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Abstract.

In the oil and gas production process in the Cepu field, oil, gas, and water are
produced. After oil and gas are produced from the reservoir to the surface, the water
that is produced will be returned to the environment. In this water, there is a relatively
small amount of oil, high total dissolved solids (TDS), and low pH. High TDS can
cause hardness in the water to increase, pH that is too acidic and alkaline can cause
pollution to the environment, also residual oil in the water can damage the
environment because it is difficult to combine and difficult to decompose. Therefore,
this problem can be overcome one way by the adsorption process. This research aims
to test absorption using an adsorbent in the form of activated carbon. This adsorption
uses sugar cane bagasse and rice husks which can be obtained at low prices and also
in abundance. Several stages carried out in this research were making activated
carbon by drying the bagasse and rice husks, then blending it until smooth, then
placing it in a furnace at a temperature of 800°C. Produced water in Cepu has a TDS
value of 5100 ppm and a pH of 5. By adding sugarcane bagasse and rice husk
adsorbent the pH value becomes 7, then the TDS value becomes 2261 ppm after
adding 3 grams of rice husk adsorbent. and the TDS value became 1153 ppm with the
addition of 3 grams of sugarcane bagasse adsorbent. The results of this research
provide evidence of the effectiveness of sugarcane bagasse and rice husks as
adsorbents in reducing TDS values, pH, and absorbing residual oil from produced
water so that it complies with the quality standards of Minister of Environment
Regulation (PermenLH) Number 19 of 2010.
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I INTRODUCTION

Exploitation of oil and gas produces water from rock formations which is called produced water ',
Produced water is water that is a by-product of the processing of petroleum, natural gas, or CBM (Coal Bed
Methane) *¥.Produced water is different from water in general. The differences lie in the dissolved and
dispersed oil components, dissolved minerals, chemical compounds, solids, and dissolved gases 7 This
produced water is wastewater that is dangerous to the environment because it has a high TDS value which
can cause mineral deposition, has a low or acidic pH value which can cause corrosion hazards, and also has
residual oil which is difficult to decompose ¥

Therefore, the TDS and pH values must be adjusted to the quality standard criteria stated in the
Minister of Environment Regulation (Permen LH) Indonesia Number 19 of 2010 and also the remaining oil
is removed by adsorption '".Sugarcane bagasse is one of the potential materials to be developed as active
carbon because it contains cellulose and lignin. The fiber contained in sugarcane bagasse is not soluble in
water because it mostly consists of cellulose, lignin, and pentose '*'®. Rice husks can be used as adsorbents
because cellulose and hemicellulose have considerable potential to be used as adsorbents which have OH
groups attached so they can interact with the adsorbate components '2". These two materials also have
abundant availability. Based on the reasons above, sugarcane bagasse and rice husks are suitable for lowering
TDS, pH values, and also absorbing residual oil contained in produced water.

1. METHODS
This research aims to determine the ability of sugarcane bagasse and rice husks as activated charcoal
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composite to reduce TDS and pH values. Also removing residual oil contained in produced water, to achieve
this goal it is necessary to take several steps as follows:

1. Conduct literature studies on related titles, by conducting studies on previous or related studies.

2. Prepare tools and materials such as bagasse, rice husks, and produced water which have been checked
for TDS and pH values from the Cepu field, Indonesia.

3. Making activated carbon from sugar cane bagasse and rice husks by grinding and physically activating
them using a furnace ** %9,

4. Mix the produced water with activated carbon and wait until the activated carbon binds the remaining
oil in the produced water and forms an emulsion.

5. Filtrate 1 gram of bagasse with contact time (30,35,40,45,50,55,60 minutes) and record the data, filter
again for mass variations of 1.5;2;2.5;3 grams , thus getting the values of Co, Ct, Ce, and Qe for sugarcane
bagasse.

6. Filter 1 gram of rice husk with contact time (30,35,40,45,50,55,60 minutes) and record the data, filter
again for mass variations of 1.5;2;2.5;3 grams , thus getting the values of Co, Ct, Ce, and Qe for rice husks.

7. Calculate the pH, TDS and salinity values of produced water which has been mixed with activated
carbon from sugarcane bagasse and rice husks.

8. Use Co, Ct, Ce, and Qe for Freundlich calculations to get a linear regression curve so that the R2 value
can be obtained *">".

1. RESULTS AND DISCUSSION

The filtration results show that the optimal mass of the two ingredients for absorbing residual oil,
reducing TDS and pH is 3 grams. Sugarcane bagasse and rice husk data used for Freundlich calculations are
the most effective absorption masses. As supporting evidence for active carbon, SEM testing was also carried
out to prove that sugarcane bagasse and rice husks are suitable materials for use as active carbon.

3.1 Surface Area of the Adsorbent

To determine the size of the pores on the adsorbent, the SEM (Scanning Electron Microscope) test is
used. The test results can be seen in Figure 1 which shows that the adsorbent material has several
heterogeneous pores.

Fig 1. Surface Area of Sugarcane Bagasse (top), and Rice Husk (bottom)

3.2 Effect of Adding Activated Carbon on the pH of Produced Water

The pH contained in produced water before it is mixed with activated carbon is 5, so the produced
water must be re-processed to comply with the quality standards of the Minister of Environment and Forestry
Regulation. When the formation water is mixed with activated carbon made from sugarcane bagasse and rice
husks. In Table 1, the pH value of the formation water can change after adding sugarcane bagasse and rice
husk adsorbents, to measure the pH using litmus paper.The initial pH of the Formation Water is 5, after the
formation water is mixed with activated carbon made from sugarcane bagasse and rice husks, the pH of the
formation water changes due to the reaction of the adsorbent mixing with the adsorbate (oil) with variations
in the mass of the adsorbent. With the right adsorbent mass composition, the pH of the formation water can
be neutral. These results are in accordance with research (Meunchang et al., 2005 2.
Table 1. Addition of Mass Concentration of Active Carbon in Formation

Water to the Final pH of Formation Water
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iti Final pH (after adding activated
Activated Car‘pon Mass Ir;;fclhig dOf PH( carbon) 8

Concentration (g) Water Rice Husk Sugarcane Bagasse

1 5 7 7

1,5 5 7 7

2 5 8 7

2,5 5 7 6

3 5 7 7

From Table 1. The initial pH of the Formation Water is 5, after the formation water is mixed with
activated carbon made from sugarcane bagasse and rice husks, the pH of the formation water changes due to
the reaction of the adsorbent mixing with the adsorbate (oil) with variations in the mass of the adsorbent.
With the right adsorbent mass composition, the pH of the formation water can be neutral. These results are in
accordance with research Meunchang et al., 2005 2.

3.3 Effect of Adding Activated Carbon on Total Dissolved Solids (TDS) in Produced Water

The TDS contained in produced water before it is mixed with activated carbon is 5100. So the
produced water must be re-processed to comply with the quality standards of the Minister of Environment
and Forestry Regulation. In this experiment, we will analyze the changes in the TDS value of the initial
formation water to the TDS of the final formation water which has reacted with activated carbon and also
compare using a curve between rice husk adsorbent and sugarcane bagasse to the TDS value. For this
experiment, the TDS value is measured using a TDS meter equipped can measure dissolved solid particles in
formation water that are invisible to the eye without magnification.

Total Dissolved Solid (TDS)
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Fig 2. TDS value on sugarcane bagasse and rice husks

The results of measuring the TDS (Total Dissolved Solid) value on rice husks and sugar cane
bagasse can be seen in Figure 3. In the rice husk adsorbent the mass variation (g) is 1; 1.5 ;2 ; 2.5; 3
obtained TDS (ppm) values of 2569, 2672, 2929, 2261, 3598.

Meanwhile, measuring the TDS value on sugarcane bagasse adsorbent with mass variations (g),
namely 1; 1.5;2; 2.5 ; 3 obtained TDS (ppm) values of 1153, 1850, 2981, 3546, 3135.

Based on PP no. 82 of 2001 concerning water quality management and water pollution control, it is
stated that the permitted dissolved residue concentration (TDS) is 1000 ppm. Mixing produced water with 3
grams of bagasse can reduce TDS from 5100 to 1153 which is close to 1000. This data shows that adding the
composition of bagasse can reduce the TDS value significantly.

3.4 Effect of Adding Activated Carbon on Salinity in Produced Water

In this experiment, we analyzed the salinity and SG (Specific Gravity) values in formation water that
had been mixed with activated carbon which had different mass variations. To make a comparison of rice
husks and sugarcane bagasse using a curve. Measurement of salinity and SG (Specific Gravity) values using
the Warmtone Wt-11 Salinity Meter.It can be seen from Table 2 that the salinity level in the formation water
was reduced after adding activated carbon from rice husks and sugar cane bagasse. When the mass
concentration is 1 to 3 grams, the salinity of the formation water in rice husks changes until the salinity value
becomes 12 ppt with an SG (Specific Gravity) value of 1.008. This also changes the water content of the
formation when the mass of bagasse is added to the maximum reduction in salinity at a concentration of 1 to
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3 grams of 8 ppt and SG (Specific Gravity) of 1.006. Note that to reduce the salinity value you need the right

mass of activated carbon because with the addition of 1 gram of activated carbon the salinity value increases.

3.5

Table 2. Salinity and Specific Gravity Values

Sample Activated Carbon Concentration (g) | Salinity (ppt) | SG
0 14 1,010
16 1,012
1,5 14 1,010
Rice Husk 2 14 1,010
2,5 13 1,008
3 12 1,008
1 20 1,015
1,5 14 1,010
Sugarcane Bagasse 2 12 1,008
2,5 10 1,006
3 8 1,006

Freundlich Isotherm Adsorption on 3 grams of Sugarcane Bagasse and Rice Husk
In this experiment, we looked for calculation variables using the Freundlich method equation using
basic materials such as bagasse and rice husks, which can be seen in Table 3 below.In Table 3, this is a

determination of the adsorption model contained in the Freundlich model to compare the value of the

absorption capacity of the adsorbent, and the final concentration of the formation water so that the
comparison of these two adsorbent values will get the logarithmic value for each adsorbent.The terms of the

Freundlich adsorption model use the Log ce and Log qe intervals, so these values are used as determining
interval values when determining Linear Regression and Correlation Coefficients to determine the flow rate
capability during the adsorption process.In this experiment, it is an attempt to make a comparison of
adsorbents using the Freundlich model equation, which will be compared is the final concentration log value
from the comparison between Rice Husk and Sugarcane Bagasse to formation water with the absorption
capacity log value which is known in the adsorption capacity calculation, this can be seen in Figure 3 and

Figure 4.
Table 3. Calculation of Freundlich Model Adsorption Values
Formation Water
Adsorbent Initial Final Concentration qe/ Log ce Log ge
Concentration (ce) (mg/9)

100 73 27 186,332,286 1,431,363,764
100 75 25 1,875,061,263 1,397,940,009
100 77 23 1,886,490,725 1,361,727,836
Rice Husk 3 gr 100 78 22 1,892,094,603 1,342,422,681
100 79 21 1,897,627,091 1,322,219,295
100 81 19 1,908,485,019 1,278,753,601
100 84 16 1,924,279,286 1,204,119,983
100 74 26 186,923,172 1,414,973,348
100 82 18 1,913,813,852 1,255,272,505
100 83 17 1,919,078,092 1,230,448,921
Sugarca”‘;r'?’agasse 3 100 83 17 1010078002 |  1,230,448021
100 83 17 1,919,078,092 1,230,448,921
100 84 16 1,924,279,286 1,204,119,983
100 84 16 1,924,279,286 1,204,119,983
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Freundlich Curve for 3 gram Rice Husks

y=-3.7033; +8.3425
Ré=0. 881

1.86 1.87 1.88 1.89 19 191 192 1.93

Log ce

Fig 3. Freundlich Curve for 3-gram Rice Husks

Freundlich Curve on 3 gram Sugarcane

y=-3.7711x + 8.4658
R?=0.9967

1.86 1.87 1.88 1.89 1.9 191 1.92 1.93

Log ce
Fig 4. Freundlich curve for 3 grams of sugar cane bagasse

Iv. CONCLUSIONS

Based on the results of research and calculations, it can be concluded that:

1. Activated carbon from sugar cane bagasse and rice husks can increase the pH value of produced
water from 5 to 7.

2. Activated carbon from sugar cane bagasse and rice husks can reduce the TDS value of produced
water. The greater the mass concentration of activated carbon in sugar cane bagasse or the mass of activated
carbon in rice husks, the greater the decrease in the TDS value. By adding a mass of 3 grams of activated
carbon to rice husks, there was a decrease in the TDS of produced water from 5100 ppm to 2261 ppm, and
by adding a mass of 3 grams of activated carbon to 3 grams of sugarcane bagasse, there was a decrease in the
TDS of produced water from 5100 ppm to 1153 ppm. Sugarcane Bagasse and Rice Husk Adsorbents can be
obtained. reduced the TDS value in produced water from 5100 ppm when the Rice Husk adsorbent was
added to 2261 ppm, while when the Sugarcane Bagasse adsorbent was added it became 1153 ppm. There was
a decrease in the salinity value when the adsorbent was added to the formation water.

3. To add an active carbon mass concentration of 3 grams of sugarcane bagasse or to add an active
carbon mass concentration of 3 grams of rice husks, the longer the contact time, the smaller the adsorption
value (ge). When compared between sugarcane bagasse and rice husk, the adsorption value of bagasse is
greater than rice husk

4. In the processing of produced water, sugarcane bagasse is a better material than rice husks based on
research that has been carried out.

5. Based on the adsorption results in Linear Regression of Sugarcane Bagasse activated carbon, it is
more suitable to use the Freundlich equation because the Correlation Coefficient value is close to 1.0
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