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Abstract: The main objective of this work was to investigéte removal of boron from processed geothermadnsdf.e.,

after energy production) in lab-scale tests usiegamic ultrafiltration membranes. The impacts ofnbheane operating
pressure, feed water pH and temperature and memipare size on boron rejections were determinede€ different

single-channel tubular ceramic membrane modulds avitrage pore sizes of 4 nm, 10 nm and 1 kD vested. Fine-UF
ceramic membrane with 4 nm pore size provided hidfogon and salt rejections than the other twoettshembranes.
Increasing pH from 8.8 to 10.5 did not enhance boejections. Operating pressure around 8 bar swagdfto be optimum in
terms of flux values and boron and salt rejectifansthe 4 nm pore-sized membrane. The results ateit that ceramic
ultrafiltration membranes can only partially (arduB5-30%) remove boron from geothermal waters. Qnoeh lower

pore-sized nanofiltration or brackish water revarsmosis type ceramic membranes are available niagybe used for the
desalination of processed geothermal waters siei@ic membranes are resistant to extreme conslitideramic fine-UF
membranes can also be used as a pre-treatment iageo polymeric brackish water reverse osmgsiscesses in
desalination of geothermal waters.
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1. Introducti and/or reverse osmosis (RO)) were tested or apptied
- Introduction boron removal from various water sources (seawater,
Boron is potentially harmful in drinking water ahas Prackish water, wastewater, and geothermal waBajon

suspected teratogenetic properties. Male reprogcti "6JECtions in these membrane processes dependrimus/a
impediments of laboratory animals were affectecbbyon  actors such as solution pH, temperature, pressime salt
ingredients [1-4]. Boron was categorized as a pamfiuin  concentrations [4-6; 14; 16-17]. Boron rejectiomzamed
drinking water by European Union (EU). The Worldaite Py Some polymeric seawater RO (SWRO) or brackistewa
Organization (WHO) recommended boron concentragon RO (BWRO) membranes were around 99% in causticra/ate
be below 5 mg/L in drinking water. Boron conceritnas in ~ (PH>9.2) [5; 14; 18]. Above pH 9.2, negatively ofed
seawater and municipal wastewaters are about 546 [6ig borate and other ions beco_me.domlnant in waterghwhi
and 0.5-2 mg/L [6], respectively. Very high borongenerally enhance boron rejections by various pniga .
concentrations may be observed in geothermal watef@embranes [6]. However, pre-mature degradation in
Various kinds of boron removal processes have bestad POlymeric membranes may be observed at this high pH
from different water sources including coagulatipff, '€vels. In this context, ceramic membranes may be
electro-coagulation [8], ion exchange [9] activatedbon advantageous over polymeric ones due to their highe

[10], electrodialysis [11-12], and membrane proesss mechanical strength and resistance to extremesiianl
[13-15]. temperature and harsh chemicals [19]. Thereforepihin

Generally polymeric membranes (nanofiltration (NF)objectives of this work were to investigate theeefiveness
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of ceramic ultrafiltration (UF) and fine-UF membesnin  were performed by spectrophotometric measurements a
rejecting boron from processed geothermal watetstan wavelengths of 452 and 450 nm, respectively, usiagh
determine the impacts of operational conditions ,(pHDR2500 spectrophotometer. pH was measured using a
temperature and pressure) on boron rejections.dBBais¢he bench-scale Schott Handylab 1 pH meter. Condugtaid
knowledge of the authors and literature searcham@r TDS was measured using WTW Inolab Cond. Level 1
membranes were not tested before for boron renfoval  conductivity meter. Distilled and deionized watesiswused
waters. for stock solution preparations and dilutions. éflemicals
used were reagent grade.

2. Materials and Methods _ _
3. Results and Discussion

Two different lab-scale, cross-flow ceramic memleran
test units were used for membrane separation fstsfirst -
test unit contained a single-channel tubular cetami st
membrane module y( -Al,O;, Media and Process 0 o
Technology, Inc., USA). Ceramic membranes with ager
pore sizes of 4 and 10 nm were tested in this Whi¢. outer
and inner diameters of the modules were 5.7 andhrh
respectively. The active length was 23.5 cm. Thelutes
had a total filtration area of 29.5 &nThe second test unit
also contained a single-channel tubular ceramic lonane 1
module (TiQ, Inside CeRAM, TAMI Industries, France).

The molecular weight cut-off (MWCO) of this membean R S S
was 1 kD. The outer and inner diameters of the rieogrere e

10 and 6 mm, respectively. The active length was25The  Figure 1 The impacts of membrane pressure on boron rejezijoH=8.8;
module had a total filtration area of 37.7 cnburing Pore size=4 nm; temp=55:2 °C).

membrane separation tests feed water temperatigéep
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Boron Rejection (%)

constant at 5512 or 652 °C using a heater andteegie 50
system immersed in the feed water tank. Detailed anm
descriptions of the test units can be found in pravious 40 ~*-10nm

publication [19].

Membrane tests were carried out with geothermaémvat
samples obtained from a geothermal power plant in
Kizildere, Denizli, Turkey. The temperature of théracted g %
geothermal water from wells in this plant is aro@&°C. \\//\
Collected geothermal water samples were initiatigled to "

room temperature and then filtered with 1-um cdgei
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Boron Rejection (%)

filters prior to membrane tests. Filtered samplesrew 0
collected in high-density polyethylene (HDPE) hedtland o 1 2 3 4 5 6 7 &8 ¢ 10
stored at room temperature until use. The physewdital Operation Time ()
characteristics of the raw and filtered samplessa®vn in £ 162 The impacts of membrane pore size on boron rejecoH=8.8;
Table 1. pressure=8 bar; temp=5532 °C).

The tested membrane operating pressures were dd 8 a
12 bar. Two different feed water temperatures viested: Fig. 1 shows the boron rejections obtained at wffe

55+2 and 65+2 °C. The tested feed water pH vallse 8.8 operating pressures using ceramic membrane witim4 n
(pH of the filtered geothermal water) and 10.5. @aging average pore size. At pH 8.8, boron rejectionseaeid at 4,

on the experimental matrix, feed water pH valuesewe 8 and 12 bar were 8-19, 21-29 and 13-26%, respagtiv
adjusted by HCI and/or NaOH solutions and contirslyou Increasing pressure from 4 to 8 bar increased tiejes;
monitored and controlled during the whole experitaen however, further increasing the pressure to 12 bar
Total recycle mode (the concentrate and permestarss deteriorated the rejections. Operating pressurenar®@ bar
were returned back to the feed tank) was emplogealli was found to be optimum in terms of flux values and
membrane tests. The duration of each membranw#sst0 rejections for the 4 nm pore-sized membrane. Zhemngl

h. While flow rates of concentrate and permeateastss, [20] reported that pores of ceramic membranes cbeld
membrane unit and pump outlet pressures, condtyctpkl,  fouled with colloidal silica or it could deposit anembrane
and temperature were recorded each hour, the otheurface. This deposit could cause the formaticzake layer
parameters (boron, silica concentrations, etc.) eweron membrane surface. Also colloidal silica couldnfo
measured each 2 h. Spectrophotometric curcuminbamet concentration polarization near the membrane serfiads
was employed for boron analysis. Silica and suliamysis underlined that cake formation may occur when the
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convective forces are strong and the repulsiveeforare values proved this finding. Two different feed wafeH
weak. In this situation rejection values would bw/ [21]. values were tested. Increasing the pH of the geothie
Hence stronger convective effects may be the reémon water from 8.8 to 10.5 did not increase boron tejes;
boron leakage at 12 bar. Koseoglu et al. [14] fotlvad for  similar boron rejection levels were observed at & b
polymeric membranes boron rejections were negativelpressure (Fig. 3). The boron rejections were 8-188pH
affected at higher membrane pressures (31 bar)tdue 8.8 and 8-16% for pH 10.5. Especially for polyamide
concentration polarization. At pH 10.5, boron rémts membranes, increasing solution pH above the pKaeval
increased with increasing pressure from 4 to 8fbathe (9.2) generally increases boron rejections sinagatieely
membrane with 4 nm average pore size. Obtainednboreharged boron species dominate and the membrafaessir
rejections at 4 and 8 bar were about 12 and 258pentively, also become negatively charged at higher pH vallbs

at pH 10.5. trend was not found for the tested ceramic memlsramee
their material thus surface characteristics arkerint than
those of polymeric membranes. Furthermore, high
conductivity levels in the geothermal water mayreesIm
the surface charge of ceramic membranes at highier p
values. These results overall indicated that thpmisoron
rejection mechanism in the tested ceramic membraass
pore size exclusion at both pH values (8.8 and)1&a&me
trend was also found at 8 bar pressure.

20 Figure 4 shows the effects of feed water tempesadur
boron rejections. Increasing the temperature of the
10 geothermal water at pH 8.8 from 55+2 to 65+2 °C wld
affect boron rejections; similar levels of boronpentions
0 were obtained at both temperature values using the
ot 2 3 4 5 6 7T &8 9 10 membrane with 4 nm average pore size. Similar treas
Operation Time () also observed at pH 10.5.
Figure 3. The impacts of feed water pH on boron rejectioneggure=4 As for the boron rejections at different operagimgssures,
bar; pore size=4 nm; temp=5542 °C) conductivity rejections tended to increase withréasing
pressure from 4 to 12 bar. While average condugtivi
rejection was 28% at 4 bar pressure, it increagetb¥o at
12 bar(pH 8.8, 4 nm pore-sized membrane). Similar levels
of conductivity rejections were found at 55+2 ard® °C
feed water temperatures. This trend was valid futh kof
the pH values tested. As expected due to viscesicts,
permeate flux values increased with increasing lgratal
water temperatures from 55+2 to 65+2 °C for both pH
BN N } values. At temperatures of 55+2 and 65+2 °C, okthiiiux
" \\r///"“-41&._?,,__;:-_4;?{;__, values were 15-22 and 22-34 L/m2-h, respectivelty &8,
/./ - 4 nm pore-sized membrane, 4 bar pressure). For(bi 1
such flux values were 17-20 and 25-31 L/m2-h witie
L other parameters were constant.
Consistent with the trends observed for boron and
Figure 4. The impacts of feed water temperature on boronctiges — conductivity, silica rejections generally increasedth
(pH=8.8; pore size=4 nm; pressure=4 bar). increasing membrane pressure. Silica rejectionsiirdxd
ith the 4 nm pore-sized membrane were 4, 19 afd 20
gressures of 4, 8 and 12 bar, respectively (pH. &8pH
10.5, silica rejections were 13% for 4 bar and Z8#@8 bar
ressure. Again as for boron and conductivity, iTEca
%embrane having 4 nm pore size was more effectiaa t
the other tested membranes in rejecting silica.
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While maximum 20% boron rejection was achieved at
bar pressure with the membrane having 10 nm paes at
least 21% boron rejection was obtained with therd n
pore-sized membrane at the same conditions (Fig.
Membrane with 4 nm pore size provided higher boro
rejections. Boron rejections achieved by the 1 kdbamic
membrane was the least, as expected. At pressurédar, .
boron rejections were 8-18 and 1-9% with membrane@- Conclusions

having pore size of 4 nm and 1 kD, respectivelyeseh The ceramic membrane with 4 nm average pore size

results indicated that the main boron rejectionmetsm is _provided higher boron and salt rejections tharother two

pore bS'Ze texctlusuonf at E;H ?hsdflfn a?dfltlog, CeraMiGested membranes (10 nm and 1 kD), as expectedatipe
membrane tests performed wi ifferent feed watelr pressure around 8 bar was found to be optimunringef
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M.T., Paluluglu C. (2008) Boron removal from geothermal
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