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CONCENTRATE MANAGEMENT FOR NF BRINE OF
GROUND WATER USING ELECTROMEMBRANE

(ED AND EDI) PROCESSES
E. Altiok’, S. Bunani® ?3, D. ipekci’, N. Kabay'", M.Arda® M.Y iksel*

'Ege University, Chemical Engineering Department, Faculty of Engineering,
35100, [zmir, Turkey
Ege University, Chemistry Department, Faculty of Science, 35100 Izmir, Turkey
3Burundi University, Chemistry Department, Faculty of Science,
Bujumbura, Burundi
*e-mail: nalan.kabay@ege.edu.tr

Abstract. In this study, treatment of ground water used in a fruit juice company
located in Lzmir city by integrated nanofiltration (NF), electrodialysis (ED) and
electrodeionization (EDI) methods was studied. For this purpose, the ground water
obtained from the plant was treated by using two different NF membranes (NF-90 and
NF-270). The brine from both NF membranes was fed to ED stack. The ED diluate
was further treated by EDI process for ultrapure water production.

Keywords: Concentrate management, food industry, nanofiltration, electrodialysis,
electrodeionization, water reuse

Introduction. Water is generally used in food and beverage productions as
direct ingredient during food production and/or cleaning. Moreover, food
production and processing require large amounts of water at varying qualities.
When it comes to direct ingredient, the quality of water has a significant impact
on the quality and taste of food products [1].

Because of a wide gap between clean water sources and water demand, water
reuse becomes a prevailing issue. The reuse of water means to valorize
wastewater by increasing water supplies. Water reuse in food production will be
more important by time due to increasing population [2, 3].

Generally, the water used in food industries is obtained from ground water
treated by membrane filtration systems. However, membrane filtration systems
produce two different streams with different water quality streams: Permeate
which is clean water and concentrate (brine) that contains high level of
pollutants. While permeate is used as clean water, concentrate is not even
suitable to be discharged to surface water bodies [4]. Therefore, a further
treatment step for concentrate management is needed [5].

In this study, application of electromembrane processes such as ED and EDI
for post-treatment of NF brine of ground water was studied.

Experimental. After pre-filtration, ground water from a fruit juice plant was
passed through a lab-scale cross-flow flat sheet membrane test system (SEPA
CF Il GE-Osmonics) by using NF membranes (Dow FilmTech NF-90 and NF-
270) The flow sheet of membrane filtration system and the membrane
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characteristics were shown in Figure 1 and Table 1, respectively. Operation
pressure was kept constant at 10 bar and the concentrate effluent was collected
as ED process feed. Figure 2 and Table 2 show Tokuyama TS-1-10 model ED

system and the membranes characteristics, respectively. During ED process, a

10 V of electrical potential was applied for NF brines. According to EDI feed
water requirements, feed water conductivity should not be greater than 50

uS/cm, so ED process was run until the diluate compartment conductivity

reached the required limit. In the following part of this work, EDI was applied at
10 V using the diluate of ED process with around 50 ps/cm of electrical
conductivity. EDI flow sheet and resin characteristics were shown in Figure 3

and Table 3, respectively.

1.High pressure pump
2.Pressure gauge

10

3.Flat sheet membrane unit
4.Feed tank (20 L.)

S.Drain valve

6.Feed inlet

7.High pressure pump
8.Concentrate valve
9.Concentrate

10. Permeate

Fig. 1. Flow Sheet of Lab-scale Cross-flow Flat Sheet Membrane Test System

Table 1: Characteristic of NF Membranes

Membrane NF-90 NF-270
Manufacturer Dow FilmTech Dow FilmTech
Membrane Type Polyamide thin film Polyamide thin film
composite composite
Maximum Operating Pressure (bar) 41 41
Maximum Temperature (°C) 45 45
Operating pH Range 3.0-10.0 3.0-10.0
Minimum NaCl rejection (%) 85< 97<
MWCO (Dalton) 200 400
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1. Power supply
2. Membrane stack

2a. Cathode electrode
2b. Anion and cation
exchange membrane

2c. Anode electrode
3. Concentrate tank
4. Electrorinse tank
5. Dilute tank

——

<1

M%L—j/
f . 7Lq-J

6. Solution pumps
7. Flowmeters

-

Fig. 2. Tokuyama TS-1-10 Model Electrodialysis (ED) System

Table 2. Properties of lon Exchange Membranes Used in ED System

Membrane NEOSEPTA CMX NEOSEPTA AMX
Strongly acidic cation | Strongly basic anion
Type
permeable permeable
High mechanical | High mechanical

Characteristics

strength (Na-form)

strength (CI-form)

Electric Resistance (Q -cm?)

2.0-3.5

2.0-3.5

Burst Strength (kgf/cm?)

3.5-6.0

45-5.5

Thickness (mm)

0.16 - 0.20

0.14-0.18

Application

Demineralization of
whey, purification of
organics, concentration
of inorganics,
demineralization of
sucrose, desalination of
ground water

Demineralization of
whey, purification of
organics, concentration
of inorganics

Table 3. Properties of lon Exchange Resins Used in EDI System

Lewatit® UltraPure

Lewatit® UltraPure

1213 MD 1243 MD
lonic form as shipped H* OH’
Functional group Sulfonic acid Quaternary amine, type |

Matrix Crosslinked polystyrene Crosslinked polystyrene
Structure Gel type beads Gel type beads
Appearance Brown, translucent Light brown, translucent
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1 Cathode electrode .
4 Anion Exchange
2 Cation Exchange — Powersupply 4 Membrane g

Membrane —( Bl B B __ 5 Anode Electrode
3 Resin oo

Eﬁ »LE_%—L) S]J[_g

Electrode solution Sample solution Electrode solution

Fig.3. Flow Scheme of Single Cell Electrodeionization (EDI) System

Results and discussion. In this study, lab-scale cross-flow flat sheet
membrane test system was used for collecting NF brine from ground water. The
NF tests were performed at 10 bar and the collected brine streams are fed to ED
system. In the second part of study, ED tests were carried out with brines of NF-
90 and NF-270 membranes. According to the obtained results, the conductivity
removals were 93% and 89% for the brines of NF-90 and NF-270 membranes,
respectively in 30 min when 10 V of electrical potential was employed for ED
tests (Figure 4).

In the next step of the work, EDI process was applied at 10 V using diluates
of ED process with around 50 ps/cm of electrical conductivity. A 95% of
conductivity rejection was obtained for ED diluate of NF-90 membrane brine in
75 min. The respective value was 78% in 105 min for ED diluate of NF-270
membrane (Figure 5).

1000 -
900 -
800 -
700 -
600 -
500 +
400 -
300 -+
200 ~
100

0

==0==NF-90 Brine == NF-270 Brine

conductivity (uS/cm)

0 4 8 12 16 20 24 28 32 36 40 44

Time (min.)

Fig. 4. Conductivity Changes of NF Brines during ED Process
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Fig. 3. Conductivity Changes of ED Diluates of NF Membranes Brines

during EDI Process

The properties of feed, diluate and concentrate of each processes for both
membranes are summarized in Tables 5 and 6.

Conclusions. The application of an integrated process based on ED and EDI
processes for management of NF brines of ground water is a good strategy to
decrease the amount of discharged part of water. It is possible to obtain a boiler
feed water when EDI process is integrated with ED process by improving the

product water quality.

Table 4: Characteristics of Water at Various Steps of Treatment of NF-90 Membrane

Brine
NF ED EDI
Parameters Unit f\;/\:gtue r:d Brine | Concentrate | Diluate | Feed | Product
pH - 7.62 8.48 7.88 4.16 8.37 |6.78
Conductivity | pS/cm | 771 791 1222 36.5 36.00 | 1.65
TDS mg/L | 377 387 606 17.6 16.92 | 0.78
Salinity %0 0.38 0.39 0.61 0.02 0.02 |0.00
Table 5: Characteristics of Water at Various Steps of Treatment of NF-270 Membrane
Brine
NF ED EDI
Parameters Unit .C\;,\:Ztlé r:d Brine | Concentrate | Dilute | Feed | Product
pH - 7.82 7.89 7.44 8.09 8.31 5.54
Conductivity | uS/cm | 873 888 1315 71.7 42.00 |8.87
TDS mg/L | 428 436 653 33.7 19.74 | 4.17
Salinity %o 0.43 0.44 0.66 0.03 0.02 0.00
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I'PYHTOBHUX BO/I 3 BUKOPUCTAHHSAM EJIEKTPOMEMBPAHHUX
(EJl TA EJI) IPOIECIB

E. Altiok’, S. Bunani® >, D. ipekci', N. Kabay"', M.Arda® M.Y iiksel*

YEzeiicorui VHigepcumem, iHH#CEeHepHUU (aKyibmem, XiMIKO-MexXHON02IUHUL haKyibmemn,
I3mip, 35100, Typeuuuna
*e-mail: nalan.kabay@ege.edu.tr
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3YHi@epcumem bypynoi, paxynemem npupoonuvux nayx, Ximivnuu gpaxyremem, bypynoi.

Pe3rome. VY gmaniii  poOOTI JOCHIUKYBIM OUMIIEHHS TPYHTOBHX BOJ, SKi
BUKOPHUCTOBYIOTBHCS HIAIPUEMCTBOM 3 BHPOOHMIITBA (PPYKTOBUX COKIB, IO
posTamoBaHo y Mmicti I3mip. BuBwamu interpoBani meronu HaHodinbTpauii (HD),
enextponianizy (EJl) ta enexrpoaeionizamii (E/I). I3 miero meToro, TpyHTOBI BOMH,
OTpPHUMaHI 13 MANPUEMCTBA, 0OPOOISIIM 3 BUKOPUCTAHHAM J1BOX pi3HMX HD memOpan
(NF-90 i NF-270). Po3zcon 3 06ox memoOpan NF momaBamu mo EJ] ycranoBku. VY
NOJANIBIIOMY, JUIS OTpPUMaHHS BHMCOKOYHMCTOI Bojau, ouumieHHs EJI[ miamizaty
3aiiicHIOBaN 3a gonomororo EJII.

KuarouoBi ciioBa: 6Oesnepepsna nepepobka, xapuoéa npoMUCIO8iCmb, HAHOGITbmMpayis,
eneKmpo0ianis, elekmpooeionizayis, NOBMopHe BUKOPUCTAHHS BOOU.
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