ISHX

ENVIRONMENTAL PROTECTION:
FROM SORBENTS TO MEMBRANES
W COSER AP (L R ) ,\ d

vvvvvvv

KYIV 2016



National Academy of Science of Ukraine
V.1. Vernadskii Institute of General and Inorganic Chemistry
Ege University, Turkish Republic

ENVIRONMENTAL PROTECTION:
FROM SORBENTS TO MEMBRANES

Edited by

Nalan Kabay

Yuliya Dzyazko
Miiserref Arda
Konstantin Kazdobin

Referees: Semih Otles, Valerii Myronchuk, 1dil Ipek, Valentina Sazonova

ART OK Publisher

KYIV 2016



YK 544.018.2: 544.472.3 + 555.11+666.22

KonektuBna wmonorpadis «Environmental Protection: from Sorbents to
Membranes» - mix pen. mpod. H. Kabaii, nokt. xim. Hayk FO. C. [[3s3bK0, Ipod.
M. Apna, nokt. xiMm. Hayk K.O. Ka3zno6ina - 108 c.

KonektuBHa MoHOrpadis BKIOYAE CTaTTI 3a MarepiajaMu YKpaiHChKO-
TypeupbKOro ceMiHapy, skuii Oymno mposeneno 11 mucromama 2016 p. Ha 6asi
[actutyTy 3aranpHOi Ta HeopraniyHoi ximii iM. B. 1. Bepuaacsxkoro HAH Ykpainu
3a yvacTio (axiBmiB Ereiicbkoro yriBepcurery (Typerpka pecryOiika) Ta 3a
ninTpumku Binainenns ximii HAH Ykpaian, Bigniny mixaapogaux 3B's13kiB HAH
Ykpainu, a Takoxx Haykosoi ta Texuiunoi gocainHoi Pagu Typeuskoi pecry6iiku
TUBITAK. V moHorpadii HaBesieHO pe3y/IbTaTH JOCHiKeHb, SKi HalpaBieHi Ha
BUJTYYCHHSI TOKCUYHMX 1 I[IHHUX KOMIIOHEHTIB 13 PO3YMHIB TEXHOTEHHOTO Ta
MPUPOIHOTO TOXOKEHHS, 30KpemMa 3 O10JOTIYHUX PIAUH, 13 3aCTOCYBaHHSIM
COpOIIHUX Ta MEMOpaHHUX MeTOliB. Pe3ynbratu podiT MOXKYTh OyTH 3aCTOCOBaH1
y BOJOMIATOTOBI, XIMIYHIA, (apManeBTUUYHINA, XapyoBiil MPOMUCIOBOCTI.
Oco0nuBy yBary npujijIeHO CUHTE3y HOBUX MaTepialliB JjIsl MPOIECIB PO3ALICHHS
Ta BIUIMBY CTPYKTypH LMX MaTepialiiB Ha iX (YHKI[IOHAJIbHI BIACTUBOCTI:
MPOHUKHY 3/1aTHICTh, €IEKTPOIPOBIIHICTh, KATAIITUYHY CIIPOMOXKHICTh TOIIO.

Momnorpadist € kopucHOIO 1Jis1 (paxiBiliB B 001aCTI MEMOPaHHUX Ta COPOLIIHUX
TEXHOJIOT1/, a TAKOXK JIJIsl CTYICHTIB BUIIIUX HABYAIBHUX 3aKJIa1B.

Penensentu: Ilpod. VYmmem Cemix (Ereiicekuit yHiBepcurer, Typelbka
pecryOJika), TOKT. TeXH. Hayk Muponuyk Banepiii I'puroposuu (HamionansHuit
YHIBEPCUTET XapuoOBHX TEXHOJOTIH, Ykpaina), nokr. Imex Inmine (Erefichkuit
yHiBepcuTeT, Typelibka pecy0saika), TOKT. XiM. Hayk, pod. CazoHoBa BajeHTtuHa
®enopiBHa (Onecrkuii HaionaneHuii yaiBepcuteT im. 1. I. Meunukosa).

Pexomenoosarno oo opyxy Buenoro paoorw I3HX im. B. 1. Bepnaocovkoco HAH
Yrpainu (npomoxon Ne 15 6io 19 oicosmmusn 2016 p.).

ISBN 978-966-97621-2-2

© InctutyT 3aranbHoi Ta HeopraniuHoi Ximii iM. B. 1. Bepnagcskoro HAH Ykpainu, 2016
© Konekrtus aBTopis, 2016

© V. I. Vernadsky Institute of General and Inorganic Chemistry NAS Ukraine, 2016

© Authors Team, 2016

© Ereiicpkuit yHiBepcutet, Typeuuuna, 2016

© KonekTtus aBTopis, 2016

© Ege University, Turkey, 2016

© Authors Team, 2016



Environmental Protection: from Sorbents to Membranes

UDC 66.081

UTILIZATION OF ION EXCHANGE TOGETHER WITH
MEMBRANE PROCESSES FOR WASTEWATER
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Abstract. lon exchange resins and membranes could be successfully used in
integrated systems for elimination of some pollutants, recovery of valuable
substances from water and for polishing RO permeate of desalination plants.
lon exchange membranes in an electrodialysis (ED) system could be employed
for the post-treatment of concentrate streams of NF/RO processes and for
valorization of RO desalination brines. The ED process in combination with
bipolar membranes (BMED) was developed to split an aqueous saline solution
into its corresponding acid and base without addition of any chemicals.
Electrodeionization (EDI) system could be also another alternative method for
boiler feed water production from RO permeate of raw water. This presentation
will focus on elaboration of new ideas for the utilization of ion exchange in the
process schemes of wastewater treatment based on membrane technologies.
Keywords: lon exchange, desalination, membrane process, wastewater treatment

Introduction. Advanced technologies in water and wastewater treatment
become important due to the fact that discharge standards are decreased and
there is a need for water recovery and reuse. The commercially available ion
exchange resins and ion exchange membranes are mostly used today in water
treatment technologies to produce water needed for different purposes and to
remove/recover some trace substances from water. Integrating ion exchange
process with a membrane filtration in a hybrid process is considered to result in
a higher efficiency and lower cost as compared with the traditional fixed bed ion
exchange system.

The growing demand for fresh water is partially satisfied by desalination
plants that increasingly use membrane technologies such as reverse osmosis
(RO) to produce potable water. Operating with water recoveries from 35% to
85%, RO plants generate large volumes of concentrates containing all retained
compounds that are commonly discharged to water bodies. This causes a
potentially serious threat to eco-systems. Therefore, there is an urgent need for
environmentally friendly management options of RO brines [1-2]. Along with
traditional treatments such as evaporation and crystallization, membrane
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technologies such as membrane distillation, forward osmosis, and electrodialysis
(ED) have been emerged recently to reduce the volume of the concentrate before
disposal and with the objective of achieving zero liquid discharge and recovery
of valuable compounds. Recently, integrated processes coupling RO with ED to
minimize the waste fractions of the brine are shown to be more effective than
the traditional evaporation techniques due to lower energy consumption [3-8].

Bipolar membrane electrodialysis (BPED) method was developed to split an
aqueous saline solution into its corresponding acid and base without addition of
chemicals. Bipolar membranes contain an anion-exchange layer, a cation-
exchange layer and a hydrophilic interface between two layers. When a direct
current is applied, the water molecules migrate into the hydrophilic layer where
they split into H" and OH  ions. Thus, it is possible to achieve the removal and
the recovery simultaneously [9-10].

In this presentation, importance of integrated ion exchange and membrane
technologies for especially wastewater reclamation and reuse will be discussed.
Some data obtained will be presented.

Experimental. For wastewater reclamation, some tests were performed using
a pilot membrane test system installed in the wastewater treatment plant where
MBR treatment system has been employed since 2008. The EDI tests were
carried out using an EDI system (Electrocell) with multi cells. Figure 1 shows
the flow-scheme of multi-cells EDI system. Neosepta CMX and AMX
membranes were employed in the EDI stack while Purolite-CT175 and -A500 as
cation and anion exchange resins, respectively. For ED tests, TS-1-10 model ED
equipment was employed.

Concentrate
4 *  Product
C
[} ()
3 o
2 [ =
= <
U 3
Feed
Concentrate

Fig. 1. A Flow Scheme of a Multi Cell EDI System

Results and discussion. For wastewater reclamation, RO tests were carried
out at the industrial zone using a pilot RO system where MBR effluent was
further treated. The collected RO permeate was fed to EDI system with a flow
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rate of 1 L/h. As shown in Figure 2, conductivity of diluate decreased by time
as a function of applied electrical potential. It was possible to reduce
conductivity of RO permeate from 40 uS/cm to 2.6 uS/cm by EDI process.
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Fig. 2. Conductivity Change vs. Time Plots for RO Permeate during EDI Operation

In a separate test, RO brine with a conductivity of 11 mS/cm was treated
with nanofiltration (NF) first for pre-treatment. By doing this, the conductivity
of RO brine was reduced to 350 uS/cm. Electrodialysis was the following step
to reduce this conductivity to 15 uS/cm in the diluate. Conductivity rejection
from RO brine was 95% in 36 min by ED process at 10 V (Figure 3). .
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Fig. 3. Conductivity Rejection vs. Time Plot for NF Permeate during ED
Operation

Following ED process, EDI was employed for post-treatment of ED diluate.
As illustrated in Figure 4, conductivity of ED diluate was reduced to 3.0 mS/cm
from 15 mS/cm with 88% of conductivity rejection at 7 V.
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Fig. 4. Conductivity Rejection vs. Time Plot for ED Diluate during EDI Operation

Conclusions. Electromembrane separation can be alternative processes for
water recovery from the concentrate stream of NF/RO processes employed for
the treatment of MBR treated wastewater. This will contribute to wastewater
reclamation and reuse, protection of available water resources and thus
sustainable development.
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Bypymni

Pe3ztome. lonooOMinHI cmonu | MemMOpanu Moxcyms Oymu YCHiUHO 8UKOPUCAHIT
8 IHMe2poBaHux cucmemax OJisi BUOANEHHS 0eaKUX 3a0pYOHIOIUUX PeUOBUH, OJIs
BUNYUEHHSI 3 600U YIHHUX KOMNOHEHMI [ 01 KOHOUYIOHYBAHHS Nepmeamy
ONPICHIOBANILHUX YCMAHOB0K. [0HOOOMIHHI MeMOpanu 6 enekmpooiani3Hux
cucmemax (E) moocymv Oymu euxopucmati 0as nooaivuioi 006pobKu
KOHYeHmpamy, AKUU VMBOPIOEMbCSL npu nepeoizy npoyecie
Hanoginempayii/z3sopomnozo ocmocy (H®/30) i netimpanizayii 6i0xo0ie
ONPICHIOBANILHUX ~ PO3CONI8  360pOMHO20  ocmocy. [lnsa  bespeaceHmuoi
mpancgopmayii  600HO20 CONLOBO2O PO3YUHY Y GIONOGIOHI KUCIOMY ma Jiye
pospobneno npoyec EJ[ i3 3acmocysanuam Oinonapuux memopan. J[ns
ooeporcannsi 6oou i3 30 nepmeamy, npusHaueHoi OISl HCUBLEHHA CUCTEM
OXONOOMNCEHHS, MOodce OYmu 3aCmOCO8AHO THUWIULL ATbMEPHAMUSHUL MemOoO
enekmpooeionizayii (E/JI). Hdany npezenmauyito cgoxycosano Ha po3poodxy
HOBUXx i0ell O/l BUKOPUCMAHHA I[OHHO20 OOMIHY 6 MEXHON02IYHUX CXeMax
OYUWYEHHS CIMIYHUX 800 13 3ACMOCYBAHHAM MEMOPAHHUX MEXHOLO2IU.

Kniwouoei cnoea: ionHuti 06MiH, ONpiCHeHH 600U, MeMOPAHHUL NpoOYec, OYUUJeHHS

CMIYHUX 800
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