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ABSTRACT. This research studies the influence of the type of rubber seed that is superior and local, altitude plant in South
Sumatra province to the characteristic of seed, oil and biodiesel (methy! ester). Rubber plants planted from local rubber seed by
seeds seedlings and superior rubber seed by selected clones. In the study, rubber plants planted at a different altitude, namely in
Banyuasin district (18 m above sea level), Prabumulih District (176 m above sea level) and Lahat District (627 m above sea level).
The results showed that the weight of the flour, the water content and ash content in ocal rubber seeds larger than the
superior rubber seed for all altitude, but oil content a large in the superior rubber seeds. The major of fatty acids in the rubber
seed oil in all types and altitude are a linoleicd with a different percentage except local rubber seed cil from Lahat district
with the large percentage of octadecanoic acid. Free fatty acids in the oil from the superior seeds rubber of 13.897-15.494 % large
than local rubber seed oil was found 9.786-10.899 % for all altitude. By esterification process using sulfuric acid catalyst, Free
Fatty Acid (FEE) can be reduced to < 2 %. The methyl ester made from the transesterification process of rubber seed oil after
esterification using methanol and sodium hydroxide as catalyst. Analysis of methyl esters includes cetane index, flash point,
kinematic viscosity, carbon residue, density, moisture content, r and sediment content and distillation compared with SNI
7182 and ASTM 6751-02. The result indicamhat the quality of methyl ester from superior ruhherBed 0il in the Banyuasin
and Prabumulih district better than another methyl ester. The types of rubber seed altitude affect the characteristics of the seed,
oil and methyl ester but the altitude are not significantly different.
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1. Introduction from nan-edible oil is developed. One source of edible

o1l widely available in Indonesia is rubber seed. Rubber

seed oil dries classified as type oil (drying o1l) (Ketaren,

1986). The yield oil in rubber seed in the average 35-45

afmm different countries reported by Kittigowittana
et al (2013).

Research in biodiesel from rubber seed oil has been

Biodiesel (methyl ester) is an alternative energy
that canreplace the presence of diesel fuel. Biodiesel 1s
commonly made from vegetable oil. Vegetable oil and
biodiesel belong to the large class of organic compounds
are ester fatty acids. However, vegetable ocils are
tI‘lE:StmOf: fatty acids WIt!] glycerol, or ‘tI‘lgl}’CEI‘ldE?, developed, such as the type of catalyst, alecohol mass
while biodiesel or fatty acid methyl ester (FAME) is . .

: . ratio, temperature, the concentration of catalyst
monoesters of fatty acids with methanol or ethanol by . .
L (Widayat & Suherman, 2012; Abdulkadir, et al. 2014,
transesterification process (Ramadhas, et al. 2005; . . . C
. Zamberi & Ani, 2016). The chemical characteristic of
Hossain & Mazen, 2010). : . . e -
The use of biodiesel from edible oil has a negative oil dependent on ggog‘raphlcalopgm (Kltt1gox3v1ttana,et
i al. 2013). In addition, the quality of the oil is affected

impact because it competes with its use as food .
consumption (Chuah, ef al. 2015). Therefore, biodiesel by altitude and pedalogy. Rouas ef al. (2016) reparted
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that altitude affects the characteristic of virgin olive oil
(<300, 300-600, >600 m). The other research reported
that percentage of oil significan negative relation with
altitude (Dizdf¥ekan, et al. 20186).

Indonesia 1s the second largest rubber producer in
the world. One of the provinces that have large farms
1s South Sumatra. In this area, rubber plants planted
in all region altitude. Soil type in South Sumatera with
acid pH suitable for rubber plant growth.

There are two types of rubber seed are superior and
non-superior rubber seed (local rubber seeds). The
farmers in Indonesia now use scraped seeds or seeds
seedlings result of previous natural rubber plant.
According to the Indonesian National Standard (SNI),
superior rubber seeds are derived from selected
vegetatively propagated clones such as grafting,
cuttings, and tissue culture. The advantages of
superior rubber seed include latex production of high
quality and good properties of latex, ripe tapping robust
growth #der 4 years old and a high biomass potential.

The fatty acid met}n ester (FAME) from rubber
seed o1l can be produced by two step reactions. The first
step 1is esterification and the second step is
transestem:ation, The esterification reaction 1is
required to reduce the content of free fattyBhcids
(Khazaai, et al. 2017; Bello & Otu, 2015). The rubber
seed cahas a high free fatty acid (FFA) (Ahmad, et al.
2014; Ramadhas, et al. 2005). The free fatty acidsin the
o1l ecan react with a base catalyst which produces soap
which complicate the process of separation of Ems
and glycerol (Marchetti & Errazu, 2008; Khazaai, ef al.
2017). Ramadhas et al (2005) reported that free fatty
Eids are good for transesterification less than 2% or
below 4 mg KOH/g oil.

This study investigates the characteristic of seed, oil
content and methyl ester from a different type of rubber
and altitude. The oil is extracted by n hexane as an
extraction solvent. Transesteri ion process of
rubber seed oil after esterification using methanol and
sodium hydroxide as catalyst The properties of methyl
ester were analyzed according to the SNI and ASTM
standard.

2. Materials and Methods

2.1 Rubber seeds

The local and superior rubber seeds collected from
a plantation in Banyuasin District (18 m above sea
level), Prabumulih District (176 m above sea level) and
Lahat District (627 m above sea level) in South
Sumatera province. The longitude and latitude of
South Sumatera province at 5 10'-1020' S and 1010 40’
— 106"30" N.

The superior rubber seeds namely PB-260. The
rubber seed from rubber trees of the same age was
given the following code: local rubber seed from
Banyuasin district (BL), superior rubber seed from
Banyuasin district (BS), local rubber seed from

Prabumulih district (PL), superior rubber seed from
Prabumulih district (PS), local rubber seed from Lahat
district (LL) and superior rubber seed from Lahat
district (LS).

2.2 Chemicals

The chemicals used in this study include
methanol, sulfuric acid, sodium hydroxide and n-
hexane from Merck.

2.3 Analysis of rubber seed

The shell and kernels of rubber seeds separated by
breaking. The kernels were dried under the sun for five
days before crushed using a blender. The sample is
dried in the oven about £ 5 h at 105°C. The powder of
rubber seed is weighed and stored in a desicator. The
rubber seeds analysis includes the weight of flour,
moisture content, ash content, and oil content using

recommended methods of the AQAC.

2.3 Oil extraction

Rubber seed powder of 100 g wrapped in paper
filter is placed inside Soxhlet to extract. A total of 250
mL n-hexane is poured into Soxhlet. Extraction is done
for 6 hours per cycle at 60°C. The extraction [glificess is
done three times. After extraction, the oil separated
from the solvent by evaporation with a rotary
evaporator at 60°C.

The rubber seed oil purification i1s done by
deposition (settling), separation gumi (degumming)
and bleaching. A total of 100 mL of rubber seed oil
mixed with 0.2% w HaPO4 and stired for 15 minutes at
a speed of 120 rpm and temperature of 50° C. After 30
minutes, the oil is separated from the sediment. The o1l
was added 0.1 g of activated carbon and stirred for 15
minutes then allowed to stand for 2 hours. Hereafter,
the oil is filtered to separate the activated carbon. The
o1l was added some anhyvdrous Na:SQ. to adsorp the
water content. Afterward, the oil has ready for
analysis. Analysis of rubber seed oil includes Free fatty
acid (ASTM D664), viscosity (ASTM D4455), and fatty
acid using GC-MS QP2010S Shimadzu.

2.4 Transesterification Process

Esterification is required before
transesterification. The o1l was esterified using sulfuric
acid as a catalyst to reduce FFA to less than 2%. Methyl
ester was prepared with mixture of 10 mL sulfuric acid
$¥ (wiv) and 300 mL methanolfi@re added 50 mL oil
(ratio of methanol and oil = 6:1) (Ramadhas, et al. 2005;
Ahmad et al, 2014). The mixture was heated at 60° C
and stirred with at 120 rpm for 2 hours. Oil with
reduced fatty acid content 1s separated from remaining
methanol. The product is separated by rotary
evaporator in a 70" C water bath.

Transesterification 1s conducted using NaOH as
catalyst. The mixture of 0.5 % (b/v) NaOH 50 mL and
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450 mL of m&fhnol (ratio of methanol and oil 9: 1) was
added to 50 mL of oil. The mixture was heated for 2
hours at a tempfiture of 60°C. The product has two
layers. The top layer is the methyl esters while the
bottom is glycerol. The two layers are separated by
separating funne?|The methyl ester was neutralized
with 0.05 M HCI, washed with distilled water and dried
with anhydrous Na:SOs4. The remaining methanol was
evaporated with a rotary evaporator.

The methyl ester analysis includes cetane number
(ASTM D-976), flash point (ASTM D-56), viscosity
(ASTM D-445), carbon residue (ASTM D-189), specific
gravity (ASTM D-1298), Moisture content (ASTM D-
95), sediment (ASTM D-473) and distillation (ASTM D-
38).

3. Result and Discussion

3.1 Characteristic of Rubber Seed

Rubber trees were planted generatively and
vegetatively. The rubber seed planted generatively is
called local rubber seed while vegetatively planted
rubber seed is called superior rubber seeds. The use of
superior rubber seeds to get more latex. In Indonesia,
local rubber seed is more common because of cheap and
practical.

Fig. 1 The growth of rubber tree from (a) superior rubber seed
and (b) loeal rubber seed

Figure 1 shows the growth of rubber plants from
superior rubber seed and local rubber seed. The trees
from local rubber seed have a cylindrical rod, that is
getting smaller towards the top and not the former
linkage grafting found near the soil surface. In
contrast, trees are derived from superior rubber seed
have rod diameter up towards the top. There is a real
former grafting linkage near the soil surface. The
genetic properties affect plants growth (Sham, et al.
203

Table 1 shows the characteristic of superior and
local rubber seed. At the same weight, the superior
rubber seed flour has less weight than local rubber
seeds. The advantage of superior rubber seed is in the
production of latex. The latex is the result from
secondary metabolism while seed flour is from primary
metabolism primer.

Page | 159

Table 1
Characteristics of Rubber Seeds
Superior rubber Local rubber
Parameter (%) seed seed
BS PS LS BL PL LL

Weight of Flour 38.6 41.3 503 59.0 58.0 53.0

Moisture 301 290 334 381 371 402
content Ash 2.89 277 3.11 4.32 4.02 443
Content 43.5 44.2 40.5 388 309 36.8
01l content

Moisture content and ash content are important
rameter for establishing the relationship between
rubber seed oil and its properties (Abdulkadir, et al.
2015). In this study, the moisture content and ash
content of local rubber seed are greater than superior
rubber seeds for all altitude. The characteristic of
rubber seed from Prabumulih district showed the most
excellent gquality value of water content and ash
content are small. Oil is expected to have a small
moisture content to reduce hydrolysis reaction. From
the table, we can see that the superior rubber seed
types have better quality than local rubber seed.

Local

Superior rubber seed

rubber

Extraction by n-hexane

Oil mbber seed

Biodiesel BS PS LS BL  PL LL

Fig. 2 Biodiesel from superior and local rubber seed oil from all
altitude

Rubber seed oil is obtained by extraction using n-
hexane solvent. The yield (%) is parameters used to
determine the amount of oil produced in the extraction
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process. Thaesults showed that the percentage yield
of superior rubber seed oil types is greater than the
local rubber seeds for all altitude. The biggest amount
of oil obtained from the superior rubber seed at
Prabumulih district in 176 m above sea level of 44.2 %.

The area suitable for growing rubber is in the zone
between 15° LS and 15° LU. The rubber plant grows
optimally in the lowlands between 0-200 meters above
sea level and at a temperature 25-350C. An altitude
more than 600 m above sea level is less suitable for
rubber plant growth (Setvamidjaja, 1993). In this
study, the o1l content for Lahat district have the less oil
content. The altitude more than 600 m above sea level.
The tropics have a similar climate, but the difference in
altitude causes differences in temperature, humidity
and rainfall. The higher of elevation impacts the lower
temperature and the higher the humidity. This it
inhibit the growth of rubber plants (Andrian, ef al.
2014).

3.1 Characteristic of Rubber Seed Oil

Figure 2 shows the superior and local rubber seed
oil and biodiesel produced. The v e of superior
rubber seed is smaller than the local rubber seed. The
physical and chemical characteristic of rubber seed oil
are shown in Table 2. The parameters analyzed on
rubber seed oil include free fatty acids, viscosity, and
fatty acid composition. From the result, the FFA of
superior rubber seed oil is 13.897-15.494 % while local
rubber seed oilflas less FFA of 9.786-10.399 %. Both
rubber seed oil has high content of @iFA, therefore it is
required to perform esterification to reduce FFA. The
high content of FFA also produced from rubber seed oil
obtained by mechanical press, which 1s 10.39-16.48 %
(Widayat & Suherman, 2012).

Table 2
Characteristics of Rubber Seeds Oil
Parameter Superior rubber seed Local rubber seed
BS PS LS BL PL LL

Free fatty acid (%) 15.494 14.207  13.897 10.094 10.399 9.788
Viscosity (Cst) 41.873 41.790 41.458 35.526 35.066 34.115
Fatty acid (%) ([
- Pentadecanoic acid 12.01 12.56 5.00 12.15 11.74 5.18
- Linoleic acid 57.42 55.15 31.72 57.44 57.86 25.55
- Oectadecanoid acid 19.26 22.37 7.28 19.12 20.59 54.26
- Stearic acid 9.11 8.93 28.38 9.85 8.55
- Palmitic acid 0.59 18.93 -
- Pentanoic acid - - - . - 12.48
- others 2.20 0.40 8.69 1.44 1.26 2.63

Viscosity 1s an intrinsic fluid property that shows
resistance to the flow of fluid. The viscosity of superior
rubber seed o1l from different altitude with the value of
41.873, 41.790 and 41.458 Cst are greater than from
local rubber seed oil with the value of 35.526, 35,0
and 34.115 cSt. Another study shows that viscosity of
rubber seed oil is 66.2 (Ramadhas, et al. 2005) and
34.69 ¢St (Satyanarayana & Muraleedharan, 2010),
respectively.

The determination of fatty acid composition using
GC-MS showed that rubber seed oil consists mainly of
linoleic acid except local rubber seed oil from Lahat
district (LL)E‘th the large percentage of 54.26 %
octadecanoie acid. The difference of fatty acid content
in the rubber seed oil be caused by different types
of rubber and altitude. The composition and percentage
of fatty acids in seed oil of local and superior rubber
seed on Banyuasin and Prabumulih district not
significantly different. Both areas have almost the
same altitude less than 200 above sea level.

The linoleic acid classified as unsaturated fatty
acids with the atomic number 18 and two double bonds.
The same result reported Pianthong & Prachasanti

(2009); Yousif et al. (2013), Gimbun et al. (2013), Bello
& Otu (2015) and Awulu et al. (2015) that the main
content of rubber seed oil is linoleic acid with
percentage of 41.38, 36.31, 20.07, 37.7 and 37.5 %,
respectively. The results showed that the fatty acids
from local and superior rubber seeds in Lahat district
with altitude more than 60@Bh have a different
composition than others. The chromatogram of fatty
acid from superior rubber seed and local rubber seed o1l
presented in figure 3.

3.1 Biodiesel from Superior Rubber Seed Oil and Local
Rubber seed ol

41

Synthesis of biodiesel perforfZll with 2 steps, the
first step is esterification using acid catalyst and the
second step 1s transesterification using a based
cataly he aims of esterification reaction are to
reduce free fatty acids and water content. The pfffibnce
of water in the biodiesel cause corrosion in the
combustion chamber when used as fuel. In addition,
high FFA cause low production of biodiesel (Zamberri
& Ani, 2016).
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Fig. 3 GC-Chromatogram of fatty acid from rubber seed oil
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The esterification process is carried out using H2S0,
as catalyst in a closed condition resulting in a very
significant reduction of FFA. The high FFA content
contﬁbut@to higher saponification and low yield
biodiesel. In this study, the content of free fatty acids
of superior rubber seed oil is reduced from 13.897-
15.494 mg/g to 1.104-2.017 mg/g while local rubber seed
€8s reduced from 9.786-10.399 to 0.598-0.630 mglg.
Figure 4 shows the FFA of rubber seed o1l for all type
and altitude. The larger volume of oil, the greater value
of FFA. The FFA value in superior rubber seed o1l is
bigger than local rubber seed but altitude does not
affect to FFA value. There are significant different for
all FFA value in rubber seed oil before and after
esterification.

18 4
o Before
= 16
> 14 w After
= 12 4
=
< 10 -
'y
=
g 61
[
4 5
2 4
0 |
BS PS LS BL PL LL

Rubber seed
Fig. 4 The FFA of rubber seed oil before and after esterification

Table 3 shows the characteristic of biodiesel frd2}
local and superior rubber seed oil from all altitude by
transesterification using methanol and NaOH as
catalyst. Analysis of methyl ester product includes
cetane index, flash point, kinematic viscosity, carno
residue, moisture content, water and sediment content
and destilation.

The value of cetane index depends on distributed
and long fatty acid (Laza & Bereczky, 2010). The
methyl ester of superior rubber seed from Prabumulih
and Banyuasin District have the highest value cetane
index and qualified to minimum standard of biodiesel
according to the SNI. The both of methyl ester has a
similarity that is dominated by unsaturated fatty acids
is 1B cic acid.

Flash point is the lowest temperature of biodiesel
where o1l vapor and air mixture to be burned. The
standard value of the minimum flash paint (SNI 7182)
is 100"C. In this study, the highest flash point is the
biodiesel for superior rubber seed from Banyuasin and
Prabumulih district and all of the methyl ester
according to the SNI. The other research shows methyl
ester from rubber seed has a different flash point of
185, 194 and 237 °C (Ibralhim & Pillai, 2011:
Ramadhas, et al. 2005, Satyanarayana &
Muraleedharan, 2010).
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Table 3
Characteristics of Biodiesel
Parameter of biodiesel Superior rubber seed Local rubber seed SNI7182 ASTM D6751-
BS PS LS BL PL LL -
tane Index 51.23 53.03 41.23 48.25 50.34 40.98 51 Min 47 Min
Flash point (*C) 179 180 168 162 161 156 100 Min
Kinematic Viscosity, 400C (¢St) 5.67 5.69 4.89 4.68 4.23 3.95 2.3-6.0 1.9-6.0
Carbon residue (%) 0.043 0.048 0.057 0.049 0.053 0.061 0.05 Max 0.05 Max
Density (kg/m?) 878.9 877.2 875.6 853.1 8571.6 855.8 850 321
Moisture content (mg/L) 482 477 496 495 497 501 500 Max
Water and Sediment content (%) 0.026 0.027 0.029 0.025 0.026 0.026 0.05 Max
341 352 382 360 Max 360 Max

Distillation (2C) 345 351 375

The viscosity is an important test in the biodiesel.
The operation of fuel injection equipment influenced by
viscosity (Bello & Otu, 2015). The viscosity of biodiesel
from all type and altitude is in the range of 3.95-5.89
c¢St. The high viscosity of the biodiesel was obtained
from superior rubber seed Banyuasin and
Prabumulih district. This is correlated with the
number of carbon atoms and the double bonds carbon
of the fatty acids. The more number of carbon atoms
and the double bonds carbon will result in greater
viscosity.

The sediment should be avoided to prevent build up
that causes damage to the diesel engine. In this study,
carbon residue of superior and local rubber seed from
Lahat District are above the standard carbon residue
of biodiesel of maximum 0.05 % (SNI 7182; ASTM
D6751-02).

Some research reported that rubber seed oil has
high density, after transesterification process to be
reduced (Bello & Otu, 2015). The standard of density in
the range 850-890 kg/m?. TEBresult shows that density
of biodiesel from superior rubber seed is greater than
local rubber seed for all altitude and all of methyl ester
according to SNL

The moisture content can cause imperfect
combustion, furthermore water is in contact wifl) the
sulfur oxide will cause corrosion of the metals in the
combustion chamber. The maximum wvalue of the
biodiesel according to ASTM D6751-02 1s 500 mg/L. In
this study only methyl ester from local rubber seed in
Lahat district that does not qualfy. The main
component of rubber seed oil of decanoid acid which is
different with the other rubber seed oils.

In this study, sediment analysis shows that
biodiesel 1n all types and altitude are qualified the
requirements which is less than 0.05 %. The aim of
sediment analysis to investigate the presence of
particles, such as sand, dirt, or compounds that
dissolve and including suspension and metal. Sediment
is corrosive, which would cause air pollution and lower
the cetane number of a fuel oil. Sediment can also
poison the catalyst.

The me of a liquid turns to gas plays an important
role in mixture of air and diesel fuel at the time of

lgnition in diesel engine combustion chamber. The
distillation of biodiesel of superior and local rubber
seed in Lahat which are not qualified the maximum
distillation of 360 °C.

7. Conclusion

The rubber plants can be planted by selected clones
(superior rubber seed) and seeds seedlings (local rubber
seed). The type of rubbermeds of the rubber trees
planted in South Sumatra affect the qufflty of rubber
seed, oil, and methyl ester. The altitude does not have
a positive effen the quality of rubber seed, oil, and
methyl ester. The methyl ester product from superior
rubber seed at Banyuasin District (18 m above sea
level) and Prabumulih District (176 m above sea level)
have similar quality and according to the standard of
biodiesel (SNI 7182 and ASTM D6751-02).
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