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Abstract

Nowadays, increasing population and reduced fresh water resources has led to the need
for introducing seawater as a new water source, and sweetening it using new techniques
including nanoparticles is being considered. Mineral clays, such as cationic
exchangeable bentonite clays can exchange their own cations, including calcium and
magnesium, with sodium ions of sea water. In this research, Kalkate's bentonite clay
was used for seawater sweetening testing and the flame photometer device was used to
measure the process of reducing sodium ions from seawater. The results showed using
5.5 gr bentonite with 200 rpm mixing velocity, at a contact time of 15 minutes in 20 ml
sea water is the optimal condition for mixing bentonite and seawater. On the other hand,
in order to reduce the chloride ions from seawater, MgAl-COs; layered double
hydroxides nanoparticles were synthesized and used in water quality laboratory of the
University of Zanjan. The results of this experiment also showed using 1.25 gr LDH
with 200 rpm mixing velocity at a contact time of 10 minutes in 5 ml seawater is the
optimal mixing condition.
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Table 2. Optimum balance Bentonite quantity test results (sea water volume = 20ml, contact velocity = 600 rpm,
contact time = 15 min)

Sample Mg Vew T \% S S Na removal
number (gr) (ml) (min) (rpm) A B (%)

1 1.1 20 15 600 599 617 2.92

2 2.2 20 15 600 564 617 8.59

3 3.3 20 15 600 560 617 9.24

4 4.4 20 15 600 599 617 9.40

5 5.5 20 15 600 551 617 9.56
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Table 3. Optimum balance velocity test results (Bentonite quantity = 5.5 g, sea water volume = 20ml, contact
time = 15 min)

Sample Mg Vw T \% S S Na removal
number (gr) (ml) (min) (rpm) A B (%)

1 5.5 20 15 100 577 647 10.81

2 5.5 20 15 200 564 647 12.83

3 5.5 20 15 400 580 647 10.35

4 5.5 20 15 600 582 647 9.50

5 5.5 20 15 800 590 647 8.65

6 5.5 20 15 1000 591 647 8.60
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Table 4. Optimum balance time test results (Bentonite quantity = 5.5 g, contact velocity = 200 rpm, sea water
volume = 20ml)

Sample Mg Vw T A\Y S S Na removal
number (gr) (ml) (min) (rpm) £ L& (%)
1 5.5 20 10 200 583 648 12.03
2 5.5 20 15 200 564 647 12.83
3 5.5 20 20 200 620 648 4.32
4 5.5 20 30 200 591 648 8.8
5 5.5 20 40 200 596 648 8.08
6 5.5 20 50 200 597 648 5.86
7 5.5 20 60 200 610 648 5.83
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Fig. 1. Effect of quantity variations on performance of
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time = 15 min, contact velocity = 600 rpm, sea water
volume = 20 ml)
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Table 5. Repeating blend levels test results in removing sodium (contact velocity = 200 rpm, contact time = 15 min)

Sample Mg Vew T \% S S Na removal
number (gr) (ml) (min) (rpm) A B (%)

1 27.5 100 15 200 372 434 14.28

2 11 40 15 200 369 434 14.97

3 5.5 20 15 200 356 434 17.97

Fig. 7. Image of electron microscope scanning from
MgAI-CO; layered double hydroxide
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Fig. 5. Effect of repeating blend levels on performance
of Bentonite in removing Sodium from sea water
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V0 =53l glo aicds s Yoo = bl e ) s OF s

(43>
100 "\\\ /a ~ V.\\ . A
\ Y v !
\ N r N I'| f
\ | \ \ |
% \ 5 y \ ;_r .'I |
_ 8 | ! / [
\ \ | f
é \ & d \n N,
54 w IEJ} J \ / |
= & o ay 2
g n l‘l_“ fl =
E® 3 ¢\ fl &
\ 7|/
« \ /',/’ o0
= o \J S/ |FR
= ) r </ o -
o - IO N o
o g ro N R
~ P
- - N ~rw D
75 2 oo ]
- o
0
L] £l 000 1000

Wavenumber (cm™)

Fig. 6. Infrared spectrum of MgAI-CO; layered double
hydroxide

MgAL-CO; 4855 sl Y (sloaraSs 505 (g3l cih —F IS
WAY em™ oy s s sucd sl Sy IS5 33l
Gt 33 45 el (CO5™) Dl S 3 o2t il 4 by o
e 3,03 352 5 0 g Codir Ol pre s Sl Bb slas Y

Br ooV ov v CM | o g s o3 gima s s sanlie Sy

Vol. 30, No. 2, 2019

VAN Jlo oY oyl X0 090



dx.doi.org/10.22093/ww;j.2018.117423.2616

A

g ity S S gl ooliiwl

Removal efficiency (%)
(=)}

0 10 20 30 40 50
Contact time between LDH and sea water (min)

Fig. 10. Effect of contact time variations on performance
of LDH in removing Chloride from sea

Gi> 3 LDH s Shee » LMl pley ol oss 31-Y JS»Z

Ls s.)T KLY O

O3 alS gy osd s smalin Vo S5 55 &S 55k oles

S o2l O Sl amy 5035 sl 3 bS] i o e by IS
CosiS LS asl o 5l A wlg e of s Sl o 2alS
Shde oo 5 ol 4 9558 0 Il S5 LDH ) i ol
IS g Bl Glealy o s 5 andly jralS Jgloe s off
Al 0 5s im0 SV/VO LMt ol 5l s 58 0 28
ids Ve LSl glas 5 Ve v rpm bl e u Uil O

b S b s ang Jul 1 ol e

Lus of s LDH bYuasl Jol el S5-0-Y

23908 o Bis pleasly 8l shteds 5 Al e ) s
L e adon aen s La o Lol s as i angs Ll
5201 55 &S i 1S5 S ale e 5l 4 S Jshoee 51 eslizad
ol 0 sals QLI;J VY Ji.::

LMl ol S5 L aS sy 5 o sinlin V) S8 4 a5 55 L
il an IS GBiis ol ¢ 8 als 4 51eis Blo T 5 LDH
RN PV U SR o P ) W P S VS LDV I

8L Cs s 5L

W dl 5SSO LDH 5 S gy S 5 LS -F-Y

D/0 (LDH 5 &y b ays slie baiags 31
Los of smd o Lafe s eas 45 LDH e S0 S S
L5555 535 Dl 51U 5o S5 ab ol s il S 5

Journal of Water and Wastewater

9 i
g
.E 6
E ~
E 3 Q
= N\
1 1.25 1.5 1.75

Quantity of LDH in 5 ml sea water (g)

Fig. 8. Effect of quantity variations on performance of
LDH in removing Chloride from sea water

.XJ..JLSO}{.J:XJJ)LDHJJSL&CL'(J—?Q\M‘;‘_AJ&':I

Lo %’T

>
=
=
D
2 6 -
g
>
=
>
RN
5] \ N
& § %
o LN N
100 200 400 600
Contact velocity between LDH and sea water
(rpm)

Fig. 9. Effect of velocity contact variations on
performance of LDH in removing Chloride from sea
water

Gi> 5 LDH 5 Shee 5 bMus| e o O o5 31-9 J&,:‘,
Los ol w o

ROVSTNCH ISP T I Y. N V) UV % VUV
USCs 55 s Of WS o alS 55 LDH 5 Shes y Lok:s!
ol ot 1
LIt S s s sl jain & ISE 55 S5 5b ks
A s Bl Ol AS Cll Y rpm Sk s bss e
gy St 5 sl 53U 5l oy ol ao s 8/VY 5l
J S PR PN T NN Y R Y
e s e Sl is U s ol il lapla s
bt G e JSCE s 5 A 6y 2alS s LDH 5 Shee

s

Vol. 30, No. 2, 2019

VWAA o Y ool e 500 S



dx.doi.org/10.22093/wwj.2018.11423.2616

e 5 rgetd plocn

O ba Yo 55 433 V0 ol O 55 Yo rpm L5
Shosliial 5 i g3 SRalS (gl ang Ll 2 olsea b s
Ve olej e 53 Yoo tpm LYl ce o L LDH r;\/m
oS Tz g bayl3 ol st 53 U os O 2 ke O o 4ids
b pasde w18 o5

3ﬁ.&—.¢ 6\45034“ Bl Loy A&&L&)T)‘ﬁ' 4.1.’;04*4).5
el orimes il e 15 55 Bl gleas s sl Sl
53 iy 5B sl SIS b o g sl sl ol
Sl 0l SIS S sy (g sdal W 5 )l i 0 SR0lS
okl sl s oS5 (b 5l s el sleni s
A (e slag o i >J_<.Lo.c)>(5la_lé:>)\.»&\5j§£u
RTINS E 1 HEUR LR IOV Pt B PN SR U BYCHI RO
ot B gl plosen b |, 6855 sl Y laanSs a
5 u\f\,\: ssliul 4 sls lis @_Lﬁ Lo .,\.ll.u’gu’ >Lg..;~5” .x.ljkfj
=B 50wl oY leunSs e 5 S gla e, U
§ o2 3 I Y WY AT)T)) 35250 Slao g SialS 55 Jsd
solital 35 50 gl L 5 5l salinal o s 505 5l i )55 o0
33 7 ssdse S Cedolil ol olsie s R sy cpl s
Ll sl s il ol s b 5 w58 o 23l Canb
B aslimal 30 U ys o 51 s 305 55 ail g5 n 03 55 o0
S

References

20 ~
& 18 4
N

°:16—
%14—
2 12 4
%10—
ERA
= 5]
) 4 1
g 2 -
0

2

Solutions

Fig. 11. Effect of repeating blend levels on performance
of LDH in removing Chloride from sea water

05 B> 5 LDH 5 Shee 5 LMzl o] ,e 515 5=V S8
\iﬁ%j-‘ulf

oo ¥V palS Cmge i g ol NESRTN-E

il ol S oy

e -§
Wl gy wSa e 5 st slse U te s cal s
Clan IS 5 s slag i LS 1 54 MgAL-CO;
et b NS s i slap g Bim 2B S e anse Lo
sl ialasl o bl gl 5 o s el g 5lis
o Uy iy ¢ SO/0 3l asliz ] gL a ool iz

Aftabi, P. & Safari, J. 2012. New solutions in the process of desalination and water treatment. Science and

Technology, 97, 41-43.

Chi, N. P., Dong, B. Z. & Liao, Y. 2010. Advanced phosphate removal by adsorption onto activated alum

porcelain in simulation water. Bioinformatics and Biomedical Engineering, IEEE Pub., China.

Gehrke, 1., Geiser, A. & Somborn-Schulz, A. 2015. Innovations in nanotechnology for water treatment.

Nanotechnology Science Application, 8, 1-17.

Hosseini, M., Azamat, J. & Erfan-Niya, H. 2018. Improving the performance of water desalination through ultra-

permeable functionalized nanoporous graphene oxide membrane. Applied Surface Science, 427, 1000-1008.
Lu, P., Liang, S., Zhou, T., Xue, T., Mei, X. & Wang, Q. 2017. Layered double hydroxide nanoparticle modified

forward osmosis membranes via polydopamine immobilization with significantly enhanced chlorine and

fouling resistance. Desalination, 421, 99-109.

Lv, L., He, J., Wei, M., Evans, D. G. & Duan, X. 2006. Uptake of chloride ion from aqueous solution by
calcined layered double hydroxides: Equilibrium and kinetic studies. Water Research, 40, 735-743.

Journal of Water and Wastewater

MGG 5 OF dlons @

Vol. 30, No. 2,2019

AWWAA Lo oY osleds Yo 090

Yy



dx.doi.org/10.22093/wwj.2018.117423.2616 g 0y SE S gl 5 oolizwl

Mandal, S., Tripathy, S., Padhi, T., Sahu, M. K. & Patel, R. K. 2013. Removal efficiency of fluoride by novel
Mg-Cr-Cl layered double hydroxide by batch process from water. Journal of Environmental Science (China),
25, 993-1000.

Magzinani, B., Bakhtiyari, L. & Haghighatzadeh, A. 2011. Investigation on physical and water decontamination
properties of Iranian bentonite from Siah-Khaneh Zanjan. Water Engineering Conference. Shahid Beheshti
university, Tehran, Iran (In Persian).

Miller, J. E. 2003. Review of water resources and desalination technologies, Sandia National labs unlimited
release report. SAND.

Mirzakhani Siahkalroodi, M. 2009. Water sweetening processes. MSc Thesis, Khaje Nasir Al-Din Toosi
University, Tehran, Iran. (In Persian).

Murayama, N., Maekawa, 1., Ushiro, H., Miyoshi, T., Shibata, J. & Valix, M. 2012. Synthesis of various layered
double hydroxides ising aluminum dross generated in aluminum recycling process. International Journal of
Mineral Processing, 110, 46-52.

Pardeshi, P. M., Mungray, A. K. & Mungray, A. A. 2017. Polyvinyl chloride and layered double hydroxide
composite as a novel substrate material for the forward osmosis membrane. Desalination Journal, 45, 51-57.

Rezaei Kahkha, M. R. & Abdolbaset, K. 2015. Investigation of the reduction of phosphate from aquatic
environments by modified bentonite. Second Conference of New Findings in the Environment and
Agricultural Ecosystems. Energy and Environment Research Center of Tehran University, Iran (In Persian).

Safaei, S. & Tavakoli, R. 2017. On the design of graphene oxide nanosheets membranes for water desalination.
Desalination, 422, 83-90.

Schuster-Wallace, C. J. & Sandford, R. 2015. Water in the world we want, United Nations University Institute
for Wate, Environment and Health and United Nations Office for Sustainable Development, USA.

Sepehr, M. N., Yetilmezsoy, K., Marofi, S., Zarrabi, M., Ghaffari, H. R., Fingas, M., et al. 2014. Synthesis of
nanosheet layered double hydroxides at lower pH: Optimization of hardness and sulfate removal from
drinking water samples. Journal of the Taiwan Institute of Chemical Engineers, 45, 2786-2800.

Shahruddin, M. Z., Othman, N. H., Alias, N. H. & Ghani, S. N. A. 2015. Desalination of produced water using
bentonite as pre-treatment and membrane separation as main treatment. Procedia-Social and Behavioral
Sciences, 195, 2094-2100.

Torab Farhad, M. & Koohsari, L. 2003. Mineralogical study and chemical composition of bentonite in order to
activate it by chemical method. Journal of Water Research, 7, 3-14. (In Persian).

Wibowo, E., Mamat, R. & Mikrajuddin, A. 2017. Reduction of seawater salinity by natural zeolite
(Clinoptilolite): Adsorption isotherms, thermodynamics and kinetics. Desalination Journal, 409, 146-156.
Zhu, R., Chen, Q., Zhou, Q., Xi, Y., Zhu, J. & He, H. 2016. Adsorbents based on montmorillonite for

contaminant removal from water: A review. Applied Clay Science, 123, 239-258.

Zirehpour, A., Rahimpour, A. & Ulbricht, M. 2017. Nano-sized metal organic framework to improve the
structural properties and desalination performance of thin film composite forward osmosis membrane.
Journal of Membrane Science, 531, 59-67.

Journal of Water and Wastewater oML yT e O
Vol. 30, No. 2, 2019 VWAA JLo oY oyl e o9



