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Abstract

The desert rose (Adenium obesum) is an attractive shrub that has been studied for potential purposes beyond
ornamentation. The exponential development in floriculture production, which earns billions of dollars each year globally,
has led to an increase in waste of this sort of material. Thus, this work aims to evaluate the desert rose fiber as an absorbent
to remove Rhodamine B dye from the aqueous solution. The material was characterized by SEM and pHpzc. The
adsorptive performance was tested by pH variation, adsorbate concentration, kinetics, and isothermal equilibrium studies.
Adsorption was favored by reducing pH and increasing temperature for most scenarios. The decay of the Rhodamine B
concentration displays that equilibrium is attained in 400 min for 10 mg-L™!. The best-fitted kinetic model was pseudo-
second order. Langmuir Isotherm model had the best adjustment, obtaining a maximum adsorption capacity of 19.12

mg-g'.
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1. Introduction

The global search for sustainable productive
activities and the advancement of research focused
on streamlining procedures and lessening
environmental impacts has sharply increased
considering the depletion of natural reserves,
shortage of hydric resources, and the growing
accumulation of solid, liquid, and gas residues
produced daily through conventional production
processes [1,2].

Drugs, pesticides, dyes, and other chemicals may
be included among these contaminants. Rhodamine
B (RhB) is a cationic dye extensively utilized as a
tracer stain in scientific fields and the textile
industry [3]. In addition to being used as a tracer for
hydrological studies [4] and in pens, paints, leather,
inks, and fireworks [5], RhB is also found in food
coloring, despite most nations banning its usage for
this purpose [6]. All these uses have the potential to
contaminate water supplies [4].

Decades of research have shown the harmful
effects of RhB on human and animal cells, which
appear through both acute and chronical exposures
[3]. The adverse impacts on human fibroblasts have
been demonstrated in recent studies [7]. In several
species, this dye can also result in mutagenesis and
cancer [8,9].

These studies show how important it is to reduce
the concentration of the dye in water bodies.
Furthermore, several authors have already used
biomasses to treat RhB, including modified orange
peel (with removal of 3.58 mg-g ") [10], kapok pods
(39.29 mg.g™") [3], banana peel (16.66 mg-g ") [11],
as well as leaves and roots of Eichhornia crassipes
(27.15 mg-g ' and 44.60 mg-g ', respectively) [12].
Thus, aiming to compare the potentiality of a novel
biomass material with commonly used ones, RhB
was used to investigate the adsorptive capacity of
the desert rose fiber (DRF), a particular kind of
floricultural waste.

Desert rose (Adenium  obesum), family
Apocynaceae, is primarily an ornamental plant,
although traditional medicine uses all components
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of this plant to treat numerous illnesses [13]. When
the bloom reaches maturity, DRFs are produced, and
they are responsible for preserving and dispersing
the seeds after the desert rose pod opening.

Therefore, this work aims to evaluate the
potential application of DRFs, a part of the plant
discarded after cultivation, to the removal of RhB
using distilled water, to suggest the biosorption
mechanism, making the raw DRFs a product able to
act in environmental remediation process.

2. Experimental
Chemicals and raw materials

The DRF was obtained from a craft production
located in Maceio city, Alagoas, Brazil. Rhodamine
B, analytical grade (Exodo Cientifica LTDA) was
selected as the pollutant target. For the general
testes, distilled water was used to create solutions of
RhB at 2, 10, 50 and 100 mg-L"'. Acid and base
solutions were used to adjust pH as needed, using
HCI, 0.1 M (37.0 % Dinamica LTDA), and NaOH,
0.1 M (=99.0 %, Dinamica LTDA).

Material preparation

The fiber was separated from seed and pod and
used in natura in all experiments.

Characterization

The SEM analyzes were performed using a
Scanning Electron Microscope (SEM), SSX-550
Superscan, Shimadzu). The samples were submitted
to a previous process of metallization via platinum
bath for 5 min and gold bath for 5 min at a current
of 10 mA, using a Sanyu Electron metallizer model
Quick Coater SC-701. After that, the material was
analyzed via detection of secondary electrons with
magnification of 500-1000x and voltage of 12 kV.
The Point of Zero Charge pH (pHpzc) was
determined by the methodology used by Haddad et
al. (2014) [14].

Adsorption studies

A shaking incubator (Shel Lab) was used to
agitate the samples at 150 rpm, and a
spectrophotometer (UV-Vis Shimadzu, model UV-
1800) was used to determine the adsorbate

concentration in solution, at 554 nm. All
experiments were conducted in duplicate.

The effect of pH was carried out at four pH
values. RhB solution (25 mL, 50 mg-L') was
prepared at 303 K and the pH was adjusted, using
NaOH and HCl solutions, to 3, 5.65 (natural), 7, and
11. The adsorption capacity at any time (q., mg-g")
and the RhB removal percentage (%) were
calculated by Eqgs. (1) and (2), respectively.

_G-C),
m

% removal = M * 100 (2)
Co
where Cy is the initial concentration of the adsorbate
in the liquid phase (mg-L™"), C is the equilibrium
concentration of the adsorbate in the liquid phase
(mg-L™), V is the volume of solution (L), and m is
the mass of adsorbent (g).

The kinetic studies were conducted varying the
initial concentrations from 10 and 50 mg-L"' at
natural pH. RhB solution (25 mL) and 0.05 g of
DRF were shaken at 303 K, and the absorbance was
measured at time intervals of 0, 5, 15, 30, 60, 240,
420, and 1440 min. The data obtained were
evaluated through mathematical models to describe
the behavior of adsorption kinetics and fitted by the
kinetic mathematical models: pseudo-first order and
pseudo-second order, also Vasconcelos ef al. [3].

14 (1)

q:

Equilibrium study

Equilibrium data was fitted to the Langmuir and
Freundlich models, as used by Xiao et al. [15].

3. Results and discussions
Characterization

The material surface morphology highlights the
tubular shape of the fiber, with a diameter of
roughly 40 pm, which may explain its
ultralightweight. A rough surface can be also
observed, and this may facilitate the adsorption of
materials on it. The topography is mostly constant
along the fiber.

The Point of Zero Charge pH shows that the
region of neutrality of the fiber occurs at pH around
4.7, it means that when the pH of the solution is
higher than this value, the surface of the material
becomes negatively charged, otherwise, the surface
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is protonated. So, as the RhB is a cationic dye, it is
expected that the adsorptive mechanism would be
favored at alkaline pH.

Adsorption study

The effect of pH exerted a significant influence
on RhB adsorption. The removal efficiencies found
were 36.81 %, 36.11 %, 24.21 %, and 21.09 % for
pHs 3, 5.65 (natural), 7 and 11, respectively, after
24 h contact. The adsorptive process was enhanced
at pH 3, while the lowest removal rate was seen at
pH 11. Even though the dye is cationic, the
adsorption process was more efficient in the
solution at pH 3 and less so at pH 11. It shows a
complex relationship between RhB and DRF, in
which there may be some form of interaction
between the various functional groups present on
the surface of the adsorbent at different pH values,
as pointed out by Vasconcelos et al. [3].

According to the experimental curves for
solutions at 10 and 50 mg-L™, it is evident that after
around 400 minutes of interaction, the equilibrium
at 10 mg-L"' was reached. However, for the 50
mg-L! solution, the curve reached equilibrium after
24 hours. For the 10 mg-L™' solution, approximately
87 % of the maximum adsorptive capacity (1.21
mg-g') was reached in 240 min, and 66 % (0.92
mg-g') in 120 min. More research on the removal
of RhB had similar results [3]. The rapid initial
decay in the first 120 minutes for both
concentrations probably happens due to rugosity on
the fiber surface. The long period taken for the
solution of 50 mg L™ to reach the equilibrium may
be due to the tubular shape of the fiber, it might take
time for the solution to overcome the capillary force
and fill the inside of the fiber, where the dye would
also be absorbed.

Compared to other adsorbents, the desert rose
fiber performed equivalent to other papers found in
the literature. Although it might take some time to
achieve equilibrium, the fact that the material is
natural significantly decreases the cost of the
procedure while still providing outstanding removal
results, particularly for solutions with less than 50
ppm of RhB.

Table 1 shows the adjustment parameters to the
adsorption models, where the pseudo-second order
model presents the best fit, with R? and adjusted R?
higher than 0.98. The data in Table 1 cannot be used
to confirm what adsorption process is occurring in
the system; nevertheless, the presence of

chemisorption may be deduced from the best fit of
the PSO model.

Table 1. Kinetic parameters of pseudo-first order
(PFO) and pseudo-second order (PSO).

Model 10mg' L' 50mgL!
PFO
Qe (mg-gh) 4.2030 0.9251
ki (min™) 1.6¥10° -3.1%10°
R? 0.9760 0.7785
Adj. R? 0.9720 0.7416
PSO
qe (mg-g™) 1.5092 8.5034
k» (g-mg-min™) 220%10%  2.17%10°
R? 0.9973 0.9892
Adj. R? 0.9969 0.9874

Equilibrium isotherms

Equilibrium adsorption isotherms are commonly
used to explain the interaction of a solute and an
adsorbent in solution.

The behavior of Rhodamine B adsorption on the
DRF surface was analyzed at different
concentrations, and the system temperature
increased from 303 K to 333 K, whose adsorption
data was studied by Langmuir and Freundlich
isotherm models. Table 2 summarizes all the
parameters from these two isotherms.

Table 2. Isotherm models parameters for
adsorption of RhB on DRF.

Langmuir Isotherm

Temp  Qmax Ky R? Adj. R?
(X) (mg/g)  (L/mg)
303 10.8555 0.0871 0.9657 0.9486
318 41.1415 0.0076  0.9920 0.9879
333 55.6457 0.0079 0.9998 0.9997
Freundlich Isotherm
Temp Kr n R? Adj. R?
K)  (mglg)

(mg/L)l/n
303 1.6908 2.5035 0.8534 0.7801
318 0.6387 1.3692 0.9983 0.9975
333 0.7103 1.2705 0.9988 0.9983

For all temperatures, Langmuir model presents
the best adjustment, reaching the highest values of
coefficient of determination (R* > 0.96), and
adjusted coefficient of determination (Adj. R* >
0.94). The Langmuir model also showed adsorption
capacities compatible with the experimental values,
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increasing from 10.86 mg-g' to 55.65 mg-g"!, with
the rise of temperature from 303 K to 333 K. This
result suggests that the adsorption was characterized
by being monolayer on a homogenous surface.

Conclusions

The primary goal of this study was to show the
potential of desert rose fiber as a low-cost adsorbent
to be employed in the treatment of liquid effluents
polluted with RhB, and it provides promising
results. Favorable results of adsorption capacity
were obtained under natural pH conditions, ideal if
it is intended to use the adsorbent in effluent
treatment. Pseudo-second order model and
Langmuir isotherm model were the best
adjustments for this study scenarios.
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