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ABSTRACT

This work aims to present novel adsorption equilibrium data for glycolic acid with alumina
at aqueous solutions. The adsorption experiments were carried out with aqueous glycolic
acid solutions with various initial concentrations (0.38–2.1) mol L−1. Adsorbent alumina of
(0.2–2) g was used. To show the effect of temperature, also adsorption equilibrium experi-
ments were made at various temperatures (298, 308, and 318K). The equilibrium concentra-
tions of glycolic acid have been found. Removal of glycolic acid was 20.51% as the
maximum percentage. The equilibrium data show well fitting with Langmuir isotherm.
Also, Elovich model have been applied to adsorption data.
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1. Introduction

Removal and recovery of many different organic
acids has an important industrial problem [1]. Many
techniques were investigated to recover carboxylic
acids from aqueous media [2–5]. One of these tech-
niques is adsorption, which is one of the most efficient
techniques in most natural systems. These systems
may be physical, biological, or chemical. Adsorption
of solids is mostly used in industrial applications with
the aim of purification and separation [6]. These solids
may be natural and of different synthetic resins

Glycolic acid, also called as hydroxyacetic acid, has
been known as smallest α-hydroxy acid. It is an
important raw material for different skin cosmetic
substances [7]. It is possible to produce glycolic acid

from the fermentation broth, or using mineral acid,
such as sulfuric acid; glycolic acid can be produced
from glycolonitrile hydrolysis. Multicomponent solu-
tions are obtained with these production methods. For
fermentation method, concentration of acid obtained
in these solution is average, not more than 10% by
mass; for glycolonitrile hydrolysate, glycolic acid con-
centration typically is not more than 40% by mass.
Distillation requires a big amount of energy; therefore,
separation of acids from product solutions is an
important separation problem. On the other hand, dis-
tillation is not suitable method to separate acids that
are nonvolatile. It is very hard to obtain high distribu-
tion coefficients by conventional solvents, as a result
of powerful aqueous activity of organic acids [8–10].

Carboxylic group and surface hydroxyls were
studied widely by many researchers. Especially,
adsorptive separations of carboxylic acids were
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studied. Oxygens of both acids are attached to the sur-
face of alumina. To explain these interactions chelating
and bridging approaches were offered. Bridging
approach proposes oxygens on the acid with the inclu-
sion of mutual action are directly to Al–O of alumina
by the aim of bonding hydrogen. On the other hand,
chelating approach proposes that the group is dissoci-
ated. Later this group makes a linkage with Al–O–H.
Adsorptive separation of organic acids from dilute
solutions by alumina is called as a dissociative
adsorption [11,12]. Adsorbed acid molecules onto
alumina can affect the surface of alumina. In this

interaction, one atom of hydrogen is used between
atoms of oxygen of the acid molecule. This interaction
is carried out with the formation of hydrogen bond
[13].

In this investigation, liquid–solid data of equilib-
rium of glycolic acid with alumina in aqueous solution
has been obtained. Most widely used adsorption iso-
therms (Freundlich and Langmuir) were plotted by
using experimental results. As a kinetic model, Elo-
vich equation was used for kinetic investigation of
glycolic acid adsorption by alumina.

2. Experimental

Glycolic acid and alumina have been supplied by
Merck Co. Purity for all chemicals used in this work
are greater than 99.0. Initial concentrations of acid
were prepared in four concentrations (0.38, 0.7, 1.33,
and 2.1) mol L−1. Specified amount of alumina added
to 5 mL of glycolic acid solution (10% (w/w)) and sha-
ked for equilibrium in a thermostatic bath. All adsorp-
tive separation experiments have been made in a
shaker at (298, 308, and 318K) . Samples were obtained
in 10 min of intervals, and analyzed titration with
using 0.1 N NaOH; the indicator used in this study
was phenolphthalein. As a result of these experiments,
the period for equilibrium obtained was 60 min. The
samples were shaken for 90 min, and 0.6 g of alumina
amount was found as the optimum amount. The
impact of initial acid concentration on glycolic acid
adsorption was observed at 298 K ± 1 with 0.6 gram of
alumina.

Table 1
Effect of initial acid concentration on the adsorption of glycolic acid

Initial conc.
(g L−1)

Initial conc.
(mol. L−1)

Initial conc.
(%w/w)

Amount of
alumina (g)

Equilibrium
conc. Ce (g L−1)

Adsorbed acid
Qe (g mg−1)

Removal of
acid (%)

Temp.
(K)

28.9 0.38 2.82 0.6 25.8 0.026 10.72 298
53.24 0.7 5.27 0.6 48.8 0.037 8.33
101.15 1.33 10.04 0.6 95.3 0.049 5.78
159.71 2.1 15.96 0.6 156.3 0.028 2.13

28.9 0.38 2.82 0.6 25.6 0.028 11.41 308
53.24 0.7 5.27 0.6 48.9 0.036 8.15
101.15 1.33 10.04 0.6 98 0.026 3.11
159.71 2.1 15.96 0.6 158.2 0.013 0.94

28.9 0.38 2.82 0.6 27.6 0.011 4.49 318
53.24 0.7 5.27 0.6 48.3 0.041 9.27
101.15 1.33 10.04 0.6 99.4 0.015 1.73
159.71 2.1 15.96 0.6 159.1 0.005 0.38

Fig. 1. Plot of the effect of the initial acid concentration on
the adsorption of glycolic acid at 298 K.
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3. Results and discussion

Adsorptive separation investigations were carried
out with various initial concentrations of glycolic acid,
to show the impact of initial concentration of acid.
From Table 1 and Fig. 1, it may be observed that,
with rising preliminary concentrations from 0.38 to
2.1 mol L−1, glycolic acid adsorbed decreases. In this
respect, the removal rate decreased from 10.72 to
2.13% for glycolic acid. The reason of this situation is
saturation of surface sites of alumina.

Table 2 and Fig. 2 present effects of alumina
amount on adsorption of acid which was studied by
changing the alumina amount from 0.2 to 2 g with
1.33 mol L−1 of preliminary concentration of glycolic
acid at 298 K, respectively. It has been concluded that,

as the amount of alumina increases, glycolic acid
adsorbed increases. Maximum adsorbent dose has
been selected as 2 g, and the maximum adsorption
capacities of glycolic acid have been found as 20.51%
for this dose (Fig. 3 and Table 3).

To show the influence of contact time on glycolic
acid adsorption by alumina, 1.43 mol mg−1 of glycolic
acid solution has been used for a period of 60 min at
298 K. Alumina dosage used for this purpose was
selected as 0.6 g. Glycolic acid uptake of alumina was
faster at first, and later it became more slow as the
approach reached equilibrium. Between these situa-
tions, the adsorption rate has been found to be almost
constant. This situation may be explained by the fact
that many vacant local sites on alumina surface for

Table 2
Effect of amount of adsorbents on the adsorption of glycolic acid

Initial conc.
(g L−1)

Initial conc.
(mol. L−1)

Initial conc.
(%w/w)

Amount of
alumina (g)

Equilibrium
conc. Ce (g L−1)

Adsorbed acid
Qe (g mg−1)

Removal of
acid (%)

Temp.
(K)

101.15 1.33 10.04 0.2 99.9 0.010 1.23 298
101.15 1.33 10.04 0.4 99.2 0.016 1.92 298
101.15 1.33 10.04 0.6 95.3 0.049 5.78 298
101.15 1.33 10.04 0.8 91.3 0.082 9.73 298
101.15 1.33 10.04 1.0 90.8 0.086 10.23 298
101.15 1.33 10.04 1.2 90.3 0.090 10.72 298
101.15 1.33 10.04 1.4 87.4 0.115 13.59 298
101.15 1.33 10.04 1.6 83.3 0.149 17.64 298
101.15 1.33 10.04 1.8 82.6 0.155 18.33 298
101.15 1.33 10.04 2.0 80.4 0.173 20.51 298

Fig. 2. Plot of the effect of the amount of adsorbents on the
adsorption of glycolic acid at 298 K. Fig. 3. Plot of the effect of the contact time on the adsorp-

tion of glycolic acid.
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glycolic acid adsorption are available at first and after
a period, these sites on alumina surface are very hard
to occupy as a result of repulsive effects between gly-
colic acid molecules on alumina and molecules of gly-
colic acid on water [14].

Temperature effect on adsorption of acid was
examined at, 298, 308, and 318 K. Table 4 show results

of adsorption in these temperatures. Capacity of
adsorbent changes from 0.028 to 0.005 g mg−1 as tem-
perature increases from 298 to 318 K is shown in
Table 4. This situation shows that obviously the
adsorption process is an exothermic.

3.1. Adsorption isotherm equations

Most widely used isotherms are Langmuir and
Freundlich isotherms. These isotherms were plotted to
find isotherm model parameters and adsorption char-
acteristics.

The first isotherm is Langmuir given as the follow-
ing Eq. (1) [15–17],

Qe ¼ KA �Q0 � Ce

1þ KA � Ce
(1)

where Qe and Q0 show the concentrations of glycolic
acid on the adsorbent and saturation capacity, respec-
tively

Qe and KA may be found using Eqs. (2) and (3).

Ce ¼ �KL þ Ce �Q0

Qe
(2)

KL ¼ 1

KA
(3)

Table 3
Effect of contact time on the adsorption of glycolic acid

Initial
conc.
(g L−1)

Initial conc.
(mol. L−1)

Initial conc.
(%w/w)

Amount of
alumina (g)

Equilibrium
conc. Ce (g L−1)

Adsorbed acid
Qe (g mg−1)

Removal of
acid (%)

Time
(min)

Temp.
(K)

108.76 1.43 10.86 0.6 108.4 0.003 0.33 10 298
108.76 1.43 10.86 0.6 105.3 0.029 3.18 20 298
108.76 1.43 10.86 0.6 103.5 0.044 4.83 30 298
108.76 1.43 10.86 0.6 101.4 0.061 6.76 40 298
108.76 1.43 10.86 0.6 100.1 0.072 7.96 50 298
108.76 1.43 10.86 0.6 99.4 0.078 8.60 60 298

Table 4
Effect of temperature on the adsorption of glycolic acid

Initial conc.
(g L−1)

Initial conc.
(mol. L−1)

Initial conc.
(%w/w)

Amount of
Alumina (g)

Equilibrium
conc. Ce (g L−1)

Adsorbed acid
Qe (g mg−1)

Removal of
acid (%)

Temp.
(K)

101.15 1.33 10.04 0.6 95.3 0.049 5.78 298
101.15 1.33 10.04 0.6 98.0 0.026 3.11 308
101.15 1.33 10.04 0.6 99.4 0.013 1.73 318

Fig. 4. Plot of the Langmuir isotherm equation for the
adsorption of glycolic acid.
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KL and Q0 values may be found from slope and inter-
ception of isotherm in Fig. 4. Langmuir adsorption
constants have been obtained using Eqs. (2) and (3).
These parameters have been given in Table 5.

The other isotherm applied in this work for gly-
colic acid adsorption onto alumina is Freundlich iso-
therm [18–20].

Freundlich isotherm has been calculated from
Eq. (4)

Qe ¼ Kf � C1=n
e (4)

A logarithmic plot of this equation linearizes this
equation, enabling the parameters to be found from
Eq. (5). The constant Kf and exponent n are given as,

logQe ¼ logKf þ ð1=nÞ logCe (5)

Freundlich constant Kf and other parameter 1/n, at
various concentration points can be found from the
slope and intercept of log Qe and log Ce graphs.

From the calculations, it was seen that Langmuir
isotherm shows good fitting experimental data for gly-
colic acid onto alumina with R2 value of 0.9097. How-
ever, Freundlich isotherm did not show good results.

3.2. The Elovich model equation

The Elovich equation is given as follows Eq. (6)
[21],

dQ

dt
¼ a � expð�b �QÞ (6)

In this equation, α is known as initial rate
(mg.g−1.min−1). β is known as the parameter of desorp-
tive behavior (g mg−1). To linearize Elovich model,
assumption of αβt≫ t is made. Also, using two bound-
ary conditions, Elovich model is given by Eq. (7),

Q ¼ 1

b
� ln ða � bÞ þ 1

b
� ln ðtÞ (7)

A graph of qt with respect to ln (t) must give a line.
This straight line has the slope of (1/β) and intercept
of this line is (1/β) ln (αβ). The Elovich plotted about
glycolic acid adsorption onto alumina is shown in
Fig. 5. Constants of Elovich equation for glycolic acid
have been given in Table 6.

4. Conclusions

In the content of this work, adsorptive separation
of glycolic acid using alumina has been studied and
influences of equilibrium time, dose of alumina, and
preliminary concentration of glycolic acid on the
adsorption were examined. It was concluded that
removal of alumina increases from 0.010 to
0.173 g mg−1 with increasing dose of alumina from 0.2
to 2 g. Using 2g of alumina, we determine Qe as
0.173 g mg−1. Nevertheless, the preliminary concentra-
tion of acid has not influenced adsorption equilibrium.
Adsorptive separation of acid was decreased with ris-
ing preliminary concentration of glycolic acid. It was
concluded that adsorptive separation decreases with
rising temperature. We found that 5.78% recovery was

Table 5
Result of Langmuir isotherm for the adsorbtion of glycolic
acid by alumina

Langmuir isotherm

1/Q0 KL/Q0 Q0 KL R2

27.976 53.354 0.036 1.907 0.9097

Fig. 5. The linear plot of Elovich model equation glycolic
acid.

Table 6
Obtained constant for Elovich equation and pseudo second
order kinetic model

Elovich equation

α β R2

0.047 23.31 0.9927
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at 298 K. However, at the temperature of 318 K,
removal of glycolic acid was 1.73%. It can be observed
that alumina adsorption is an efficient method for the
separation of glycolic acid from fermentation broth or
wastewater streams.
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İ. İnci et al. / Desalination and Water Treatment 56 (2015) 3122–3127 3127


	Abstract
	1. Introduction
	2. Experimental
	3. Results and discussion
	3.1. Adsorption isotherm equations
	3.2. The Elovich model equation

	4. Conclusions
	References



