Number 4

Volume 16 December 2010

Journal of Engineering

REGENERATION OF SPENT TRANSFORMER OIL
Abdul-Halim Adbul-Karim Mohammed, Mohammed Abbas Kadhum
Chemical Engineering Department-University of Baghdad

ABSTRACT
The regeneration of spent transformer oil taken from Al-Dora power station was
studied. The regeneration process includes settling, filtration, thermo vacuum
evaporation, and clay treatment. The settling was done by gravity to remove the
mechanical particles. The filtration was done by filter paper [whatman quality1 and
18.5 cm diameter]. Thermo vacuum evaporation at 175˚C and 241 mm Hg was used
for removing the dissolved water and light petroleum impurities. The clay treatment
was used for final improvement of transformer oil properties. Iraqi clay, Algerian clay
and zeolite (A) were used and the results were compared. It was studied the effect of
clay to oil ratio and the mixing time on the water content, break down voltage and the
acidity. It was considered that the best operation conditions are clay to oil ratio 2/100,
and time 5 min. In these conditions the oil has water content 32 ppm, break down
voltage 55 kV and acidity 0.028 mg KOH/g oil. It was found that Algerian clay gives
better improvement than zeolite and Iraqi clay using the same operating conditions.
Langmuir, Freundlich, and the combination of them adsorption isotherms were studied
in this investigation and It was found that Freundlich adsorption isotherm well
represented the adsorption of water on clay comparing with others isotherms.
الخالصة
 إْ عٍُّت إعادة.حُ دساست عٍُّت إعادة اسخخذاَ صَج اٌّحىالث اٌّسخهٍه واٌزٌ حُ أخزٖ ِٓ ِحطت وهشباء اٌذوسة
 حُ اٌخشسُب بىاسطت.ْ وِعاٍِت بىاسطت األطُا, حبخُش بىاسطت اٌحشاسة واٌفشاغ, حصفُت,االسخخذاَ حخضّٓ حشسُب
ُس17.4  لطش,1  عٍُّت اٌخصفُت بىاسطت وسق حصفُت (واحّاْ ٔىعُت.اٌجاربُت األسضُت إلصاٌت اٌعىاٌك اٌُّىأُىُت
 ٍُِّخش131 ˚َ و164 ٍ اٌخبخُش اٌحشاسٌ اٌفشاؼٍ ـ.) اسخخذِج إلصاٌت اٌشىائب اٌخٍ ال َّىٓ إصاٌخها باٌخشسُب
.صئبك اسخخذِج إلصاٌت اٌّاء اٌزائب و اٌٍّىثاث إٌفطُت اٌخفُفت اٌّسببت صَادة اٌحاِضُت ولٍت اٌعضي ٌٍضَج
 واٌضَىالَج,ٌ اٌطُٓ اٌجضائش,ٍاٌطُٓ اٌعشال.اٌّعاٌجت اٌطُُٕت إسخعٍّج ٌٍخحسُٓ إٌهائٍ ٌخىاص صَج اٌّح ّىالث
ًٍ حُ دساست حاثُش ٔسبت اٌطُٓ اًٌ اٌضَج وولج اٌّضج ع.ٔىع (أ) اسخخذِىا ٌٍّعاٍِت إٌهائُت وحُ ِماسٔت إٌخائج
ٍ لَذ ََعخبش إْ أـضً ششوط اٌعٍُّت إْ ٔسبت اٌطُٓ إًٌ اٌضَج ه.خىاص اٌّحخىي اٌّائٍ واٌعاصٌُت واٌحاِضُت
, ن ؾ44  واٌعاصٌُت، ْ جضء باٌٍُّى21 ٍ ـٍ هزٖ اٌششوط َىىْ ٌٍضَج ِحخىي ِائ. دلُمت4  وبىلّج،111\1
ٍ ٌمذ وجذ اْ اٌطُٓ اٌجضائشٌ اـضً ِٓ اٌضَىالَج واٌطُٓ اٌعشال. \ؼُ صَجKOH ُ ٍِؽ1.117 وحّىضت
 وصُؽت اححادهّا لذ دس َسج ـٍ هزا اٌبحث, ـشَٕذٌج, صُػ االِخضاص ٌىٔىّاَش.باسخخذاَ ٔفس اٌظشوؾ اٌخشؽٍُُت
.ولذ وجذ اْ صُؽت ـشَٕذٌج ٌالِخضاص حصؿ عٍُّت اِخضاص اٌّاء عًٍ اٌطُٓ أـضً ِٓ اٌصُػ األخشي
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INTRODUCTION
Transformer oil is one of the lubricating oils and it has several main functions in a
transformer; like cooling and electrical insulation. Besides those there are several
secondary functions and properties expected from transformer oil [1]. Impurities in
transformer oil are unavoidable, the primary impurities are moisture and dissolved
gases and usually accompanied by solids [2]. Used lubricating and industrial oils
present a serious pollution problem and it was estimated that less than 45% of available
waste oil was collected worldwide in 1995 and classified according to current world
regulations as hazardous waste due to the effects that they can have both on health and
the environment [3, 4]. A large range of used (waste) oils can be recycled and
recovered [5]. The change in the composition of transformer oil in operation is related
to the chemical processes that occur in the dielectric medium under the action of
temperature and high voltage. This leads to the oxidation and decomposition of
chemical compounds that enter into the composition of the oil and to the appearance in
it of new gases (CO, CO2, and volatile hydrocarbons), liquids (aldehydes, ketones,
alcohols, acids, ethers, resins, and water), and solids (asphaltenes and carbenes)
chemical products [6]. Water can be present in oil in a dissolved form, as tiny droplets
mixed with the oil (emulsion), and in a free state at the bottom of the container holding
the oil [7]. Regeneration is the procedure followed if oil purification is insufficient to
return the oil to an acceptable condition and usually done by specialist companies [2,
8]. This work deals with decreasing the mechanical impurities, water content, and
acidity and increasing the break down voltage of spent transformer oil, by settling,
filtration, thermo vacuum evaporation, and clays treatment.
MATERIALS AND METHODS
A-Materials
-Spent Transformer Oil: The raw material was the spent oil of type (Diala-D),
Germany origin. This oil was used in Al-Dora power station for about 15 years in
transformer to change the voltage from 6600 V to 380 V. The spent transformer oil has
the properties illustrated in table 1.
-Adsorbents: The Iraqi clay manufactured by the State Company for Geological
Survey and Mining, Algerian clay (from Al- Dora refinery) and zeolite type (A) were
used for final treatment of spent transformer oil. Table 2 shows the properties of these
clays, while figure 1 shows the X-ray analysis for the zeolite.
Table 1 Properties of spent transformer oil
The property

The value

Water content, ppm

50

Break down voltage, kV

30

Acidity, mg KOH/g oil

0.1122

Specific gravity at 60/60˚F

0.87167
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Table 2 Properties of clays

The property
Particle size, micro meter
Ignition loss at 100˚C, wt %
SiO2, wt %
Al2O3, wt %
Fe2O3, wt %
MgO, wt %
CaO, wt %

The value (Iraqi clay) The value (Algerian clay)
Greater than 85
8
48
34
4
2
4

Greater than 85
6
78
12
2
1
1

Figure 1 X-ray analysis for the zeolite
B-Methods
- Settling: The mechanical particles would be found as impurities, the spent oil was
settled for a week in a reservoir. Settling was done by gravity because the mechanical
particles are heavier than oil.
- Filtration: The fine particles could not be settled by gravity so the filtration is very
important step because it removes any remaining particles. The filter papers
(WHATMAN type and quality 1, 18.5 cm diameter) were used for filtration. Figure 2
shows a photo for batch filtration unit. To calculate the quantity of the remaining
particles on the filter paper, the paper washed by gasoline. The gasoline dissolved the
oil from the filtration paper and then the filtration paper put in oven at 100 ˚C for 3
hours.
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Figure 2 Photo of Batch Filtration Unit
- Thermo Vacuum Evaporation: This step took place at a temperature of 175˚C and a
pressure of 241 mm Hg in a laboratory evaporation unit shown in figure 3. During the
thermo vacuum evaporation light petroleum impurities was separated. The percentage
of light petroleum impurities on the settled and filtered oil was 10.37 %.

Figure 3 Photo of Thermo Vacuum Evaporation Unit
-Adsorbents treatment: This is the final step of the treatment and used for final
decreasing of water content in the oil. In this study the Algerian clay to oil ratio range
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was 1/100 to 10/100 while contact time varied from 5 to 30 min. All tests were taken
place at 80˚C. Iraqi clay was tested at ratio 2/100 at different contact times, while
zeolite was tested at ratio 1/100 and different contact times (5 – 30 min.). 523 g of the
oil produced from thermo vacuum evaporation was injected into flask and heated up to
80 ˚C. Then, the specified quantity of clay or zeolite was added during mixing for
specific contact time. Figure 4 shows the unit of clay and zeolite treatment. After
specific contact time the mixture of the oil and adsorbent filtered by filtration paper
[WHATMAN quality 1, having a diameter 18.5 cm] using the filtration unit shown in
figure 2.

Figure 4 Photo of Adsorbent Treatment Unit
The clay that produced from the adsorption process was washed by a gasoline to
dissolve the oil deposited on the clay and on filter paper for the adsorbate estimation.
The washed clay and filtration paper were put in the oven at 100˚C to evaporate the
gasoline from them.
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RESULTS AND DISCUSSION
-The Settling and Filtration Steps: The settling of spent transformer oil for one week
resulted in 0.01% of mechanical impurities removal, while the filtration of the oil after
settling removed 0.23 % of impurities. This means that the total percentage of
mechanical impurities removed by settling and filtration is 0.24 %.
-The Thermo Vacuum Evaporation Step: The total light petroleum impurities
removed during the thermo vacuum evaporation step was 10.37 % based on settled and
filtered oil. This means that the percentage of oil produced from thermo vacuum
evaporation was 89.61 % based on the original raw material. Table 3 shows the
properties of the oil before and after thermo vacuum evaporation.
Table 3 The Basic Properties of Spent Transformer Oil Before and After Thermo
Vacuum Evaporation

Property

Before thermo vacuum
evaporation

After thermo vacuum
evaporation

Water content, ppm
Break down voltage, kV
Acidity, mg KOH/g oil

50
30
0.112

42
57
0.028

-The Results of Clays and Zeolite Treatments: For reducing the water content down
to acceptable value, clay treatment was used. The Iraqi clay was used in 2/100 clay to
oil ratio and duration time (5 - 30 min) at 80˚C. The water content of oil decreased
from 41 ppm to 39 ppm, this value is not acceptable by standard properties. So, the
Algerian clay was used in this step. The operating conditions are clay to oil ratio
(1/100 -10/100) and duration time (5 - 30 minutes) and temperature 80˚C. Zeolite was
also used using 1/100 zeolite to oil ratio, duration time (5 -30 minutes) and temperature
80˚C. The basic properties of the transformer oil after Iraqi clay, zeolite and Algerian
clay treatments were presented in tables 4, 5 and 6, respectively.
Table 4 Water content of transformer oil after Iraqi clay treatment for 2/100
clay to oil ratio
No.
1
2
3

Time, min
5
15
30

Water content, ppm
41
39
39

Table 5 Water Content of transformer oil after zeolite treatment for 1/100 zeolite
to oil ratio
No.
1
2
3

Time, min
5
15
30

Water content, ppm
40
39
38
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Table 6 Basic properties of transformer oil after Algiers clay treatment
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Clay to Oil Ratio

1/100

2/100

5/100

7/100

10/100

Time, min
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30

Water content, ppm
36
35.4
34
32
31
30
26
23
22
25
23
21
25
22
20

B.D.V., kV
55
54
46
44.5
36.5
52.5
47
45
42
35
51.5
46
40
35
34
51
45
38
34
32

- Effect of Algerian Clay to Oil Ratio on Water Content: Figure 5 shows the effect
of Algerian clay to oil ratio on the water content at different duration time. The
increase of clay to oil ratio decreased the water content in the oil for the same
contacting time because of the increasing of contact surface between the oil and the
clay.
- Effect of Mixing Time on Water Content: Figures 4-6 – 4-8 show the effect of
mixing time on the water content at different adsorbent to oil ratio. Whenever the
contact time increases, the water content decreases for the same adsorbent quantity.
Figure 6 shows a comparison between Algerian clay and zeolite treatments at different
duration time. This figure shows that the Algerian clay is better than the zeolite in
removing dissolved water. Figure 7 shows a comparison between the Iraqi clay and the
Algerian clay. This figure illustrates that Algerian clay is better than the Iraqi clay.
This may be because of the low percentage of silica in the Iraqi clay than the Algerian
clay and the high percentage of Fe2O3, MgO, and CaO in the Iraqi clay as shown in
table 2. The silica had a large adsorption area and it was a good adsorbent for the water
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Figure 5 Effect of Algerian clay to oil ratio on the water content at different
mixing times

Figure 6 Effect of mixing time on the water content at 1/100 Algerian clay and
zeolite to oil ratio
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Figure 7 Effect of mixing time on the water content at 2/100 clays to oil ratio

Figure 8 Effect of mixing time on the water content at 5/100, 7/100, 10/100
Algerian clay to oil ratios
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- Effect of Algerian Clay to Oil Ratio on Break Down Voltage: Figure 9 shows the
effect of clay to oil ratio on break down voltage at different contacting time. The more
important conclusion from this figure that the increases in clay to oil ratio give
decreases in break down voltage for the same duration time. This may be because the
clay adsorbed the anti-oxidation additives presented in the oil.

Figure 9 Effect of Algerian clay to oil ratio on the break down voltage at different
mixing times
- Effect of Mixing Time on Break Down Voltage: Figure 10 shows the effect of
mixing time on break down voltage. Whenever the mixing time increases, the break
down voltage decreases at the same Algerian clay to oil ratio.

Figure 10 Effect of mixing time on break down voltage at different Algerian clay
to oil ratios
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- Acidity Values: Table 7 shows the acidity values for oil produced uses Algerian clay
and zeolite treatments. The increasing of clay to oil ratio at constant duration time or
increasing duration time for the same clay to oil ratio resulted a decrease in acid value
of the oil. This is because the clay is a good adsorbent for the acidic impurities that
found in the oil.
Table 7 Acidity values
No. Clay to oil ratio
1
2
1/100
3
4
5
6
7
2/100
8
9
10
11
12
5/100
13
14
15
16
17
7/100
18
19
20
21
22
10/100
23
24
25
26
27
1/100 (zeolite)
28
29
30

Time, min.
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30
5
10
15
20
30

Acidity mg KOH/ gm oil
0.028
0.014
0.028
0.028
0
0.028
0.014
0.028
0.028
0.028
0.014
0.014
0.028
0.014
0.014
0
0
0.014
0.014
0
0
0
0.028
0.014
-

- Color Improvement: The color of Algerian clay treated transformer oil with 10/100
clay to oil ratio was further improved by repeating clay treatment. The Algerian clay
was used in this treatment using 35/100 clay to oil ratio and 80 ˚C for one hour. The
color values for the spent oil, the oil treated in thermo vacuum evaporation and the
improved color oil are 3.5, 6.3, and 0.4, respectively.
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- Conclusion: The possibility of spent transformer oil regeneration was studied in
four stages, these are settling, filtration, thermo vacuum evaporation, and clay
treatment. Iraqi clay was used in 2/100 clay to oil ratio for 5 – 30 minutes duration
time using a temperature 80 ˚C but it decreased the water content from 41 ppm to 39
ppm only. The study of Algerian clay treatment at 80 ˚C, duration time range 5 – 30
minutes and clay to oil ratio 1/100 – 10 /100 considerably decreases the water content.
It could be considered that the best operating conditions for Algerian clay treatment are
2/100 clay to oil ratio and 5 minutes duration time. The values of water content, acidity
and break down voltage in the above mentioned conditions were 32 ppm, 0.028 mg
KOH/ g oil and 55 kV, respectively. Zeolite treatment at 1/100 zeolite to oil ratio and 5
– 30 minutes duration time using the same temperature (80 ˚C) gave worse
improvement comparing with Algerian clay treatment. Freundlich and Langmuir
isotherms and the combination of them were applied to calculate the adsorption rates
and it was found that Freundlich adsorption isotherm well represented the adsorption of
water on clay comparing with others isotherms.
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