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Abstract
Assessment of biosolar quality by measuring its carbon-14 activity through
liquid scintillation technique has been investegated. The purpose of this study
was to determine the concentration of the component in biodiesel samples by
measuring Carbon-14 of specific activity using Liquid Scintillation Counting
(LSC). Sample counting was carried out in two steps. The first step is to
determine optimum counting time have to obtain best value of disintegration
per minute (DPM) and efficiency (Triple to Double Counting Ratio, TDCR)
respectively and secondly is to determine the average value of counting results
of the samples at the optimum time. 14C activity measurements were performed
by mixing 8 ml of the sample and standard solutions of biosolar and 12 mL
scintillator solution into a 20 mL plastic vial with counting span of 5-240
minutes. The results showed that specific activity (As) found for each standard
solution (in dpm/gC), namely biosolar S1 5% 2.1184; S2 10% 5.1981; S3 15%
10.6071; S4 20% 13.0885, and S5 25% 14.5958. while for biosolar sample, X1
was 1.9218 for concentration, C = 4.04%, X2 2.6502 for C 5.14%, and X3
2.0744 for C 4.27%. It can be concluded that a strong tool to verify the quality
of biosolar produced by a seller.
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INTRODUCTION
Due to limited world oil reserves, renewable energy is introduced as an alternative
energy source such as biodiesel made from palm oil. Biofuel was authorized to be
developed untill 2025 by Indonesian government. Biofuel is mixture between fossil fuel
and biodiesel, generally from palm oil[1]. The ratio between fuel source and plant source
were prepared carefully so that engine motor can be working properly without
substantial damage. Generally the mixing ratio, between fossil and biodiesel source and
which is called biosolar, can be between 5%; 10%; 15%; 20%; and 25% of biodiesel
contribution. Quality assurance need to be made so that biosolar product released in the
market by Pertamina is the true number as mentioned in its label. Therefore, it is
necessary to instill confidence in users of biodiesel blends that the fuel they are using
indeed conforms to regulations, standards, and expected blend levels.
The quality control of biosolar is greatly important to the successful commercialization
of this fuel and its blends. The determination of blend levels is another key point of
biosolar analyses since its use has been increasing considerably. Several techniques are
therefor applied for monitoring purposes, taking in to consideration different biofuels
characteristics. Nuclear magnetic resonance[5], gas chromatography[10], accelerator
mass spectrometry (AMS)[4,9] and infra-red spectrometry[6], can be used for
characterisation of specific bio-components related to diesel, usually for fattyacid
methylesters. Time consuming analytical techniques usually require skilfull operators
for complex sample preparation and expensive equipment.
Carbon -14 on the other hand can provide the amount of this radioactive concentration
found in the sample. The result will show us the real quality of biosolar used. If
radioactive concentration is zero, that means no biodiesel source found in the sample.
In other word, only fossil origin was in the sample. The existence of radioactive carbon
in the sample showed that plant oil in certain concentration was in the sample together
with fossil fuel origin [3,11,12,14].
In Liquid Scintillation Counting (LSC), the quantity of 14C in the sample is the criterion
for biofuel presence in the fuel taking into account that the concentration of 14C in the
recent grown bio component is the same as in the atmosphere, while there is no 14C in
the fossil component because it has already disappeared given its decay half-life of
5700 years [3]. Different approaches regarding LSC are performed for measurements of
bio components in fuels: one of the LSC methods is described also in the ASTM D6866
standard. The method has
excellent accuracy and can be performed on all types of bio components [10].
The investigation is carried out in three ways; first to prepare pure biodiesel from palm
oil, as standardized amount of biodiesel in relation to carbon-activity, secondly to
prepare biosolar as a mixture of fossil origin and biodiesel at the various percentages,
namely 25; 15; 10 and 5 percents of biodiesel in biosolar, and last one is to sample
several real samples taken from gasoline station of Pertamina to measure the actual
concentration of biodiesel found in commercial biosolar sold by Pertamina.
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EXPERIMENTAL
Preparation of Standard Biosolar
Standard biosolar prepared at a concentration of 5%; 10%; 15%; 20% and 25% by way
of pipette 5.0; 10.0; 15.0; 20.0; 25.0 mL of solution then matched volume biodiesel up
to 100 mL with diesel fuel.
Measurement of Activity of Carbon-14 in The Samples
Eight milliliter of each sample (biodiesel or biosolar) is mixed with twelve ml of
scintillator solution Ultimagold XR (Packard) and then put into 20 mL vial. After that,
radiation of the sample is measured using LSC (Liquid Scintillation Counter) Hidex
300 SL for 5 – 240 minutes. It is important for an LSC to apply background radiation
as bases for counting carbon-14 activity of samples. The difference between
background and sample reflects real sample radioactivity which shows the amount
carbon-14 remain in sample after a certain period of decaying time. On the other hand,
carbon-14 activity in biodiesel samples were generally showed the time passed in the
palm oil formation in other words the standardized carbon-14 in palm oil. In biosolar
samples, the amount of palm oil compounded is directly related with their carbon-14
radioactivity so that the number of carbon-14 activity in biosolar sample represents the
percentage of biodiesel in biosolar sample [8].

RESULTS AND DISCUSSION
Table-1 below represents counting result of standard solution between 5 – 240 cpm as
well as standard biosolar.
Table-1. Activity of Standard Biosolar at Various Percentages
Samples
CPM
DPM
TDCR
Background
49.950
112.693
0.444
S1 (5%)
51.892
119.326
0.435
S2 (10%)
57.756
127.568
0.452
S3 (15%)
66.540
144.258
0.461
S4 (20%)
60.212
144.148
0.418
S5 (25%)
62.754
159.004
0.396
In standard biosolar is seen that the higher the concentration the higher the value of
DPM. This is due to the rich content of biodiesel contained in the sample so that the
value of its activity is also higher. While the CPM values obtained fluctuate. CPM
impairment occurs because the number of nuclei decay during certain time intervals
decreased exponentially. The decline in the value of CPM a sample proportional to the
decline in value of DPM but inversely proportional to the value TDCR samples.
The specific activity of a sample can be determined from the difference between the
results of the count Disintegration Per Minute (DPM) sample of the results of the count
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Disintegration Per Minute (DPM) divided by the background levels of total carbon in
8 mL of sample was mixed with 12 mL of scintillator solution. From these explanations
it can be conducted to determine the specific activity of the sample. The specific activity
average (As) sample from the calculation of disintegrations per minute (DPM) per unit
carbon future standards.

Samples
S1 (5%)
S2 (10%)
S3 (15%)
S4 (20%)
S5 (25%)

Table-2. Specific Activities of Standard Biosolar
DPMs
DPMb
DPMk
Carbon-Total
(g)
119.326 112.693
6.633
3.1311
127.568 112.693
14.875
2.8616
142.100 112.693
29.407
2.7724
150.948 112.693
38.255
2.9228
159.004 112.693
46.311
3.1729

As
(DPM/gC)
2.1184
5.1981
10.6071
13.0885
14.5958

Based on data from a sample census results in Table 2, shown specific activity of 14C
in the standard S1 5%, S2 10%, S3 15%, S4 20%, and S5 25% respectively were 2.1184
dpm/gC; 5.1981 dpm/gC; 10.6071 dpm/gC; 13.0885 dpm/gC; and 14.5958 dpm/gC.
The higher the concentration of biosolar, the higher the specific activity because these
concentrations show the rich content of biodiesel contained in the biosolar sample.
Table-3. Background and Biosolar Sample Counts
Samples
Background
X1
X2
X3

CPM
49.950
65.382
66.868
67.590

DPM
112.693
114.180
118.014
116.010

TDCR
0.444
0.572
0.567
0.583

Table-4. Specific Activities Biosolar Samples
Samples
X1
X2
X3

DPMs
121.980
118.814
124.610

DPMb
112.693
112.693
112.693

DPMk
9.287
6.121
11.917

Information:
CPM : Counts Per Minute
DPM : Disintegration Per Minute
TDCR : Triple To Double Coincidance Ratio
DPMs : Disintegration Per Minute Standard
DPMb : Disintegration Per Minute Background
DPMk : DPMs – DPMb (Correction)
As
: Specific Activities

Carbon-Total (g)
4.8324
2.3096
5.7449

As (DPM/gC)
1.9218
2.6502
2.0744
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The sample X1, X2, and X3 respectively shown in Table 4 is 1.9218 dpm/ gC; 2.6502
dpm/ gC and 2.0744 dpm/ gC. Activities obtained shows the magnitude of the decay of
carbon atoms that takes place every minute (DPM) in one gram of carbon.
The value of a specific disintegration (specific activity) average 14C obtained from the
sample is lower compared to the specific activity of an average standard modern carbon
often used in practice in the range of 15.3 ± 0.1 dpm/gC [7,13]. The value of a specific
disintegration average 14C obtained indicates the actual number of atoms of 14C that
decays per minute (DPM) in every single gram of carbon elements in 8 mL sample.
Specific disintegration value indicates that there has been a decay of the atomic nucleus
that starts from the sample dead so that the activity of 14C contained in the sample is
reduced and smaller than modern carbon specific activity of 15.3 ± 0.1 dpm/gC [7].
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Figure 1. Graph of relation of standard concentration with specific activities
The concentration of each sample of biosolar can be determined from the graph in
Figure 1 obtained X1 4.04%, X2 5.14% and X3 4.27% (Table 5). Concentration values
obtained vary and be around 5%, in accordance with Presidential Decree No. 5 of 2006,
which is 5% of national energy needs met from biofuel energy sources until 2025[1].
Since 2006, Pertamina has been selling biodiesel with a mixture of 95% diesel and 5%
biodiesel.
Table 5. Biosolar Samples Concentrations
Samples
As (DPM/gC)
Concentration (%)
X1
1.9218
4.04%
X2
2.6502
5.14%
X3
2.0744
4.27%

390

Rahmawati, Alfian Noor, Maming and Muhammad Zakir

CONCLUSIONS
Based on the research that has been done can be concluded that the concentration of
biosolar samples were obtained by measuring the specific activity of the radiocarbon
method using a Liquid Scintillation Counting Hidex 300 SL were X1 4.04%, X2
5.14%, and X3 4.27%. Therefore, this method can be proposed as an alternative method
for measuring the quality of biosolar.
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