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ABSTRACT

A Long residue is a bottom product of an atmospheric distillation unit of crude oil. Generally this product is further
processed in a refinery secondary unit to produce more yield. In case there is no refinery secondary process this bottom
product is mixed with chemicals to produce marine fuel oil. This paper aims to describe the impacts of a long residue
addition to the briquette quality of Ketapang or Terminalia catappa fruit and siwalan or Borassus flabellifer L fruit skin
charcoals using amylum as an additive and a manual briquette machine. Each briquette composition consisted of 10 %,
20 % and 30 % weight of long residue respectively and, 5 % weight of amylum. A manual briquette machine was used
to mold the briquette. The Briquette results, then, were analyzed based on their proximate parameters and porosity. The
analysis shows that the higher the long residue addition the better the briquette proximate analysis result. Some
parameters such as porosity, moisture content, and calorific value fulfill the Briquette Indonesian standard nevertheless
parameters such as FC, ash and volatile matter contents need to be improved. These three last parameters relate to the
raw materials chosen and the performance of a charcoal furnace used. The compressive strength of the briguettes also
does not fulfill the requirement as a manual molding machine was used for briquette process.
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1. INTRODUCTION

A Long residue is a bottom product of an atmospheric
distillation unit of crude oil. Generally this product is
further processed in a refinery secondary unit to produce
more yield. In case there is no refinery secondary process
facility this bottom product is mixed with chemicals to
produce marine fuel oil (practised in one of the refineries
in Indonesia) or it was used for direct fuel in small scale
industries (no longer practised). On the other hand,
biomass currently is used as an energy source to
substitute the use of fossil energy even though its energy
content is lower than the fossil fuel. One way to increase
its energy content is by converting it to a charcoal then it
is molded to a briquette through several steps such as
charcoal grinding up to a certain size, mixing with a

certain type and amount of glue and molding using a
pressurised or manual molded equipment [1]- [6]. Some
raw materials used during previous research consist of
coconut shell, banana skin fruit, solid waste of sugar cane
industry, wood waste, corn cob. Ketapang or Terminalia
catappa fruit and Siwalan or Borassus flabellifer L fruit
skin have been used as briquette raw materials by
Sulistyorini [7] and Yuniarti [8]. A temperature used
during carbonization process to produce charcoal can be
a torrefaction process at 250°C — 300°C[9] or full
carbonization at 400 °C [10]. The torrefaction process is
ussually used to produce half-cooked charcoal for pellet
production. Before the charcoal is molded to produce the
briquette it should be ground to a 40 - 60 mesh in size
[11] and mixed with glue. Several types of the glue used
for briquette production are amylum, liquid waste of
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sugar cane industry, and dammar gum [3],[12]-[5]. To
increase the briquette easiness to burn it could be added
with KMnOy [11]. When a pressurised mold equipment
is used it should produce 12 kg/cm? compressive strength
within the briquette (P3HH Indonesian standard [15].

Based on the previous research using biomass to
produce a biomass charcoal briquette, coconut shell
charcoal gives the best quality of the briquette and fulfill
national and international standards [1]. Nevertheless this
raw material is very hard to be found in The Indonesian
market. Meanwhile, the other biomass materials give a
lower quality of briquette.

The quality of the briquette follows the Indonesian
National Standard (SNI) number 6235-2000 and
specifies the quality as follows: a calorific value (CV) >
5000 calorie/gram; moisture content (MC) < 8 %;
volatile matter (VM) < 15 %; ash content < 8%. All
percentage is in % weight of air dry basis (adb). The fixed
carbon (FC) content is specified by P3HH (Pusat
Penelitian dan Pengembangan Hasil Hutan) standard
instead of the SNI and it says 60 %. The briquette
porosity and compressive strength are > 0.7 gram/cc and
> 12 kgl/cm? respectively (P3HH). The International
standard such as Japan, English and USA standards put
some strengten requirements for its briquette calorific
value, porosity and compressive strength [16][17].

This research aims to analyze an impact of a long
residue addition to the briquette quality of Ketapang fruit
and Siwalan fruit skin charcoals using amylum as an
additive and a manual briquette machine. The first reason
why Ketapang and Siwalan fruit skin used as raw
materials is because they are easily found as waste spilled
during a dry season in Central Java, Indonesia. The
second reason is that there is still an opportunity to
improve their briquette proximate parameters using long
residue. The carbonization process to produce charcoal
uses the HRV carbonization tank operated at 400 °C for
one hour carbonization and 3 hours cooling[18]. Amylum
is used as glue as it is easier to be found in the market.
The manual mold equipment is used for briquette
production as it is a simpler technology which it may be
easier to be adopted by villagers where this biomass
exists. This equipment may not give a proper briquette
performance in terms of its compressive strength. Even
so, as the biomass charcoal briquette may be used as a
local energy subtitution this low compressive stength
parameter should not give a problem for the user. The
long residue addition for briquette production varies from
10 % , 20 % up to 30 % weight respectively in 5 % of
amylum for each. The long residue was taken from the
traditional oil miners in Central Java. Before usage, the
long residue was analyzed in terms of its proximate
parameters and its metal contents based on a Toxicity
Characteristic Leaching Procedure (TCLP) method to see
whether there are metal hazards. The briquette results are
then analyzed for their proximate parameters and
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compared the analyzed result to the Indonesian national
standard requirement.

2. METHOD

The steps of the research are as follows shows as
Figure 1.

a. Raw materials preparation of Ketapang fruit and
Siwalan fruit skin

b. Raw material drying under the sun light for 3 — 5 days
depending on the light intention

c. Carbonization using the HRV carbonization tank, in
the full capacity of 4 kg dry materials at 4000 C
temperature of 1 hour carbonization period and 3
hours cooling period respectively.

d. Charcoal grinding and filtering up to 60 mesh in size.

e. Weighing and mixing with long residue and liquid
amylum. The water content in the mixture is
maintained in the 50 % of weight to satisfy the
molding process

f. Molding the briquette using the manual mold
equipment with the briquette diamer of 5.5 cmand 1.5
cm in the thickness

g. Briquette drying for 24 hours in an ambient
temperature to let drying process slowly

h. Briquette drying for 2x8 hours under the sun light

i. Conducting laboratory tests to analyze physical and
proximate parameters of the briquette based on the
ASTM method and comparing the result to the SNI
and P3HH standards.

Figure 1 The steps of the research

3. RESULT AND DISCUSSION

3.1. The Proximate Analysis of the Raw
Materials Used

Table 1 shows the proximate analysis of all materials
used during the research. It looks that the long residue
used as a briquette additive has the highest calorific value
and fixed carbon content. It also has the lowest of
moisture, ash and, volatile matter contents. Thus using
the long residue as a briquette additive is expected to
improve the physical and proximate parameters of
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briquette such as porosity, moisture, VM, ash, FC
contents and, calorific value. The result of the TCLP
analysis of the long residue shows that there is no metal
toxic in the long residue (the analysis result is excluded
from this paper). The quality of the charcoals used for
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briquette raw materials is quite similar, but the Ketapang
fruit charcoal has a better proximate parameters
compared to the Siwalan fruit skin charcoal specially its
FC, ash contents and, its calorific value.

Table 1. The proximate analysis of the ketapang fruit and siwalan skin fruit charcoals

1 P10 Ketapang fruit

2 P12 Ketapang fruit

3 P14 Siwalan fruit skin

4 E Long residue

Note: All analysis results are in air dry basis

6014 5,54 9,0 23,84 61,62
6124 5,96 10,0 23,60 60,44
5240 5,75 18,22 253 50,74
8518 0,69 4,41 19,62 75,28

3.2. The Impact of the Percentage of the Long
Residue Addition to the Briquette Porosity of
the Ketapang Fruit and Siwalan Fruit Skin
Charcoals

Figures 2 and 3 show the relationship between an
increase of the % of long residue addition to the porosity
of briquette. These two figures show that the more the %

Average
Porosity
(gr/cc)

0,8
0,6
0,4
0,2

0,85

Charcoal 85%,
LR10%,Amylum10%

Charcoal 75%,
LR20%, Amylum 5%

of the long residue addition the higher the porosity of the
briquette. The 10%, 20% and 30% of the long residue
addition respectively into the Ketapang fruit charcoal
briquette provides porosity more than 0,7 gr/cc thus this
parameter fulfills the SNI standard. Similarly, the 10%,
20% and 30% of the long residue addition respectively
into the Siwalan fruit skin charcoal briquette generates
porosity bigger than 0,7 gr/cc and again this parameter is
inline with the SNI standard requirement.

The impact of the % Long Residue addition to
the briquette porosity of the Ketapang Fruit

Charcoal

0,77

Charcoal 65%, LR,
Amylum 5%

Figure 2 The impact of the % of long residue addition to the briquette porosity of the Ketapang fruit charcoal

Average
Porosity

The impact of the %6 Long Residue addition the

briquette porosity of the Siwalan Skin Fruit
Charcoal

0,85
0,8
0,75
0,7
0,65
0,6
Charcoal 85%, LR

10%, Amylum 5%

Charcoal 75%, LR
20%, Amylum 5%

0,82

Charcoal 65%, LR ,
Amylum 5%

Figure 3 The impact of the % of long residue addition to the briquette porosity of the Siwalan fruit skin charcoal
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3.3. The Impact of the % of Long Residue
Addition to the Briquette Proximate Analysis of
the Ketapang Fruit Charcoal

Figure 4 shows the proximate analysis of the
Ketapang fruit charcoal briquette. Only briquette
moisture content fulfills the SNI standard (ie 8 % adb
max). The FC, ash and, VM contents of the briquettes do
not fulfill the SNI standard requirements (60 % , 8 %, 15
% adb max respectively) even though, they were already
added with Long residue up to 30 %. Meanwhile figure 5
shows that all briquette calorific values meet the SNI
standard requirements (5000 cal/ gram adb). This is
because the Ketapang charcoal itself already poses a
calorific value more than 6000 cal/gram. The 10 % upto
30 % of the long residue addition into the briquette
mixture increases the calorific value of the briquettes
from 2 % up to 6 % (see Table 1 and Fig 5).
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3.4. The Impact of the Percentage of the Long
Residue Addition to the Briquette Proximate
Analysis of the Siwalan Fruit Skin Charcoal

Figure 6 shows the proximate analysis of the Siwalan
fruit skin charcoal briquette. Only moisture content
within briquettes fulfills the SNI standard. The FC, ash
and, VM contents of the briquettes do not fulfill the SNI
requirements even though they were already added with
30% of Long residue. Figure 7 shows that all briquette
calorific values meet the SNI standard. Adding 10% up
to 30% of long residue increases the briquette calorific
value from 2 % up to 11 % (see Table 1 and Fig 7). The
briquette compressive strength both for Ketapang fruit
and Siwalan fruit skin charcoals does not fulfill the P3HH
standard as a manual molding machine was used. When
the briquette samples was tested for their compressive
strength they did not give a good performance as the
P3HH requirement. When the use of briquettes are only
for a local this last parameter can be ignored.

The impact of the % of long residue addition to the
briquette proximate analysis of the Ketapang Fruit

% Adb

VM

40 M 26,28
5

C
23
10 6,05 5,54
. Em
1 2

26,80 | 27,15

Charcoal

FC

57,56 58,54

53,43
Ash
8,77
9,56 8,77
3 4

M Charcoal 85 %, LR10%, Amylum 5%
M Charcoal 75 %, LR 20%, Amylum 5%
Charcoal 65 %, LR 30%, Amylum 5%

Figure 4 The impact of the % of Long residue addition to the briquette proximate analysis of the Ketapang fruit charcoal

The impact of the % of the Long residue addition
the the briquette calorific value of the Ketapang
Fruit Charcoal

6500
6450
6400
6350
6300

6250
6200 6178

6150
6100 l
6050
6000

Charcoal 85 %, LR
10%, Amylum 5%

6444

6378 I

Charcoal 75 %, LR
20%, Amylum 5%

Charcoal 65 %, LR
30%, Amylum 5%

Figure 5 The impact of the % of Long residue addition to the briquette calorific value of the Ketapang fruit charcoal

(CV in cal/gr adb)
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The impact of % Long Residue addition to the
briquette proximate analysis of Siwalan Skin Fruit

% Adb Charcoal
60
FCs343
50,17,
50 48,31
40
VM
28,82
30 26,18 g 20/0 Ash
19,2
20
5,04
MC U4 14,61
10 6,31
5974 36 I
., HE
1 2 3 4

M Charcoal 85 %, LR10%, Amylum 5%
W Charcoal 75 %, LR 20%, Amylum 5%
Charcoal 65 %, LR 30%, Amylum 5%

Figure 6 The impact of the % of Long residue addition to the briquette proximate analysis of Siwalan fruit skin

charcoal

The impact of the % Long residue addition to the
briquette calorific value of the Siwalan Skin Fruit
charcoal

5900
5800
5700
5600

5500
5400 2358

5300
5200
5100

Charcoal 85 %,
LR10%, Amylum 5%

Charcoal 75 %, LR
20%, Amylum 5%

5854

5636 I

Charcoal 65 %, LR
30%, Amylum

Figure 7 The impact of the % Long residue addition to the briquette calorific value of the Siwalan fruit skin charcoal

4. CONCLUSION

The long residue addition of 10 %, 20 % and, 30 %
weight respectively into the briquette of Ketapang fruit
and Siwalan fruit skin could produce the briquettes with
a better porosity, moisture content and calorific value and
they fulfill the national standard requirements.
Nevertheless the FC, ash and VM contents in the
briquettes of both Ketapang fruit and Siwalan fruit skin
charcoal do not meet the national standard requirements
even though the 30 % of long resiudue has been added to
the briquette. These three last parameters may relate to
the raw materials used and the performance of a charcoal

furnace used. The compressive strength of the briquettes
also does not fulfill the requirement as a manual molding
machine was used for briquette process. If the briquettes
are only used to substitute the local energy supply for
local villagers then, the briquettes are still appropriate as
they may not be transported. Further research needs to be
conducted to explore the used of Long residue addition
in briquette production from other types of biomass
which is plenty in our surroundings.
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