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Makale Bilgileri / Article Info ABSTRACT

Anahtar Kelimeler Polyacrylonitrile-co-poly(2-ethylhexyl acrylate) copolymers with different
Kopolimer acrylonitrile/2-ethylhexyl acrylate ratios were synthesized and tested in terms of
Filtrasyon filtration performance for naringine removal. The flux increased with poly(2-
Zar ethylhexyl acrylate) content of the copolymer membrane. Moreover, the filtration
Narinjin performance increased with increasing polyacrylonitrile content of the

copolymer membrane. The percent removal of naringin was found as 53.5%,
74.9% and 92.6% for PAN(84)-co-P2EHA(16), PAN(88)-co-P2EHA(12) and

Keywords PAN(92)-co-P2EHA(8), respectively. Also, copolymer membranes could preserve
Copolymer its 83% of its initial performance after the fifth use.

Filtration OZET

Membrane

Naringine Farkli akrilonitril/2-etilhegzil akrilat oranlarina sahip poliakrilonitril-ko-poli(2-

etilhegzil akrilat) kopolimerleri sentezlenmis ve narinjin filtrasyonu
performanslar1 test edilmistir Akis hizi kopolimer zardaki poli(2-etilhegzil
akrilat) miktariyla artmistir. Filtrasyon performansi ise kopolimer zardaki artan
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kopolimer zarlar besinci kullanimdan sonra baslangic performanslarinin
%383’linti korumuslardir.

1. Introduction

Naringine is a flavonoid having a bitter taste that gives HC Ho o

bitternes to various citrus juices such as mandarin and o

grapefruit (Figure 1) [1]. Also it has applications o

depending on its antioxidant, anti-ulcer and anti- on OH
inflammatory features. [2-5]. For the filtration of this

flavonoid, various filtration methods have been used. They H H
can be named as adsorption, solvent extraction, filtration,

supercritical carbon dioxide, chemical processes,

enzymatic and biological processes [1, 6-10]. In this study,

filtration method with a membrane was used for its |
removal from aqueous solution. Membranes used in this OH 4
study were obtained by the copolymerization of aniline

with 2-ethylhexyl acrylate. Aniline ratio in the copolymer  Figure 1. The chemical formula of naringine
was varied from 84 to 92 mole percent while 2-ethylhexyl
acrylate ratio was varied from 16 to 8 mole percent. The
copolymer having acrylonitrile/2-ethylhexyl acrylate ratio ~ 2.1. Materials

of 84/16 was denoted as PAN(84)-co-P2EHA(16). Acrylonitrile (Sigma-Aldrich 999%) and 9.

Similarly, cgpolymers having acrylonitrile/ 2-etby1hexyl ethylhexylacrylate (Sigma-Aldrich, 98%) monomers were

acrylate ratios of 88/12 and 92/8 were defined as used for copolymerization. They were distilled before
PAN(88)-co-P2EHA(12) and  PAN(92)-co-P2EHA(8), polymerization. - {hey oe

respectively. usage. Sulfuric acid (Sigma-Aldrich, 95-97%), isopropyl

' alcohol (Sigma-Aldrich, 99.9%) and ammonium persulfate

(Sigma-Aldrich, 98+%) were directly used. 1-

dodecanethiol (Sigma-Aldrich, 98+%) was used for chain

2. Experimental

This work by Amasya University is licensed under CC BY-NC https://creativecommons.org/licenses/by-nc/4.0/

BY NC


http://www.dergipark.org.tr/tr/pub/ijea
https://dergipark.org.tr/tr/pub/ijea
https://www.amasya.edu.tr/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:levent.semiz@amasya.edu.tr
https://orcid.org/0000-0002-3218-4663

www.dergipark.org.tr/tr/pub/ijea

IJEA 2024, Vol. 1, No 1, 10-13

transfer. DMF (Sigma-Aldrich, 99+%), NMP (Sigma-Aldrich,
99+%), magnesium sulfate (Sigma-Aldrich, 99+%) and
DOWFAX 8390 (Dow Chemical Company) surfactant were
used directly.

2.2. Copolymer Synthesis

Copolymers were synthesized via emulsion polymerization
method. Polymerization was performed as follows:

20% of total 2-ethylhexylacrylate/acrylonitrile mixture,
chain transfer agent, ammonium persulfate (65%), water
and DOWFAX 8390 were mixed in a flask with three nakes.
The flask contained thermocouple, dropping funnel, stirrer
and condenser. Before and during the polymerization
process, nitrogen gas was fed to the solution. The
temperature was set at 66°C. The rest of 2-
ethylhexylacrylate/acrylonitrile mixture was provided in 2
hours. When the monomer addition was finished, the
remaining of DOWFAX 8390 was provided via dropping
funnel. The solution was kept at 66°C for extra 40 min.
Then the produced copolymer was obtained by
precipitation in a 10% (w/w) aqueous solution of MgSOa.
Then, it was washed with distilled water and kept at 60°C
in a vacuum oven for a day.

Aniline ratio in the copolymer was varied from 84 to 92
mole percent while 2-ethylhexyl acrylate ratio was varied
from 16 to 8 mole percent. The amount of compounds in
the copolymerization process is listed in Table 1.
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2.3. Membrane Preparation

Synthesized copolymers (1.4 g) were added to DMF (9.0 g)
and stirred for a day. After they were completely dissolved
and obtaining homogeneous solution, the solution was
poured on glass plate. Then, it was immersed in an IPA for
1 h and put in water for a day.

2.4. Characterization

FTIR of copoylmers was obtained by Spectrum100 FTIR
spectrometer (Perkin Elmer). Flux and filtration
measurements were conducted via a dead end filtration
instrument under 2 bar pressure. The initial concentration
of naringin solution was 7.5 ppm. The removal percent of
naringine was obtained by UV-Vis spectrophotometer
(Perkin Elmer Lambda 35). The area of membranes was
8.0 cm2. Flux was calculated by Eq. 1;

v
T At
where V, A and t are volume (L) of the solution passed

through the membrane, membrane area (m2) and filtration
time (h), respectively.

J €y

The removal of naringine (R) was calculated by Eq. 2;
Cr

R= (1 ——) x100 ()
G

where Cr and C; are the final and initial concentrations of

naringine solutions before and after the filtration process,
respectively.

3. Results and Discussions

The copolymers’ chemical structure is seen in Figure 2.

CH, CH co CH, CH
n m
—_—N o]

H
J7—‘3H2—C—(CH2)30H3
H,CH3

Figure 2. The chemical formula of polyacrylonitrile-co-
poly(2-ethylhexylacrylate)

The FTIR analysis of copolymers were in Figure 3. CN and
CH (aliphatic) stretchings were observed at 2241 and 2932
cm-, respectively. The CH bending was seen at 1453 cm-L.
Moreover, 2-ethyl acrylate ester group’s C=0 and C-C-0/0-
C-C signals were found at 1726 and between 1064-1268
cm-1, respectively.

As shown in Table 2, both water and filtrate fluxes were
increased with increasing 2-ethylhexyl acrylate amount in
the copolymer membranes. Water fluxes were found as
38.7, 94.4 and 116.8 L m2 h'! for PAN(92)-co-P2EHA(8),
PAN(88)-co-P2EHA(12) and PAN(84)-co-P2EHA(16),
respectively. Also, filtrate fluxes were calculated as 29.9 for
PAN(92)-co-P2EHA(8), 61.8 for PAN(88)-co-P2EHA(12)
and 78.3 L m-2 h-1 PAN(84)-co-P2EHA(16). This behaviour
may arise from the increase in the amount of branching
group 2-ethlyhexyl acrylate. As the branching group
amount increases, pore diamaters of membranes may
increase also. Thus, water and filtrate can pass through
membrane more easily.
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PAN(92)-co-P2ZEHA(S)

PAN(SS)-co-P2ZEHA(12)

PAN(84)-co PXEHA(16)
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Figure 3. The FTIR spectra of PAN(92)-co-P2EHA(8),

PAN(88)-co-P2EHA(12) and PAN(84)-co-P2EHA(16)

Table 2. Flux of membranes and permeates.

Thickness Pure Filtrate
Membrane (um) water flux  Flux
(L/m?h) ( L/mzh)
PAN(84)-co-
P2EHA(l6) %) 116.8 78.3
PAN(88)-co-
P2EHA(12) 553 94.4 61.8
PAN(92)-co-
P2EHA(8) >0 387 299

On the other hand, as the 2-ethylhexyl acrylate amount and
the flux of filtrate decreased, the filtration performance
increased. The decrease in flux shows that membranes get
denser. Thus, the filtrate passed through membranes
slower since its passing got more difficult. This led to that
more naringin was prevented from passing through
membrane without filtration. Hence naringine could be
filtered more effectively with denser membrane and this
increased the filtration performance. Removal percents of
naringine was found as 92.6%, 74.9% and 53.5%, for
PAN(92)-co-P2EHA(8),  PAN(88)-co-P2EHA(12) and
PAN(84)-co-P2EHA(16), respectively (Figure 4).

When reusage of membranes was tested, it was found that
filtration performance of  PAN(92)-co-P2EHA(8)
membrane decreased from 92.6% to 76.6% (Figure 5). In
other words, the membrane conserved 83% of its initial
performance after the fifth use. Thus, it can be deduced
that the membrane had reasonable durability upon
reusage.
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Figure 4. Filtration performances of PAN(92)-co-
P2EHA(8), PAN(88)-co-P2EHA(12) and PAN(84)-co-
P2EHA(16)
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Figure 5. Reusage performance of PAN(92)-co-P2EHA(8)
membrane

4. Conclusion

Naringine containing solution (7.5 ppm) was filtered by
PAN(92)-co-P2EHA(8), = PAN(88)-co-P2EHA(12)  and
PAN(84)-co-P2EHA(16) membranes. Fluxes increased with
increasing poly(2-ethylhexyl acrylate) amount in the
copolymer structure. On the other hand, filtration
performance of membranes increased in the order of
PAN(84)-co-P2EHA(16), PAN(88)-co-P2EHA(12) and
PAN(92)-co-P2EHA(8). The highest naringin removal is
obtained as 92.6% with PAN(92)-co-P2EHA(8). Also, this
membrane preserved 83% of its initial performance after
the fifth use. As a result, PAN(92)-co-P2EHA(8) copolymer
membranes can be considered as a candidate for naringine
filtration.
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