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Plants and animals both require phosphorus for their development, but the
overabundance of this element in water bodies resulting from wastewater and
chemical fertilizer use creates an ecological problem. The purpose of this
research was to study the effectiveness of a zeolite/carbon nanotube (CNT)
nanocomposite in aqueous phosphate ion removal and to examine the
nanocomposite’s structure and efficiency under different conditions. The
chemical synthesis method was used to prepare the nanocomposite, and FTIR,
FESEM, XRD, and BET tests were performed for its characterization. The
nanocomposite’s crystalline structure was confirmed by the XRD results, and
the FTIR spectrum showed the highest absorption at a wavenumber of 1643 cm
1, The BET analysis indicated the presence of mesopores and a high specific
surface area, while FESEM images showed a uniform morphology. The process
of phosphate removal was studied for different pH levels, as well as contact
time, adsorbent dose, and phosphate concentration. The best parameters for the
removal of phosphate were pH 7 with a contact time of 60 minutes, in which
91% was removed. While the adsorption capacity increased with the initial
phosphate concentration, the removal percentage dropped to 78%. The
experimental data conformed best to the pseudo-second-order kinetic model and
the Langmuir isotherm, with a determination coefficient (R2 = 0.987). The
adsorption process was effective at different temperatures, as thermodynamic
studies showed. Furthermore, the nanocomposite maintained an adsorption
capacity of 24.50 mg/g and an 81% removal efficiency after three recycling
cycles. Such results demonstrate the significant capabilities of the zeolite/CNT
nanocomposite for the treatment of water and lessening of pollutants.
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Extended Abstract

Instructions

Water pollution is a vital issue facing Iran and the world. It is detrimental to people, animals, the leaves
and fruit on plants, and it is not good for plants who also need clean water to flourish. But too much
phosphate in rivers, lakes or groundwater is bad news. Farm fertilizers, city runoff, dumping of factory
waste, and the like dump phosphate into the water, and when it mixes with the water it causes something
called eutrophication. That’s when algae and plankton party hard, turn the water icky, smelly and
cloudy, slurp up all the oxygen — and ruin life for fish and other water creatures. Even a bit of
contamination, say with 100 micrograms per liter, can get this thing going, so it’s a problem everywhere,
in big lakes and small streams. This mess is the fault of two places: us, because we put too much
phosphorus into the water, and old phosphorus stuck in lake or river bottoms that sneaks back out over
time. So, we have to figure out smart ways to clean it up and prevent it from coming back. There are a
grip of different ways — reverse osmosis, ion exchange, chemical scams, electric tricks, or bacteria and
plants — but I am in favor of adsorption. You’re using a sponge that absorbs phosphate and keeps hold
of it. It’s cheap, work really well, doesn’t leave the junk behind and you can «tweak» it for different
types of waters/pollution levels. We are excited about super tiny materials known as nano adsorbents.
They’re so tiny they have a ton of surface area to grab pollutants. Two cool ones are Zeolites and Carbon
Nanotubes, . Zeolites are like small cages that capture ions and help reactions occur more rapidly. CNTs
have some cool electrical and chemical properties. By blending them, we created a special hybrid
material known as a nanocomposite, to take phosphate from water better and more selectively. In that
study, we tested how good it is by tinkering with, for instance, the acidity of water, the amount of
material we used, the duration of its time spent in the solution and the amount of phosphate in water
samples.

Materials and Methods

The nanocomposite was prepared by adding 20 grams of zeolite to a solution of 0.03 grams of CNTs,
stirring the solution for 30 minutes, centrifuging the solution for 10 minutes in order to eliminate the
aqueous and treatment «background» , drying the zeolite-CNTSs in air with a heat control of 80 degrees
C for 24 hours, and baking the zeolite-CNTs in a muffle oven at 600 degrees C for 3 hours at is used to
incorporate the CNTs into the zeolite structure. The contact time with the zeolite-CNT will vary from
10-120 minutes, and the adsorbent dose will vary from 0.01g-0.05g. The Gibbs free energy will be used
to establish the propensity for spontaneity.

Results and Discussion

The zeolite/CNT nanocomposite was very successful for phosphate removal. FTIR demonstrated one
very strong peak (at 1643.02 cm-t) with a very large absorption (135.54%), indicating that viable sites
for capture of phosphates. The FESEM and XRD indicated proper structure from zeolite, and indicated
a possible mesoporous crystalline variety, whereas the BET demonstrated a large surface area to be
used for capture. The first, and indeed the optimal, pH performance was with pH 7 that took place over
60 minutes runtime, as the performance under these conditions achieved 91% phosphate removal
efficiency. Although the removal percentage decreased with higher phosphate concentrations (10-50
mg/L), the overall quantity of adsorbed phosphate achieved better outcomes. When examining different
modelling options, the zeolite/CNT nanocomposite explained the data for both the Langmuir and
pseudo-second order models successfully, with a lowest residual error value (R?) = 0.987. In repeat of
the experiment, this nanocomposite maintained an 81% efficiency record after 3 cycles of use!
Compared to some other studies recorded (for example, in a study MA and JH achieved 39% with
modified materials, and HP and XCM achieved up to 91% efficiency with partially acidic conditions,
this nanocomposite performed extremely well at a neutral pH and provided some useable advantages
for capture over alternatives like iron-CNT or MOF/CNT composites.

Conclusion

Zeolite/CNT nanocomposite is an effective material for the removal of phosphates, yielding a 91%
removal efficiency at pH 7 after 60 minutes of contact. Characterization by FTIR, FESEM, XRD and
BET confirmed the ability of zeolite/CNT to have an ideal structure with active sites and pores.
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