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Abstract

Oil recovery may be increased by lowering interfacial tension between oil and water due to surfactant
injection. Bagasse is one of the organic materials which has a fairly high lignin content, where lignin is the basic
substance of making Natrium Lignosulfonate (NaLS) Surfactants. The research was divided into three sections.
The first was experiment to produce lignin from bagasse. In this experiment 100 gram of bagasse with size of 60
mesh or 80 mesh extracted by benzene + ethanol (2:1) and then 20%, 50%, or 75% NaOH was added to activate
lignin. The maximum amount of lignin produced was 24.88%. The second experiment was to produce NaLS
surfactant from obtained lignin. FTIR equipment was used to verify the NaLS surfactant yielded using the method.
The maximum amount of NaLS surfactant produced was 20.264% of bagasse mass. After that NaLS surfactant
obtained from the previous process was used in chemical flooding experiment. In the experiments, the surfactant
concentration in the solution was varied at 0.05%, 0.10%, 0.15%, and 1.00%. While temperature was set at 30°C,
40°C, 60°C, 70°C, or 80°C. The optimum condition happened when a solution with surfactant concentration of
1% was injected at 60°C. The recovery factor of oil using the condition was 0.47.
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Sari

Perolehan minyak dapat ditingkatkan dengan menurunkan tegangan antar muka antara minyak dan air
dengan injeksi surfaktan. Ampas tebu adalah salah satu bahan organik yang memiliki kandungan lignin yang
cukup tinggi, di mana lignin adalah bahan dasar pembuatan Surfaktan Natrium Lignosulfonate (NaLS).
Penelitian ini dibagi menjadi tiga bagian. Yang pertama adalah percobaan untuk menghasilkan lignin dari
ampas tebu. Dalam percobaan ini 100 gram ampas tebu dengan ukuran 60 mesh atau 80 mesh diekstraksi oleh
benzena + etanol (2:1) dan kemudian 20%, 50%, atau 75% NaOH ditambahkan untuk mengaktifkan lignin.
Jumlah maksimum lignin yang dihasilkan adalah 24.88%. Percobaan kedua dilanjutkan untuk menghasilkan
surfaktan NaLS dari lignin yang diperoleh. Peralatan FTIR digunakan untuk memverifikasi surfaktan NaLS
yang dihasilkan menggunakan metode tersebut. Jumlah maksimum surfaktan NaLS yang dihasilkan adalah
20.264% dari massa bagasse. Setelah itu surfaktan NaLS yang diperoleh dari proses sebelumnya digunakan
dalam percobaan pembanjiran kimia. Dalam percobaan, konsentrasi surfaktan dalam larutan bervariasi pada
0.05%, 0.10%, 0.15%, dan 1.00%. Sementara suhu ditetapkan pada 30°C, 40°C, 60°C, 70°C, atau 80°C.
Kondisi optimum terjadi ketika larutan dengan konsentrasi surfaktan 1% disuntikkan pada 60°C. Faktor
perolehan minyak menggunakan kondisi tersebut adalah 0.47.
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I. INTRODUCTION In this study, surfactant Natrium Lignosulfonate
Chemical Flooding is a type of tertiary recovery (NaLS) was made from bagasse, which can be used
method which is applied by adding chemicals to the for surfactant injection.
injection water to increase oil recovery so that it will The surfactant injection aims to reduce the
increase sweeping efficiency or reduce the saturation oil-water interface tension and form a micro
of residual oil left in the reservoir. The chemicals emulsion to sweep the remaining oil which is
that are injected are classified into alkali, surfactant bypassed by waterflooding. Therefore, this will
and polymer. increase the recovery factor of oil.
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The basic consideration used to make NaLS
surfactants from bagasse pulp is that bagasse has a
high lignin content which is about 19.6% [1], lignin
is the raw material for making NaLS surfactants.
Natrium Lignosulfonate (NaLS) is a type of
surfactant that widely used in the industry because of
its function as interfacial tension reducer, as an
emulsion system stabilizer, as dispersing agent [2],
corrosion inhibition, defoaming, detergency /
detergent and hair conditioning.

Bagasse contains 48-52% of water, about 3.3% of
sugar and about 47.7% of fiber. Bagasse fiber is
insoluble in water and consists mostly of cellulose,
pentosan and lignin [3], [1]. Table 1.1 shows the
compounds that is contained in bagasse.

Table 1 Compounds in Bagasse " &} (6

No. Content Amount %
1 Cellulose 26 — 43
2 Pentosan 20-33
3 Lignin 13-22
4 Hemicellulosa 17 -23
Il. METHOD

Bagasse was milled with a size of 60 mesh and
80 mesh. The experiment can be grouped into the
process of lignin making, the process of Sodium
Ligno Sulfonate (NaLS) Surfactant making, and
chemical flooding [1].

In this research, some equipments were used.
Soxlet extraction tool was used to extract lignin from
bagasse, while reflux tool to heat and react materials
at a certain time and temperature. A set of distillation
devices was used to separate both solid-liquid and
liquid-liquid materials at a certain temperature.
Sulfonate reactor was applied for sulfonation process
at high temperatures. Sandpack was arranged for
doing chemical flooding. Besides that, some research
supporting tools used such as Thermal Photo Infra
Red (FTIR), Picnometer, Du Nouy Tensiometer,
Ostwald Viscometer, Pressurized furnace (digester),
Magnetic Stirrer, Water Bath, Thermometer, pH
meter, Buchner, Separator Funnel, Funnel, Filter,
paper strain, beaker 50 ml, 100 ml, 250 ml and 500
ml, measuring cup 10 ml, 100 ml, 1000 ml, digital
balance, measuring pipette, watch glass, stopwatch,
oven, centrifuge.

Substaces used for producing NaLS surfactants
were bagasse, aquadest, ethanol, benzene (CgHs),
Ethanol (C,Hs-OH), Sodium Hydroxide (NaOH),
Sulfuric Acid (H,SO,), Sodium Bisulfite (NaHSO3),
Methanol (CH3-OH). While those for doing chemical
flooding were NaLS surfactants, NaCl, aromatic oils,
red dyes.

The procedure of lignin purification process was
as follows:

1. Bagasse powder was extracted with bensen +

96% ethanol (2:1, volume / volume) at a

temperature of 79°C - 80°C for 6 hours.
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2. Separate the liquid from the powder by filtering
process using filter paper or cloth, then the
powder is dried in an oven at a temperature of
60°C.

3. Dry powder was extracted with distilled water at
a temperature of 100°C for 2 hours.

4. The dry powder is added with 96% ethanol
cooking solution + distilled water (1: 1, volume /
volume). The ratio of powder to the cooking
solution is 1: 10 (volume / volume).

5. Add NaOH, reflux / delignification at 170°C for 2
hours. (In this step a variety of NaOH percentage
was done to get the optimum amount of lignin).

6. Filter the solution to separate sediment and
filtrate using filter paper. The filtrate was a lignin
solution.

7. Mix lignin solution and distilled water (1: 1,
volume / volume). Adjust pH by adding 20%
H,SO,. Stir with a magnetic stirrer at a
temperature of 60°C to adjust pH solution equal
to 2. Suspend for at least 8 hours until the lignin
precipitate is formed

8. To separate the lignin deposit from the filtrate
was done by filtering using filter paper or
centrifuging at 4000 rpm for 20 minutes. Then
the sediment was stored in a watch glass and the
fltrate was stored in a beaker.

9. Sediment obtained from the previous step was
dried in an oven at temperatures of 50°C - 60°C
for > 24 hours.

10. The filtrate was evaporated in an oven at a
temperature of 100°C until dry. Dry deposits
were put together with lignin, then weighed.
Procedure of Sodium Ligno Sulfonate (NaLS)

Surfactant production was as follows:

1. A 5 gram Lignin which was obtained from the
previous experiment was mixed with NaHSO3
(weight ratio of 1: 0.5). Then put into 150 ml of
distilled water. The pH was adjusted to 6 by
adding the mixture then refluxed at 95°C for 4
hours. It should be stirred with a magnetic stirrer
to mix perfectly.

2. The reflux results were distilled at a temperature
of 100°C to evaporate the water. Then the
distillation solution was put into a separating
funnel. Rinse the distillation flask with methanol.
Shake the separating funnel firmly so that the
NaHSOj; excess is not reacted to precipitate, let it
suspend until it appears to be 2 phases, namely
sediment and filtrate.

3. Remove the sediment from the bottom of the
separating funnel by turning the valve. NaLS
filtrate which still contains methanol is put into
the evaporating cup, then evaporated in an oven
at a temperature of 60°C until the weight of the
NaLS surfactant is constant.

Core flooding Experiment dilakukan sebagai
berikut:

1. A sandpack contained compacted sand with size
of 80 mesh was prepared.

2. Inject brine (10.000 ppm NaCl solution) to



saturate the sandpack and to find pore volume
(PV).

3. Inject aromatic oil to find S,,c and Sq;.

4. Inject brine (10.000 ppm NaCl solution) to
perform waterflooding.

5. Inject NaLS surfactant solution to perform
chemical flooding.

6. Inject brine (10.000 ppm NaCl solution) as
postflush.

I1l. RESULTS AND DISCUSSION

Bagasse with size of 60 mesh and 80 mesh was
extracted by benzene + ethanol (2 : 1 volume ratio).
After that, it was refluxed using cooking ethanol +
water (1 : 1 volume ratio) by adding various %
weight of NaOH to bagasse namely 20%, 50%, and
75% as lignin activator. The amount of lignin
obtained using bagasse with particle sizes of 60 mesh
and 80 mesh respectively is shown in Tables 1 and 2.
The tables indicates that the amount of lignin
produced from bagasse using the method stated
above is below 25 % weight. Another information
obtained from the tables is the finer bagasse size
used the more lignin produced.

The Experiment was continued to produce NaLS
surfactant from obtained lignin. FTIR equipment was
used to verify the NaLS surfactant yielded using the
method. Tables 1 and 2 shows the weight of NaLS
surfactant obtained from four experiments. The
tables indicate that the amount of NaLS surfactant
produced using the method stated above is from
1.960 to 20.264 gram. They also show that finer
bagasse relatively resulted in heavier NaLS
surfactant. In Addition, Table 2 indicate that
fliter-oven process produced more surfactant than
centrifuge-oven process.

Tables 3 to 5 shows that recovery factor of oil
produced after water flooding and surfactant
flooding. The tables indicate that the optimum
condition of the NaLS surfactant was at 60°C since
surfactant flooding gave the highest incremental RF
for all cases at the temperature. The RF due to
surfactant flooding at 60°C for surfactant
concentration of 0.05%, 0.1%, 0.15%, and 1.00%
was 0.16, 0.22, 0.28, 0.47 respectively. In addition,
NaLS surfactant concentration of 1.00% resulted in a
highest incremental RF for all temperature. The RF
due to surfactant flooding with concentration of
1.00% was 0.34, 0.41, 0.47, 0.44, and 0.38 at 30°C,
40°C, 60°C, 70°C, and 80°C, respectively.

IV. CONCLUSIONS
Based on the experiments and analyses shown

above, several conclusions are made as follows:

1. The finer bagasse size produced more lignin as
well as NaLS surfactant.

2. For each concentration, the density, viscosity, and
interfacial tension of surfactant solution were
inversely proportional to temperature.

3. Within the range studied, as surfactant
concentration increased the density and viscosity
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the solution increased, but the interfacial tension
decreased.

4. The optimum temperature of NaLS surfactant was
at 600C, while the best performance of the
surfactant in the study was at concentration of
1.00% where the RF was 0.47.

REFERENCES

1. Emmy Fatmi Budhya, "Pembuatan Surfaktan
Natrium Ligno Sulfonat (Nals) Dari Ampas Tebu
Dan Aplikasinya Untuk Peningkatan Perolehan
Minyak", Master Thesis, Petroleum Engineering,
Universitas Trisakti, 2014.

2. Suryani A., Hambali E., "Proses Produksi
Surfaktan MES dari Metil Ester Minyak Inti Sawit
dan Aplikasinya pada Deterjen”, Prosiding
SNTPK VI 2004 Ul Jakarta, Jakarta, November
2004.

3. Husin, "Analisis
http://wwwi/free.vsim.org/,
March 26, 2012.

4. Kirk Othmer, "Encyclopedia of Chemical
Technology", 1981.

5. Lacey J., "The Microbicloby of the Bagasse of
Sugar Cane-Proc.", of XVII Congress of ISSTC,
1980.

6. Lim Michael, Wirtanto Eric, Masyithah Zuhrina,
"Kajian Karakteristik dan Pengaruh Nisbah
Pereaksi, pH Awal Reaksi dan Suhu Reaksi
terhadap Berat Rendemen Natrium Ligno
Sulfonat”, Departemen Teknik Kimia, Fakultas

Teknik, Universitas Sumatera Utara, 2012.

Serat Bagas",
2007, accessed on



Table 1. Experimental results of Lignin Production from Bagasse Size of 60 Mesh

Bagasse | Bagasse Boiling Resulted | Resulted
No. | Weight Size Ex(tzréf)tor Fluid E\I?Sr:; Process Lignin NaLS ETOLFS
(gram) | (Mesh) ' (1:1) g (%) (gram)
Benzene | Ethanol + .
1 100 60 + Ethanol Water 20 Filter-Oven 2.64 1.960 AW
Benzene | Ethanol + Centrifuge-
2 100 60 + Ethanol | Water 20 Oven 2.44 i BW
Benzene | Ethanol + .
3 100 60 + Ethanol Water 75 Filter-Oven 16.8 10.752 Cw
Benzene | Ethanol + Centrifuge-
4 100 60 + Ethanol | Water & Oven 7.95 i DW
Table 2. Experimental results of Lignin Production from Bagasse Size of 80 Mesh
Bagasse | Bagasse Boiling Resulted | Resulted
No. | Weight Size Ex(tzrgf)tor Fluid (,\(;igmH) Process Lignin NaLS g:ﬁ
(Gram) | (Mesh) ' (1:1) (%) (gram)
Benzene | Ethanol + .
1 100 80 + Ethanol Water 50 Filter-Oven 24.88 20.264 AE
Benzene | Ethanol + Centrifuge-
2 100 80 + Ethanol Water 50 Oven 23.33 12.645 BE
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Figure 1. NaLS Surfactant Density Measurement at Various Concentration and Temperature
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Figure 2. NaLS Surfactant Viscosity Measurement at VVarious Concentration and Temperature
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Figure 3. Measurement of NaLS Surfactant Solution IFT at VVarious Concentration and Temperature

Table 3. Recovery Factor due to water flooding and chemical flooding using 0.05 % NaLS Surfactant Concentration

Temperature
S, dan RF (%)

30°C | 40°C | 60°C | 70°C | 80°C

So 50 50 50 50 50
Sor 47.22 | 41.67 | 36.11 | 38.39 | 44.44
RF ¢ 43.75 | 43.75 | 43.75 | 43.75 | 43.75
RF 3.13 9.38 15.63 | 1250 | 6.25

RFrotal 46.88 | 53.13 | 59.38 | 56.25 50
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Table 4. Recovery Factor due to water flooding and chemical flooding using 0.10 % NaLS Surfactant Concentration

‘ Temperature
S, dan RF (%)

30°C 40°C 60°C 70°C 80°C

S, 50 50 50 50 50
Sor 41.67 | 36.11 | 30.56 | 33.33 | 38.89
RF ¢ 43.75 | 43.75 | 43.75 | 43.75 | 43.75
RF¢ 9.38 15.63 | 21.88 | 18.75 | 12.50
RFtotal 53.13 | 59.38 | 65.63 | 62.50 | 56.25

Table 5. Recovery Factor due to water flooding and chemical flooding using 0.15 % NaLS Surfactant Concentration

| Temperature
S, dan RF (%)
30°C 40°C 60°C 70°C 80°C
So 50 50 50 50 50

Sor 36.11 | 30.56 25 27.78 | 33.33

RF ¢ 43.75 | 43.75 | 43.75 | 43.75 | 43.75

RF. 1563 | 21.88 | 2813 | 25 | 18.75
RFotal 59.38 | 65.63 | 71.88 | 68.75 | 62.50

Table 6. Recovery Factor due to water flooding and chemical flooding using 1.00 % NaLS Surfactant Concentration

Temperature
S, dan RF (%)

30°C | 40°C | 60°C | 70°C | 80°C

So 50 50 50 50 50
Sor 1944 | 11.11 2.78 8.33 16.67
RFwt 43.75 | 43.75 | 43.75 | 43.75 | 43.75
RF¢ 34.38 | 40.63 | 46.88 | 43.75 | 37.50
RF+otal 78.13 | 84.38 | 90.63 | 87.50 | 81.25
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