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ABSTRACT

The evaporation of a Tunisian brine sample involving the system Na*, K*,
Mg*/ CI- SO,*-H,0 was studied under atmospheric pressure and at
temperature room equal to 298 K. The selective densities of precipitation of
halite (NaCl) and the co-precipitation of halite and sylvinite (KCl), and the
co-precipitation of halite sylvinite and epsomite (MgSO,.7H,0), were
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determined. The sequence of crystallization determined experimentally has

been compared with the theoretically sequence.
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INTRODUCTION

Southern Tunisan’s natural brines represent an im-
portant source of minera saltswith ahigh economic
vaue. Thesesdtsarerecovered by smplesolar evapo-
ration. Indeed, duringisotherma solar evaporationitis
possibleto obtain minera saltsand to determinatethe
precipitations at the sametimethe sequencesof thedif-
ferent saltsasafunction of the composition, and the
density of thebrine.

The present study was carried out in order to de-
terminatethe sequenceof crystallization relatingto the
natural evaporationin order to develop an experimen-
tal work of thebrine Chott El Jerid, located in south of
Tunisia. Thebrineused in this study wasdrawn from
the eastern part of Chott El Jerid on the road between
Tozeur and Kebili (Figure 1).

EXPERIMENTAL

Evaporation of brine

Tenlittersof brineof Chott El Jerid, wasplacedin
aPV C thermodtatic bath which wasmaintained at room
temperature (around 298 K) and under atmospheric
pressure. Thesolutionissubmitted to acontinuouscur-
rent of air so that the evaporation became easy. The
ionic composition of the natural brineswhich hasbeen
studiedisreportedin TABLE 1.

Sampling of solid and satur ated solution

Theevolution of the evaporation of brinewasfol-
lowed accordingto thedensity: Thecompositionof lig-
uid samples and solid phases was determinated by
chemicd andyss.

The solid phasesformed constituting the precipi-


mailto:attiasameh@gmail.com

368

Study of the evaporation of Tunisian brine (Chott El Jerid)

MSAIJ, 9(10) 2013

Full Poper =

tated saltswere separated by filtration. Oneof partis
stockedinasmall plastic bottlefor protection fromthe
atmospheric humidity witch served for RX and the other
part wasdiluted two-fold with distilled water in order
toavoid any further preci pitation dueto evaporation or
adecreasein temperature. The concentrationsof ma-
jorionsintheliquid andinthe solution of solid phases
reported respectively inTABLE 2 and 3.
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Figurel: South of tunisia: geographical sites of Chott El
Jerid.

TABLE 1: Chemical analysisand density of thenatural brine
of Chott El Jerid.

Density Na'(gL™) K'(gL™) Mg*(@L™) Cl(gL?) SO (gL™)
11416 105 9 12 197 12

Analysis

The changesin composition of the brinewerefol-
lowed by anadysisof themgor element (Na', K*, Mg?,
Cl- and SO,*). The Mg ** was determined by
complexometrictitrationwith EDTA™2, TheNa* and
K* were analysed by flame spectrophotometric
method®4. A potentiometric titration was applied to
the chlorideiong®. SO, ion concentration was de-
termined gravimetrically!®”. The solid phaseswere
identified by X-ray diffraction method and chemical
analyses.

RESULTSAND DISCUSSION

Theanalyse of theresultswas carried out respec-
tively with thevariation in the concentrations of differ-
entionsasafunction of the density, the variation of
density asafunction of timesand thevariation of the
conductivity of asolution asafunction of thedengity.

Variation of the concentration of major ionsasa
function of density

The concentrationsof major ionsintheliquid and
inthe solution of solid phasesreported respectively in
TABLE 2and 3.

TABLE 2: Chemical analysisof saturated solution (concen-
trationsexpressed in molL 2).

%g]yf Density Na" K* Mg* cCI° S0 soPIirc? giglsis
0 11416 5005 0231 0185 5549 0028
3 11838 5120 0246 0146 5655 0038 NaCl
4 11852 5100 0222 0122 5022 0035 "
6 11868 4920 0234 0134 5353 0035
9 11870 4852 0241 0141 5292 0037
10 11875 4701 0247 0147 4947 0037
1 11879 4654 0251 0151 4905 0.036
13 11906 4510 0253 0153 4762 0.036
14 11955 4465 0281 0181 4746 0.038
16 12013 4353 0295 0195 4648 0040
17 12026 4342 0304 0322 4645 0041
20 12031 4305 0307 0336 4611 0042
21 12043 4358 0314 0358 4672 0045
23 12057 4280 0322 0480 4601 0047
25 12061 4287 0377 0491 4664 0048
29 12077 4253 038 0453 4639 0049
3l 12082 4235 0402 0600 4637 0.050
3 12008 4245 0495 0668 4740 0.053
3% 12119 4269 0498 0725 4767 0.062
37 12161 3742 0445 0952 4391 0073
39 12192 3538 0670 1259 4408 0072
40 12532 2001 0773 17290 3397 0091  NaCl +KCl
43 13047 0729 0806 2318 1735 0619
+KCl+
44 13069 0478 0637 2640 1315 0418 MNS%EELO
47 13124 0264 0421 2662 0867 0325 :

TheFigure 2 representing the concentrationsof dif-
ferentionsintheliquid at variousdensitiesreved sthat
at the beginning of theevaporationthenumber of moles
of water decreaseswithout any precipitation, and the
brine becomesmore concentrated.

At density between 1.1838 and 1.2192 there are
s multaneous and rapid decreasesin the concentrations
Na" and Cl-, which seemsthat it correspondsto crys-
talization field of the halite (NaCl) and thiswas con-
firmed by the X -ray diffraction spectraof the solid ob-
tained.
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TABLE 3: Theconcentrationsof major ionsin thesolution
of solid phases.

SOZ
2.77
2.97
3.19
0.55
2.91
3.32
1.16
2.72
2.13
2.08
1.01
1.64
1.12
3.83
1.64
1.06
1.94
2.02
1.45
2.05
2.39
481

Na" K7
47.07 0.00
47.20 0.00
4753 0.27
47.46 0.00
47.39 0.00
49.28 0.00
49.18 0.00
48.30 0.00
46.42 0.00
46.35 0.00
46.42 0.00
48.05 0.00
47.23 0.00
46.28 0.32
46.49 0.30
46.82 0.29
46.68 0.00
46.54 0.30
46.00 0.28
4747 0.28
39.86 7.05
30.84 13.27

Mg® CI
0.62 47.38
0.29 45.73
0.54 45.08
1.16 48.92
0.84 46.28
0.89 47.20
0.61 4857
0.62 46.45
0.61 47.33
0.93 46.04
1.15 47.29
0.62 46.81
0.94 4754
0.96 45.96
0.61 48.01
0.88 47.99
0.57 46.40
0.90 45.95
0.56 47.40
1.14 47.19
1.08 46.92
2.65 44.11

H,O Solid phases
3.38 NaCl
5.02 "
4.68 "
217 "
3.82 "
0.85 "
1.03 "
3.10 "
4.43 "
5.45 "
4.56 "
3.59 "
3.66 "
4.25 "
3.68 "
3.42 "
521 "
5.12 "
4,92 "
2.78 "
3.73 NaCl+KCl

6.14 "

NaCl+KCl+
MgS0,.7H,0
62.12 "
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The concentration of K* increases at the density
1.2192 and then decreases.

The chemical analysesand the X -ray diffraction of
the solid obtained at densities between 1.2192 and
1.3047 confirmsthe presence of KCl, for this purpose
thefield correspondsto aco-precipitation of haiteand
sylvinite(KCl).

Thecurveillugrating thevariationinthe concentra-
tion of Mg** and the ion SO,*~ as function of the
density, showsan ascending tendency at density equal
to0 1.3047 and decreasesbeyond thisvalue. Thisresult
demonstrated that thereis precipitation of asulfate of
magnesium saltsasepsomite (MgSO,.7H O) thiswas
confirmed by the X -ray diffraction spectraof thesolid
obtained (Figure 3).

Theevolution of theratios of the K*/Na" and K*/
Cl-ionsasafunction of density isrepresented in Fig-
ure4, which showsanimportant increase at thedensity
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d=1.2192 and which extendsto thedensity d = 1.3047.
Thismeansthat these fields corresponded to the co-
precipitation of NaCl and KCI.
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Figure?2: Variation in the concentrationsof different ions

asafunction of thedensity.
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Figure3: XR diffraction of salt S,..
Variation of density asafunction of times

Thevariation of dengty asafunctionof timeswhich
isgiveninFigure 5 presentsthree parts. Thiscorre-
spondsto the changes of the number and nature of the
equilibrium phases. Infact, according to theresults of
chemica analysisand X-ray diffraction of solid phase,
these breakscoincidewith:
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Figure4: Variation of frationsK*/X (X=Na*, Cl") asafunc-
tion, of dendity.
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Figure5: Variation of density asafunction of time.

Break A: firstly therewas precipitation of halite NaCl
which continuesto point B.

Break B: then therewas preci pitation of KCI. Co-pre-
cipitation of NaCl and K CI continuesfrom
point B to point C.

Break C: Beginningof precipitation of amagnesum sul-
fatesalt MgSO,.7H.0.

Variation of theconductivity of asolution asafunc-
tion of thedensity

Thevauesof the conductance saturated solutions
Woteriols Stience  mmm—.

measured during the evaporation of brinefrom Chott
El Jerid accordingto their densitiesgivenin Figure 6
showsthreechanges, defining threefieldsof crystalli-
zdion.
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Figure6: Variationintheconductivity asafunction of the
densty.
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The values of the densities of these changes are
those obtained by the study of thevariationinthe con-
centration asafunction of thedengty.

Theresultsof thisstudy show that the sequence of
crystalization of the Chott El Jerid

brine at 298 K and under atmospheric pressure
comprisesfour steps:

e d<1.1838: Concentration of brine

e 1.1838<d<1.2192: Precipitation of NaCl

o 1.2192 <d< 1.3047 : Co-precipitation of NaCl
andKCl

e d>1.3047: Co-precipitation of NaCl, KClI and

MgSO,.7H,O

The viscous aspect of the saturated sol ution ob-
tained a end of evaporationisdueto the concentration
of ionsMg’* present inthe solution remaining.

Compar ative study between experimental and
theor etical paths

The comparison between the experimenta crystal-
lization sequence obtained for the Chott El Jerid brine
during evaporation and theoretically (S0-S1-S2, Fig-
ure7) determined from thediagram of thequinary sys-
tem representative of brind®. Showsthat thereiscon-
cordance betweenthetwo first stepsof crystallization.
From thethird step, the brine does not evolveinthe
sameway for both sequences. Thetheoretica sequence
provides the précipitation of double salt
KCIM@SO,.3H,0 (kainit), whileexperimentdly, the
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MgS0,.7H,O (epsomite) was harvested. Thisdiffer-
enceisprobably duefirstly tothekineticsof precipita-
tionkainit whichisvery dow compared to epsomite?,
and secondly itisa so s gnificant to notethat theepsomite
MgSO,.7H O wasformed apart fromitsstablefield
of existence. That seems to indicate that the
crystallisation field of thissalt hasametastable space
extension, which partly coversthe spacereserved for
thekainiteKCIMgSO,.3H, 0 (Figure 7)1'¢*2,

MgS04.7H20
metastable

KClMgS04.3H,0

MgC lg

Figure7: Fidd of crystallization of NaCl: theoretical path
of thebrine: domain metastableM gSO,.7H.0.

CONCLUSION

Inthe present work, astudy was made concerning
evaporation of brinefromanaturel ssumureof Chott El
Jerid situated inthe south Tunisian. Thebrinewas sub-
jected to evaporation in the laboratory under condi-
tionsascloseaspossibletothenatural conditions.

Thedenstiesat thebeginning of crystallization of
NaCl, KCl and MgSO,.7H O saltswere determined.

The compari son between the sequences of crystal -
lization experimental obtained for brine Chott El Jérid
in the course of its evaporation and that determined
theoretically fromthe diagram of the system represen-
tative of brine showsthereisconcordance between the
twofirst stagesof crystallization and at thethird stages,
thereisdifference. Thisisdueto metastability and to
thekineticsof formation of theepsomitewhichisfaster
thanthat kainite.
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