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Brines at high temperatures and with a high salt content 
can, in principle, be exploited for many purposes including 
the production of electric enkrgy, the supply of district 
heating and the recovery of those chemical compounds which 
are of commercial interest. 

i 
Obviously, in order to examine the different exploitation 

possibilities of such brines to determine the best alternati - 
ves and consequently the most suitable technological cycles 
for the complete utilization of the resource, it is essential 
that sufficient information on the characteristics of the 
salt composition of the system and, in particular, on the e- 
quilibria in solution is available. This information must re- 
fer to all the thermodynamic properties, e.g. heat capacity, 
latent heat, vapour pressure, etc. 

The problem of obtaining such information arises whenever 
a new geothermal resource is discovered as one manifestation 
can vary considerably from another. This is shown by the da 
ta given in Table I which refer to some Italian geothermal 
areas. 

The complexity of the systems involved means that it is 
unrealistic to attempt a theoretical approach to this problem. 

I It was, therefore, decided to initiate an experimental research i l i !  ! 
program in order to obtain data which could be compared with 
the data already published and could be used to determine the 
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values which are still lacking in the literature. 

had been excluded riori, the,reliability of certain semi- 
empirical relation 

Although the de opment of th diction methods 

the extrapolation a€ the available dg 
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(1) Sample taken 14-15 May 1979. 
(2) Sample extracted with airlift, 12/8/77. 

ues of five samples taken during 
ken using sampler (total fluid), 12/6/80. 

(5) Analyses of samples of entrained water, 12/10/80. 
(6) Mean values for analyses of water delivered. 
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ta was analysed with reference to at least some of the proper- 
ties to be recognized. The priority of the properti& to be 
recognized changes according to the particular application of 
the geothermal resource. The various aspects of this problem 
are listed in the following points. 

a) Chemical exploitation'of the resource. 

This type of exploitation can be employed directly on brines 
at temperatures which are considered unsuitable for energy or 
heat production. It can also be applied to brines at high tem- 
peratures after they have been first exploited for electric 
energy production. 
Examining the compositions reported in Table I, it can be seen 
that the brines appear particularly interesting for the recove 

\ 

ry of potassium salts and boric acid and also of sodium sulfa- 
te, even if it is rather doubtful whether this last salt is of 
any real commercial interest. 

It should be remembered that although the recovery of salts 
may be economically advantageous it also gives rise to many 
minor problems and difficulties connected with the disposal of 
the exhausted brines. 

A number of processes for the recovery of potassium salts 
from brines have been described in the literature, e.g. preci- 
pitation as perchlorate (1) (2) or potassium salt of dipi- 
crylamine (3 -8 )  or in the form of double salts such as syngini- 
te or alum or recovery using high selectivity ionic exchange 
resins (9-13). The most practical process from the operatio- 
nal viewpoint, however, seems to be the utilization of rractio - 
nal crystallisation. This has been confirmed by technical and 
economical analyses of different processes. In order to use 
this method, it is essential to have a full knowledge of the 
equilibria in solution in the system in addition to the other 
thermodynamic properties. 
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b) Thermal exploitation of the u 
ere is no interest in the recov 

the main information necessary is t'he ubility curve. 
is curve represents the separ s as 'the tempera - 

ture of the brine decreases. Ob 
namic properties must also be k 

c) Exploitation of the resource to produce electric power. 

The observations made above in point b) re also valid for this, 

In order to study the most suitable process to be used for 
the exploitation of the resource it is important to have as 

" complete a picture as possible of the salt equilibria in the 
aqueous phase and also of the gas solution equilibria as these 
have a direct bearing on the possibility of corrosion or sca- 
ling during the delivery. 

In the experimental research program descri ed in this paper 
all these factors have been considered and the first results 
are given here. I 

he research program has been conducte'd frpm a practical 
than a theoretical stance, the 
rformed adopting standards of ision and accuracy 

surpmentp have often 

which, while completely acceptable on the technical level, would 
be inadequate if judged fro scientific view-point. 
s the program has progressed, equipment has been desi- 
oped and tested so that it will be possible in the 

near future to achieve results which are completely satisfactory 
also on the scientific level. 
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COMPLEX EQUILIBRIA IN SOLUTION 

Studies, described in detail elsewhere (4) 8 have been conducted 
to examine the quaternary system Na2SOq-K2S04-KC1-NaC1; these 
are the predominating salts ip the brine of Cesano 1 well.Data 
on this system, limited to'temperatures below 100°C, have alrea - 
dy been published. Our experience so far is limited to verifying 
the data reported in the literature for this system and to inve- 
stigating the influence of the other species such as boric acid. 

We used a very simple apparatus, represented in Fig.1, consi - 
sting of a container of pyrex glass composed of a central piece 
with a syntherized glass filter (G1 porosity) and two 100 ml. 
flasks connected by means of spherical joints. 
The water and an excess of the predicted 
ded into the lower part. of the apparatus 

n 

a-a 1 

b 
= 100 ml flasks 
= synterized glass filter 

solid phase6 were loa- 
and the system-was stir - 

a= 2000 W electric heater 
b= Vertex thermometer 
C= mechanical stirred 
do saturation apparatus 

e= thermometer 
f =  magnetic stirred 

Cn b 

d ::::.*.::: a 
W 

Fig. 1. Apparatus for solubility measurements. 
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red byra magnetic stirrer. The device,was placed inside a ther- 
mostatic bath which maintained a chosen temperat 
+ 0.05OC. When sufficie o ensure that equili - 
brium had been reached, e equipment was versed without remo- 
ving it from the bath. The clear solutioo was se rated from the 
residual solid phase by filtration'through the septum and then 
chemically analysed in order to determine the concentrations. 
Fig.2 plots the path of our experimental points against that 
derived from the published data. The influence of the presence 
of other chemical species is, however, of great relevance. In 
fact, if boric acid is present in ,the system the diagram chan- 
ges considerably.' This is shown by Fig.3 which illustrates a 
Jznecke diagram at 100°C and shows the shifting in position of 
the point of equilibrium of glaserite, sodi oride and po- 
tassium chloride. The presence of boric acid es the point 
to shift towards zones with higher sulfate an 
concentrations, particularly at higher temper s. In addi- 
tion, there is.a strong increase in the solubility of both the 
species of the* system Na+-K+-S04 -Cli and of the' boric acid, 
see Fig. 4. 
From our experience with simplified systems, we have concluded 
that althoug uch systems can be to some extent indicative of 
general behaviour, they ma 11 be inadequate for a complete 
understanding of the real em. Furthermore, the problem of 
studying the system at higher temperatures is still unresolved 
and the implementation of a first autoclave has not proved sa- 
tisfactory. 

W 
time had elapse 

i 

assium ion 

-- 

I .  

INTEGRAL SOLUBILITY DATA 

In addition to the composition 'and 
phase, the main parameters which should be known are the tempe- 
rature at which the separation of 'the solid phase begins and the 
total amount of solids separated from the brine-as the temperatu - 
re decreases. As apparatus has not yet been deve1oped"which _ _  - is 

at elevated temperatures pressures, we 

parated solid 

capable of oper .. 
. I  
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Fig. 3 .  Janecke diagram a t  100°C; influence of 
the presence of boric acid.  
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Li have performed measurements below 100°C by using a simple appa- 
ratus. The desired salt composition was weighed and introduced 
into a conical flask with an elongated neck of about 20 cm which 
is connected by a spherical joint to a burette which allows wa- 
ter to be added. 

The flask was then placed in a thermostatic bath and water 
was added, keeping the system in continuous agitation until 
total solubility was obtained. 
T h e  solubility data obtained for a mixture containing sodium 
and potassium chlorides and sulfates in a analogous propor- 
tion to that of.the brine of Cesano 1 are repqrted in Fig.5 
together with the solubility data for pure salts. 
These data seem to indicate that in the brine of Cesano 1, 
where the solubility of the salts appears to be greater owing 
to the presence of the boric acid,separation of the solid pha 
se should not occur until at temperatures not much above 100°C. 
On the basis of these considerations, the temperature of 125OC 
has been chosen as the lower limit for the exploitation of the 
Cesano 1 brine in the propose'd pilot plant. 

THERMODYNAMIC PROPERTIES 

From the experimental viewpoint, the determination of certain 
properties, such as steam pressure for example, presents no 
particular difficulties as long as suitable equipment is avai- 
lable. The theoretical prediction is obviously far more complex. 
Neither are there any particular problems, from the practical 
side in measuring the latent heat of the evaporation of water 
as this is influenced very little by the salt concentration. 
The measurement of the heat capacity is a much more important 
and complex problem. 
There is a notable.lack of published data concerning brines at 
elevated temperatures and concentrations. Bromley (15), Silve- 
ster and Pitzer (16), and Tanner and Lamb (17) have measured the .,- 

dependence of the heat capacity on the concentration. These 
authors, however, were working with a limited range of tempera 

id 
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tures and concentrations generally 'restricted their stu- 
dies to simple systems. 
From these considerations, there emerges a clear necessity for  
the\collection of -an extensive body of experimental data. 
The work began by measuring the heat capacity of'a series of 
multi-component salt mixtures and of all the single electrolyte 
solutions contained in them in order to find suitable correla- 
tions which could be used to predict the heat capadty of such 
mixtures over a much wider range of temperatures and'total coz 

W 

0 Cesano mixture 
P, Na2S04.10 n 2 0  

I 
1200L\  . 

v Na2S04.7 H20 

NaCl 
A Na2SOq 

I \  

K C l  
0 K2s04 

Fig. 5. Integral solubility of pure sodium amd potassium 
chlorides and sulfates and their mixtures in p 
analogous to'cesano-1 brine vs temperatire. 

ad 
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LJ centrations and at different ratios between their components. 
In this study, the heat capacities between 3OoC and 8OoC have 
been measured for salt water solutions of NaC1, KC1, Na2S04 
and K2S04 and for some of their mixtures for different compo- 
nent ratios and using a CALVET type calorimeter and the "con- 
tinous heating" method. The range of temperatures and concen- 
trations studied was limited both by the fact that it was im- 
possible to agitate the mixture while measurements were being 
made and by other special characteristics of the experimental 
apparatus. The heat capacities were measured within an estima - 
ted accuracy ,of 0.5%. 
The experimental values obtained for the heat 
the mixtures were compared with those computed using equations 
(1) and (2). 

capacities of 

(1-X) PW c = e c x + c  P 

where X is the weight fraction of the total solute, C 

rent heat capacity of the mixture which is computed from the 
apparent heat capacities of the single electrolytes OC i mea- 
sured at the same total ionic strength of the mixture. xi is 
the weight fraction of the electrolyte with respect to the to - 
tal weight of the solute. 
In equation (21, known as Young's rule, fhe apparent heat capa - 
cities of the electrolytes in the mixture are considered, in 
the first place, to be additives as they have been computed for 
the total ionic strength of the solution. 
Table I1 compares the C 
ted using equations (I) and (2) under various conditions of tem - 
perature and concentrations. In all cases, the difference bet- 
ween the computed values and the experimental ones is less than 1%. 
We now plan to check the validity of 
concentrations and temperatures and to eventually attempt other 
correlations. In order to be able to extend the measurements to 

PW is the heat capacity of the pure water and Cp is the appa- 

experimental values with those compu- P 

Young's rule for higher C# 
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a wider range of temperatures and concentrations, a calorimeter 
has been constructed and tested to measure the thermal capacity 
of salt water solutions in the temperature range SOo-250°C and 
at the relative equilibrium pressures. The sample can be agita- 

ted while measurements are being made and saturated solutions 
in the lower temperature range can, thus, also be analysed. 
The calorimeter is of the drop calorimeter type and is illu- 
strated in the diagram in Fig.6. The cell of the calorimeter 
is composed of a cylindrical container in stainless steel with 
the internal walls completely lined with gold at lOOO/lOOO. 
The capacity of the cylinder is - 5 cm . This apparatus makes 
it possible to obtain the mean heat capacity of the cell and 
its content between the furnace temperature Ti and the tempe- 
rature Tf of as underlying calorimeter C, of adiabatic type, 
where the cell has been dropped. 
The ratio between the heat capacity of the cell and the calor& 
meter is approximately 1:SO. If, in a series of experiments 
at various temperatures, Ti, the values cf Tf vary little from 
a mean value it can be demonstrated that the heat capacity 
CT at a temperature T, within the range of the analysed tempe- 
ratures, can be computed from the following expression: ’ 

3 

’ 

f’ 

d cT 
d T  

( 3 )  
- 

CT = CT + (T - Tf) 
d ZT 

The values of cT and of the derivative 
from a best fitting of the values -dT 
mial equations of the type: 

are obtained 
using polyno- 

i 

The following type of expression can thus be obtained for CT 

j-1 n 

j =O 

- 
j Tf) C j a T CT = C a. T + (T - n 

j j=O 3 
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A - Cell releasing device 
Sh - Adiabatic shield 
Jlc - CaLorimetric aluminium block 
BF - Furnace aluminium block 
c - Calorimeter 
F - Furnace 
G - Brass.tpbe 
R - Electrical calibration heater 
HF - Furnace heating 
HS = Adiabatic shield heating 
I - Thermal insulation 
K = Sample receiver 
M Motor for sample 

- 
W. IN revolution 

Ptl,PtZ - Platinum resistance 
QT - Quartz thermometer probe 
Sf - Position of the sample in- 

side the calorimeter 
Si - Position of the sample in- 

side the furnace 
T = Circulating water thermostat 
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A first series of experiments has been performed'over the tem- 
perature range 75°-2000C, using a 6 molal solution of sodium 
chloride to control that the apparatus was functioning correc- 
tly. The results obtained, expressed as heat capacity at constant 
pressure (C ) #  were compared (see Tab.111) for a number of te2 P 
perature values with similar data reported by Silvester and 
Pitzer (16). The values given refer to the heat capacity of wa- 

ter i n  the same temperature range. For this purpose, the values 
of C for water given by Bromley et al. (18) have been used. 
The agreement between the two series of data in TableIXIcan be 
considered satisfactory bearing in mind the present accuracy of 
our apparatus, estimated at about 0.5%. 
We believe that it will be possible to achieve a greater preci- 
sion in this apparatus by an improvement in the treatment 
the data and by altering the calorimetric ell in order to in 
crease the volume contained. 

L! 

P 

of 

TABLE I11 

Comparison of some heat capacity values of a 6 m NaCl sol: 
tion measured during this study and the corresponding va- 
lues taken from Silvester and Pitzer in the temperature ran 
ge 75Oc - 2 0 0 0 ~ .  

75 
100 
125 
150 
175 
200 

This study 

0.7837 
0.7791 
0.7754 
0.7729 
0.7722 
0.7766 

Ref. (2) 

0.7800 
0.7776 
0.7715 
0.7644 
0.7614 
0.7739 

I 
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CONCLUSIONS 

The initial stage of our experimental rese rogram to 
study the equilibria and properties of brines ow been COIJ 
pleted and we hope to have 
re, an extens e body of d 

U 

t our disposal, in the near futu- 

From the results obtained so far i t  appears unrealistic to * 
think in terms of a theoretical, approach; at the present moment, 
a development in the experimental research methods is necessary 

I 
! technical level. 

if reasonably reliable correlations are to be obtained on the 

I 
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