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Among the methods used to remove heavy metals are membrane processes
that, with less use of chemicals, can quickly produce high-quality
penetration. In this study, a hanocomposite membrane with the ability to
separate lead was used. The black titanium dioxide nanoparticle was
synthesized using the pyrolysis method. Adsorption experiments were
performed using a nanofiltration unit. The results of lead adsorption
isotherms showed that the lead adsorption process using the membrane
follows the Langmuir model with a correlation coefficient of 0.995. The
results of the study of lead metal adsorption Kinetics showed that the
process of adsorption of lead by the adsorbent follows the quasi-second
order kinetics so that the correlation coefficient of the second-order quasi-
model is equal to 0.999 which is compared with the quasi-correlation
coefficient. The maximum and minimum fluxes between different
membranes were related to 0.1 mg/l of titanium dioxide nanoparticles in
terms of time and pressure for 50 and 600 minutes and pressures of 45 and
145 bar, with increasing the initial concentration of pollutants, the
percentage of adsorption decreases. This can be due to the delay in
balancing the adsorbent and the contaminant.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction
Wastewater pollution from industrial units,

which mainly contain a variety of heavy metals,
is one of the environmental hazards. Methods of
removing metals from contaminated
environments are divided into three groups:
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chemical, membrane, and biological removal
methods. In this study, a nanocomposite
membrane with the ability to separate lead was
used. The black titanium dioxide nanoparticle
was synthesized using the pyrolysis method.
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Removal of Lead using Titanium Dioxide Nanocomposite Membrane

Material and Methods

In this research, titanium oxide nanoparticles
have been used as an adsorbent for membrane
preparation. This study aimed to investigate the
performance of titanium oxide nanocomposite
membrane in the removal of lead metal from
aqueous solutions and to investigate the isotherm
and adsorption kinetics. In the membrane
adsorption test, two liters of 100 ppm titanium
oxide solution dissolved in deionized water were
used as the feed solution. Initially, the adsorption
rate of the feed solution was measured with an
atomic absorption spectrometer. Afterriment, the
absorption rate of infiltrated water (permeate)
was measured with an atomizer to determine the
amount of heavy metal removal. The goal of this
experiment was high flux and rejection. It should
be noted that adsorption experiments were
performed using a nanofiltration unit.

Results

According to scanning electron microscope
images of the surface of nanocomposite
membranes and pure membranes obtained, it can
be seen that the pores of nanocomposite
membranes and pure membranes are evenly
distributed on the substrate surface and can be
easily seen at 5000 magnifications. Moreover,
evaluating the effect of polymer concentration on
the average pore diameter of the substrates
showed that with increasing the polymer
concentration, the pore size of the substrate
decreased. The reduction in bed pore diameter by
delayed and insoluble solvent (water from the
coagulation bath) can be explained by the phase
inversion process due to the higher viscosity of
the doped solution used.

The ATR-FTIR analysis was performed to
demonstrate successful surface polymerization of
polysulfone and synthesis of black titanium
oxide nanotubes. According to the obtained
images, the infrared spectrum of the membranes
shows the same peaks with polysulfone, which
indicates that surface polymerization has
occurred in all membranes, as well as infrared
spectra at 1200 cm2. Showed significant peaks
that were the main feature of the substrate made
of polysulfone. The peak created at 1670 cm2 is
also related to C_O tensile vibrations, which can
indicate the presence of a PVP additive in the
substrate matrix.

The highest transmission flux among different
membranes was related to 0.1 mg/l in 50 minutes
and a pressure of 145 bar. Also, the lowest flux
was related to a pure membrane with a duration
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of 600 min and a pressure of 45 bar. In general,
the maximum and minimum flux passed through
all membranes in 50 and 600 minutes and
pressures of 45 and 145 bar. The effective
pressure of the solution passing through the
membrane is the main factor determining the
amount of infiltration sample. Increasing the
pressure will increase the infiltration water flow.
A general principle in the processing of all
products is that with increasing pressure to a
certain extent, the amount of infiltration flux
increases. As the pressure increases, the soluble
material in the synthetic sample accumulates on
the surface of the membrane, resulting in
hydraulic resistance and increased removal
efficiency. In other words, polarization increases
concentration and efficiency. There is an increase
in low pressures, but high pressures due to severe
clogging will have the opposite effect.
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Fig. 1 Flux passing through different membranes in
terms of pressure and time

Adsorption  isotherm  models show the
equilibrium relationship between the adsorbent at
the adsorbent surface and the concentration of
adsorbent remaining in the solution. To obtain
information about the absorption model of the
studied system, the results were applied to three
isotherms of Langmuir, Freundlich, and Tamkin.
The values of R? and the constants related to the
adsorption isotherms based on the results
obtained from the isotherm data are shown in
Table 1. As shown in Table 2, the correlation
coefficient R? of the Langmuir isotherm is 0.995
for the TFC membrane and 0.994 for the TFN
membrane is 0.05 and the Freundlich isotherm is
0.830 for the TFC membrane, and 0.822 for the
membrane. TFN is 0.05 and Tamkin isotherm is
0.902 for TFC membrane and 0.911 for TFN
membrane is 0.05. Among the R2s presented, the
highest value is for the Langmuir isotherm. The
Langmuir adsorption model for adsorption of
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lead by adsorbent used in this study showed that
the adsorption homogeneity and the adsorption
bonds between the adsorbent and the adsorbent
are homogeneous and the adsorbed molecules do
not interact with each other. Also, the adsorbed

molecules are located on specific sites of the
adsorbent, and finally, the adsorption of lead by
the adsorbent has occurred in a single layer and
uniformly.

Table 1 Data from adsorption isotherms for lead metal using TFC and TFN 0.05 membrane

The amount of

Isotherm model Parameter TEN 0.05 TFC
b (I/mg) 1.001 0.0614

Langmuir gm (Mg/qg) 555.55 255
R? 0.9941 0.9959
Ke (mg.l/g) 71.22 93.14

Freundlich N 2.429 2.345
R? 0.8222 0.8304
B 116.52 109.76

Temkin K 1.453 1.975
R? 0.9114 0.9028

Table 2 Data from adsorption Kinetics for lead metal using TFC and TFN 0.05 membrane

Kinetics model Parameter The amount of
TFN 0.05 TFC

Gex(mg/g) 75.868 71.450
Pseudo-first-order Ky (min') 0947 0.0954
R? 0.9635 0.9574
Qe2 (Ma/Q) 128.20 116.27
Pseudo-second order k2 (g/mg.min) 0.0026 0.0028
R? 0.9997 0.9996

Conclusions

One of the important features of the synthetic
adsorbent is its ability to be reused to remove
lead metal. To evaluate this capability, the
adsorbent was reduced and recovered after the
adsorption process with 0.1 mol/l hydrochloric
acid solution as a detergent. At each step, after
the reuse of the adsorbent, the amount of lead
metal adsorbed was measured. The results of the
lead metal desorption study using 0.1 mol/l
hydrochloric acid showed that the nanocomposite
used can be used up to five times without a
significant change in adsorption efficiency and
has an efficiency of over 71% for lead metal.
Therefore, in such circumstances, the use of
these attractions is economically justified. The
flow rate of sodium sulfate salt increased with
increasing concentration of titanium dioxide
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nanoparticles while the amount of excretion did
not decrease much to 0.01 mg/l, but then with a
further increase in the concentration of
nanoparticles (0.05 mg/l), the distances on the
surface of the membrane increased, which
reduced the removal percentage. In general, the
flux through the membrane increased as the
porosity increased and the hydrophilicity
improved.

Data Availability
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Fig. 1 FESEM images of changes on the surface of nanocomposite membranes and pure membranes
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Table 1 Mean roughness, mean square root roughness
parameters and mean difference between the highest
peak and the lowest valley in PSF substrates at
different polymer concentrations

R; (hm) Rms (NmM) Ra (nm) membrane
330.7 63.3 49.4 TFC
362.1 57.8 44.9 TFNO0.01
248.2 46.7 33.49 TFNO0.05
411.9 63.42 48.47 TENO.1
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Fig.7 Results of desorption of lead metal using 0.1 M
hydrochloric acid
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Table 2 Data from adsorption isotherms for lead metal
using TFC and TFN 0.05 membrane

The amount of

Isotherm model Parameter

Kinetics Parameter The amount of

model TFC TFENO0.05

P Qer(My/g) 71.450  75.868

Pse‘:f:ge?m ki(minl) 00954 0947

R? 0.9574  0.9635

G (Mglg) 11627 12820

Sefjﬁ(‘j‘%%er ko (g/mg.min)  0.0028  0.0026

R? 0.0996  0.9997
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TFC TFN 0.05
b(I/mg) 0.0614  1.001
Langmuir gm (Mg/g) 255 555.55
R? 0.9959  0.9941
Ke(mg.l/g) 93.14 71.22
Freundlich n 2.345 2.429
R? 0.8304  0.8222
B 109.76  116.52
Temkin K 1.975 1.453
R? 0.9028 0.9114
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