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Abstract 
In the present work, the biomass known as the malt bagasse, a by-product of 
the brewing industry, was studied as a biosorbent of acetic acid, in order to 
evaluate its potential use as an ion exchanger in effluent treatment systems. 
The process is based on the phenomenon of biosorption, an interface phe-
nomenon, which is the natural accumulation of a solute on the surface of a 
solid. The studied phenomenon is that of acetic acid adsorption in malt ba-
gasse biomass. In the present work, the influence test of the biomass quantity 
was carried out, and it was verified that 40 g/L is the ideal concentration of 
malt bagasse in the acetic acid adsorption process. A kinetic study was also 
carried out, where a contact time of 20 minutes was defined to reach the bal-
ance between the solid/liquid phase. In the identification of the pseu-
do-second order kinetic model, it was the one that best fitted the experimen-
tal data, and based on the intra-particle diffusion model, it was found that 
more than one step comprises the biosorption mechanism, with intra-particle 
diffusion being limiting step. Based on this information, the chemical equili-
brium test of the solid/liquid phase was performed using the mathematical 
models of Langmuir and Freundlich, thus presenting, for the malt bagasse, a 
maximum acetic acid adsorption capacity of approximately 30 mg/g. Where 
experimental data best fit the Langmuir isotherm. The results show a signifi-
cant potential for the malt bagasse to remove organic acid in effluents. 
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1. Introduction 

The growth of cities together with population growth and technological devel-
opment is a reality today. However, environmental problems related to the gen-
eration of waste due to the increased demand for consumption by the popula-
tion have accompanied this population growth. Mainly problems are related to 
the increase in the discharge of effluents in water resources, which are of vital 
importance for life on our planet. Pollution of water resources, especially fresh 
water, whether underground or surface, is of great concern today. That is why, 
more and more stringent laws related to the control of the discharge of effluents 
into aquatic ecosystems are being approved and applied. 

Effluents are generated every day by all sectors of society, thus, these effluents 
are classified into two types: domestic effluents, which are generally generated by 
households, and industrial effluents, which are generated by industries, and are 
the effluents from the production process. As described by (Cammarota, 2011) 
[1], an industrial effluent is, in general, the result of the mixture of different cur-
rents generated in different units of the production process. 

It is known that industries are the main sources of discharge of effluents into 
water bodies, as they produce large volumes of effluents with high polluting 
loads on a daily basis (Silveira, 2010) [2]. 

Currently, the main parameter that quantifies the polluting load of an effluent 
is the values of Chemical Oxygen Demand (COD) and Biological Oxygen De-
mand (BOD). The chemical oxygen demand, measures the oxygen consumption 
that occurred during the chemical oxidation of organic matter in a substrate. 
Whereas the biochemical oxygen demand, establishes the amount of oxygen 
needed to biologically stabilize the carbonaceous organic matter, at 20˚C, after 5 
days according to (Izquierdo, 2006) [3], that is, the COD and BOD values are 
parameters related to the polluting load in terms of organic matter. 

Effluents of industrial origin, with their high organic matter load, that is, high 
COD and BOD, present great risks to the environment if released without a pre-
vious treatment to the receiving body. Such effluents can cause a decrease in the 
rate of dissolved oxygen in lagoons and rivers, causing the death of the local 
aerobic biota, in addition to causing their eutrophication, among many other 
environmental problems. In terms of BOD, an industry, before discharging its 
effluent into a receiving body, must promote, according to CONAMA Resolu-
tion No. 430/2011 [4], the minimum removal of 60% of BOD, should be pro-
moted. This limit is only that it may be reduced in the case of a self-purification 
study of the water body that proves compliance with the goals of framing the re-
ceiving body. 

Industries, in order to meet these effluent discharge parameters, can use sev-
eral technologies, which may vary according to the effluent parameters they 
generate. Among the most used technologies for effluent treatment, one can 
mention the activated sludge system and the Australian pond systems. In addi-
tion to these technologies, in tertiary treatment, which consists of a series of 
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processes aimed at improving primary and secondary treatments, they can oper-
ate the processes of filtration, adsorption with activated carbon, ion exchange, 
reverse osmosis and chemical oxidation, as described by (Cammarota, 2011) [1]. 
However, these technologies used in tertiary treatment to improve the parame-
ters of the effluent, require large economic investments or even demand a lot of 
energy, and end up becoming unfeasible. An alternative to improve the removal 
of COD in industrial effluents is the use of biosorption, which uses biomass as a 
biosorbent, promoting the removal of COD from effluents. In this way, biosorp-
tion could be used as a way to increase the efficiency of wastewater treatment 
systems, and also reduce costs in its process. 

Adsorption is an interface phenomenon, which occurs due to asymmetric 
forces present on the surface of a solid, and which generate an attractive force 
field (Adamian, et al. 2002) [5]. Adsorption is a mass transfer phenomenon, 
which involves the ability of certain solids to concentrate some substances 
present in fluids on their surface, allowing the separation of the components of 
this fluid (Nascimento, et al. 2014) [6]. The adsorption process can be classified 
into two types according to the forces that govern it. The first type is physical 
adsorption, which involves weak interactions in the adsorbate adsorption 
process on the surface of the adsorbent solid, related to Van der Waals forces 
(Nascimento, et al. 2014) [6]. The second type is chemical adsorption, where the 
adsorbent joins the surface of the adsorbent through the formation of chemical 
bonds and tends to accommodate in places that provide the maximum number 
of coordination with the substrate (Atkins, et al. 2002) [7]. These two processes 
are independent, and have different characteristics. Chemical adsorption is 
highly specific, occurring at active sites present on the surface of the adsorbent, 
and a substrate must have a specificity to bind to these sites, a characteristic that 
allows the formation of an adsorbate monolayer on the adsorbent. Physical ad-
sorption is non-specific, that is, of an electrostatic nature, a characteristic that 
allows the formation of several layers of the adsorbent on the surface of the ad-
sorbent (Nascimento, et al. 2014) [6]. 

The adsorption process generally involves four main steps: 1) transport of the 
solute in the solution, fast phenomenon “diffusion/convection”, 2) external 
layer, where mass transfer occurs “external diffusion”, 3) diffusion intra-particle 
in the pore a) and diffusion in the surface b) and 4) instant adsorption, as de-
scribed by (Wang et al. 2008 apud Fontana, et al. 2016) [8], conform indicate in 
Figure 1. 

As described by Peternele (1999) [10], the results of any adsorption process 
are expressed graphically in the so-called adsorption isotherms, which provide 
important information about an adsorption phenomenon. Different adsorption 
mechanisms give rise to different isotherms (Adamian, et al. 2002) [5]. Several 
forms of isotherms are described in the literature, with the most common types 
being concave, linear, convex and irreversible isotherms (Zanutto, et al. 2016) 
[11], as shown in Figure 2. 
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Figure 1. Steps of the adsorption mechanism. Source: Weber and Smith, 1987 [9]. 

 

 
Figure 2. Adsorption isotherms. Source: Oliveira, 2013 [12]. 
 

The Langmuir model (1918) [13] is one of the most widely used and wide-
spread adsorption isotherm models. As described by Adamson (1976) [14], this 
adsorption process is based on some hypotheses: 1) the adsorption is limited to 
one layer; 2) the surface of the adsorbent is homogeneous energetically and has a 
number of finite adsorption sites; 3) the adsorbed molecules do not interact with 
each other and 4) for a case of competitive adsorption of different species, the 
enthalpy of adsorption is the same for all molecules. The Langmuir isotherm can 
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be represented in a non-linear form, for a solid-liquid interface, according to 
Equations (1) and (2): 

1
L e

m L e

K Cq
q K C

⋅
=

+ ⋅
                           (1) 

Or, in its linear form, in 2: 

1e e

L m m

C C
q K q q
= +

⋅
                          (2) 

where: Ce concentration of the solution in equilibrium in (mg·L−1), q corres-
ponds amount adsorbed in (mg·g−1), KL a constant indicating the intensity of 
adsorption in (L·g−1) and qm a measure of the maximum adsorption capacity. 

The Langmuir model, although widely used, is very restricted, due to the 
number of hypotheses attributed to it, which in some cases are not verified, such 
as, for example, the hypothesis of not considering interactions between species 
of adsorbate and the energetically homogeneous surface. Thus, other models 
such as Freundlich’s, in order to obtain a model closer to chemical observation, 
not considered by the Langmuir model. 

The Freundlich model (1906) [15], is based on hypotheses that better portray 
physical phenomena, better represents physical adsorption with the possibility of 
multilayer formation (Castellan, 1976) [16], represented by Equations (3) and 
(4). 

1
n

e F eq K C= ⋅                             (3) 

where: qe and Ce correspond to the same variables in the Langmuir equation; 
KF = the Freundlich constant in L·g−1 and is related to the maximum adsorp-

tion capacity; and 
1/n = a dimensionless exponent, has a value less than 1, and is related to the 

intensity of adsorption. 
The Freundlich equation in linear form, follows the logarithmic property. 

1log  log loge e Fq C K
n

= ⋅ +                      (4) 

In the Freundlich model there is no association or dissociation of the mole-
cules after they are adsorbed on the surface and there is also a complete absence 
of chemosorption, that is, the adsorption process is purely physical (Noll, et al. 
1992) [17]. 

Biosorption is a complex term, but it can be simplified as the process of re-
moving substances from a solution by a material of biological origin (Gadd, 
2009) [18]. The process uses biomass as an adsorbent, which makes the cost of 
treating effluents more accessible. This process includes the retention of both 
heavy metals and organic compounds to the biomass used (Zanutto, et al. 2016) 
[11]. As with any adsorption process, it depends on some factors such as pH, 
adsorbent concentration, type of adsorbent used (in the case of biosorption, type 
of biomass used), and the contact time between the initial solution and the ad-
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sorbent. The biosorption phenomenon occurs due to the presence of several 
functional groups that make up the biomass, such as cellulose, polioses, proteins 
and lignin. 

There are some desirable characteristics for a biosorbent, such as: high surface 
area for greater adsorption capacity, high selectivity, favorable kinetic interac-
tion with the adsorbate, being chemically and thermally stable, possessing the 
minimum of solubility, hardness and mechanical resistance to avoid the pore 
strangulation and particle wear, not having a tendency to form undesirable reac-
tions, and above all low cost (Oliveira, 2013) [12]. 

Low-cost biomass, malt bagasse is the most abundant by-product in the 
brewing industry, corresponding to about 85% of the total by-products generat-
ed (Mussatto, et al. 2006) [19]. Malt bagasse is obtained after the malted cereal 
grinding process, followed by maceration and filtration of the brewing wort. 
Currently, this waste does not have a specific destination, being most often used 
for animal feed (Cordeiro, et al. 2012) [20]. 

Malt bagasse has enormous prominence in the possibility of being a useful 
biosorbent for the removal of contaminants in wastewater (Fontana, et al. 2016) 
[8]. As for its composition, it is considered a lignocellulosic material rich in pro-
teins and fibers, 20% and 70% of its composition, respectively. It also contains 
approximately 17% cellulose, 28% hemicellulose and 28% lignin (Mussatto et al. 
2006) [19]. For every 100 liters of beer produced, between 14 - 20 kg of malt ba-
gasse are generated (Cordeiro, et al. 2012) [20]. 

The number of breweries in the country has a few hundred production units 
(MAPA, 2018) [21]. The large number of plants installed gives the idea of the 
enormous dimension that is generated from this waste. Thus, it can be said that 
the malt bagasse has the ideal characteristics to be studied as a biosorbent. 

Studies using malt bagasse as a biosorbent have already been carried out by 
several authors, such as Zanutto, et al. (2016) [11], who evaluated malt bagasse 
as a biosorbent of reafix yellow dye B2R; and Fontana, et al. (2016) [8], who 
evaluated malt bagasse in the biosorption of metal ions present in ground and 
surface water. Thus, the present work, had as objective investigate and evaluate 
the capacity of malt bagasse as an acetic acid adsorbent as a potential potential 
for use in wastewater treatment systems. 

2. Methodology 
2.1. Biomass Preparation 

The malt bagasse was initially washed with tap water, and then was left to soak 
for 24 hours in distilled water to remove possible impurities. 

Then, the material was dried to avoid the proliferation of fungi, initially dried 
in the sun and subsequently dried in an oven at 70˚C for 24 hours to remove 
excess moisture. 

A possible stage of crushing the malt bagasse was dispensed with, since in 
their work, as presented by Zanutto, et al. (2016) [11], they point out that the 
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granulometry of the malt bagasse has no influence on the biomass adsorption ef-
ficiency. This phenomenon is due to the fact that the malt bagasse has a shape 
similar to that of blades, thus, its surface area does not undergo significant 
change when it is fragmented into smaller pieces, since its lateral area is small 
when compared to its longitudinal area (Zanutto, et al. 2016) [11]. 

In this work, the following were studied: 1) study of the effect of biomass do-
sage; 2) study of the adsorption capacity, with the application of Langmuir and 
Freundlich isotherms to the experimental data; 3) kinetic study, applying the 
pseudo-first order, pseudo-second order models and 4) intra-particle diffusion 
model, from which it will be possible to elucidate some characteristics of the 
acetic acid adsorption mechanism in bagasse biomass malt, and determine its 
limiting step. 

2.2. Preparation of Solutions and Standardization 

The solutions of sodium hydroxide (Synth) and glacial acetic acid (Synth) used 
in the present work of analytical grade, were prepared and standardized as de-
scribed below: 

1) The sodium hydroxide solution (0.2 M) was prepared by solubilizing ana-
lytical standard sodium hydroxide in the form of lentils in distilled water, fol-
lowed by dilution in volumetric glassware. 

2) The sodium hydroxide solution was standardized using a volumetric me-
thod with oxalic acid, using phenolphthalein as an indicator. 

3) Acetic acid solutions (0.4 M, 0.36 M, 0.32 M, 0.28 M, 0.24 M, 0.20 M, 0.16 
M, 0.12 M, 0.08 M, 0.04 M e 0.01 M), were prepared by diluting 99.7% pure gla-
cial acetic acid. 

4) The acetic acid solutions were standardized using a volumetric method 
with sodium hydroxide, previously standardized, using phenolphthalein as an 
indicator. 

2.3. Biomass Concentration Influence Test 

To evaluate the influence of the concentration of malt bagasse in the removal of 
acetic acid, batch tests were carried out in 250 ml Erlenmeyer flasks with respec-
tive lids, where 100 ml of 0.4 M acetic acid solution in contact with the biomass 
in mass/volume proportions varying between 1.25 to 70 g·L−1. This test was per-
formed in duplicate for all concentrations of malt bagasse. 

At room temperature (25˚C), the vials were subjected to manual agitation for 
the duration of the first minute of contact time, and subsequently subjected to 
manual agitation during the last minute of contact time. The total contact time 
between biomass and acetic acid solution was 24 hours. 

After the end of the contact time, the samples were subjected to filtration with 
qualitative filter paper, in order to separate the solid phase from the liquid phase. 

Then the residual concentration of acetic acid present in the filtrate, that is, 
the liquid phase was titrated with 0.2 M sodium hydroxide. The efficiency re-
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lated to the amount of acetic acid that the biomass is able to adsorb was deter-
mined using Equation (5). 

( )e e i
Vq C C
m

 = ⋅ − 
 

                         (5) 

where: V is the volume of the solution (L), m is the mass of biosorbent (g), Ci 
and Ce are the initial and equilibrium concentrations (mg·L−1) respectively, qe is 
the amount of solute adsorbed per unit mass of adsorbent (mg·g−1) in equili-
brium. 

2.4. Kinetic Test 

In the evaluation of the kinetic study of the process in order to determine the 
necessary contact time between acetic acid and malt bagasse for the system to 
reach equilibrium, a kinetic test was carried out in which the amount of acetic 
acid adsorbed by the biosorbent in different time intervals during one hour of 
contact. 

The samples were prepared in duplicate in 250 mL Erlenmeyers with respec-
tive lids, where a mass of malt bagasse was added, determined according to the 
result of the concentration influence test, that is, the amount of biomass and 100 
mL of 0.04 M acetic acid. A blank control sample was also prepared with only 
100 mL of distilled water and malt bagasse. 

After preparation, the samples, at room temperature (25˚C), were stirred ma-
nually during the first minute of contact, and subsequently stirred again during 
the last minute of contact. The samples were filtered with a qualitative filter and 
the filtrate titrated with sodium hydroxide at predetermined time intervals (from 
0 to 60 minutes). In this way, the filtrate was analyzed in relation to the initial 
concentration of acetic acid in the liquid phase. 

Finally, the results of this test allowed the determination of the equilibrium 
time in addition to the kinetic parameters of the acetic acid adsorption process 
in malt bagasse. The parameters were obtained by adjusting the experimental 
data to the kinetic models of Pseudo-First Order, Pseudo-Second Order and to 
the Intraparticle Diffusion Model, expressed by Equations (6)-(8), respectively. 

The Lagergren pseudo-first order model is most commonly used to describe 
the adsorption of solute from a liquid solution. 

( )1
d
d

t
e t

q
k q q

t
= −                           (6) 

where: qt and qe are the amounts of the analyte adsorbed at time t and equili-
brium (mg·g−1), respectively, and k1 is the pseudo-first order rate constant for 
the adsorption process (L·min−1). After integration and applying boundary con-
ditions t = 0 to t = t and qt = 0 to qt = qt. 

The Lagergren pseudo-second order model, the rate limiting step is the sur-
face adsorption that involves chemisorption, where the adsorbate removal from 
a solution is due to physicochemical interactions between the two phases, that is, 
liquid and solid phases. 
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( )2
2

d
d

t
e t

q
k q

t
q−=                         (7) 

where: qe and qt in (mg·g−1) are the amounts of acetic acid adsorbed per unit 
mass of the malt bagasse and at any contact time, respectively. k2 is the equili-
brium rate constant of pseudo-second order equation (g·mg·min−1). For the 
boundary conditions t = 0 and t = t and qt = 0 and qt = qt.  

Generally, the intraparticle diffusion model depends on several factors, such 
as the physical properties of the adsorbent, the initial concentration of the solu-
tion, temperature and agitation of the bath. 

1 2
t dq k t C= +                          (8) 

where: q is the adsorbed quantity of solute. Kd (L·min−1) is the intraparticle dif-
fusion parameter, also known as the Lagergren pseudo-first order constant, as 
described by Srinivasa et al. (2010) [22], and C is the thickness of the boundary 
layer. 

2.5. Chemical Equilibrium 

In this study, in order to determine the maximum adsorption capacity and the 
binding force of acetic acid by the malt bagasse, a chemical equilibrium study 
was carried out that demonstrate important characteristics of the adsorption 
phenomenon in question with the application of mathematical models of Lang-
muir and Freundlich. 

The test was performed in duplicate using 250 mL erlenmeyers and adding 
malt bagasse mass determined according to the result obtained in the biomass 
concentration influence test, and 100 mL of acetic acid solutions with concentra-
tions from 0.01 to 0.4 M, being divided into, 0.01; 0.04; 0.08; 0.12; 0.16; 0.20; 
0.24; 0.28; 0.32; 0.36; 0.40 M. 

After preparing the samples at room temperature 25˚C, were subjected to 
manual agitation during the first minute of the contact time, resting and later 
they were stirred again during the last minute of contact, where the total contact 
time between the acetic acid solutions and the biosorbent, will be determined 
according to the results of the kinetic study of the adsorption process. 

After the contact time, the samples were filtered on qualitative filter paper, 
and then the filtrate was titrated with 0.2 M sodium hydroxide in order to de-
termine the equilibrium acetic acid concentration in the liquid phase. In this way 
the filtrate was analyzed in relation to the initial concentration of acetic acid in 
the liquid phase, and the amount of acetic acid adsorbed per gram of biomass, 
qe, can be determined by difference. 

3. Results and Discussion 

Initially, in order to determine the ideal amount of malt bagasse for the acetic 
acid adsorption process, the effect of biomass dosage was studied. Since the 
concentration of biomass in solution is one of the main factors that affect the 
biosorption process (Das et al., 2008) [23]. 
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Based on the results expressed in Figure 3, it is possible to notice a decrease in 
the concentration of acetic acid in the liquid phase with an increase in the con-
centration of malt bagasse to a value close to 40 g·L−1, from which the concentra-
tion values of acetic acid in liquid phase are practically constant. 

In this way, an ideal biomass concentration of approximately 40 g·L−1, can be 
identified, since the values of acetic acid concentration in liquid phase are con-
sidered constant from this biomass concentration range, if the concentration of 
the biosorbent increases, there is a decrease in the value of acetic acid adsorbed 
per unit weight of malt bagasse, even though the removal efficiency remains 
constant, as shown in the curve, as shown in Figure 4. 

 

 
Figure 3. Equilibrium concentration of acetic acid in liquid phase (■) as a function of the 
amount of biomass. 

 

 
Figure 4. Amount of acetic acid adsorbed on solid phase (■). 
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Thus, for an ideal concentration of 40 g·L−1 of biosorbent, there is a 4.3% re-
moval with a removal capacity of 2.5 mg·g−1 of biomass. However, it should be 
noted that these values are only for the purpose of tests to compare the adsorp-
tion capacity of different concentrations, that is, the amount of biomass and to 
determine the ideal amount of biosorbent, and are not real values of the adsorp-
tion capacity of acetic acid in malt bagasse. For real values of the acetic acid ad-
sorption capacity in malt bagasse, larger results are observed, as demonstrated in 
the results of the equilibrium test of the adsorption process. 

In order to determine the time necessary to reach the balance in the acetic ac-
id adsorption process in malt bagasse biomass, the experiment was carried out, 
that is, the kinetic test. 

As shown in Figure 5, a quick removal of acetic acid can be observed in the 
initial phase of the process, about 12.5% removal of acetic acid from the solution 
in the first 10 minutes of contact. And after the initial 10 minutes, the adsorption 
process begins to occur more slowly, until it reaches equilibrium in 20 minutes 
of contact, with a 17.5% removal of acetic acid from the liquid phase. It can also 
be observed that the points 30, 50 and 60 minutes were out of mathematical ad-
justment due to the fact that represent experimental points that are susceptible 
to errors during the evaluation. 

The kinetic behavior observed for the adsorption of acetic acid in malt bagasse 
is of relevance for the evaluation of malt bagasse in terms of its potential use for 
the removal of COD and BOD in effluent treatment, and the credence for such 
application in industrial processes. Therefore, rapid kinetics is important for 
wastewater treatment systems, where the retention time is a highly evaluated 
parameter. Rapid kinetics means less detention time, which means that with a 
 

 
Figure 5. Percentage of removal of acetic acid (■) as a function of time and mathematical 
adjustment (—). 
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small volume reactor, large amounts of effluents can be treated, that is, larger 
amounts of effluents can be treated in short time intervals, which increases the 
system efficiency and consequent cost reduction. 

Mendes, et al. (2015) [24], Fontana, et al. (2016) [8] and Zanutto, et al. (2016) 
[11], who carried out work using residues from the beer industry as a biosor-
bent, also observed the same kinetic characteristic of rapid removal in the initial 
phase of the process, followed by a decrease until the equilibrium time. 

The adsorption kinetics occurs quickly in the beginning of the process due to 
the existence of a greater number of empty sites that are occupied, and during 
the time of contact, the number of empty sites decreases, while the repulsive 
forces increase, which makes it more difficult the occupation of neighboring 
sites (Zanutto, et al. 2016) [11]. 

In order to obtain more information on the acetic acid adsorption kinetics in 
malt bagasse and the adsorption rate as a function of time, as well as the Pseu-
do-First Order and Pseudo-Second Order parameters, the linearized forms of 
these models were applied mathematical to experimental data. 

In the evaluation of the kinetic model that best represents the biosorption 
process of acetic acid in malt bagasse, it was performed based on the values of 
the correlation coefficients, as shown in Table 1. 

The plotting ln(qe − qt) as a function of t provides a linear function from 
which the values of K1 and qe are obtained from the slope and the intercept, re-
spectively. Similar to K2, plotting t/qt as a function of t. 

The adjustment of the linearized forms of the Pseudo-First Order and Pseu-
do-Second Order models allowed the presentation of the experimental data pre-
sented in Figure 6 and Figure 7 respectively. 

Based on the correlation coefficient (R2) obtained through the linear regression of 
the kinetic models adjusted to the experimental data, it is possible to determine the 
kinetic model to which the experimental values have the best mathematical ad-
justment. Table 2 shows the values of the correlation coefficients and the para-
meters obtained for each kinetic model, as well as the experimental value of the 
amount of acetic acid adsorbed in the equilibrium. 

Observing the correlation coefficients in Table 3, it can be said that the kinetic 
model that has better adjustment to the experimental data is the Pseudo-Second Or-
der model, whose correlation coefficient has a value of 0.9785, much closer to the 
unit than the value of the correlation coefficient for the adjustment of the Pseu-
do-First Order model of 0.7489. Also observing the other parameters, it can be noted 
that the value of qe obtained through linear regression for the Psudo-Second 
 
Table 1. Linearized shapes of the kinetic models and plotting mode. 

Kinetic models Linear shape Plotting 

Pseudo-first order ( ) 1ln lne t eq q q k t− = −  ln(qe − qt) in function of t 

Pseudo-second order 2
2

1 1

t e e

t
q k q q
= +  t/qt in function of t 
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Figure 6. Pseudo-first order kinetic model adjusted to experimental data. 

 

 
Figure 7. Pseudo-second order kinetic model adjusted to experimental data. 

 
Table 2. Correlation coefficient and parameters of the kinetic models. 

Kinetic Models Parameters 

Pseudo-first order 
( ) 1ln lne t eq q q k t− = −  

K1 (min−1) 
qe (mg·g−1) 

R2 

−0.0416 
4.4602 
0.7489 

Pseudo-second order 

2
2

1 1

t e e

t
q k q q
= +  

K2 (g·mg−1·min−1) 
qe (mg·g−1) 

R2 

−0.2936 
8.7581 
0.9785 

Experimental Data 
t (20 min) 

qe (mg·g−1) 
Ce (mol·L−1)  

9.15102 
0.0320 
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Table 3. Parameters of the intra-particle diffusion model. 

Parâmetros Etapa I Etapa II Etapa III 

Kd (mg·g−1·min−1/2) 2.18321 1.68747 0 

C (mg·g−1) 
R2 

0.24532 
1 

−0.66359 
1 

8.57909 
1 

 
Order model is much more consistent with the experimental value of qe, pre-
senting a relative error in relation to the experimental value of qe 4.29% against 
51.26% of the Pseudo-First Order model. 

Almeida et al. (2018) [25], who studied the removal of reactive dye using malt 
bagasse as a biosorbent in a batch system, obtained similar results for the ad-
justment of experimental data to kinetic models, where they were better adapted 
to the Pseudo-Second Order model than to the model of Pseudo-First Order. As 
well as Zanutto, et al. (2015) [26] and Zanutto, et al. (2016) [11], who studied the 
application of malt bagasse as a biosorbent for dyes, and obtained higher values 
of correlation coefficient for adjusting the Pseudo-Second Order kinetic model 
to the data experimental. 

In the search for information related to the adsorption mechanism and to de-
termine the limiting step in the process of biosorption of acetic acid in malt ba-
gasse, as well as to determine if the process is controlled by only one or more 
than one step, the Model of Intra-particle diffusion to experimental data. 

According to Equation (8), where qt (mg·g−1) is the amount of acetic acid ad-
sorbed in the malt bagasse biomass in time t and kd (mg/(g·min1/2) is the con-
stant of the intra-diffusion rate plotting experimental data qt versus t1/2 were 
used to determine the intra-particle diffusion rate (kd, i.e. the slope), correlation 
coefficient R2, and the intra-particle diffusion constant at (mg·g−1) the constant 
C, that is, the intercept, related to the thickness of the boundary layer, therefore, 
the larger the intercept, the greater the effect of the boundary layer (Tan, et al. 
2010) [27]. 

In Figure 8, it is possible to observe a multilinearity correlation that reveals 
more than one step occurred during the adsorption process. 

Considering step (I) being the diffusion through the solution to the external 
surface of the adsorbent, that is, the initial linear portions, which is also known 
as external mass transfer or film diffusion, according to (Walker, et al. 2003) 
[28], while step (II) corresponds to the intra-particle diffusion in the porous 
structure of the adsorbent (Abbek-Ghani, et al. 2015) [29]. The last horizontal 
portions, stage (III) slowly and controlled by the equilibrium diffusion mechanism 
(Diagboya, et al. 2014) [30]. 

Since the Weber-Morris graph (qt versus t1/2) is linear, then intra-particle dif-
fusion occurs for the process. And yet, if the line passes through the origin, then 
intra-particle diffusion is the only rate-limiting step (Suteu, et al. 2013) [31]. 

In the present study, the experimental data applied to the intra-particle diffusion 
model did not pass through the origin, as shown in Figure 8, indicating that the 
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Figure 8. Application of the intra-particle diffusion model adjusted to the experimental 
data to the acetic acid adsorption process in malt bagasse. 
 
intra-particle diffusion is not the only limiting step, but the diffusion of the film 
also plays an important role in adsorption. This situation coincides with the fact 
that adsorption processes follow the pseudo-second order model (Nethaji, et al. 
2013) [32]. 

Table 3 presents the values of the parameters of the Intraparticle Diffusion 
Model obtained for each stage of the acetic acid adsorption process in malt ba-
gasse biomass. 

Another point to note is that the constant Kd (corresponds to the slope of the 
graph) of the first step is the largest when compared to the other steps, which 
indicates a higher rate of change of q as a function of the t1/2, i.e., the first step is 
the quick step in the biosorption process in question. It is known that the limit-
ing step of a process is the one with the lowest rate of variation (lowest slope), 
that is, for the case in question it is the one with the lowest Kd value. 

Observing the results, it is noted that the lowest Kd value corresponds to the 
third stage, however, this stage corresponds to the state of equilibrium. In this 
way, it can be deduced that the second step, with a second lower slope, that is, 
1.68747 corresponds to the limiting step of the biosorption process, a step which 
according to Fontana, et al. (2016) [8], is controlled by the intra diffusion me-
chanism-particle, which corresponds to the intra-particle diffusion in the porous 
structure of the adsorbent. 

The adsorption isotherms provide important information about the studied 
biosorption process, such as, for example, if the process in question is favorable 
or unfavorable, as well as the maximum adsorption capacity. Thus, in order to 
obtain more information about the acetic acid biosorption process in malt ba-
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gasse, the balance test was carried out, being adjusted to the Langmuir and 
Freundlich models. Having the equilibrium time determined, the equilibrium 
test duration to obtain the adsorption isotherm would need only 20 minutes, 
necessary for the process to reach equilibrium, however, for optimization of the 
experimental time, it was preferred to leave a time of upper contact, 6 hours. 

The experimental results obtained were expressed in the form of the Graph 
shown in Figure 9. 

Observing the trend curve of the experimental data in Figure 9, it is noted 
that the isotherm in question takes on a concave shape similar to the Langmuir 
isotherm. Thus, it is expected that the Langmuir model fits better to the experi-
mental data than Freundlich’s. In addition, the process in question is expected to 
be strongly favorable. 

Through mathematical adjustment, the experimental data were applied to the 
linearized forms of the Langmuir and Freundlich isotherms, obtaining Figure 10 
and Figure 11 respectively. 

From the linear regression equations, the correlation coefficients (R2) were 
obtained, as well as the Langmuir and Freundlich parameters, and are shown in 
Table 4. 

In observing the correlation coefficients obtained in the adjustment of the ex-
perimental values to the Langmuir and Freundlich models, it can be verified 
which model best represents the acetic acid adsorption process in malt bagasse. 
But it is noted that the Langmuir model obtained a better fit to the experimental 
data, representing 75.176%, while the adjustment to the Freundlich model 
represented 74.590%. It is also observed that the value of qm obtained through  
 

 
Figure 9. The amount adsorbed qe (■) as a function of the concentration of acetic acid in 
the equilibrium and mathematical adjustment to the experimental points (—). 
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Figure 10. Langmuir linear equation adjusted to experimental data. 

 

 
Figure 11. Freundlich linear equation adjusted to experimental data. 

 
Table 4. Correlation coefficient and parameters of the Langmuir and Freundlich models. 

Isotherms Parameters Correlation coefficients (R2) 

Langmuir 
qm (mg·g−1) 
KL (L·mg−1) 

24.8324 
44.2478 

0.75176 

Freundlich 
n 

KF (g−1) 
3.29674 
36.2193 

0.74590 
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linear regression for the Langmuir model is relatively close to the real value of 
(qe) at approximately 25 mg·g−1, as shown in Figure 9. 

Even so, it should be noted that the value obtained for the correlation coeffi-
cient of fitting the Langmuir model [13] to the experimental data is low. How-
ever, it is seen that in the literature, many of the authors who carried out studies 
of the adsorption isotherm in malt bagasse biomass, obtained better adjustments 
of the Langmuir model to the experimental data than of the Freundlich model 
[15]. This observed phenomenon can be explained possibly based on the com-
position of the malt bagasse, which is mainly composed of lignin and cellulose, 
which have functional groups that can serve as ion exchangers for the adsorption 
of acetic acid in specific sites. 

This result is an indication that the acetic acid biosorption process in malt 
bagasse takes place through chemical adsorption at specific sites and with the 
formation of a monolayer. But it should be noted that a high value for n = 
3.29674, indicates a major change in effectiveness over different equilibrium 
concentrations, that is, the closer to zero the value of (1/n = 0.30332) is pre-
sented, greater affinity the adsorbent will have for the adsorbent. In addition, 
values of n > 1 indicate that the adsorption process takes place in multilayers 
(Aygun, et al. 2003) [33]. 

However, the result obtained points out that the acetic acid adsorption process 
takes place according to the Langmuir model, that is, the adsorption process oc-
curs in monolayer and assumes that the surface is homogeneous. 

The isotherm obtained experimentally indicates that the phenomenon of bio-
sorption is highly favorable, and this is a sign of a great potential of the malt ba-
gasse for use as a biosorbent, in the removal of organic matter in the treatment 
of effluents. 

4. Conclusions 

The ideal concentration of 40 g·L−1 of malt bagasse is verified for the adsorption 
of acetic acid based on the test of the influence of the biomass concentration. 

The kinetic test allowed us to conclude that the acetic acid adsorption process 
in malt bagasse has a fast kinetics, reaching equilibrium in a time interval of up 
to 20 minutes, which favors its use in effluent treatment systems, since it de-
mands a shorter detention time due to its fast kinetics. 

The adjustment of kinetic models to experimental data showed that the Pseu-
do-Second Order kinetic model better represents the acetic acid adsorption 
process in malt bagasse than the Pseudo-First Order model. And the adjustment 
of the Intra-particle Diffusion Model, allowed identifying the limiting step of the 
adsorption process as I feel the intra-particle diffusion, however, the multilinear-
ity of the results shows that this is not the only step that controls the biosorption 
mechanism in question.  

The adjustment of Freundlich’s Langmuir models to the results obtained from 
the balance test allowed us to identify that the phenomenon of biosorption of 
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acetic acid by malt bagasse is better represented by the Langmuir model than by 
the Freundlich model, which is an indication that the chemical adsorption in 
monolayer governs the studied biosorption process. The process is thus shown 
to be strongly favorable and with a good adsorption capacity. 

Thus, the malt bagasse has great potential to be used as a biosorbent in the 
removal of acetic acid in wastewater treatment systems. However, the efficiency 
obtained by this biosorption process, approximately 30 mg·g−1, is not sufficient 
to meet the current legislation in terms of COD removal. Thus, in order to be 
used in the treatment of effluents, the process of biosorption in malt bagasse 
should be combined with other existing technologies, such as, for example, 
anaerobic upflow reactor (RUFA) and activated sludge system, which would in-
crease the ability to remove COD and BOD from these technologies, in addition 
to increasing the efficiency of the effluent treatment system in terms of volume 
of effluent treated per hour. 
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