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process for tlic separation of silica Amiata
reinjection geothermal scaling causes
serious problems in operation and maintenance of 
reinjection facilities, is reported, in which the phases of
coagulation, and of silica are involved
Brines discharged from three wells were studied, in
order to investigate the influence of the brine composition on

of tlie separation treatment. The addition of
amounts of calcium chloride and sodium 

hydroxide at temperatures were investigated and the
separating operations were determined. The brine was
revealed to be a factor in affecting the process of
coagulation of tlie silica present

Introduction
of the Monte

reservoir a two phase flow, wliicli is
separated on the surface This produces steam
generation of electric power, waste brine at atmospheric
pressure at about 1 which is reinjected into shallow wells
to solve brine disposal problem During flashing,
substances transfer to the vapour phase, non-

salts and in the liquid losses
and temperature decrease cause a concentration
supersaturation of tlic constituents of brinc
degree of silica supersaturation promotes a rapid conversion of

excess silica solution to suspended silica, which 
adheres to tlie surfaces and forms a solid deposit that obstructs
tlie reinjection pipelines The scale is hard and can be
removed by or other means only in a few cases. A
study on the behaviour of Monte Amiata waste brines wcre
conducted. in to investigate possibility of

suspended silica by
sedimentation and prior to reinjection brines
are characterized by a silica content and a rather high
salinity Table I reports chemical analysis, and conductivity 
of the three brines used in these tests
The mechanism of aggregation of silica is controlled
by surface charge effects surface chargc. and 
thercfore, silica precipitation rate and cations
present� in tlie brine agents are

cations, which as bridges between 
surfaces of the silica particles. These factors have been

reviewed Iler ( and ( I 989) in
publications on tlie chemistry of silica Silica scaling i n waste

brinc reinjection bccn cncountercd in
geotherinal fields but, owing to

disliarged from various ficlds behave each
requiring a specitic solution and
et 1982, Henley, and

and Einarsson I ,

et .
1989). experiments reported for Cerro Prieto field
(Weres and Tsao, Hurtado et , where lime
used as the agent, have been very
to the great amount of information available above

composition, and conductivity of 
Monte field
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mentioned literature, three brines representative of the range of
variation of composition of Monte Amiata field reinjection 
streams were examined in order to investigate the influence of
composition and of tlie brines on working conditions of
the separation treatment and calcium chloride were used
as agents The separation treatment was studied at
room temperature and 90°C to investigate the influence of the
temperature on process

Experimental
phases of brine silica removal treatment.

consisting of coagulation, were
carried out using tlie experimental apparatus shown in Fig

of tlie brinc and tlie coagulation test were
both conducted i n a pyres stirred reactor with

condenser to losses. Temperature 
the reactor was be maintained at the set point by a

tempcraturc that tlie electrical 
licatcr water circulating tlie jacket After
treatment, the brine was discharged from reactor into an

dipped a water bath, whose temperature was
a t a constant value by a second thermostat After

sedimentation of precipitate, t l ie brine was transferred from
cone into a second stirred and heatable tank, from which it

to device There, was separated 
by in a filter with a acetate
membrane (0 pore diameter), obtaining a solid filter cake
and a clear The filtrate was collected and measured in a
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Fig I Diagram ofthe apparatus

cylinder. The vacuum created by a
measured by a mercury vacuum meter
manually controlled and at about a n d
the level of the liquid
value by controlling the dropping rate of the
feeding tank Dissolved (niononieric) silicic acid 
determined in accordance with molybdate
recommended by Iler (ller. slightly the
total (nionoineric colloidal) silica as described by

method is based upon of a yel low
coniplex of silica and molybdate, which be a

at I O
was a mod 200 brine
taken from the reinjection tanks of wells PC-33, and
PC-35 downstream of the atmospheric separator at about
transported to the laboratoiy and stored at room temperature 
The equilibrium at room temperature between aiid
colloidal silica was reached i n a very short time No
sedimentation was observed in the storage tanks during
testing period, and the colloidal silica remaining

thermostated brine ageing tests were
brine samples in order to test the possibility

re-attaining equilibrium niononieric colloidal silica,
which characterizes tlie brines they at-e discharged i n the
reinjection pipelines the sil ica i n
the samples until a constant coneenti-ation
obtained in about 3 hours The final monomeric content
measured in the brine was agreement with
reported in the literature for the solubility
amorphous silica at observed temperatures and
Rowe, 1977, 1980) sample should therefore be
conditioned at constant temperature to allow the brine t o reach
equilibrium of aiid colloidal silica, prior to
performing the treatment process at 90°C The ageing period 
was obviously not necessary in the tests at temperature,
where the samples were taken from the tanks and
submitted directly to tlie treatment. The brine was for
about minutes after tlie addition of the coagulating agent
The sample was then transferred to the cone, where tlie
sedimentation was observed for a period of minutes
total silica content the liquid a t

during
transferred a stirred and heatable feed t a n k , which it
was passed to the device, the fixed
filtrate volumes were recorded After the
height was and, once t l i e cake
and the and total silica concentration in the
were determined

is tlie temperature

Results
In Figs. 2 and 3 the total residual silica in tlie clear liquid
the coagulation and settling treatment at temperature and
90°C using lime and calcium chloride, respectively, are reported 
for the three samples. The total silica content of the three 
samples before treatment are also reponed for comparison The

points begin
additive to a n

I'he action fixed t o he the
arid oi'the precipitate
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caused only the coagulation and of the already-
present colloidal silica fraction at the
temperature They had on the
With l ime additions. total silicn contcnt to
significantly the

additional
silica. behaviour of

ai-e added attributed either of
calcium silicate species or to influence ofthe increase I t

interesting to that a higher
reveal an effective action in

brine, to other saniples I n
and brines the coagulating action was

starting about 0 5 higher dosages of (about 2
to obtain the coagulation of silica the I T - 3 3

sample This behaviour be attributed to the lower value of
pl-l of calcium is, i n

at high values the
colloidal particles surfaces are b y
adsorption of hydroxyl ions In tlie case of PC-33 brine, at 
lower dosages of lime, the value of still too and the
bridging of calcium inhibited about
l ime added, the increased to about 6 S and the calcium
ions could tlic coagulating action The
this obtained by combined action of raising the

the case and
I i t

,

ions, the of'
less significant

in coagulation
chloride, which the coagulation

settling of the equilibrium colloidal silica fraction only,
t l ie brine the soluble part before treatment, at all

temperatures and amounts added brine colloidal silica 
coagulated by using the lowest amount of calcium chloride,

higher were necessary for PC-34 brine. As far as
brine is concerned, the coagulation was only at
while at room temperature no coagulation observed

even at the highest dosages. This behaviour attributed
to the effect due to the addition of calcium
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chloride the coagulating action possible
brine having a relatively high the bridging
calcium for the brine of and

possible only at probably to lower- content

colloidal silica at this temperature.
Fig 4 reports the results of the tests of coagulation, at room
temperature and conducted on brine increasing
the amounts of sodium hydroxide lo
adding lime as coagulating The results
obtained by using onlv are for comparison
As the increascd prior coagulation, less 
required to cause coagulation the colloidal fraction
and, as was in the treatment with lime, an additional
removal of a fraction of the soluble silica displayed the
higher dosages
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Fig 4 PC-33 residual total silica by the
before treatment with lime a t different temperature and
dosages

Fig. 5 the results of the tests of coagulation at room
temperature conducted on PC-33 brine by increasing tlie
with amounts of sodium hydroxide prior to
calcium chloride as the coagulating agent. While the addition of
calcium chloride at room temperature did not succeed in
causing the coagulation, this effect was obtained by increasing
the
Likewise, as reported in Fig 6, an increase of favoured the 
coagulating action of on brine,

at room temperature
These tcsts confirm the effectiveness of calcium ions as
coagulating agents and the significance of the in the
mechanism of bridging by of cations, as reported i n the
literature (Goodman, 1966; and 1967,
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The settling rate of the coagulated silica was unaffected by the
amount of coagulant added, in the range of dosages studied As
reported in Table the settling rate generally increased with
temperature, and in the same range both using lime and
calcium chloride This he attributed to the
influence of motion which, at higher temperatures,
favours aggregation larger particle diameters, and (b)
to decrease in oftlie brine as the temperature 
rises

equation filtration ai constant pressure drop (Coulson
al.. was used to investigate the filtration behaviour of

the

20
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where t is time (s), the
of cake deposited by of
the viscosity of the A the total
area of the cake AP the applied pressure
and the specific resistance 
with the void fraction of the aggregates the and
increases with their specific surface area.
Through the slope of versus V curves, fiom the
experimental filtration data, it is possible to obtain the 
resistance of the cake for each filtration test, as in I
7, at the different temperaturcs aiid for the diffcrent amount
coagulant added A lower specific resistance i n
the filtrations conducted at compared with
at room for both coagulants
fraction is only slightly affected by of tlie
the aggregates, the decrease of resistance
attributed to a decrease of tlie specific area of
aggregates, thus confirming the supposition of the
of aggregates with larger diameter at higher
Furthernior-e, the specific resistance of the
with calcium chloride was higher i n coniparison
lime, both at room temperature and 90°C
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A -
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Fig 7 Specific resistance in
brines with

and dosages

The of lime and chloride
agents of the silica present in suspension in Monte
reinjection brines has been investigated The
means of calcium ions, which act as bridges between the
surfaces, was found to be the brine
and It is, in fact, at relatively high

when the colloidal particles surfaces are
by the adsorption of hydroxyl addition
causes an increase of the brine proved to be effective for all
the three brines studied, pronioting a rapid coagulation of
suspended colloidal silica a t the temperatures investigated
(room temperature and The dosage
to cause the coagulation, dependent upon the brine. was
for the brines having higher While of
lime caused the coagulation the colloidal silicn.
higher dosages allowed the
the niononieric dissolved silica, thus reducing to a
value the silica content i n tlie brine chloride,
addition causes a decrease o f t h e brine was
added to the brines having a higher and an
addition did not cause the removal sil ica
most removal obtained at room t l i e

J Richardson, J , J and Harker,
J Filtration In Coulson,
J , J , 3rd Press,

, a n d R Jr

R J J solubility of
silica in watcr at high and pressures

62, pp 1052-1056
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