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ABSTRACT

Chemically oxidized pineapple fruit peel biomass has been used as a biosorbent for Cd(II)
and Pb(Il) removal from aqueous solutions. Fourier transform infrared spectroscopy and
scanning electron microscopy techniques were used to characterize the treated pineapple
fruit peel. The biosorption efficiency of pineapple fruit peel for Cd(II) and Pb(Il) was greatly
enhanced after chemical oxidation probably due to introduction of carboxylic and hydroxyl
groups onto the biosorbent surface. Biosorption kinetics for both metals was well described
by pseudo-second-order kinetic equation and intraparticle film diffusion. Langmuir,
Freundlich, and Temkin isotherm models were applied to the biosorption equilibrium data
and best results were obtained with Langmuir isotherm model. Maximum monolayer
biosorption capacity was found to be 42.10 and 28.55mgg ' for Cd(I) and Pb(ID),
respectively. Thermodynamic study indicates that the biosorption was exothermic and the
spontaneity of the process decreases with the increase in solution temperature.
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1. Introduction

Natural water contaminations due to heavy metals
discharged by industrial and domestic activities are
considered as a serious threat to the ecology and
human health [1]. Heavy metals are non-biodegrad-
able and have a tendency to accumulate in living
tissues through food chain, causing various diseases
and disorders [2]. Cadmium (II) and Lead (II) are

*Corresponding authors.

well-recognized pollutants with the permissible limit
of 0.003 and 0.01 mgL™" in portable water, respec-
tively. Pb(Il) and Cd(Il) are suspected carcinogens,
may cause lung fibrosis, dyspnoea, anemia, muscle
and joint pains, kidney problems, high blood pressure,
etc. [3]. Therefore, wastewater laden with Pb(II) and
Cd(II) must be treated before being discharged into
the environment.

There are several advanced methods for the treat-
ment of heavy metals-contaminated wastewaters such
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as filtration, membrane separation, electrochemical
treatment, ion exchange, adsorption, etc. [4-8]. Among
these methods, biosorption has been investigated as a
cost-effective and highly efficient process, and the abil-
ity of the biosorbent was to bind and sequester the
metal ions from wastewater [9]. Several agricultural-
based biosorbents have been used for the removal of
heavy metals such as Portulaca oleracea [10], Orange
peel [11], Annona squamosal shell [12], rice husk, rice
bran [13,14], tea wastes [15], Neem biomass [16], Ficus
carcia leaves [17], green alga biomass [18], tamarack
bark, potato peel waste [19], Peganum harmala seeds
[20], etc. The results show that the uses of agricultural
waste materials as biosorbents are highly efficient for
the treatment of heavy metals-laden wastewaters due
to porous surface and presence of multifunctional
groups on material surface.

Pineapple (Ananas comosus) is a herbaceous peren-
nial plant with total production between 16 and 19
million tonnes worldwide. Pineapple can be consumed
fresh, or as salads, fruit cocktail, jam, and juice combi-
nations from food-processing industries [21]. Fresh
pineapple fruit contains about 60% edible part and
35% peel as waste material which principally consists
of cellulose, hemi-cellulose, lignin, and pectin [21,22].
Therefore, from the environmental and multipurpose
utilization point of view, pineapple peel waste
biomass can be used as an effective biosorbent for the
removal of heavy metals from aqueous solutions.

The present work investigates the biosorption of
divalent metal ions on binary oxidized pineapple fruit
peel. Sulfuric acid and potassium permanganate were
used as the oxidizing agents. The oxidation process
introduces large quantities of oxygenius functional
groups such as hydroxyl, epoxy, and carboxylic
groups on the surface of the material which bind with
the metal ions through sharing of electron pair [23]. In
this work, kinetics and isotherms for Cd(II) and Pb(II)
biosorption have been studied. The results show that
the biosorption capacity of oxidized pineapple peels is
much higher than the pristine pineapple peel.

2. Materials and methods
2.1. Materials

Cadmium nitrate, lead nitrate, H,SO, and KMnO,
(AR grade) were obtained from QReC"™ chemicals. A
stock solution of lead nitrate and cadmium nitrate
(1,000 mg L") was used as adsorbate and solutions of
various concentrations were obtained by diluting the
stock solution with distilled water (DW). Stock solu-
tions of nitrate salts of Cd(II) and Pb(II) at the concen-
tration of 1,000 ugmL™ in 1% HNO; were
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standardized by complexometric titration before use.
Buffer solutions were used for pH adjustment. For
this, solutions containing suitable amounts of
KCI-HCl for pH 1-2, and acetic acid-ammonium
acetate for pH 4.0-6.0 were prepared in DW. DW was
used throughout the study.

2.2. Preparation of biosorbent

Pineapple fruit peel waste was collected from local
market and thoroughly washed with DW to remove
dirt. The washed material was dried in an oven at
80°C for 48 h. Thereafter, dried peel was grinded and
sieved to the particle size ranges from 150 to 200 pm.
Twelve gram powered material was treated with
100 mL of 0.1 M H,SO, and 100 mL of 0.1 M KMnO,
solution and stirred at 60°C for 24 h. Finally, chemi-
cally activated pineapple peel was thoroughly washed
with DW and dried in an oven at 80°C for 24 h for
further use.

2.3. Characterization of biosorbent

Fourier transform infrared (FTIR) spectra of
untreated and treated pineapple peel were recorded
using a Thermo Scientific Nicolet 6700 apparatus in
the region of 500-4,000 cm ! at a resolution of
+4.0 cm ™. Scanning electron microscope (SEM) images
were recorded to find the change in the surface mor-
phology of pineapple peel before and after acid treat-
ment by Zeiss Supra 55 SEM. Zero point charge
(pHzpc) of the treated pineapple fruit peel was deter-
mined by the previously reported method [24]. A ser-
ies of flaks were prepared containing 50 mL of 0.1 M
KCI and pH of solution was adjusted between 2 and
10 by adding 0.1 M HCl or 0.1 M NaOH solutions.
After that 0.2 g of treated pineapple fruit peel was
added in each flask and the resultant solutions were
shaked for 24 h. The final pH of solution was mea-
sured and a plot between initial pH vs. final pH
values was drawn to determine the pHzpc.

2.4. Batch biosorption studies

Biosorption studies were carried out by taking
0.2 g biosorbent in 50 mL metal ion solution with con-
centration ranges from 50 to 200 mg L™" onto the water
bath shaker at 200 rpm. The influence of pH on the
retention of metal ions onto raw and treated biosor-
bents was investigated in the pH range of 1-7. The
pH of the solutions was adjusted using the appropri-
ate buffer solutions. Furthermore, the biosorption
studies were also carried out by varying time interval
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(5.0-180 min) at 100 mgL™" concentration to optimize
the equilibrium time for the removal of Cd(Il) and Pb
(I) from aqueous solutions. Atomic absorption spec-
trometer (Perkin-Elmer/Analyst 800) was used to
determine the Cd(I) and Pb(II) concentration in the
supernatants after the biosorption. The equilibrium
biosorption capacity of treated and untreated pineap-
ple waste material was estimated with the help of the
following equation:

go = =Y M

where Cy and C, are the initial and final concentration
of Cd(I) and Pb(I) in the solution, respectively. V is
volume in (L) and M is the mass of biosorbent (g).

3. Results and discussion

3.1. Characterization

Surface morphology of pineapple fruit peel and
chemically activated fruit peel is shown in Fig. 1. As
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shown in Fig. 1(a), the surface of pristine pineapple
fruit peel is coarse and has creases. After chemical
treatment, the surface of biosorbent (Fig. 1(b)) appears
to be highly cave like and porous due to the removal of
tarry substances such as pigments, gum, other acid
soluble oligosaccharides [25]. However, after adsorp-
tion with metal ion, the surface morphology of
metal-loaded pineapple fruit peel (Fig. 1(c)) has been
changed which was entirely different from the chemi-
cally oxidized pineapple fruit peel, authenticating the
adsorption of metal ions on the surface of adsorbent.
The FTIR analysis was performed for the qualita-
tive determination of the main functional groups pres-
ent on the surface of pineapple fruit peel. The FTIR
spectra of the pineapple fruit peel are shown in Fig. 2.
The broad band that appeared around 3,200-
3,600 cm ! was mainly ascribed to the free or hydro-
gen bond O-H and/or NH, (amino) symmetrical
stretching variations, where as the peak that appeared
at 2,917 cm ™" was assigned to the aliphatic CH groups.
However, after chemical treatment (Fig. 2(b)), new
sharp band at 2,850 cm™' appears due to the C-H

20 EHT = 300KV
—d WD = 38 mm

Fig. 1. SEM images (a) raw pineapple fruit peel, (b) chemically treated pineapple fruit peel, and (c) after adsorption.
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Fig. 2. FTIR spectra of (a) raw pineapple fruit peel, (b) chemically treated pineapple fruit peel, and (c) after adsorption.
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stretching [26]. The strong peak at 1,635cm ' was

mainly due to the C-O bond of the carboxylic group,
and after chemical activation a new sharp peak
appeared at 1,732 cm™' which was also due to the car-
bonyl group of ester [27-29]. The peak at 1,428 cm™'
corresponds to the CH, bending vibration. The peaks
in the region from 1,369 to 1,244 cm™' may be attrib-
uted to the O-H bending and O-H-stretching or C-H
bending vibrations. The absorption band at 1,161 cm™"
corresponds to C-O antisymmetric bridge stretching
of cellulosic moiety of pineapple fruit peel [28,29]. The
strong band at 1,037 cm™" is due to C-O of -OCHj;
group which belongs to lignin structure in pineapple
fruit peel. Thus, the appearance of a new peak and
shift in the absorption band of FTIR spectrum demon-
strated that pineapple fruit peel was successfully mod-
ified with oxidizing agents. As shown in Fig. 2(c),
functional groups of metal-loaded pineapple fruit peel
are slightly affected in their position and intensity. A
red shift has been observed in the range (10-20) cm™
for COOH and OH/NH, stretching frequencies
indicating their role as active sites in electrostatic
attraction/chelation with metal ions.

3.2. Effect of solution pH

The influence of pH on the removal of metal ions
onto treated and untreated pineapple fruit peel was
investigated in the pH range of 1-7 as shown in
Fig. 3. The biosorption of Cd(II) and Pb(Il) onto raw
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Fig. 3. Effect of solution pH, (a, b) biosorption of Cd(II)
and Pb(I) onto raw pineapple fruit peel, (c, d) biosorption
of Cd(I) and Pb(I) onto chemically treated pineapple fruit
peel (biosorbent dose: 0.2 g, temp: 25°C, volume: 50 mL,
and concentration: 100 mg L™ ").
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and pretreated pineapple fruit peel increased with the
increase in solution pH and maximum removal was
found at pH 4. The results were more effective for
pretreated pineapple fruit peel as compared to raw
one for both metal ions; and maximum biosorption of
Cd(II) and Pb(II) were found to be 40.46, 29.40 g_1 and
15.73, 12.84 g ™' for raw and pretreated pineapple fruit
peel, respectively, at pH 4. This behavior can be
explained on the basis of pHzpc of the biosorbent
which was found to be 4.2. At low pH values (pHzpc
<4.2), protons compete with metallic cations for the
same active sites of the biosorbent and H* occupies
most of the active sites of biosorbent [27]. Reversibly,
as the solution pH increases, the biosorption of both
metal ions increases as biosorbent surface takes more
negative charges due to the ionization of carboxyl and
hydroxyl groups, as the ionization constants of various
carboxyl groups have been reported to be around pH
3-4 [30]. As the solution pH increases (pH >4), bio-
sorption of both metal ions decreases due to the for-
mation of hydroxylated complexes of Cd(II) and Pb(II)
and lack of free metal ions for biosorption. Therefore,
removal of metal ions decreases [31]. Several research-
ers have also studied the effect of pH on biosorption
of heavy metals using various biosorbent. The opti-
mum pH for heavy metals biosorption was found in
the range of 4-5 [31-34].

The biosorption of Cd(Il) onto pineapple fruit peel
was observed much higher than the Pb(Il). This
behavior can be explained on the basis of the ionic
radius of the metal ions. The ionic radii of the Cd(II)
and Pb(II) are 0.97 and 1.20 A, respectively. The larger
the ionic radii of Pb(II) may result in steric hindrance
on the porous biosorbent surface and subsequently
lower adsorption compared to the Cd(II) [35].

3.3. Biosorption kinetics

Biosorption kinetics was performed to find the
mechanisms involved in heavy metals removal from
aqueous solutions. Fig. 4 shows the effect of contact
time on the biosorption of Cd(Il) and Pb(Il) onto pine-
apple fruit peel. From the Fig. 4, equilibrium was estab-
lished within 30 min. The biosorption of both metal
ions were observed to occur in two stages with respect
to contact time. Initially, uptake of the metal ions was
rapid probably due to the availability of vacant active
sites and gradually the uptake becomes less efficient
due to active sites being occupied, depicted by the
equilibrium stage [36]. In order to elucidate the overall
biosorption rate and migration mechanism of metal
ions at solid—-solution interface, pseudo-first-order [37],
and pseudo-second-order kinetic [38] models were
employed. The linear equations for pseudo-first-order
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Fig. 4. Effect of contact time on biosorption of heavy met-
als by treated pine apple fruit peel (biosorbent dose: 0.2 g,
temp: 25°C, volume: 50 mL, pH: 4, and concentration:
100 mg L™).

and pseudo-second-order kinetic models are as fol-
lows:
Pseudo-first-order model:

kit
log (9e — ) = logqe — =7 2)
Pseudo-second-order model:
t 1 t
b_1 ¢ ®)
G kg qe

where g. (mg g7!) and g, (mg g ') are the biosorption
capacity at equilibrium and after time ¢ (min),
respectively. ki(min™') and k, (g mg™' min~') are the
pseudo-first- and pseudo-second-order rate constants,
respectively. The values of the kinetic parameters were
calculated from linear plots log(ge—ge) vs. t, for
pseudo-first-order and (t/gqy) vs. t, for pseudo-second-
order. The obtained values for kinetic parameters are
tabulated in Table 1. For both metal ions, calculated bio-
sorption capacity (4!) obtained from pseudo-second-
order are much closer to the experimental biosorption
capacity () compared to the pseudo-first-order
model. Furthermore, the values of correlation coeffi-
cient (R?) for pseudo-second-order are higher than for
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pseudo-first-order. These results demonstrate that
biosorption of Cd(II) and Pb(ll) onto pineapple fruit
peel followed the pseudo-second-order kinetics. Similar
results for the biosorption of Cd(II) and Pb(II) have been
reported by Barkaa et al. [34] and Fan et al. [39].

In order to further elucidate the diffusion of Cd(II)
and Pb(I) onto the pineapple fruit peel, Weber-Morris
intraparticle diffusion model [40] was applied. The
linear equation for intraparticle diffusion model is as
follows:

g = kat'? + C @)

where kiq is the intraparticle diffusion rate constant
(mg g ' min'/?) and C is a constant (mg g~ ") related to
the thickness of the boundary layer. Fig. 5 shows the
multiple curved portions for both metals, implying
more than one rate-limiting step was involved in bio-
sorption process. First linear region is attributed to
external diffusion (film diffusion) of metal ions onto
the pineapple fruit peel surface and second linear por-
tion belongs to the intraparticle diffusion of Cd(II) and
Pb(Il), as a delayed process. Furthermore, plot shown
in Fig. 5 does not pass through the origin, indicating
that film diffusion and intraparticle diffusion were
involved in the biosorption process [41].

3.4. Biosorption isotherm

The biosorption of Cd(Il) and Pb(I) was studied at
the concentration ranges from 50-250 mg g~ ' as shown
in Fig. 6. As seen from the Fig. 6, equilibrium uptake
increases with the increase in metal ion concentration.
The increase in the biosorption capacity in relation to
the Cd(II) and Pb(I) concentration may be due to the
high-driving forces for mass transfer [40]. For the
better understanding of biosorption, Langmuir,
Freundlich, and Temkin models were used to simulate
the experimental data. The linearized form of
Langmuir, Freundlich, and Temkin isotherms are
represented as follows:

C. 1 C.
A i 5)
de  Gmb  Gm

1
Ing. = InKg + Eln Ce 6)
ge =BInA+BInC (7)

where C, is the equilibrium concentration (mgL™), g.
is the amount biosorbed at equilibrium (mg g "), and
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Table 1
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Kinetics parameter for biosorption of Cd(II) and Pb(II) onto pineapple fruit peel

Pseudo-first-order model

Pseudo-second-order model

Intraparticle diffusion

Metal q:xp qgal k] qecal k2 kid
ions (mgg™ (mgg™™ (min") R? (mgg™) (gmg 'min"") R? (mg g 'min'/?) C R?
Cddn 40.46 43.05 0.094 0.980 43.48 0.003 0.995 10.36 5.985 0.999
Pb(I) 30.05 36.30 0.124 0.950 33.34 0.005 0.993 6.868 6.908 0.983
45 45
40 - i i i 40 1
35 y = 10.363x-5.9859 354
R2=0.9994 %
30 E 30
z
= S 251
° 25 7 W Cd(ll) )
]
i; 20 - A Pb(ll) g 201
7 $ " cd(l
-
10 . 6.8687-6.9085 0 "
1 y=6. X-6.
R* = 0.9835 ;| —— Pb(ll)
5 -
0 T T
0 T T 0 50 100 150
0 5 10 15 Ce (mg/L)
t"2(min)

Fig. 5. Intraparticle diffusion model for heavy metal bio-
sorption by pineapple fruit peel.

gm and b is Langmuir constants related to biosorption
efficiency and energy of biosorption, respectively. Kg
and n are Freundlich constants. A is equilibrium bind-
ing constant (Lmg ") and B is related to the heat of
biosorption. The values of isotherm parameters were
calculated from the slope and intercept of their
respected plots. The isotherm parameters are shown
in Table 2. The correlation coefficient of the Langmuir
isotherm is relatively high [0.9839 for Cd(I) and
0.9916 for Pb(I)] than Freundlich [0.9489 for Cd(II)
and 0.8956 for Pb(II)], and Temkin [0.9677 for Cd(II)
and 0.7957 for Pb(I)] isotherm models. From the
results, it can be concluded that both metal ions were
homogeneously biosorbed with constant energy and
no transmission of metal ions in the plane of pineap-
ple fruit peel surface [34,39].

The biosorption of Cd(II) and Pb(Il) was also char-
acterized by Vermeulan criteria [42] associated with
the Langmuir isotherm. The Vermeulan criteria are
expressed by dimensionless separation faction “R.”,
represented by the following equation:

Fig. 6. Effect of initial concentration on biosorption of
heavy metals by treated pine apple fruit peel (biosorbent
dose: 0.2 g, temp: 25°C, volume: 50 mL, and pH: 4).

1
Ry = m (€)]

Table 2
Biosorption isotherm parameter for Cd(II) and Pb(I)
biosorption onto pineapple fruit peel

Isotherm model Cddan Pb(D)
Langmuir isotherm

Im (mg g™ 42.10 28.55
b (Lmg " 1.15 2.10
R? 0.9839 0.9916
Freundlich isotherm

Kg (mg g (Lmg H'") 16.17 11.33
n 01.60 01.97
R? 0.9489 0.8956
Temkin isotherm

A (Lmg™") 23.78 138.94
B 01.01 00.74
R? 0.9677 0.7957
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Table 3
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Comparison of adsorption capacity of pineapple waste and other biosorbents for the removal of Cd(II) and Pb(II) from

aqueous solutions

Adsorbents ge (mg g~") for CA(D) ge (mg g~ ") for Pb(ID) References
Cactus (Opuntia ficus indica) 30.42 98.62 [31]
Green algae waste 22.48 43.51 [1]
Penicillium simplicissimum 52.5 76.9 [35]
NaOH chemically modified rice bran - 147.78 [14]
Green alga (Ulva lactuca) 29.2 34.7 [18]
Orange peel 293.3 476.1 [11]

Ficus carcia leaves 30.31 34.36 [17]
Portulaca oleracea - 43.48 [10]
Peganum harmala seeds 1.094 1.551 [18]
Chemically modified pineapple fruit peel 42.10 28.55 This work

where Cy (mgL™") is the initial metal ion concentration
and b (Lmg™ ") is Langmuir constant. The value of Ry
indicates the shape of isotherms to be either: R > 1 for
unfavorable biosorption, Ry, =1 for linear biosorption,
0 < Rp<1 for favorable biosorption, and Ry =0 for irre-
versible biosorption. The values of R, are in the range
of 0.0034-0.017 for Cd{I) and 0.0019-0.0094 for Pb(II)
indicating that the biosorption for both metal ions was
favorable. Comparison of adsorption capacity of pine-
apple waste and other biosorbents for the removal of
Cd{I and PbdI) from aqueous solutions is tabulated
in Table 3.

3.5. Biosorption thermodynamics

Thermodynamic parameters for Cd(Il) and Pb(II)
removal such as standard free energy change (AG”),
entropy change (AS®), and enthalpy change (AH®) were
calculated using following equations:

AG° = —RT InK, 9
AS°  AH°

where T (K) is the temperature and R
(8314 Jmol 'K is gas constant, and K. is the distri-
bution coefficient. The values of entropy change and
enthalpy change were calculated from the slope and
intercept of Fig. 7. From Table 4, the value of AG® var-
ies from —3.499 to —1.545k] mol™' and —0.857 to
—4.297 Kf mol™" for Cd(Il) and Pb(II), respectively,
with temperature rising from 298 to 323 K indicating
that biosorption process becomes more favorable at
low temperature. For Pb(Il) biosorption, the values of
AG® at 298 K are negative and spontaneous. The
negative values of AH" indicate the biosorption of Cd

(I) and Pb(I) onto pineapple fruit peel is exothermic
in nature which causes the decrease in the uptake of
Cd{I) and Pb(II) with increase in temperature. The
negative AS® values demonstrate the decrease in ran-
domness at solid/solution interface during biosorption
process [43].

3.6. Biosorption mechanism

The FTIR analysis of pineapple fruit peel shows
that carboxyl, hydroxyl, ester, ether, and amine groups
are present on the surface. The biosorption of metal
ions onto the pineapple fruit peel may be due to the
electrostatic attraction/chelation between positively
charged Pb(II) and Cd(II) and negatively charged car-
boxylate (-COO™), and hydroxyl (OH") ligands as the

2
1.5
|
1 | /-
0.5 u
A
Q
X 04
£
-0.5
-1
| Cd(ll)
154 A Pb(ll
15 N (1)
'2 T T T
0.003 0.0031 0.0032 0.0033 0.0034
1T (K)

Fig. 7. van’t Hoff plot for heavy metal biosorption by
pineapple fruit peel.
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Thermodynamic parameters for heavy metal biosorption onto pineapple fruit peel

AG® (k] mol™)

Metal 25°C 40°C 50°C AH® (K] mol ™) AS° Jmol 'K
Cd(n -3.499 -2.980 -1.545 —-26.089 -75.017
Pb(l) -0.857 -3.182 -4.297 -63.530 -217.66

carboxylic/hydroxyl groups are deprotonated at pH
over 3—4 [30,44]. The binding of metal ions onto pine-
apple fruit peel surface might be occurred as follows:

Velazquez-Jimenez et al. [47], metal ions form the uni-
dentate, bidentate, and bridge complexes with carbox-
ylate ligands as follows:

0 o—M"
(-COOH) « n(-COO~) + H* (above pH 3-4) I N e
-C—O0-M g ~p—M*
- 2

2(-CO07) +M Te (_COO)2 M Unidentae Bidentate Bridging
where (-COOH) and M?* represent the functional T
groups on the surface of pineapple fruit peel and Pb “NH>
(I and Cd(I), respectively. Pb(Il) and Cd(I) have a ) i
tendency for coordination bonding using vacant i—coo 7'\1"&0“ 4
d-orbital by dative bond formation with nitrogen or NH
oxygen containing lone pair electrons [45]. The pro- F ?
posed interaction/chelation between the functional- -
ized pineapple waste and metal ions is shown in
Fig. 8. According to Chen and Yang [46] and

4 b

HO 0
Y _0-H )
' Adsorption A
il e .
" ' H
H
e ._ﬂ
Pineapple frutt peel P 0
Chemically oxidized
pineapple frutt peel
o = Ca(Ily/Pb(1)
\, J/

Fig. 8. The proposed interaction/chelation between the functionalized pineapple waste and metal ions.
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3.7. Desorption studies

To make the process more economical, spent bio-
sorbent was regenerated using HCI (0.1 M), HyS50,
(0.1 M), and HNO; (0.1 M). For the desorption studies,
0.2 g heavy metals saturated biosorbent was mixed
with the 10 mL of each acid and shaked for 3 h. The
percent recovery for Cd(Il) and Pb(II) using 10 mL
each of 0.1 M HC], 0.1 M H,SO, and 0.1 M HNO;
were found to be 90, 86, 88 and 87, 83, 84, respec-
tively. It was found that 90% of Cd(I) and 87% of Pb
(II) were desorbed by 10 mL of 0.1 M HCI, which
gives best regeneration among all the mineral acids
used.

4. Conclusion

The pineapple fruit peel waste was successfully
modified to facilitate the biosorption of Cd(Il) and Pb
(II) from aqueous solutions. Chemically oxidized pine-
apple fruit peel showed higher removal of both metal
ions than the raw one. The maximum biosorption was
observed at pH 4 within 30 min. A pseudo-second-
order model and intraparticle diffusion model ade-
quately describe the kinetics of biosorption process.
The equilibrium biosorption data fit better with Lang-
muir equation than Freundlich and Temkin model.
The pineapple fruit peel waste will be a promising,
alternative, economical, and effective biosorbent for
the removal of heavy metals from wastewater.
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