABSTRACT

The exorbitant cost of petroleum based transformer oil has been a disturbing issuc in power sector. Mow substitutes that cost
less have been discovered. Palm fruits (elaeis guineensis) obtained from market were processed. The products, paim and
palm kemel oils, were demoisturized to a good extent and subjected to series of tests. The results abtained were very
competitive with that of the petroleum based transformer oil. It was, therefore, deduced that these oils (palm oil and palm
kernel oil} can be very good in high voltage insulation and cooling, So they can serve as alternatives or replacements to the
petroleum based transformer oil presently in use,
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LU INTRDUCTION

There is hope that palm oil and palm kemel o1l will efficiently serve as transformer oil, A research conducted recently at
Nnamdi Azikiwe University showed that the duo have very good dielectric properites required for high voltage insulation.
Therefore they can compete favourably with the mineral oil, presently, being used for transformer cooling and insulation. The
transformer vil obtained from petroleum can pose some health hazards, It is not bio-degradable and can be dangerous to crops
and aquatic lives. On thewr own parts, palm and palm kernel oils are biodegradable and are not harmful to crops and aguatic
lives. They are stable to heat because of their high bond energy. Again, they can resist corrosion and friction. Unfortunately,
palm and palm kernel oils have high pour points but they can tlow at temperature above 30°C,

The average room temperature in tropical Africa is 30°C, The expected operating temperature in this zone is 34T, Where T1
is the temperature of the transformer’s winding, which is always above 40°C. So palm and palm kernel oils can be
comfortably used without further treatment in this zone.

The structures of some vegetable oils are shown in fig. 1.

RCOOH  HO-CH:  RCOOCH:
| |

RICOOH + HO —CH — RXCOOCH + 240

R'00F Ho-od:  R'coocl

Famy 3od alaml sster watar

Fig 1 structures of some vegetable oils

Where R.R'and R™ can be the same or different, The fatty acids commonly found in lipids are long chain alkanoic acids of
the general formula, RCOOH where R usually contain about 10 to 18 carbon atoms.

The terminal — COOH group is polar, hence the acid is able to dissolve in water. The carboxyvlic acid group ionizes in water
Lo a certain degree to form hydrogen jon and carboxylate ion. Fatty acids are thus weak acids.

RCOOH({aq) RCOag) + H(ag)
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The long alkyl group is not soluble in water because it is non-polar, Fatty acids are of two groups: unsaturated fatty acids and
saturated fatty acids

The unsaturated fatty acids have some double bonds in their hydrocarbon chain while saturated fatty acids have no double

bonds in their hydrocarbon chain the nature of vegetable oils is that they consists of complex mixture of propane -1, 2, 3 —
triol esters. The proportion of each constituent is a product of their properties, in comparison with fats, vegetable oils have
lower melting points because they are composed of higher proportion of esters of unsaturated fatty acids.
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Fig 2: Structures of some mineral vils
1.1 COST ANALYSIS
From market survey, the prices of these oils are shown in Table 1.

Tabel: comparative prices of oils in Nigeria

OIL QUANTITY | COST(Nj | % OF TRANSFORMER OIL
Palm oil | 200L 25,000 17
Palm kernel 200L 60,000 40 ]
Transformer (mineral} oil 200L 150,000 - | 100
| 200,000

Table 2: Comparison between Transformer oil and Palm/Palm kernel oils

[ Criteria Mineral vil Palm/palm kernel oils
Source Seismic Product from petroleum Produced from economic trees
- {mineral) oils /Tarms
Flammability Highly flammable. Less {lammable |
Eifects on the environment Causes environmental and health Environmental friendly, Slows down
hazard: dangerous to crops and corrosion, Biodegradable and
_ aquatic lives. Accelerates corrosion | nontoxic.
Cost _ More expensive in Nigeria Cheaper than mineral oil
Effect o other insulating materials Accelerates aging of rubber, PVC More tolerable by other insulating
and most insulating materials maierials
Pour point Lower pour point. Higher pour points.
| Flash point | Lower flash point Higher {lash point
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2.0 TESTS
(i) POUR AND FLASH POINTS
The pour and flash points of the oil samples are shown in Table 3,

Table3: Pour and Flash points of oil samples

Sample type Parameter
Pour Flash
point point
n (0|0
I | Transformer oil | Below 270
ul.‘l
2 | Palm kernel oil | 30 340
3 | Palm oil 30 304 e

It should be nated that pour point of any oil is the temperature below which the oil starts to freeze while the flash point is the
temperature where the oil catches fire (point of ignition).

(1) AGING TEST OR. PEROXIDE VALUE

In order to obtain peroxide values of oil samples, accelerated stress were applied to the samples up to the point of wear,
Values were recorded and shown in Tabled,

Table4: Peroxide values (Aging test) of oil samples

SN | SAMPLE TYPE PEROXIDE
VALUE mgE/Kg
ﬂays 14 days 20 days 130 days

1 Transformer oil 1.0 3.0 6.0 8.0

2 Palmn kernel oil 6.0 9.0 1120 15.0

3 Palm oil ' 10.0 16.0 28.0 30.0

4 Groundnut oil 40 8.0 14.0 16.0
E Coconut oil 12.0 16.0 26.0 280 |

(iii) MOISTURE CONTENT

Tests were carried out to determine the moisture content at certain temperatures
1 g of the specimen was used as sample for the test

Let weight of petridish and oil sample before drying =W

Weight of petridish & sample after drying =W,

Weight of moisture = Wi-w2

Wit of moisture

- * 100
Wt of specimen

%% moisture content=

o 5 Wl=W2

i.e % moisture content=——- 3 100
Wil-wp
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Where Wp=weight of petridish

Tables Released moisture (%) at different temperatures

SAMPLE TEMPERATURE
TYPE (°c)
10 30 so0 (100 150 | 200
1 | Transformer oil | NIL NIL NIL [ 323 [29.11 | 103
Palm kernel oil | NIL NIL NIL | 1265 | 11.83 |20 |
3 | Palm oil NIL NIL NIL | 27.68 | 21.84 | 182

{iv) DIELECTRIC STRENGTH (VOLTAGE BREAK-DOWN) TEST
LEguipment used:
MAKE-Megger oil tester
Model- (OTS 60PB) oil tester set
Spherical electrode gap = 2.5mm
Ambient temperature: 30”C
{aa) Method of testing [BS 148 (19584)]

Samples were demoisturized through heating. Electric heating was employed to avoid contamination by carbon
dioxide. Six tests were done on cach sample and the average was recorded as shown below.

{a) Sampiel-Palm oil.
Temperature=30"C
Average break-down voltage=3 1Ky
Standard deviation (o) =9.6
Dielectric loss factor (tan a) =017

(b) Sample2-Palm kernel oil.
Temperature=30"C
Average break-down voltage=51Kv
Standard deviation (o) =10.1%
Dielectric loss factor (tan o) =0.18

(c) Sample 3- Transformer (mineral) oil
Temperature =30°C
Average break-down voltage=50ky

Standard deviation () =5.1
Diclectric loss factor (tan o) =0.09
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Table6: Summary of all results

Sample type | Average | % Moisture Pour point Flash point Peroxide
breakdown expelled at Y (") value
valtage at 30°C. | 150°C (30 days)

1 Transtormer oil S0kv 20:11 Lower than 270 8.0
{}HC
2 | Palm kemel oil 51kv 11.83 30 346 15.0
3 Palm oil 3lKv 2154 3l 04 30.0

3.0 ANALYSIS OF RESULTS

From Table 3, it is seen that the pour points for palm and palm kernel oils are 30°C, while that of the transformer
(mineral ) oil is below 0°C. That means that palm and palm kernel oils cannot flow at 30°C and below. They can be
used in the zones where the ambient temperature is above 30°C.For them 1o be used in the zones with temperature
below 30°C, some form of treatment is required.

The table also shows that palm and palm kernel oils are safer in areas with high temperature since their flash points
are higher than their transformer (mineral) oil counterpart. The dielectric strengths of all of them (palm oil, palm
kernel oil and transformer [mineral] oil) are almost the same. Fig 3 shows the plots of all the results (graphically).
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Fig.3: Plots of test results: (a) to (i1 as indicated above

4.0 CONCLUSION

Palm and palm kernel oils can be used for high voltage insulation and cooling in transformers. Thev are
biedegradable and are not dangerous to aquatic lives and crops. They do not pose health hazards and are cheaper
than the petroleum based transformer ail. They can be used without further treatment in the zones where the average
ambient temperature is 30°C and above. More research work is needed to make them flow at lower temperatures.
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