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Abstract

A green composite comprised of guar g(GG)/chitosan (CH) crodinked with glutaraldehyde was prepared and 1
enforced with different weight ratios (1, 2, and )36 talc powder (TP) as inorganic support. Thisugr of green sorbel
materials was introduced to remove methylene bl @xic heavy metal cation (H§ from aqueous solutions. Tl
chemical modification was proved by the IR specipycand the prepared hydrogels were investigated-ray diffraction
(XRD) for their crystallinity. The thermal properief the green sorbents \e evaluated by the Thermal gravimetric anal
(TGA). Scanning electron microscopy (SEM) and Atorforce microscopy (AFM) were used to investigdie surface
features and surface topography of the optimumradso before and after adsorption respely. Adsorption experiment
were conducted as functions versus the contactdimletemperature. Moreover, isothermal, thermodynaghsorption, an
kinetic theoretical constants were calculated. Reselvealed that guar gum/chitosan grafted nanoosite GG/CH/GA/T2
enhanced the removal of methylene blue (MB) up 8%4)and metal ion discharge (92.11%). The maximatiogic dye
MB and Hg? ions adsorption efficiencies were reached at teaipe (318 K). For both MB dye and *? ions, the pseudo-
2nd -oraer model has successfully defined the adsorptioptikis and the Langmuir model could exactly expidsorptior
isotherms for both Hg and MB dye. H*?> and MB dye have recorded the maximum removal pedoo® of 277.4 an
57.992 mg/g respectively on @@1/GA/T2 at 25 °C; indicating an efficient separation of adsorbent from aqueous solutions

for both cationic dyes and toxic heavy me

Keywords: Guar gum, chitosan, talc powder, magnetic nanophka$, cationic dye, mercu

1. Introduction

Recently, composites based on green polymers
inorganic materials have been considered &
substitute for sorption applications (adsorbentd
absorbents) [1-3]Superabsorbents are able to
immense amounts of water with respect to t
original mass and retain them captured on 1
surface or entrapped within fhénterior voids[4,5].
Superabsorbd@s are usually applied in wat
retention applications such as health and agriczi
[6-10]. There are many natural materials used in
field of wastewater remediation, such
chitosan/calcium alginate [L1] starch [12,13],
cyclodextrin [14] cellulose [15&nd rosin16]. Some
petroleumbased polymers were also nified as
sorbents for heavy metals such as polysty[17],
and tyres [18]. The fabricath of natural polymer
with inorganic materials with monometallic cc
(Fe304) or bimetallic core MFe204 (M = Co, .
Mn, Ni) was proved to enhance the mechar
properties and physical characteris{19]. On the
other hand, guar gum and chitosan are among
most abundant natural polymerq20]. The
combination of these polymers in a compo
formulation is highly favored due to the
immunogenicity, hydrophilicity, bidegradability,

and the readiness of hydrogel formation with vasi
cross-linkers [21,22]Modification of these polymel
by crosslinking into hydrogels was proved as
efficient modification to improve their adsorpti
effectiveness to various kinds of pigments
poisonous heavy metals [235]. They may serve as
an economic source of heavy metals by recove
the adsorbed metals. Methylene blue (MB, Figur
is one of the major contaminants in the ironment
caused by a wide range of coloring industries, a18
cosmetics, leather, printing, textiles, food, i
plastics [26,27].
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N
Figure 1: Structure of Methylene blue 16H15CIN3S)

It is responsible of man common side effects
including headache, vomiting, confusion, shortr
of breath, andhigh blood pressu. Other side effects
includeserotonin syndron, red blood cell
breakdown, andllergic reactior [28]. Also, some
heavy metals such as lead, cadmium, coy
chromium pose a serious threat to the environr
and human health [29Mercury has been classifi
among the most poisonous heavy metals due 1
extreme toxicity even at a very low concentratiod
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short exposure [30]. It is readily accumulatedhie t 2.3. Fabrication of the prepared hydrogel with
tissues and contribute to unlimited damage in humaninorganic supporter:

body [31]. On the other hand, super absorbent greenThe modified hydrogels were prepared by addition of
hydrogels were extensively applied in different the desired weight ratio (1, 2 and 3%) of the talc
applications where water absorption or retention is powder with respect to the total weight of the guar
important such as pharmaceutical and wastewatergum and chitosan prior to the addition of the
remediation [32—35]. Moreover, hydrogel composites glutaraldehyde. Then the procedure was completed as
were prepared by incorporation of different inorigan  per previous section. The codes and composition of
supports into the hydrogel matrix such as the prepared green composites are tabulated ireTabl
nanomagnetite [36], montmorillonite [37], graphene 1.

oxide [38] and silicates [39]. The objective ofsthi _Table 1: Codes and composition of the green hydsoge

work is to introduce superabsorbent green hydroge

matrix composed of guar gum /chitosan crosslinkec Code/composition-se—TcrTGA [ TP(%)
with glutaraldehyde and fabricated with different (gm) | (gm) | (gm)

weight ratios of Talc powder (di metal oxide “GG/CH/GA 5 0.7 10 | -
inorganic core (Mg3Si4010(0OH)2) as sorbents for-5G/cH/GAT 5 07 10 1
some toxic pollutants. The efficiency of the green GG/CHIGAIT2 5 0.7 10 2
composites is investigated versus different GG/CH/GA/T3 5 0.7 10 3
parametg rs. 2.4. Characterization:

2. Experimental

Different characterization techniques were appt@d

ensure the chemical modification, to test the
structural and thermal properties of the prepared
hydrogel composites and to monitor their removal

2.1. Materials:

Both commercial guar gum (GG) and chitosan (CH)
from shrimp shells (with an average deacetylation
degree of 87% were purchased from EI-Nasr erformance. These are:
company for chemicals, Egypt. All other reagents: P ' i '

glutaraldehyde (GA), acetic acid, mercuric chloride © R SPeCtrOSCOpy' The IR spectra were recqrded on
and talc powder) were used as analytical grade and® Perl_<|n-EImer rﬁz 2.0 spectrophotometer with the
procured from Kima Aswan, Egypt. Methylene blue resolution —?f 2 cm, in the wavelength range of 400
was obtained from Merck. CH (1%, wiv) was EO A:IPhO: glr::féce morphology and particle size were
solubilized in 2% (v/v) acetic acid solution whiBG . .
(1%, Wiv) was diséolv)ed in distilled water. studied on JEOL GSM 6510LV (SEM) scanning

2.2. Preparation of guar gum/chitosan-cl- electron microscope. ) ,
glutaraldehyde:  The surfa}ce topography was monltore_d via an
‘Hydrogels in this study were prepared as shown in AFM Flexaxiom nanosurf, C3000, dynamic mode,
Scheme 1. The weight ratios of the reactants (GG, Parabola fiting data filter. _ _
CH, GA) were selected according to the optimized * XRD patterns of the samples were obtained using
ratios mentioned by Sushmit et al [24] with slight & high-intensity Shimadzu diffractometer Cua K
modification. Briefly, A guar gum solution (1% radiation § = 1.54065 A) with a spectrum of2
(w/v)) solution was prepared and kept under ranging from 10to 80.

mechanical stirring for 2 h at 1500 rpm and then it * The dynamic weight loss and thermal stability of
was acidified by addition of few drops of 98% the prepared samples were detected by
concentrated sulfuric acid. In another beakergdoo? ~ thermogravimetric analysis that was carried ouaby
chitosan was added to 5% (v/v) acetic acid solution thermal analyzer (model Q600 SDT simultaneous
and the mixture was stirred for 4 h at room DSC-TGA) with heating rate of 1@/min under N
temperature, at 1500 rpm. Then, chitosan solution 9as with the operating temperature of 30-800

was added to the guar gum solution and the mixture Atomic absorption Spectrophotometer model ZEEnit
was stirred for another two hours. To the guar 700P(AAS)/ Germany/Analytikjena Co, was used to
gum/chitosan mixture, 10% of glutaraldehyde was evaluate metal ions concentration in the solution,
added as crosslinking agent considering that whilst UV-visible spectrophotometer model Unicam
Glutaraldehyde used was of 25% wiv solution in UV/vis, UK UVivis spectrometer was utilized to
water. Thus, calculations of glutaraldehyde were detect the color intensity of the dye solution.

made accordingly. The mixture was stirred for 2.5 Comparative Analysis of removal performance:
another 4 h at 48C. The obtained gels were dried in A comparative analysis of adsorption performance
an oven at 70 °C till a constant weight then theyey ~ between the prepared green hydrogels has been
crushed into fine powder. All the prepared hydregel Studied at initial concentration of 75 and 25 mfgt

were freeze-dried to keep their network structure.  both Hg® and MB, respectively, adsorbent dose of
0.1 g for both H& and MB, and maximum contact

time 24 h.
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2.6. Removal experiments: 3. Resultsand discussion:

The removal performance was monitored by batch 3.1. Mechanism of preparation of green hydrogels:
experiments via the tea bag method as per ourA general representation of the overall synthesis
previous work [17]. Simply, the desired dose of the process is illustrated in scheme 1.

sorbent (0.2 g) was placed in a tea bag then thesba \A P ol L
immersed in a pollutant solution, and 1ml of the ™ 7 7% %" T N
solution is drawn at the desired time. The initial o s 5 &

experiments were performed at a constant e
temperature of 25 °C, with contact time 15, 30, 45,

60, 90, 120 minutes then after 24 hrs. The removal ) ‘ﬂ%\
performance towards Hgions was assessed by - E,\ .
atomic absorption spectrophotometer (AAS) while enfreed ren ycoge VA T
the elimination of MB was evaluated by UV-visible  Scheme 1. Suggested mechanism for green hydrogel formation
spectrophotometer for MB. The removal percentage The mechanism involves protonation of aldehyde
of MB and hazardous heavy metal (g was group of the glutaraldehyde making it capable to

unvglutraldehyde hydrogel

estimated according to Eq. (1): react with the —OH group of guar gum and, -OH and
Removal percentage(%) —NH, groups of chitosan, forming water molecules
(Co—C,) and covalent linkages [36]. Sulfuric acid is added
=C—0 x 100 e guar gum solution not to the chitosan solution to
where G is the initial concentration and.Gs the ~ @void the spontaneous reaction with the \groups
concentration at equilibrium. of chitosan. The exact structure of the resulting

The adsorption of MB and toxic (FR) ions was network is not possible du_e to the_ presence obuari

defined with the adsorption kinetics, the pseutio-1 forms of glutaraldehyde in solution (free aldehyde,
order, pseudo™-order was utilized to present the Mono- and dihydrated monomeric glutaraldehyde,
information of adsorption process [40—43] in linear Monomeric and polymeric cyclic hemiacetals)

forms stated as: [37,38]. However, glutaraldehyde has been used as a
lo _ — 1o common cross-linker since it is cheap, readily
8(de = a0) g(qe)kl available and highly soluble in aqueous solutioime T

- (2 303) t (2) inorganic material is incorporated within the gel
e 1 1 ) matrix to enhance the mechanical properties during
& (k2q2) (_> t @) swelling and to increase the active surface arba. T

where gand q are the concentrations of MB or toxic two specified materials have been proved as etfecti
(Hg'®) ions adsorbed at time t and equilibrium e, candidates for heavy metal removal [39,40] Talc
respectively; K and K are the pseudo®-order and powder Mg[Si O.](OH), is a hydrous silicate salt
pseudo-? order rate constants for the adsorption, comprised of two major parts of oxides of siliconla
respectively. The adsorbate can migrate from the magnesium It is one of the softest minerals ever
solution phase to the surface of the adsorbent in aknown with specific surface area nearly about 4°3 m
multi-step process. The steps may include film or g*. The particle size distribution for talc powdeeds
external diffusion, pore diffusion, surface diffosj was between 30 and 350 nm and the mean particle
and adsorption on the pore surface [44]. size was 158 nm with a pore volume corresponding
The adsorption process was evaluated by two to 0.09 3 g™ [41].

isotherm models, Langmuir and Freundlich. The 3.2. Characterization:

calculations are made according to the following 3.2.1. FT-IR description:
mathematical relations [35]: IR spectra of (a) CH, (b) GG, (c) GG/CH/GA and (d)
Langmuir model: GG/CHIGA/T2 are shown in Fig. 2. It is apparent
Ce _ - 1Q + Ce 4) upon comparing these spectra, it is evident that ne
de L{L

bands are formed at certain regions which confirms
the linking of guar gum with chitosan. For instanae
peak of bending vibration of OH of guar gum and
chitosan at 1630 crhis decreased to a minimal
indicating the cross-linking of glutaraldehyde via
some hydroxyl groups. A small peak at 3660 tis
1 indicative to the secondary amine group. Thuss it i
logge = logKy + ~logC., %) evident from the FTIR spectra that the chitosan and
where the Freundlich constant Kmg/L) indicates guar gum are efficiently cross-linked by using
the sorption capacity and the sorption intensity is glutaraldehyde as a crosslinker [42, 43]. The IR
expressed by n, which represents the heterogeneityspectrum of talc powder shows a number of bands at
function. wave numbers of 3680, 3445, 1044, 680 and 48b cm

where K (mg/L) and Q@ (mg/g) are the Langmuir
constants denoted to adsorption energy and sorption
power respectively. Hence, mg/g) referred to the
equilibrium adsorption capacity and. @ng/L) is
defined as the equilibrium concentration.

Freundlich model:
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ascribed for different recognized functional group oo
such as the siloxane group (Si-O-Si) and the Si-@-N

bond [45]. The occurrence of these peaks togett =
with the peaks characterizing the functional groops
the crosslinked polymer prove the incorporation (g 4o
the talc powder within the network structure. OUE 20 -
findings agree with Ossman et al. [40].
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3.2.2. TGA analysis: Figure 2I1b: Thermograms of GG/CH/GA and GG/CH/GAT?2
The thermogravimetric profiles for native guar gum 3.2.3. XRD Patterns:

and native chitosan are given in Figure [Fig. 2lla] The chemical modification procedures could be
Moreover, the thermograms of CH/GG/GA, and proved by investigating the XRD patterns of thergua
GG/CH/GA/T2 are illustrated in [Fig. 2llb]. A gum, chitosan, and talc powder before being
comparison is held to evaluate the thermal behavior formulated than comparing with the patterns of
of the prepared green hydrogel composites and toCH/GG/GA, and CH/GG/GAT2 . The XRD patterns
monitor the effect of the inorganic material on the of GG and CH are illustrated in Figure 2llla, whase
thermal stability of these hydrogels. Initially,eth the XRD of talc powder, CH/GG/GA, and
thermograms of both guar gum and chitosan [Fig. CH/GG/GAT2 are presented in Fig. 2lllb. The
2lla] reveal low thermal stability [44,453bout 80% scanning was conducted in the zone ®frdm 0° to
of guar gum is degraded at 38D and nearly 70% of  70°. The diffraction pattern of native chitosanwho
chitosan is tarnished at 32C. As observed in the two peaks at 210" and 20 indicating the ordered
TGA curve of the crosslinked hydrogel [Fig. 2IIb], crystalline structure of chitosan, which fully appe
there is a two-phases weight loss pattern. The firs with the published report [47]. In contrast to ols#n,
phase between 50 °C and 200 °C shows a weightthe XRD pattern of guar gum reveals an amorphous
reduction of about 20%. This may due to the loss of structure with low overall crystallinity.
the adsorbed moisture. This phase is absent in the |
thermogram  of the reinforced  hydrogel, /\_J‘\\\*‘
[GG/CH/GA/T2]. This proved that the reinforced ==
crosslinked polymers were resistant to the absmmpti -’ My
of moisture [41,42]. The second phase of weighd los ~ g
starts at 400 °C and extends to 580 °C with about
70% weight loss owing to degradation of natural = S = =
polymers (Guar gum and chitosan). This degradation Figure2llla: XRD patterns of GG and CH
pattern is of higher temperatures than the deg@adat
temperatures of native polymers [46]. The mﬂ/\\wm
degradation of (GG/CH/GA/T2) hydrogel takes place RN T T
in two stage from 120-270, and 500-700 °C e
respectively. The first region could be attributied |
the loss of some functional groups from the backbon N N | N
of .the crosslinked polymer such as hydroxyl and Figure2llla: XRD patterns>5f('fér(:"powder and GG/CH/GAIT2
amine groups. .These groups aré known to form The slight crystallinity is shown as low peak at
hydrogen bondl_ngs ‘,Nh'Ch strengthen the netv_vork. 26=200 and it may be due to the intermolecular
The secon_d region might be due to the.d(.agradaflon o} hydrogen bondings between the hydroxyl groups
the crosshnked structure. Generally, it is obsérve istributed throughout guar molecule [45]. On the
that the Incorporation of talc powder enhances the other hand, the XRD pattern of talc powder reveals
thermal stability of the product. strong crystalline structure with the peaks sigaifit

to the typical crystal strcture of talc, namely, at
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20=7°, 25 ° and 40 [48,49]. When talc is
incorporated within the network structure, it may
bind some reactive hydroxyl and amine groups and
loses its crystallinity. Therefore, the XRD of
GG/CHIGA/T2, (Figure 2lllb) depicts a semi-
crystalline structure with a single wide peak at
20=25°.
3.3. Electron Microscopy:

3.3.1. SEM investigation:
SEM is used to investigate the surface morpholdgy o
the hydrogel with and without inorganic supports.
The SEM images of GG/CH/GA, and GG/CH/GAT2
are given in Figure IVa and IVb respectively. The
SEM image of GG/CH/GA reveals a condensed
flakes structure with distinct crosslinked poin@n s
the other hand, the SEM of GG/CH/GAT2 shows the
distributed talc part|cles within the hydrogel niatr

Partea 1

Pasbat’ I

sale pareicies

rioatBin

Fnina 32w

Z rodc Scan forward _Parabala fit

Parsbol 135

GG/CH/GATS wet (MB)

?_—-f P FigureV: The AFM images of some green hydrogels
These samples were carefully selected to confilen th
data obtained from removal experiments and to
= J....._ points of reflect effect of the following variables on bothet
g ﬁ e topography and the roughness:

* Weight percentage of the inorganic material.
e Type of adsorbate.

Table 3: AFM data for selected samples

No. Sample Height Scale Data
analysis
1 GG/CHIGA 1.09 nm  312x312 parabola
nm
z GG/CHIGAT1 dry 1.20 nm 312x312 parabola

nm
2 GG/CHIGAT2 dry 18.2 nm  312x312 parabola
nm

Figure IVb: SEM of GG/CH/GA/T2 4 GG/CH/GAT2 wet 26.8nm  312x312  parabola

. . Hg" nm
3.3.2. AFM study: Surface characterization and E(G(‘;E,’,QH,GATZ wet 19.9n  312x312  parabola
roughness measurements: (MB) nm

The AFM was proved as an effective tool for By investigating the tabulated AFM data, the
investigating the hydrogels before and after the following observations can be elucidated:

removal process by monitoring the surface » The height increased by adding the inorganic
topography and detect the incident changes due to  material within the gel matrix, for instance, the
the adsorbed species. In this regard, we applied an  height order for GG/CH/GA, GG/CH/GAT1 dry

advanced AFM with wide Z and XY ranges to and GG/CH/GAT2 dry is 1.09 nm, 1.2 nm and
confirm the chemical modification process and 18.2 respectively.
monitor the swelling progression via the non-coftac  The topography and surface features are
dynamic mode. This was achieved by inspecting the highly affected by the adsorption process.
following AFM outputs: Moreover, the adsorbed species can be seen
» The topography of the sample, clearly on the surface of the hydrogel.
* The height represented by the Z-axis to ° The change in height goes parallel to the

measure the difference between the maximum adsorption capability of the hydrogels. For ins&nc
point above the surface and the minimum the tendency of GG/CH/GAT2 towards mercuric
point below the surface to describe the porous cation is higher than its tendency towards mettg/len
structure, and, blue. Therefore, the height of the gel adsorbetf isg
In this regard, the eight samples were investighted 26.8 nm while it is 19.9 nm when it contains
the AFM, the images are illustrated in Figure V and methylene blue.
the data elucidated from the AFM are given in Table GG/CH/GAT2 is the most active adsorbent versus
3. They include dry gels (gels without adsorbed both Hg? and methylene blue dye. This may be
species) and wet gels (loaded with either"Hgr explained by its height measurements which reveals
MB). average pore size suitable for maximum removal.
3.4. Adsorption performance and mechanism:

Egypt. J. Chen65 No. 5 (2022)
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3.4.1. Comparative Analysis of Adsorption
Performance:
Figure VI shows a comparative investigation of

adsorption performance between enforced and neat

hydrogels toward the removal of Hgnd MB at the
initial concentration of 75 and 25 mg/L for both g
and MB, respectively, and the adsorbent dose 0§ 0.1
for both Hg? and MB, for 24 h and at 25 °C. Results
in Fig. Vla showed that the maximum removal
effeciency for both Hf and MB was attained by
GGICHIGAIT2 (92.11% and 79% for both Hgand

MB respectively). This finding agrees with all the
previous findings elucidated from the XRD data
considering the crystallinity of the enforced
hydrogels and the AFM measurements regarding the
heights of the hydrogels loaded with the removed
species. This observation can be explained on the
basis of the effect of talc powder on the network
formation and the elasticity of the resulted networ

LELE] LE1E] LELE] GG
CH CH CH CH
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L
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Figure Vla: Comparative analysis of adsorption
performance between different green hydrogels tdvlae
removal of H§" and MB at initial concentration of 75 and
25 mg/L for both H§ and MB, respectively, and adsorbent
dose of 0.1 g for both Hgand MB, respectively.

3.4.2. The Mechanism and kinetics of
Adsorption:
The adsorption rate can be estimated by applyiag th
pseudo-1st and pseudo-2nd-order kinetic designs.
This correlation is illustrated in Figures Vib axtt
for removal of H@ and MB respectively.

100
=T
b S0 e
o
1= 45 =1 a0 120
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Figure VIb: Rate of adsorption of Hg
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Figure VIc: Rate of adsorption of MB

Table 4: Kinetic parameters of the pseudafid 2%order models
for the adsorption of Hjand MB onto neat and enforced
GG/CH/GA hydrogels at pH=7 temperature at 25°C)

Kimedcoonsme s

Hydregel  Adserbate

Kimetic
medd
Puasdo-1%
cerdar
Paado-I7
onder
Puasdo-1%
cerdar
Pando-I7
onder
Pusado-1™
cerdar
Pamad o-I™
oxder
Pasado -1
crdar
Pamad o-I™

Kimi) | Guafm  Edsme | gualm
s min) 2’5

GGCH'G 37763

A

o [

004367

0.0039

(IR

GECHG 535256

ATI

e I

QU4 3T1

0.0062

03 e

GECHG 50015

AT

Pasado 1T 0.0073
cerdar

Paado-I7 [ISRES

Pasado -1 0.0079 3.7802
e

Fusndo-l™ 00T
e

GECHG Pasado -1 Q.007T
T3 e

Fumnd o1 0003482
adar
Pumada 1 0.0075

e

Fumnd o1
ader

This assumed that the 1st-order pseudo models can
not be used for explaining adsorption behavior, and
no physical interaction was possible on the adstrbe
surface between Hgand MB ions and the functional
groups of the polymer chains constituting the
network structure. On the other hand, the improved
correlation coefficients, R(ranges between 0.9834 -
0.9983 for H§” and from 0.9812 to 0.9943 for MB)
suggested that the adsorption of both species @n th
green networks followed a kinetic model with a
pseudo-2nd-order via chemical interaction between
Hg*? and MB and the functionalities of the adsorbate
surface through the mutual or electron exchange or
formation of chelate structure between sorbing and
sorbed species [17,19,29]. The relationships depict
also that the rate of diffusion increases by timd a
the effectiveness of the prepared hydrogels towards
Hg™ is more predominant than towards MB which
may be due to the stability of the chelate struectur

09515 0004 T3 343

Furthermore, Table 4 offers a description of the between H& and the abundant functional groups

outcomes and obtained data. From the kinetic found in the green polymers [50]. As it was proved

parameters, the pseudo-1st-order model envisagesy all the obtained data that GG/CH/GA/T2 showed

poor correlation coefficient values” Ralues: ranges  the superlative performance, more investigation wil

from 0.5272 to 0.6281 for Hgand from 0.5098 to  be carried out to explore the isothermic parameters

0.6097 for MB. adsorption by applying Langmuir and Freundlich
equations, the data are given in Table 5. The dinst
second order kinetic isotherms of GG/CH/GA/T2 are
given in Figure VII.
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Table 5: Langmuir and Freundlich isothermic adsorpt a5 (]

parameters for the Hand MB onto GG/CH/GA/T2, Ji’ - %f_?"‘)

[equilibrium time of 24 h and temperatures of 25 36,°C,

and 45 °C] P - _—
?, -5 Lr ——351
""" = —p 5 €
Adsorbat Isotherm T(K) Isotherm constar 200 100
model 50
R Quad /g, K Ke(mg.D) N 100 . ,_._.__._4——/
i} i (mg.L) o e—ee—eee® w0 320 s w0 m0 4
Hg Langmuil 29¢ 0.893: 277.¢ 0.0660- 750 7E0 7 790 800 ce
30¢ 0.912¢ 318.¢ 0.0671¢ . te, . . .
_ 316 | 0.903 356.; 0.0685! Fig. VIII: The fitting of the Langmuir quations for a- ¥gnd b-
Freundiict | 29¢ | 0.927% st 143 MB adsorption by GG/CH/GA/T2 at different temperati
30¢ 0.910° 17.9¢ 1.52%
31¢ 0.932« 17.3: 1.55¢ 3 .
Ve Langmui |29 | 00787 | 57997 | 0.00201 3.4.3. Comparison of Hglon and MB Adsorption
306 | oo7er [ 11400 | 0.0024 Capacity on GG/CH/GA/T hydrogels:
31¢ 0.802: 133.8¢ 0.0031: i i i # i
et | 0802 SN — Table 6 lists the adsorption capacity of F—ngnon _
51 o Soa—toau and MB by different other adsorbents mentioned in

other works, along with the results of the present

1st order Second order StUdy[S 1_57] .
H
26l s Table 6: Comparison of Hion and MB adsorption capacity on
Yt 4 GG/CH/GA/T2with other adsorbents
35
3 Adsorbent Adsorption References
z': capacity (mg/g)
15 MB
1
s alginate-g-PAMPS/NiF©®, 22.81 [19]
*o = ™ ™ betacyclodextrin-grafted-alginate 11.33 [51]
S modified gum arabic, polyacrylate, 48 [52]
Time it and polyacrylamide
Figure VI1: Kinetic parameters of the pseuddand 2%-order CelIquse-Eazed S;Jpe’adsorbe“t 21.97 (53]
models for the adsorption of Bigf GG/CH/GA/T2 yarogels
The Langmuir pattern indicates the homogeneity of Clay 58.2 [54]
the monolayer that covers the adsorbate surfade wit superabsorbent hydrogel formed by 48 [52]

clear linking points, equal energy of sorption, and mOdifiegngu”;Ia;i?iclag?('jfﬂy'a‘ev
homogeneous distribution of adsorbed molecules. On polyacty

Fhe_ Ot.her hand, the FreundliCh isotherm is an Guar gum/chitosan/GA/Talc 57.992 The present
indication for an adsorption process that takesepla powder study
on heterogeneous substrates and the adsorber A |

o ; X i
capacity is associated with a balanced adsorbent algnate g PANPSINT®: 75 E 5

concentration The fitting of the Langmuir equations

of Hg*2 and MB adsorption by GG/CH/GA/T2 at SQ&???&?;SE&ZX?;%SK‘? 20018 53]
different temperatures are shown in Fig. VIII a &nd network (IPN) superabsorbent

Also, their constant values are shown in Table 4 _ fwdrogel

along with correlation factors @R The highest e e 78520, 01993, (56]
uptakes for Hf and MB were 277.4 and 57.992 Composite according to

mg/g respectively on GG/CH/GA/T2 at 25 °C. These Attapulgite content

values increase exponentially by raising the fhiourexmodified magnetic 6252 [57)

chitosan microspheres
temperature from 25 to 3%. The calculated values

of KL for adsorption of mercury cations and toxic Guar gum/chi;osan/GA/Talc 277.4 The p(rjesent
MB on adsorbent indicate revealed a stronger powder study

depiction of the experimental findings by Langmuir “The data indicate that the synthesized enforceeingre
model for _both species. The observed rise of Klhwit hydrogel (in the current study) has a remarkable
an elevation of temperature may be referred to ggsorption capacity compared to many adsorbents.
several assumptions such as an improvement in bondyioreover, the removal data confirm that the
stability formed between the adsorbed materials and 3qyanced green hydrogels can be considered as a
the surface of the sorbent and due to the increase promising and efficient sorbents for the simultareo
pore volume of the network structure. removal of H§?ions and MB from aqueous solution.

Conclusion

The present work deals with removal of two types of

potent pollutants (Hg ions and MB) by introducing

Egypt. J. Chen65 No. 5 (2022)
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green advanced hydrogel materials. The hydrogels
are based on guar gum/chitosan crosslinked with
glutaraldehyde and reinforced with different weight
ratios of talc powder. The AFM was used to monitor [6]
the changes in the surface topography associdimg t
changes in the network composition and also to
verify the sorption process. The adsorption isattger

on the optimum composition GG/CH/GA/T1 were
discussed. The adsorption kinetics was well degicte

by the pseudo-2nd order design and the Langmuir
model defined isothermic adsorption process foi*Hg

and MB dye adsorption. The optimal adsorption
capacity was 277.4 and 57.992 mg/g respectively on[7]
GG/CH/GA/T2 at 25 °C, which increase by raising

the temperature of the aqueous medium. The
synthesized green hydrogels were proved as
promising and efficient candidates for the
simultaneous removal of Hgions and MB.
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