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ABSTRACT

This study investigated the treatment of wastewater by adsorption process through fixed-bed column
using recycled garden waste. A new adsorbent was manufactured from agricultural waste using
zinc chloride (ZnCl,) as activated agent at 700°C for 1 h. The porosity characterization of the pre-
pared activated carbon was investigated by the Branuller-Emmett and Teller (BET) test. Three mod-
els, namely Yoon-Nelson, Thomas and Adam-Bohart were applied to represent the breakthrough
curves of hexavalent chromium (Cr-VI) removals. The fixed-bed column study was conducted at
different wastewater flow rates (6, 9 and 12 mL/min) and different bed depths (3, 5 and 7 cm). The
removal efficiencies of Cr(VI) were increased from 42% to 95% with increase of activated carbon bed

depth from 3 cm to 7 cm.
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1. Introduction

Wastewater can generally be defined as the liquid pro-
duced from different human activities such as sanitary,
industrial, trading, and recreation. Depending on the type
of activity, the wastewater is likely to contain heavy metals,
nitrogen compounds, salts, and various types of organic
matter [1]. Hence, wastewaters need to be treated before
it can be discharged into the environment. Effective and
affordable treatment options have to be identified in order
to avoid negative impacts of such wastewater when dis-
charged into water bodies. Adsorption is the most widely
used method for treating different types of wastewater
[2]. The high porosity of activated carbon(AC) makes it a
good adsorbent [3-9] asone gram (1 g) of AC has a surface
area of about 1000 m2. This surface area allows collection
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of a large number of polluted molecules [10]. Activated
carbon has been proven to be an effective adsorbent for
many chemicals such as phenols, metal ions, detergents
and others [11].Furthermore, heavy metals among all other
pollutants have been significantly associated with various
diseases and disorders as aquatic pollutants [12,13]. Due
to this, heavy metals should be prevented from reaching
the natural environment through all feasible and effective
measures [14].In recent years, attention has been diverted
towards the bio-sorption of biomaterials which are by prod-
ucts of large scale industrial operations and/or agricultural
waste materials [14]. Many studies have been conducted to
produce cheap bio-sorbents to replace the traditional costly
conventional wastewater treatment methods [15]. Blajai
used microalgae namely Oscillatoria acuminate and Phor-
midiumirrigum as adsorbent for heavy metals from tannery
effluent of Ranipet industrial area. Biosorption efficiency
for Oscillatoria acuminate and Phormidiumirrigum was 90%
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and 80% respectively [16]. Most adsorption studies have
been focused on the use of untreated as well as treated agri-
cultural waste such as almond shells [17], Artocarpushet-
erophylluspeel [18], Ficusauriculata leaves [19], Spirogyra
biomass-packed [20], Pistachio Shell [21], coconut shells
[22,23], bamboo [24,25], sugarcane bagasse [26], and sago
palm bark [4].

This study focuses on the utilization of a new agricul-
tural waste to make activated carbon for treating waste-
water through adsorption process in order to eliminate
the high concentration of hexavalent chromium. Both the
activation and carbonisation processes are followed simul-
taneously for activation. The precursor acts as oxidants and
dehydrating agents in the process.

2. Materials and methods
2.1. Adsorbent preparation

The agricultural garden wastes used in the study was
collected from a green area in the University Putra Malaysia
(UPM) gardens in Malaysia. The sample was washed sev-
eral times with water and then dried in an oven at 105°C
for 24 h. The larger particles were crushed and sieved into
smaller sizes less than 0.3 mm.

A horizontal chamber furnace was used for high tem-
perature (300°C) application in the carbonization step of
activated carbon preparation. In the second step of activa-
tion, the carbonized sample was activated with ZnCl, at an
impregnation ratio of 1/1 (w/w) then dried at 100°C for
24 h. After drying, the sample was again activated for 1 h
at 700°C under nitrogen flow (100 mL/min). In the chemi-
cal activation process, both the activation and carbonisation
processes are carried out simultaneously. The precursor
is mixed with activation agents, which acts as oxidants
and dehydrating agents at low temperatures. The agent
decreases the ash content of the carbonised products and
increases the surface area with large porosity [27].

2.2. Adsorbent characterization

The oven-dry method (ASTM D 2867-09) was used
to determine moisture content of the prepared AC sam-
ple by placing the sample into a dry and closed capsule.
Then placing the capsule in a drying oven at tempera-
ture ranging from 145-155°C. After the sample is dried,
it is weighted again accurately. The moisture content of
the sample is expressed as the percentage difference of
weight. The ash content was determined by taking weight
of 0.1 mg dried sample in a crucible of known weight. The
crucible was placed in the muffle furnace at 650°C and the
ash content was considered as the percentage weight of
the sample remained [28].

Chemical composition of the raw material was analysed
by the acid detergent fiber (ADF) and the neutral detergent
fiber (NDF). Scanning Electronic Microscopic (SEM) was
used to examine the surface morphology of the sample,
while Energy Dispersive X-Ray Spectroscopy (EDX) was
used to determine the chemical properties of AC particles,
as shown in Table 1. These two tests (SEM and EDX) were
conducted using SEM model S-3400 N (Hitachi, Japan).

Table 1

Proximate and ultimate analysis of activated carbon
Analysis Weight (%)
Proximate
Moisture content 8
Ash content 5.75
BET surface are (m?*/g) 1,190.411
Ultimate
Carbon 44.56
Hydrogen 6.194
Nitrogen 0.0476
Sulphur 0.017
Oxygen 4918
Chemical composition
Cellulose 23.07
Hemicellulose 18.4
Lignin 30.56

Fig.1 shows the SEM scans of raw material as well as pre-
pared AC. Fig. 2 shows the EDX analysis of raw material as
well as prepared AC.

2.3. Surface area characterization of activated carbon

The BET (Brunauer, Emmett and Teller) test was used
to determine the surface porosity characterizations of pre-
pared activated carbon over a relative pressure ranged
between 0.01-0.3 [29].

2.4. Removal mechanism

The adsorption process is highly effective in removing
ions or molecules from the aqueous solutions through the
means of absorbing onto the energetically heterogeneous
solid surfaces. Activated carbon is one of the commonly
effective adsorbent which is used to treat of hazardous and
sanitary wastewater.

There are two types of adsorption, physical and chem-
ical. In physical adsorption, no electron exchange occurs
between adsorbate and adsorbent and forces such as hydro-
gen bonding and Van der Waals hold the adsorbate to the
surface. The chemical adsorption process requires elec-
trons transfer and sharing between the adsorbent and the
adsorbed species.

2.5. Fixed-bed column models

The removal efficiency of parameter can be assessed
using the following formula [30]:

RE%:MXK)O (1)
Co
where C, is initial concentration, and C, concentration at time .
Three models, namely Thomas, Yoon-Nelson and
Adam-Bohart were used to represent the Chromium removal
efficiency through the fixed-bed columns of prepared AC.
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(a) raw material

Fig. 1. SEM scan of raw material and activated carbon.
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Fig. 2. EDX analysis of raw material and activated carbon.

2.5.1. Thomas model

The Thomas model is represented by the following
equation:

In [% - 1] - —KThg"W ~KpCot
t

where K : Thomas rate constant (mL/min mg), q,,: pre-
dicted bed capacity (mg/g), W: mass of the adsorbent (g),
and Q: feed flow rate (mL/min).

We determined the equilibrium uptake gq,, and Thomas
rate constant, K, based on the linear regression analysis of

ln[&—lj vs. t.
o

2.5.2. Yoon—Nelson model

@

C k 144
ll’l( C 0 J = ThTh - kYNt - TkYN (3)

i —C Q

(b) activated carbon

where k,,: Yoon-Nelson velocity rate constant (1/min), and
T: time (min) needed for a 50% adsorbate breakthrough.

A linear plot of ln[ S
Ci-Co
used for determining the different model parameters, k

jvs. sampling time, ¢, was

YN
and T.
2.5.3. Adam’s—Bohart model
C Z
In| =L | =k 45Cot — k 45No = 4
(COJ 4BCot —kapNo 7 4)

where C: inlet concentration (mg/L), C; final concentra-
tions (mg/L), k,,: adsorption rate constant (L/mg min), F:
linear velocity (cm/min) which can be determined through
dividing the flow rate (mL/min) by column sectional area
(cm?), N: saturation concentration, (mg/L), t: flow time
(min), and Z: bed depth of adsorbent (cm).
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3. Results and discussion
3.1. Effect of flow rate and bed depth

In this study, three different flow rates (6, 9, 12 mL/min)
were used in the experimental work to investigate the effect
of flow rate on the final concentration of hexavalent chro-
mium.

Fig. 3 shows the breakthrough curve for Cr(VI) using
three different bed depths (3, 5 and 7 cm) of activated
carbon with a flow rate of 6 mL/min. While Figs. 4 and
5 show the breakthrough curves of Cr(VI) for flow rate
9 mL/min and 12 mL/min respectively. The initial con-
centration of Cr(VI) was 6.5 mg/L in raw sample. After
adsorption treatment using activated carbon of 3 cm
deep bed, the final concentration was 2.3 mg/L, while
the final concentrations were decreased to 1.2 mg/L and
0.3 mg/L with the increased activated carbon bed depths
of 5 cm and 7 cm, respectively. The achieved Cr(VI)
removal efficiencies with the use of activated carbon
beds having depths 3 cm, 5 cm, and 7 cm were 42%, 81%
and 95%, respectively. These removal efficiencies were
higher than other reported achievements [8] in batch
adsorption treatment using garden waste as activated

1.2

—@—3cm
—l—5cm
—&—7cm

CRC o
o o ©
H (=)} -] [

0 100 200 300 400 500 600 700 800 900

Time (min)

Fig. 3. Breakthrough curves of the adsorption of Cr(VI) at flow
rate 6 mL/min for varying bed depths.
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Fig. 4. Breakthrough curves of the adsorption of Cr(VI) at flow
rate 9 mL/min for varying bed depths.

carbon for Cr(VI) (93%) at 5 mg/L adsorbent dose and
180 min contact time. Also, it can be seen from the figures
that the increase in discharge causes negative effect on
the efficiency of mass transfer which results in decreases
the required time for bed saturation. Similar results have
been reported by others [31-34].

The breakthrough curves of Cr(VI) for three different
flow rates 6, 9 and 12 mL/min are shown in Figs. 3, 4 and
5. The increase in AC bed depth in the fixed-bed column
resulted in an increase in saturation time which represents
the time required for the bed to become saturated. This is as
a result of availability of higher number of active sites in the
surface area [35].

3.2. Modelling of the column study

The dynamic behaviour of the fixed-bed adsorption
results was evaluated using the Thomas, Yoon-Nelson and
the Adam’s-Bohart models.

3.3.Thomas model

The results of the Thomas model parameters, K, and
q,, for Cr(VI) at flow rates of 6, 9 and 12 mL/min are pre-
sented in Tables 2, 3 and 4 respectively. It can be seen from
the tables that there were increase in the K, and q,, values
when adsorbent bed depth increased from 3 cm to 7 cm.
However, for 12 mL/min flow rate K,, decreases with the
increase in bed depth.
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Fig. 5. Breakthrough curves of the adsorption of Cr(VI) at flow
rate 12 mL/min for varying bed depths.

Table 2
Thomas fitting parameters for the adsorption of Cr(VI) at flow
rate 6 mL/min

Adsorbent bed K, . R?

depth (cm) (L/min mg) (mg/g)

3 0.0475 18.715 0.882
0.0864 24.839 0.961

7 0.0932 54.710 0.905
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Table 3

Thomas fitting parameters for the adsorption of Cr(VI) at flow

rate 9 mL/min

Table 6
Yoon-Nelson fitting parameters for the adsorption of Cr(VI) at
flow rate 9 mL/min

Adsorbent bed K, T R? Adsorbent bed K,y T R?

depth (cm) (L/min mg) (mg/g) depth (cm) (L/min mg) (min)

3 0.063 11.229 0.993 3 0.0028 980.67 0.996

5 0.0765 15.534 0.870 5 0.004 1056.7 0.879

7 0.091 21.884 0.980 7 0.0048 1189.43 0.988
Table 4 Table 7

Thomas fitting parameters for the adsorption of Cr(VI) at flow
rate 12 mL/min

Yoon-Nelson fitting parameters for the adsorption of Cr(VI) at
flow rate 12 mL/min

Adsorbent bed K, Ir R? Adsorbent bed K,y T R?

depth (cm) (L/min mg) (mg/g) depth (cm) (L/min mg) (min)

3 0.085 14971 0.783 3 0.0028 769.78 0.856

5 0.0664 19.871 0.933 5 0.004 830.98 0911

7 0.0110 43.768 0.980 7 0.0048 987.67 0.920
Table 5 Table 8

Yoon-Nelson fitting parameters for the adsorption of Cr(VI) at
flow rate 6 mL/min

Adam’s-Bohart fitting parameters for the adsorption of Cr(VI)
at flow rate 6 mL/min

Adsorbent bed K, T R? Adsorbent bed K,, N, R?

depth (cm) (L/min mg) (min) depth (cm) (L/min mg) (mg/L)

3 0.0028 1002.775 0.987 3 0.000032 3321.60 0.928

5 0.004 1047.77 0.568 5 0.00006 1335.45 0.872

7 0.0048 12375 0.678 7 0.00008 838.93 0.825
3.4. Yoon—Nelson model Table 9

The results of the Yoon-Nelson model parameters (K.,
and 1) are presented in Tables 5, 6 and 7 for the flow rates of
6,9 and 12 mL /min respectively. The results show that as the
bed height increases from 3 cm to 7 cm, there are increases in
the t value used in the model. Comparing the R* values for
the Thomas and the Yoon-Nelson models, it can be concluded
that both the models can be satisfactorily used for predicting
Cr(VI) adsorption performance in a fixed-bed column.

3.5. Adam’s—Bohart model

Tables 8, 9 and 10 present the constants of Bohart-Ad-
ams model based on the slopes and the intercepts of the
best-fit lines. It is clear from these tables that there were
decreased in the K, values with the increased bed heights.
The Adam-Bohart adsorption model provides a compre-
hensive and simple approach for conducting and evaluat-
ing the Cr(VI) removal efficiency through treatment using
prepared AC.

4. Conclusions

The study was conducted to assess the effectiveness of
treating Cr(VI) (hexavalent chromium) from wastewater
through adsorption process using activated carbon (AC)

Adam’s-Bohart fitting parameters for the adsorption of Cr(VI)
at flow rate 9 mL/min

Adsorbent bed K, N, R?

depth (cm) (L/min mg) (mg/L)

3 0.000257 476743 0.728

5 0.000222 3555.60 0.742

7 0.000141 2934.50 0.945
Table 10

Adam’s-Bohart fitting parameters for the adsorption of Cr(VI)
at flow rate 12 mL/min

Adsorbent bed K, N, R?
depth (cm) (L/min mg) (mg/L)

3 0.000257 2345.90 0.568

5 0.000222 3583.28 0.874

7 0.000141 2953.696 0.870

from garden waste. The high porosity characteristic of pre-
pared AC makes it a good adsorbent in removing heavy
metals (especially Cr(VI)) from wastewater. The adsorption
process was conducted using fixed-bed column with differ-
ent bed depths of AC and flow rates. The final concentration



298 LK. Erabee et al. / Desalination and Water Treatment 164 (2019) 293-299

of Cr(VI) was decreased to 0.3 mg/L with a 7 cm deep adsor-
bent bed. The removal efficiency of Cr(VI) was increased
from 42 to 95% with an increase in bed depth from 3 to 7
cm. The results of breakthrough curves of Cr(VI) indicated
that the increase in bed depth resulted an increase in satura-
tion time. It can be concluded from the experimental results
that the prepared activated carbon is efficient in removing
pollutants such as Cr(VI) from wastewater using adsorption
process because of its high adsorbent surface area.

Acknowledgments

This study was supported by College of Engineering,
University of Thi-Qar, Iraq.

References

[1] LK. Erabee, A. Ahsan, B. Jose, T. Arunkumar, R. Sathyamur-
thy, N.N.N. Daud, Idrus, Effects of electric potential, NaCl, pH
and distance between electrodes on efficiency of electrolysis
in landfill leachate treatment, J. Environ. Sci. Health (Part A),
52(8) (2017) 735-741.

[2] LK. Erabee, A. Ahsan, B. Jose, MM.A Aziz, AWM. Ng, S.
Idrus, N.N.N. Daud, Adsorptive treatment of landfill leachate
using activated carbon modified with three different methods,
KSCE J. Civil Eng,, 22(4) (2017) 1-13.

[3] LK. Erabee, A. Ahsan, AW. Zularisam, S. Idrus, N.N.N. Daud,
T. Arunkumar, R. Sathyamurthy, A. Al-Rawajfeh, A new acti-
vated carbon prepared from sago palm bark through phys-
iochemical activated process with zinc chloride, Eng. J., 21(5)
(2017) 1-14.

[4] LK. Erabee, A. Ahsan, N.N.N. Daud, S. Idrus, S. Shams, M.F.
Md Din, S. Rezania, Manufacture of low-cost activated carbon
using sago palm bark and date pits by physiochemical activa-
tion, BioResources, 12(1) (2017) 1916-1923.

[6] LK. Erabee, A. Ahsan, M. Imteaz, M.M.A. Aziz, S. Idrus,
N.N.N. Daud, Adsorption of heavy metals from landfill leach-
ate through low cost activated carbon: Fixed bed adsorption
study, J. Desal. Water Purif., 2(8) (2017) 2-7.

[6] LK. Erabee, A. Ahsan, M.A. Imteaz, AWM. Ng, Landfill
leachate treatment by electrolysis and preparation of low cost
activated carbon. Chapter 5, (2018) pp. 113-140. In Nutrients,
Wastewater and Leachate: Testing, Risks and Hazards, A.
Ahsan, Ed., Nova Science, USA.

[7] IK.Erabee, A. Ahsan, M. Imteaz, R. Sathyamurthy, T. Arunku-
mar, S. Idrus, N.N.N. Daud, Effects of chemical impregnation
agents on the characterisation of porosity and surface area of
activated carbon prepared from sago palm bark, J. Eng. Res.,
6(4) (2018) 1-21.

[8] LK. Erabee, Removal of ammonia nitrogen NH,-N and hexava-
lent chromium (VI) from wastewater using agricultural waste
activated carbon, Orient. . Chem., 34(2) (2018) 1033-1040.

[9] K. Erabee, S. Ethaib, Treatment of contaminated landfill leach-
ate using aged refuse biofilter medium, Orient. ]J. Chem., 34(3)
(2018) 1441-1450.

[10] Corporation, C. Granular activated carbon for water and
wastewater treatment, 1992. Retrieved from http://www.carb-
trol.com/water&was te.pdf.

[11] W. Eckhard, Adsorption Technology in Water Treatment
Fundamentals, Processes, and Modelling. Walter de Gruyter
GmbH & Co. KG, Berlin/Boston, 2012.

[12] S.E. Bailey, TJ. Olin, RM. Brika, D.A. Adrian, A review of
potentially low-cost sorbent for heavy metals, Water Res., 33
(1999) 24692479,

[13] A.K. Meena, K. Kadirvelu, GK. Mishra, C. Rajagopal, PN.
Nagar, Adsorptive removal of heavy metals from aqueous
solution by treated sawdust (Acacia arabica), ]. Hazard. Mater.,
150 (2008) 604-611.

[14]

(15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

S. Dhiraj, M. Garima, M.P. Kaur, Agricultural waste material
as potential adsorbent for sequestering heavy metal ions from
aqueous solutions - a review, Bioresour. Technol, 99(14) (2008)
6017-6027.

C. Namasivayam, K. Ranganathan, Removal of Pb(II), Cd(II)
and Ni(II) and mixture of metal ions by adsorption onto waste
Fe (III), Cr(III) hydroxide and fixed bed studies, Environ. Tech-
nol., 16(9) (1995) 851-860.

S. Balaji, T. Kalaivani, B. Sushma, C. VarneethaPillai, M.
Shalini, C. Rajasekaran, Characterization of sorption sites and
differential stress response of microalgae isolates against tan-
nery effluents from Ranipet industrial area—an application
towards phycore mediation, Int. J. Phytoremed., 18(8) (2015)
747-753.

A. Rezaee, H. Godini, S. Dehestani, A. Khavanin, Applica-
tion of impregnated almond shell activated carbon by zinc
and zinc sulphate for nitrate removal from water, J. Environ.
Sci. Health, Toxic/Hazard. Subst. Environ. Eng., 5 (2) (2008)
125-130.

N. Saranya, A. Ajmani, V. Sivasubramanian, N. Selvaraju,
Hexavalent chromium removal from simulated and real
effluents using Artocarpusheterophyllus peel biosorbent
— Batch and continuous studies, ]J. Molec. Liq., 265 (2018)
779-790.

S. Rangabhashiyam, E.N. Suganya Selvaraju, Packed bed col-
umn investigation on hexavalent chromium adsorption using
activated carbon prepared from SwieteniaMahogani fruit shells,
Desal. Water Treat., 57(28) (2018) 13048-13055

A. Singh, D. Kumar, J.P. Gaur, Continuous metal removal
from solution and industrial effluents using Spirogyra bio-
mass-packed column reactor, Water Res., 46(3) (2012) 779-
788.

M. Banerjee, N. Bar, RK. Basu, SK. Das, Removal of Cr(VI)
from its aqueous solution using green adsorbent pistachio
shell: a fixed bed column study and GA-ANN modelling,
Water Conserv. Sci. Eng., 3(1) (2017) 19-31.

AM. Bhatnagar, Y.H. Choi, W. Jung, S.H. Lee, S.J. Kim, G.
Lee, H.S. Suk, B.M. Kim, S.H. Kim, B.H. Jeon, JW. Kang,
Removal of nitrate from water by adsorption onto zinc chlo-
ride treated activated carbon, J. Sci. Technol., 43(4) (2008)
886-907.

A. Ahsan, LK. Erabee, B. Jose, M. Imteaz, S. Idrus, N.N.N.
Daud, Adsorption isotherm of modified activated carbon
using KMnO,. Proc. Intl Conf on water: from pollution to
purification (ICW 2016). Dec 12-15, 79-80 at Mahatma Gandhi
University, Kottayam, Kerala, India. http://www.ctamgu.in/
icw2016/index.html.

K. Ohe, Y. Nagae, S. Nakamura, Y. Baba, Removal of nitrate
anion by carbonaceous materials prepared from bamboo and
coconut shell, J. Chem. Eng. Japan, 36(4) (2003) 511-515.

K. Mizuta, T. Mstsumoto, Y. Hatate, K. Nishihara, T. Nakan-
ishi, Removal of nitrate-nitrogen from drinking water using
bamboo powder charcoal, Bioresour. Technol., 95(3) (2004)
255-257.

US. Orlando, A.U. Baes, W. Nishijima, M. Okada, A new
procedure to produce lignocellulosic anion exchangers from
agricultural waste materials, Bioresour. Technol. 83(3) (2002)
195-198.

F. Rodriguez-Reinoso, M. Molina-Sabio, Activated carbons
from lignocellulosic materials by chemical and/or physical
activation: an overview, Carbon, 30(7) (1992) 1111-1118.

ASTM D 2867-09. Standard test method for moisture in acti-
vated carbon: Designation, ASTM International, West Consho-
hocken, USA, 2009.

S. Brunauer, PH. Emmet, E. Teller, Adsorption of gases in mul-
timolecular layers, J. Amer. Chem. Soc., 60(2) (1938) 309-319.
N. Daneshvar, A. Oladegaragoze, N. Djafarzadeh, Decoloriza-
tion of basic dye solutions by electrocoagulation: an investiga-
tion of the effect of operational parameters, J. Hazard. Mater.,
B129 (2006) 116 — 122.

D.C.K. Ko, ].F. Porter, G. McKay, Optimised correlations for the
fixed-bed adsorption of metal ions on bone char, Chem. Eng.
Sci., 55(23) (2000) 5819-5829.



[32]

[33]

[34]

LK. Erabee et al. / Desalination and Water Treatment 164 (2019) 293-299 299

Z. Aksu, F. Gonen, Biosorption of phenol by immobilized
activated carbon sludge in a continuous packed bed: predic-
tion of breakthrough curves, Process Biochem., 39(5) (2004)
599-613.

S. Singh, V.C. Srivastava, L.D. Mall, Fixed-bed study for adsorp-
tive removal of furfural by activated carbon, Colloids Surfaces
A: Physicochem. Eng. Asp., 332 (2009) 50-56.

D. Carpine, J.I.A. Dagostin, V.R. da Silva, L. Igarashi-Mafra,
M.R. Mafra, Adsorption of volatile aroma compound 2-pheny-
lethanol from synthetic solution onto granular activated car-
bon in batch and continuous modes, J. Food Eng., 117 (2013)
370-377.

[35] AM.D. Canteli, D. Carpine, A. Scheer, M.R. Mafra, L. Iga-

rashi-Mafra, Fixed-bed column adsorption of the coffee aroma
compound benzaldehyde from aqueous solution onto granu-
lar activated carbon from coconut husk, LWT-Food Sci. Tech-
nol.,, 59(2) (2014) 1025-1032.



