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Paraserianthes Falcaria Activated Carbon for the
Absorption of Heavy Metal Fe*® in Simulated Waste Water

Suparno and Rina Rahmawati

Abstract—An Atomic Absorption Spectroscopy has been
used to analyze absorption of Fe*® ions by activated carbon
made of Paraserianthes Falcaria wood. This was done to make
use of this easily grown plant as material for producing carbon
suitable for heavy metal filtration system. Carbon made of
Paraserianthes Falcaria wood was grinded and sieved to
100mesh. This carbon was chemically and physically activated
before being used to absorb Fe** ions in simulated waste water.
The concentration of Fe*® ions in the simulated waste water and
the activated carbon mass were varied. The results show that
the absorption efficiency increases with the increase of
activated carbon mass. On the other hand the absorption
efficiency deceases with the increase of Fe* ions concentration
in simulated waste water.

Index Terms—Paraserianthes Falcaria, activated carbon,
Fe+3 ion, atomic absorption spectroscopy.

. INTRODUCTION

Natural disaster such as earthquake, tsunami, flood, and
landslide often force people living in the disastrous area to
stay without clean water. The well water was contaminated.
The power line was cut off. Electricity network was disabled
and other infrastructure was destroyed. This makes people
even harder to find access to clean water. In fact no one can
stand without clean water for relatively long period of time.

Various techniques have been used to produce clean and
fresh water such as reverse osmosis, absorption, filtration,
and sedimentation. Reverse osmosis have been used to
neutralized sea water. Absorption has been used to clean
dirty water by means of various absorbents including coconut
shell carbon [1]. Filtration has been used to filter the
pollutants, and contaminants out of the water. Sedimentation
technique has also been used to sediment the dirt that is
dispersed in the water leaving the upper part of the water to
be clean.

Activated carbon has been widely used as absorbent in
various filtration systems. This has also been used as
sedimentation agent with the same purpose to obtain clean
water in areas hit by natural disaster [2]. Characterization of
activated carbon has been done by many researchers for
various reasons [3]-[5]. Apart from being used in water
management system [6]-[8] activated carbon has also been
used in medical area [9]-[11]. Besides absorption due to its
porous character, the large surface area of activated carbon
has been explored for adsorption [12]-[15]. Activated carbon
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is available in form of powder and granular. Aispuru has been
using granular activated carbon for biofiltration [16]. Many
researchers has been using coconut shell as material for
manufacturing activated carbon. However as the need of
coconut shell charcoal increases the supply of coconut shell
carbon reduces. In order to maintain the supply level of
carbon some alternative materials for making carbon should
be found. In an effort to find suitable material for making
carbon as absorbent, Paraserianthes Falcaria locally known
as Sengon Laut was introduced to make activated carbon.
This wood was chosen since it is easily found through out
Indonesian archipelago and is easily grown. This plant grows
incredibly fast. It may reach up to seven meters high within
the first year of planting and it is possible to mass produce
Paraserianthes Falcaria by opening new plantation grounds
in large areas all over the country. Therefore the supply of
Paraserianthes Falcaria wood for manufacturing carbon
will be secured. This new plantation will also be beneficial to
support the green living style. More oxygen needed for
everyone will be produced by new plantation of
Paraserianthes Falcaria. Furthermore the plantation will
counter balance the deforestation process that is happening in
many places in the country. By applying credible and
accountable  management system the supply of
Paraserianthes Falcaria wood for manufacturing carbon
may be sustainable. In addition to the above, the waste
product of the wood factories using Paraserianthes Falcaria
wood as raw material may also be used for making carbon.

Il. CARBONATION AND ACTIVATION

Carbonation took place in a carbonation chamber.
Paraserianthes Falcaria wood was burnt in a combustion
chamber at 400°C for 4.5 hours. This process was done in an
air proved chamber to make sure that oxidation that results in
ash does not occur. The process, which is called pyrolysis
results in carbon instead of ash. This carbon was then grinded
into very small powder and sieved to 100 meshes.

This 100 mesh carbon powder was chemically activated.
The carbon powder was soaked in a strong acid, which was
12% Phosphoric Acid, H3PO, for 24 hours. This was aimed
to destroy any organic materials present in the pores of the
Paraserianthes Falcaria carbon. Any material presents in the
pored reduces the absorption capacity of the carbon.
Therefore, chemical activation is extremely important to
enlarge the pores by removing any organic materials from the
pores.

After being chemically activated the carbon was rinsed
using clean water to flush all destroyed material from the
pores. This rinsing was also used to neutralize the pH of the
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carbon to approximately neutral (pH 6 to 7), since an
unpublished research showed that the absorption profile
show the highest absorption occurs at pH 6-7.

Before being used the carbon was physically activated by
heating it in an oven at 200°C for 60 minutes. This was aimed
to enlarge the capacity of the pores by vaporizing any water
molecules left in the pores. All carbon powder used in this
research was chemically and physically activated in the same
way.

The simulated standard sample was prepared by dispersing
16.22 grams of Ferric Chloride, FeCl; in a liter of water to
make a dispersion of 0.1M FeCl;. Two other samples with
concentrations of 0.05M and 0.01M were derived from the
above standard sample by using Equation 1.

SAMPLE PREPARATION AND EXPERIMENTATION

V.M, =V, M, @)
where V; is volume of the standard sample, M; is
concentration of the standard sample, V, is volume of the
prepared sample, and M, is concentration of the prepared
sample.

It should be noted that all samples are relatively stable
colloidal solutions. The dispersed particles are charged, so
that there will be electrical double layer around the particles
that prevents the particles from aggregation [17]-[19].
Various techniques may be used to determine the surface
charge of the colloidal particle [20]-[22] and the applications
of these techniques have been published [23]-[25].
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Fig. 1. lon exchange column for filtration.

A minimum volume of 600ml sample is needed for each
concentration. This was divided into six samples of 100ml
each, five will be filtered and one of them will be left
unfiltered. This means that a total of 18 samples were
prepared for this research. Six samples of 100ml volume of
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0.1M concentration, six samples of 100ml volume of 0.05M
concentration, and six other samples of 100ml volume of
0.1M concentration.

Five samples of the same concentration were filtered using
five different masses of carbon, one for each mass of carbon.
Which were 5¢, 10g, 15¢g, 20g, and 25g. Filtration process
was done in an ion exchange column. Some glass wool was
laid on the bottom of the ion exchange column to hold
activated carbon powder above it. Five grams of activated
carbon was put above the glass wool and another sheet of
glass wool was laid on top of the carbon. The 100ml sample
was poured into the column to be filtered. Each of the filtered
sample was placed in a marked file and ready for Atomic
Absorption Spectroscopy (AAS) analysis. This procedure
was repeated for all 15 samples. The unfiltered samples, one
for each sample concentration, were also sent for AAS
analysis. These three original unfiltered samples were used as
standards for determination of absorption efficiency.

The absorption efficiency, As was determined by using
Equation 2.

Co _Cl)

A, =l X100% )

0

where Cy is the concentration of Fe*® in the unfiltered sample
and C; is the concentration of Fe*® in the filtered sample.
Graphs of the absorption efficiency against the mass of
carbon for the three sample concentrations are presented
below.

IV. ABSORPTION PROFILE

Five different masses of carbon were prepared for data
collection for each sample concentration ranging from 5¢g to
25g with the increment of 5g. The absorption efficiency of
Paraserianthes Falcaria activated carbon on 0.01M Ferric
Chloride sample concentration versus mass of carbon is
presented in Fig. 2.
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Fig. 2. Absorption profile of activated carbon on 0.01M sample
concentration.

The data show that the absorption efficiencies of
Paraserianthes Falcaria activated carbon on Fe™ are
extremely high. It ranges from (99.42 +0.00)% for 5g mass
of carbon to (99.71 +0.00)% for 25g mass of carbon. This
probably due to relatively low concentration of sample and
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relatively large pores of carbon available for filtration. The
data also show that the absorption efficiency steadily
increases with the increases of mass of carbon.

The absorption efficiency of Paraserianthes Falcaria
activated carbon on 0.05M Ferric Chloride sample
concentration versus mass of carbon is presented in Fig. 3.
Fig. 3 show that the absorption efficiencies of carbon for
0.05M sample concentrations are significantly lower
compared to those of 0.01M. The higher the sample
concentration, the lower the absorption efficiency. On the
other hand the absorption efficiency increases sharply with
the increase of mass of carbon.
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Fig. 3. Absorption profile of activated carbon 0.05M sample concentration.
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The absorption efficiency of Paraserianthes Falcaria
activated carbon on 0.1M Ferric Chloride sample
concentration versus mass of carbon is presented in Fig. 4.

45

Absorption Efficiency (%a)

40

35

T T T T
0 5 10 15 20 25

Mass of Carbon (g)
Fig. 4. Absorption profile of activated carbon 0.1M sample concentration.
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The data in Fig. 4 show much lower absorption
efficiencies compared to those of previous two sets of data.
This might be understood as too excessive amount of sample
that has to be absorbed and adsorbed by the same amount of
pores contained in the same mass of carbon. Much more Fe*
stay in the solution and recorded by the AAS, so that the
absorption efficiency calculated by Equation 2 will be lower.
Note that the concentration of sample presented in Figure 4 is
ten times higher than that of in Fig. 1.

The comparison of the three absorption profiles is
presented in Fig. 5. These data show that Paraserianthes
Falcaria activated carbon is extremely superior for the
absorption of relatively low Ferric Chloride concentrations.
It still shows relatively high absorption coefficient for
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moderate Ferric Chloride concentration i.e. 0.05M. The
absorption efficiency fell off sharply for 0.1M. This might
suggest to increase the mass of carbon for relatively high
sample concentration.
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Fig. 5. Overall absorption profile of activated carbon.

V. CONCLUSION

Activated carbon made of Paraserianthes Falcaria wood
was proven to be efficient for the absorption of heavy metal
Fe*® in Ferric Chloride, especially in relatively regime of
Ferric Chloride concentration, (0.01 - 0.05)M. The
absorption efficiency for this concentration range fell
between (84.02 £0.07)% to (99.71 £0.07)%. This suggests
that Paraserianthes Falcaria wood may be used as
alternative material for manufacturing carbon for filtration
system instead of coconut shell.

REFERENCES

F.R. N. Subuhul et al., “The use of Indrayanti Beach Sand and Coconut
Shell Carbon as Absorbents in Selokan Mataram Canal Water
Filtration System,” IJBAS-1JENS, vol. 12, no. 6, pp. 125-128, 2012.
Suparno and M. B. Fina, “Coconut shell activated carbon as an
alternative Sedimentation agent in Water purification system,”
Academic Journal of Science, vol. 2, no. 1, pp. 111-118, 2013.

N. Petrov, T. Budinova et al., “Preparation and characterization of
carbon adsorbents from furfural,” Carbon, vol. 38, no. 15, pp.
2069-2075, 2000.

B. Saha, M. H. Tai, and M. Streat, “Study of activated carbon after
oxidation and subsequent treatment characterization,” Process safety
and environmental protection, vol. 79, no. B4, pp. 211-217, 2001.

M. Polovina, B. Babic, B. Kaluderovic, and A. Dekanski, “Surface
characterization of oxidized activated carbon cloth,” Carbon, vol. 35,
no. 8, pp. 1047-1052, 1997.

O. A. Olafadehan, “Aribike, and D.S., “Treatment of Industrial
wastewater effluent,” Journal of Nigerian Society of Chemical
Engineers, vol. 19, pp. 50-53, 2000.

G. S. Miguel, S. D. Lambert, and N. J. D. Graham, “The regeneration of
field spent granular activated carbons,” Water Research, vol. 35, no. 11,
pp. 2740-2748, 2001.

R. J. Martin and N. Wi, “The repeated exhaustion and chemical
regeneration of activated carbon,” Water Research, vol. 21, no. 8, pp.
961-965, 1997

M. Michael, M. Brittain, J. Nagai et al., “Phase Il study of activated
charcoal to prevent irinotecan-induced diarrhea,” J Clin Oncol., vol. 22,
no. 21, pp. 44104417, 2004.

C. Elliott, T. Colby, T. Kelly, and H. Hicks, “Charcoal lung.
Bronchiolitis obliterans after aspiration of activated charcoal,” Chest,
vol. 96, no. 3, pp. 672674, 1989.

M. Eddlesto, E. Juszczak, and N. A. Buckley, “Multiple-dose activated
charcoal in acute self-poisoning: a randomised controlled trial,” Lancet,
vol. 371, no. 9612, pp.579-587, 2008

S. Ibaraj and N. Sulochana, “Effects of Agitation time and Adsorbent
dosage on the Adsorption of dyes,” Indian Journal of Chemical
Technology, vol. 9, pp. 201-208, 2002.

[1]

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]



International Journal of Applied Physics and Mathematics, Vol. 4, No. 2, March 2014

[13] B.Erlanson, B. Dvorak, G. Speitel, and D. Lawler, “Equilibrium Model
of Simultaneous Biodegradation and Adsorption of Mixtures in
Granular Activated Carbon Columns,” Journal of Environmental
Engineering, ASCE, vol. 123, no. 5, pp. 469-478, 1997

J. Rivera-Utrilla and M. Sanchez-Polo, “The role of dispersive and
electrostatic interactions in the aqueous phase adsorption of
naphthalenesulphonic acids on ozone-treated activated carbons,”
Carbon, vol. 40, no. 14, pp.2685-2691, 2002.

F. T. Ademiluyi and S. A.Amadi, “Amakama, Nimisingha Jacob,
Adsorption and Treatment of Organic Contaminants using Activated
Carbon from Waste Nigerian Bamboo,” Journal of Applied Sciences &
Environmental Management, vol. 13, no. 3, pp. 39-47, 2009.

A. Aizpuru, A. L. Malhautier, J. C. Roux, and J. J. Fanlo, “Biofiltration
of a mixture of volatile organic compounds on granular activated
carbon,” Biotechnology and Bioengineering, vol. 83, no. 4, pp.
479-488, 2003.

P. C. Heimens and R. Rajagopalan, Principles of Colloid and Surface
Chemistry, 3" ed., New York: Marcel Dekker, 1997.

D. F. Evans and H. Wennerstron, The Colloidal Domain Where Physics,
Chemistry, Biology, and Technology Meet, New York: Wiley VCH,
1999.

D. Myers, Surfaces, Interfaces, and Colloids Principles and
Application, New York: Wiley-VCH, 1999.

Suparno, “A review on prominent techniques on the determination of
colloidal particle surface charge,” 1JBAS-IJENS, vol. 12, no. 4, pp.
74-77,2012.

J. F. Miller, B. J. Clifton, P. R. Benneyworth, B. Vincent, I. P.
McDonald, and J. F. Marsch, Colloid Surfaces, vol. 66, pp. 197-202,
1992.

T. Yoshimura, A. Kikkawa, and N. Suzuki, Japanese Journal of
Applied Physics, vol. 11, pp. 1797-1804, 1972.

T. Ito, L. Sun, M. A. Bevan, and R. M. Crooks, “Comparison of
Nanoparticle Size and Electrophoretic Mobility Measurements using a
Carbon-Nanotube-Based Coulter Counter, Dynamic Light Scattering,”

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

92

Transmission Electron Microscopy, and Phase Analysis Light
Scattering, Langmuir, vol. 20, pp. 6940-6945, 2004.

J. C. Thomas, K. L. Hanton, and B. J. Croshy, “Measurement of the
Field Dependent Electrophoretic Mobility of Surface Modified
Silica/AOT Suspensions,” Langmuir, vol. 24, pp. 10698-10701, 2008.
R. 1. Keir, Suparno, and J. C. Thomas, “Charging behavior in the
Silica/Aerosol OT/Decane System,” Langmuir, vol. 18, pp. 1463-1465,
2002.

[24]

[25]

Suparno was born in 1960 in Salatiga, Central Jawa,
Indonesia. He graduated from the University of Gadjah
Mada, Yogyakarta, Indonesia 1987 in physics. In 1995
Suparno earned his master of applied science (M. App.
Sc.) in applied physics from the University of South
Australia. He was also awarded by the University of
South Australia a Ph. D. degree in applied physics in
i 2002.

He has been working for Yogyakarta State University as a lecturer and
researcher since 1988. He is currently in charge as the head of Department of
Physics Education, Faculty of Mathematics and Science, Yogyakarta State
University, Yogyakarta, Indonesia. During 2012 he published two books and
a paper. These two books are Light Scattering in Colloidal System: Theory
and Instrumentation published by Center for Science Instructional
Development, FMIPA, UNY, Yogyakarta, Indonesia and The Dynamics of
Colloidal Particles, UNY Press, Yogyakarta, Indonesia. His paper entitled
Electrophoretic Mobility and Size Determination of Aerosol OT Inverse
Micelle in Decane Using Phase Analysis Light Scattering (PALS) and
Dynamic Light Scattering (DLS) Respectively was published by
International Journal of Applied Physics and Mathematics (IJAPM), vol. 3.
no 2, 2013. He is interested in surface activities, colloid particles interactions,
surfactant, and light scattering. His current research is on the use of activated
carbon for various purposes such as absorption, filtration, and sedimentation
of waste water.



