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ABSTRACT

This manuscript presents evaluation of arsenic adsorption by carbon (Cb) and a carbonaceous material
with iron nanoparticles (CbFe), coming from the pineapple peel (Ananas comosus (L.) Merr.) crown.
Scanning electron microscopy results showed formation of three structures types in CbFe: spheres,
filaments and spherical nanoparticles with an average diameter of 38 nm. CbFe material has a 167 m?%/g
specific area, 7+1 sites/nm? site density and pH, = 11 isoelectric point, while Cb material presents values
of 98.80 m*/g, 5 + 1 sites/nm?and pH,= 10 + 0.6, respectively. Arsenic adsorption was evaluated for both
materials; the kinetic equilibrium was obtained at 8 h, removing 138.5 mg As/kg by CbFe and 96.95 mg
As/kg by Cb. Experimental data were best adjusted to a pseudo-second order model, indicating that
removal of As(V) due to a chemisorption process. The sorption isotherms were adjusted to model
Freundlich with R*= 0.8797 and R?= 0.9671, respectively. Results showed that both materials are a
viable option for arsenic (V) adsorption in aqueous phase.
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1. Introduction

Arsenic (As) is present as organic and inorganic com-
pounds in nature, with oxidation states III and V and its
mobility in the environment is mainly controlled by chemical,
biological and physico-chemical phenomena [1,2]. Arsenic at
concentrations ranging from a few micrograms to milligrams
per litre in drinking water may cause acute toxicity effects in
people through strong arsenic binding to proteins; arsenic in
small amounts may have adverse effects on sensitive human
groups such as pregnant women or infants [3]. According to the
World Health Organization (WHO), the arsenic limit in water
is 10 ug/L. However, in some countries the current regulation
allows up to 25 pg L™ [4]. Arsenic as a pollutant in the environ-
ment has motivated the development and application of dif-
ferent removal technologies, such as coagulation—flocculation
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[5], electrolysis [6], electrocoagulation [7], membrane tech-
nologies [8], biological methods [9] and adsorption processes
[10]. Adsorption is one of the most popular methods as it is
currently considered highly efficient because of simplicity,
treatment stability and cost effectiveness. Oxides, activated
carbon, red mud, alumina [11,12] and biomass [13] are mate-
rials extensively used in the sorption process for the removal
of As(V) from water. However, in previous decades nanotech-
nology has become increasingly important because it offers
indisputable advantages to almost every area of expertise,
including environmental nano-remediation [14]. Especially the
zero-valence iron and iron oxide nanoparticles with different
polymorph structures that have unique physical and chemical
properties which are useful for a wide variety of applications
and are effective in arsenic removing from aqueous phase
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[15-17]. There are two different methods that can be used to
produce nanomaterials: top-down and bottom-up methods.
The first method consists in the reduction of iron particle size
through mechanical and/or chemical processes, and the sec-
ond includes specific equipment and it is associated with high
energy costs. In the bottom-up method, two distinct paths
can be followed: traditional and green production methods.
Traditional method involves the reaction between iron(III) or
iron(Il) solutions with sodium borohydride [18]. In general,
wet syntheses result in complex aqueous chemical reactions,
such as hydrolysis, oxidation and polymorphic transforma-
tions. Consequently, new processes have been devised in the
green synthesis of iron nanoparticles using natural products.
The use of biomass provides several advantages when com-
pared with the traditional method: (i) the polyphenolic matrix
can act as a capping agent that protects the iron nanoparticles
from premature oxidation [19] and (ii) the natural products
valorization, such as pineapple peel, that in some cases, are
considered wastes. Recently zero valent iron nanoparticles
were synthesized from the leaf extracts of Eucalyptus globules
and were applied in the efficient adsorption of Cr(VI) [20].
Application of Fe and Fe/Pd bimetallic nanoparticles from
green tea extract for the reductive degradation of chlorinated
organic has been reported [21]; Es’haghi [22] reports the syn-
thesis and functionalization of magnetic iron nanoparticles
using green chemistry (olive oil) for the extraction of nickel
from environmental samples. Nanoparticles in the aqueous
media tend to aggregate due to magnetic properties which
limit the radius of influence and hinder the recovery during
aqueous phase. An alternative is to use a material that serves
as a nanoparticles support and facilitates the contact with
the pollutant to be removed. The immobilization of the syn-
thesized nanoparticles onto porous solids is used to avoid
the operational problem previously mentioned. In addition,
immobilization helps to enhance certain properties of the
materials such as stability and mechanical strength. Different
materials have been used as supports for different nanopar-
ticle systems with regard the treatment of effluents [23-25].
However it has been observed that the combination of mag-
netic nanoparticles with carbon has many unique properties
including good thermal stability, a wide electrochemical (con-
ductivity) window, turnable miscibility and good extraction
capability, which makes them promising materials for heavy
metal removal, and pollutants adsorption [26]. Previous stud-
ies realized by Park et al. [27] show that powered activated car-
bons impregnated with iron nanoparticles removed bisphenol
effectively in the presence of natural organic matter; Yu et al.
[28] used magnetic iron oxide nanoparticles functionalized
multi-walled carbon nanotubes for toluene, ethylbenzene
and xylene removal from aqueous solution. Yadav et al. [29]
presented a study of phenol removal from water by catalytic
wet air oxidation using carbon bead-supported iron nanopar-
ticle containing carbon nanofibres. Recently, another study is
reported by Wang et al. [30] where porous three-dimensional
graphene (3DG) is prepared by chemical vapour deposition
and is used as a matrix to support nanoscale zero-valent iron
(nZVI) particles for azo dye degradation; Jabeen et al. [31] and
Guo et al. [32] utilized 2D graphene sheets as a supporting
template to prepare nZVI-decorated graphene composites.
These hybrid materials demonstrated a higher capability for
Cr(VI) and methyl blue removal.

The aim of this study is to obtain a carbon biomaterial
conditioned with iron nanoparticles starting from the pine-
apple peel and to evaluate their arsenic adsorption capacity
in an aqueous phase.

2. Experimental setup
2.1. Synthesis

The schematic preparation of the Cb and CbFe is shown in
Fig. 1. For this study, pineapples (Ananas comosus (L.) Merr.)
obtained from Mexico were used. In the laboratory, the pine-
apple peel was washed several times with double-distilled
water to remove surface impurities and dried at 25°C for 24 h.
After, it was ground and sieved in order to obtain a size of
0.85 mm (mesh 20). The pineapple peel was then repeatedly
washed with deionized water at 120°C for 15 min to com-
pletely remove the brown discolouration and then it was
dried at 25°C.

To obtain CbFe, the chemicals used were of analytical
grade. A mixture of 12 mL C,;H, Na O, (carboxymethyl cel-
lulose sodium; 2% w/w; Sigma-Aldrich®) (St. Louis Missouri,
USA), and 18 mL of Fe (NO,), 9H,O (iron(III) nitrate nonahy-
drate; 0.06 M; Sigma-Aldrich®, 98%) with 6 mL of (CH,) N,
(hexamethylenetetramine; 0.5 M; Sigma-Aldrich®, 99.9%)
were combined in a reactor with argon (Ar) atmosphere
and with constant agitation. Once the mixture was homog-
enized, 3 g (previously established amount) of pineapple
peel (mesh 20) was added to the mixture and agitated in an
ultrasonic bath for 45 min, prior to being placed in a fused
alumina crucible, which was then subsequently introduced
into a quartz tube under Ar within a furnace (Lindberg®/Blue
Model CC58114A-1) for 180 min at pyrolysis time at 650°C.

2.2. Morphology, surface characterization and crystallographic
structure

In order to obtain the morphology and chemical struc-
ture of carbon biomaterials, a scanning electron microscope
model JEOL® (Japan) JSM-6610 LV at 25 kV was used. The
samples were mounted on an aluminum holder with alumi-
num conductive tape and it was then covered with a layer of
gold approximately 150 A thick using a sputter coater Desk
II model, Denton Vacuum (China). The elemental chem-
ical compositions of the samples were then determined by
energy dispersive X-ray spectroscopy using an OXFORD®
spectrometer (UK). The main chemical groups were studied
by Fourier transform infrared spectroscopy (FTIR) using a
Nicolette® 550 infrared spectrophotometer (USA) with KBr
discs. The samples were scanned from 4,000 to 400 cm™. The
crystal phases of Cb and CbFe were analyzed by XRD pat-
terns using a Siemens-D-5000S® diffractometer (Germany)
with a copper anode X-ray tube (A =1.543 A).

The specific surface area was determined by N,
Brunauer—-Emmett-Teller (BET) nitrogen adsorption method
with a BELPREP-flow II BEL JAPAN® Inc. surface analyzer.
Dried and degassed samples were analyzed by N, adsorp-
tion-desorption multipoint method at room temperature.
The point of zero charge (pH,,) was determined by mass
titration experiments. Respectively, different amounts of Cb
and CbFe (0-2 g) were mixed with 10 mL of water in polypro-
pylene tubes. The resulting suspension was stirred for 24 h to
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Fig. 1. Schematic experimental representation of the process used to prepare the CbFe and its utilization for the removal of heavy

metals.

allow the hydration of the solid surface before centrifugation
at 3,500 rpm for 10 min. Then the pH was then measured in a
Denver Instruments® potentiometer (USA).

To determine active sites, potentiometric titrations of
Cb and CbFe (300 mg), respectively, were performed in an
NaClO, (0.1 Mol/L) solution at 25°C in an argon atmosphere.
The suspension was acidified with HCIO, (0.1 Mol/L) at
an initial pH = 2 and it was then stirred for 24 h, with the
titration being added NaOH (0.1 Mol/L).

2.3. Arsenic adsorption
2.3.1. Effect of initial pH, concentration and contact time

An arsenic solution stock was prepared by dilution
of 10 mL As,O,, Titrisol, MERCK® 1,000 mg/L to 100 mg/L

275
with deionized water. This solution was further diluted to

the concentration required for each experiment. In order to
evaluate the effect of pH on the As(V) adsorption process the
experiments were carried out in a batch mode, where 30 mg
of Cb or CbFe were mixed with 10 mL of 30 mg/L (As,O,)
solution in polypropylene tubes at pH values from 1 to 7, the
suspensions were shaken in a water bath for 24 h at 20°C,
NaOH and HNO, 0.1 M solutions were used to adjust the pH
of the mixtures in all the experiments. TTo evaluate the effect
of ion concentration on the removal of As (V), the samples
were prepared at concentrations between 3 and 40 mg L™
in 10 mL solution using 30 mg of Cb or CbFe, respectively.
Whilst for sorption kinetics, each material was put in contact
with 10 mL of a 30 mg L arsenic solution at pH =6 + 0.1
at 20°C, the experiments were performed at different contact
times. The arsenic concentration in the solids carbonaceous
materials after the adsorption process was determined by
NAA (neutron activation analysis) as described below.
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2.3.2. Arsenic concentration: neutron activation analysis

0.02 g of Cb or CbFe coming from the arsenic adsorption
process was encapsulated in polyethylene containers for
irradiation. An arsenic standard solution of 30 uL of As,O,
Tridisol, Merck® (1,000 mg L) was deposited on a piece
of paper Whatman 41 low in ash and also it was encapsu-
lated in a polyethylene container for irradiation. The encap-
sulated samples were irradiated for 2 h with thermal neu-
trons in the Fixed Irradiation System (SIRCA) with a neutron
flux of 9 x 10">n/cm?s in the TRIGA Mark III (USA) nuclear
reactor of the National Institute for Nuclear Research in
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Intensity (a.u)
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Mexico. The irradiated samples were measured in a gamma
spectrometer equipped with a hyper-pure Ge detector
ORTEC?® (The Netherlands).

3. Results

3.1. Morphology, crystallinity, surface properties and functional
groups
Fig. 2(a) shows the Cb mycography, where the forma-

tion of iron nanoparticles on the surface of the carbon can-
not be observed. The opposite happens for CbFe where small

SEI
CCMC

20kV

WD10mm  SS36

- 300 pm ' Fe Ka1

Fig. 2. (a) Carbon surface of Cb; (b) carbonaceous material with iron nanoparticles (CbFe); (c) amplification of CbFe; (d) iron mapping
in CbFe; (e) CbFe material after the sorption process; (f) Ray diffraction spectrum of CbFe and Cb materials.
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spherical particles of nanometric size appear on the surface
carbonaceous material, this can be attributed to the formation
of iron nanoparticles. When pineapple peel is subjected to the
process of pyrolysis, different structures are formed and can
be observed that the formation of spheres with 6 pm diameter
and filaments emerging from the silicon nodules of 108 nm
length with a 14.6 nm width. The filaments and spheres
structures are formed on the top of silicon nodules that form
the shell structure of pineapple (Fig. 2(b)). The pineapple
peel presents small structures on their surface with around
150 and 200 individual fruits attached to a central axis [33].
In Fig. 2(c) it is observed with more detail the presence of
a sphere formed during the pyrolysis process, small spheri-
cal iron particles appear evenly dispersed across the carbon
surface with an average diameter of 38.8 nm and homo-
geneously distributed in the carbon structure. This effect
results from the chemical preparation of pineapple peel, first
through the reagent penetration in the entire structure of the
biomaterial and second, during the pyrolysis process where
carbon and nanoparticles were formed at the same time. The
elemental composition analysis of CbFe shows the presence
of C (75.92%), O (16.03%), Na (1.60%), Mg (0.23%), Al (0.20%),
Si (1.04%), P (0.56%), S (0.54%), K (0.43%), Ca (1.44%) and
Fe (2.01%). The presence of Na, Mg, Al, Si, P, S, K is due
to the process of obtaining nutrients, the plant takes those
elements from the soil. The distribution of iron in the carbo-
naceous material is homogenous according to the mapping
performed (Fig. 2(d)). After the adsorption process (Fig. 2(e)),
iron nanoparticles remain in the structure of the carbona-
ceous material and the surface of material does not present
changes due to the pH solution value, neither the stirring
process, showing that it is stable and viable to be used in the
removal of As in aqueous phase [27].

The XRD) results showed that Cb and CbFe materials have
an amorphous structure. Fig. 2(f) shows that the CbFe mate-
rial presents two peaks, one at 25° and the other at 45° in 20
scale with centroide in 24° attributed to the Fe? (ICDDPDF2007
03-065-4899) and the Cb material only presented one peak at
25° in 20 scale. The CbFe material showed 7 + 0.1 sites/nm?
whilst the Cb material 5 + 0.1 sites/nm?. When the two materi-
als are compared, a difference of 2 + 0.1 sites/nm?is observed
and it can be to do with the presence of iron nanoparticles in
the carbonaceous material. The isoelectric point is similar in
both materials; in Cb at pH = 10.6 and CbFe at pH =11, show-
ing that the iron nanoparticles did not alter the isoelectric
point of the material, probably because the low amount of
iron. In both materials, the surface charge is positive, which
is favourable for the sorption of As(V), such as: HAsO* and
AsO, " [2].

In Table 1 it can be observed that the specific area of CbFe
is significantly greater than Cb, whilst the pore diameter
does not change in both materials; however the pore volume

Table 1
Specific area, volume and pore size of carbonaceous materials

Material ~ Specificarea  Pore volume Pore diameter
(m*/g) (nm) (nm)

Cb 98.80 0.0598 2.42

CbFe 167.00 0.1053 2.52

in CbFe is greater than Cb. This can be attributed to the car-
bon conditioned with the iron nanoparticles obtained at the
same time during the pyrolysis process. The difference of
68.2 m*/g in the specific area between Cb and CbFe shows
that the presence of iron nanoparticles favours this parame-
ter for CbFe, another factor that contributes to this increase
is the pore volume for Cb is less than CbFe. According to
the results, Cb and CbFe can be considered as mesoporous
materials, because the pore diameter is in the range of
2-50 nm [34].

The FTIR spectrum of the CbFe indicates the presence of
various functional groups. In Figs. 3(a) and (e) the pineap-
ple peel (CP) shows the following bands: 3,348 cm™ (OH);
2,932-2,855 cm™ (C-H); 1,735 cm™ (C=0); 1,622 cm™ (C=C);
1,370 em™ (O-H and C=0); 1,238 cm™ (ester linkages that are
coming from cellulose, hemicellulose and lignin). The band
at 1,034 cm™ confirms the presence of C-O that corresponds
to phenol groups and is common in the lignocellulosic mate-
rials. During the washing of the pineapple peel, a decrease in
intensity of the first band at 3,348 cm™ which is attributed to
the loss of phenolic compounds (Figs. 3(b) and (f)) [35-38],
whilst the material is conditioned with iron solution and
carboxymethyl cellulose sodium, the intensity of the bands
located at 3,348 and 1,034 cm™ increased (Figs. 3(c) and (g))
complexes are formed. No significant change is observed in
the bands located at 2,932 and 2,855 cm™ between the CP and
Cb materials. However in CbFe material, it is noted that the
presence of a doublet due to the Fe interaction near 500 cm™
[39]. In Fig. 3(h) two bands are observed at 3,771 and 3,552 cm™
that are corresponding to the NH and NH, groups, and the
double band at 2,984 and 2,895 cm™ is assigned to the tension
C-H of methyl and methylene groups of lignin; the isonitrile
groups are located at 2,362 and 2,334 cm™. Additionally the
bands located at 2,100; 1,735 and 1,538 cm™, are assigned to
isocyanate groups (N=C=0, C=0 and C=C). It is observed that
some bands decrease, suggesting the rupture of links during
the pyrolysis of cellulose, hemicellulose and lignin.

3.2. Adsorption studies
3.2.1. pH effect

Fig. 4(a) presents the isotherm in function of pH change
of the solution at an As(V) initial concentration of 30 mg L™
and it is observed that Cb material removes less As(V) than
CbFe material. The maximum removal is observed at pH =2
where the chemical species H;AsO, and H,AsO, are predom-
inate and the chemical specie H,AsO," has a greater tendency
to be absorbed in the surface material so the percentage of
removal increases. The results can be related to the isoelectric
point of both materials as they have a net positive electrical
charge on the surface and it favours the arsenic removal at
acid pH in relation with the species of As(V) present in the
solution. At pH = 3, the chemical species H,AsO, predom-
inates, however the removal of As(V) decreases [40-42]. In
Fig. 4(b) it is observed that CbFe removes more As(V) than
Cb at all the contact times and both materials have a removal
peak at 8 h. However, the remotion capacity is higher for the
material containing iron nanoparticles with 65% removal of
arsenic in the first minutes of contact. This behaviour shows
that the CbFe material is more efficient than the Cb material.
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Fig. 3. Infrared spectra from 4,000 to 1,200 cm™ and from 1,200 to 600 cm™; (a,e) CP; (b,f) Cb; (c,g) CbFe; (h) CbFe infrared spectrum

before As(V) sorption process; (i) after As(V) sorption process.

The experimental data for As(V) adsorption for both
materials were fitted by means of three kinetic models:
diffusion-chemistry ~adsorption, pseudo-first-order and
pseudo-second-order models. The best fit to the As(V)
adsorption data in both materials were obtained with a
pseudo-second-order model [43,44]. The kinetic rate equation
is represented mathematically by Eq. (1) as follows:

Ha,= 1/kq7+ (1/q)"t (1)

where k, (g/mg min) is the pseudo-second-order rate constant
of adsorption, g, is the adsorption capacity at equilibrium
(mg/g) and g, is the amount of arsenic ions removed at
time t (mg/g). The values of each parameter are presented
in Table 2.

The results show that the material adsorption capacity
is proportional to the number of active sites on the surface,
which favours a chemisorption process. The g, and k, are 1.5
and 2 times higher for CbFe than to Cb in the adsorption of
As(V) and shows that CbFe has a better adsorption capacity
for As(V) [45,46].

Fig. 4(c) shows the adsorption isotherms of CbFe and Cb
materials, where a maximum arsenic sorption of 67% and 75%,
respectively, can be observed. The adsorption experimental
data were adjusted to Freundlich and Langmuir models in

order to explain the As(V) adsorption behaviour by the carbo-
naceous materials. In Table 3, it is observed that the Freundlich
model best describes the adsorption process (R*> 0.87) sug-
gesting the formation of successive layers of adsorbate on the
material surface in a heterogeneous medium [47].

The Freundlich model is formulated in Eq. (2):

9. =KC" @)

where g is the mass ratio of the adsorbed solute on the
adsorbent (mg g™); C, is the equilibrium solute concentra-
tion (mg L™); K. is the Freundlich constant representing the
adsorption capacity and strength of the adsorptive bond
and 7 is the heterogeneity factor representing the bond dis-
tribution. The value of 1/n is less than one for the arsenic
adsorption on the nanocomposite at the studied temperature,
showing that the process of adsorption is favourable.

Table 4 compares the arsenic adsorption capacity of Cb
and CbFe materials with other adsorbents, and it can be
observed that the capacity of the carbonaceous materials is
high. The parameter values show that Cb and CbFe materials
could be used as a useful biosorbent for the As(V) removal
from wastewaters. An advantage of the use of the material
obtained in this study is its low cost compared with other car-
bons because it is obtained starting an organic waste, which
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Fig. 4. (a) Effect of pH in the removal of As(V) by Cb and CbFe materials; (b) Percentage of As(V) removed from aqueous solutions
by Cb and CbFe in function of time (C, =30 mg L™); (c) Effect of concentration on the removal of As(V) by the Cb and CbFe materials.

Table 2

Fitted kinetic parameters for the removal of As(V) by Cb and CbFe materials

Parameter Pseudo-first-order Pseudo-second-order Diffusion-chemisorption
CbFe Cb CbFe Cb CbFe Cb
R? 0.750 0.906 0.999 0.995 0.980 0.980
q, (mg/g) 0.099 0.075 0.138 0.097 0.159 0.118
k (g/mg min) 9.9959 x 10~ 5.4451 x 10+ 0.208 0.098 0.172 0.065
Table 3 4. Adsorption mechanism
Val f L i d F dlich tants for the As(V
reinu(fsalo angmuir and Freundlich constants for the As(V) After the arsenic contact, an analysis by FTIR was per-
formed (Fig. 2(i)), and the difference between intensity
Cb CbFe of some bands were observed with respect to Fig. 2(h):
- dich L - = Tich L - 2,362-2,334 cm™; 1,055 cm™ and 670 cm™ as well as shifting
reundhic angmuir reundhc angmuir of Fe-O suggesting that these groups are involved in the
R*=0.967 R*=0.134 R*=0.879 R?=0.593 process of arsenic remotion [48]. According to the results
K, =2.126 1/Q,K=0.548 K =4.332 1/Q K =0.302 obtained, the process of removal of As(V) can be explained
1/n=0884  1/Q =0.005 1/n=0.718 1/Q =0.011 by two ways: chemisorptions on the active site of surface

represents a great advantage to remove arsenic in an aque-
ous phase. Also due to its sorption properties, it represents a
great advantage to remove arsenic in an aqueous phase.

and ion-exchange of surface cations, such as Na* and Ca?*.
The sorption mechanism of As(V) was carried out by Na*
and Ca* with As(V), which was confirmed from the SEM-
EDX studies (Table 5) [49].
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Table 4
Maximum adsorption capacities of various adsorbents for As(V) removal
Adsorbents Adsorption capacity (mg g™) Reference
Aluminium-manganese copper ferrite polymer 0.053 [50]
Biochar-supported zerovalent iron 124.50 [51]
Zerovalent iron impregnated chitosan-carboxymethyl (3-cyclodextrin 13.51 [52]
Iron oxide on activated carbon 27.78 [53]
Iron-PVA 87.18 [54]
Iron clinoptilolite-rich zeolitic tuff 230 [55]
This work 138.5 -
Table 5 medium. The FTIR characterization of the solid material after
EDX analysis of CFe and CFe-As the adsorption process indicates that isonitrile groups C-O
and C-H are involved in the adsorption process. The carbo-
Element CFe %w CFe-As %w naceous material conditioned with iron nanoparticles is a
C 75.92 76.31 viable option for the As(V) adsorption in an aqueous phase.
O 16.03 18.62
Na 1.60 0.18 Acknowledgements
Mg 023 The authors would like to acknowledge Jorge Pérez for
St 1.04 1.06 their technical assistance. D.O. Flores-Cruz acknowledges
Al 0.20 0.05 CONACYT for the M.S. fellowship received in support of
Ca 1.44 0.64 this work.
P 0.56 0.52
S 0.54 0.55 Conflict of interest
K 0.43
Fe 201 207 The authors declared no conflict of interest.

5. Conclusion

In this research, a novel carbonaceous material with
iron nanoparticles coming from the pineapple peel (Ananas
comosus (L.) Merr.) was obtained. SEM results show the pres-
ence of three different structures: spheres, filaments and
iron nanoparticles distributed on the carbon surface with
an average diameter of 38.81 nm. The carbonaceous mate-
rial with iron nanoparticles (CbFe) and the carbon material
(Cb) presented a specific area of 167.00 and 98.80 m*/g, den-
sity sites 7.12 + 1 sites/nm*and 5 + 1 sites/nm? and isoelectric
point at pH = 11 and pH = 10.6, respectively. Major differ-
ences by means of FTIR analysis between CP, Cb and CbFe
were found due mainly to the loss of phenolic compounds
during the pineapple peel conditioning and the formation of
carboxymethyl-iron complex. In the CbFe material, isonitrile
and isocyanate groups were identified as the common func-
tional carbon groups. The capacity of the carbon (Cb) and
carbonaceous with iron nanoparticle (CbFe) materials for the
As(V) removal were evaluated. Both materials reached the
kinetic equilibrium in the first 8 h of contact time, removing
138.5 mg/g of As by the CbFe material and 96.95 mg of As
by the Cb material. Kinetic data were properly adjusted to
the pseudo-second-order model, indicating that the As(V)
removal is due to a chemisorption process, however, this
behaviour may be affected by change in pH. Adsorption
isotherms for CbFe and Cb materials were adjusted to the
Freundlich model resulting in a correlation coefficient
R*= 0.8797 and R?>= 0.9671, respectively, which indicates
multi-layer chemisorptions of As(V) in a heterogeneous
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