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Abstract. This study evaluates the feasibility of converting
black wattle &cacia mearsii) bark residue - a byproduct of tannin
extraction - into activated carbon (AC) for wastesvdteatment.

In southern Brazil, the industrial sector generatggroximately
250 t/day of this residue, which is typically laiiéti or
composted. To add value to this waste, AC was prediwia
pyrolysis and chemical activation withsPO,. The resulting
material was characterized using elemental analysis
thermogravimetric analyses (TGA), scanning electron
microscopy (SEM)/energy dispersive X-ray spectramn€EDS)
analyses, and Brunauer-Emmett-Teller (BET) and Bdogter-
Halenda (BJH) methods. Elemental analysis of the beank
revealed a 51.4% carbon content. The produced A@\wh a
specific surface area of 906 m#/g, significantlytpauforming
commercial activated carbon (CAC), which reached B87.
SEM images confirmed a highly developed porousctire.
Performance tests for methylene blue dye removalothstrated
that the bark-derived AC is more effective than caruial
alternatives, highlighting its potential as a hjggrformance,
sustainable adsorbent for industrial effluent tresatt.
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1. Introduction

Black wattle Acacia mearsii) is a leguminous species not
native to Brazil and its cultivation in the countsyrelated
to the extraction of wood and tannin. Tannin isoaverful
coagulant used in the treatment and purificationvafer.
The extraction of this compound, which is foundtlre
bark of the tree trunk, ends up generating higlesraif
solid waste. Blackwattle bark residues (BWBR) ends up
being destined for organic composting, combustion o
disposed of in landfills, creating costs for thengating
companies. In the state of Rio Grande do Sul, 8220
approximately 153 thousand tons of black wattl&vegre
produced, totaling 100% of the national producfibn

Activated carbon is a carbonaceous-based matdrél t
contains a well-developed internal pore structuith \a
high surface area and high porosity consisting afran
meso and macropores. Furthermore, the functiorwalpgr
present on the surface of this material make iewsatile
material for materials science with applicationssaveral
areas, mainly in industrial processes, water treatnand
for medicinal uses [2],[3].

The process used for carbon activation can be etivid
into two categories: chemical activation processl an
physical activation process. In chemical carboivatibn
processes, the starting materials are impregnattédav
solution of a dehydrating agent (e.g. zinc chlaride
sulfuric acid or potassium hydroxide) to retard the
formation of tars during the carbonization proc8dsese
materials are then dried and carbonized (pyrolyats)
moderate temperatures (400 - 600 °C) in an inert
atmosphere to produce the final adsorbent. In the
physical activation process, nitrogen gas or carbon
dioxide are used for the oxidation of carbonaceuater

at temperatures that can reach up to 1000 °C [4],[5

Activated carbon can be produced from any organic
substance that has a high carbon content in its
composition. Lignocellulosic materials are formeg b
complex organic macromolecules often consisting of
pectins, lignins, hemicellulose and celluloses,cihinay

or may not be linked together. When chemically
activated, these materials can be converted ingblyi
porous activated carbons by undergoing hydrolysis,
dehydration and condensation, and also by cro&siin
reactions between the activating agent and
biopolymers that make up these materials [6],[7].

the

Research papers report the production of activedeoion
from the use of various residual biomasses sucticas
husks, orange peels, coffee grounds, melon seedls an
wood sawdust, among others [8],[9]. In this contéxis
observed that recent studies have pointed out the
possibility of producing activated carbon from tee of
lignocellulosic materials; however, there are nodits

on the use of black wattle bark for this purpodaud, the
objective of this work is to evaluate the feasthildf
using this residue in the production of porousvattd
carbon with a high surface area, encouraging tleeatfis
alternative sources in the production of AC andoals
contributing to the reduction of economic costs and
increasing environmental preservation. The acti/ate
carbon obtained fromf\cacia mearsii bark was tested in
the adsorption of methylene blue, a cationic dydelyi
used in the textile industry for dyeing cotton amdol
fabrics.



One of the main problems encountered by the tesditgor
is the removal of synthetic dyes from its effluentsis
estimated that of approximately 20 t/lyear of dyes
consumed by the textile industry, approximately 28fé
discarded as effluents; the main reason for thés lis
related to the incomplete fixation of the dye te fabric
fiber during the dyeing process [10],[11]. The umcolled
release of methylene blue dye into rivers and lakden
not treated properly, affects not only the tranepay of
the water but also limits the passage of solaratafi,
reducing natural photosynthetic activity, causifrges
in the aquatic biota and resulting in acute andoicier
toxicity in these ecosystems [10],[12].

2. Materialsand methods
A. Carbon pyrolysis and activation

BWBR were obtained from a tannin producing company
based in Vale do Rio dos Sinos, in the state ofRiande

do Sul, Brazil. First, the residues underwent a&ct@n
process, where the smallest particles (< 5 mm) were
selected. The particles were then dried in an @ateh05

°C for 24 hours in order to obtain a standard psmu
material. After drying, the samples were weighed an
stored at room temperature.

For impregnation of the samples, phosphoric acigP (®)
was used as an activating agent from a commersialt8
P.A. solution, which was diluted to a concentratadni28
wt%. Thus, quantities of 20 g of the precursor make
were added to 200 ml of;HO, solution and the activation
time of the black wattle bark was 12 hours understant
stirring. After impregnation, the samples were drie an
oven at a temperature of 70 °C before proceedinipgo
pyrolysis stage [13],[14]. In the pyrolysis (carlation)

stage, the impregnated samples were placed inside a

cylindrical stainless steel reactor measuring 30 iom
height and 10 cm in diameter, located in a muffleéce.
The samples were then heated to 500 °C at a heatiag
of 5 °C/min and maintained at this temperature2fbiours.
The entire process took place in a nitrogen,) (N
atmosphere with a constant flow of 200 ml/min iestte
reactor. At the end of the pyrolysis, the samplesew
cooled in a current of Nand maintained at room
temperature. After the pyrolysis stage, the chelfiyica
activated carbon was washed with distilled water to
remove excess activation agent. The samples wem th
dried in an oven for 12 hours at a temperature0éf °C to
completely remove absorbed water. The identificati@s

in the form AC/HPQO,, where “AC” refers to Activated
Carbon and EPQ, to the activation agent.

For comparison purposes, charcoal was produced from
black wattle bark residues without the presence of
activating agents. For this purpose, three samples
BWBR were pyrolyzed without any type of impregnatio
where the same carbonization patterns of the cladiyic
activated charcoal were maintained, varying onlg th
heating rates of the reactor at values of 5, 20 é@d
°C/min. These charcoals were named as follows: ,C/05
C/20 and C/60, where the letter “C” refers to cbat@nd

the numeral represents the heating rate to whian ea
sample was subjected. The yield of the charcoalywed
was determined based on the initial mass of theuypser

and the final mass of the charcoal on a dry basis
calculated by Equation 1, where Mi represents tlasam

of precursor material in grams before pyrolysisttie
reactor and Mf represents the mass in grams of the
activated charcoal obtained at the end of the poce

Yield (% by mass) = (MiMi) X 100 (1)

B. Sample characterization

Immediate and elemental analyses of the precursor
material, BWBR, were performed on a LECO TruSpec
analyzer to determine the mass percentage of caabon
well as the sulfur, nitrogen, hydrogen and oxygen
contents, according to ASTM D5373 (1993). The sugfa
area and total pore volume of the produced coale we
evaluated by the Brunauer-Emmett-Teller (BET) and
Barret-Joyner-Halenda (BJH) methods, respectively,
through N adsorption using a Quantachrome analyzer.

Thermogravimetric analyses (TGA) were performed to
analyze the thermal degradation characteristicghef
precursor material and the samples of the prodaooats.
Weight loss was calculated as a function of tempesza
using a LECO TGA 701 thermogravimetric analyzere Th
heating rates used were 5 and 10 °C/min with agdtn
flow of 20 mL/min, and the mass was constantly
weighed. To evaluate the morphology of the coal
surfaces, scanning electron microscopy (SEM) and
energy dispersive X-ray spectrometry (EDS) analyses
were obtained using a LEO EVO 50HV digital
microscope (Carl Zeiss) equipped with an energy
dispersive analyzer that provides the SEM imagethed
EDS spectrum using the same sample.

For comparison purposes, commercial activated carbo
(CAC) from the Synth brand was selected and
characterized using the BET, SEM and EDS methods in
the same manner described for the carbons prodaced
this study.

C. Methylene blue adsorption tests

The methylene blue adsorption tests were perforined
250 mL Erlenmeyer flasks containing 50 mL of
methylene blue dye solution and 0.05 g of the dusur
material. The systems were shaken at 175 rpm aC25
for 10, 20, 30, 40, 50, 60, 70 and 80 minutes. rAéch
contact time, the samples were removed and vacuum
filtered, and the remaining dye concentrations were
determined by reading on a UV-Vis spectrophotometer
(T80-PG Instruments, GB) at a wavelength of 665 nm.

3. Resultsand discussion

The results of the immediate analysis, elementalyais
and calorific value of the black wattle bark resdu
(BWBR) are presented in Table I.



Table I. - Immediate analysis, elemental analysis @alorific
value of the black wattle bark residue (BWBR)

Analysis Parameter BWBR
Cfixed":1 20.1
Immediate Ash? 3.8
analysis -
(%) Volatile mattef | 76.2
Moisturé® 57.6
c? 514
Elemental H2 5.2
analysis
(%) S 0.1
N? 1.4
Calorific
value PCP 4405
(kcal/kg)
&ry basis

Pas received

The immediate BWBR analysis showed a high percentag
of volatile matter (76.2%, d.b.) and moisture (38)pand

a low ash content (3.8%, d.b.). The elemental @mlyf
the material indicated a carbon content of 51.4%,
characteristic of a good precursor material for the
production of activated carbon. Similar results aver
observed in studies of the pyrolysis of soybeaidues
olive pomace and olive pit, respectively [4],[125].

The average yields in the production of activatatbhons
are presented in Table Il. The values did not pregeeat
variations between the different samples and detrates
that the chemical activation throughR0,, as well as the
variations applied in the heating rate of the reladid not

significantly influence the yield of the producte yield

values obtained experimentally corroborate thosedoin

the literature.

Table II. - Yield, surface aread&) and pore volume of the
analyzed coal

Pore
Sample \({;Z)IS (:’]BZZ) Volume
(cm7g)
AC/H3PO, 37.2 906 0.27
C/05 41.7 12 0.05
C/20 39.3 41 0.04
C/60 38.3 54 0.04
CAC - 597 0.22
*in bulk

The results obtained for the surface areg-{)Sand pore
volume analyses of the produced carbons togethérting
results of the commercial activated carbon aregmtes! in
Table II. Samples C/05, C/20 and C/60, which cqoes

to the carbons not chemically activated, presented
lowest surface area values (12, 41 and 54/gm
respectively). The AC/HPO, sample activated with
phosphoric acid presented the highest specifiasararea
value (906 rfig), a value approximately 35% higher than

the surface area of the commercial activated carbon
(CAC) sample used as a reference, which was 5%3. m
Likewise, the total pore volume of the activated
AC/H3PO, sample (0.27 cifg) was higher than the value
obtained for the commercial activated carbon (0.22
cm/g). Similar studies using residues from the olbie
industry to produce activated carbons with;PB)y
showed surface area of up to 393g1j17]. Other studies
shown in the literature present results similarthe
present work, with surface area and total pore melwf

the activated carbon produced in the order of 104

and 0.55 criig, respectively [18].

Thermogravimetric analysis (TGA) shows the mass los
of the analyzed materials as a function of tempeeat
variation. Figure 1 shows the TGA curves for the BRV
and for the charcoals with and without chemical
activation.
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Fig.1. Thermogravimetric analysis of théack wattle bark
residues samples and the charcoals with and witttarhical
activation AC/HPQ,, C/05, C/20 and C/60

The TGA analysis of black wattle bark residues (BRYB
shows three well-defined mass losses. The firssrss,
below 200 °C, is due to the loss of water from the
material. The second mass loss is related to the
degradation of oxygen-containing groups on theasarf

of the material, such as cellulose and hemiceltulos
Then, a third mass loss is observed, which is edlad
more stable carboxylic groups that decompose a60e
°C, such as lignin molecules, which require a wider
temperature range for degradation [19]. Also inuFégl,

it can be observed that the coals produced with and
without chemical activation presented greater tlarm
stability in relation to the precursor material ambre
discrete mass losses, around 20 to 40% by masseBig
2a and 2b show the EDS analysis spectrum for the
elemental composition of the samples of the cottiaut
chemical activation C/60 and the activated carbon
AC/H3PQ,, respectively. In C/60 carbon, the presence of
carbon, oxygen, calcium and gold can be observeden
energy dispersive spectrum (Figure 2a), while for
AC/H3PQO, activated carbon, the calcium element was not
detected, but rather the presence of phosphorugtings
from the PO, activation agent used (Figure 2b).
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Fig.2. Distribution of elements on the surface of coal gi&as (a)
C/60 and (b) AC/HPO, by energy dispersive-ray mapping
(EDS)

Table 3 presents the values of the elemental coenis
present in the areas analyzed by EDS and it ca
observed that the coals presented a high carbaemtoin
their matrix, close to 60% for ACHRO, ard 70% for C/60
coal. Commercial activated carbon (CAC) still presd a
higher percentage of carbon on the surface (75.irf
relation to the other samples analyzed. The appearaf
small amounts of gold in the EDS analyses is rdl&dehe
procedure bmetallization of the samples with this elem
for carrying out the analysis.

Table Ill. -Percentage values of elements on the surface &f
analyzed by EDS

Elemental Composition (% by mass)
Sample C (0] Ca P| Au | Si
AC/H;PO, 59 | 243 - 10.2 7.2 -
C/60 68.9| 84| 44 - 19 -
C/20 60.1| 11.4 11.2 -1158 | 0.9
C/5 58.7| 12.7/ 7.8 -1 158 | 25
CAC 75.7| 7.81 2 - 1119 1.9

The Scanning Electron Microscopy (SEM) techniques
used to investigate the physical morphology ofsindaces
of the obtained carbons.

Figure 3a illustrates the image of ttAC, where a
homogeneous surface structure of the carbon ca
observed, with elongated pore cavities and -shaped
openings. The images of the carbons C/60 and C
produced without chemical activation (Figures 3d &a)
show a surface without relevant presence of fissared
macropores, but rather the formation of a lame

structure with ridges and closed pores, probabe to
the presence of calcium carbonate, since the el
calcium and oxygen appear in the EDS analysisHesd
samples. This would explain the low value of tt
surface area as presented by the BET method asally.
the image of activated carbon h HsPQ, (Figure 3d), an
irregular and heterogeneous surface morphologybes
observed with a weltieveloped porous structure, whi
corroborates the high value of the surface areseptec
through the BET analysis of the respective sar

i‘* o4 A= @y b
Fig.3. SEMimages at 1000x magnification for (a) commer

activated carbon CAC, (b) carbon C/60, (c) carbon Gla8
(d) activated carbc¢ AC/H;PO,

Regarding the removal of methylene blue from sohg
containing this dye, which is widely used in thetile

industry, the best result was obtained for the samp
activated carbon fronblack wattle bark with HPQ,
(AC/H3PQy), being more than 98% for the init
concentration of 200 mg/L in 80 min of experimertis
removal of the methylene blue dye was much highan
that obtained with CACas can be seen in Figs 4 and
5, probably due to the larger surface area olAC from
Acacia mearsii bark, in addition to the presence

functional groups on its surface that facilitatee
adsorption of the dye.

Fig.4. Methylene blue adsorption onto activated car
produced from black wattle bt



Fig.5-Methylene blueadsorption onto commercial actival
carbon

From a techn@conomic feasibility perspecti, the
conversion of black wattle bark residue into adtwd
carbon shows great industrial potential. The
availability of this byproduct in southern Bre -
approximately 250 tons/dayensures a stable supply
low-cost raw material. Technically, the produced

outperformed commercial standards in both surfaea
and adsorption capacity. Economically, utilizingsttvaste
reduces landfill disposal costsrftannin industries whil
generating a higkalue product for the textile efflue
treatment market.

4. Conclusion

Based on the results obtained, it can be seenblhak
wattle bark residue (BWBR)has the necessa
characteristics to be used as a vialal& material for the
production of activated carbon. The elemental asiglgf
BWBR indicated a carbon content of 51.4%, before
pyrolysis process and/or impregnation in solutidntree
activating agent, which is very important and dsdslie in
the prodgtion of carbonaceous materi

For the carbons obtained by pyrolysis and witt
chemical activation, the occurrence of a compactcsire
with partial obstruction of the pores and a lowface are:
was observed. On the other hand, the activatedn with
HsPQ, presented a reticulated and heterogeneous st
morphology with a very porous structure that alldvike
emergence of a high surface area. Furthermore,

analyses indicated that activated carbon with phosp
acid can have up to 906%y, which is a surface area mu
higher than the surface area of commercial activ
carbon (CAC) used as a reference for the expersy
which was 597 fig.

The removal of methylene blue from solutions canitaj
textile dye by activated carbon maderfr acacia bark we
98%, a value much higher than that obtained
commercial sampleThis is probably due to the larg
surface area of activated carbon made from acaciq m
addition to the presence of functional groups ersitrface
that facilitate the adsorption of the dye.

Therefore, the results confirm that the productioi
activated carbon from black wattle bark is techihjcand
economically viable for lar¢-scale industrial
applications.

Acknowledgement

The authors would like to thanke Rio Grande do Sul
Research Foundation FAPERGS for the financiz
support received.

References

[1] IBGE - Instituto Brasileiro de Geografia e Estatisti
Producdo da Extracdo Vegetal e da Silvicultura 2
Disponivel em:<www.sidra.ibge.gov.br>Accessed on: June
2015.

[2] Bhatnagar, A. et al. An overview of the modificat
methods of activated carbon for its water treatnagpmlications
Chemical Engineering Journal, v. 219, p.-511, 2013.

[3] Montané, D.; Tornd-ernandez, V.; Fierro, V. #ivated
carbons from lignin: Kinetic modeling of the pyrely of Kraft
lignin activated with phosphoric acid. Chemical Eregring
Journal, v. 106, n. 1, p. 12, 200&

[4] Demiral, H. et al. Production of activated carboonf olive
bagasse by physicattivation. Chemical Engineering Reses
and Design, v. 89, n. 2, p. 20813, 2011

[5] Guo, J.; Lua, A. C. Textural and chemical charasétions
of activated carbon prepared from-palm stone with k5O,
and KOH impregnation. Microporous and Mesojus
Materials, v. 32, n. 1-2, p. 11147, 199¢

[6] OlivaresMarin, M. et al. Thermal behaviour of
lignocellulosic material in the presence of phosphacid.

Influence of the acid content in the initial soduti Carbon, v

44, n. 11, p. 2347-2350, 2006.

[7] Solum, M. S. et al. Evolution of carbon structure
chemically activated wood. Carbon, v. 33, n. 9, 47-1254,
1995.

[8] Ahmaruzzaman, M.; Sharma, D. K. Adsorption of pHe
from wastewater. Journal of Colloid and InterfaceBce, v
287, n. 1, p. 14-24, 2005.

[9] Dijilani, C. et al. Elimination of organic micropotants by
adsorption on activated carbon prepared from aljuicl
waste.

Chemical Engineering Journal, v. -190, p. 203-212, 2012.

[10] Kunz, A.; Zamora, P. P.; Moraes, S. Duran, N. Novas
tendéncias no tratamento de efluentes téxteis. iQaiidova,
v.25,p.78-82, 2002.  http://dx.doi.org/10.1590/S01-

40422002000100014

[11] Dallago, R. M.; Smaniotto, A. Residuos sélidos
curtumes como adsorventes para a remoc¢do de ceiem
meio aquoso.

Quimica Nova. V.28, p.4-437, 2005.
http://dx.doi.org/10.1590/S01-40422005000300013

[12] Silva, W. L. L. D.; Oliveira, S. P. D. Modificacadas
caracteristicas de adsorgao do baga¢o de cananganacéo di



azul de metileno de solugBes aquosas. ScientiaPle®, p.1-9,
2012.

[13] Jagtoyen, M.; Derbyshire, F. Activated carbdnosn yellow
poplar and white oak by 4RO, activation. Carbon, v. 36, n. 7-8,
p. 1085-1097, 1998.

[14] Zuo, S. et al. Significance of the carboniaatiof volatile
pyrolytic products on the properties of activateatbons from
phosphoric acid activation of lignocellulosic maér Fuel
Processing Technology, v. 90, n. 7-8, p. 994-12009.

[15] Tay, T.; Ucar, S.; Karagbz, S. Preparation and
characterization of activated carbon from wasteniss. Journal
of Hazardous Materials, v. 165, n. 1-3, p. 481-281)9.

[16] Costa, F. F.; Wang, G.; Costa, M. Combustiameits and
particle fragmentation of raw and torrified pinesé and olive
stones in a drop tube furnace. Proceedings of thab@stion
Institute, v. 35, p. 3591-3599, 2014.

[17] Moreno-Castilla, C. Et Al. Chemical and physieativation
of olive-mill waste water to produce activated aard. Carbon,
v. 39, n. 9, p. 1415-1420, 2001.

[18] Danish, M. et al. Effect of acidic activatinggents on
surface area and surface functional groups of aetily carbons
produced from Acacia mangium wood. Journal of Atiedy and

Applied Pyrolysis, v. 104, p. 418-425, 2013.

[19] Brebu, M.; Vasile, C. Thermal degradation ofniig—a
review. Cellulose Chemistry & Technology, v. 44, np9353—
363, 2010.



