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Abstract
In recent years, chromium water pollution has become a serious problem for aquatic environments as rivers and wetlands, 
and for human health. Many researchers are working on finding economic and efficient ways to solve this issue, with the 
objective of mitigating the damaging effluents of the industries, as in the case of the dumping of chromium. In this study, 
the removal of chromium (VI) by plant cellulose and bacterial cellulose was evaluated. An experiment was carried out with 
different initial concentrations of chromium, evaluating the ability to eliminate and adsorb this contaminant by means of 
biomass of E crassipes, bacterial cellulose, and the union of these two biomasses, determining which is the best biomass. 
Different design variables such as characterizations of biomasses, adsorption kinetics, adsorption capacities through Lang-
muir isotherms, pH influence, and desorption-adsorption capacities of each of these biomasses were evaluated. Concluding 
that the capacity of bacterial cellulose (BC) is 47 mg/g, the capacity between bacterial cellulose and E crassipes cellulose 
(EC + BC) is 28 mg/g and the cellulose of E crassipes (EC) is 10 mg/g. However, with the biomass of EC was given five 
processes of treatment more due to the power of elution that had the HCl about the Cr (VI) adhered in this biomass. But with 
the biomass of BC, the HCl had not the same result of elutions and alone had one treatment of Cr (VI).
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Introduction

Conventional industrial wastewater treatments, such as acti-
vated sludge, oxidation ditches, and membrane filtration, 
among others, are usually very expensive for industries that 
contaminate with heavy metals the water resources. For this 
reason, new and economical treatments for proper manage-
ment must be investigated and implemented in these indus-
tries, to avoid the serious environmental and social pollution 
consequences (Gong et al. 2017; Huang et al. 2019).

A form to treat the water could be through the adsorption 
of pollutants by cellulose. Different types of cellulose-based 
biomass have been identified with the capacity to adsorb 
heavy metals. Some of them are chitosan (Zhou et al. 2014), 
Coco residues (Pillai et al. 2013); (Kobielska et al. 2018) 
Banana (Saman et al. 2017), vegetable cellulose from cam-
phor leaf (Cinnamomum camphora) (Wang et al. 2018), 
bacterial cellulose (Baldikova et al. 2017; Jin et al. 2017), 
Biochar of banana (Gazi et al. 2018) and cellulose from E 
crassipes (Gupta and Balomajumder 2015; Sayago et al. 
2020).

Therefore, an alternative is needed for the proper treat-
ment of industrial wastewater; this alternative could be bac-
terial cellulose as a heavy metal removal agent in water. 
Bacterial cellulose has been used to remove chromium 
(Stoica-Guzun et al. 2016), lead (Jin et al. 2017; Huang 
et al. 2018); Cobalt (Jin et al. 2017), Copper (Wang et al. 
2015), Cadmium (Min et al. 2014). Bacterial cellulose (BC) 
is synthesized by the fermentation of the bacterium present 
in the genus Acetobacter reclassified as Gluconacetobac-
ter. The bacterium that produces cellulose more efficiently 
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is the Gram-Negative bacteria of the genus Gluconaceto-
bacter xylinus sucrofermentans (Carreño Pineda 2011). Its 
morphology is bacillus, stick-shaped, with a length of 2–10 
microns and a width of 0.5–1 microns. (Kamarudin et al. 
2018). It produces cellulose from a carbon source such as 
glucose, sucrose, mannitol, or arabitol among other polysac-
charides. This type of cellulose is extracellular produced 
mainly in vitro by the bacterium Acetobacter (Sulaiman 
et al. 2018; De Souza et al. 2019; Phruksaphithak et al. 
2019; Mohammed et al. 2018; Kumar et al. 2019; Xiang 
et al. 2017; Xiang et al. 2016; Cheng et al. 2017; Huang 
et al. 2018).

It has also been experienced on the use of vegetable cel-
lulose in the removal of heavy metals, as in the case of E 
crassipes, Arsenic (Lin et al. 2018; Dyes (El-Zawahry et al. 
2016), Lead (Zhou et al. 2011) (Ammar et al. 2014) (Tan 
et al. 2014); Uranium (Yi et al. 2016). E crassipes is an 
invasive aquatic plant present in wetlands contaminated by 
organic matter. Its abundant biomass and its great capac-
ity to retain heavy metals make it a promising source of 
biomass for the construction of water treatment systems 
(Sayago, 2019, 2021; Carreño Sayago & Granada, 2017; 
Tabinda et al. 2019; Shalaby et al. 2019).

In adsorbent treatment processes, desorption is an impor-
tant design parameter, due to the recyclability of this mate-
rial in the treatment of water contaminated with heavy 
metals. Hydrochloric acid (HCl) has been used in many 
investigations with important results in the desorption of 
heavy metals in different types of biomasses (Lin et al. 2018; 
Pillai et al. 2013) due to the fact that this reagent attracts the 
heavy metals adhered to the biomass (Hokkanen et al. 2013; 
Hokkanen et al. 2014a, b).

In the present investigation, the ability to remove and 
absorb chromium (VI) by the biomass of E crassipes (EC), 
bacterial cellulose (BC), and the union of the two biomasses 
EC + BC were evaluated, determining which is the best com-
bination, through of the characterizations of biomasses, 
adsorption kinetics, isotherms, the influence of pH, and 
desorption-adsorption capacities of each of these biomasses.

Materials and methods

Preparation of bacterial cellulose BC

Bacterial Cellulose BC films were produced in the culture 
medium of a ripe pineapple, using Kombucha, obtained in 
the bioprocess laboratory of the Jorge Tadeo Lozano Uni-
versity. It was washed with distilled water and all kinds of 
impurities were separated. The initial weight of the pineap-
ple (Ananas comosus) was taken, the proportion was 65% 
distilled water and 35% pineapple. The juices were sterilized 

in an autoclave at 121 °C for two hours (Sulaiman et al. 
2018).

500 ml media were prepared in previously sterilized glass 
containers. In each culture, 450 ml pineapple juice and 50 ml 
Kombucha liquid were added, then 0.5 g yeast extract and 
2 g Kombucha fungus were added. pH and temperature 
measurements were taken periodically. Bacterial cellulose 
film was obtained. The BC membranes were cut into pieces 
with a dimension of 20 mm × 20 mm × 5 mm. Then dried at 
70 °C for 48 h to remove moisture and grind to a 0.216 mm 
diameter. There was a production of 18 g in 6 h, this process 
was adapted (Carreño Pineda 2011).

Utilization of the E crassipes (EC)

E. crassipes plants were collected in a wetland located in 
the municipality of Mosquera, outsides Bogotá D.C.; subse-
quently washed EC with distilled water, separating the stem 
from the stem and leaves. Then dryed at 70 °C for 48 h to 
remove moisture and grind to 0.212 mm diameter. The pul-
verized biomass was screened through Blade Mill to obtain 
different particle sizes.

Creation of bacterial cellulose biomass and plant cell EC + BC

Three different types of biomass were evaluated: E crassipes 
cellulose (0.3 g); Bacterial cellulose (0.3 g) and Combined 
cellulose of EC (0.15 g) and BC (0.15 g).

The parameters of the investigation consisted 
on the following

Initial chromium concentrations: 20, 50, 100, 200, 300 and 
600 mg (chromium/L). Samples were taken in the flask at 
each time interval, analyzing the residual chromium concen-
tration. Samples of 20 µL were obtained and subsequently 
taken to the Centrifuge (KASAI MIKRO 200).

Rice et al (2017) To determine Chromium (VI), a UV84 
spectrophotometer was used, where it monitored the changes 
in absorbance. According to the norm (standard methods for 
the examination of water and wastewater).

Adsorption experiment

The batch adsorption experiments were carried out in a 
10-ml glass vessel with a stirring (IKA Ks 4000 equipment 
stirrer) at a constant temperature of 20 °C, 250 rpm. Data 
were taken every 20 min to complete the 180 min. By better 
results statistics everything, the experiments were made in 
triplicate, the average was the result end.

The stock solution of 1000 (mg/L) of Cr (VI) was pre-
pared with distilled water using potassium dichromate. This 
stock solution was used to prepare the test solutions of: 20; 
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100; 200; 300 and 600. mg/L Cr (VI). The batch adsorption 
study was taken at a temperature of 24 °C. The adsorption 
capacity was determined with the suspension of 0.3 g of bio-
mass in 100 ml of Cr (VI) solution for 140 min at 200 rpm, 
taking samples every 20 min, before determining the resi-
due, discarding the sediment.

FTIR The Materials were characterized by Fourier Trans-
form infrared spectroscopy (79 Jasco FTIR 430) to measure 
IR spectra in a spectral range of 4000–400  cm−1; a resolu-
tion of 4  cm−1, and a scanning speed of 2 mm  s−1.

pH influence

Three pH scenarios (pH 3, pH Neutral and pH 10) adjust-
ments were made to the pH to bring it to acidic and basic 
conditions, with 100 mg/L of Cr (VI).

Desorption‑adsorption

After the Cr (VI) adsorption processes, it was arranged to 
take this chromium-loaded biomass to carry out the elution 
process. At the end of the adsorption process by each of 
the biomasses were washed with distilled water and pos-
teriorly, the process of elution with HCl in an Erlenmeyer 
flask at 25 °C for 24 h with constant agitation. 20 ml HCl 
was used; then the biomass was separated through a filter 
and the pH was adjusted through distilled water (Hokkanen 
et al. 2014a, b).

g of BC and EC were eluted with 10 ml HCl 0.1 mol/L, 
then subjected to Cr (VI) g again, until saturation or wear of 
cellulose (Pillai et al. 2013).

Chromium Determination

The amount of Cr (VI) residue was estimated by means of 
the diphenylcarbazide method. For this the phosphate buffer 
solution was prepared by adjusting it to a pH equal to 2 
with  (H3PO4) to 90%. In an eppendorf tube 200 µl of 0.5% 
diphenylcarbazide (P/V acetone) is added, 900 µl of phos-
phate buffer and 100 µl of residual sample. The absorbance 
is measured at 540 nm, where it was transferred from an 
adsorption cell.

Adsorption isotherm

There were 6 different initial concentrations, where it was 
20, 50, 100, 200, 300 and 600 mg/L Cr (VI). Each process 
yielded 6 final concentrations  (Ce), which could be defined 
as the equilibrium concentration and 6 final capacities (q), 
it could be called equilibrium capacity with these clear 
parameters: The Langmuir, Freundlich isotherms, Tenkim 
and Dubinin R, and the second-order adsorption kinetics. 

These results were plotted. To obtain Langmuir isotherm, 
 Ce/q versus Ce was graphed, for the Freundlich isotherm 
ln (q) versus Ln  (Ce), Kf and n were graphed, the Temkin 
isotherm was graphed Ln  (Ce) versus (q), obtaining the 
parameters Kt and B. The Dubinin R isotherm was graphed 
Ln (q) versus (ʓ). obtaining the parameters: qm and b. The 
representative graphs of each isotherm represent the values 
of these constants.

Results and discussion

Results

FTIR analysis

The spectra were measured on the Fourier transform 
spectrophotometer FTIR, EC, BC, and EC + BC, with and 
without attached Cr (VI) were measured.

Characterizations through FTIR the spectrum (light 
green) shows the characteristics of biomass of EC bands 
of hydroxyl (OH) groups, due to the existence of cellulose 
and lignin, this is shows in the prolonged stretching in 
3280.

Also, different sections can be seen of hydrogen bonds 
due to (COOH) groups 1632 and amino groups; amides are 
masked by broad bands (OH) (Wei et al. 2017).

These hydrogen bonds are useful tools for the interaction 
with heavy metals. This is evidenced in the spectrum color 
(dark green) which represents a sample of EC with Cr (VI) 
adhered after the adsorption process, where the stretching of 
the group (OH) lost part of its extension (Fig. 1).

The change in peak 3280, after the adsorption of Cr (VI), 
indicates that EC removed Cr (VI) as a function of interac-
tion with (OH), part of (OH) was lost due to the formation 
of vibrations of ascension O-Cr. (Wang et al. 2018).

In Fig. 2, is shown the characteristic spectra of BC before 
and after the adsorption of Cr (VI). Hydroxyl (OH) groups 
can be seen in bands 3400 and 580, you can also see the 
characteristic band of bacterial cellulose 1650 of the amine 
group, unlike vegetable cellulose of EC. Also in Fig. 2, dif-
ferent stretches can be seen as in the case of (CH) with 1032.

After the experimental process of adsorption of Cr (VI), 
pink spectrum, significant changes were observed in its 
stretch levels during the tests FTIR. An important change 
in the hydroxyl group (OH) can be observed after the chem-
isorption process, like the vegetable cellulose of the group 
(OH) (Muhamad et al. 2020), part of the hydroxyl groups 
was lost in the characterization due to the presence in the 
biomass of Cr (VI) who is largely responsible for the adsorp-
tion of this heavy metal, due to the strong vibrations of O-Cr. 
In Fig. 2, can also be identified a loss in vibration expansion 
of  (NH2), at the peak of 1632, because this amino group 
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contributed to the adsorption of Cr (VI) and is much greater 
than vegetable cellulose. Concluding that this biomass incor-
porated Cr (VI) through two functional groups such as (OH) 
and  (NH2).

BET

The specific surface area, pore volumes and pore types were 
the basic units of EC and BC are characterized, where the 
density of the biomass (ρb), its porosity (ε), mass (m) and 
the volume of the adsorbent (V) are stipulated.

Fig. 1  Characterizations through FTIR of EC

Fig. 2  Characterizations of BC with Cr (VI) through FTIR
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A special concept in this article is the density particle 
(ρp), this density is defined as the diminute mass of the parti-
cle (mp) over the small volume of the particle (Vp) occupied 
in a space.

The volume of each particle, assuming they are spherical, 
was calculated through the following Eq. (3).

where (r) is the radius of the particle. The parameter (ε) 
was calculated with the relationship between the density of 
particle and density of the biomass of EC and BC.

(1)�b =
m

V

(2)�p =
mp

Vp

(3)Vp =
4�r3

3

According to Iváñez (2017), the density of the particle 
must be higher than the density of the biomass, in order to 
guarantee the diffusion of the pollutant in the pores of the 
adsorbent material. Worch (2012) concludes that, in treat-
ment system designs, porosity values must be above 0.5.

Adsorption results

Figure 3, 4 and 5 show three adsorption processes, where 6 
initial Cr (VI) concentrations were used, evaluating in the 
case of Fig. 3 only the biomass of EC, Fig. 4 BC, and in 
Fig. 5, 0.15 g of BC and 0.15 of EC cellulose were evaluated.

In the percentage of Cr (VI) elimination, the higher the 
concentration, the lower the percentage of removal due to 
the high Cr (VI) load that the fluid with 600 mg/L of this 
contaminant possessed. The biomass saturation of EC was 

(4)� = 1 −
�b

�p

Fig. 3  Cellulose removal per-
centages of EC

Fig. 4  BC removal percentages 
of Cr (VI)
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evident in the removals, with to efficiency of 10% at the 
initial concentrations of 600 mg/L and also saturating with 
initial concentrations of 300 mg/L, with to efficiency of 
40%. With the initial 200 mg/L concentrations of Cr (VI), 
an interesting efficiency of around 60% could be observed. 
The initial concentration of 100 mg/L, had an efficiency of 
80% of the Cr (VI) present in the water and the removal at 
50 and 20 mg/L met the expectations for removal. Lin et al. 
(2015) also achieved significant As (V) removals with this 
biomass without chemical modifications. In Fig. 4, it shows 
the removals of BC.

Removals of Cr (VI) with BC were significant within first 
the 60 min the initial concentrations of 20, 50 and 100 mg /L 
were already above 80% of Cr (VI) removed, and efficien-
cies around 98% at the finish of the process experiment. 
For 200 mg /L got the removals around of 65% in the first 
minutes, posteriorly it reaches removals for above of 95%. 
The concentration initial of 300 mg/L was under 50% in the 
first minutes but finish with an efficiency meaningful of 92% 
and the concentration initial of 600 mg/L was under 30% the 

initial process, however, reach an efficiency of 88% of the 
Cr (VI) present.

This biomass shared between EC + BC also performed 
interesting removing Cr (VI). The initial concentrations of 
20 and 50 mg/L started with efficiency 70 and 65%, respec-
tively, reaching an equilibrium toward the end of the process 
with efficiencies around 97% of Cr (VI). The initial concen-
trations of 100 mg/L were similar to the initial concentra-
tions of 20 and 50 mg/L. The difference was that this con-
centration began with less than 30% in removal efficiency. 
The initial concentrations of 200 and 300 mg/L of Cr (VI) 
had low efficiencies in the first minutes, however reach a 
removal interesting of above 90%. The initial concentration 
of 600 mg/L of Cr (VI), had an efficiency was around 10% 
in the first minutes, however, reach the removal of 78% of 
Cr (VI) at the finished of the process experiment.

Fig. 5  Percentages of removal 
Cr (VI) of EC + BC

y = 0.1306x + 0.67 
R² = 0.99 
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Fig. 6  Langmuir isotherms of EC
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Adsorption isotherms

The adsorption Isotherms of Langmuir are shown in Fig. 6, 
7, and 8,  (Ce/q) vs.  (Ce) for the adsorption of Cr (VI), rep-
resenting the Langmuir equation. All the data obtained in 
the experimental process of each biomass and each different 
initial concentration were taken for the case of EC biomass, 
BC, and the combination of the biomass, with this graph 
the maximum adsorption capacity of this biomass could be 
obtained. Figure 6 shows the Langmuir isotherms of the EC 
biomass experiment removing Cr (VI).

A representative adjustment of 0.992  R2 can be 
observed. Taking as reference the Langmuir equation (Jin 
et al.2017), which is Eq. (5).

The maximum capacity variable  (qm) is obtained 
by clear ing the expression observed in Fig.  6: 
y = 0.1306x + 0.677. The expression 0.1306 ×  resembles 
1/(qm)  Ce.

Where  (qm) is cleared and the maximum retention 
capacity of on the part of the vegetable cellulose EC, was 
10 mg/g, concluding that this biomass could retain per gram 
10 mg of Cr (VI). Similar results were seen in the experi-
ments reported by Li et al. (2013), Lin et al. (2018) and 

(5)
Ce

qe
=

1

qm
Ce +

(

1

qmb

)

Zhang et al. (2015), where they used biomass of EC without 
modification.

Figure 7, it shows the Langmuir isotherms of the BC bio-
mass experiment removing Cr (VI).

Figure 7, it can be concluded that there is an important 
adjustment in this equation, due to this adjustment the maxi-
mum capacities that this biomass can be taken as a reference. 
The maximum capacity was obtained from the equation of 
the line, of the cellulose of BC of 47 mg/g of Cr (VI) for 
each gram of cellulose, an ideal result for design purposes 
of systems of treatment.

Figure 8, it shows the Langmuir isotherms of the experi-
ment of the biomass of EC + BC removing Cr (VI).

Figure 8, the maximum adsorption capacity was obtained, 
with the equation of the line, clearing 0.0321, of EC + BC 
of 28 mg/g. This ability is interesting since it is much larger 
than EC alone and less than BC. Oladipo et al., (2019) 
experimented with biochar in the removal of Zn (II), find-
ing that the isotherm of Langmuir is better adapted to the 
process of adsorption of heavy metals.

This combination has not been reported in the literature 
and is a possible solution to treat wastewater contaminated 
with heavy metals. BC removes heavy metals much more 
than EC cellulose, but the latter is much cheaper and easier 
to achieve, therefore they make an ideal combination in 
order to achieve an effective economic and viable treatment 
system.

Fig. 7  Langmuir isotherms of 
the BC experiment
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Fig. 8  Langmuir isotherms of 
the experiment EC + BC
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The Temkin isotherm is used in the thermic process, due 
to this, it isotherm does not represent the adsorption process 
of Cr(VI) for the EC or BC. It was revised the adjust of the 
isotherm Dubinin–Radushkevich, where the (Ln) adsorption 
capacity (q) is obtained and the (ε2) is the Polanyi potential 
is obtained.

The Dubinin–Radushkevich isotherm establishes that 
the micropores of the adsorbed are filled through a physi-
cal adsorption process (c). Due to this, this isotherm does 
not represent the adsorption process of EC or BC toward 
Cr (VI). Table 1 resumes the parameters of each isotherm.

Table 2 shows a comparative between the researches with 
the biomasses of EC and BC, and with others biomasses.

Result BET

The theory BET is an extension of the Langmuir isotherm 
(Condon, 2019; Oladipo et al. 2019) and due to the adsorp-
tion adjustments of EC and BC removing Cr (VI) with this 
isotherm, it was characterized under this theory.

The biomass used in the adsorption process was 0.3 g, 
measuring the volume occupied by the amount of biomass 
used EC yields 0.35 ml and 0.40 ml for BC. With Eq. (1), the 
density of the biomass used in the present experiment was 
obtained, both for EC and BC.

Table 1  Isotherms constant 
adsorption Cr (VI)

Langmuir of isotherm Freundlich of iso-
therm

Dubinin isotherm Temkin isotherm

Qm b R2 Kf N R2 qm b R2 Kt Bt R2

EC 7.6 0.299 0.9672 1.48 0.182 0.93 6.9 0.018 0.9672 10.3 2.55 0.93
BC 47 0.0217 0.9972 1.12 0.166 0.97 35 0.019 0.9972 11.2 2.99 0.97
EC + BC 28 0.0314 0.9912 1.22 0.177 0.94 21 0.0175 0.9912 11.3 2.74 0.94

Table 2  Comparative between 
adsorption capacities

Wan et al. (2015) also used BC in order to remove large amounts of lead, with to capacity of 145 mg/g, 
Min et  al (2014) used BC to remove different heavy metals, adsorbing large amounts of Cu (II) with 
41 mg/g and Cd (II) with 51 mg/g. Huang et al. (2017) used bacterial cellulose by adding activated car-
bon, in this experiment have 162 mg/g of Pb (II). Stoica-Guzun et al. (2016) used BC with iron to remove 
Cr (VI), reporting capacities lower than those concluded in the present investigation because the initial 
concentrations used were 50 ml/L. These initial values are important to establish the precise amount of bio-
mass in the accumulation of heavy metals

References Biomass Capacity 
(mg/g)

Heavy Metal

Present article EC 10 Cr (VI)
Present article BC 47 Cr (VI)
Present article EC + BC 28 Cr (VI)
Jin et al (2017) BC 148 Cu (II)
Wang et al (2015) BC 145 Pb (II)
Min et al. (2014) BC 41 Cu (II)
Min et al. (2014) BC 51 Cd (II)
Huang et al. (2017) BC 162 Pb (II)
Stoica-Guzun et al. (2016) BC 22 Cr (VI)
Li et al. (2013) EC 5 Cr (VI)
Komy et al. (2013) EC 7 Zn (II)
Lin et al. (2018) EC 9 As (III)
Komy et al. (2013) EC 18 Cu (II)
Hokkanen et al. (2016) Wood, urea and calcium chloride 55 Cr (VI)
Gupta and Balomajumder (2015) Chitosan 29 Cr (VI)
Dautoo et al. (2017) Fibrillated cellulose with EGDMA 35 Cr (VI)
Yu et al. (2013) Cotton 45 Pb(II)
Ruan et al. (2016) Cellulose green algae 130 Pd
Hokkanen et al. (2014a, b) Wood pulp 22 Ni (II)
Hokkanen et al. (2014a, b) Fibrillated cellulose 35 Cd (II)
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The size of the diameter per particle for EC is 0.212 mm, 
similar observations have been reported (Song et al., 2021; 
Cao et al., 2019). With this value, the volume of each parti-
cle was calculated through Eq. (3).

For bacterial cellulose BC, the diameter of the particle 
was 0.216 mm, similar observations have been reported 
(Zhang et al. 2020). As well as the biomass of EC, the vol-
ume of the particle was obtained, yielding 0.006  mm3.

Taking the weight of the tiny particle of EC, with Eq. (2), 
the density of the particle is obtained:

Solving this equation, the volume occupied by the parti-
cle of EC of 0.005  mm3 that occupies the particle sphere of 
EC was obtained, taking the weight of the tiny particle of 
EC, yielding an approximate value of 0.01 mg, the density 
of the particle being 2 mg/mm3. Similar observations have 
been reported (Oladipo et al. 2017). For bacterial cellulose 
BC, the diameter of the particle was 0.216 mm, as was the 
biomass of EC, the volume of the particle was obtained, 
yielding 0.006  mm3, weighing 0.016 mg, being the density 
1.6 mg/mm3.

Through Eq. (4) the porosity of the particle of the bio-
mass pores of EC and BC was established.

The relationship between the density of the particle and 
the biomass establishes an important parameter of design 
in process of treatment with the column. Due to the poros-
ity values above 0.5, is important this result of design 
(Ivañez 2017; Worch, 2012). A diameter under 0.212 mm 

�b(EC) =
0.3g

0.35ml
= 0.8 g∕cm3 EC

�b(BC) =
0.3g

0.4ml
= 0.75 g∕cm3 EC

Vp(EC) =
4�(0.106mm)3

3
= 0.005 mm3

Vp(BC) =
4�(0.108mm)3

3
= 0.006 mm3

�p(EC) =
0.01(mg)

0.005(mm)
= 2 mg∕mm3

�p(BC) =
0.01(mg)

0.006(mm)
= 1.66 mg∕mm3

�(EC) = 1 −
0.85

2
= 0.57

�(BC) = 1 −
0.75

1.66
= 0.54

is imperative in the design of this system of treatment with 
absorbent material (Sayago, 2021).

Second‑order model

In the adjustment of a second-order adsorption process, it dem-
onstrates that chemisorption was predominant in the process 
due to the high capacity of EC + BC to retain heavy metals, 
especially Cr (VI). The exchange occurs between the hydro-
gens of (OH) and the amine groups  (NH2) that possesses these 
biomasses and the need of chromium to adjust and gain elec-
trons that it needs.

The constant rates, equilibrium capacities and the corre-
sponding correlation coefficients for all the concentrations 
tested have been calculated and summarized in Table 3.

Adsorption process in bacterial cellulose and vegetable 
cellulose

In the biomass of EC + BC are find groups of hydroxyl (OH) 
and amines  (NH2) where the ions of chromium are accom-
modated. Cr (VI) in the experimental process is adsorbed 
by EC + BC through two mechanisms. One is reduction (see 
Fig. 9), the reduction of Cr (VI) to Cr (III) by cellulose can 
be seen.

In the first mechanism, Cr (VI) is reduced to Cr (III), due 
to the interaction of this metal with the (OH) and  (NH2) 
groups, which act as electron donors. The biomass is oxi-
dized because the oxygen that has oxidized to Cr (VI) react 
with the hydrogenions of the biomass, generating (OH) and 
 (H2O), going from dichromate  (Cr2O7) or Cr (VI) to chro-
mium oxide  (Cr2O3) or Cr (III).

This reduction is very important for the adsorption pro-
cess and therefore for the treatment process. When Cr (III), 
which at that time is chromium oxide  (Cr2O3), is reduced 
and begins a process of chemical diffusivity with biomass, 
the electron-charged biomass reacts with the chromium 
adsorbing it while the oxygen reacts with the protons of  (H+) 
in the biomass. Figure 10 shows the process of adsorption of 
Cr (III) to the bacterial biomass.

In Fig. 10, it can be seen that for every 4 glucose mol-
ecules that form the branching of the cellulose structure (n) 
two chromium molecules adhere due to the chemisorption 

Table 3  Second-order model adsorption Cr (VI)

Initial concentration
(mg/L)

qe (mg/g) K2(g/mg*T) R2

EC 10 0.3 0.912
BC 47.5 0.51 0.954
EC + BC 28.2 0.11 0.988
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supplied by the hydroxyl (OH) groups and amino groups 
 (NH2).

This article wants to represent the biomass reduction-
adsorption process in parts, but this is a continuous process. 
The chemical reaction is as follows:

where 24(COO−H +) represents the biomass of EC + BC, 
 (Cr2

+ 6O7
−2) represents Cr (VI). It can be seen both in Fig. 9 

and Fig. 10 that 4 parts of glucose (24 COO- H +) react with 
Cr (VI), forming for each 4 cellulose glucose adsorption 24 
(COO) *  Cr2.

pH influence

In Fig. 11, three proposed pH scenarios are shown, because 
pH has an important effect on the adsorption capacity in 
these processes. In the present work, adjustments were made 
to the pH to bring it to acidic and basic conditions, with 
EC + BC and with 100 mg/L of Cr (VI). Adsorption experi-
ments with pH 3 were carried out in the contaminated water. 
When the pH is in the range of 2.0–5.0, there is competition 
between the  (H+) and Cr (VI) for the active sites that the 

24(COO−H+) + Cr2 +
6O7−2 = 24(COO) ∗ Cr2 + 7H2O + 10H+

biomass has, which are (OH) and  (NH2). These hydrogens, 
when they compete, avoid greater removals (Niu et al. 2017; 
Huang and Chen, 2009). For this reason, the elimination in 
this pH range was around 85%.

As the pH increases, the surface of EC + BC becomes 
more negative, stabilizing the  (H+) and (OH) groups, com-
pared to the low pH. For this reason, the (OH) and  (NH2) 
groups Biomass attracts Cr (VI) metal ions favoring the 
adsorption process. In the present investigation, the tests 
were performed under a neutral pH.

However, experiments were carried out with a pH 10. 
When the liquid is above pH 8, it reaches removals 65% 
due to the large amount of anions  (OH−) that water has. 
This can lead to the formation of hydroxides or metallic 
oxides, such as chromic oxide (CrO); Chromium oxide and 
chromic oxide  (Cr2O3). The mechanism of adsorption of 
heavy metals at a high pH would be affected due to that 
could confuse between adsorption and precipitation of Cr 
(VI) ions (Jin et al., 2017).

Desorption‑adsorption

In Fig. 12, it shows the elution process of BC with HCl.

Fig. 9  Cr(VI) to Cr (III) reduction process

Fig. 10  Cr (VI) adsorption process
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After the adsorption process, where the biomass of 
removed 98% the initial concentration of 100  mg/L in 
140 min, it removed about 55% in the second removal pro-
cess, because this biomass is more sensitive to the eluent 
HCl, the same affected was seen in the second elution pro-
cess, where it only reached 40% in Cr (VI) removal, later the 
other processes were also insignificant in removal. It could 
be concluded that for the eluent HCl, this biomass could be 
used once again. Also the research of Chen et al. (2020), 
the biomass of BC was affected in the processed of elution. 
In Fig. 13, it shows the elution process with HCl with EC.

The biomass of EC does not affect the process of elu-
tion with HCl. In the first process of adsorption of Cr (VI) 
got an efficiency of removal of 80% and the second process 
also got an efficiency of 80%. In the third treatment process, 
there was a 70% Cr (VI) removal and in the fourth process, 
there was a 60% yield. For the fifth process, the biomass was 
affected, removing around 40%. Concluding that this bio-
mass can support up to four elution processes with HCl. This 
information is underlying for the design of the treatment 
system (Lin et al. 2018; Tan et al. 2014; Lin et al. 2020).

Fig. 11  Influence of pH. 100 mg/L Initial concentrations of Cr (VI) in water 20 ml. 25 °C
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Fig. 12  Adsorption–desorption process of BC with HCl Initial concentrations 100 mg/L Cr (VI) in water 20 ml T 25 °C
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Conclusion

In experiments with low and high concentrations of Cr (VI), 
BC removed in the first 20 min about 95% of this heavy 
metal. These results show that this biomass is highly efficient 
when is used for treating water contaminated with Cr (VI). 
The removals of the mixture of EC + BC were also signifi-
cant, removing about 90% in the first 100 min of treatment.

The mixture with the biomass of EC + BC has the 
objective of improving the treatment conditions. While the 
removals and capacities of the bacterial cellulose are supe-
rior to the cellulose of E crassipes, the latter is cheaper and 
easier to achieve.

The pH stabilization should be one of the design’s cri-
teria of a large-scale treatment system due to the initial 
pH conditions. For the treatment of effluents loaded with 
heavy metals, it is recommended to stabilize bacterial bio-
mass and E crassipes at a neutral pH and under.

Through experiments and different adsorption tests, the 
adjustment of the experiments to the Langmuir isotherm 
was verified, evidencing an adsorption monolayer and also 
obtaining the maximum capacity of each biomass. The 
capacity of BC is 47 mg/g, EC + BC is 28 mg/g and EC 
is 10 mg/g. An adjustment to second-order kinetics was 
also verified, evidencing chemisorption processes in Cr 
(VI) removal of the different processes. In the process of 
elution favored of biomass of EC with HCl due to that got 
high efficiency of removal of Cr (VI) after this process. 
Removing 80% in the first process and also 80% in the 
second process of elution, reaching to remove the 70% in 
the third process and the fourth process of 60% of Cr (VI). 
This parameter is imperative for the design of the process 
of treatment on large scale. However, the biomass of BC 
did not reach removal important after of process of elution.

Recommended beginning to use this biomass to scale 
to a bigger system, for example, designed treatment with 
column fixed, with elution of HCl for the biomass of 
EC + BC.
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