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The aim of the present study was to assess the adsorption potential of a natural ad-
sorbent Oxalis pes-caprae L. for the removal of azo-dye solophenyl red 3BL (SR 3BL)
from textile effluents. The adsorbent was characterized by Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM). The effect of various
parameters on the efficiency of the adsorption was studied. The optimum was found with
the contact time of 35 minutes, pH of 6, and temperature of 25 °C. The equilibrium ex-
perimental data were fitted with the Langmuir, Freundlich, and Temkin models. Experi-
mental data were well described with the Langmuir isotherm indicating monolayer ad-
sorption. Pseudo-first-order, pseudo-second-order, and Elovich kinetic models were used
to evaluate the adsorption kinetics. The adsorption kinetics was found to follow closely
the pseudo-first-order kinetic model. Thermodynamics studies revealed that the adsorp-
tion process was spontaneous and exothermic.
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Introduction

Dyes in water resources cause severe water
pollution and block sunlight penetration through
water, which impairs photosynthesis of aquatic
plants as well as causes a significant alteration in
ecological conditions of aquatic life.! Dye-contami-
nated water sources can pose serious public health
concerns, including toxicity, mutagenicity, and car-
cinogenicity among other adverse health effects.?

Dyes are widely used in industries such as tex-
tiles, rubber, plastics, printing, leather, cosmetics,
etc., to colour their products. As a result, they gen-
erate a considerable amount of coloured wastewa-
ter.> Colour removal from wastewater has been a
matter of concern, both in the aesthetic sense and
health point of view.*> Colour removal from textile
effluents on a continuous industrial scale has been
given much attention in the last few years,’ not only
because of its potential toxicity, but also mainly due
to its visibility problem. Many dyes are primarily of
synthetic origin and have complex aromatic struc-
tures, which make them stable to light, heat and ox-
idizing agents, and are usually biologically nonde-
gradable.” Hence, they pose a serious threat to
human health and water quality, thereby becoming
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a matter of vital concern.® Keeping the essentiality
of colour removal, concerned industries are required
to treat the dye-bearing effluents before releasing
them into the water bodies.’

The decomposition of dye molecules depends
on the complexity of the dye structures.'’ Classified
on the basis of their chemical composition and
physical properties, they can be acid dyes, azo dyes,
basic dyes, disperse dyes, sulphur dyes, pigment
dyes, etc."" About 70 % of dyes used in textile in-
dustries are azo dyes with complex structures.'* Sol-
ophenyl red 3BL is an azo dye nonbiodegradable in
aerobic conditions and can be reduced to more haz-
ardous intermediate compounds under anaerobic
conditions. It is very soluble in water, and its solu-
bility reaches 60 g L' at 20 °C.”

Several methods are available for the treatment
of dyes in water effluents, such as chemical oxida-
tion, flotation, adsorption, electrolysis, chemical co-
agulation, and biodegradation.!> However, adsorp-
tion is found to be efficient because of its ease of
operation, flexibility, simple design, and ability to
treat dyes in a more concentrated form.'* Some of
the advantages of adsorption are possible regenera-
tion at low cost, availability of known process
equipment, sludge-free operation and recovery of
the adsorbate.'” The most common adsorbents are
zeolites, polymer-based porous materials'® and acti-
vated carbon which is mostly used for its high sur-
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face area. However, its use for dye removal is still 1.0 -
very expensive, which is a fact that limits its wide 1
application in the treatment of textile effluents.!” 0.8 —
This has led many researchers to seek more eco- § 1
nomic and effective adsorbents as potential substi- § ©-6
tutes for activated carbon,'® resulting in the interest 'g 1
of adsorbents from biomass to be used as sustain- & o .
able adsorbents. < 1
Natural plants are applicable for wastewater 024
treatment due to their many advantages and inter- T
esting properties.'” They are abundant, renewable, 00 . Py . v
biodegradable, and inexpensive.'>? It is noteworthy
that these plants are undesirable and most of the Wiasselemgti )
time they are extracted from nature and discarded Fig. 1 — Absorption spectrum of SR 3BL
or eliminated by chemical processes, which can
o 21
cause harm .to the environment. All the acids (H,SO,: sulphuric acid 95-98 %,
The objective of the current research was the HCI: hydrochloric acid 32 %, HNO,: nitric acid
removgl qf solophenyl red 3BL dye from effluents 65 % and H,PO,: phosphoric acid 85 %) were pur-
of'textlle industry using natural plant adsorbent Ox- chased from Sigma-Aldrich.
alis pes-caprae L.ina pgwder form (colle_cted from Sodium hydroxide (NaOH) and sodium chlo-
Algerian regions). Oxalis pes-caprae L. is a small de (NaCl boucht f Merck
perennial, herbaceous plant with bulbiferous and ride (NaCl) were bought from Merck.
underground stem, belonging to family Qxa{idace— Textile dye
ae. Because of its pleasant sour taste, it is also
called sourgrass or soursob. High content of oxalic Solophenyl red 3BL (SR 3BL) was obtained
acid is the cause of its sourness.”? This abundant from the Algerian Textile Company (TEXALG, Al-
natural plant material may provide an economical geria). Fig. 1 shows the absorption spectrum of the
and cleaner alternative to replace or supplement aqueous solution of SR 3BL (50 mg L™"). The max-
present treatment processes for the removal of dyes imum absorption was obtained at the wavelength of
from textile effluents. 517.6 nm. The molecular structure, molecular
weight, and chemical formula of the SR 3BL are
shown in Table 1.
Materials and methods
Characterization techniques
Reagents .
The absorbance measurements were carried out
All reagents and chemicals used in this study using a single-beam type UV/visible spectropho-
were of analytical grade. All the solutions were pre- tometer (Spectrophotometer Jenway 7315, Boumer-
pared in distilled water. des, Algeria).
Table 1 — Molecular structure, molecular weight and chemical formula of SR 3BL

Chemical dye

Solophenyl Red 3BL

Structure

Molecular formula

Molecular weight (g mol™)

NaOs$
SOsNa \©\
o N
N

\ NaOsS NaO3S:©,N
N\Q\ /N\’;‘
o (Yo"
NaOsS NH\N
NaO;S I}I/KO
H

C,H, N, NaO,s

4577260 10 62176

1373.08
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The scanning electron microscopy (SEM) im-
ages were obtained using a brand SEM (Philips
ESEM XL 30, Tizi-Ouzou, Algeria) equipped with
tungsten filament coupled to a complete X-ray mi-
croanalysis system.

The Fourier transform infrared (FTIR) spec-
troscopy was recorded at room temperature between
400 and 4000 cm™ by the standard KBr disk method
using (Tracer-100 spectrometer, Boumerdes, Algeria).

Preparation of adsorbent (Oxalis powder)

Fresh plant material of Oxalis pes-caprae was
collected from Algerian regions (Boumerdes) in the
flowering stage, washed several times with running
water to remove adhering dust and impurities, until
clear washing water was obtained, then rinsed with
distilled water, and dried at room temperature. After
complete drying, the plant was ground to fine pow-
der using an electric grinder (RM 200). The ob-
tained powder was then washed with ethanol to
eliminate chlorophyll, was after which it was fil-
tered and oven-dried (Venticell FSNV/5072/16,
Boumerdes, Algeria) at 40 °C for 24 hours. Finally,
the dried product was placed in a glass bottle, and
stored in a desiccator for further use.

Adsorption experimental procedure

The adsorption tests of solophenyl red dye on
the natural adsorbent Oxalis pes-caprae were con-
ducted in batch mode. In conical flask, undiluted
dye effluent (50 mL) was mixed with different
masses of the Oxalis powder (0.05-0.5 g). The con-
ical flask components were mixed using a magnetic
stirrer at 200 rpm until adsorption equilibrium was
reached at 35 min. The suspensions were left to set-
tle for 30 min. The contents of the conical flask
were filtered, and residual dye concentration y
(mass concentration) in the solution was determined
by measuring the filtrate’s absorbance at 517.6 nm
using a UV-Vis spectrophotometer. Equations (1)
and (2) were used to calculate the percentage of re-
moval and the adsorption capacity, respectively:

Roo==2) 100 (1)
Yo
14
qe:(yo ye) (2)
m

where y, is the initial dye concentration (mg L), y,
is the equilibrium dye concentration (mg L), V' is
the volume of the dye solution (L), m is the mass of
adsorbent (g).

In order to find the best operating conditions,
the influence of important parameters on the ad-
sorption phenomena was tested: pH of solution (2
to 10), initial temperature of solution (25 to 50 °C),
and contact time (5 to 90 min).

Adsorption isotherms

Isotherms are diagrams showing the variation
of equilibrium concentration of adsorbent with the
liquid phase concentration at a temperature. These
models are used to illustrate the adsorbent interac-
tion with the adsorbate, and provide the relationship
between the adsorption capacity and the liquid
phase concentration of adsorbate under equilibrium
conditions at constant temperature.”? The adsorption
isotherm analysis was conducted by fitting the ad-
sorption data to Langmuir, Freundlich, and Temkin
models.

The Langmuir isotherm,” which assumes a sur-
face with homogeneous binding sites, equivalent
sorption energies, and no interactions between ad-
sorbed species is expressed by the mathematical re-
lation:

— QmaxKLye

3
1+K, 7, )

€

where g, is the adsorption capacity at equilibrium
(mg g), y, is the equilibrium dye concentration
(mg L"), g (mg g")is the maximum adsorption
capacity, and K| is the Langmuir constant in (L mg™").

The Freundlich isotherm,” is an empirical
model not limited to monolayer coverage alone but
also describes multilayer adsorption. The nonlinear
form of the Freundlich isotherm is:

q. =Ky (4)
where K, [(mg g) (L mg")"]and n are Freundlich
constants incorporating the factors affecting the ad-
sorption capacity and adsorption intensity, respec-
tively.

The Temkin isotherm? assumes linear rather
than logarithm decrease in heat of adsorption while
ignoring extremely low and very high concentra-
tion. It also assumes uniform distribution of bond-
ing energy up to some maximum bonding energy. It
is expressed by Eq. (5):

q.= B, In (K;7,) )

where B is a constant related to the heat of adsorp-
tion and is defined by the expression B, = RT/b, b is
the Temkin constant (J mol™), 7 is the absolute tem-
perature (K), R is the gas constant (8.314 J mol™! K1),

and K is the Temkin isotherm constant (L mg™).

Adsorption kinetics

An analysis was conducted to determine the
adsorption kinetics of dye onto the Oxalis powder.
The adsorption kinetics for this adsorbent was de-
termined based on the pseudo-first-order, pseu-
do-second-order, and Elovich models.?* These mod-
els were used to analyse the SR 3BL dye removal
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process. Eq. (6)** shows the nonlinear form of the
pseudo-first-order model:

g, =q.(1-¢"") (6)

where ¢_(mg g') and ¢, (mg g') are the amounts of
dye removal or adsorbate adsorbed at equilibrium
and at time 7; k, is the rate constant of this first-or-
der model. The pseudo-second-order equation is

written in nonlinear form as follows (Eq. (7)).%
K,q.t

=—2%c 7
1+ K,q’t @

t

where the slope and intercept of (#/g) versus ¢ were
used to calculate the pseudo-second-order rate con-
stant (K,) and adsorbate adsorbed at equilibrium (g ).

The Elovich model isotherm postulates that the
adsorption sites increase exponentially with loading,
denoting a multilayer adsorption mechanism. The
equation of Elovich isotherm?® is as follows (Eq. (8)):

g =%ln(1+aﬂ1) ®)

where ¢ and ¢ are as defined above, « is the initial
sorption rate (mg g' min™'), and £ is the desorption
constant (g mg') during any one experiment.

Thermodynamics study

To calculate the thermodynamic factors that
can provide a better understanding of the nature of
the adsorption reaction and its feasibility, the Gibbs
free energy change (AG°), entropy change (AS°),
and enthalpy change (AH®) are required. All of the
parameters were calculated at different tempera-
tures, according to Egs. (9) and (10).2* T (K) is the
absolute temperature, K, is the equilibrium con-
stant, and R (8.314 J mol K™') is the universal gas
constant. The values of AH® and AS° were calculat-
ed based on the slope and y-intercept of Eq. (11)*
for SR 3BL dye.

AG°=-RTIn K, 9)

AG°= AH°— TAS° (10)

mk =850 AT (11)
R RT

Desorption and regeneration studies

Desorption studies were conducted to select the
optimum desorbing solution to be employed in suc-
cessive regeneration cycles. Five different desorp-
tion agents, 0.1 N NaOH, 0.1 N HCI, 0.1 N Nac(l,
0.1 N H,PO,, and 0.1 N H,SO,, were used to de-
sorbed the SR 3BL from the Oxalis. Exactly 50 mL
of the desorption agents was kept in 100-mL Erlen-
meyer flasks with 0.1 g of spent adsorbent, and
agitated for 60 min at room temperature. The
adsorbate—adsorbent mixtures were filtered after

equilibration using Whatman 42 filter paper. The
concentration of SR 3BL dye in the filtrate was de-
termined using a UV-vis spectrophotometer (Spec-
trophotometer Jenway 7315, Boumerdes, Algeria).
Similar protocol was applied but with different HCI
acid concentrations (0.05, 0.1, 0.2, 0.3, 0.4, 0.5, and
1.0 M). The regeneration studies were carried out
using 0.1 N HCI solution (as it gives optimum de-
sorption elution) for 5 successive cycles of adsorp-
tion—desorption. The desorption efficiency was
computed using the following equation:

Desorption efficiency (%)=% -100  (12)

ads
where, C, is the concentration of SR 3BL dye de-
sorbed in mg g!, C , is the concentration of SR

ads

3BL adsorbed in mg g'.

Results and discussion

Removal of solophenyl red 3BL textile dye

In order to study the removal of SR 3BL by
adsorption over the Oxalis powder, the effects of
various parameters on the adsorption efficiency
were investigated.

Effect of pH

The pH parameter plays an important role in
the surface charge of the adsorbent, the degree of
ionization of the dye in solution, and consequently
the adsorption process.?

The experimental runs were made for different
pH in the range of 2—12, keeping the other factors
constant (adsorbent dose 1 g L™, initial dye concen-
tration 50 mg L', contact time 35 min, temperature
25 °C, volume of dye solution 50 mL). The results
are shown in Fig. 2(a).

It is obvious from the figure that the adsorption
capacity increased with increasing pH, reaching
maximum value at pH of 6. Beyond that, the ad-
sorption capacity began to decrease with increasing
pH in the basic medium. The varying trend of
pH-dependent adsorption capacity is supported by
the concepts of the acid dissociation constant (pK))
of SR 3BL, two pK_ values corresponding to urea
function (pK,, = 3.6) and naphtol function
(pK,, = 6.8), the three sulfonate groups are assumed
to have negative pK_(pK, = — 2.8). When pH <pK ,
the SR 3BL remains neutral in the aqueous solution,
but when pH > pK, the SR 3BL is found in anionic
form.?® The highest removal of SR 3BL was regis-
tered at pH = 6. After that, the adsorption efficiency
reduced, since beyond the pK values, the SR 3BL
becomes anionic and is repelled by the negatively
charged Oxalis surface, resulting in decreased ad-
sorption.”’
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Fig. 2 — Effect of (a) pH; (b) contact time, and (c) tempera-
ture on the adsorption of SR 3BL by oxalis (experimental con-
ditions: adsorbent dose 1 g L™, pH 6, initial dye concentration
50 mg L', contact time 35 min, temperature 25 °C, volume of
dye solution 50 mL, agitation speed 200 rpm)

Effect of contact time

The effect of contact time is crucial to under-
stand the binding processes of SR 3BL dye and the
equilibrium time, which strongly depend on factors
like pore structure of adsorbent, adsorbent particle
size or surface area, and adsorbent concentration.
The contact time was varied from 5 to 90 min,
keeping the other factors constant (adsorbent dose
1 g L, initial dye concentration 50 mg L', pH 6,
temperature 25 °C, volume of dye solution 50 mL).
The results are shown in Fig. 2(b).

The results showed that the amount of SR 3BL
adsorbed on Oxalis increased with increasing con-
tact time. It was also observed that the adsorption of
SR 3BL was rapid during the first 10 min, and then
tended to proceed slowly until about 35 min, where
the amount adsorbed was optimal. If the active site
on the surface of the adsorbent is saturated by a
number of adsorbate particles, the addition of the
adsorption time can no longer increase the adsorp-
tion capacity.”®

Effect of temperature

The effect of temperature is another important
physicochemical parameter in explaining the ad-
sorption phenomenon because it modifies the mo-
bility of the pollutant in solution and its adsorption
capacity on the adsorbent as well as the thermody-
namic process.” The temperature was varied from
25 to 60 min, keeping the other factors constant
(adsorbent dose 1 g L', initial dye concentration 50
mg L', pH 6, contact time 35 min, volume of dye
solution 50 mL). Fig. 2(c) explains the effect of the
temperature on the adsorption of SR 3BL dye by
Oxalis.

The results showed that the adsorption capacity
of Oxalis for SR 3BL decreased by increasing the
temperature of the dye solution. The decrease in ad-
sorption capacity with increasing temperature indi-
cates that the adsorption is an exothermic process®
and the form of bond between the SR 3BL mole-
cules and the active sites on the surface of Oxalis is
a physical bond, such that bond breakage occurs at
high temperature. The increasing temperature may
decrease the adsorptive forces between the dye spe-
cies and the active sites on the adsorbent surface,
which would result in a decreasing adsorption ca-
pacity.’!

Results of the thermodynamics study

The enthalpy (AH®) and entropy (AS°) parame-
ters were estimated from the classical equations (9)
and (10). The plot of InK| versus 1/T from equation
(11) yielded a straight line (Fig. 3), and the values
of AH° (kJ mol™), and AS° (J mol™' K™') were calcu-
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Fig. 3 — Van't Hoff plot of SR 3BL dye adsorption onto Oxalis
(experimental conditions: adsorbent dose 1 g L', pH 6, initial
dye concentration 50 mg L™, contact time 35 min, temperature
25 °C, volume of dye solution 50 mL, agitation speed 200 rpm)
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Fig. 4 — Nonlinear fitting of the Langmuir, Freundlich, and
Temkin isotherm models for the adsorption of SR 3BL onto Oxalis
(experimental conditions: adsorbent dose 1 g L™, pH 6, initial
dye concentration 50 mg L™, contact time 35 min, temperature
25 °C, volume of dye solution 50 mL, agitation speed 200 rpm)

Table 2 — Thermodynamic parameters of SR 3BL dye adsorption onto Oxalis

AG® AH° AS°
(kJ mol™) (kJ mol™) (J K mol™)
25 °C 30 °C 40 °C 50 °C 60 °C
—35.76 5.68
-23.37 —23.58 -23.74 —24.23 -24.39

Table 3 — Adsorption isotherm parameters for SR 3BL dye adsorption onto Oxalis

Langmuir isotherm Freundlich isotherm Temkin isotherm
Adsorbent K
Qma)il L KL . R? (l’l’lg ngl) n R? BT L KT . R?
(mgg?) | (Lmg? (L mg ) (Lmg™)
Oxalis 11.8 2.5 0.998 10.85 2.33 0.952 5.7 438 0.987

lated from the intercept and slope of the plots, re-
spectively. The values of AG° (kJ mol™) were cal-
culated from AH° and AS° (Table 2) using equation
(10). The Van’t Hoff plot indicates an exothermic
adsorption process. The negative AG® values con-
firm the spontaneity of the adsorption process. The
positive value of AS° suggests the increased ran-
domness at the solid/solution interface during the
adsorption process. The exothermic nature of the ad-
sorption was confirmed by the negative value of AH°.

Adsorption isotherms

The effect of initial SR 3BL concentration on
the adsorption capacity was studied in order to de-
termine the maximum loading capacity of Oxalis.
The obtained experimental results were fitted using
Langmuir, Freundlich, and Temkin models. Corre-
sponding fits are illustrated in Fig. 4, and the equi-

librium isotherm parameters are listed in Table 3.
The values of determination coefficients (R*) were
used in order to evaluate the best-fitted model (Fig.
4). It is clear that the Langmuir and Temkin iso-
therm models fit the adsorption experiment data
better than the Freundlich isotherm model, but the
Langmuir isotherm model provides better fitting
than Freundlich and Temkin isotherms models by
the value of higher correlation coefficient R?, which
indicates that the adsorption of SR 3BL dye onto
Oxalis proceeds by a monolayer formation.

Adsorption kinetics

In order to confirm the experimental data, we
utilized the pseudo-first-order, pseudo-second-or-
der, and Elovich models, where kinetic adsorption
parameters are shown in Table 4, and the nonlinear
plots of three kinetic models are shown in Fig. 5. In



Transmittance %

A. Ben Bouabdallah et al., Removal of Solophenyl Red 3BL Dye from Textile Effluents..., Chem. Biochem. Eng. Q., 37 (1) 45-54 (2023)

51

Table 4 — Kinetic parameters of SR 3BL dye adsorption onto Oxalis

Pseudo first order Pseudo second order Elovich
q. K1 R q. K2 R a B R
(mg g™) (min™) (mgg") |(gmg' min™) (mg g'min™)]  (gmg’)
11.123 0.072 0.8644 2.602 0.069 0.002 0.523 2.254 0.7748
(g,= 11.123 mg g'') was quite similar to the exper-
1 — ~1
N N e B o o e 338 imental one (¢, = 11.8 mg g'). The pse_udp-sec-
-~ ond-order model cannot be used for description of
the experimental data because of the poor R? and
the low calculated adsorption capacity (g, = 2.602
= experimental mg g ') compared to that obtained experimentally.
— — pseudo-first-order
Elovich Characterization of the adsorbent
- - - - pseudo-second-order
FTIR analysis
Functional groups have an important role in the
process of adsorption of dyes that are influenced by
------------------------------------ the number of functional groups, types of functional
" NN Sl S T S i} groups, interaction processes, chemical structures,
and affinity for adsorbents.?® The results of FTIR
Time (min)

Fig. 5 — Nonlinear plots of pseudo first order, pseudo second
order, and Elovich kinetic models for the adsorption of SR 3BL
onto Oxalis (experimental conditions. adsorbent dose 1 g L™/,
pH 6, initial dye concentration 50 mg L™, contact time 35 min,
temperature 25 °C, volume of dye solution 50 mL, agitation
speed 200 rpm)

view of these results, it was observed that the mod-
el that best represented the experimental data was
the pseudo-first-order, since R? is the closest to
unity, and the calculated adsorption capacity

4000
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analysis of Oxalis samples before and after adsorp-
tion of SR 3BL are plotted in Fig. 6. The FTIR
spectrum of Oxalis powder before adsorption of SR
3BL dye (Fig. 6(a)) shows a wide band at 3418.84
cm™! which is due to the OH stretching vibration of
the hydroxyl group (OH). A strong peak at 1730
cm™! corresponds to the stretching vibrations of the
carboxylic groups of oxalic acid. The intense band
at 1050 cm™! is attributed to the O—C—O bond of the
oxalate ion (conjugate base of oxalic acid). The ad-
sorption of SR 3BL on the adsorbent may be due to

2500

4000 36500 3000 2000

Wavenumber (cm™1)

1500

Fig. 6 — FTIR spectrum of Oxalis (a) before adsorption of SR 3BL; (b) after adsorption of SR 3BL
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the electrostatic attraction between these groups and
the cationic dye molecule.*> The FTIR spectrum of
Oxalis powder after adsorption of SR 3BL dye (Fig.
6(b)) shows characteristic bands associated with
Oxalis before adsorption, with the appearance of
new absorption peaks characteristic of the dye lo-
cated between 2050 and 2300 cm™ and 2200 and
2300 cm™" corresponding to the vibrations of elon-
gation C=C and C=N, respectively, which confirms
the adsorption of SR 3BL by Oxalis.

SEM analysis

The scanning electron microscopy images of
Oxalis powder before and after adsorption of SR
3BL are shown in Fig. 7 with magnification of
1000x. The Oxalis micrographs before adsorption
of SR 3BL (Fig. 7(a)) reveal the presence of many

Accy SpotMagn  Det. WDh——— 2

20.0kv 5.0 1000x GSEﬁ,S 0.9 Torr ESEM UM
€ d \. a3

fine, deep pores, which help greatly to absorb large
quantities of SR 3BL molecules on the adsorbent
surface. The Oxalis micrographs after adsorption of
SR 3BL (Fig. 7(b)) indicate that SR 3BL covers the
pores and that the pores are no longer visible. This
is evidence of SR 3BL adsorption on the adsorbent
material surface.

Desorption and regeneration of adsorbent

After the adsorption process is accomplished,
the desorption is of great importance to regenerate
and reuse used adsorbents, and to reduce the gener-
ation of waste as well as keep the process price
down.** Fig. 8(a) reveals the effects of various
chemical agents as eluents on the desorption effi-
ciency. The desorption using 0.1 N HCI was the
highest (92.3 %), followed by H,SO, (0.1 N), H,PO,

AccV  Spof Magn * Det WD ——— 20ym
200kv5.0 1000x GSE85 0.9:"79" ESEM UMMTO

4 2

Fig. 7 — SEM images of Oxalis (a) before adsorption of SR 3BL, (b) after adsorption of SR 3BL
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Fig. 8 — (a) Desorption of SR 3BL dye from Oxalis using various eluents, (b) adsorption/desorption cycles of SR 3BL dye using HCI
(0.1 N) (Adsorption: dosage 1 g L™, pH 6, contact time 35 min. Desorption: eluent volume 50 mL, dosage 2 g L, contact

time 60 min. Temperature 25 °C)
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(0.1 N), NaOH (0.1 N), and NaCl (0.1 N).** The
elution efficiency was further investigated at vari-
ous HCI concentrations.

The regeneration studies were carried out using
a 0.1 N HCI solution (as it gives the maximum de-
sorption) in batch mode for five successive cycles
of adsorption-desorption to determine the regenera-
tion efficiency (Fig. 8(b)). The results showed a
slight decrease in adsorption for the five cycles car-
ried out, which could be caused by the destruction
of certain adsorption sites or functional groups pres-
ent on the Oxalis surface by acid solution.*

Conclusions

A simple and cost-effective treatment proce-
dure was proposed for the removal of SR 3BL from
textile industry effluent by adsorption using Oxalis
plant in its powder form. The experimental condi-
tions for the highest adsorption (11.8 mg g') were
obtained for an initial concentration of 50 mg L' of
the dye, a pH of 6, a contact time of 35 min, a tem-
perature of 25 °C, and an Oxalis content of 1 g L'
The characterizations by FTIR and SEM showed
the predominance of the physical adsorption mech-
anism due to the porosity of the material adsorbent
and the electrostatic interaction between Oxalis and
the SR 3BL dye. Modelling study showed that ex-
perimental results were well described by the Lang-
muir isotherm in monolayer adsorption. The reac-
tion kinetics was pseudo-first-order, and the
thermodynamic parameters indicated that the nature
of the adsorption process was exothermic and spon-
taneous. This study suggests that adsorption treat-
ment using an abundant and inexpensive natural
plant Oxalis pes-caprae could be considered as a
practical, rapid, and economical alternative for the
removal of solophenyl red dye, and more widely,
azo dyes.
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