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INTRODUCTION

Environmental issues are more and more crucial in
the design strategies of new desalination plants.

Two possible alternatives are proposed:

» Novel and low-impact brine disposal strategies to
be implemented;

» Re-use and exploitation of brines as a non-
conventional source of minerals and energﬂ/.
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Alternative brine disposal strategies

Proposed strategies for brine disposal in coastal sites:
* Pre-mixing with seawater (usual for thermal plants);

« Use of a dense jet diffuser.

Proposed strategies for brine disposal in in-land sites:
» deep well injection;

« disposal into surface water bodies;

 irrigation of plants tolerant to high salinities;

« disposal to municipal sewers;

« evaporation ponds (concentration into solid salts).
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Alternative brine disposal strategies

Potential resources to be exploited from brines:
“+*Recovery of salts:
-for the production of commercial food-grade salt;
-for the production of commercial industrial salt;

-for the production of high value compounds (e.g. Magnesium);

“+Recovery of the energy contained in the brine through:
-Osmotic processes (e.g. Pressure Retarded Osmosis);

-Electrochemical processes (e.g. Reverse Electrodialysis
Capacitive Mixing);
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The idea of an integrated cycle

DESALINATION UNIT

INDUSTRIAL

EXHAUSTED BRINE
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The experience of Trapani site
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MED-TVC plant

eIn 1995 4 MED-TVC units started-up with a nominal
production of 9000 m3/d each;

eEach unit has got 12 effects and a Vapor Ejector for the
Thermal Vapor Compression;

e The first Stage Temperature is around 65° C and the
nominal Performance Ratio of the unit is up to 16 kg
of distillate/kg of vapor;
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MED-TVC plant
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MED-TVC plant
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MED-TVC plant
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MED-TVC plant

Plant operating and perform

eters

Energy consumption

Brine blow-down parameters

Electricity Vapour Conv. | Flow rate| Conc. Temp.
(kWh/m?3) (kg/m3) Ratio (m3/d) (gr/It) (° C)
2:2.5 6080\ ~53-55 | ~35-38

Chemicals used in the plant are:
-Anti-foam: few ppm in the feed;

-Anti-scaling: few ppm in the feed,;

~ 0 ~
(45bar) ~30% | =80,000

-Disinfection: Sodium hypochlorite, produced in situ and injected with
“shock frequency” (disinfection procedures stopped in the last years)
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MED-TVC plant
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Saltworks “"Mariastella”
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Saltworks “"Mariastella”




Saltworks “"Mariastella”

Flow chart of the conventional
saltworks operations:

eSeawater enters the first pond (FR1),

then it starts
evaporating/concentrating flowing in
the basins;

eIn middle basins (VG2 & VG3)
Calcium Carbonates and Sulfates
precipitate, thus removing
quantitatively Ca2* from the solution;

eAlmost Ca2*-free brine passes
through warm basins (CSE1, CSE2,
CA) preparing for NaCl crystallisation;

eReady saturated brine is stored in
service basins (SE1 and SE2);

oIt feeds crystallization basins (CR),
where NaCl is precipitated and
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Saltworks “"Mariastella
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Saltworks “"Mariastella”

BENEFITS OF THE NOVEL SALTWORKS CONFIGURATION:

CONVENTIONAL OPERATIONS:

Production historical data
Year | 1998 | 1999 | 2000 | 2001 | 2002 [ 2003 2004 | 2005 | 2006 | 2007

?{gg) 2370| 0 |1941|1934| 1694 | 1630| 1765 | 1686 | 2000| 2000
2009-
NOVEL CONFIGURATION: 2008 o 2010 + 2011' 2012

Brine in = 600 m3/d
2900 t* ??27? 2500 t 3000 t*

A production increase by 20-30% can be estimated!!!

*An average production increase of 10-20% was registered in all Trapani saltworks in these years

No variation in salt quality has been observed;

Biological life within saltworks basins still continues, not affected
by the variation in feed stream
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Saltworks “"Mariastella”

Ions concentration along the basins of the experimental saltworks
(samples collected on the 27th of May 2008)

30 folds increase with respect to Mg

| concentration in seawater!
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Mg recovery from exhausted brine

Experimental procedure

for batch tests

NaOH solution at over-stoichiometric ratio
Vi

50 ml brine + 50 ml H,O MgCl, + MgSO, +4NaOH — 2Mg(OH), +2NaCl + Na, S0,

becker
/?@

filter paper
‘ ; ,; lﬁlter buchner

vacuum pump

filtared solution

Precipitate
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Mg recovery from exhausted brine

Scale-up of batch tests

Crystallizer

/

NaOH tank
and pump

Sampling
siringe
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Mg recovery from exhausted brine

Pilot system for continuous crystallization
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Mg recovery from exhausted brine

Lab-batch tests results: magnesium purities

%% MEO %% ME(OH)2
a Mp(OH)2 % M= tot

Me ot
LO0%
%MgﬂOH]ZlOU% % Mg(OH)2
S0% 1
W% Mg tot 20 W% Mg tot
BO% - 80% |
70% - 70% |
60% - 60% |
508 |

1 Purities up to 99% were achived with optimised process

30

By conditions
MaOH 1 M 0% - W 3% Mg(OH)3 TR
T= 25° C; impeller § 4. - mrMetot lad: 570 RPM; NaOH
NaOH injection rate: 3,5 __ _ | 7 ml/min
60% 7
S0%
A40% |
30%
20% 7
105 |
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T= 40° C; impeller speed: 570 RPM; NaOH
injection rate: 1,5-2,5-3,5-7 ml/min
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Mg recovery from exhausted brine

Lab-batch tests results: filtration times

>0 >.0 4.40
451 e ANaOH 0,5 M 45 L N
_4.0 | 4.42
E 3.5 b 9
:3.0 - 8
2.5 |
'§'\n ")ﬁl: 7 | =—t=vel.1.5 ml/min  €C— 1-08

Faster precipitation gives rise to larger filtration times,

I.e. smaller particles size
= A _A * 4 5 6 7 8

350 400 450 !

3 A solution injection rate [ml/min]
T= 25° C; impeller , £ speed: 570 RPM: NaOH
NaOH injection rate: 3 AA 3,5-7 ml/min
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; Diameter [pm]
m U T |
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T= 40° C; impeller speed: 570 RPM; NaOH
injection rate: 1,5-2,5-3,5-7 mil/min

INES seminar. 21-22 May 2013, Palermo (Italy) mailto: andrea.cipollina@unipa.it



Mg recovery from exhausted brine

Pilot system results: suspension density and granulometry
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Mg recovery from exhausted brine

Pilot system results: magnesium purities &

process yield

Pilot test n.1 .
0
Normalised time | M9 Purty yierd Mg purity (%)
(%) (%) 99.8 - 100 %
0 99.9 100
0.8 100 100 o
1.6 100 100 Mg recovery efficiency
2.4 100 100 100%
0
3.2 99.8 100
Pilot test n.2 Pilot test n.3
. . Mg purity Nyield : : Mg purity MNyield
Normalised time (%) (%) Normalised time (%) (%)
0 99.9 100 0 99.9 100
1.1 99.9 100 1.1 99.9 100
2.2 99.9 100 2.2 99.8 100
3.3 100 100 3.3 99.9 100
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Mg recovery from exhausted brine

Laboratory tests results: precipitation efficiency

In all tests the efficiency of Mg removal has been between 99 and
100%

\ 4

Ca?*- & Mg?*-free brine is obtained, perfectly suitable for feeding a
Salinity Gradient Power - Reverse Electrodialysis (SGP-RE) unit

d_'.
'\ —r
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Conclusions

Exploitation of desalination brines can be a significant resource if an
effective integrated production cycle is design and realised

An experimental saltworks has been tested in Trapani (Italy) for the
production of about 3000ton/year of NaCl from 600m3/day MED brine

A capacity increase by 20-30% was registered in the saltworks with
respect to conventional operation cycles

Exhausted brines from saltworks can be further exploited for the
production of minerals, such as Mg

Laboratory tests have assessed the Mg recovery process feasibility
highlighting huge potentials for application
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