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The capacity of glucose removal in aqueous solution using Amberlite XAD4® was investigated. Experimental
adsorption isotherm glucose onto Amberlite was carried out at 303 K and kinetic adsorption at 303 and 323K
were performed in a batch reactor for 48 hours. The glucose concentration data were measured with
ultraviolet-visible spectroscopy. To correlation the equilibrium data was use Freundlich, Toth, and Langmuir
isotherms and to describe the kinetics data were use the pseudo-first-order and pseudo-second-order models.
The result showed that resin has low effectivity at removal glucose in aqueous solution.

1. Introduction

Several industries require separation or removal steps of compounds of interest from a mixture. One example
is the hydrolysis process employing gamma-valerolactone (GVL) and water as solvents to carbohydrate
production such as glucose and xylose from biomass. Although a liquid-liquid separation process is necessary
to decrease the quantity of GVL, a large amount of GVL remains in solution (Luterbacher et al., 2014). Among
the separation techniques, the liquid phase adsorption is a common alternative approach to separate mixtures
and it might be used in this process.

Many works, using adsorption to remove organic compounds from liquid phase, can be commonly found on
the literature as can be seen on Bousba and Meniai, 2014 and Parisi et al, 2007; other works also used
adsorption to remove glucose from liquid phase, such as Gramblicka and Polakovic (2007), Lei et al (2010),
and Kuhn et al. (2012).

Thus adsorption is a complementary proposal to decrease the GVL in solution, after liquid-liquid extraction,
since this solution may be used in other processes, for example, for ethanol production by a fermentation
process.

High concentrations of GVL are toxic to the microorganisms that produce ethanol (Luterbacher et al., 2014),
thereby it becomes important to remove the greatest possible amount of GVL from solution with the goal of
improving the fermentation.

Before the present work, a test was performed with the actual solution to know the absorption with all
compounds in the mixture. The present work is a preliminary adsorption study, since the adsorption of binary
solutions is important in understanding the behavior of multicomponent mixtures on an adsorbent.

The main objective of this work was to perform glucose adsorption by a commercial resin Amberlite XAD4®
(XAD4) and to obtain information about the process adsorption, such as equilibrium and kinetics aspects, to
find out if it is a friendly alternative to prepare the fermentation solution to produce ethanol.
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2. Experimental section

2.1 Materials
The adsorbate used was a glucose/water solution. It was used deionized water and D-glucose produced by
Sigma Aldrich (99%). The adsorbent was Amberlite XAD4®, commercial resin produced by Sigma Aldrich.

2.2 Isotherm data

All of the equilibrium assays were carried out during 48h in test tube with cover containing 20mL of solution
and 0.2g of resin. The solution was left to reach equilibrium in orbital shaker at 303 K with rotation speed of
100 rpm. The glucose solutions with initial concentration ranged from 1g/L to 30g/L were used to make the
isotherm.

In this case, the initial and final sample solutions were collected to determine the concentration. The adsorbed
glucose amount was determined by mass balance.

2.3 Kinetic data

The experiments were performed in batch reactor with 750 mL of glucose solution at 303 and 323 K and
stirred at 100 rpm. The glucose concentration used 30g/L to 303 K and 27 g/L to 323K. We took 0.4 mL of
solution on each sample.

The amount of adsorbed glucose q(t) at different time t, was calculated as follows:

Gﬁﬁw (1)

Where V is the volume of solution, Co is the initial concentration of glucose in solution, C(t)is the

concentration of glucose in solution on time t, and M is the adsorbent mass in dry base.

2.4 Analysis

Synthetic solution: The glucose concentration was determined by ultraviolet visible spectroscopy (Spectro
Vision Model UV-vis SB-1810S, Shimadzu) at 505nm. The method used to determined was enzymatic
method, glucose-oxidase, (Buttler et al., 2001) produced by Analysa. Linear calibration curve was constructed
on 5 points with different concentrations (0.1; 0.5; 1; 2 and 3 g/L). The samples were analysed using 30uL of
each sample in 3mL of Glucose-oxidase. All kinetic and equilibrium experiments were carried out in duplicate.
Actual solution: The actual solution with all compounds (Water/GVL/Glucose/Xylose) was used to test XAD4
behavior. In this test it was used 1g of resin in 10ml of solution, temperature 298.15K, under shaking for 10
min. The method used to analyze the actual solution is described in Luterbacher et al. (2014).

2.5 Mathematic models

2.5.1 Isotherm Modeling

The adsorption isotherm equation used the equation 2,3 and 4.The Langmuir and Freundlich isotherms are
the most used to represent the adsorption equilibrium. The Langmuir isotherm model is physically consistent
and it considers that the active sites distributed on the surface of the adsorbent are homogeneous and there is
no iteration between molecules of the adsorbent. The Langmuir isotherm can be described by:

AnCeq
%= T1bC @
0Ly
where gm and b are the adjustable parameters.
The Freundlich isotherm can be represented in the following form:
n
Oy =KCqq (3)

where k and n are the adjustable parameters.

The main restriction of this model is that it does not provide the active sites saturation, so it should only be
used in the concentration range in which its parameters were adjusted.
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Toth proposed an equation based on the equation of Langmuir for in order to improve the model fit the
experimental data. It gives better results when applied to multilayer adsorption (Khan et al, 1997).
Toth’s equation is represented by the following equation:

q :ﬁ 4
eq (b+ng)1/n (4)

where n, qm, and b are the adjustable parameters
2.5.2 Kinetics Modeling

Computational simulation was performed with two models pseudo-first-order and pseudo-second-order model.
Both models are a mathematically expressed by the differential equations, respectively:

d
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where q(t) is the amount adsorbed at time t, Oeq is the amount adsorbed at equilibrium, |<1 and k2 are the

pseudo-first and pseudo-second-order kinetic rate parameter, respectively, integrating the equations (5) and
(6) onrange of Oto t and O to (, it become:

q(t) = g, (1-e7™*) @)
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where equation (7) is an explicit equation for q(t) to pseudo-first-order model and the equation (8) is an

explicit equation for q(t) to pseudo-second-order model.

The second-order model is based on the adsorption capacity inside solid phase. In contrast the first-order is a
model to predict the adsorption behaviour over a wide range and it is consistent with a mechanism such as
adsorption rate controlling step. If the rate of adsorption is expressed by a second-order, the pseudo-second-
order of chemisorption can be applied for each component in the mixture (Aksu and Gulenm, 2002).

3. Results and Discussions

3.1 Actual Solution

Table 1 presents the results from the analysis of the actual solution obtained by the hydrolysis of corn stover,
with the initial values of each component (Feed) and the final values of each component after adsorption by 1g
of XAD4. The hydrolysis was done according to the same procedure presented by Luterbacher et al. (2014).

Table 1: Adsorption experimental data of the actual aqueous solution

Components Feed (mol/L) Adsorption (mol/L)
GVL 0.2717 0.1660
Glucose 0.3687 0.2760

Xylose 0.2776 0.3676
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The results showed a higher adsorption of GVL from the liquid phase than Glucose. Therefore, it is important
to know the adsorption behavior of the Glucose/Water solution on the resin, since Glucose may have a
different rate of adsorption or a different adsorption time compared with GVL.

3.2 Kinetics
In Table 2, the model parameters, obtained using least squares regression analysis, are reported together
with the correspondent determination coefficient (rz).

Table 2: Kinetic parameters fitted to experimental data

Model T/K  Parameter re
Pseudo-first-order ki / min™t
303 2.9310 10°° 0.9873
323 5.5920 10 0.9582

Pseudo-second-order ko / g.mg.m‘in'l
303 5.922210° 0.8810
323 1.6864 10" 0.9151

The amount of glucose adsorption onto resin have been plotted as function of time t in minutes under two
different temperature which shown in Figure 1.A and Figure 1.B. Both cases showed that q(t) increased with a
time increase until it reaches equilibrium adsorption. According to the statistical analysis of the correlation
coefficient, the model with the best fit was the pseudo-first-order model.

The results showed that the adsorption kinetics is slow and it was affected by temperature. The equilibrium
time was reached around 1500 min, for 303K experiment, while the temperature 323K the time was around
750min. The parameters model results are consistent with the temperature effect, because the parameter
value is directly proportional with rate adsorption. Kuhn et al (2012) used cationic zeolite for glucose
adsorption and the equilibrium time was reached about 100min. This shows that the adsorbent of them was a
better glucose adsorbent compared to this study, but it is not interesting to our process.
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Figure 1.A: Relationship of q(t) vs. time for the adsorption at 303K Figure 1.B: Relationship of q(t) vs. time for
the adsorption at 323K, ® experimental data
—— pseudo-first-order,===pseudo-sec.-order,

The Table 2 results showed that increasing temperature also increases the kinetic constant. This fact may
result from increased adsorbate diffusion onto resin, which occurs with increasing temperature.
According to the computer simulation, the model that obtained the best fit was the pseudo-first-order model.

3.3 Isotherm

Parameter fitting to isotherm also was performed with least squares to three isotherms models: Langmuir,
Freundlich, and Toth. For Langmuir model, the coefficient r? was shown to be lower than the other models, as
shown in Table 3, so that it has low representation, in this case. The behavior of equilibrium data has showed
that isotherm is not favorable to glucose adsorption. However, the adsorption process is suggested when the
adsorbent has high adsorption capacity, even at low concentration of the interest compound in liquid phase.
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Table 3: Isotherm parameters fitted to experimental data

Model Parameters r?
qdm b
Langmuir 2250.44 59500 10°  0.9437
k n
Freundlich 1.7998 10™ 1.4239 0.9642
qdm n b
Toth 9.5688 10* 2.2538 11.8737 0.9660

The experimental results along with the adjustment of the models have been shown in Figure 2.
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Figure 2: Relationship of geq Vs. glucose concentration in equilibrium adsorption at 303K,® exp. Data,
=== Freundlich, ===+ Toth, and ——Langmuir.

As can be seen from Figure 2, the best fit was achieved with Freundlich and Toth models. In this case it
means that the behaviour of the resin is multilayer adsorption for water-glucose, since these two models have
this kind of behaviour.

Lei et al (2010) evaluated the adsorption of glucose using gel-type strong-acid cation exchange and concluded
that at low concentrations, the isotherm has a linear behavior. Such behavior has been studied by Gramblicka
and Polakovic (2007) in the adsorption of sucrose.

4. Conclusions

In this work we studied the effects of glucose adsorption on to Amberlite XAD4®, a commercial resin. Since
the glucose is the compound of interest, the resin adsorbs a low glucose amount, and needs a high time to
reach equilibrium, i.e. the adsorption is not favourable. Our results revealed that the resin Amberlite XAD4® is
effective for the hydrolysis process using GVL, because the main process goal is to remove GVL instead of
glucose.

Although this resin presented these glucose adsorption results, it is still necessary to evaluate the resin
behavior with GVL/water and GVL/Glucose/water, so future research will be necessary to study the desorption
kinetics of all compounds to conclude that our proposed approach could become a viable alternative to
remove GVL from the solution to further produce ethanol from the fermentation of glucose.
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