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Abstract: Metal Organic Frameworks (MOFs) and Na-modified Coal Fly Ash (CFA) composites were prepared by
solvo-hydrothermal method to enhance the toxic heavy metal ion removal from aqueous matrix as against their pristine
forms. Al, Cu, Zr and Ga-BTC based MOFs were recognized as potential and efficient and adsorbents in the removal
of Pb(I1), Hg(II) and Cd(II) and among them Ga showed higher adsorption efficiency. Hence, Ga-amino terephthalic
acid (Ga-ATP) MOF is synthesized and tested for these metal ions removal. Further, MOF-CFA composites and Ga-
ATP MOF were well characterized by XRD, SEM-EDX, FT-IR, Raman, UV-DRS, N; sorption and XPS. The metal
ion removal was estimated by ICPOES and SEM-EDX analyses. All the four BTC MOFs composites with CFA have
shown enhanced adsorption for the heavy metal ion remowval and among them Ga BTC MOF-CFA composite showed
exceptionally high adsorption capacity for Pb(Il) ions of about 1983 mg/g from aqueous matrix. Ga-ATP MOF also
exhibited high remowal efficiency for Pb(II) ions of 1560 mg/g. Ga BTC MOF-CFA composite was found to be stable
and regenerable for 5 runs of adsorption cycles.
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1. INTRODUCTION

Metal Organic Frameworks (MOFs) are considered as wonder materials due to their unique properties
that makes them ideal materials for numerous applications. They are also known as coordination polymers
(PCPs) as they form networking structures through coordination bonds and supramolecular interactions
with metal ions and organic linkers that are multidentate in nature [1]. The voids in the structures act as
pores mostly being microporous with some mesopores also formed in the structure. This spread-out
structure generates a high surface area and porous material which may be used as an adsorbent in
environmental remediation, gas adsorption and storage, as catalysts in several organic transformation
reactions, as bio/chemical sensors, magnetic materials, drug delivery systems, find applications in
rechargeable batteries, supercapacitors, in tribolic and piezoelectric nanogenerators [2-8]. They are highly
tunable microcrystalline, microporous, high surface area materials with unique morphology, controllable
size, high stability and possess multifunctionalities owing to which they find diverse applications in various
fields [9-12]. One of the important applications among them is removal of toxic heavy metal ions from
water by adsorption utilizing the high surface area, porosity and congruence to functionalization and
chelating properties of MOFs.

Heavy metal ions are toxic even if present in low concentrations in water, soil or air contaminating the
environment that has detrimental effect not only on the flora and fauna but also on humans directly or
indirectly [13-16]. The heavy ions are used in metallurgy, leather tanning, electroplating, steel fabrication,
chemical and textile industries. Several physico-chemical techniques such as ion-exchange, ultrafiltration,
precipitation, electrochemical and adsorption techniques are explored in the removal of these toxic metal
ions [17]. Chemical adsorption using small amounts of adsorbents that are reusable is the best method
being low-cost, selective and effective in the removal of toxic metal ions from water [18]. Adsorbents such
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as carbons, clays, nanohybrids, silica- based materials etc., have been extensively explored in this regard
[19-21]. Coal fly ash is an adsorbent that exhibited good adsorption capacity for the removal of heavy
metal ions from water [22-24]. Fly ash is obtained in huge amounts in the mining industry, and its disposal
is serious issue hence, its utilization in the remediation of heavy metal ions serves dual purposes. Also fly
ash is a cheaper material and is abundantly available in nature. However, fly ash needs to be treated before
use to remove unburnt coal and other impurities. Several MOFs viz., Mn-MOF [25], ZIF-90, DUT-67
(Zr)[26], UiO,-66-NH, [27], Zn-MOF [28], Cu-MOF [29] etc., were reported for the effective removal of
various heavy metal ions and also MOF composites and nanohybrids were studied for the remediation of
toxic heavy metal ions in water [30, 31]. Our previous study on the removal of heavy metal ions over
various BTC linked MOFs showed good adsorption efficiency of these materials [32]. A composite of the
Na modified CFA with ZIF material is reported to enhance the adsorption of CO, [33]. To further
enhance the adsorption capacity of BTC MOFs, their composites with Na modified CFA were prepared
by in-situ solvo-hydrothermal method and explored for the removal of toxic heavy metal ions from water.
Yet another modification of Ga BTC MOF which displayed the highest adsorption efficiency among the
four different BTC linkaged MOFs studied previously was done by changing the organic linker to from
benzene tricarboxylic acid to amino terephthalic acid with an intention to incorporate a ‘N’ containing
ligand that can enhance the adsorption capacity of the MOF obtained [34]. The present work is focused
on the study of removal of toxic heavy metal ions over MOF-CFA composites.

EXPERIMENTAL METHODS

Materials used

Nitrates of Aluminium, Copper and Gallium; ZrCly; trimesic acid; 2-amino terephthalic acid; coal fly ash;
NaOH; NaAlO,; N, N-DMF; methanol; acetone; aqueous solutions of Pb (II); Hg (II) and Cd (II).
Preparation of MOF-CFA composites

Composites of MOFs with Na modified coal fly ash were prepared by in-situ solvo-hydrothermal method
where CFA is taken in 70% with 30% MOF in the resultant composite material. Four different composites
with Ga BTC, Al BTC, Zr BTC and Cu BTC MOFs synthesized with the addition of calculated amount
of CFA in their respective metal precursor solution following the same procedure used for the synthesis
of the four different MOFs reported in our previous work [32]. Na modified coal fly ash was obtained by
treating coal fly ash with sodium precursor as reported by Aniruddha et al. [33]. The Ga BTC MOF-CFA
composites of varying compositions of MOF and CFA ranging from 0.1, 0.2 and 0.4 of Ga BTC and rest
in the composites being CFA material were synthesized similarly as mentioned above.

Ga - amino terephthalic acid (ATP) MOF was prepared with gallium nitrate as the metal precursor (1
mmol)(0.4172 g) and following the similar procedure used for Ga BTC MOF [32] replacing BTC by 2-
amino terephthalic acid(1.2 mmol) (0.21738 g) each in 12 mL DMF that were magnetically stirred and
heated hydrothermally for 24 h at 100 °C. The mixture was cooled to the room temperature and
centrifuged (8000 rpm, 5 min) to obtain white precipitate followed by washing with DMF for at least three
times.

Characterization of the MOF-CFA composites

All the MOF-CFA composites and Ga-ATP MOF synthesized were characterized by XRD using a benchtop
Rigaku miniplex diffractometer recorded using CuKy radiation which is Ni filtered with 2theta in the
range of 5-80° and the SEM-EDX analyses of the samples were done on a JEOL, JSM—6390LV and Oxford
XMX N instrument. N, sorption studies of the samples were carried out at -186 °C using a Micromeritics
ASAP 2010 instrument for evaluating BET isotherms and determining the pore characteristics of the
adsorbents in this study. The thermograms in the TGA analysis were obtained over a Perkin Elmer STA
6000 instrument from room temperature to 800 °C heated at a rate of 20 °C/min. A JASCO V650 UV-
Visible spectrophotometer is used to record the UV-visible spectra of the samples and a Thermo-Fisher
Scientific instrument was used for FT-IR spectra of samples recorded from 400-4000 cm™. Raman spectra
were recorded on HORIBA JOBIN YVON HRS800, Japan with a 633 nm He-Ne LASER source. The
surface analysis of the samples was done using a KRATOS-AXIS 165 XPS instrument with MgKq radiation
as the source of x-rays.

Adsorption studies in the heavy metal ion removal

A definite and required amount of MOF/MOF-CFA composite was taken in about 50 mL of variable
concentrations of aqueous solutions of heavy metal ions and stirred at ambient temperature. From time
to time the small aliquots of solutions after centrifugation were collected and subjected to ICPOES
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analysis to determine the amounts of remaining metal ions in the solutions and the adsorbent after
filtration to SEM-EDX to confirm the adsorbed metal ion compositions over the adsorbents. The % heavy

Co—Ct x 100 where

metal ion removal efficiency from ICPOES analysis was done by using the formula =
0

Co and C, are the initial concentration prior to adsorption and concentration of the left out heavy metal
ions at time ‘t’ after adsorption respectively.

RESULTS AND DISCUSSION

X-ray Diffractograms

The XRD pattern of Ga MOF-CFA composite in the figure 1 above displayed broader peaks as compared
to the pristine Ga BTC MOF [32]. 2 theta values at 13.97°, 24.31°, 31.62°, 34.59°, 42.75¢°, 51.93°, 58.14¢
and 69.44° indicate the diffraction lines corresponding to the crystalline Na modified coal fly ash (CFA).
The d lines of the MOF and those of CFA seems to be merged in the broad peaks obtained. While the
peaks in Al and Zr MOFs were dominated by the CFA characteristic lines which is the major component
of the composite material. However, the additional peaks observed in the range of 30-40 and 50-60 deg.
indicate the presence of MOFs in the composites. Cu-BTC MOF composite with CFA retained MOF
characteristic peaks to mostly along with the CFA peaks indicating the crystallinity of this MOF composite
is higher in comparison to the rest of the BTC MOF composites. Ga-ATP displayed diffraction lines at
8.30,9.61°, 14.430, 16.69°, 17.38°, 19.29° and 26.97° that are characteristic of the amino terephthalic acid
linked Ga MOF [35]. The simulated pattern match with that in this report have been suggested to have
retained the Kegome topology.
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Figure 1: X-ray diffraction patterns of the CFA, Ga, Zr, Al & Cu BTC MOF-CFA composites and Ga-
ATP MOF
Table-1: Structural characteristics of MOFs

Surface area and porosity characteristics

Figure 2 below depicts the N, adsorption isotherms of the MOF-CFA composites which are quite similar
to the MOF materials falling in the type I kind indicating the presence of micropores retained even when
large portion of the composite is dominated by CFA. However, the surface area and porosity dropped
significantly in comparison to their pristine forms as the surface area of CFA is much lower compared to
the MOFs. The porosity of the materials also had small amount of mesopores along with the micropores.
The CFA composite with ZIF-8 prepared by in-situ method was shown to exhibit better surface are of the
resultant composite as compared to a physical mixture and an impregnated one [33]. Hence, in-situ
method was chosen in the present study as well for synthesizing MOF composites with CFA. Table 1
shows the sorption characteristics of the composites and Ga-ATP MOF which displayed high surface area
representative of a MOF.

i Ga-NH2-TEA Ga-CFA
Zr-CFA Cu-CFA

Quantity Adsorbed (cm’lg STP)

0.0 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0
Relative pressure (P/P )

Figure 2: N, adsorption-desorption isotherms of MOF-CFA composites and Ga-ATP MOF
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Morphological studies
The SEM micrographs presented in the figure 3 indicate a mixed morphology of the materials, presence
of CFA changed the MOF morphology which could be seen in the reduction of crystallite size observed

EHT = 300KV Signal A = SE2 2 pm* EMT = 300KV Date 118 Aug 2026
WD = 8.9 mm Mag= 10.00KX Time 165328 WD = 89mm Time :1553:29
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Figure 3: SEM micrographs of composites of CFA with MOFs A) AI-BTC B) Zr-BTC
C) Cu-BTC D) Ga-BTC and E) Ga-ATP MOF; F) CFA
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Spectrum 1
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Figure 4: EDX spectra of composites of CFA with MOFs A) AI-CFA B) Zr-CFA
C) Cu-CFA D) Ga-CFA and E) Ga-ATP MOF

The pure form of BTC MOFs were of cubo-octahedral/polyhedral shaped particles in the range of 50-100
nm. The morphology of the CFA composites of Al BTC, Zr BTC show that the insertion of CFA material
into the cubo-octahedral/polyhedral particles resulting in rope bundlelike morphology with MOF
entwining the CFA. The particles were found to be uniformly the distributed. The morphology of Cu
BTC MOEF-CFA composite retained the cubo-octahedral shape but these polyhedrons are much smaller
than their pristine MOF and presence of CFA could be noticed dispersed in between the MOF particles.
Ga MOF-CFA composite showed a different morphology of hexagonal rods as against the dodecahedral
morphology of the Ga-BTC MOF. Ga-ATP MOF also showed smaller, well dispersed and uniform
particles of hexagonal rod like morphology. The EDX spectra displayed the elemental compositions of all
the above composites and Ga ATP MOF is right proportions. The inset figures in figure 4 of the EDX
spectra clearly shows the % composition of all the elements present in the materials under study.

FT-IR results

Figure 5 below depicts the FT-IR spectra of the CFA, MOF-CFA composites and Ga-ATP MOF. It clearly
shows that all the composites displayed the characteristics peaks of CFA as it is the major component of
the composites. CFA spectra indicated the presence of Al-O, Si-O, Si-O-Si/Al-O-Si vibrational modes
around 465, 670 and 970 cm~" respectively [36]. While the vibrations of the O-H bond with the water
molecules associated with CFA were found at 1653 cm~" with 1400 cm—'. And additional peaks observed
correspond to the MOFs i.e., the vibrational modes of the BTC linker and metal-carboxylate bonds [32].
Ga-ATP MOF displayed bands at 1626 and 1258 cm~"' corresponding to N-H bending and C-N stretching
modes respectively along with two peaks attributed to the symmetric and asymmetric stretching vibrations
of the aromatic amino group of the organic linker of the MOF [35]. The vibrational modes of amino
group overlap with that of the O-H bands of the carboxylic group and broad peak of H,O.
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Figure 5: FT-IR spectra of MOF-CFA composites and Ga-ATP MOF

Raman Spectral Analysis

Raman spectra (fig. 6) were not very specific for the MOF-CFA composites as only intense vibrational
mode is observed as a broad band in between 0-500 cm™ and very low intense peaks were observed at 1450
and 1629 cm™ probably due to N-H vibrational modes in Ga-ATP MOF [36]. The broad peak observed
indicate the M-O-M modes of MOFs in the composites [32]. Most of the MOF characteristic peaks were

masked due to the dominant composition of CFA material in the composites.

Ga-ATP MOF
Ga BTC-CFA composite

e 7r BTC-CFA composite
Cu BTC-CFA composite
= Al BTC-CFA composite

Intensity (a.u.)

I
0 500 1000 1500 2000 2500 3000 3500 4000

Raman shift (cm™)
Figure 6: Raman spectra of MOF-CFA composites & Ga-ATP MOF
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UV-DRS Spectra
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Figure 7: UV-DR spectra of BTC MOF-CFA composites and Ga-ATP MOF

The absorption of all the BTC MOF-CFA composites of Al, Zr and Cu were observed in the range of
200-300 nm while that of Ga BTC MOF-CFA composite extended upto 500 nm (fig. 7). The presence of
CFA has a blue shift in the absorption towards lower wave length in case of Cu BTC composite and Al
BTC composite which exhibited lower absorption wave lengths than their pristine forms [32]. While Ga
BTC composite retained the absorption upto 500 nm even in presence of CFA. Ga-ATP MOF absorption
was in the range of 200-450 nm lower than Ga BTC MOF. The same was reflected in its Tauc plot (figure
8) which showed a band gap = 2.84 eV higher than Ga BTC MOF (E, = 2.2 ¢V) [32]. The band gap energies
of Cu BTC and Al BTC MOF composites were also higher as compared to their pure MOFs owing to the
lower absorption wave lengths since CFA is the dominant component in the composites. Zr BTC MOF
composite showed high band gap (3.74 eV) as well closer to that of Al BTC MOF composite (3.9 eV). It

is in line with absorption of these composites mainly in UV region.
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Figure 8: Tauc Plots of BTC MOF-CFA composites and Ga-ATP MOF

XPS Analysis

The surface analysis of the four different MOF-CFA composites was done by XPS and their corresponding
spectra of the various elements of the respective composites as well as that of Ga-ATP MOF are presented
in figure 9. Al 2p spectrum was obtained at a B.E. of 73.6 eV, Zr 3ds/; and 3d;,, can be seen at 182.2 and
184.5 eV respectively and Cu 2p;,, and 2p,; are observed at 933 and 953 eV respectively with a presence
of very weak satellite peaks just beside them. Ga’* presence can be observed from its XPS spectra of Ga
2p1y at 1119 and 1190.2 eV and, Ga 2p;/; at 1110 and 1110.2 eV in case of Ga-ATP MOF and Ga BTC
MOFEF-CFA composite respectively. The B.E. of Ga 2p is slightly at a higher energy in case of the Ga MOF
composite as compared to Ga-ATP MOF. The common elements in all these samples are C, O and N.
Cls could be seen at a B.E. of 284.7 eV in case of Ga-ATP MOF and at 284.5 eV in case of the MOF
composites. A should peak is observed around 288.5 and 288.7 eV respectively with the ATP MOF and
composite of Ga. The former corresponds to aromatic carbon in the terephthalic acid organic linkers
while the latter at around 288.7 eV is due to the carboxylic acid group [37]. Ols B.E. shifted from 531.3
eV to 532 eV in case of MOF-CFA composites of Al, Zr, Cu and Ga with a difference of 0.2 eV from Al
to Ga as can be observed from the fig. 9 below. N1s peak is very weak and negligible intensity in case of
composites as it is probably due to the presence of the small amounts of solvent N,N-DMF while Ga-ATP
indicated an intense peak at around 399.3 eV owing to the presence of amino group. Nals is present in
all the MOF-CFA composites owing to the Na modification carried out for coal fly ash material to enhance
its absorption capacity of heavy metal ions.
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Figure 9: XPS of (a) Al BTC-CFA, (b) Cu BTC-CFA, (c) Zr BTC-CFA, (d) Ga BTC-CFA and (e) Ga
BTC-ATP

Toxic heavy metal ion removal by MOF-CFA composites

Our previous studies on BTC based MOFs showed that these materials possessed high potential for the
adsorption of heavy metal ions. Among the four, the adsorption efficiency of Ga BTC MOF much higher
and to increase its removal efficiency the organic linker viz., amino terephthalic acid was used in place of
benzene tricarboxylic acid as the presence of amine group is known to enhance the selective adsorption
of heavy metal ions through chelation [34]. Also, to further enhance their adsorption capacity and with
the aim to utilize coal fly ash, a low cost and abundantly available material, the four different BTC MOFs
studied were combined in-situ with sodium modified coal fly ash to obtain the composites. All these five
materials were explored for the adsorption of Pb(II), Hg(II) and Cd(II) ions from their respective aqueous
solutions taken in a batch mode. A definite amount of about 50 mL of the heavy metal ion aq. solution
was taken each time with about 10 mg of the adsorbent stirred at ambient temperature, centrifuged to
separate the adsorbent and the metal ion solution. Samples were collected at different intervals of time.
The solution after adsorption was tested for the remaining concentration of the heavy metal ion by
ICPOES analysis while the adsorbent separated by centrifugation was analyzed by SEM-EDX analysis.
Different sets of experiments were carried out in order to understand the effect of pH, amount of
adsorbent, concentration of the metal ions etc., to optimize the conditions to achieve maximum possible
removal efficiency of the metal ions over the composites in this study.
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Effect of pH on the removal efficiency of Ga BTC-MOF composite

The previous studies using pristine MOFs for the heavy metal ion removal indicated a pH of 6 to be
optimum in the study. However, since the MOFs are combined with Na modified CFA, the CFA material
is known to show higher efficiency in the metal ion adsorption at higher pH conditions, hence, the metal
ion adsorption was tested at variable pH from 1-10 over Ga BTC-MOF composite. 200 ppm of the three
heavy metal ions solutions were studied at varying pH. The figure 10 below shows that the adsorption
capacity of the composite raised with pH and it was maximum at 8 and remained the same till pH 10 and
later further increase in pH resulted in the reduction of the adsorption efficiency of the composite. Hence
a pH of 8 was maintained through this study.

% Heavy metal ion removal

10

12
pH
mHg(ll) mcd(ll) mPb(ll)

Figure 10: Heavy metal ion removal vs pH over Ga-CFA composite

Influence of MOF: CFA composition on the removal efficiency of Pb (II) over Ga BTC MOF-CFA
composite

Composites of four different compositions of MOF: CFA i.e., 0.1-0.9, 0.2-0.8, 0.3-0.7 and 0.4-0.6 were
prepared and studied for the removal of Pb (II) ions over Ga BTC MOF-CFA composite at ambient
conditions using 400 ppm of Pb (II) solution. The removal efficiency of these composites was compared
with that of their pure components viz., CFA and Ga BTC MOF. The table 2 given below shows the data
of this study from which it may be deduced that the MOF: CFA composition of 0.3-0.7 is optimum to
achieve best results in terms of the removal of the heavy metal ions.

Table 2: Pb(II) removal efficiency over Ga BTC MOF-CFA composites of variable MOF-CFA

compositions

Ga BTC MOF-CFA

Composition % Pb (II) Adsorption
0-1 55

0.1-0.9 69

0.2-0.8 85

0.3-0.7 100

0.4-0.6 90

1-0 49

Variation of heavy metal ion removal efficiency over MOF-CFA composites & Ga-ATP MOF (Effect of
nature of adsorbent)
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Figure 11: Variation of heavy metal ion removal efficiency with adsorbent
200 ppm at pH 8 and ambient temperature, the adsorption efficiency of Pb(II), Hg(II) and Cd(II) removal
from their respective aqueous solutions was studied over all the four different MOF-CFA composites and
Ga-ATP MOF. This study that is depicted in the figure 11 clearly indicates that the % removal of Pb(II)
>> Hg(II) > Cd(II) over all the adsorbents studied. Among the three ions, the adsorbents were found to
be more selective in the removal of Pb(II). The removal efficiency of Pb(II) over the adsorbents is found

to be in the order Ga BTC-CFA > Al BTC-CFA > Ga-ATP MOF > Zr BTC-CFA > Cu BTC-CFA.

Effect of contact time over Ga BTC-CFA composite in the removal of heavy metal ions

Figure 12 represents the change in the adsorption efficiency of heavy metal ions over Ga BTC-CFA
composite with time. The initial concentration of Pb(Il) taken was 400 ppm while those of Hg(II) and
Cd(II) taken were of 200 ppm concentration. A maximum adsorption of the three ions was achieved with
in 30 min. of adsorption and a constant adsorption was observed till 5 h (300 min.). The composite
material is found to be more effective as the maximum adsorption could be obtained within 30 min. while
over pristine Ga BTC MOF the same was achieved after 60 min. of time. A maximum of 1983 mg/g of
Pb(II) removal was evidenced over Ga BTC-CFA composite while 690 and 580 mg/g of Hg(II) and Cd(II)

removal is attained on the same composite within 30 min. of adsorption.
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Figure 12: Effect of contact time on the adsorption of heavy metal ions over Ga BTC MOF-CFA
composite
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Adsorption Kinetics

Effect of initial concentration on the Pb(Il) removal efficiency of Ga BTC MOF-CFA composite
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Figure 13: Pb (II) removal efficiency vs initial concentration of Pb (II) over Ga BTC MOF-CFA

composite

Our previous report showed that the adsorption of heavy metal ions over MOFs follows a pseudo Il-order
kinetics and the below model equation was found to be the right fit for the experimental data obtained.
t 1 1

@ kq? * it

where q. = amount of heavy metal ions adsorbed at equilibrium in (mg g");

q. = amount heavy metal ions adsorbed at any time t in (mg g"); t = time in min.; and

k, = pseudo second order rate constant (g mg'min™).

Effect of initial concentration on the removal efficiency of Pb(II) was studied on Ga BTC MOEF-CFA
composite (fig.13) which was best among the rest of the adsorbents in this work. The concentration of
aqueous solution of Pb(II) increased from 100 ppm to 600 ppm. This composite had adsorbed almost
100% of the lead ions (1983 mg/g) upto 400 ppm and later a saturation of the adsorption capacity was

noticed at 600 ppm exhibiting the same q_value.

The present data of adsorption kinetics followed in the removal of Pb(II), Hg(II) and Cd(II) over Ga BTC
MOFEF-CFA composite showed a good fit into the pseudo second order equation mentioned above. The
figure 14 shows the linear fit of the data and their corresponding rate constants and R values are presented
in table 3. The high R” values indicate the proper linear fit of the adsorption kinetics data into the chosen

model.
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Figure 14: Kinetic plot of adsorption of heavy metal ions over Ga BTC MOF-CFA composite, t/q vst

Table 3: Pseudo II order kinetics characteristics of heavy metal ion adsorption over Ga BTC MOF-CFA
composite

2434



International Journal of Environmental Sciences

ISSN: 2229-7359
Vol. 11 No. 23s, 2025
https://theaspd.com/index.php

Pb(II) 2.54 0.99909
Hg(ID) 6.50 0.99919
Cd(I) 4.25 0.99750

Reusability and stability of the Ga MOF-CFA composite
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Figure 15: Reusability of Ga BTC MOF-CFA for the adsorption of heavy metal ions

The reusability of the Ga MOF-CFA composite showed that it can be recycled after each adsorption run
and washing with DMF/water followed by drying in oven at 80 °C for at least 5 cycles. The adsorbent was
found to be structurally intact and stable after these 5 cycles as can be seen from its XRD and SEM images
in the figure 16 below.
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Figure 16: A). XRD patterns of Fresh and used Ga BTC MOEF-CFA composite
B). SEM micrograph of used Ga BTC MOF-CFA composite

The presence of adsorbed Pb (II), Hg (II) and Cd (II) ions over Ga BTC MOF-CFA composite is confirmed
from the SEM-EDX and elemental mapping done on the used composite after adsorption for 5 h using
200 ppm of the heavy metal ion solutions.
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Figure 17: SEM-EDX & Elemental composition of adsorption of Pb (II)-A), B) & C); Hg (II)- D), E) &
F);
Cd (II)-G), H) & 1)) over Ga-BTC MOF-CFA composite

CONCLUSIONS

MOFEF-CFA composites were synthesized by solvo-hydrothermal technique combining CFA in-situ in the
MOF synthesis. The composites were well characterized and found that all the composites were though
having smaller but micro- crystallites with changes in morphology and reduction in surface characteristics
such as surface area and porosity. The Ga-ATP MOF showed all the specific features of a MOF material.
These samples showed much enhanced adsorption efficiency in the removal of Pb (II), Hg (II) and Cd (II)
ions from water as compared to their pristine MOFs. The % removal of Pb (II) >> Hg (II) > Cd (II) over
all the adsorbents studied. Ga-ATP MOF also exhibited higher removal efficiency as against the Ga-BTC
MOF. The removal efficiency of Pb (II) over the adsorbents is found to be in the order Ga BTC-CFA > Al
BTC-CFA > Ga-ATP MOF > Zr BTC-CFA > Cu BTC-CFA. Among all the four different MOF composites
Ga BTC-CFA higher efficiency in the removal of heavy metal ions. And its removal efficiency towards Pb
(IT) was found to be highest of about 1983 mg/g. The removal efficiency was also improved in terms of
higher rate of removal as compared to the pristine Ga-BTC MOF (k, = 3.125 x 107). Ga BTC-CFA is
found to be stable and reusable up to at least 5 cycles for the removal of heavy metal ions. Thus, addition
of a cheap and waste material CFA to MOF generated a composite of better adsorption efficiency in the
removal of heavy metal ions.
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