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Eco-friendly nanocomposite (HS) was prepared from agriculture sources and characterized for reme-
diation of wastewater from lead and cadmium ions. The nanocomposite was prepared from humic acid
with silica (HS) which was prepared from compost and rice husk. The nanocomposite was characterized
by FTIR, XRD, SEM, Zeta potential, BET and SEM-EDX. The removal of metal ions was studied using a vari-
ety of operating parameters, including pH, metal ion concentration, adsorbent dosage, and contact time.
In both Pb?* and Cd?*, the best removal efficiency was found at pH 5.6 and 6. Pb?>" and Cd?" had equilib-
rium times of 30 and 60 minutes, respectively. The adsorption process was exothermic and spontaneous
in nature, according to thermodynamics. In terms of describing and evaluating the adsorption process,
the Langmuir, Freundlich, and Temkin models are the most accurate, according to isotherm adsorption
studies. Nanocomposite (HS) before and after adsorption was confirmed by EDX to involve lead and cad-
mium ions. The adsorption capacity of HS was 22.86 and 6.25 mg/g for Pb?* and Cd?*, respectively.
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1. Introduction safe or unsuitable to use [1]. This can be accom-
plished by dispersing pollutants into a natural set-
ting. More than 200 million people around the
world are affected by toxic pollution, according to
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Pollution is the process of making land, water,
air or other parts of the environment dirty and un-
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luted areas have lost 30 to 40 IQ points, and life
expectancy may be as low as 45 years because of
cancers and other diseases [2]. Chemicals, sewage,
pesticides and fertilizers from agricultural runoff,
or metals like lead or cadmium, are all examples of
pollutants that can enter water sources [3]. Heavy
metals can be removed from industrial wastewater
by a variety of methods, precipitation, coagulation,
complexation, activated carbon adsorption, sol-
vent extraction, ion exchange, flotation, electrode-
position, foam flotation, cementation, and mem-
brane operations. As a result, numerous novel ap-
proaches have been investigated to develop tech-
niques for heavy metal adsorption that are both af-
fordable and effective [4]. Adsorption is a funda-
mental process in the physicochemical treatment
of municipal wastewaters, a treatment that can
economically meet today’s higher effluent stan-
dards and water reuse requirements. Adsorption is
integral to a broad spectrum of physical, biological,
and chemical processes and operations in the en-
vironmental field. Purification of gases by adsorp-
tion has played a major role in air pollution con-
trol, and adsorption of dissolved impurities from
solution has been widely employed for water pu-
rification. Adsorption is now viewed as a supe-
rior method for wastewater treatment and water
reclamation [5]. Nano-adsorbents got interest be-
cause of having nano-size, which can hold excel-
lent rate of adsorption with short time. Further-
more, nano adsorbents that can used as a sepa-
ration medium in water decontamination to elim-
inate the organic, inorganic-based pollutants [6].
Green synthesis provides advancement over chem-
ical and physical method as it is cost effective, en-
vironment friendly, easily scaled up for large scale
synthesis and in this method, there is no need to
use high pressure, energy, temperature and toxic
chemicals. This has motivated an upsurge in re-
search on the synthetic routes that allows better
control of shape and size for various nano techno-
logical applications [7].

The objective of this research was the prepara-
tion, and characterization of nanocomposite (HS)
from humic acid and silica which were prepared
from compost and rice husk ash respectively. Used
this nanocomposite to remove some heavy met-

als ions like (lead and cadmium ions). In the
present study, we aimed to produce an economic,
sustainable, good mechanical and chemical resis-
tance, handleable, and regeneratable nanocom-
posite from agricultural residue as a sustainable
adsorbent.

2. Experimental

2.1. Materials

Lead nitrate and cadmium nitrate were pur-
chased from Sigma Aldrich as analytical grade
reagents for this study. HCI, NaOH, KNOs, AgNOs3
and disodium salt of ethylene diamine tetra acetic
acid (Nap,EDTA) were purchased from Biochem. A
compost sample and rice husk ash were purchased
from Moshtohaor Agriculture station, Egypt.

2.2. Synthesis of sorbent

According to Sanchez-Monedero et al., humic
substances were extracted [8]. Nanosilica has been
prepared from rice husk as Figures S1 and S2. Hu-
mic acid and silica composite (HS) with w/w ratio
1:1 was prepared as follows: 0.5 g humic acid and
0.5 g silica were dissolved in 15 ml of 0.5 N NaOH.
The final solution was shaken for 24 hours. The
composite (HS) was formed by acidifying the so-
lution to a pH less than 2.0 using 2 N HCL. The
composite has been collected by centrifuging for 15
minutes at 6000 rpm as shown in Figure 1.

2.3. Characterization Techniques:

An atomic absorption spectrophotometer, type
AA-6800, Shimadzu, Japan, was used to deter-
mine the metal ions concentrations. To find out
how porous the samples were and how much
surface area they had, we used a Micromeritics
ASAP 2000 volumetric adsorption device set to
77 K. The Zetasizer Ver.7.13 was used to analyze
1mg of composite in 10 ml of water (or additives
solutions) for particle size distribution and Zeta
potential (Malvern Panalytical). The BET equa-
tion was used to calculate surface area (SBET) for
both samples (Brunauer-Emmett-Teller). Dubinin-
Radushkevich (DR) and Barrett, Joyner, and Hal-
enda (BJH) methods were used to calculate mi-
croporous and mesoporous volumes, respectively,
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Figure 1: Schematic preparation andpurification of HS.

from the N, adsorption-desorption isotherm data
(BJH). A scanning electron microscope (SEM) was
used to examine the morphology of the adsorbent
samples, and an energy dispersive spectrometer
was connected to a power supply of 30 kV (EDX,
Thermofisher). Silver lacquer and metallic gold or
carbon-coated wafers were used to deposit sam-
ples. For Fourier-transform infrared spectroscopy
in the 400-4000 cm™! range, a Tensor 27 spec-
trophotometer (KBr disc) is used. Stuart Scientific
muffling furnace (Vulcan A-550). After calibrating
the pH meter (KnicK pH-meter model 761 Cali-
matic) using buffer solutions of pH 4, 7, and 10, the
pH values were measured by the meter.

the pHpzc for the nanocomposite was measured
by the method of solid addition [9]. Here, 100 mg of
the nanocomposite was added to 50 ml of 0.05 M
KNOs3 in 50 ml steps. From 2 to 11, the pH values of
these solutions have been increased by one (initial
pHs,). Both 0.1 M HCI and 0.1 M NaOH solutions
were used to bring the pH values back to normal.
After that, for 48 hours, each flask was subjected to
vigorous agitation in a shaker bath. After the sus-
pensions had settled, the pH of each one was deter-
mined (final pHs). It was then compared to the ini-
tial pH values to see if there was a significant differ-
ence between them. The pH at which pH is zero de-
termined to be the PZC [10]. the Antimicrobial Ac-
tivity of HS nanocomposite had been tested by dis-
solving with sodium hydroxide and neutralized by
dilute HCI. Results are presented as the diameter
of the inhibitory zone measured in "mm", 0.06 mg
of nanocomposite were added to discs according
to the disc diffusion method, against the following

indicator strains [11]: "Staph": Staphylococcus au-
reus (ATCC 25923), "E.coli": Escherichia coli (ATCC
25922) and "Candida": Candida albicans (ATCC
10231) with MacConkey Agar media, Mannitol Salt
Agar, and Eosin Methylene Blue Staph, E.coli, and
Candida isolates were tested for antimicrobial ac-
tivity on agar prepared for this purpose. To ensure
an even distribution of inoculums, the agar plate
was stained with a bacterial-inoculated wipe and
sterile tips were used to make the wells.

2.4. Solutions preparation

Pb?" and Cd?* ion stock solutions of 200 mg/L
were prepared by dissolving 399.61 mg and 686.04
mg of lead nitrate and cadmium nitrate salts, re-
spectively, in deionized water. 0.01 N AgNOj3 has
been prepared as a standard solution for the deter-
mination of chloride ions by precipitation titration
using potassium chromate as an indicator.

2.5. Batch experiments

2.5.1. The adsorption capacity

Adsorption was carried out in batch mode us-
ing 300 mg of adsorbent and a volume of 10 mL
of adsorbate following the concentrations deter-
mined. Temperature, contact time, effect of dose,
pH, and metal ion concentrations are all factors
to consider. The recovered liquid phase was fil-
tered after equilibrium time. Pb?>" and Cd?>* had
pH of 4-6 and 4-8, respectively, and temperatures
of 25-40 °C, while the initial metal ion concentra-
tions varied between 50 and 250 mg/L in adsorp-
tion equilibrium experiments. Adsorption capac-
ity q. (mg/g) and removal efficiency q, (mg/g) of
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metal ions were calculated using these formulas
(%) [12] :

(Co - Ce)

o

Removal (%) = x100 (1)

(Co—Ce)xV
—_— X
m

e = 100 (2)
The initial concentration of metal ions in the solu-
tion mixture was C,, while the equilibrium concen-
tration is C,, and qe is the equilibrium adsorption
capacity (mg/g). V is the sample volume (L) and m
is the mass of composite adsorbent used (g).
adsorbent isotherms are also crucial for describ-
ing the interactions between adsorbate molecules
and adsorbent surface sites. For adsorption inter-
pretation and prediction to be possible, equilib-
rium data must be correlated with a theoretical or
empirical equation. In this study, Langmuir, Fre-
undlich, and Temkin's isotherm equations are ex-
amined [13].

According to the Langmuir adsorption isotherm,
inactive adsorption sites are unaffected by the
presence or absence of nearby occupied ad-
sorption sites. As a result of using the Langmuir
isotherm equation to analyze lead uptake data [14]:

Ce 1 1
— = Ce+
Qe Qm QmKj

The maximum monolayer coverage capacity, ad-
sorption capacity of Q. adsorbate, and the K
Langmuir isotherm constant (L/mg) are all in-
cluded in this equation.

The fundamental properties Langmuir isotherm
can be expressed using an arbitrary constant sep-
aration factor Ry, as shown in the equation be-
low [14]:

3)

1

Rp=—"——
(1+K.Co)

(4)

Where C, is the adsorbate concentration (mg/L) at
the highest adsorption point. There are four possi-
ble outcomes for R;: linear, favorable, irreversible,
and unfavorable for the isothermal shape when R,
exceeds 1, linear, and unfavorable for the isother-
mal shape when R is zero.

An empirical description of heterogeneous sys-
tems can obtained by using the Freundlich model.
Here’s how it’s described mathematically [15]:

Qe= KfCl™  (5)

This equation has the following linear form:

InQ =1InC, + nk; ()

In this case, Kr and n were used as Freundlich
constants. As the adsorption progresses, Kr mea-
surements of the sorbent’s adsorption capacity
provide valuable information. One of the best in-
dicators of adsorption preference is the exponent
(1/n). If the adsorption 1/n is less than one, it indi-
cates that the situation is typical. Until the number
n is between 1 and 10, the absorption process is
considered successful. There is empirical evidence
that as temperature rises, the adsorption rate
slows and more significant pressures are needed
to completely saturated the surface [16]. For every
molecule in the layer, Temkin's adsorption model
predicts that the heat of adsorption decreases
linearly as coverage grows [17]. Following is the
equation that describes the model:

Q. = BInC, + bInA (7)

(L/g) is the value of the Temkin isotherm con-
stant, and R is the gas constant (8.314 J/mol K). B
=RT/b, which is the Temkin constant related to the
heat of sorption (J/mol) (K).

2.5.2. Adsorption Thermodynamics parameters

Thermodynamic equilibrium coefficients were
measured at various concentrations and tempera-
tures and then applied to the study of adsorption
thermodynamic theory. Adsorption characteristics
can be explained using thermodynamic quantities
such as the Gibbs free energy change (AG°), which
can calculated using the following equation [18]:

AG? = -RTInK, 8)

where K; is the equilibrium thermodynamic
constant (L g_l).

The adsorption enthalpy (AH°) and entropy
(AS?) are divided by the temperature to obtain the
Gibbs free energy (AG®). The Van't Hoff plot can be
used to determine AH? and AS? by applying this
concept to the equation (8) and (9):

LnK, =- AH?/RT +AS°/R 9)
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2.5.3. Adsorption kinetics

The process of adsorption kinetics must be thor-
oughly studied to gain a better understanding of
the mechanisms of adsorption. Studying adsorp-
tion rates for up to two hours, researchers com-
pared the results of the experiment with theoretical
models. Multiple pseudo-first- and second-order
kinetic models were tested using data collected
from experiments with varying contact times.
Adsorption rate constant can be calculated with
a pseudo-first-order equation (Lagergren equa-
tion) [19]:

Klt

2.303 (10)

log (Qe — Q) =logQ. —

For equilibrium adsorption capacity, Q., Q;, and K;
represent the equilibrium rate constants (mg/g) of
the adsorbent (mg/g). Pseudo-second order kinet-
ics could benefit from an integrated second-order
rate law [20]:

t 1 1
=t —
Ql Qe KQ;

The pseudo-second-order rate constant is K, (g
mg ! min~1).

The pseudo-second-order adsorption involves
both chemical and physical processes. As the
adsorbent and adsorbate share or exchange elec-
trons, this could be a rate-limiting step in the ad-
sorption process [20].

3. Results and discussion

3.1. Characterization

3.1.1. Infrared spectroscopy

FTIR of HS is shown in Figure 2. The main
absorbance bands of HS were: strong band at
1638-1620 cm™! due to olefinic and aromatic
C=C, C=0 stretching of COOH, ketones (trace),
a shoulder at 1638-1510 cm™! due to aromatic
C=C, strong H-bond conjugated ketones quinone
and amide, a band at 1510 cm™! due to aromatic
C=C and/or amide. Broad band between 3455
and 3417 cm™! due to the frequency of H-bonding
of O-H, N-H Stretching, CH, and CHjs groups
are deformed by C-H deformation and COO~
anti-symmetric stretching, while OH deformation

and C=0 stretching of phenolic OH are respon-
sible for a weaker band at 1384-1332 cm™!. The
COO~ symmetric stretching is responsible for the
more prominent peak at 1422-1384 cm™!, while
the COO™anti-symmetric stretching is responsible
for the weaker band at 1384-1332 cm™!, a sharp
peak at 1104-1000 cm™! due terminal group of the
silanol group (Si-OH) a peak at 804 cm™! due to
aromatic ethers, possibly polysaccharides and Si-O
of silicates and finally a band at 489 cm™! due to
Si-O-Si bend [21] [22].

4000 3000 2000 1000 o}

T

3425

4000 3000 2000 1000 0
Weavenumber (cm™)

Figure 2: FT-IR spectrum of humic acid, silica and HS.

3.1.2. The X-ray powder diffraction (XRD pattern)

Figures (83, 3) show the humic acid and silica
XRD patterns, which show a diffuse pattern in-
dicative of the amorphous phase and supported by
XRD patterns. The nano SiO, and humic acid were
synthesized from rice husk and compost respec-
tively, successfully. The agglomeration of nanosil-
ica particles and humic acid had a diameter of 10-
30 nm. It has been found that the distribution of
particle shapes is nearly uniform. The X-ray pow-
der diffraction (XRD) pattern of HS has an average
crystal size of 37.01nm using the Scherrer equation
as shown in Figure 3 [23].
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Figure 3: XRD of HS.

3.1.3. Zeta potential

The electro- kinetic potential of solid- liquid col-
loidal dispersion was measured and shown in Ta-
ble 1, and represented in Figure S4. Zeta potential
values are negative for nanocomposite. The value
of potential for HS was -44.6 mV.

After dissolving acids from its surface, a
negatively-charged layer will form on the particle.
Instead, a neutral surface will become positively
charged [24]. The strength of the acidic or basic
surface groups, as well as the pH of the solution,
affect the magnitude of the surface charge in both
cases. In the case of negatively charged particles,
surface ionization can be suppressed by lowering
the pH [25]. In Figure S5 HS pHp ¢ was 4.5.

3.1.4. BET Analysis

Measurements of N, adsorption/desorption at
77.35 K° were used to investigate the prepared
nanocomposite’s BET surface area and Barrette
Joyner Halenda (BJH) pore size. Type Il reversible
isotherms, such as the N, adsorption-desorption
isotherm of the nanocomposite, are convex along
the x-axis. Moreover, it suggests an unrestricted
multilayer formation process. These interactions
are more powerful than those between molecules
on both sides of an absorbent surface and the
molecules they're holding onto [26] as shown in
Figure 4 and Table S4. This is the first steep part of
the isotherm For the N, molecule’s cross-sectional
area, with a radius of 4.96e+001 nm, of the BET sur-
face area for HS of 27.52 m?/ g. However, the av-
erage pore diameter is 1.53 nm and the total pore
volume is 0.02 cm®/g when measured at saturation
pressure and expressed as liquid volume. Pore vol-
ume was 0.02 cm3/g and Dv (d) was 1.77 nm for

BJH with a surface area of 12.38 m?/g. Adsorption
can benefit from the external surface area of 27.52
m?/g that was calculated using the t-plot method.

—s— Adsorption
—e— Desomtion

- — -
o oo = (X} b
1 1 1 1 1

Quantity ackorbed cntig STP
Y

Relative pressure,P/P,

Figure 4: Njadsorption-desorption isotherms and corre-
sponding pore size distribution curves(inset) of HS.

3.1.5. SEM analysis

SEM was employed to identify the surface tex-
ture, size morphology and porosity of nanoparti-
cles of synthetic composite [27]. its average size
was noted to be 84.48 nm. Figure 5 showed the
SEM of HS appeared with an irregular surface.

Figure 5: SEM of HS.
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Table 1: Zeta potential analysis of nanocomposite (HS).

Mean(mV) % Area St. Devw. Zeta potential Zeta Conductivity
(mV) Deviation (mS/cm)
(mV)
-31.2 61.2 9.58
-86.4 23.5 7.54 -44.6 27.3 0.0167
-58.5 8.5 6.19

3.1.6. Energy-dispersive X-ray spectroscopy (EDX)

The chemical compositions of prepared
nanocomposite were determined by SEM-EDX
analysis before and after Pb®*, and Cd?* adsorp-
tion, and shown in Figure S6. HS presents strong
signals for C, O and Si which are the major com-
ponents of humic acid and silica. The obtained
results strongly confirm the retention of lead and
cadmium ions. Which Pb?* and Cd?* peaks ap-
peared, confirming the adsorption of these pollu-
tants.

3.1.7. Studying the Antimicrobial Activity

The HS nanocomposite was added at a concen-
tration of 0.06 mg/disc was added to one well and
a positive control concentration was added to the
third well. Following that, the plates were incu-
bated for 16 hours at 37°C. All plates showed nega-
tive results for HS nanocomposite as shown in Fig-
ure S7.

3.2. The adsorption processes

The batch method was used for the adsorption
process, as shown in Table $5-S9 and Figures (S8-
$12). Removal of Pb?* and Cd?* increased by HS
from 75.93% to 99.65% and 15.57% to 93.14%, re-
spectively at weight (30-300 mg), and adsorption
capacity decreased from 25.31 mg/g to 3.32 mg/g
and 5.19 mg/g to 3.11 mg/g, respectively. Adsorp-
tion tests on HS were carried out in various pH
solutions to investigate the impact of pH on the
material’s adsorption capacities. Aqueous solution
pH affects the amount of Pb®* and Cd?*" HS can
take up. The adsorption capacity of Pb?>* and Cd**
sorption increases from 3.31 mg/g to 3.33 mg/g
and 1.55 mg/g to 3.17 mg/g, respectively. when
the initial pH of the solution is from 4 to 6 and 4

to 8.16, respectively. The adsorption capacity of
Pb?* and Cd?" increased from 8.29 mg/g to an un-
detected amount and 1.66 mg/g to 6.14 mg/g, re-
spectively. when concentration increased from 50
to 250 mg/L. The adsorption is almost constant at
whatever dye concentration if all of the sites are oc-
cupied. This indicates that the prepared composite
surface has formed a monolayer. The adsorption
reached equilibrium within 30 min (3.30 mg/g) for
Pb?* and 120 min (3.11 mg/g) for Cd?>*. The per-
cent of the metal ions was removed gradually with
time increases and reached its maximum level af-
ter 60 min (19.46 mg/g). The adsorption capacity
of Pb?* and Cd?* decreased from 3.32 mg/g to 3.22
mg/g and 3.22 mg/g to 3.11 mg/g, respectively on
HS was achieved at (25- 40°C).

3.3. Adsorption isotherm

The equilibrium data for the adsorption process
are usually termed adsorption isotherms. When
comparing the performance of different types of
adsorbent under different operational conditions,
it is important to know these factors. Classical ad-
sorption isotherms are commonly used to model
heavy metal adsorption. In this study, Langmuir,
Freundlich, and Temkin isotherms models were
used, and the values of various constants of the
three models were calculated and represented in
Table 2. Langmuir, Freundlich, and Temkin ad-
sorption isotherms for Pb?>* and Cd?* from aque-
ous solution have been linearized by using HS as
adsorbent are presented in Figures 6 and 7 (a, b,
and c, respectively). All of the isotherm models
were found to fit the data well in experiments.

In Langmuir’s study, the correlation coefficients
(R?) give values 0.996 and 0.99 for Pb?* and Cd?*
adsorption respectively. The Langmuir equation
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is used to test the stability of the complex formed
among metal ions and HS. In this study, the small
K; values 0.48 and 0.29 L.mg_l, respectively, were
obtained which indicate a strong binding of pol-
lutants to HS surface. In this study, Ry value was
found to be less than 1, which showed that the ad-
sorption of Pb?* and Cd?*on HS was favorable and
matched the Langmuir isotherm model well [28].
In this research, we found that: R; value for Pb%*
and Cd?>* adsorption was found to be 8.26x1073
and 14.0x1073, respectively, which are less than 1.

In the Freundlich study, Pb>* and Cd?* adsorp-
tion n values were found to be 0.76 and 4.66, re-
spectively. Adsorption isotherms are concave in
the case of Cd?* and Pb?*, and 1/n values less than
1 indicate weaker free energies and favorable ad-
sorption. However, in the case of Pb2*, 1/n values
greater than 1 indicate stronger free energies and
less favorable adsorption. The correlation coeffi-
cients (R?) for Pb?* and Cd?** adsorption give val-
ues of 0.999 and 0.9998, respectively which are the
highest value as compared to the Temkin model. It
was observed that the Freundlich isotherm gives a
good fit model than the Temkin isotherm model.
Thus, the adsorption for Pb?* and Cd?* adsorption
onto HS follows a multilayer adsorption process.

In the Temkin study, it was observed that the
heat of sorption is equal to 1.42 and 2.56 KJmol ™!
for Pb?*and Cd?* respectively.

3.4. Adsorption Thermodynamics

The slope and y-intercept of a linear plot for InK
versus 1/T were used to calculate AH® and AS°. Ac-
cording to the findings, enthalpy of HS with Pb%*
and Cd?* adsorption AH® was -13.87 and -42.96 kJ
mol~! and AS°® were -390 and 40 k] mol 1K™, re-
spectively. However, even though these values of
enthalpy AH? are not very high, they can be ex-
plained by the fact that the metal ions and HS have
a considerable amount of interaction during the
exchange process. as shown in Figure S9 and illus-
trated in Table 3.

The following equation was used to calculate the
AG? at various temperatures:

AG? =AH° +TAS° (12)

Negative values of AG? point that adsorption is
spontaneous at these temperatures. The negative

Figure 6: Adsorptionisotherms of Pb?* on HS using: a) Lang-
muir model b) Freundlich model c¢) Temkin model. (Temp.=
25°C,weight =300 mg., pH= 5.6, time=120 min, sol. volume=
10 mL).

y=039+021x
R?=0.9998

g 0 0 0 2 N 4 N 0 70
C, 40 05 00 05 10 15 20

b)
logC,

5 y=272+072x
R?=097

Figure 7: Adsorption isotherms of Cd®>*on HS using: a) Lang-
miur model b)Freundlich model c¢) Temkin model (Temp.=
25°C, time= 120 min., pH= 6, adsorbent dose= 300 mg,sol.
volume= 10 mL).

AH° denotes that this adsorption is an exothermic
process, declaring that this adsorption is promoted
at low temperatures. A variety of materials, modi-
fied biomass ash and nanoparticles modified with
Schiff bases as well as manganese oxide minerals
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Table 2: Parameters and correlation coefficient of Langmuir, Freundlich and Temkin isotherm model for adsorption ofPb?* and

Cd?* onto HS.

Parameters and
correlation coefficient

isotherm model s

Isotherm model for ad-
sorption of Cd?*

Isotherm model for
adsorption of Pb?*

qm (mg/g)
Langmuir isotherm K (L/mg)
model parameters R;X1073
RZ
1/n
Freundlich isotherm n
model parameters Kr= (mg/g (L/mg)1/n)
RZ
A (L/g)
Temkin isotherm b (kJ/mol)
model parameters B
R2

22.80 6.25
0.48 0.29
8.26 14.0
0.996 0.99
1.32 0.22
0.76 4.66
7.38 2.48
0.999 0.9998
7.40 2.74
1.42 2.56
4.08 0.72
0.99 0.97

were found to Pb%* and Cd?* from water [29].

3.5. Adsorption kinetics

The linearity of the pseudo-second-order model
is superior to that of the pseudo-first-order model,
as shown in Table 4 and Figures (S16, S17). The
ge,cardata generated by the pseudo-second-order
model matched the experimental results, indicat-
ing the suitability of this model for simulations of
real-world data. Because of this, the metal ion
adsorption kinetics on HS nanocomposite can be
accurately described by the pseudo-second-order
model. The second-order model suggests that the
boundary layer resistance was not an impediment
to progress. An intraparticle mass transport mech-
anism located within the sorbent governed the ad-
sorption rate in this case. It appears that diffusion
occurs in the initial stage, following the experimen-
tal findings from the model’s linearized regression
Morris and Weber (about 15 min). For this model,
the diffusion process appears to be going fairly well
in the early stages [30].

3.6. Adsorption mechanism

On the HS surface, we found that the ion ex-
change or complexation between metal ions, car-
boxylic and/or polyphenolic groups may play an
important role in adsorption. Figure 8 depicts
two possible representations of the Pb?*/HS and

Cd?* /HS reactions. Adsorption mechanisms based
on similar reaction pathways have been proposed
for a variety of metal ions on HS adsorbents. [31].
The Langmuir isotherm adsorption capacity
parameter, qmaqx, is frequently used to assess ad-
sorbent performance. Table 5 summarises the
dmax values of several adsorbents reported in the
literature. HS composite exhibits good metal ions
adsorption capacity when compared to prior stud-
ies, according to the findings of this investigation.
HS’s employment in removing metal ions is highly
promising because of its low cost, widespread
availability, and intriguing adsorption potential.

Figure 8: Adsorptionmechanism by HS adsorbent. Ligand
site of nanocomposite shown are carboxylicand phenolic.
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Table 3: The thermodynamic parameters of Pb?>* and Cd?*adsorption on HS.

The thermodynamic parameters of Pb?*

The thermodynamic parameters of Cd**

AH° AS° AG? (kJ/mol) AH°  AS? AG® (J/mol)
(]J/moD) (y/mol K298 303 308 313  (KJ/mol(J/molK) 298 303 308 313
1387 g9 -22.66-23.89-18.81 -17.87 -42.96 40  -17.04 -17.17  -1635 -1593

Table 4: Parameters of pesudofirst-order andpseudosecond-order for adsorption of Pb%* and Cd** onto HS nanocomposite.

Adsorbent/adsorbate HS/Pb?* HS/Cd*
Qe 154 126
PZ::L(;?;?Z order kinetic K, 1.54 0.03
p R2 0.74 0.87
Q. cal 20.11 3.3
nedcparameters. o 099
p R2 0.99989 0.99888

Table 5: Monolayeradsorption capacities (qqx in mg/g) in the literature foradsorption of Pb?* and Cd?* on various adsorbents.

Adsorbent — gmax (mg/g) _— References
Nanocomposite humic 22.80 6.25 This study
acid and silica (HS)
Humic acid 22.70 - [32]
Activated carbon 21.50 - [33]
(Merck)

Coir 19.87 - [34]
Carbon nanotubes 17.44 - [35]
Jute 17.18 - [34]
Groundnut shells 12.21 - [34]
Goethite 11.04 - [32]
Montmorillonite 10.40 - [32]
Saw dust 3.19 - [36]
Waste tea leaves 2.096 - [37]
Olive stone carbon - 5.91 [38]
Almond-shell carbon - 2.7 [39]

3.7. Remediation of wastewater samples from met-
als ions

Six wastewater samples, from six sites in two
locations in Ismailia, were collected to determine
the sorption performance of the synthesized four
composite adsorbents. The results were shown
in Table S10 and S11. At pH 5.5, with 0.5 mg/L
nanocomposite, 2 h shaking time and room tem-

perature, the remediation rates of selected heavy
metals were studied. The remediation rates of HS
nanocomposite for Pb?* at Cd** more than 99.99
% in the presence of coexisting ions (Na*, K*, Mg?*
and Ca?"). These experiments demonstrated that
nanocomposite prepared using specific methods
had a significant impact on environmental cleanup
and wastewater treatment.
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