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ARSTRACT _

Numerous processes are used or are suggested o reduge t_he_diffic_ulties encountered
by thermal evaporation of raw brine with all its original impurities. Here one
considers the experimental conditions of this cvapt)ra[i'\'}'n using germinsion, with-
out purification prior to feeding the evaporarars, The influence of the various related
paranieters are then studied as well as interdependent incidences of conditions
involved in the impiementation of an industrial process.

Resulrs reportad are based on experience of an industrial producer of refined salt,

interested in seawater desalting problems.

SUMMARY OF TREATMENTS USED PRIOR
TO EVAPORATION

The raw material available for production of salt by
thermal evaporation is generally a raw brine obtained by
dissolving halite from injected water or from non-controlled
underground watzr. This raw brine. saturated with sodinm
chloride, alsa contzins impurities such as Na, Ca, Mg.
$0,, the hypothetical groups of which can be: CaS0Q,,
MgS80Q,, Na,S0O,, Call,, MzCL.

As far as calcium selphate is concerned, the raw brioe is
generally sarrated. Heating and evaporation of such « brine
leads to precipitation of sulphate onto the heating surfaces
and, depending on temperature and concentration factors, o
a partial hydrolysis of the Mg ion which can cause accidents
because of corrosion.

Apart from partial or tetal purification of raw brine by
precipitation of alkakine earth and sulphate ions (the process
the most used tndustrially), sundry other preliminary treat-
meants have been propased fo Himit intraduction of calcivm
sulphate into solution or 1o increase its solubility over and
ahove concentration obtained when dissolving sodium chlo-
ride. The six rreaiments are as foliows.

1. Sequestration of calcium and magnesium hy sodium
hexumetaphosphute®. The sequestration agent avoids
crystatfization of alkaline earth salts. The goantity of
sodium hexametaphosphate required is eight tmes the
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quantity of calciom sulphate existing in the bring, 45 2/l
for example, for a 5.5 g/l CaSQ, content.

. Addition to solation waler injected inlo the saliferous

deposit of an alkaline carbonatz and an alkzline phos-
phate soluble in water® in a —I;I,—&(:}g ratio defined by the
Pl

guantity of culcium comained in the raw brine,

. Dvissalving of halite with water *‘vaccinated’’ by means

of an alkaline polyphosphate®.

. Addition to the dissolution water of a small quantity of

an zlkaline carbonate and alkaline polyphosphate®, or
addition 1o dissalving water of an alkaline potyphosphate
and of a heavy metal ion, in particular sluminam®,

. Use of water having a minhmun: pH of 7 and conraining

sodium carbonate and tribasic sodiam phosphate®. Addi-
tion to the brine of an alkaline phosphate lreated with
starch and recirculation of mother brine’.

. Addition to s raw brine, upstream from the evaporators,

of a small quantity of sodium hexametaphesphate (5—
160 ppm3®. Selubility of calcium sulphate is thus dou-
bled. This avoids scaling by limiting the concentration
factor to 2 and temperatures to 100°C. This allows a
pure sajt 10 be produced; 50 to 60% of the feed brine are
than bled. The brine thus bled is recirculated to the head
of the piant into the evaporators operating at & higher
temperature, with germination.
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These processes only give a brine having a caleiam sul-
phate content lower than sauration. They involve a few
problems. There is high reagent consumption of pelyphos-
phate and sodium carbonate. The processes are unusable or
have no effect upon the brines obtained from water of un-
derground origin, except for process (8). The brine pH must
be adjusted {process 5} These processes limit the concen-
tration fuctor of brine but do not solve the prablem of e¢limi-
nation of impurities. They require the use of bleeds accord-
ing 1o another process, otherwise the discharge would be too
high. Mother brine is bled, concentrated in soluble caleium
stlphate, and must then be evaporated by means of a sul-
phate germination process. Handling this mother brine
bleed by conventional purification processes (see below)
would be just as costly as applying these (o raw brine.

BRINE EVAPORATION WITH PRIOGR
PURIFICATION--SALT PRODUCED

In plants where refined salt is produced, either a pure
saturated brine, 2 purified saturated brine or even a raw
brine are evaporated. Let us consider here the first two cases
with & view to their later comparison with raw brine evapo-
ration.

Evaparatian of a completely purified saturated brine.
Most often this brine is prepared by dissolving a salt having
a low rate of impurities (for cxample, raw sea salt having
99.7% NaCl dry content}. Prior to feeding the evaporation
plant, this bring is submitted to a calcosodic treatment (lime
or caustic soda and seda ash) to eliminate the alkaline earth
ions. This is foilowed by a treatment with a harium sait
(highly expensive) 1o precipitate the SO, ion. This brinz
gives rise to orystallization of 4 fine salt whose typical
characteristics are as follows:

Internal moisture ... .. oL
{Weight loss at 350°C of a sample
submitted to a prior drying at 110°C

down to constant weight.) 400 to 66 ppm
SO, o e 30 ppm
Ca < 3 ppm
Mg .. < 1 ppm
Heavy metals (as metal oxides) . . .. <2 10 ppm
NaCl{asdry) ... ....... ... ... 99,99 %

Evaporation of a hrine submitted to prior purifica-
tiop, with recireulation. The brine is ridden of alksline
earth salis and heavy metals by alkalinization and carbonata-
tion {recircufation of mother brines, lime and CO, freatment
and possibly with sodium carbonate). Conditions for purifi-
cation of this brine require a recirculation flow of the bleeds
amounting toabout 50% of the output which is to be evapo-
rated, Thus there is a conceniration rate of SG, jons into the
feed brine much greater than that of the original raw brine,

Chemical characteristics of the fine salt produced, after
light claircing, can be the following:

Internal moisture  ............ 1. 200 1o 2000 ppm
80, ... 500 1o €00 ppm
Ca oo < 3 ppm
Mg < | ppm
Heavy metals ............... <2 10 ppm
NaCl(asdry} .. ... .o 99,94 10 96.95%

Sulfate cantent can be luwered by farge cluireing but this
will dissolve an undesirable quantity of salt. It is difficnit to
lower this sulphate content below 80— 104 ppm.

Evaporation of previously purified brine by a mere
calco-sudic treatment. Because of amii-pollution require-
ments refating to the environment. this process cannot be
considered without bleed recovery (10 to 20¢% of the feed
flow} and treatment of the lader, for instance in a soda
works. The salt produced has the purity level given in the
above, except that of sulphate, which depends on the 80,
content of purified brine Hable to be used for washing and
clarifying purposes. 130 to 200 ppm SG, are generally ob-
tained with the salt.

RAW BRINE EVAPORATION
WITH GERMINATION

*Raw'’ brine. Typical chemical compositions are shows
in Table 1. The solubility of calcium sulphate in satu-
rated brine withour other impurities is 4.6 g/kg water at
20°C. This solubility s 3.7 g/kg water at 110°C and 2.9
g/kg water at 130°C*. For raw brine, tvpe 1 or 2, the varig-
ten of solubility of calcium sulphate in terms of terpera-
ture tise remains practically the same.

In a temperature range of 26 70°C, withont prior seed-
ing, these brines will precipitate, by heating and evapora-
tion, CaSQ, 2H,0 {(gypsum}, between 70-85°C CaS0O,
¥ H. O (hemihydrate} and, beyond, Ca8Q0, {anhydrite}.

TABLE |

Chenvical Composttion of **Raw’" Brine.
Brne Composition p/l-—15°C.

Type It
(80, ion excesy
with respect to Type 2*
Salts alizaline earths) (reverse ExCess}

NaCl........... 309.0 30%.0
CaSO, ... 4.08 5.1
MgSG, .. 2.2 0.5
Mgl ........ .. — 2.0
Na 8¢, ... ..... 1.0 —_
CaCl, ....... ... —— —

'Brire frequently obained from ace-comtrolled uaderground waisr.
"Brine frequentiv obtained fram surface water injected.
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Evaporation piant. Before analyzing the phenomena
accompanying evaporation of raw brine, we briefly describe
the industrial plant we operate and how it works, This plant
has 2 yicld of 600,000 tonsfvear fine salt (="'vacuum”
salty. It consisis of a first, single unit operated by recom-
pression while a second unit opesates in 5 stages (Fig. 13 In
Frunice, we do not call it “vacoum' as in the English-
speaking countries because neither “'vacuum'’ nor 7pres-
sure’’ are characteristic factors for salt crystallization, and
in this specific case, our yield is attained to the extent of two
thirds under pressurc superior 1o the atmospheric pressure.

The entire plant is fed with raw brine, except for the 5th
stage which is fed with brine purified by a calco-sodic
sresiment. Temperatures of the mother brine in boiling con-
ditions are as follows:

Thermo-cOMPYEsSIOR ... rn v e o 116°C
TSESHAZE o v o vt e e 124°C
2R STAHE o ou e e 105°C
300 SHAEC .« vt B6°C
Ath SIae . ... oot e 69°C
SthSIAZE ...ttt 49°C

Raw brine used here is produced by injection of river water
into the halite deposit. It is type 2.

Enternal treatment in evaporators. [ each of the evap-
oraters fed with raw brine, some lme mitk ix injected into
the mother brine. This injection which supplies OH™ ions is
regalated. A practical means consists in using an indusirial
pH-meter, s reading should be maintained between 8
and 9.

The magnesium ion fed by the raw brine is precipitated
as magnesium hydroxide and the possible high temperature
hydrolysis if this ion is avoided (no corrosion accident).
Calcium is elinimated by beating and evaporation as crystal-
lized sulphate except for Ca which remains partly as a solu-
ble CaCl,, since this is & type 2 brine. The CaClL will be
eliminated with the studpe part of the bleed.

Conditiens of germinatien. Considering the chemical
composition of the mother brine which is controlled *in
situ”” and, for the 4th stage, the seeding cited below, cal-
cinm sulphate precipitates as anhydrite, This remains in
suspension as does magnesinm hydroxide. Anhydrite con-
centration of the suspeasion is maintained between 25 g and
30 gliter by bleed regulation, In the coclest elements it can
increase advantageousiy to 40 or even 50 g/l Crystalline
suspension thus consists of anbydrite at about 80% and
magnesium hydroxide at about 20% . Because the raw brine
is saturated with calcium sulphate, and has a low alkaline
earth chloride content, it is readily possible to reach a con-
cenwration factor of 5 without it being necessary to recircu-
late the germs.

Bleeds are re-injected from the hottesl evaporator to-
wards the coldest to maintain and develop anhydrite crystal-

297

ting seeding in the whole plant. This is done ro avoid forma-
tion of hemihydrate in the 3rd stage bodies and w reduce
gypsum formation admost totally in the 4th stage bodies.
The final bleed is settled. The clear overflow is recirculaled
whilz the underflow is eliminated.

Salt produced. Average chemical characteristics of fine
salt produced are:

[nternal moisture . ......... . ... 30( o 700 ppm
SO o 120 10 150 ppm
Ca o 43 to 70 ppm
Mg <. | ppm
Heavy metais {as metal oxides) .. < 10 ppm
NaClias dry) ... oo 99,97 10 99, 98%

SUNDRY CONDITIONS AND FORMS
OF PRECIPITATIONS

It has bean sezn that in this plant, where the raw brine 15
type 2, suiphate is precipitated as anhydrite. Type | brines
have also been tested with and without internal alkalinizing
treatment.

Precipitations for brine type 1. If the conditions of
evaparation {temperafure less than 70°C) did not entail a
corrasion risk and accordingly if they did not require alka-
linization in evaporation, then the magnesium concentration
rate in the mother brine would increase. Where the concen-
tration factor is greater than 10 or 12, for 2 high magnesium
content in the raw brine {as 1 g/l for example), magnesivm
crystallizes as double sulphate which nlight be ldweite
¢INa., Mg (5O, H.Ol. or van't hoffite {NagMg
(80,);]. Crystalline suspension would then consist of cai-
cium sulphate and a double magnesium/sodivm sulphate.
This would avoid consuming zn alkalinizing agent whilst
obtaining a salt of a commercial grade {NaCl # 99.9%).

If, with this same type 1 brine, OH" ions are introduced
by tresting the mother brine with lime or with caustic soda,
a syncrystallization of calcium sulphate and sodium salphate
1s obtained in this Na* saturated medium, in one of the
following forms™ '*,

Over 110°C = Na,50,,CalS0,
Over 90°C = Na,&80,,CaS0,,H,0
Over 70°C = ;N5 8Q,,Ca80,,,H,0

Precipitations for brine type 2. If the conditions of
evaporation aliow for concentration without fear of corro-
sion, we could increase magnasiim CONCEN{ration raie up to
very high levels. Where the concentration factor is 1010 12,
greater than the values guoted for germination (factor = 5),
we have ascertained rthat at temperatures shove 83°C, there
is hydrotysis of the Mg ion and a suspension consisting of
anhydrite and magnesium hydroxide. The precipitation of
complex chloride or suiphate has not been observed.

e Tt
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Figure 1. Diogram of plant operatad for refined sah production.

But if for this same type 2 brine the mother brine is
treated by lime (as in the abuve described plant), it can be
seen that anhydrite is precipitated. If we substitute canstic
soda for lime we again obtain the same results as before, i.e.
double sedium and calcium sulphate,

It has been seen that the best operating conditions for the
aquipment'and the most efficient ehutriation are recorded
when sulphate precipilazidn occurs as aphydrite Cal0,. Itis
thus advisable to carry out a wreatment in the mother brine
which leads to anhvdrite crystaliization. The principle of
this **in stu’ reatmemt® is basically differentiated from a
preliminary purification of the raw brine before its feeding
because the reactions occur under quite different conditions
of cencentration and temiperatire: ie. those of mother
brine. This process is at the origin of an important im-
provement of the salt produced ar industrial scale by ““high
suspension’”,

The evaporating plant whose characteristics were de-
scribed hag operated since 1966 without any scaling of heat-
ing surfaces. However, we wish w meation an incident
which ogcurred during this period. For some time, the
anhydrite suspension dropped accidentally to approximately
10 gl in the first two stages. A temperature and yield drop
was then recorded and this corresponded to a scaling of the
heating surfaces. Complete elimination of the calcium sul-

phate scale was obtaired by increasing the anhydrite sus-
pension for 48 hours and mainwining at 40-50 g/t (by bleed
reduction). Temperatures and output then returmed o their
reguiar level. We checked during a maintenance check of
the evaporators that tube surfaces were free from all scaling.
No other chemical or mechanical de-scaling process was
able to give such a perfect resubt. Duning studies we made
relating to seawater concentration, we noted the same de-
scaling phenomenon again.

Case of muarine brines. Ii was interesting to check
whether conditions of germination, applied to seawater con-
centration in a concentration factor range less than 5. gave
rise to the same resolts as those recorded with salt produc-
tion.

From 1968 1o 1973, our studies with the *“Commisariat &
I"Energie  Atomigue’™ (Grenoble Centre for Nuclear
Studies} were the subject of various papers'™ ¥ 1%, Seawa-
ter hiag a Jower calcinm sulphate content than thar of saw-
rated brine, i.e. 1.3 g/liver for standard seawater®. Precipi-
tation tzkes place as anhydrite.

Because water is being concentrated in an open loop 5ys-
tem, it is essential to separate and reinject a given quantity
of crystalline genmns at the head of the preheating system in
order to maintain suspension of anhydrite at the required
value. Therefore, whilst maintaining the anhydrite suspen-
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sion at a value ranging between 25 and 35 glliter between
the inlet of the preheating systemn and the flash evaporation,
we experimentally checked the lack of calcium suiphate,
calctum carbonate and magnesium hydroxide deposiis.

PURITIES AND EIMPURITIES OF SALT PRODUCED

Table 2 shows the different analyses of the salts pro-
duced. [n the germination process, mother brine in evapora-
tors contains a crystallized salt. In the germination process
the grain size of the sofid impurities ts much smaller than
the salt. When extracted a good guality sodium chlonde
must not contain grains less than [80 u. The calciom
sulphate ks 6-25 4, the magnesium hydroxyde is 4-6 .
A double backflow washing with limpid brine (raw bring)
in the leg of the evaporator and in a thickener-washer unit
provides an almost total separation of the solid impurities.

The hvdraulic transfer of the salt from the evaporator to
the thickener cooperates to this separation. Practically all
the particles tending to adhere to crystal surfaces are
loosened during fhis transfar. We thus feed the centrifuger
with a shyry made of Hmpid brine and crystaftized salt, The
impurities of salt produced are practicatly reduced to those
occluded to or included in the crystals and those dissolved
into the brine film coating each crystal salf. We can thus
atfirm the interest in carrying out germination with an anhy-
drite suspension rather than with that of hemibydrate or
gypsum. The crystals of the latter are much larger than
those of anhydrite. The proper salt‘calcium sulphate sepura-
tion alows for limitation of impurities in salt produced to a
quantity very close to that of the included caleium sulphate.

The comparative table shows of course that the purest
salt is the one oblained from a deseiphated pure brine. It can
be noted in particular that occluded water and sulphate con-
fent are very low.

Salt obtained from crystailization of a raw bring in pres-
ence of a calcium sulphate germination with an in situ
trearment of the mother brine has sulphate and occluded
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waler content much lower thun those of salt obtained by
crystailization of a previously purified brine (not desul-
phated). This is due to the Jow SOy ion contenr in the
mother brine. At 110°C for example, solubility of calcium
sulphate expressed as 85O, is approximately 0.7 g/l in a
hrine saturated with NaCl It 1s even lower in a mother brine
issued from a type 2 brine, and trested in sity with time,
because of CaCl, concentration which has taken place. This
again is an advantage of the treatment.

It has been noticed that the tow SO, conceatration rate
gives rise to a low occlusien content'” of about 600 ppm In
the germination process and even less in the case of use of
pure brine {desulphated).

In the earlter discussion we saw that prior treatments of
brine other than conventional purification processes {in par-
ticular those with polyphesphate) avoid scaling und give a
fairly pure salt, This is provided that the bleed flow is such
that calcium sulphate solubility is not resched?. Such a
treatment provides a salt of fair purity in the coldest pans
and permis o transfer germiination to the hottest pans where
sulphate will be eliminated as anhydrte. However, the
gecluded water content of the salt produced in the low
temperarure pans is still much greater than lhar of a high
suspension salt.

BLEEDING—RECOVERY OF BRINE LOSSES

Through evaporation of raw brine, impurities which are
insolubilized, calcium sulphate {anhvdrite) and magnesium
hydroxide are driven alony by the bleed flow and separated
by decanting while the clear effluent is recirculated. Res-
idues obtained as a thick shudge can be stored in existing
underground. cavities und this allows the recovery of an
equal quantity of raw brine by transfer, On the whole, a
quantity of brine equal w that of the bleed is recovered.

With regard to impurities which remain soluble (for
example, CaCly, formed by the action of lime on MgClL},
recirculating the clear effluent gives rise ta a higher CaCl,

TABLE 2

rine Treatment Process and Characleristics of the Produced Product

Brine Treniment Process

Characteristivs of the Priar Calco-Sudic

Froduced Salt and Baripm Sakt
Purilcation
Occluded water? 400—600 ppm
80, #30 ppm
Ca < 3 ppm
Mg <] ppm
Heavy metals
{as metal oxides) < H} ppin
Na(li, as dry, % 9%.99%

‘For & same grain size dismibution (10300 k)
With @ shght clalzcing,
Withous claircing.

Prior {aleo-Sodic
Purification With

1200~ 2000 ppm

Germination With
“In Situ’* Treatment
{As Reqguired)

506700 ppru
120150 ppm®

Beciradation

Sk~ 500 ppm?

< 3 ppem 4570 ppm
< 1 ppm < 1ppmn
< 10 ppm <10 ppm

90,94 - 96,93% 99,5799 98%
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rate in the evaporstors but, at Jast, CaCl is eliminated with
the liguid fraction of the sludge. Where on the one hand, the
conventional purification processes of raw brine {upstream
from the evaporation plant} handles the entire quantty of
raw brine and recirculated bleed flow, on the other hand
with germination the separation of impurities is made only
on the bleed Dow. This is less than 13% of the feed flow,
and means that facilities have a smalier capacity.

Besides the considerable saving of reagents the germina-
tion process reduces considerably the equipment required for
the separation of impurities brought by the raw brine.

CONCLUSIONS

With all types of currently avallable brine including sea-
water, suiphate permination ensures a scaling-free heating
and evaporation process.

As far as salt production is concerned, the development
of this pracess, the control of mother brine compaosition, as
well as of crystallization which occurs in, it enabled us to
make considerable progress rowards an adequate purity of
the product. We pow currently reach 09.98% ianstead of
99.85% which was the purity level of **high suspension™
salts manufactured two decades ago. The sulphate content is
very low. Magnesium is quite eliminazed. It is only if all
trace of calcium were 1o be removed, that this salt would be
unsuitable.

This process gives a salt with 5 low agueous occlusion
content. In particular this salt is perfectly suited for the elec-
trofysis of the molten NaCl for the manufacture of metal
sodium. Furthermore, one can hote that anbydrite is in-
soluble in the molten salt and, therefore, there are no SO,
ions Hable to damage the electrodes (traces of calcium
chicride do not matter in this case). Costly purification
with a batium salt can thus be avoided.

No appreciable influence of the process on grain size
distribution of the salt has been noticed. The elutriation it
involves is an adequate factor for the reduction of **fines™’,
which is always advisable.
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