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Chapter-VII

General Conclusion

The present study successfully synthesized surfactant-modified LDH, Zr-modified LDH,
biomass ash-LDH composites, and ternary CaNiAl-LDH, which are further employed in dye
sorption experiments. All the adsorbents were prepared via simple co-precipitation methods,
except in the synthesis of biomass ash modified LDH, where the burning of coconut husk to ash
followed by co-precipitation with LDH was carried out. The as-synthesized adsorbents are
characterized by using powder X-ray diffraction (PXRD), Fourier transform infrared
spectroscopy (FT-IR), Scanning emission microscopy (SEM), Energy dispersive X-ray (EDX),
Tansmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and
Brunauer-Emmett-Teller (BET) techniques. The modified LDH synthesized in this study was
specifically applied for removing five dyes, representing two classes: cationic dyes (Methylene
blue, malachite green) and anionic dyes (Congo red, methyl red, methyl orange). The following

conclusions are drawn from the detailed adsorption studies:

The successful formation of layered structures in all the adsorbents, viz., ZrO>/MgAI-LDH,
CuAl/SDS-LDH, CHA/CoAIl-LDH, CHA/NIAI-LDH, and CaNiAIl-LDH was confirmed by the
diffracted peaks observed in the PXRD spectrum corresponding to indexed planes at 003, 006,
009, 015, 018, 110, and 113. However, modification with surfactants in the LDH structure leads
to shifting of the peaks at lower angle, which results in increasing the interlayer distance of
CUAI/SDS-LDH, and the theoretically calculated length of basal spacing was found to be 14 A.
The observed results suggest intercalation of sodium dodecyl sulfate molecule in the inter
lamellar region as well as assemblage on the external surface of LDH. Accounting to LDH
thickness (0.48 nm) and the length of SDS chain, which is taken as 1.78 nm, the possible
alignment of SDS inside the layer sheets is tilted with respect to LDH sheets. Moreover, the peak
observed in CHA at 26 values (26.51, 38.29, 39.14, 41.29 and 58.58) was also manifested in the
CHAJ/CoAI-LDH composite, which further implies the association of carbonaceous material

derived from coconut husk with the LDH structure.
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The morphological analysis using SEM techniques also further corroborates the formation
of porous and sharp sheet-like LDH structures in ZrO/MgAI-LDH, CuAl/SDS-LDH, and
hexagonal shapes (CHA/CoAI-LDH), and circular flower-like particles (CaNiAl-LDH) were also
evident. The TEM analysis of the CHA/CoAIl-LDH composite also revealed an irregular shape,
and the typical crystalline hexagonal CoAl-LDH particles were well assembled on the carbon

matrix.

The N2 adsorption-desorption curves manifested a type-1V isotherm with an H-3 hysteresis
loop in all adsorbents, except H-4 hysteresis in ZrO,/MgAI-LDH. The specific surface area of
biomass ash was relatively lower than that of pristine LDH; however, an intermediate surface
area was found in all samples, and the determined BET surface area lies in the range of 4.17-
74.05 m%g. The constituent’s elements detected by the EDX technique in the synthesized

adsorbents are listed in Table.VII.1.

The various experimental parameters, including isotherm, kinetics, and thermodynamic
parameters, obtained in this study are summarized in Table.VIl.2. The adsorbents such as
ZrO2/MgAl-LDH, CuAl/SDS-LDH, CHA, CHAJ/CoAI-LDH, CHA/NIAI-LDH, and CaNiAl-
LDH showed the gmax values of 169.42, 411.47, 943.39, 666.4, 11.82, and 135.21 mg/g,
corresponding to the adsorption of CR, MR, MG, MB, and CR dyes, respectively. The
adsorbents CHA (943.39 mg/g) and CHA/CoAI-LDH (666.4) showed the highest monolayer
adsorption capacity compared to other adsorbents. However, the isotherm studies suggest that the
adsorption process takes place via monolayer formation in almost all adsorbents and can be best
described according to the Langmuir model. The kinetic studies of all adsorbents have been
validated and well described based on a pseudo-second order model. The evaluated ge2 values
obtained from the pseudo-second order model for adsorbents ZrO,/MgAl-LDH, CuAl/SDS-
LDH, CHA, CHA/CoAl-LDH, CHA/NiAI-LDH, and CaNiAl-LDH are 130.89, 69.48, 276.24,
242.71, 14.32, and 41.15 mg/g, respectively.

In this study, the predominant adsorption mechanism responsible may be accounted for due
to the presence of electrostatic attraction and H-bonding, but in CHA/CoAl-LDH and

CHA/NIAI- LDH, additional interactions such as n-xt, n-xt, ion exchange, pore diffusion etc., may
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exist. However, the sorption ability of LDH is due to its hierarchical positively charged surface
having a strong affinity for anionic dyes, while in biomass ash, the existence of a negatively

charged surface generally favours cationic dyes.

The thermodynamic studies of CR dye sorption over ZrO>/MgAI-LDH revealed that with
increasing temperature from 303 K to 333 K, the negative value of AG (-3.06 to -6.54 KJ/mol)
was observed, indicating the spontaneous nature of sorption, and the positive AH=31.51 KJ/mol
values represent an endothermic process. Similarly, sorption of dyes such as MR, MG, MB, CR,
and MO over CuAl/SDS-LDH, CHA/CoAl-LDH, CHA/NIAI-LDH, and CaNiAl-LDH
adsorbents also followed spontaneous and endothermic process.

The uptake of dyes over the adsorbents was influenced by the solution pH. The maximum
removal percentage and optimum pH of the solution for the adsorbate-adsorbent system, viz.,
CuAl-LDH-MR (86%, pH-4), CuAl/SDS-LDH-MR (96.93%, pH-4), ZrO»/MgAIl-LDH-CR
(81.96%, pH-4), CHA-MG (98.39%, pH-10), CHA/CoAl-LDH-MG (98.16%, pH-10), CaNiAl-
LDH-CR (97-95.7%, pH-4-7) and CaNiAl-LDH-MO (98.9%, pH-4-5) were noticed. Therefore,
the cationic dyes are favourably adsorbed in the basic medium, while the anionic dyes prefer the

acidic nature of the medium.

The reusability studies of the adsorbents were conducted, and the percentage removal for
the adsorbents ZrO./MgAI-LDH, CuAl/SDS-LDH, CHA, CHA/CoAIl-LDH, and CaNiAl-LDH
lies within the range of 97.19-59.04 % (1% -5" cycle), 98-28.86 % (1% -4™ cycle), 95-71% (1% -3"
cycle), 94.2-60.3 (1% -3 cycle), and 95.73-75.99% (1% -5 cycle), respectively. The best
reusability of ZrO2/MgAI-LDH and CaNiAl-LDH may be attributed due to less leaching of
adsorptive sites.
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Table VII.1: The elemental composition (atomic weight %) of all the synthesized adsorbents.

Adsorbents Elemental Composition (Atomic weight %)

Zr% Ni% Cu% C% 0% Co% S% A% Na% Mg% K% Ca% Si% Cl% P%

ZrO/MgAl-  13.92 - - - 55.20 - - 1150 - 1938 - - - - -
LDH

CuAl-LDH - - 18.23 - 71 - - - - - - - - -
CUuAlI/SDS- - - 6.87 4277 - - 424 4276 - 335 - - - - -
LDH

CHA - - - 3855 39.62 - - - 248 266 581 090 561 035 032
CHA/CoAl- - - - 3263 4718 924 - 308 148 107 018 050 097 011 017
LDH

CHA/NIAI- - 963 - 24 40 - - 199 664 136 574 271 194 212 051
LDH

CaNiAl- - 4872 - 027 3663 - - 175 - - - 202 - - -
LDH

LDH = Layered Double Hydroxide, SDS = Sodium Dodecyl Sulfate, CHA = Coconut Husk Ash
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Table VII.2: The isotherm, kinetics, thermodynamics, adsorption mechanism and synthetic method of all the studied adsorbate-
adsorbent system are listed.

Adsorbent Synthetic method  Dyes Isotherm Kinetics gmax (Mg/g)  Thermodynamics

ZrO2/MgAl-  Co-precipitation Congored  Langmuir, Pseudo-second-order 169.42 Endo

LDH Redlich-peterson

CuAl-LDH Co-precipitation Methyl red  Langmuir Pseudo-second-order 209 Endo

CuAl/SDS-  Co-precipitation Methyl red  Langmuir Pseudo-second-order 411 Endo

LDH

CHA Combustion of Malachite Langmuir Pseudo-second-order 943.39 Endo
coconut husk green

CHA/CoAl-  Combustion/ Malachite Langmuir Pseudo-second-order 666.40 Endo

LDH co-precipitation green

CaNiAl-LDH Urea hydrolysis Congored  Langmuir Pseudo-second-order 135.21 Endo

CaNiAI-LDH Urea hydrolysis Methyl Langmuir Pseudo-second-order 40.93 -

orange

CHA Combustion of Methylene  Langmuir Pseudo-second-order 32.13 Endo
coconut husk blue

CHAJ/NIAI-  Combustion/ Methylene  Langmuir Pseudo-second-order 11.82 Endo

LDH co-precipitation blue
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VI11.1 Future scope:

1.

Further investigations will be required to determine the mechanisms and sites of adsorption
of dyes on LDH-based adsorbents.

It is also noted that both CHA and CHA/NIAI-LDH have low adsorption abilities for the
cationic dye methylene blue. Thus, it is required to test several modified LDH materials to
determine the parameters that will boost dye adsorption capability.

A significant number of Zr-based adsorbents were reported only for metal adsorption, but
the synthesis of Zr-modified LDH could be useful in removing both metal and organic dyes.
Thus, further investigation of Zr-modified adsorbent is required for more efficient and wide
application in both organic and inorganic pollutant remediation.

The adsorbents such as CHA and CHA/LDH composite can be further employed as catalyst
in studying organic reactions.

To comprehend the application of LDH-based adsorbents in industry, adsorption
experiments need to be carried out in multi-component systems comprising different kinds
of dyes, and the results need to be contrasted to those found in single-component systems.
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