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ABSTRACT

Indonesia has the largest natural asphalt reseifeeated in Buton Island (Asbuton). Ironically, Indesia imports
significant amount of asphalt due to no useful tetbgy to produce asphalt from the Asbuton. Objectf this
research is to produce asphalt by extraction of Og@s Asbuton’s impuritiesusing,80; in brine waterassolvent
in a semi batch extraction system.C@ dissolved in brine water to produce,GD; as solvent. Reaction
betweenCaC@ and HCO; produces calcium bicarbonate(Ca(Hg¢). This bicarbonate is then decomposed
toCG,and reinjected into the extract or to construct afyle in semi batch system. The optimum resultsrodd

at extraction conditions of 2 bars, €5 ratio 0.02 g/mL, 0,5M NaCl and 100 minutes dfastion time.Product
asphalt contains 55% asphaltand 45% impurities. Tsphalt specification is suitable for hot-mix aajth
type5/55and can be applied to the asphalt mixtype bfACPen60.
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INTRODUCTION

Road infrastructure is an important aspect in otdesupport national development. However, the highhand for
asphalt is not able to be fulfilled by National guction. On the other hand, Indonesia has the sangserves of
natural bitumen in the world, known as Asbuton.sTimtural asphalt is located in Buton Island, Seasgh Sulawesi.
Asbuton reserves about 700 million tons or equivate more than 100 years of Indonesian asphalkwoption.

Stability of asphalt extracted from Asbuton is héghihan asphalt oil, while strength and fatiguepprties of

Asbuton is qualified to replace the asphalt oilq]L,

The use of Asbuton as hot mix asphalt has beersfigated [1,3]. Low penetration asphalt is mordatle to be
applied for cases of a road with high traffic amd ¢limate such as Indonesia. However, the usettiref Asbuton

with content of asphalt as low as 25%, causes pgietration value and therefore it is not appraeria be applied
in Indonesia [1]. Then, it is required a methodnitrease bitumen (asphalt) content in Asbuton. & dbdhows that
low penetration asphalt can be obtained from higlsphalt content and it is suitable for producipet5/55 asphalt
that is the best type to be applied in Indonesia.

Table 1. Hot mix asphalt from Asbuton [1]

. | Hot-mix type
Asbuton Propertieg  Uni 507251 5/55
Asphalt Content % 23-21 50-6p
Grain Size mm 1.18 1.18
Water Content % 2 2
Penetration dm| 17-2 2-8
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Extraction of asphalt itself or Asbuton’s impurgties the proper method to increase asphalt corbavielopment of
the asphalt extraction had been carried out thraughriety of organic and inorganic solvents, sashkerosene,
hexane, TCE and n-propyl bromide [3]. However, ¢hestraction methods are only able to obtain smaintity of

asphalt and required large energy in the separptioress.

Impurities of Asbuton are dominated by Ca{Q. High content of CaC¢will decrease viscosity and deformation
resistance of Asbuton [2], therefore extractiorCalCQ can be an alternative to obtain higher qualityAebuton.
CaCQ covers the asphalt and causes difficulty on theilzation of asphalt out of the rock [3]. Cag6€blids can
be dissolved in HCI, acetic acid and formic acid. [Qowever, the high cost of the solvent, the diifty of
controlling waste, and the difficulty of regenengtiof the solvent causes this process less ecoabmic

Carbonic acid has relatively low solubility coefént, but this acid is easily to be made as absnratesorption
cycle in water. HO-CO, solution dissolve CaCQand the presence of NaCl in this solution acctdethe
dissolution of carbonate solids. However, the isal$ in solution would decrease the solubility @s&o it must be
considered [4,5,6].

Asphalt production from Asbuton through extracti®aCQ using HCG; in acidic brine water solution has been
carried out in sonicated batch system [7]. Howetle, system require a continuously flow injectidnGD, and
need higher energy to generate ultrasonic wavengiie process.

Dissolution of CaC@in H,COs; solution formed calcium bicarbonate solution (C&@®4),). This bicarbonate is
easily decomposed by heating to produce,GTaCQ, and water. C®formed can be recycled to the extractor to
reduce required CQn the extraction.

In this research, acidic brine water is made byalked dissolving C@in NaCl solution to be used to extract CaCO
on Asbuton in a semi batch extractor. Asphalt atetdiwill be floating on solution, while the Cagi® produced in
evaporator as decomposition product of calciumrbimaate (Ca(HCg),). Make-up of CQis needed to keep the
pressure constant. Variables conducted are pressuraction temperature, ratio of Asbuton-solvami extraction
time. Purity of Asbuton is tested by FTIR and adipthensity.

EXPERIMENTAL SECTION

Materials

Materials used in this experiment were Asbuton, N&D,, and distilled water. Sample Asbuton was provided
from Lawele, Buton Island, Southeast Sulawesi, hedia. Sample was crushed and screened to 2 mrarétér.
Composition of Asbuton and asphalt as extractiaupct were analyzed by SNI 03-3640-1994 and ASTN-G2.
NacCl used is as technical grade. 4®supplied from Trigas with 87% purity.

Experimental Procedure

Schematic diagram of equipment used is shown in EigSolution of 0.5 M NaCl 600 mL is inserted irttoe
evaporator, then COis also injected to assist bubbling process. Teaipee of evaporator is set at €0 The
injection of CQ is role as C@Qmake-up.

12 grams Asbuton and 100 mL 0.5 M NacCl is inseited the extractor and stirring at 300 rpm. Pressafrthe
extractor is set to 2 bar. After temperature oftisoh in extractor was approaching the extractemperature, CO
gas and NaCl solution from evaporator is flowed ittte extractor to conduct a semi batch extractigstem.
Extraction was conducted for a defined extractioret

After the extraction process, asphalt was separétech the solution and rinsed with the distilled tera
Furthermore, the asphalt was heated at’@00r 20 minutes and weighed to determine the amotiissolved
CaCQ. Purity of the asphalt product was tested by dissity. FTIR analysis will be used to identify fiesence of
the remaining CaCgin the Asbuton.
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Fig 1. Schematic diagram of experimental apparatus
RESULTS AND DISCUSSION
Application of CQ cycled on semi-batch system extraction.

Semi-batch extraction was carried out at tempegatfiBGC and 88C. As comparison, the previous result in batch
system at 3 atm is also displayed.

As shown in Fig.2, higher dissolved Ca{ior batch system as compared to semi batch sys@sndue to higher
operating pressure and continue supply o5.G@hile lower of CaC@dissolved at 8 as compared to at 85in
semibatch system was caused by limitation of diestdte of CaCe@

From Fig 2, the optimum extraction time is 100 n@suat 8%C. Above 100 minutes, the dissolve of CaCO
reduced. This was caused by reduction of surfacgtacb between CaGQand acid solution. The similar
phenomenon was also reported by Nierode et.alijé]Morse et.al.[9] that surface contact in aspizitaction is
reduced due to agglomeration happen due to asplrédice properties.
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Fig 2.Percentage of CaC@dissolved on CQ cycled semi batch extraction system
(A batch 3 atm,8%; e semibatch 2 atm,86 m; semibatch 2 atm,80C)
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Make-up of CQ on the semi batch system can be seen in Fig 3cdfaparison, data from previous work in batch
system is also displayed [7]. Fig 3 shows that mgkef CQ increases with the time. At 100 minutes, make-up o
CGO, on the batch system 54 times larger than the baiteh system. It is proved that the semi-batchesystan
reduce the high of CQOrequirements due to CO2 supply from decompositbrcalcium bicarbonate in the
evaporator.

In addition, make-up of CQOon the semi-batch system is close to stoichiome&quired. This indicate that semi-
batch system promotes the reaction in the extnactlose to the ideal condition and the recycled, @e
significantly contribution to provide COHowever, the ideal reaction condition is reachedxtraction time lower
than 100 minutes, otherwise the make-up of ®Crease significantly.
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Fig 3.Make-up of CG0n Asbuton extraction
(e batch 3 bar,8%C; A semibatch 2 bar, 8&; m stoichiometric)

Effect of Solid/Liquid Ratio

Extraction was performed in various solid-liquidisain the range of 0.015 to 0.04 g/mL. Fig 4 shothat

increasing solid-liquid reduces the amount of dig=t solids. The high ratio of solid/liquid meansn@ asphalt and
inert solid in acidic brine water including carbtmasolids. If the amount of solvent only capabledissolve a
certain amount of solids, then increasing solidiligratio in constant volume will decrease the patage of
dissolved solids.

Fig 4 shows that the optimum ratio is obtained .@20y/mL. The dissolved CaGQeduced at ratio below 0.02
g/mL. This is caused by the reduction of stirringrfprmance that affect to the homogeneous propeftthe
solution. Prokovsky et.al reported that dissolutioh CaCQ in brine water is very affected by degree of
homogeneity of the solution [10]. Liu et.al [11] svalso reported that concentration and degree mbgeneity of
CG, in the solution is very affected by diffusion tltepend on the stirring performance.
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Fig.4.The effect of solid-solvent ratio in Asbuton extration
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Density Testing

Asphalt is a hydrocarbon compounds. Minerals inuAsb cause its density reached 1.56 g/mL. Tableo#vs that
density of asphalt from extraction product is lowlean density of the origin Asbuton. The reductafrdensity
indicated that carbonate solidswere partially dissbin acidic brine water. Calculation by compagraensity of the

origin Asbuton and produced asphalt results thaipttoduct asphalt contains 55% asphalt and 45%ritigguwith
mainly CaCQ.

Table 2. Density of Asphalts

No Type of Asphalt Density (g/mL)
1  Asbuton 1,56

2 Asphalt from crude oil 1,03

3 Asphalt (produced in this research) 1,30

FTIR Analysis

FTIR analysis is performed forasphalt from extr@actproduct to identify components of asphalt.Famparison,
FTIR spectra of original Asbuton shows spectrunhwiivenumber range of 500-4000 twmith strong absorbance
at wavenumber of 2924 ¢n2855 cnit, 1458 cnit, 1033 cnt, 874 cni, 711 cnt, and 515 cm. The absorbance
for the -CH group at about 2924 ¢hmis common in asphalt component. This is due to ;-Gbstituents on
aromatics rings in asphalt. Asphalt also showsatteorbances at around 2855 tm601 cm', and 1376 chlthat
can be attributed to C-H stretching in -£I@=C stretching, C-H deformation in -GHnd -CH, respectively.

Strong absorbance at around 1458'@hows the characteristics of calcium carbonateraagnesium carbonate.
These absorbances shows the C-O bond in thg @®a characteristic of carbonate solid compounl&iy, the
absorbances in the region around 874" emd 712 cri indicate the presence of that compound [12].
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Fig. 5. FTIR of Product Asphalt

FTIR for asphalt product in the range of 500-4080"¢s shown in Fig5. Fig 5 shows that the strong dieseces
can be seen at wavenumber of 3400'c@988 cnit, 2833 crif, 1600 crit, 1487 crit, 1200 crif, 1035 crif, 874
cm?, 711 cmil, and 500 ci In Fig 6, absorbance at the region of 3600 énulicated the presence of hydroxyl
group (O-H) and N-H groups. Absorbance at about826&" shows the aliphatic groups of C-H bond in-CH
groups that are commonly exhibited by asphalt carepts. While the absorbances around 2833, 600 cri,
and 1200 cnl can be attributed to C-H stretching in -KC=C stretching, C-H deformation in -Gldnd -CH,
sulphur and nitrogen compounds in the asphalt.

The absence of large peak at 1487'cindicated that carbonate solids content in asgitabluct was reduced after
extraction using acidic brine water. In additionahsorbances in the wavenumber of 711'@nd 874 cii as
shown also supports the reduction of carbonat@saontent in asphalt product. Thus, it can beclcoied that
extraction process in this research is dissolvedareate solids partially.

Usage

Asphalt that commonly used in Indonesia isasphéth type AC Pen 60. Proportion Asbuton for varidyges of
asphalt and the estimated content for each typuring can be seen in Table 2. Table 2 shows Hyatising
Asbuton type 5/55 or 5% Asbuton which contains 5&8phalt in 100% mixture, the use of Asbuton incedbe
asphalt quality shown by the lower penetration @ala addition, low CaCgxrontent in asphalt product improve the
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performance of stability, tensile strength, vistpaind higher deformation resistance of the hot asphalt products

[1].

Table 2 Level of Asbuton and estimate levels of fking in hot mix asphalt [1]

Type of fluxing AC pen 60
Fluxing levels. % weight of the total mixture 6,0
Asbuton levels. % weight of the total mixture
- Asbuton type (20/25) 3,0
- Asbuton type (5/55) 1,0
CONCLUSION

Extraction of Asbuton’s impurities using,80; in brine water solution produces asphalt whichtaimis 55%
asphalt and 45% other mineral solids. The optimutraetion conditions is performed at 2 bar’®50.5 M NaCl,
ratio of 0.02 g/mL, with 100 minutes extraction &nThis condition can dissolve about 45% CaCind requires
CO, make-up of 0.15 L/g of Asbuton. FTIR spectra of #sphalt product indicates the presence of theatisahd
residual unextracted carbonate solids. Specifinabbthe produced asphalt is suitable for hot migeghalt type
5/55 with AC Pen 60.

Pen 60.
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