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Abstract: The present study focuses on the effect of experimental parameters (pH, temperature, gel
mass, metal concentration, contact time) on the performance of lead adsorption by polyacrylamide
hydrogels. The results obtained showed that the retention of Pb2* ions is closely linked to these
parameters. The adsorbent gels equilibrate with the metal solution after 180 minutes, and the maximum
adsorption capacity is 442.31 mg/g. In addition, the adsorption obeys the pseudo-second-order kinetics
and Langmuir isotherm. Desorption of the micropollutant retained by the hydrogel was also studied
using 0.1 M of HCI solution. The desorption was rapid, and the efficiency exceeded 90% after a contact
time of 90 minutes.
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INTRODUCTION slowly in living organisms from the food chain and
has several harmful effects on human health (2).
It is well known that heavy metals such as
cadmium, lead, copper, and mercury are toxic to  Eliminating these types of pollutants is always a
humans and other living organisms when their big challenge. Numerous studies have developed
concentration exceeds the tolerance limit. Unlike several treatment processes to reduce the amount
organic contaminants, heavy metals are not of these contaminants in aquatic environments
biodegradable and accumulate in living organisms. (3,4). The adsorption process is one of the
Heavy metals are increasingly being released, methods that has shown outstanding cost-
either directly or indirectly, into the environment, effectiveness in contaminants removal of a
particularly in developing countries (1). different nature, including organic pollutants and
heavy metals (5,6). Besides, the research and
Our attention has been focused on lead, which is development of new adsorbents, with a high
considered one of the toxic metals that accumulate capacity for adsorption, abundant, economically
profitable, and effective for treating wastewater is
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a great challenge. Thus, in recent years, a great
importance has been attached to functionalized
polymers because of their low cost and high
capacity to adsorption different pollutants,
especially the possibility of their regeneration (7-
9).

Through the literature, polyacrylamide (PAAM) is
one of the most widely used polymers (10,11).
This material can absorb large amounts of water
compared to other polymers (12). Polyacrylamide
is a functionalized polymer containing a large
number of amide groups that grant an excellent
selectivity for the elimination of several organic
pollutants and minerals (13). Due to its low cost,
recoverable, eco-friendly, high adsorption capacity,
and its use without any modification, PAAM can be
a great adsorbent for heavy metal removal from
wastewater (14,15). Moreover, one of the essential
advantages of using this polymer is its structure
containing abundant active sites that can fix metal
species. Also, the shape and the mechanical
rigidity of the adsorbent promote the separation
procedure at the end of the adsorption experience.
Various studies have investigated the PAAM
hydrogel as a heavy metals adsorbent, such as the
removal of mercury ions from aqueous solutions by
Ramadan et al. (2010) (16); the removal of
chromium ions from industrial lean methyl
diethanolamine solvents (MDEA) by Pal and Banat
(2015) (17) and the copper adsorption by S.
Moulay et al. (2013) (18).

This work aims to study the effect of the physical-
chemical parameters linked on the one hand to
metallic solution and on the other hand to the
polymeric matrix. The optimization of these
parameters allows defining the amount of gel
needed to treat a given metal solution volume. The
equilibrium data were analyzed using various
adsorption isotherms and kinetics.

EXPERIMENTAL SECTION

Adsorbate

The stock solution of lead is prepared from the
corresponding salt: Pb(NO3)2> supplied by the
company SOLVACHIM (Casablanca, Morocco). The
solution studied is prepared by successive dilutions
of the stock solution until the desired concentration
is obtained.

Adsorbent

The material used in this work is polyacrylamide
(PAAM), whose chemical formula is ([-
C2H3CONHz-]n) (Figure 1). It's a polymer made by
radicalic polymerization of acrylamide and
bisacrylamide. PAAM is a superabsorbent hydrogel
with transparent beads of non-porous surface
aspect supplied by Sigma-Aldrich (Saint Louis,
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USA) (CAS number: 9003-05-8, purity: 99.99%,
MW: 150000).

Adsorption Experiments

The adsorption experiments were carried out in a
static regime in a stirred reactor at a fixed
temperature (25 °C + 2 °C). The system was
adjusted to the desired pH by adding small
volumes of 0.01 or 0.1 mol/L HCI, or NaOH
supplied by the company SOLVACHIM (Casablanca,
Morocco). The quantities of metal adsorbed and
the metal removal efficiency was calculated from
the concentrations in the solutions, before and

after adsorption according to the following
equations (19,20):
0=5"Cruy (Eq. 1)
m
R%:@*wo (Eq. 2)

i

Where: Q is the adsorbed amount of lead at
equilibrium (mg/g), R% is the lead removal
efficiency (%), Ci and Cs, respectively, the initial
and equilibrium lead concentration (mg/L), m is
the mass of adsorbent (g) and V the volume of the
lead solution (L).

The FT-IR spectra were obtained by 70 Vertex
instrument of Bruker brand. The analysis was done
by scanning from 4000 cm™ to 400 cm™ with a
resolution of 4 cm<. X-ray diffraction analyses
were recorded using a PANalytical X'Pert HighScore
Plus diffractometer using Cu-Ka radiation (1.5418
A) at a goniometer rate of 26 = 4°/min. SEM
analysis was carried out using QUATTRO S, FEI.
The heavy metal content analysis was carried out
by optical emission spectrometry coupled to
inductive plasma ICP-OES (Ultima2, Horiba Jobin
Yvon)).

Desorption Experiments

To assess the regenerative property of our
adsorbent PAAM, HCl was tested as an eluent
(supplied by the company SOLVACHIM
(Casablanca, Morocco)). The gels loaded with lead
are each immersed in 40 mL of a 0.1 M HCI
solution. The experiment was stirred and
performed at 25 °C. Then the PAAM beads were
collected from the solution, washed with distilled
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water to remove acid excess acid, neutralized with
0.1 M NaOH, and washed again to remove NaOH
excess. Then the beads were reused in the next
cycle of the adsorption experiment. The
adsorption-desorption experiments were carried
out for five cycles.

Model to Experimental Data

° Adsorption kinetics analysis was calculated
using (21):
The pseudo-second-order rate equation as (22):

The pseudo-first-order rate equation as (23):

Q. _ oPe=st 1 1. (g3
o - KelQ-Q) BN (Eq. 3)
dQ,
7 = Ki(Q.-Q)==>In(Q.-Q)=InQ.~ Kt

(Eq. 4)
Where Ki is the pseudo-first-order rate constant
(g/mg min), Kz is the pseudo-second-order rate
constant (g/mg min), Qe and Q¢ are the metal
uptake (mg/g) at equilibrium and at time ¢,
respectively.
° The Freundlich sorption isotherm equation
is given below (24):

1

C, 1
Q:Kf7 ::>]0g(Q):log(kf).pglog(ce) (Eq. 5)

Where K (mg/g) represents the adsorption
capacity, and n represents the degree of
dependence of adsorption with equilibrium

concentration.

The Langmuir sorption isotherm equation is given
below (25):

K,Cc, C 1 C

= >_e + e (Eq 6)
1+KLCe Qt KLQm Qm

Q=Q

Furthermore, the separation factor (R.) was used
to determine whether the adsorption was favorable
or not. The R. was calculated from the following
equation:

RL:; (Eq. 7)
1+K,C,
Where Co and Ce represent the initial and

equilibrium concentration of heavy metals (mg/L);
Qm is the adsorption capacity (mg/g), and K. is
related to the energy of adsorption (L/ mg).

RESEARCH ARTICLE

For the thermodynamic studies, the Eyring
equation was used (26):
ok {2521
(Eq. 8)
AG=—RTInK,;InK = AS)_(AH)1
R R T

Where Kg = Qe / Ce is the sorption distribution
constant and Qe the adsorption capacity at
equilibrium (mg/g), and Ce is the amount of Pb%*
in solution at equilibrium (mg/L), R ideal gas
constant (8,314 J.molt.K1) and T the temperature
(K), AGE® is the Gibbs free energy (J/mol), AS the
entropy (J/kmol) and AH the enthalpy (J/mol).

RESULTS AND DISCUSSION

Characterization of PAAM

X-ray diffraction

X-ray diffraction makes it possible to determine
the structure of the polymer studied. Figure 2
shows the X-ray diffraction pattern of the polymer
in powder form. The absence of peaks in this
figure's spectrum shows that the polymer studied
is an amorphous product (27,28).

FTIR spectroscopy of PAAM

An infrared spectroscopic (IR) study of PAAM gels
before and after lead adsorption was performed
(Figure 3). The purpose of this study is to
understand the mechanism of fixation of Pb2* ions
by polyacrylamide. The study is based on the
comparison of the spectra of free and doped lead
polymers.

The spectrum of blank PAAM shows two peaks at
3465.44 cm™ due to the valence vibration of the
amino group N-H stretching (primary amine) (29-
31). The absorption peak at 2923 cm™ could be
attributed to the C-H elongation vibration of the
CHz group. The adsorption peak at 1639 cm!
confirms the presence of C=0 and that at 1382
cm! corresponds to the valence vibration of C-N,
whereas that at 998 cm?' and 622 cm
corresponds to the valence vibration of NH> (32-
34).

The first change observed after lead adsorption
appears at the peaks corresponding to the N-H
vibration; they become wider and intense with the
appearance of a new band of N-H at 1561.44 cm™.
A bending vibration is observed at 1615 cm
corresponding to the double band C=0; after the
adsorption of the lead, this band becomes more
intense. The vibration bands C-H, CH>, and C-N, do
not change the spectra of the formed complex.
They are therefore not involved in the coordination
of Pb%* to the PAAM polymer.
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The observations presented above show that PAAM  to a chemical crosslinking of the polymer and thus
probably acts as a bidentate ligand, coordinating the repulsion of the water molecules present in the
with the metal Pb2* center by two bonds to the CO  polymer network. This explains the deflation of the
and NHz groups (Figure 4). This coordination leads gel after lead adsorption (35).
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Figure. 2: X-ray diffraction of PAAM.
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Figure 3: IR spectrometry of PAAM hydrogel and lead charged PAAM.
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Figure 4: PAAM-Pb complex.

SEM analysis

Figure 5 (a) shows the SEM micrograph of the
lead-containing gel, and Figure 5 (b) shows the
EDX mapping of the region shown in (a), the lead,
shown in turquoise blue, is present in the gel in a
random distribution. Figure 5 (c) shows the EDX
spectrum of the same region and peaks are
corresponding to Pb, N, and O; these last two
elements should be present in a PAAM polymer;
carbon is detected, but this corresponds to the
carbon in the gel and the carbon ribbon. Pb peak is
present; it confirms the presence of lead on the gel
(36).

Effects of Different Experimental Parameters
on Adsorption of Lead by PAAM

Effect of contact time

Experiments were performed to determine the
time required for the metal removal process to
reach equilibrium. The study consists of placing, in
a temperature-controlled cell, a volume of 100 mL
of 20 ppm of lead solution and 0.026 g of PAAM
gel. The whole is stirred at 25 °C until equilibrium.
The following curve represents the simultaneous
variations of the concentration and the pH of the
metallic solution versus time.

According to Figure 6, we notice two phases: the
first one is fast from 0 to 30 minutes, and the
second phase is slow from 60 until 180 minutes
when equilibrium is reached. This is relating to the
wide availability of the free active sites of PAAM at
the beginning of the experience, which becomes
weak over time (37).
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Figure 5: EDX analysis coupled with the SEM of the lead-laden PAAM
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Figure 6: Evolution of lead concentration and pH over time (V=100 mL, T=25 °C, pH=5, m=0.026 g,
[Pb®*]=20 ppm).

At the same time, we observe an increase in the loaded with metal by consuming H* (19). In our

pH, ranging from 5.5 to 6.7. The increase in pH operating conditions, we record an adsorption
shows that the gel equilibrates with the solution efficiency close to 97%.
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Effect of adsorbent dose

Studying the effect of PAAM's mass on lead
adsorption allows us to determine the optimal
mass that will be used throughout our study. For
this purpose, we put PAAM masses varying from
0.007 to 0.08 g each in contact with 100 mL of
metal solution. The results obtained are shown in
Figure 7. According to the results, the percentage
of lead elimination by PAAM increases rapidly with
the increase in the mass of the adsorbent to the
value of 0.026 g. Beyond this value, the increase
in adsorbent content slightly affects the adsorption
of the lead until reaching an equilibrium of 100%.
This is explained by the fact that by adding the
adsorbent, more active centers will be available to
adsorb Pb** ions. Therefore the system reaches an
equilibrium state for an initial lead concentration of
20 ppm (38). Finally, 0.026 g will be considered
and used as optimal mass.

Effect of pH

pH has a remarkable influence on the process of
removing metal cations in aqueous solutions by
adsorption, as it directly affects the surface load
and the nature of the ion species of adsorbates. In
this context, the effect of pH on the adsorption of
lead by PAAM gel was studied at different values:
2, 3, 4, 5 and 6. Masses of PAAM are put in
contact with lead solutions. According to Figure 8,
it can be observed that the adsorption efficiency of
lead increases with increasing pH. Indeed, at acidic
pH, the adsorption yield is almost equal to 16%,
and it increases with increasing pH until reaching a
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maximum corresponding to equilibrium at pH = 4,
where the yield is equal to 97% (39). This can be
explained by the fact that at low pH values, the
surface of the adsorbent would be surrounded by
H+, which would decrease the interaction of Pb%*
with the sites of the adsorbent due to repulsive
forces. The decrease in adsorption at low pH
values may be due to the high concentration and
high mobility of the H*, which are preferentially
adsorbed than metal ions (40). On the other hand,
the gels' deflation at a more acidic pH prevents the
diffusion of metal ions in the gel. With the increase
in pH, the quantity of protons in solution
decreases, the competition between H* and Pb**
for the occupation of surface sites becomes less
strong, hence increasing adsorption yield.

Effect of the temperature

Temperature is a significant parameter in the
adsorption process. To study the influence of this
parameter, experiments were carried out at
different temperatures (25, 35, 45, and 55 °C)
using a thermostat. The resulting mixture was
stirred until equilibrium. Figure 9 represents the
effect of temperature in the performance of lead
adsorption by the PAAM. Based on the results
obtained, we find that the increase in temperature
causes an increase in the adsorption efficiency
(41). In fact, the increase in temperature leads to
the expansion of the polymer's macromolecular
chain, promoting the metal's adsorption. These
results show that the adsorption process is
probably endothermic.

100 +
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-2
40 T
20
[l [l [l [l

—¢ g 4

o o,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1

Mass (g)

Figure 7: Effect of the mass of the PAAM polymer on the adsorption of lead (T=25 °C, [Pb**]=20 ppm,
pH=5, t=3 h, V=100 mL).
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Figure 8: Effect of the pH on adsorption lead by PAAM (T=25 °C, m=0.026 g, V=100 mL, [Pb?**] =20
ppm).
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Figure 9: Effect of the temperature on lead adsorption by PAAM (m=0.026 g, V=100 mL, pH=5, [Pb**]=
20 ppm, t =3 h)

Effects of ionic strength

The effect of ionic strength on the sorption of lead
ions onto PAAM was studied by conducting
experiments at different concentrations of NaCl
(25, 50, 100, 200, and 300 mg/L) (Figure 10). We
observe from the figure that the amount of Pb ions

decreased with an increase in the ionic strength of
the electrolyte solution. This can be explained,
probably, by the competition of lead ions with
other ions to adhere with the adsorbent. This
result is confirmed by previous work concerned
with water treatment (42,43).
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Figure 10: Effect of various ionic strength on lead adsorption by PAAM (m=0.026 g, V=100 mL, T= 25
°C, pH=5, [Pb] = 20 ppm, t=3 h).

Effect of the initial lead concentration

The initial concentration of the pollutant has an
important influence on the retention capacity of
the support. To study its effect, solutions of lead at
different concentrations: 20, 50, 100, 150, 200,
300, and 500 ppm were considered. It appears
from Figure 11 that the initial concentration of the
metal actually influences the retention process.
Indeed, the ability to fix the ions increases as the
lead solution's content increases. A maximum is

obtained for a concentration close to 200 ppm,
where the retention capacity of lead reaches
442.31 mg/g. This can be explained by the
depletion of all existing active sites at the surface
of the support (44). Besides, the increase in
concentration induces the increase in the driving
force of the concentration gradient, thus increasing
the diffusion of dye molecules in solution through
the surface of the adsorbent (45).

500
—
. 400 +
2
(@)}
£ 300 4+
o
200 +
100
0 } } } ; ;
0 100 200 300 400 500

Concentration (ppm)
Figure 11: Adsorption capacity versus the initial lead concentration.

Isotherms and Kinetics of Lead Adsorption by
PAAM

Adsorption isotherm

The adsorption capacity of lead by PAAM gels was
studied as a function of the initial Ilead

concentration. The experimental conditions are
identical to those used previously. The initial
concentration of lead varies from 20 to 500 ppm.
The results obtained were modeled by two
empirical models: Langmuir and Freundlich. These
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for
and

two models provide a widely used tool
elucidating the adsorption mechanism
quantifying adsorbent/adsorbate affinity.

Figure 12 (a, b) represents the isotherms of lead
adsorption by PAAM. It is observed that the
adsorption is satisfactorily described by the
Langmuir model (R? = 0.9994), reflecting the
homogeneous nature of the surface of this solid
(PAAM).

Table 1 represents the
calculated from the Langmuir

various parameters
and Freundlich

7
In Qe . (a)
6 + ﬁ" +*
<l*
¥'=0,3341x + 4,4353
- R2=0,8286
a4
*
3 4
-2 0 4 6 8
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5
A (c)
*
34 *.
gy = -0,024x + 4,0304
= 2T .. R2=0,8053
o
[ 1 '-,’_.
é 1
£0 ' -
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1+ Time {min) ",
e
»
-3
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models. According to these results, it can be seen
that the maximum adsorbed quantity obtained by
the Langmuir model 454.54 mg/g is very close to
that obtained experimentally 442.31 mg/g, the
correlation coefficient RZ = 0.9994 is close to unity,
and the separation factor RL <1 implying that the
adsorption of lead on PAAM is favorable (46). This
reinforces the validity of the Langmuir model,
which is based on monolayer coverage and the
absence of interactions between the entities
adsorbed on sites of the same nature. These
results agree with previous work on other supports
loaded with Pb, cited in the literature (47,48).

1
(b),
0,8 - y = 0,0022% + 0,0166
RZ = 0,9994
0,6 4
Ce/Qe
0,4 ¢ e
0,2 4 0
1"’-
»
0 # } } }
o 100 200 300 400
Ce
5
(d)
sl »
y = 0,0127 % + 0,2839
R2 = 0,9980 P
5
g L
e
14 e
o**
o } } }
o 100 200 300
Time (min)

Figure 12: Freundlich (a), Langmuir (b) isotherms and Pseudo-first-order (c), Pseudo second-order (d)
kinetics applied to lead®* ion adsorption by PAAM.

Adsorption kinetics

Two kinetic models were applied to describe the
mechanism of lead adsorption by PAAM gels:
Pseudo first-order kinetic model and pseudo
second-order kinetic model (Figure 12 ¢, d). The
purpose of applying these models is to provide
general expressions capable of describing the
adsorption kinetics of solutes on a surface.

Table 2 represents the various kinetic parameters
calculated from the graphic representation of these
models. The calculated kinetic parameters are K1,
K2, and Qe (adsorption quantity) for both models.
The value of the amount of lead adsorption
calculated from the pseudo-second-order model is
the closest to that determined experimentally,
which indicates the suitability of using this model
to describe the adsorption of lead by PAAM. The
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correlation coefficient of the pseudo-second-order
model is of the order of 0.998. For the pseudo-
first-order model, the correlation coefficient is
0.8053. These data confirm that the pseudo-
second-order kinetic model is the most reliable to
describe the adsorption of lead by PAAM. This
model suggests that the lead adsorption depends
on the adsorbate and the adsorbent and that a
chemisorption process is involved in this sorption
and physisorption. This is in good agreement with
previous work on other supports loaded with Pb,
cited in the literature (49,50).

Thermodynamic study
Determining thermodynamic parameters is very
important to understand the effect of temperature
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on adsorption better. In principle, it can also
predict the strength of the bonds between the
adsorbent and the adsorbate.

Figure 13 shows the In Kd=f(1/T) curve for the
adsorption of lead by PAAM. The thermodynamic
parameters of this process are shown in Table 3.
The standard enthalpy value is positive, which
confirms that the adsorption process is
endothermic. It is accepted that the binding
energies of physical adsorption are generally
between -20 and 0 kJ/mol, while the energies of a
chemical bond are in the range of-80 to -400
kl/mol (51). In our case, the enthalpy is equal to
18 kJ/mol, which means that the adsorption of
lead by PAAM is physical in nature.

Table 1: Parameters of the Langmuir and Freundlich equations for lead adsorption by PAAM.

Langmuir isotherm

Freundlich isotherm

Qm, exp Qm KL

Ks

R2 R 1 R2
(mg/g)  (mg/g) (L/mg) . (mg/g) /"
442.32 454,54 0.13 0.9994 0.453-0.0149 84.37 0.3341 0.8286
Table 2: Kinetics parameter of lead adsorption by PAAM.
Pseudo-first-order Pseudo-second-order
Qmax K1 Qe 2 K2 Qe Rz
(mg/g) (g9/mg.min) (mg/g) (g/mg.min) (mg/g)
71.99 0.024 56.28 0.8053 0.00055461 78.86 0.9980
4
N 3+
£
2 —
1 ——
0 } } }
0,003 0,0031 0,0032 0,0033 0,0034
1/T

Figure 13: Van't Hoff plot of lead adsorption by PAAM.

Table 3: Thermodynamic parameters of lead adsorption by PAAM.

T (K) (3/mol) (3/mol) (3/k,mol) R
298 -7355.03

308 -8257.65

318 -9103.93 18879.43 88.62 0.9996
328 -9961.30
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Desorption of Lead Ions from PAAM

Among the characteristics and requirements that
an adsorbent must-have is its regeneration and
reuse in adsorption. In fact, the adsorbents must
be able to be regenerated by elution to recover the
adsorbed metal. The results showed HCI is
effective in removing the adsorbed metal. Figure
14 shows the adsorption and desorption yields of
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metals during the five cycles of adsorption-
desorption. It can be seen that the rate of
desorption was generally above 97%, and the
adsorption efficiency was hardly affected. These
results indicate that the polyacrylamide beads
would have great potential in practical applications
for the removal of metal ions as well as for their
recovery.
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Figure 14: Adsorption and desorption of lead by PAAM.

To better visualize the desorption process, samples
were taken from the HCI solution during
desorption, diluted, and then dosed. Changes in
the concentration of lead over time are shown in
Figure 15. The equilibrium is reached at
approximately 90 minutes, which shows that the
desorption kinetics is 2 times faster than the
adsorption kinetics. This can be explained by the
low swelling of the metal-laden PAAM, which
decreases the path traveled inside the gel and
accelerates the diffusion of species during
desorption.

Adsorption of Bivalent Cations by PAAM

To study the adsorption of other metals by PAAM,
we introduced a magnitude of 0.026 g of PAAM gel
in Pb2*, Cd?* and Cu?* solutions with the same
concentration (10* M) (Figure 16). The curves
obtained show quick adsorption for the three ions
for the first 30 minutes. However, the equilibrium

is reached after 3 hours of contact regardless of
the adsorbed metal. The maximum adsorption
amounts reached are 71.6 mg/g, 46.8 mg/g and
28 mg/g of Pb2*, Cu?* and Cd?*, respectively. It is
clear that the PAAM adsorb Pb ions more than
other metallic ions. These results can be attributed
to the affinity of the polymeric hydrogel vis-a-vis
certain metals; in fact, it can be influenced by the
valency and the ionic size of the heavy metals once
hydrated (52,53). At equal valence, a Ilow-
hydrated cation has more affinity than a high-
hydrated cation. The smaller the non-hydrated
radius of a cation, the stronger its hydrated radius,
because it attracts water molecules more strongly.
At equal valence, therefore, it is the voluminous
cations that will be fixed preferentially and lead
ions are voluminous, more than copper and
cadmium, that’s why they are more adsorbed by
the adsorbent.
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Figure 16: Absorption capacity of divalent cations by PAAM versus time.

Comparison with Other Adsorbents PAAM hydrogel in heavy metal adsorption. Table 4
It is found that the adsorption amount of PAAM has shown various hydrogels that have been
among the highest capacities of hydrogels, and studied previously for the removal of Pb ions.
herein lies the novelty and the importance of using

Table 4: Comparative study of the adsorption of PAAM by different hydrogels.
Adsorption capacity

Adsorbent Reference
(mg/g)
Chitosan hydrogel beads 124.2 (54)
Poly(N-|sopropylacrylam|de_-co-benzo18-crown-6- 142 (55)
acrylamide)
bentonite/ sodium lignosulfonate graft-polymerized 218.04 (56)

with acrylamide and maleic anhydride (BLPAMA)
Acid hydrolysis lignin-g-poly-(acrylic acid) 235 (57)
poly (acrylamide-co-itaconic acid)/multi-walled

carbon nanotubes (P(AAm-co-IA)/MWCNTSs) 107.36 (38)
Polyacrylamide 442.31 Present work
poly (AA)—bentonltes(LJSrfé?bsorbent composites 1666.67 (59)
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CONCLUSION

Given the intense interest in superabsorbent
polymers in recent years, we tested the potential
of polyacrylamide to adsorb lead. The study of the
influence of the experimental parameters showed
that the equilibrium was reached after 180
minutes, and the decrease in the concentration of
lead was accompanied by an increase in the pH of
the solution, which implies that the gel equilibrates
with the metal solution by fixing H* protons. The
increase in pH promoted the adsorption of the
metal; a maximum was reached from pH = 4. At
high lead concentrations, the gel reached its
maximum metal load, about 442.31 mg/g.

Adsorption isotherm was studied on the considered
concentration interval where the Langmuir model
well represents experimental data. Linear
representations of kinetic curves have shown that
the pseudo-second-order model gives the best
match compared to the pseudo-first-order.
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