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ADSORPTION OF OLEIC ACID ON AV-17-8 ANION EXCHANGE RESIN
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Adsorption of oleic acid on AV-17-8 anion exchange resin from a sunflower oil solution
is studied. It has been established that preliminary drying of the adsorbent accelerates the
completion of the oleic acid equilibrium concentration and increases the acid adsorption
degree. An increase in the adsorbent amount enhances the degree of oleic acid adsorption
over the entire temperature range studied. An increase in temperature also raises the
degree of oleic acid adsorption when using both air-dry anion exchange resin and pre-
dried adsorbent. The experimental results are analyzed using Langmuir, Freundlich, and
Dubinin-Radushkevich adsorption models. The oleic acid adsorption is satisfactorily
described by the Langmuir adsorption equation. According to the values of the adsorption
constant calculated by the Freundlich model, it is established that the adsorption of oleic
acid on an anion exchange resin is physical. This conclusion is confirmed by the value of
the mean adsorption energy calculated using the Dubinin-Radushkevich adsorption model.
The thermodynamic parameters of the oleic acid adsorption on AV-17-8 anion exchange
resin also are determined. The negative values of the Gibbs free energy and positive value
of the adsorption entropy indicate that the oleic acid adsorption on AV-17-8 anion
exchange resin occurs spontaneously.
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Introduction

The transesterification of triglycerides has a
significant role in industrial organic chemistry. This
process formed esters of higher fatty acids and methyl
and 2-propyl alcohol, sucrose, etc. Methyl esters of
higher fatty acids are used as biodiesel and intermediates
of alkanolamides, higher fatty alcohol synthesis, etc.
Currently, sodium or potassium hydroxides or
methylates are used as industrial catalysts for triglyceride
transesterification with aliphatic alcohols [1]. The
advantages of these catalysts are high reaction rate
and mild reaction conditions. However, sodium or
potassium hydroxides or methylates significantly lose
catalytic activity subject to above 0.5 and 1% water
and free fatty acids content in vegetable oils,
respectively. Such restrictions significantly narrow the
range of feedstocks for triglyceride transesterification.

These shortcomings are eliminated by using acid
catalysts, which are less sensitive to the high content
of free fatty acids in vegetable oils and can catalyze
their esterification [2,3]. The process proceeds in one
or two stages when using acid catalysts. The first
method involves the transesterification of triglycerides
with simultaneous esterification of free acids. The
second method is the esterification of free fatty acids
catalyzed by acid and the transesterification of
triglycerides catalyzed by base. The main disadvantage
of acid catalysts is their low activity in the
transesterification reaction and long reaction time.

Heterogeneous basic or acidic catalysis is another
method of transesterification oils with a high content
of free fatty acids [4—6]. Such substances catalyze the
transesterification of oils containing free fatty acids.
The heterogeneous basic or acidic catalysts also have
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the advantage of being easily separated from the
reaction mixture and reused.

A raw materials pretreatment is also offered for
oil transesterification containing free fatty acids. This
treatment involves removing free fatty acids from the
feedstock. Anion exchange resins, zeolites, etc. are
effective adsorbents for free fatty acids removal [7,8].
Simultaneously, such purified oils are the appropriate
raw materials for transesterification with alcohols
catalyzed by sodium or potassium hydroxides or
methylates. The free fatty acids adsorption from oils
also permits to use of such promising raw materials
for transesterification as unrefined or used oils [9,10].

The aim of this study was to investigate the
kinetic and thermodynamic of adsorption of oleic
acid added to sunflower oil on AV-17-8 anion exchange
resin.

Experimental

Oleic acid (DSTU 4830:2007, grade B) and
refined sunflower oil (DSTU 4492:2017) were used
as raw materials. The AV-17-8 anion exchange resin
(top grade) was used as an adsorbent. Refined sunflower
oil containing added oleic acid was used as a model
solution. The acid number of the solution was
8.5 mg KOH/g. That corresponded to an oleic acid
content of 4.3 wt.%. The AV-17-8 anion exchange
resin was used as an air-dry substance with 17.5%
moisture content. The dried anion exchange resin
was obtained at a temperature of 363—368 K.

The oleic acid adsorption from a sunflower oil
model solution was studied in a chemical beaker in
the temperature range of 303—343 K using a magnetic
stirrer. The adsorbent content was varied in the range
of 2—6 wt.%. Samples were periodically taken to
determine the oleic acid content by acid-base titration
according to the method given in Internet resource
Biocyclopedia.com'.

The concentration of oleic acid in sunflower oil
solution (mg/g) was calculated by the following
formula:

C = Vo CrnaonMon (1)
1 m >

where Vy,on is the volume of an alkali solution

used to titrate the sample, cm?; Cy,on is the

concentration of the alkali solution, mol/dm?3, Mg,

is the molar mass of oleic acid, g/mol; and m is

the sample weight, g.

The oleic acid amount adsorbed on 1 g of the
anion exchange resin was calculated by the following
formula:

C,-C
q:( 0 1)mm’
m

(2)

ads

where C, is the initial concentration of oleic acid in
the sunflower oil solution, mg/g; m,, is the weight of
the solution, g; and m,, is the adsorbent weight, g.
The degree (wt.%) of oleic acid adsorption (oleic
acid percentage extracted from the sunflower oil
solution) was calculated by the following formula:

_G6 -G
o (3)

X

Results and discussion

The parameters of oleic acid adsorption from
sunflower oil were investigated as functions of
temperature, adsorbent content in solution, and
moisture content in anion exchange resin.

The oleic acid equilibrium concentration in
solution is achieved more slowly when using air-dry
AV-17-8 anion exchange resin, than when the pre-
dried resin is used as an adsorbent (Fig. 1). At 303 K,
the equilibrium concentration of oleic acid during
adsorption on the dried AV-17-8 anion exchange resin
is achieved in about 60 minutes. The equilibrium is
30 minutes faster than when an air-dry anion exchange
resin is used as an adsorbent. At 323 K, the
equilibrium concentration of oleic acid in solution is
reached 60 minutes faster. With a further increase in
the adsorption temperature to 343 K, the equilibrium
concentration of oleic acid is also reached 30 minutes
faster when a pre-dried anion exchange resin is used.
When an air-dry anion exchange resin is used, a
higher value of the equilibrium concentration of oleic
acid is also observed compared to the equilibrium
concentration of the acid during adsorption on pre-
dried adsorbent in the entire temperature range studied.
The degree of oleic acid adsorption when an air-dry
anion exchange resin is used is 5—24%, and when a
pre-dried adsorbent is used, it is 6—30%. We assume
that water increases the oleophobicity of the adsorbent
surface and complicates the oleic acid adsorption on
anion exchange resin.

An increase in the adsorbent amount naturally
results in a lower equilibrium concentration of oleic
acid in solution over the entire temperature range
studied, regardless of the moisture of the anion exchange
resin (Fig. 1).

I Biocyclopedia.com. Plant Lab Protocols / Methodology for Lipids. Estimation of free fatty acids. Retrieved April 04, 2024, from
https://biocyclopedia.com/index/plant_protocols/lipids/Estimation_of free fatty acids.php.
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Fig. 1. Kinetics of oleic acid adsorption on air-dry (a, c, €)
and pre-dried (b, d, f) AV-17-8 anion exchange resin.
Adsorption temperature: a and b — 303 K; ¢ and d — 323 K
eand f— 343 K

An increase in the adsorption temperature slightly
reduces the equilibrium concentration of oleic acid
(Fig. 1). At a content of air-dry adsorbent in a solution
of 2 wt.%, an increase in the adsorption temperature
from 303 K to 343 K reduces the oleic acid equilibrium
concentration in solution from 40.6 mg/g to
38.9 mg/g. With an increase in the adsorbent content
to 6 wt.%, the oleic acid equilibrium concentration
decreases from 37.0 mg/g to 32.5 mg/g when the
adsorption temperature increases from 303 K to
343 K. Similar results were obtained when using pre-
dried AV-17-8 anion exchange resin as an adsorbent
(Fig. 1).

The adsorption kinetic curves were processed
using the Langmuir, Freundlich, and Dubinin-
Radushkevich adsorption models.

The linear form of the Langmuir adsorption

isotherm can be written as follows:
1 1 1

= —+ ,
d. 9, bq,C,

(4)

where q,, is the maximum adsorption capacity, mg/g;
C. is the equilibrium concentration of oleic acid in
solution, mg/g; and b is the Langmuir constant,
g/mg.

The values of K, were calculated from the
Langmuir constant, obtained from Fig. 2. The initial
concentration of oleic acid in solution C, was
determined for the range of 0.0006—0.0008 for air-
dry and 0.0009—0.0015 for pre-dried adsorbent in
the studied temperature interval according to the
following formula:

1

K =——.

LT 14bC, ()

Since the K, values were in the range of 0—1, it

can be argued that the oleic acid adsorption on an

anion exchange resin is satisfactorily described by the
Langmuir equation.
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Fig. 2. Langmuir isotherms of oleic acid adsorption on
AV-17-8 anion exchange resin: a — pre-dried adsorbent;
b — air-dry adsorbent

The Freundlich equation was used to determine
the type of adsorption. The linear form of this equation
is as follows:

(6)

where n and ki are the adsorption isotherm constants.

The calculated values of the constant n (Fig. 3)
at 303, 323 and 343 K are 1.83, 2.03, and 2.38 for
adsorption on air-dry AV-17-8 anion exchange resin
and 2.48, 3.29, and 2.48 for adsorption on pre-dried
adsorbent, respectively. The obtained values of n are
greater than 1. This indicates that the oleic acid
adsorption on the anion exchange resin is physical.

Inq, = Ink, +llnCe,
n
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The increase in the value of the K constant when
the temperature was increased from 303 to 323 K
indicates a significant increase in the adsorption
capacity of the anion exchange resin. With a further
increase in temperature to 343 K, the value of the Ky
constant decreases slightly by about 5.5—10.0%.
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Fig. 3. Freundlich isotherms of oleic acid adsorption on
AV-17-8 anion exchange resin: a — pre-dried adsorbent;
b — air-dry adsorbent

The Dubinin-Radushkevich adsorption model
was used to calculate the activation energy of oleic
acid adsorption on AV-17-8 anion exchange resin
(Fig. 4). The linear form of the Dubinin-
Radushkevich adsorption equation is as follows:

(7)

where ¢ is the theoretical isotherm adsorption capacity,
mg/g; B is the adsorption isotherm constants,
mol?/kJ?; and ¢ is the Polanyi potential.
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Fig. 4. Dubinin-Radushkevich isotherms of oleic acid
adsorption on AV-17-8 anion exchange resin:
a — pre-dried adsorbent; b — air-dry adsorbent

The Polanyi potential value was calculated using
the equation:

1
SZRTIH[H-C_]’ (8)

where R is the universal gas constant, 8.314 J/(mol-K).

The mean energy of oleic acid adsorption on
AV-17-8 anion exchange resin (Table 1) was calculated
using of the adsorption isotherm constant B according
to the equation:

E=(2B)". (9)

The mean energy of oleic acid adsorption on
air-dry and pre-dried AV-17-8 anion exchange resin
indicates that physical adsorption is observed on both
adsorbents.

Table 1
The mean energy of oleic acid adsorption on AV-17-8
anion exchange resin

Temperature, The mean a}dsorption energy, kJ/plol
K air-dry anion pre-dried anion
exchange resin exchange resin
303 5.2 7.8
323 5.2 6.6
343 5.3 6.2

The oleic acid adsorption equilibrium constant
was determined to calculate the thermodynamic
indicators of the acid adsorption. To this end, a plot
In(q./C.) vs. C, was used (Fig. 5).
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Fig. 5. The dependence of C, versus In(gq,/C,) to determine the
adsorption equilibrium constant: a — pre-dried adsorbent;
b — air-dry adsorbent

The oleic acid adsorption equilibrium constant
K determined from Fig. 5 was used to calculate the
following thermodynamic parameters of the oleic acid
adsorption:

AG = -RTInK,
0 0
:&_AH s (11)
R RT
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where AG is the adsorption Gibbs free energy,
kJ/mol; AS® is the adsorption entropy, kJ/(mol-K);
and AH? is the adsorption enthalpy, kJ/mol.

A plot InK vs. 1/T was used to determine the
adsorption entropy and enthalpy (Fig. 6).
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Fig. 6. The dependence of 1/T versus InK: a — pre-dried
adsorbent: b — air-dry adsorbent

The thermodynamic parameters of the adsorption
when air-dry and pre-dried anion exchange resin is
used as the oleic acid adsorbent are shown in Table 2.

The negative values of the Gibbs free energy
(Table 2) argue that oleic acid adsorption occurs
spontaneously. The positive values of the activation
entropy for oleic acid adsorption on air-dry and pre-
dried anion exchange resin (53.7 J/(mol-K) and
63.5 J/(mol-K), respectively) confirm that conclusion.
The thermodynamic indicators of oleic acid adsorption
on AV-17-8 anion exchange resin correlate well with
the data of carboxylic acids’ adsorption on various
types of adsorbents [11,12].

To recover acids from crude vegetable oils for
subsequent transesterification, the adsorption of oleic
acid from its solution in sunflower oil using an anion
exchange resin with a content of 18.5 wt.% was
investigated. It was found that at a temperature of
323 K, the adsorption degree of oleic acid reached
69.6%. The residual content of oleic acid in the

vegetable oil was approximately 1 wt.%. At this acid
concentration, the use of basic transesterification
catalysts is feasible.

Conclusions

The research results of oleic acid adsorption on
AV-17-8 anion exchange resin show that an increase
in the adsorbent amount enhances the acid adsorption
degree from the solution. The preliminary drying of
the anion exchange resin reduces the completion time
of the oleic acid equilibrium concentration in solution
and increases the oleic acid degree adsorption. These
results are obviously due to the high surface
oleophobicity of air-dry anion exchange resin with
high moisture content. Analysis of the experimental
results using Langmuir, Freundlich and Dubinin-
Radushkevich adsorption models shows that the oleic
acid adsorption on AV-17-8 anion exchange resin is
physical and spontaneous. In addition, this is confirmed
by the mean adsorption energy of 5.2—7.8 kJ/mol
(less than 8 kJ/mol), negative adsorption Gibbs free
energy values, and positive value of the adsorption
entropy.
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AJICOPBIIIA OJEIHOBOI KMCJOTU HA AHIOHITI
AB-17-8

FO. Meavnux, O. Yepniuenxo, C. Meavnux, I. Macopiscoka

JlocimkeHo amncopOLio 0JIeTHOBOI KMCJIOTH Ha aHiOHO-
00MiHHI#1 cmom AB-17-8 i3 po3uMHy B COHSIIHMKOBIN OJIii.
BcraHoBieHo, 110 TONEepeaHE BUCYLIYBAaHHSI aHIOHOOOMiHHOL
CMOJI TIPUCKOPIOE MOCSITHEHHSI PiBHOBAXXKHOI KOHIIEHTpAIlil
0JICTHOBOI KMCJIOTH B PO3UMHI Ta MiIBHUIILYE ii CTYIiHb aaCcOPOLIii.
ITokazaHo, 110 30i/MBIIEHHSI BMICTY aacoOpOEHTY B pO3UMHI Yy
BCHOMY JIOCTiIKEHOMY iHTepBaJIi TeMIIepaTyp IiABUIIYE CTYIiHb
BWJIYUEHHsI OJIETHOBOI KMCJIOTH 3 pO34YMHYy. BcTaHOBJIEHO, 1110
3 MiABUILEHHSIM TeMIIepaTypHu amcopOllii 30UIbIIYETHCS CTYITiHD
azcopOIIil 0JIETHOBOT KUCIOTH SIK TTOBITPSTHO-CYXOI0 aHiOHO00-
MiHHOIO CMOJIOIO, TaK i IMOMEepeaHbO BUCYIIEHMM aacopOeH-
ToM. OTprMaHi pe3yabTaTH IIPOAHaJIi30BaHO i3 3aCTOCYBAHHSIM
Mozeneit amcop6uii Jlenrmiopa, ®peitnmrixa ta [dy6inina-Pa-
nmymkeBuya. [TokazaHo, 1110 agcopOIIilo 0JIeTHOBOI KUCIOTH 3a-
IIOBUTBHO omucye piBHSAHHS JIeHrMiopa. 3a po3paXxoBaHUMM 3a
monemtio peitHanixa 3HAYeHHSIMA KOHCTAHTH acopOILii BcTa-
HOBJICHO, 1110 aICOPOIIisT OJIETHOBOI KMCJIOTH HA aHIOHOOOMiHHI
CMOJIi 32 YMOB IOCTIIKeHb € (piznuHoi0. BkazaHMii BUCHOBOK
MiITBEpIKYIOTh 3HAYEHHSI €HEeprii akTHUBallii amcopOlii po3pa-
XOBaHi Iy Momeni agcopouii Jyoinina-PagymkeBuua. BusHa-
YeHO TEePMOAMHAMIYHI XapaKTepPUCTUKHU IIPOIECY amcopoOiii
0JICTHOBOI KMCJIOTU Ha aHiOHOOOMiHHi#T cmomi AB-17-8. Otpu-
MaHi BiI’€MHi 3Ha4eHHS BiIbHOI eHeprii ['i00ca Ta momatHi 3Ha-
YeHHsI SHTPOIIii amcopOlii cBimuaTh, 11O amcopOllis OJeiHOBOI
KHUCJIOTM Ha aHiOHOOOMiHHIiN cmoji AB-17-8 BimOyBaeTbcst
CITOHTaHHO.

KnwowoBi caoBa: amcopOirisg, ojJieiHOBa KHCJOTAa,
COHSIIIIHUKOBA OJlisg, aHioHooOMiHHa cMoja AB-17-8, Momenb
Jleurmiopa, momens Dpeitnmrixa, monmenb JlybiHiHa-
PapymkeBuya.

ADSORPTION OF OLEIC ACID ON AV-17-8 ANION
EXCHANGE RESIN

Yu. Melnyk *, O. Chernichenko, S. Melnyk, H. Mahorivska
Lviv Polytechnic National University, Lviv, Ukraine
* e-mail: yurii.r.melnyk@lpnu.ua

Adsorption of oleic acid on AV-17-8 anion exchange resin
from a sunflower oil solution is studied. It has been established
that preliminary drying of the adsorbent accelerates the completion
of the oleic acid equilibrium concentration and increases the acid
adsorption degree. An increase in the adsorbent amount enhances
the degree of oleic acid adsorption over the entire temperature
range studied. An increase in temperature also raises the degree of
oleic acid adsorption when using both air-dry anion exchange
resin and pre-dried adsorbent. The experimental results are analyzed
using Langmuir, Freundlich, and Dubinin-Radushkevich
adsorption models. The oleic acid adsorption is satisfactorily
described by the Langmuir adsorption equation. According to the
values of the adsorption constant calculated by the Freundlich
model, it is established that the adsorption of oleic acid on an
anion exchange resin is physical. This conclusion is confirmed by
the value of the mean adsorption energy calculated using the
Dubinin-Radushkevich adsorption model. The thermodynamic
parameters of the oleic acid adsorption on AV-17-8 anion exchange
resin also are determined. The negative values of the Gibbs free
energy and positive value of the adsorption entropy indicate that
the oleic acid adsorption on AV-17-8 anion exchange resin occurs
spontaneously.

Keywords: adsorption; oleic acid; sunflower oil; AV-17-8
anion exchange resin; Langmuir model; Freundlich model,
Dubinin-Radushkevich model.
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