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ABSTRACT

Chitosan (CS) as an inexpensive bio-adsorbent was set by chitin deacetylation using sodium hydroxide. The
prepared bio-adsorbent was distinguished via Scanning electron microscopy (SEM), X-ray diffraction (XRD),
Energy dispersive spectroscopy (EDX), Brunner-Emmett-Teller surface area (BET) analyzer, and Fourier
transform infrared spectroscopy (FTIR). Chitosan implemented for U(VI) adsorption, and the studied
parameters that are pH, time of contact, initial concentration, and temperature, were determined by batch
technique. The maximum uptake of CS adsorbent is 88.0 mg/g at 200 mg/L initial U(\VI) concentration, pH 3.5,
and 25 °C. The kinetic information agreed with the pseudo-second-order model, which considered the
attendance of chemisorption. The equilibrium of adsorption reaction gained within 50 min, and equilibrium
information well satisfaction for Langmuir model confirmed that U(VI) adsorbed at chitosan monolayer
coverage area. Also, the chitosan bio-adsorbent was indeed regenerated by 1M H,SO4 and 1/50 S/L ratio for 75
min of contact. Seven rounds of adsorption-desorption investigations attended to scrutinize the working
applicability and renewed application of the bio-adsorbent.

Keywords: Chitin; Chitosan; Uranium adsorption; Kinetics; Regeneration

1. INTRODUCTION

Chitin is a thick, inelastic, white,

Uranium is an influential nuclear fuel
popularly done in nuclear energy and military
manufacturing because it could give enormous

nitrogenous polysaccharide seen in the interior
structure and exoskeleton of invertebrates [1].
Chitosan (CS) is produced from chitin that is
economically attainable. Chitin and CS were
observed as supporting matters in various
terrestrial, aquatic, and some microorganisms
[2]. CS has unique assets as nontoxicity,
biodegradability, and biocompatibility [3].
Chitin is comprised of D-glucosamine units and
acetyl glucosamine coupled together B-(1-4)
glycosidic bonds. Acetyl glucosamine units are
dominant in the polymeric series [4]. Chitin
deacetylation gives chitosan. It becomes of
great importance as an untapped supply and
also a unique functional biomatter by the great
potential in many provinces [5]. CS was also
used for many applications as an adsorbent. It
was used to remove metal ions from
wastewater [6,7] and dyes [8].

Available at Egyptian Knowledge Bank (EKP)

energy after uranium fission. The recovery and
adsorption of uranium(VI) have shown
important study content worldwide. Uranium
ions were dissolution from rock types by acids
or bases to make a leach solution. Uranium ions
were generally separated utilizing ion-exchange
solid materials and solvent extraction
techniques [9-12]. Recently, the adsorption
techniques applied to examine uranium ions'
separation. Uranium ions were adsorbed as the
anionic  varieties  [UO2(SQO4)3]*  and
[UO,(S04)2)> by solid adsorbents such as
Ambersep 920 CI, Duolite  ES-467,
aminophosphonic resins, and activated carbon
(AC) impregnated trioctyl phosphine oxide [13-
16].

Numerous polymers and adsorbent beads
were impregnated by organic solvents to adsorb
metal ions. Amberlite XAD-16 functionalized
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by pyridylazoresorcinol was operated for U(V1)
adsorption [17]. Similarly, a CS polymer was
reacted with aminotriazole thiol to produce
CSl/azole resin that was utilized for uranium
ions separation [18]. Furthermore, CS-modified
titanium dioxide was manufactured to eliminate
uranium and europium ions from solutions
[19], polyvinylpyrrolidone/CS was utilized for
the elimination of U(VI) [20]. Coupling CS
with aminonaphthol sulfonic acid to become a
brilliant synergistic influence of aminonaphthol
sulfonic/CS employed to remove thorium ions
[21]. U(VI) adsorption was deliberated by
chitosan phosphate to attain information of
U(VIl) elimination in liquid systems,
exclusively seawater and mine wastewater [22].

CS is identified to possess the highest
adsorption capability for several heavy metals.
In reality, CS was noted to possess a large
current for combining with metal ions when
comparing with different biopolymers [23].
This action is raised from the attendance of —
OH, -NH; and -NH groups on CS backbone,
which originates superior chelation and
adsorbing  bi-polymer toward toxic and
valuable metal ions [24]. U(VI) is basically
attached to -OH and amine groups of -CH
polymer within ion exchange and chelation
reaction [25]. CS bio-adsorbent was operated to
purify water, particularly underground water
and natural water contaminated  with
radioactive substances [26]. CS was also
utilized for U(VI) deletion from wastewater
[27]. Recently, various different classes of CS
designated for wastewater remediation were
exhibited in kind of films, microcapsules,
nanoparticles, and nanofibers [28-31] to
improve its potential adsorption applications.

The purpose of this examination was to
make chitosan from chitin by the deacetylation
method. CS was appropriated to eliminate
U(VI) from the uranyl sulfate solution. The
different conditions, as pH, temperature, time
of contact, and initial U(VI) concentration,
were determined through batch technique.

2. EXPERIMENTAL
2.1. Materials

Chitin (99%) was acquired from Haihang
Industry CO., LTD, Shandong, China.

Arsenazo Il (99%), ferrous sulfate, sodium
nitrite, sodium hydroxide, and ammonium
vanadate attained from Merch, Germany.
Methanol and ethyl acetate acquired from
Scharla, Spain.

A solution of uranyl sulfate (1000 mg/L)
was set by solubility a 1.782 g of uranyl acetate
dihydrate (99%, Merck, Germany) in 100 mL
of deionized H,O developed by the increment
of 50 mL H.SO4 (98%) and then dilution with
deionized HO to a suitable volume.

2.2. Chitosan preparation

Chitin deacetylation [31, 32] was done to
gain CS via stirring 20 g of chitin in 100 mL
50% NaOH. The mixture was frozen down and
retained at -85 °C in the ultra-freezing for 28
hours. Afterward, the mixture's temperature
was elevated to 112 °C, with stirring at 275
rpm for 8 hours. Chitosan was gained, filtrated,
washed with deionized H.O until pH7, and
dried in a vacuum furnace at 65 °C.

2.3. Instruments and adsorbent

characterization

U(VI) were assessed by double at
JENWAY UV/Vis 6405 spectrophotometer at
655.0 nm with 1cm quartz cells, cover the
UV/visible range 200-1100 nm using Arsenazo
111 that employed as color-complex with U(VI)
[33]. Moreover, XRD was done to scrutinize
the variations in the mineralogical composition,
and it gained from Bruker Co. model DS8.
Furthermore, a SEM-EDX was adopted to
designate the shape of chitosan before and
afterward adsorption. It attained from Philips
XL 30. Surface area, and pore size and volume
before and afterward adsorption were measured
by BET analyzer model Nova Touch LX2
(USA). CS was also described via FTIR
(Prestige—21 Shimadzu IR) regulated by
Software of IR resolution.

2.4. Adsorption procedures

To study U(VI) adsorption, several
attempts were conveyed to gain the
excellent parameters that are pH, initial
concentration, time of contact, and
temperature. The adsorption investigations
were offered by associating 50 mL
solution of  different initial  uranium
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concentrations with 50 mg adsorbent dose
in 100 mL conical flasks at180 rpm
mechanical shaker and different time of
contact altering from 5 -120 min at various
temperatures. Moreover, pH was
reconnoitered by extending from 1-6,
whereas pH was regulated by 1M NaOH
and/or 1M H,SO,4. After filtration, uranium
ions uptake was calculated. All the
attempts were executed in triplicate, and
its mean assessment was done in all cases.
Adsorption capacity geq (Mg/g), adsorption
efficiency (Eas, %), and adsorption
constant  (Kq) appraised  from  the
subsequent equations:

\V4
=(c, —C,_, )—
Aeq = (C1 =Ceq ) (1)
C. -C
E . (%) = ['—e“jloo (2)
Ci
B Ci—Ceq v
Kd_[—ceq }H 3)

Where Ci; and C¢ are the initial and
equilibrium concentrations (mg/L). V (L),
and v (mL) are the solution volume, and m
is the bio-adsorbent mass (g).

3. RESULTS AND DISCUSSION
3.1. Description of the prepared bio-adsorbent

The XRD shapes of chitosan (CS) before
and after U(VI) adsorption were demonstrated
in Fig. 1a,b. According to manifest in Fig. 1a, ,
the characteristic peaks of CS exhibited a major
broad peak at 20 = 19° that conform to the
database of Bruker software COD 7114110,
7150157, 8100678. For the XRD pattern of
U/CS (Fig. 1b), some new peaks were observed
after adsorption via the database of Bruker
software COD 8103695. In contrast, the peaks
intensities were slightly changed,indicating that
the CS crystallinity does not imply alteration
after U(VI) adsorption.

The SEM was also appropriated to
reconnoiter the variation of surface and
physical formations of CS and U/CS as
exhibited in Fig. 1lc,d. The CS surface has
smoothly formed by several holes, as disclosed

in Fig. 1c. After U(VI) adsorption on CS, SEM
picture point to the pores filled with U(VI), and
also the surfaces were irregular and
agglomerated particles with bigger interstitial
holes (Fig. 1d). The semi-quantitative analysis
of CS and U/CS gained in EDX spectrums (Fig.
le,f). The results in Fig. le, nitrogen, carbon,
and oxygen peaks were existent in CS
spectrum. After uranium ions adsorption on the
CS Dbio-adsorbent (U/CS), it was clearly
observed in Fig. 1f, that were distinct peaks of
uranium ions on the spectrum. The uranium
peaks were perceived and confirmed U(VI)
adsorption on CS.

The  Brunner-Emmett-Teller  analyzer
(BET) is done to assess solid or porous
materials surface area. N, sorption-desorption
analyzer utilized to assess surface area, pore-
volume, and pore-size of the studied materials.
Fig. 2a,b displayed the N, sorption-desorption
isotherm patterns of CS and U/CS. From the
obtained information in Table 2a, surface area,
pore-volume, and pore-size of CS were 19.77
m?/g, 0.033 cc/g, 2.65 nm, respectively. On the
conflicting, after uranium ions adsorption, the
surface area (17.61 m?/g), and pore-volume
(0.031 cc/g), pore-size (2.55 nm) of U/CS were
decreased according to pore-blocking with
U(VI). The attained consequences exposed that
U(VI) powerfully adsorbed on CS.

FTIR technique was utilized to identify
several unique functional groups standing at CS
bio-adsorbent surface. The CS spectrum in Fig.
2¢ observed a broad peak around 3200-3550
cm? that submitted to -OH groups overlapping
with -NH, -NH. groups [34, 35]. The classical
peaks at 2915 cm* and 2865 cm™ allocated to -
CH; groups. The distinctive peak (1646 cm™)
related toward -NH, and 1434 cm™ matched
toward —NH deformation peak [36]. The peak
(1550 cm?) fitted to C = N, while peaks (1166
cm? and 1018 cm™) fitted to C-N stretching
[37]. Besides, the peaks (1373 and 1311 cm™)
recognized to C-O and C-O-C stretching
vibration. The absorption peak (894 cm®)
corresponded to d-glucose unit's characteristic
absorption [38]. The provided information in
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Fig. 2d, it showed the principal alterations
among the beyond data and after U(VI)
adsorption at CS bio-adsorbent.  After
adsorption, the —OH, -NH, C-O, and C=N
stretching peaks for CS moved to redshift by 5-
10 cm, which might attitude to U(V1) pickup
at CS surface. Moreover, the new peaks of

KHALED A. ABD EL-RAHEM, et al.,

O=U=0 were 974 and 894 cm™ [39, 40] of
U/CS. Additionally, two weak peaks of U-O
were near the = 465 and =~ 425 cm™! [41].
Hence, the uranyl cations reacted with -NH, -
NH, -OH, and epoxy groups. Accordingly, it
realized that the CS was more friendly to
adsorb U(VI).

Table 1. Surface area, pore-volume, and pore-size of CS and U/CS.

Surface area, (m?/g)

Pore-volume, (cc/g)

Pore-size, (nm)

o
8
g
S

s
o
<

CS 19.77 0.033 2.65
U/CS 17.61 0.031 2.55
70004 6004 (b)
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Fig. 1. XRD of (a) CS, and (b) U/CS; SEM of (c) CS, and (d) U/CS; EDX of (e) CS, and (f) U/CS.
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Fig. 2. N2 sorption/desorption of (a) CS, and (b) U/CS;

3.2. Adsorption studies

Chitosan was utilized for U(VI1) adsorption
from H,SO, solution. It explores uranium ions'
adsorption efficiency to estimate the best
conditions that are pH, temperature, time of
contact, and initial concentration.

3.2.1. Influence of pH

The pH is an imperative factor that
organized sorbate adsorption procedures. The
pH impact on U(VI) adsorption from uranyl
sulfate solution could exhibit in Fig. 3.
Numerous trials were carried out at several pH
varieties from 1 to 6. Simultaneously, the other
conditions were kept constant at 50 mL
volume, assessing U(VI) (200 mg/L), 50 mg
bio-adsorbent dose for 30 min time and room
temperature. The achieved data in Fig. 3, U(VI)
adsorption efficiency was regularly augmented

FTIR of (c) CS, and (d) U/CS.

from 2.0 - 37.5% through growing pH from 1 -
3.5, conversely U(VI) adsorption efficiency
diminished to 6.0% by rising the pH to 6.0
value. At optimum pH 3-4, U(VI) exists in
cationic species (U0, dimmer
((UO2)2(OH)2)?*, trimmer ((UO2)3(OH)s)*) [41].
Adsorption uptake was reduced in solution
owing to majority of bisulfate (HSO4Y) ions that
have a great facility to adsorb on the active
sites of the CS adsorbent. So these ions
competed with the uranium anion complexes
during adsorption processes. The concentration
of bisulfate ions was reduced with growing pH,
and the adsorption uptake was improved till the
extreme adsorption at pH 3.5. At the pH>3.5,
the lower U(VI) adsorption was detected; this
might designate that some amount of U(VI)
ions are precipitated as sodium diuranate form.
Consequently, pH 3.5 was nominated as an
optimum pH.
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Fig. 3. pH influence on U(VI) adsorption efficiency
using CS bio-adsorbent (50 mL volume, 200 mg/L
U(VI), 50 mg adsorbent dose, 30 min time, 25 °C).

3.2.2. Influence of contacting time

Impact of contacting time was intended on
U(VI) adsorption efficiency at CS by ranging 5
- 120 min. In dissimilarity, the further
parameters were permanent at pH 3.5, 50 mg
CS dose, 50 mL volume, 200 mg/L U(VI) and
25 °C. As realized in Fig. 4, U(VI) adsorption
efficiency increased with growing the time until
it reached equilibrium at 50 min but the no
change of adsorption efficiency by increasing
contact time more than 50 min. Therefore, the
equilibrium contact time was 50 min for
additional work.

45

Removal efficiency, %
w w o
o ol o

N
(53]

N
o

0 20 40 60 80 100 120
Contact time, min

Fig. 4. Time of contact influence at U(VI)
adsorption efficiency using CS bio-adsorbent (50
mL volume, 200 mg/L U(VI), pH 3.5, 50 mg CS
dose, 25 °C).

3.2.3. Influence of U(VI) concentration

Initial sorbate concentration influence is the
crucial parameter on adsorption system, and it
may upset the adsorption achievement of
uranium ions. Numerous batch assessments

KHALED A. ABD EL-RAHEM, et al.,

were practical for observation U(VI)
concentration result on its adsorption efficiency
via 50 mg CS dose. These tests were performed
by shaky 50 mL of different U(VI)
concentration ranged of 25 - 600 mg/L, pH 3.5
for 50 min time at 25 °C. In Fig. 5, U(VI)
concentration was raised, and adsorption
efficiency reached maximum adsorption at 200
mg/L concentration. ~ The most favorable
adsorption at 200 mg/L concentration was 44.0
% to CS bio-adsorbent. Likewise, the uranium
maximum loading capacity on CS adsorbent
was 88.0 mg/g (Fig. 5). The uptake was kept
constant after 200 mg/L. It was stated that the
functional CS bio-adsorbent groups arrived the
saturation capacity whenever U(VI) mobility
was the highest in solution, and whole active
sites of CS filled and plugged with U(VI).
Therefore, the best U(VI) uptake on CS was
88.0 mg/g.

-0—-Removal efficiency, %

60 1 -O-Uptake (mg/g)

Removal efficiency, %
Uptake (mg/g)

0 100 200 300 400 500 600
Initial concentration, mg/L

Fig. 5. Influence of U(VI) concentration on
efficiency and uptake using CS bio-adsorbent (50
mL volume, pH 3.5, 50 mg CS dose, 50 min time,
25 °C).

3.2.4. Temperature influence

The temperature influence on U(VI)
adsorption inspected in the temperature
extended 25 -55 °C (Fig. 6). The adsorption
was also reduced of 44.0 to 42.8 % with rising
the temperature to 55 °C. However, rising the
temperature leads to Van der Waals bonds'
breakdown, and hereafter, the active sites were
decreased. Consequently, room temperature
was the excellent temperature for U(VI)'
adsorption.
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Fig. 6. Temperature impact on U(VI) adsorption by
CS bio-adsorbent (50 mL volume, 200 mg/L U(V1),
pH 3.5, 50 mg CS dose, 50 min time).

3.2.5. Kinetic evaluation

Kinetic designs were investigated to decide
the adsorption mechanism forms and the rate-
controlling steps.  Pseudo-1st-order and
pseudo-2nd-order designs employed to find
U(VI) adsorption mechanism on CS bio-
adsorbent. The 1st-order model [42, 43]
performed in linear mode as the resulting
equation:

k
l0g (eq - Gt ) =log0eq- (2 363} (4)

63

Where geq also ¢ (mg/g) are equilibrium
uptake and also at time t (min), and k; (min?) is
the rate constant. The relation of log(geqs—0) and
t offer to compute the k; and ge from the slope
(k1/2.303) and intercept (loggeq). The outcomes
in Fig. 7a and Table 2 disclosed that geq and R?
of adsorption system not appropriate a 1st-order
kinetic. Hence, U(VI) adsorption vs. CS was
not suitable for this reaction.

On the contrary, the 2nd-order model was
fulfilled and assembled in the ensuing equation

[44]:
Lo 5)
qt kzqezq qeq

Where k> (9/mg.min) is the rate constant, gt
(mg/g) the U(VI) uptake at time t (min). This
design could forecast the kinetic achievement
of adsorption via chemical adsorption method
that was the rate-determining stage. The
relation of t/g; vs. t gain straight line when the
2nd-order reaction could be valid. As the
information in Fig. 7b and Table 2, the
correlation coefficient, R? was near to unity,
and the calculated value of adsorbed amount at
equilibrium (gca) was closer to the practical
capacity (dexp) for the CS bio-adsorbent. These

Table 2. Kinetic factors of U(VI) uptake on CS bio-adsorbent.

Practical uptake, Qexp 1st-order 2nd-order
88 mg/g Qeq (Mg/g) ki (1/min) R? Qeq (MQ/g) k2 (g/mg.min) R?
16.26 0.073 0.928 101.01 1.06 x 103 0.986
1.8 0.5
1.6 ¢ ;
' i ¥ =0.0099x + 0,092 (b)
14 - 0.4 1 R = 09859
= 12 1 y=-0.0317x+ 1.2112 =
T T OR-09281 s 037
S 1 [
gﬂ i -
= 08 02
0.6 1
o L e
0.4 Ao P ST ; B A
0 10 20 30 40 0 10 20 30 40
t (min) t (min)

Fig. 7. (a) 1st order, and (b) 2nd order models of U(VI) uptake on CS bio-adsorbent.
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data advised that U(VI) adsorption at CS bio-
adsorbent obeyed well the 2nd-order kinetic.

3.2.6. Isotherm studies

Adsorption isotherms intimate effective
systems for the reaction by ion transfer to the
adsorbents. It is also a primary requirement for
outlining any adsorption operation [45]. The
isotherms premeditated to identify various
relevant data for adsorption when the adsorbed
ions were spread within solid/aqueous phase
during the adsorption operation arrived the
equilibrium situation. Langmuir and Freundlich
models were undertaken to discriminate
adsorption  techniques. Langmuir  model
adopted that sorbate uptake was enacted at the
homogeneous  adsorption  facade  over
monolayer on the CS bio-adsorbent outside
with steady energy [46]. The resulting equation
was quantified as:

C, 1 1

t=—+ — Cq ©)
qeq qmaxb qmax

Where Qgmax (Mg/g) maximum U(VI)

uptake, b constant linked to binding sites
affinity and energy (L/mg). From the attained

data in Fig. 8a and Table 3, the uptake capacity
(88.49 mg/g) was closer to practical uptake
capacity (88.0 mg/qg), also the R? was closer to
unit. The documents clear that U(VI)
adsorption monitored Langmuir model.

Freundlich model described U(VI) uptake
at CS bio-adsorbent surface. It was commonly
utilized to scrutinize surface energies and
heterogeneity [47]. Freundlich isotherm was
identified as the resulting equation:

1
logq,, =logK; +[H)|09Ceq 7)

Where, K: (mg/g), constant correlated to
supreme adsorption uptake, n, constant
correlated to surface heterogeneity. The curve
of loggeq vs. 1ogCeq gave a regression line to
acquire the n and K (Fig. 8b). Freundlich
constants Kr and n valued from intercept (logKjs)
and slope (1/n) (Table 3). The Kr was lesser
than U(VI) practical uptake for CS bio-
adsorbent. The gotten data exposed that
Freundlich model was not acceptable
adsorption system.

Table 3. The isotherm model factors for U(VI) uptake on CS bio-adsorbent.

practical uptake, mg/g

Langmuir isotherm

Freundlich isotherm

88 gmax (Mg/g) b (L/mg) R? Ks (mg/g) n (mg.min/g) R?
88.49 0.34 0.999 34.47 5.63 0.565
6 21
(a) ¥ = 0.0113x + 0.0332 (b)
ST R = 0.9998 000
i 1.9
4 -
. 3 17
3 ) ¢ y=0.1776x +1.5375
U 24 R*=0.5638
1.5 -
1 i
<
I I S A L3
0 100 200 300 400 500 0 0.5 1 15 2 25 3
C. logC,

Fig. 8. (a) Langmuir, and (b) Freundlich models in U(VI) uptake on CS bio-adsorbent.
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3.2.7. Thermodynamic characteristics

Several adsorption trails at different
temperature were employed to appraise the
thermodynamic conditions as a change in free
energy (4G*, kdJ/mol), change in enthalpy (4H°,
kJ/mol), and change in entropy (4S°, J/mol.K).
Adsorption constant, Kq, was gotten from the
experimental data. Thermodynamic conditions
for U(VI) adsorption by CS bio-adsorbent were
valued according to Van’t Hoff equations [48].

AG®=AH°-T AS°® ®)
AS®  AH®

LogK, = - = 9
9 = 2303~ 230RT ®)

Where R (8.314 J/mol.K) universal gas
constant, and T (K) absolute temperature. The
thermodynamic conditions of CS bio-adsorbent
were evaluated from Fig. 9. 4H° and 4S°
prepared from the slope (4H°/2.303R) and
intercept (45°/2.303R) (Table 4). The acquired
data, negative assessments of 4G° showed that
adsorption system was spontaneous. The
negative assessment of AH° might advise
exothermic  adsorption.  Also,  negative
assessment of 4S° set the feasibility and
randomness of adsorption at CS bio-
adsorbent/acid solution boundary.

3.3. Adsorption mechanism

The information gained through XRD,
SEM-EDX, surface analysis, and FTIR before
and afterward adsorption was offered precious
report  supported assuming  adsorption
mechanism of U(VI) on CS bio-adsorbent. The
XRD pattern for CS bio-adsorbent gained in
Fig. 1a, b. The peak positions and peak shape
of CS with high intensity at 260 = 19°. In XRD
of U/CS (Fig. 1b), some new peaks were
detected due to uranium ions' adsorption on the
studied adsorbent. From the SEM (Fig. 1d), the
pores were occupied with U(VI), and CS
surface was irregular and agglomerate with
U(VI). After uranium ions adsorption on CS
bio-adsorbent, it  detected from the
corresponding EDX spectra (Figs. 1f). The
uranium peaks were existed and confirmed that
uranium ions were adsorbed in the CS surfaces.

The information in Figs. 2a,b, the surface
area, pore-size, and pore-volume of CS reduced
after U(VI) adsorption according to pore-filling
with U(VI). The attained outcomes exposed
that U(VI) powerfully adsorbed per CS bio-
adsorbent. The FTIR of CS before and
afterward U(VI) adsorption (Fig. 2c,d)
validated that new peaks of (O=U=0) appear
near the 974 and 894 cm™ [39, 40]. Moreover,

Table 4. Thermodynamic limits of U(VI) uptake on CS bio-adsorbents.

AH° (kJ.mol?)  AS° (kJ.mollK1)

Temperature, (K)

298 | | 308 | 313 | 318 | 323 333
-3.63 -0.95 x 102 AG®, (kJ.mol?Y)
-0.787 | -0.739 | -0.692 | -0.644 | -0.596 |-0.549 -0.501
-0.1
o
y = 189.59x - 0.498
R? =0.952
-0.11 A
¥
g
|
-0.12 A
-0.13 T T T
0.003 0.0031 0.0032 0.0033 0.0034

UT (K

Fig. 9. Relation of temperature and adsorption constant for U(V1) uptake on CS bio-adsorbent.
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two weak peaks of U-O appear near the =~ 465
and = 425 cm! [41] of CS bio-adsorbent.
Hence, the uranyl cations react with -NH,, -
NH, -OH, and epoxy groups.

The solution pH effect expressed an extra
demonstration of adsorption mechanism (Fig. 3

highly adsorbed due to electrostatic attraction
and complexation systems. The Kkinetic
information proposed that U(VI) adsorption
fitted further suitably by the 2nd-order model.
It specified that adsorption mechanism
controlled with chemisorption. At isotherm

investigation, Langmuir model displayed
brilliant fit for practical data. Besides, the
adsorption ~ manner  was  spontaneous,
randomness, and exothermic according to
thermodynamics documents. U(VI) form
complexes with active sites of CS from the
discussion to the beyond analysis. The
representation diagram of the U(VI) possible
adsorption mechanism onto the CS surface was
offered and showed (Fig. 10).

U(VI) binding mechanism may occur out of the
functional group's de-protonation of CS bio-
adsorbent. At optimal pH 3-4, U(VI) exists in
cationic species (U0, dimmer
((UO2)2(OH)2)%, trimmer ((UO2)3(OH)s)*) [41].
The active sites on adsorbent surfaces are
hydroxyl, epoxy, -NH, and -NH- groups; these
active sites tended to relate with uranyl ions.
Active sites de-protonation and establishment
of various uranium hydrolysis products were

1- Preparation step

CH, CH3
NH )
o
o
Chitin
3
NaOH Deacetylation
CH,
OH 0=<
NH, o NH
H .
o o HO o
o) o)
o HO o
NH
OH 2 OH
Chitosan

pH3.5 O x U0,
2- Adsorption step

/@ O=<CH3

Fig. 10. The suggested reaction for CS and uranium cation interactions.
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3.5. Reusability of CS bio-adsorbent

Regeneration was applied on uranium-
loaded-CS for the reusable several times. To
reuse and recycle CS bio-adsorbent, the U/CS
were regenerated via 1M H,SO4 and 1/50 S/L
phase ratio for 75 min contacting time.
Adsorption-desorption manners were recurrent
many stages till desorption efficiency was
reduced from 94.0 to 77.0% for the CS
adsorbent after seven consecutive series
(Table5). It was designated that good
adsorption constancy of CS bio-adsorbent with
U(Vvi).

Table 5. The efficiency of uranium ions adsorbed
and desorbed as a function of the adsorption-
desorption cycle. Adsorption cycle: 50 mL volume,
200 mg/L of U(VI), pH 3.5, 50 mg CS dose, 50 min
adsorbing time, 25 °C; desorption cycle: 1M H,SO4
and 1/50 S/L phase ratio for 75 min desorption time
at room temperature.

Number of | Adsorption Desorption

Cycle (%) (%)
1 44.5 94.0
2 434 93.3
3 42.8 92.7
4 41.3 88.5
5 39.5 85.1
6 37.4 82.2
7 35.9 77.0
8 23.6 67.3
9 20.8 62.4
10 18.4 55.6

4. CONCLUSION

The chitin-derived chitosan was employed
to U(VI) separation from H,SO. solution. The
adjusted settings were realized by 50 mL
volume, 200 mg/L U(VI) and 50 mg CS dose at
pH 3.5 for 50 min time of contact. The realized
supreme uptake of CS bio-adsorbent achieved
88.0 mg/g. Furthermore, thermodynamic
studies were scrutinized the negative values of
AS° and AHP that established a randomness and
exothermic, but -AG® indicated spontaneous of
U(VI) adsorption at CS bio-adsorbent. Also,
kinetic indications stated to fit within 2nd-order

kinetic. The consequences confirmed that
Langmuir model fitted well at describing
adsorption processes. Also, CS bio-adsorbent
was certainly regenerated by 1M H.SO; and
1/50 S/L ratio for 75 min time. Adsorption-
desorption processes were recurring various
stages up until desorption efficiency reduced
for CS bio-adsorbent after seven consecutive
times. It was designated good adsorption of
U(VI) on the chitosan bio-adsorbent.
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