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Abstract

Bacterial cellulose (BC) is a type of biomass composed entirely of cellulose. This charac-
teristic favors the presence of a multitude of active sites, which facilitate the exchange of
heavy metals present in polluting effluents. Upon contact with water contaminated with
metals such as chromium, arsenic, and lead, among others, this biomass offers a potential
solution to the environmental problem of industrial pollutants in water. This is particularly
pertinent given the well-documented harmful effects of heavy metals in aquatic ecosystems.
In this context, the objective is to determine the impact of temperature on Cr (IV) adsorption
using bacterial cellulose biomass as an adsorbent, under different temperature scenarios,
similar to the conditions of discharge of contaminated effluents into rivers, lagoons, and
wetlands. In this study, the biomass was previously characterized through FTIR and SEM
images, and isothermal models were subsequently evaluated along with batch adsorption
kinetics. The findings demonstrate that bacterial cellulose biomass has great potential for
Cr (VI) removal at various temperatures, with an adsorption capacity of 140 mg/g at high
temperatures and a reduction of up to 125 mg/g at low temperatures. The findings of this
study constitute a valuable contribution to decision-making when considering the expan-
sion of these treatment processes, facilitating this task by offering a comparative analysis of
effluent discharge conditions in relation to various scenarios involving contaminated liquid
temperatures. The use of this biomaterial in an environmental sustainability initiative
focused on water resource conservation is a very promising prospect.

Keywords: cellulose; biomass; isotherm; thermodynamic

1. Introduction

A considerable number of studies in the field of environmental sciences are currently
focusing on the identification of industrial wastewater treatment systems that are not
only effective in their function, but also straightforward to assemble and economically
viable [1,2]. This focus is largely driven by the pressing issue of water contamination by
heavy metals. The presence of these pollutants poses a threat not only to the environment
but also has significant social and economic implications, as evidenced by the decline in
ecosystem services provided by water bodies such as rivers, wetlands, and lagoons [3,4].
As demonstrated in previous studies [5-9], the heavy metal chromium (Cr) is a substantial
source of contamination in wastewater. Cr is an essential element for humans, but it is toxic
in high concentrations. Consequently, global research efforts are predominantly oriented
towards the management of Cr (VI) exposure and toxicity [10,11]. The contamination of
water bodies by Cr (VI) represents a significant environmental concern, given its deleterious
effect on ecosystem services. This is due to the fact that it bioaccumulates in animal
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and plant tissues and is non-biodegradable, therefore posing a long-term risk to human
health [12-15]. The C-OH groups on cellulose have been identified as the primary reactive
sites for the reduction of Cr (VI) to Cr (III). In this process, the resulting Cr (III) reacts
with cellulose, forming an inner sphere bidentate complex with the carboxyl groups that
are the by-products of the oxidation of the C-OH groups by Cr (VI) [16]. A cost-effective
and straightforward technique for extracting heavy metals is through the utilization of
adsorbent biomasses [17-19]. Bacterial cellulose has emerged as a promising solution
due to its high adsorption capacities. The cellulose composition of bacterial cellulose
provides a multitude of active sites within its cellulose matrix, where the exchange of
heavy metals occurs through a process known as cation exchange [20-22]. The presence
of hydroxyl groups in bacterial cellulose serves to attract heavy metals, thus facilitating
the adsorption of these contaminants [23-25]. Bacterial cellulose has been demonstrated
to be an effective absorbent for the removal of heavy metal ions. It has also been shown
that this biomass can remove different types of heavy metals from mixed effluents [26].
The adsorption mechanism for Cr (VI) is understood to generally consist of chemical
reactions between functional groups on the adsorbent and metal ions or cation exchange
reactions due to the high cation exchange capacity of the adsorbent [27]. Laboratory-
scale experiments are conducted to ascertain behaviors and adaptations in heavy metal
removal, thereby informing decisions when designing processes at larger scales. The
parameters that are considered include pH, various concentrations of heavy metals, and
notably, temperature. Through the careful manipulation of variables such as temperature,
it is possible to ascertain the predominant isotherm in the adsorption process, thereby
facilitating the selection of the most suitable isotherm for the given context [28-31]. The
evaluations of thermodynamic parameters represent a fundamental and integral component
within the scope of adsorption research projects, as they are critical to delineate the nature of
the process by reporting physical or chemical interactions [32,33]. In order to reuse biomass
and thus obtain a product that meets the criteria of the circular economy, biomass elution
processes must be in place [34]. An effective elution agent is ethylenediaminetetraacetic
acid (EDTA), a powerful chelator that optimizes the adsorption process of heavy metals
in adsorbent biomasses [35,36]. Therefore, it is imperative to develop laboratory-scale
treatment systems with bacterial cellulose biomass, using adsorption models, to identify
the optimal parameters for the development of a larger-scale treatment system. For this
reason, the present project was initiated with the objective of determining the impact of
temperature on the adsorption of Cr (IV) using bacterial cellulose biomass as an adsorbent.

2. Materials and Methods
2.1. Bacterial Cellulose (BC) Production

The production of this biomass involved the use of tea, glucose (3 g), and yeast (Saccha-
romyces cerevisiae) (5 g), mixed with distilled water (1 L). The mixture was subsequently
heated to 85 °C to form the initial culture medium. Then, 300 mL of kombucha (symbiotic
culture of bacteria and yeast) was added to a 3 L glass container and placed in a 15 L incuba-
tor (IO Xtemp Series Dual Incubator Oven, Hettich, Fohrenstr, Germany) at a temperature
of 37 °C. During the incubation process, pH, humidity, and temperature were kept constant
for all samples. The production of cellulose films was completed in approximately three
weeks. After this process, the BC films were dried to remove excess water. After drying,
the bacterial cellulose biomass was ground to obtain particles below 0.222 mm using a
squat mill.
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2.2. Batch Adsorption Experiments

Test solutions of 300, 400, and 600 mg/L Cr (VI) were prepared using a 1000 (mg/L)
Cr (VI) stock solution prepared with distilled water and potassium dichromate. The batch
adsorption study was carried out at 20 °C. The adsorption capacity was determined by
suspending 0.3 g of biomass in 100 mL of Cr (VI) solution for 140 min at 200 rpm. The
sample size was 20 pm, which was subsequently transferred to a centrifuge (KASAI MIKRO
200, Staufen, Germany). The experiments were carried out in a 100 mL glass vessel with
constant stirring (IKA KS 4000 stirrer, Staufen, Germany) at 20 °C and 150 rpm. Data
were recorded at 20 min intervals until 160 min had elapsed. For greater reliability, the
experiments were performed in triplicate, using arithmetic averages. All tests were carried
out at neutral pH and at three different temperatures.

2.3. Analysis of Treatment

The treatment was conducted at different temperatures, controlled in the laboratory
by an incubator (IO Xtemp Series Dual Incu-bator Oven, Hettich, Fohrenstr, Germany).

BC (1): Biomass cellulose to temperature 10 °C and 283 K;

BC (2): Biomass cellulose to temperature 25 °C and 298 K;

BC (3): Biomass cellulose to temperature 45 °C and 318 K.

Chromium determination. A solution was prepared by mixing 900 microliters of
0.5% diphenylcarbazide (97% purity) with 120 microliters of acetone (97% purity, w/v)
and 80 microliters of diphenylcarbazide (1,5-diphenylcarbazide), adjusting it to a pH of
2 and a purity of 90% (H3POy). Subsequently, 100 microliters of the chromium sample was
added to an Eppendorf tube. Then, it was transferred to an adsorption cell, measuring the
adsorbance at 540 nm. The measurement uncertainty of heavy elements, specifically Cr
(VI), was approximately 4%.

Chromium measurement. The Cr (VI) content was measured using an Evolution
300 spectrophotometer, which monitors changes in light absorption. All of these analy-
ses for determining chromium in water complied with APHA (American Public Health
Association) and Standard Methods for the Analysis of Water and Wastewater.

Desorption—adsorption process. The bacterial cellulose saturated with Cr (VI) was
placed in a 200 mL Erlenmeyer flask at 20 °C for 2 h, stirring constantly, with 100 mL of
EDTA (0.1 g/mL). The biomass was then filtered off.

2.4. Biomass Characterization

Bacterial cellulose was observed using an integrated scanning electron microscope
(SEM-EDS) coupled with an energy-dispersive X-ray spectroscopy (FTIR) microanalysis
system (University of Los Andes, Bogotd, Colombia).

FTIR. The biomasses were analyzed using Fourier transform infrared spectroscopy
(79 Jasco FTIR 430). IR spectra were measured between 4000 and 400 cm ™!, with a resolution
of 4cm~! and a scan speed of 2 mm s~ 1.

Adsorption models. Table 1 shows the summary of the isotherm and kinetic models.

Table 1. Models of isotherms, kinetics, and thermodynamics.

Model Isotherm

Capacity of adsorption

Q (mg/g) Adsorption capacity (mg/L) Vol: volume
(1) Q= W (ml); M: Biomass (g), CO Concentrations initial
mg/L; CF Concentrations final.

Freundlich equation

Q (mg/g) Adsorption capacity (mg/L) Kp (mg/g)

_ n
@) Q = KF(Cs) (L/mg), n is constant for Freundlich.
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Table 1. Cont.

Model Isotherm

Langmuir equation

Q (mg/g) Adsorption capacity; Qm (mg/g) is the
3) Qe = (%_TIS(IEIS: maximum adsorption capacity; Ki (mg/g) constant
for Langmuir

Q (mg/g) Adsorption capacity at equilibrium; Kt

i i _ (R Rt
Temkin equation 4) Qe = (F)Ln Kt + (W)Ce (mg/g) constants for Temkin
Model Kinetic
e _ B B Qt and Qe (mg/g) of pollutions at equilibrium and
Pseudo-first order ©®) Qt = Qefl — exp(—kt)] time t (h); Kq (min~!) is the pseudo-first order
_ __QeKt . :
Pseudo-second order (6) Qt =% (q‘; e Qt and Qe (mg/g); K, is the model second order.
. 0‘5 . . . . . .
Intraparticle diffusion % Qt = Ky +C Qt (mg/g) Kiq (mg/g)h"~ is intraparticle diffusion;

C (mg/g) is the thickness of the boundary layer

Model Thermodynamic

R (8.314 ] /mol.K) is the gas constant, T (Kelvin),
8) LnB = A%y L4 AS° AHP® (k] /mol) is the enthalpy change, and AS°
R *TTTR py &
(J/mol.K) is the entropy change.

AG? (kJ/mol) is the change in Gibbs energy of the

©) AG® = —RTLnKI processes, AG®
(10) AG° = AH® — TAS®
3. Results

3.1. Fourier-Transform Infrared Spectroscopy (FTIR)

As illustrated in Figure 1, the characteristic functional groups of bacterial cellulose
have been determined by this tool. In this context, the hydroxyl group (OH) is of particular
significance due to its ability to interact with heavy metals [37,38], as evidenced by the
3448 cm ! stretching band.

Figure 1. Production of bacterial cellulose (BC).

Figure 2 represents the spectra of a special cellulose with 100% purity of this polysac-
charide. The biomass is shown before and after the removal of Cr (VI), observing the
intensities of (OH, C=0, and CO) and characteristic peaks of bacterial cellulose [39], and a
change can be observed due to the adsorption process of Cr (VI). These changes are due to
the biochemical modification in the biomass [40], especially of the hydroxyl group (OH),
located at 3340 cm !, indicating a possible interaction between this group and Cr (VI) [41].
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Specific changes can also be seen in the peaks at 1632 cm ™! and 1000 cm ™!, corresponding
to the C = O and CO groups, respectively, due to the incorporation of this heavy metal in
the structure of bacterial cellulose [42,43].
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Figure 2. FTIR characterizations of BC.

3.2. FE-SEM

Field-emission scanning electron microscopy (FE-SEM) was utilized to examine the
microstructure of bacterial cellulose biomass. Figure 3 shows some characteristics of BC.

Figure 3. BC analysis. (A) shows the SEM morphology at 1 pum. (B) shows the SEM morphology at
10 um. (C) shows the EDS mapping that revealed the distribution of elements. (D) is an image of the
bacterial cellulose biomass.
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Microphotographs revealed the presence of nanofibers forming three-dimensional cel-
lulose networks with porous channels with openings of approximately 0.1 um (Figure 3A,B).
Figure 3C represents an EDS mapping, revealing a distribution of the characteristic ele-
ments of this biomass, which are oxygen (O) and carbon (C), and also shows chromium (Cr)
after adsorption. Figure 3D shows a biomass characteristic of bacterial cellulose. Table 2
represents the EDS mapping in the characterization of the elements.

Table 2. Composition of the BC sample with Cr (VI).

Element Weight Percentages %

Carbon 45.1 44.1

Oxygen 41.3 39.2
Chromium 10 9.1

As shown in Table 2, the analysis indicates that the biomass exhibited a predominance
of carbon and oxygen compositions; similar results were reported in [44-47]. After the
adsorption process, the Cr (VI) occupancy in the biomass is approximately 9% due to the
incorporation of this heavy metal into the biochemical structure [48], somewhat aligning
with similar investigations [49].

3.3. Chemical Analysis of Adsorption
After analyzing the FTIR results, micrographs, and EDS analysis, Figure 4 shows the

bacterial cellulose and adsorption process.
D

0 k(‘;—o\’ o (K s /O
e

BC Oxide Of Chromium

BC+Cr
Figure 4. Representations of the cellulose bacterial and adsorption of Cr (VI).

The adsorption process involves reactions between the adsorbent’s functional groups
and Cr (VI) metal ions and cation exchange reactions due to the adsorbent’s high cation
exchange capacity [50-52].

3.4. Removal Results Under Three Temperature Scenarios

Cr (VI) removal by BC bacterial cellulose was analyzed under three different tempera-
ture conditions in order to assess which of these conditions has the greatest impact on the
process. As illustrated in Figure 5, BC (1) biomass was observed at a temperature of 288 K.

BC (1) biomass has demonstrated its excellent capacity to adsorb heavy metals (see
Figure 6), with removals above 90% being achieved at 120 min under an initial concentration
of 600 mg/L, 180 min at an initial concentration of 400 mg/L, and 200 min at an initial
concentration of 300 mg/L. As illustrated in Figure 6, the treatment system utilizing BC
(2) demonstrates its efficacy in this regard.
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Figure 5. Cr (VI) removal percentages from BC (1) biomass to 288 K.
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Figure 6. Cr (VI) removal percentages from BC (2) biomass to 298 K.

The BC (2) biomass showed ideal performances when treating water contaminated
with Cr (VI) for 160 min, under initial concentrations of 600 mg/L. This biomass, at room
temperature, removes interesting percentages of Cr (VI), making this biomass an ideal
material for treating industrial wastewater due to its excellent experimental results [53,54].
Figure 7 shows the treatment system with the BC (3) biomass.

It is evident that after treatment for more than 200 min, at low initial concentra-
tions of 600 mg/L, the bacterial cellulose biomass increased its adsorption capacities
with increasing temperature due to an increase in its chemisorbing potential. Given the
industrial nature of the BC (100% bacterial cellulose), it was observed that removals in-
crease due to the activation of the active sites of this biomass [55-57]. The enhanced
interaction of the adsorbent material with Cr (VI) present in the water is particularly ad-
vantageous when utilizing water treatment systems with a post-humus design at elevated
temperatures [58,59]. For example, E. crassipes biomass has also been used in Cr (VI) re-
moval processes, achieving the removal of 90% of the contaminant, at an initial 300 mg/L
in 100 min [60], but when this same biomass is used with a chelating chemical agent, such
as iron chloride, the process is optimized by 20% more in Cr (VI) removals [61]. Zeolites
remove 99% of the Cr (VI) present in water at initial concentrations of 600 mg/L [62,63],
but this material is very difficult to obtain. High removals have also been achieved with
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activated carbon [64-66], around 95%, which is an ideal component of adsorbents but has
high energy expenditure, increasing its operating costs. Table 3 shows the research on the
process of removing Cr (VI).

100%

80%

60%

40%

20%

0%

Cr(VI) removal percentages (%).

0 50 100 150 200 250 300 350 400
t(Min)
—@—300(mg/l) —e—400(mg/l) —@—600(mg/l)

Figure 7. Cr (VI) removal percentages from BC (3) biomass to 318 K.

Table 3. Research’s on the Cr (VI) removal efficiency.

Reference Adsorbents Concentrations (mg/L) of Cr (VI) Remotion’s %
[60] E. crassipes 300 90
[61] E. crassipes + FeFOOH 300 99
[62] Zeolites 1000 99
[64] Activated carbon 500 95
[67] pinecone shells 500 90
[68] Citrus maxima peel 100 90
[69] Chitosan biocomposite 500 99

3.5. Isotherms

Thermodynamic studies using isothermal evaluations of the adsorption processes are
ideal due to their ability to accurately investigate the nature and mechanisms of heavy
metal adsorption in the different biomasses under evaluation [70]. The isothermal studies
were carried out at three temperatures (288, 298, and 318 K). Table 4 shows a summary of
the parameters.

Table 4. Summary of the parameters.

Isotherm Constante R?

BC (1) Langmuir K =0.8;, Qm; 125 0.99
Freundlich Kg=0.16 0.91

Temkin Kt =16.33 0.90

BC (2) Langmuir K; =1.0; Qm; 135 0.99
Freundlich Kg=0.14 0.91

Temkin Kr=16.2 0.89

BC (3) Langmuir K =1.1; Qm; 140 0.99
Freundlich Kg=0.12 0.91
Temkin Kr=16.1 0.90

As demonstrated in Figure 8, the various isotherms are represented graphically. The
adsorption capacities of each biomass are evident, with the BC (3) biomass demonstrating
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superior performance due to an increased number of active sites in the biomass matrix,
resulting from specific activation by elevated temperatures.

160 160
440 . oo e BC(1) 140 ) cednes BC(2).
re P .
120 ﬁ"‘M 120 o
EBLOC e —@— Langmuir 5800 —@&— Langmuir
=y Isotherm %r Isotherm
£ 80 2 80
o —@&— Freunlich o —@— Freunlich
60 60
Isotherm Isotherm
40 . 40 .
®— Temkin Temkin
20 Isotherm 20 isotherm
0 0
0 5 10 15 0 5 10 15
(Cemg/L) (Cemg/L)
(a) (b)
160
o
140 ° OO a
L oo aes BC(3)
120 §
S
100 —@— Langmuir
oh
?‘m Isotherm
5 —@— Freunlich
60
Isotherm
= ® Temkin
20 Isotherm
0
0 5 10 15
(Cemg/L)

()

Figure 8. Adsorption capacities of each biomass, along with the adjustments of its isotherm.
(a) Graphic isotherm of BC (1). (b) Graphic isotherm of BC (2). (c) Graphic isotherm of BC (3).

It can be observed that the Langmuir isotherm model best represents the adsorption
process. These results demonstrate that bacterial cellulose aligns with this isotherm in
adsorption processes, due to its characteristic homogeneity of this biomass [71]. Because of
this, the Langmuir isotherm parameter (Ky ), numerically equivalent to the thermodynamic
model constant, could be used. Thermodynamic evaluations during Cr (VI) adsorption
processes by bacterial cellulose are imperative in practical applications in decision-making
in the design of treatment systems with adsorbent biomasses [72]. From the adsorption
isotherm data at different temperatures, the enthalpy (AH ads), entropy (AS°ads), and free
energy of adsorption (AG°ads) can be calculated using Equations (7)—(9). The thermody-
namic results of the biomasses at different temperatures are summarized in Table 5.

Table 5. Summary of thermodynamic parameters.

AS° (J/mol.K) AH® (kJ/mol) AG?® (kJ/mol) Temperature (k)

BC (1) 111.0 7.3 —24.59 288
BC (2) 109.2 7.0 —26.14 298
BC (3) 108.5 6.9 —28.96 318
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Ln{Qe-Qt)
w

BC (1)

In Table 5, it is observed that the free energy (AG®) values were negative, indicating
a spontaneous interaction in the chemical adsorption involving bacterial cellulose and
Cr (V). It was concluded that the active sites, such as the hydroxyl groups (OH), of this
biomass were associated with cation exchanges, thus contributing to the high removal rates
of this biological material [73]. Furthermore, the negative values of AG® that also increase
with increasing temperature suggest that the Cr (VI) removal process becomes increasingly
favorable, spontaneous, and feasible at higher temperatures [74]. The positive enthalpy
values, AH®, for Cr (VI) ions imply that the process is endothermic. The positive value of
AS° can be attributed to the randomness of Cr (VI) ions during the chemisorption process
in biomass [75], and an increase in these values indicates an increase in disorder during the
adsorption process.

3.6. Kinetic Studies

Bacterial cellulose at different concentrations and at the three temperatures fitted
second-order models due to the high speeds of the adsorption processes. The kinetics of Cr
(VI) removal by bacterial cellulose under three different temperatures are ideal due to the
rapidity and durability over time. Figure 9 shows the process kinetic studies.

1.4
12
1
o 0.8
41\.\. g
) 0.6
0.4
0.2
0
50 100 150 0 50 100 150 200
t(Min) t(Min)
—e—BC(2) —e—BC(3) e BC(1) —e—BC(2) —e—BC(3)
(@) (b)
140
120
100
% 80
£
8 60
40
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0
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e BC(1) —e—BC(2) —e—BC(3)

(©

Figure 9. Process kinetic studies. (a) Graphic of first order. (b) Graphic of second order.

(c) Intraparticle diffusion.
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As demonstrated in the figures illustrating the removal of this heavy metal, particularly
at higher temperatures, the removal exceeded 100 mg/g within the initial 100 min, and
subsequently, adsorption equilibrium was attained after approximately 200 min. Table 6
gives a summary of the parameters for each of the models.

Table 6. Parameters of model kinetics.

Pseudo-First Order Pseudo-Second Order Intraparticle Diffusion
Samples Qe (mg/g) K; (min) R? Qe (mg/g) K> x 10-3 (g/mg-min) R? C (mg/L) Kq4 (mg/g x 0.5h) R?
BC (1) 124 0.91 0.94 125 1.17 0.99 18.2 44 0.91
BC (2) 133 0.92 0.96 135 1.22 0.98 18.1 4.5 0.91
BC (3) 141 0.93 0.97 140 1.25 0.96 18.0 4.6 0.90

Furthermore, the adsorption data can be adequately described by the pseudo-second
order kinetic model, as evidenced by the high correlation coefficient R? of 99%, which
suggests the predominance of chemisorption processes [76]. The rapid adsorption ki-
netics can be attributed to 100% bacterial cellulose and better interaction at higher tem-
peratures with the contaminant Cr (VI). The rate constant for the BC (3) biomass is
1.25 x 1073 (g/mg/min), which increases with increasing temperature. However, when
the temperature is decreased, as in the case of the BC (2) biomass, its rate also decreases to
1.22 x 1073 (g/mg/min). The adjustment of the BC (1) biomass to the second-order model
suggests that the low temperature affected the adsorption process to a certain extent, but
not significantly [77].

3.7. Elutions and Reutilizations of Biomass

Elutions were performed through EDTA, in which the biomasses were recycled at
different temperatures after the adsorption processes. The removal processes continued
under conditions that replicated those of the laboratory. As illustrated in Figure 10, the
adsorption capacities of the BC biomasses following elutions and reuse were also examined.

160

50 135

0 140 125

120 110 112 105 110
100 98 95

140

-
8
o]
(o]

80

55
60

40

o

Capacities of adsorptions (mg

BC(1) BC(2) BC(3)

M Elutions (0) Elutions (1) Elutions (2) Elutions (3) Elutions (4) Elutions (5)

Figure 10. Illustration of various elution processes with EDTA.

As shown in Figure 11, a continuous loss of adsorption capacities is evident in each
process in bacterial cellulose. Although the capacities were lost, no significant loss was
observed. However, a greater loss is evident in BC (3) due to high temperatures, and a
loss is also evident in the BC (1) biomass, but less than in the other two experiments. The
elution and reuse experiments demonstrate the biomass’s notable resilience to temperature
fluctuations and repeated elution with EDTA. This process has been shown to enhance
adsorption capacities, underscoring the potential for effective recycling of this biomass.
Such recycling is crucial for subsequent scaling designs in industrial wastewater treatment
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applications. Bacterial cellulose is particularly well-suited for this purpose due to its high
resistance to this chemical mechanism [77]. The elution process of bacterial cellulose is
illustrated in Figure 11.

EDTA+Cr

EDTA BC Elucidated

Figure 11. BC biomass with adsorbed Cr (VI) and EDTA is utilized to form a chelate complex between
EDTA and Cr (VI). This complex is then eluted or left free from bacterial cellulose for a subsequent
Cr (VI) removal process. The BC biomasses demonstrated resilience, withstanding five cycles under
varied temperature conditions.

EDTA, a compound known to be effective in elutions of heavy metals, is able to bind
with the metals through its hydroxyl groups, which become protonated in the process [77].
This results in the adsorption and subsequent chemisorption of the heavy metal into the
biomass, forming a chelate between EDTA and, in this instance, Cr (VI). This reagent is
considered to be one of the most effective due to its non-toxic nature and its applicability
across various recycling cycles and subsequent removal processes of heavy metals [78].
It is highly effective in the chelation of heavy metals present in adsorbent biomasses,
particularly cellulose [79]. The composition of Cr (VI) in the biomass and its elution with
EDTA cause the wear of the bacterial cellulose biomass by the chelating agent [80,81].
Notwithstanding, the biomass remains available for subsequent adsorption cycles and
further capacities of adsorption.

4. Conclusions

A treatment system for the removal of Cr (VI) from industrial wastewater has been
designed and developed. This has been achieved through the use of industrial biomass,
such as bacterial cellulose, in a batch adsorption process. The result of this process is
superior adsorption performance, including high adsorption capacity, rapid capture ki-
netics, and optimal fit to a Langmuir isotherm adsorption model. The development of
thermodynamic models has been shown to facilitate decision-making when effluents have
different discharge temperatures. The study concluded that bacterial cellulose biomass is a
promising material for the removal of Cr (VI) at different adsorption temperatures. The
highest adsorption power was observed at higher temperatures, and significant removal
of this heavy metal was also achieved at lower temperatures. Furthermore, the special
importance of the elution and recycling process was evident, as it optimized the sum of all
adsorption capacities. This, in turn, has the potential to increase the economic viability of
the material in the context of developing large-scale industrial water treatment systems.
The findings are relevant to the field of environmental sciences, as they demonstrate that
treatment systems using this biosorbent can be designed on a larger scale. This approach
has the potential to prevent the ongoing environmental, social, and health impacts caused
by Cr (VI).
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