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2. Materials and Methods
Regeneration and Reusability Studies

An adsorbent is regarded as effective and economical if it exhibits significant reten-
tion of adsorbate removal efficiency and adsorption capacity after multiple runs. The
quantity of utilized adsorbent must be reduced to keep costs to a minimum and the pro-
cess can be completed through regenerating the adsorbent material from the treated ef-
fluent. Thus, desorption studies were executed to evaluate the efficiency of desorbed ad-
sorbate from the adsorbent particle surface and the recovery of exhausted adsorbent. In
this study, we explored the process of desorption and regeneration of CR-laden CuFe204
nanocomposite using various desorbing reagents, such as ethanol, isopropanol, and ace-
tone to regenerate the adsorbent [1]. The loaded CR dye molecules on CuFe204 nanocom-
posite adsorbent were exposed to the various desorbing reagents in separate batches to
achieve the desired outcome. To make sure the adsorbent for the decolorization experi-
ment was fully saturated, the optimum amount of adsorbent dosage was placed in a 250
mL Erlenmeyer flask with 100 mL of 200 mg/L initial concentration of CR dye solution.
The adsorbate solution with solid adsorbent is then shaken at 150 rpm for 24 h. We exam-
ined the removal efficiencies of the regenerated CuFe204 nanocomposite adsorbent during
three cycles of adsorption-desorption processes to assess its performance. After reaching
equilibrium, the used adsorbent is centrifuged and dried at 338 K in each flask before
being subjected to various desorbing reagent (100 mL) treatments in separate batches and

being reused to test its reusability for subsequent runs [2].
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3. Results and Discussion
3.1. Selection of Appropriate Nanocomposite Material for the Remouval of CR Dye from Simulated
Effluent

Batch adsorption experiments were carried out using various nanocomposite mate-
rials such as copper ferrite, nicker ferrite, and manganese ferrite at room temperature to
evaluate the adsorption capacity and the results are revealed in Figure S1.
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Figure S1. Selection of appropriate nanocomposite adsorbent for the uptake of CR dye. (Initial pH:
6; initial adsorbate concentration: 200 mg/L; dosage of CuFe20: adsorbent: 4 g/L; nanocomposite
particle size: < 1000 nm; stirring speed: 150 rpm: duration of contact 24 h; operating temperature:
302 K).

Figure S1 shows that the maximum equilibrium dye uptake of CR was observed using
the adsorbent copper ferrite with an initial adsorbate concentration of 200 mg/L at pH 6
and 24 h. This might be because the copper ferrite adsorbent particle has more active sites
available. In comparison to other nanocomposite materials, the copper ferrite has a greater
surface area and pore volume at 30.03 m?/g and 71 mm?/g, respectively. Therefore, among
three different adsorbent choices, copper ferrite nanocomposite was discovered to have
higher outcomes and was investigated for further studies.

3.2. Analysis of Batch Adsorption Experiments for the Remouval of CR Dye from Synthetic
Wastewater

3.2.1. Effect of Initial pH of Dye Solution on Adsorption Behavior
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Figure S2. Chemical structure of Congo red (CR) dye.
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3.2.2. Effect of Agitation Speed

The shaking speed in a batch adsorption process plays a crucial role in overcoming
external boundary layer resistance. To understand its impact on dye uptake, the shaking
speed was varied from 0 to 180 rpm at room temperature. From Figure S3B, it was ob-
served that as the agitation speed increased, the equilibrium adsorption capacity of CR
showed a significant improvement, rising from 15.83 mg/g to 40.84 mg/g. A decrease in
the thickness of the film resistance around the particles of the CuFe2Os4 nanocomposite
adsorbent may have augmented turbulence, which increased external film diffusion and
CR dye molecules uptake, resulting in the rise in adsorption capacity. This occurrence can
be explained by the larger contact surface area created between the adsorbent and the
adsorbate solution due to the increased agitation speed. As a consequence, more dye mol-
ecules are diffused from the aqueous solution to the vacancy sites of the adsorbent, leading
to the higher adsorption capacity observed in the experiment [5].

3.2.3. Effect of CuFe204 Nanocomposite Adsorbent Dosage

The equilibration of the adsorbent and adsorbate is significantly influenced by the
nanocomposite dosage. Figure S3C shows that the CR dye uptake at equilibrium decreases
from 77.61 mg/g to 28.60 mg/g with increasing the adsorbent dose from 1 to 6 g/L. This is
mainly due to the concentration gradient between the adsorbate in the bulk solution and
the adsorbate in the liquid phase at equilibrium. In addition, the adsorption of dye mole-
cules on the particle surface, no change in the surface area of the adsorbent particle, and
the competition for the availability of binding sites for the accumulation of dye decreases
with the rise in the nanocomposite adsorbent dosage. This phenomenon could be caused
by adsorbent particle interactions, such as aggregation or overlapping of adsorption bind-
ing sites, which are brought on by high adsorbent concentration. The overall active surface
area of the adsorbent would be reduced as a result of such aggregation, and the length of
the diffusion path would be increased [6].

3.2.4. Effect of CuFe20s4 Nanocomposite Adsorbent Particle Size

Figure S3D shows the impact of adsorbent particle size on equilibrium dye uptake
and it was observed that the CR dye adsorption capacity gradually increased from 39.78
mg/g to 41.13 mg/g as the particle size diminished from 1074.8 to 465.2 nm. The gradual
increase in dye uptake may be attributable to smaller particles' higher surface areas per
unit mass that are available for adsorption. Additionally, the reduced size of the particles
contributes to a shorter diffusion path, enabling the dye molecules to penetrate more
deeply into the adsorbent particles at a rapid rate. As a result, an increase in dye uptake
is achieved due to the enhanced accessibility and interaction between the dye and the
smaller adsorbent particles [7].

3.2.5. Effect of Electrolytes

An adequate number of dissolved inorganic salts such as sodium chloride, sodium
bicarbonate, and sodium nitrate are present in the effluent discharge from the textile in-
dustry, which may have an impact on the uptake of adsorbate molecules. As a result, it's
crucial to research how ionic strength affects the adsorption process in wastewater treat-
ment in textile industries. Various concentrations of the above-mentioned inorganic salts
were introduced in separate batches to examine the impact of ionic strength on the equi-
librium dye uptake of CR. Figure S3E depicts that the CR dye uptake at equilibrium im-
proved with a rise in the concentration of ionic strength. This is explained by the fact that
there is now more positive charge on the particle surface of the nanocomposite adsorbent,
which decreases the electrostatic repulsion between the molecules of CR dye and the ad-
sorbent. The rise in ionic strength leads to a greater aggregation of adsorbate molecules,
and in turn, encourages the adsorption of CR [8].



Molecules 2024, 29, 481 4 of 5

(C)

—
p
L
—
oo
—

50, 80
= ) AOF |=g=cr dye adsorption _ CR dye adsorption
? 40 ? 36 capacity, q (mg/g) % 0k capacity, L (mg/g)
< =1 g
o =32 1] )

g 30 0 &
5 = 2 £ sop
= [t
g 20 5 £
v v U]
> - ]
: 40} =#=CR dye adsorption : 20| &
U capacity, q (mg/g) U » 5 k1]
0 'l 'l Il Il Il Il 'l 20 Il B 'S I 'l Il
6 7 ] 9 10 11 12 0 20 40 El]. 80 100 120 140 160 18 1 2 3 4 5 6
(D) Initial pH E Shaking speed (rpm) CU.FEZOI nanocomposite, (g/L)
(E), (F) ,,
% 4.0k s C R dye adsorption i ! [l NaCl o ==#==CR dye adsorption
] capadity, q, (mg/g) E‘l _._1\-31\-03 ? 50} |capacity, q (mg/g)
o =, 43 4
@ z (== NzHCO | < 40
< 40.5p _24: I
] K| =
& % 42} 5 %
w
= g v
© 400 < 22
gy FOUP o o
9] @] 41§ @] i
_.500 ﬂ-l,ﬁ 10‘00 00 02 04 06 08 1.0 50 100 150 200 250
Particle size (nm) Electrolyte concentration, (% w/v) Initial CR dye concentration, C (mg/L)

Figure S3. CR dye uptake onto CuFe204 nanocomposite (A) Effect of initial pH; (B) Effect of shaking
speed; (C) Influence of adsorbent dosage; (D) Influence of particle size; (E) Influence of ionic
strength; (F) Effect of initial adsorbate concentration on CR dye uptake onto CuFe204 nanocompo-
site.

3.3. Inference From CuFe204 Nanocomposite Adsorbent Renewal and Reusability Studies

Table S1. Regeneration of CR dye-loaded CuFe201 nanocomposite adsorbent in various runs.

SI. No  Desorbing reagent used to regen- Desorption efficiency (%) of CR from CuFe:04loaded adsorbent
erate CuFe204 nanocomposite
1 Ethanol 84.341 68.340 60.149
2 Isopropanol 77.229 55.279 42.559
3 Acetone 68.554 42.650 22.840
Table S2. Reusability of CuFe20Os nanocomposite adsorbent for the uptake of CR dye in various
runs.
SI. No Desorbing reagent used to regen- CR dye uptake onto regenerated CuFe:20:adsorbent at equilibrium, qe (mg/g)
erate CuFe204 nanocomposite
1 Ethanol 40.617 39.230 38.567
2 Isopropanol 40.587 33.574 31.332
3 Acetone 40.597 26.720 19.857
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