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Crude  oil  is  usually  co-produced  with  reservoir  water,  with  increasing  content  in  the  production  fluid
along  field  life.  Changes  in  temperature,  pressure,  and/or  chemical  composition  may  cause  significant
precipitation  of inorganic  salts  (“scales”)  during  production.  Therefore,  the  knowledge  of the  influence
that  different  variables  may  have  on  salt  solubility  is  critical  to anticipate  or identify  potential  flow  assur-
ance problems  related  to scales.  The  present  work  is specifically  focused  in  the  study  of  calcium  carbonate
precipitate  formation  as  a main  component  of  “scales”.  Due  to the number  of variables  involved  in  cal-
cium carbonate  precipitation  (temperature,  pressure,  CO2 partial  pressure,  other  salt  content)  and  the
heterogeneity  of  reservoir  conditions,  there  are  serious  limitations  to  perform  a full experimental  study
covering  all  the  possible  precipitation  scenarios.  Solubility  data  presented  in this  work,  both  previously
reported  and  experimentally  determined,  cover  a wide  range  of experimental  conditions.

A  simulation  model  that  allows  quantitative  predictions  in  different  scenarios  is  an  interesting  tool.
A  versatile  simulation  algorithm  was  developed  using  ASPEN  PLUS® 7.1  from  Aspen  Technology,  Inc.,
that  allows  different  experimental  conditions  and  the  quantification  of  the  influence  of  temperature,
pressure  and  pH  in  CaCO3 solubility.  This  simulation  scheme  was  applied  to describe  both  literature  and
new  experimental  solubility  data.  Predicted  results  were  in reasonable  agreement  with  experimental
information.  The  solubility  of  calcium  carbonate  decreases  with  temperature,  increases  with  pressure

and  shows  a  maximum  in  presence  of NaCl.  The  CO2 partial  pressure  has  strong  effect  because  it  is  direct
relation  with  solution  pH  that modify  the  amount  of  ionic  species  present  in  the  aqueous  solution,  and
hence  increasing  the  solubility  of  calcium  carbonate.  Special  attention  was  devoted  to  such  pH effect
but,  in  order  to  have  a  fully  predictive  model,  no parameters  fit  was  carried  out. The main  conclusion  of
this  work  is the  suitable  simulation  scheme  to describe  and predict  the  solubility  of calcium  carbonate
at  different  conditions.
. Introduction

The study of the effect of different variables on the solubility
f calcium carbonate in aqueous solution is important to antic-
pate and/or mitigate potential flow assurance problems due to
alcium carbonate scale formation and deposition during crude oil
nd associated water production. Reliable data of calcium carbon-
te solubility as a function of temperature, total and partial CO2
ressure, pH and other variables are required to calibrate accurate
imulation models capable to reproduce this complex equilibrium.
he solubility of calcium carbonate in water has been published
n different sources at room temperature and higher temperatures

1,2].

In geothermal fluids, significant amounts of carbon dioxide may
xist at reservoir pressure and temperature conditions [2].  This
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compound has a strong influence in the equilibrium of calcium car-
bonate solutions, and the salt solubility is strongly conditioned by
the presence of this gas.

The complexity of the description of the solubility of calcium
carbonate in water is due to the presence of simultaneous chem-
ical equilibria of a high number of species (CO3

2−, HCO3
−, CO2,

etc.) involved in this process between solid, liquid and gas phases.
Furthermore, if hydrocarbon phases are also present in reservoir
conditions, CO2 will also be present in the liquid hydrocarbon
phase, adding another phase to the equilibria to be considered.
According to these complex equilibria, the effect of both CO2 par-
tial pressure and pH can modify the distribution of different ionic
species, affecting the deposition or the solubilization of the calcium
carbonate [3].

The effect of pressure alone on the supersaturation of carbon-

ate minerals in water solutions has usually minor significance.
More important is the effect on the calcium carbonate sol-
ubility of carbon dioxide and the related chemical reactions
that lead to the formation of CaCO3 precipitate. Firstly, the
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a VARIAN Vista AX Axial CCD Simultaneous ICP-AES spectrome-
ter. Calcium was  analyzed at two wavelengths, 315.887 nm−1 and
B. Coto et al. / Fluid Ph

recipitation of CaCO3 is controlled by the following equilibrium
1):

a2+ + 2HCO3
− � CaCO3(s) + CO2 + H2O (1)

Thus as pressure decreases, CO2 is effectively lost from solution
o the gas phase. Consequently, the driving force leading to the pre-
ipitation of CaCO3 is increased according to the above equilibrium
4].

Secondly, the loss of CO2 from the solution results in a reduc-
ion in the concentration of carbonic acid by the following chemical
quilibrium (2),  which consequently results in an increase in brine
H [2,3,5–7].

O2 + H2O � H2CO3 � HCO3
− + H+ (2)

On the other hand, the high number of ionic species which
ppear in the solution of calcium carbonate makes the availability
f the interaction parameter matrix of electrolyte thermodynamic
odel a priority for proper simulation models.
Formation waters contained in sedimentary rocks may  have

alinity values in a range of approximately five orders of magni-
ude [8],  from dilute meteoric waters, with typical values of salinity
elow 10 g l−1, to waters with salinity higher than 600 g l−1. Consid-
rable progress has been made in predicting the solubility of many
ommon reservoir minerals, like calcium carbonate, in solutions
ith high ionic strength by applying the Pitzer virial-coefficient

pproach to estimate ion activities [9–12]. As well as Pitzer thermo-
ynamic model, local composition models that express the excess
ibbs free energy due to short range intermolecular interactions
uch as the Wilson, NRTL and UNIQUAC models have been used
s activity coefficient models in the prediction of salt precipitation
13–15].

As mentioned above, calcium carbonate is one of the main salts
hich may  cause flow assurance problems, creating deposits on the
roduction flowlines. In this case, the slow kinetic of the solubility
rocess of calcium carbonate and the influence of pH, temperature,
ressure, etc. [16] may  change the equilibrium of this salt. As all
he mentioned variables have a big effect on the precipitation of
alcium carbonate, it is a challenge to carry out a full experimental
tudy covering all the possible conditions and to develop simulation
odels able to describe all the experimental information.
The calculation of activity coefficients of salts in a saturated

olution is the main problem in order to predict the scale pre-
ipitation. The Pitzer and The Electrolyte Non-Random Two Liquid
ELEC-NRTL) models are the most widely used models to estimate
he activity coefficients for aqueous electrolyte systems [17].

The ELEC-NRTL model was originally proposed by Chen et al.
18,19], for aqueous electrolyte systems and later extended to

ixed solvent electrolyte systems [5,20].  The ELEC-NRTL model is
 versatile model for the calculation of activity coefficients that
an be applied for all the concentration range using exclusively
inary parameters, while Pitzer model is restricted to electrolyte
oncentration up to approximately 6 m.

Despite the limitations of the models (absence of binary inter-
ction parameters of some electrolytes), their applicability to the
alculation of the thermodynamic equilibrium of electrolyte solu-
ions have been tested by many authors [5–7,10,11].

Due to the challenges and complexity of the calcium carbonate
ystem, the present work is focused on the compilation of reliable
xperimental data to evaluate the solubility of calcium carbonate
n aqueous solution in a wide range of operating conditions and the
alidation of a thermodynamic model for calcium carbonate solu-
ility evaluation. The influence of parameters such as temperature,

ressure, and presence of NaCl in the solution will be studied by a
imulation model under ASPEN PLUS® v7.1 software. This study
ocuses in predicting realistic oilfield water systems, and there-
ore, the calcium carbonate solubility was evaluated at high values
quilibria 324 (2012) 1– 7

of ionic strength using both experimental and theoretical proce-
dures. No literature data were found at the same range of ionic
strength values. The validation of this model was  carried out with
calcium carbonate solubility data already reported in the literature
and experimental data obtained in the present work.

2. Experimental

Table 1 summarizes CaCO3 solubility data reported in the lit-
erature by different authors [1,12,21–47] at different conditions
of temperature, ionic strength, etc. The existing reported data are
relatively scarce, and not all the experimental conditions of the
described experiments were reported.

The solubility of calcite is highly influenced by the amount of
carbonic acid present in the solution (CaCO3 solubility increases
with CO2 concentration). In that case, calcite solubility studies can
be divided into different groups according to the amount of carbon
dioxide employed. Many studies are focused on calcite solubility in
pure water, without the presence of CO2 [21–25].  To achieve that
purpose, all the CO2 dissolved in the water is eliminated by using
vigorous boiling.

On the other hand, other authors study the calcium carbonate
solubility with dissolved CO2. For that purpose, pure CO2 is bub-
bled into the solution keeping constant the amount of CO2, while
the temperature and/or pressure are changed [15,26–37].  Many
of these authors measured calcite solubility in CO2–H2O mixtures
(CO2 concentration is lower than saturation value). Another studies
used a gas phase constituted by carbon dioxide and N2 or air in dif-
ferent proportions. We  have used literature data with experimental
conditions similar to our work.

The solubility of calcium carbonate was experimentally deter-
mined in aqueous solution at different ionic strengths and
temperature. Pure calcium carbonate and sodium chloride reagent
grade ACS, provided by SCHARLAB, were used. The solutions were
prepared with deionized and ultrapure water (Milli Q).

The experimental system is a RADLEYS carrousel with six her-
metic closed spherical glass reactors (250 mL  each one) that can
be stabilized at the same conditions of pressure and temperature
(temperature was  controlled within ±0.1 ◦C). An excess of cal-
cium carbonate in water or in a NaCl solution was stirred at 95 ◦C
and atmospheric pressure in each reactor until phase and chemi-
cal equilibria were reached (approximately 4 days) as denoted by
conductivity, pH and calcium concentration values were analyzed
along time and used as equilibria indicators. A continuous stir-
ring of 650 rpm was  maintained during all the experiment. Every 2
days (stabilization time) a small aliquot of supernatant liquid was
removed (∼1 mL), weighted and filtered through a 0.45 �m filter.
The filter must be warmed previously at the experimental temper-
ature to avoid any precipitation or solution of solid. Afterwards, the
glass reactors temperature was decreased 10 ◦C and the mentioned
experimental procedure was  repeated again until the temperature
reached 25 ◦C. In order to study the repeatability of the procedure,
three different samples were taken at each temperature. The pH of
the samples was measured directly from each reactor at every tem-
perature with a CRISON MM40  multi-meter, calibrated previously
with two  buffer solution of pH 7 and 4.01.

The amount of calcium in dissolution was analyzed by Induc-
tively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) on
317.933 nm−1, and the average value was used. Calibration curve
was obtained from Standard calcium solutions (concentration of
1000 mg/L, provided by SCHARLAB). Two  different linear calibra-
tion curves were used for the ranges 0.25–5 mg/L and 10–80 mg/L.
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Table  1
Literature calcium carbonate solubility data and experimental conditions.

Author Year Reference T (◦C) PCO2 (bar) CNaCl (mol dm−3)

Segnit et al. 1962 1 75–200 40 0
Segnit et al. 1962 1 100 1–60 0
Miller 1952 27 0–105 1–100 0–0.5
Ellis  1963 31 100–300 2–150 0
Millero et al. 1984 12 25 – 0.1–6
Ponizovskii et al. 1980 41 25 0.02 –
Shtermina and Frolova 1945 43 – – –
Shtermina and Frolova 1957 42 – – –
Kaasa  et al. 2005 44 – – –
Nagy 1988 45 – – –
Frear  and Johnston 1929 36 25 1 –
Hastings et al. 1927 46 38 – 0.024–0.2
Yanatéva 1955a 28 0–55 1 –
MacDonald and North 1974 24 1–25 25.3–962.6 –
Weyl 1959 37 10–70 1 –
Mitchell 1923 26 25 1–24 –
Leather and Sen 1909 33 15–40 1 –
Johnston 1915 34 16 1 –
Lyashchenko and Churagulov 1981 25 25 1–1000 –
Kindyakov et al. 1958 22 25–75 1 –
Kendall 1912 21 25–100 1 –
Morey 1962 23 25–350 200 –
Yanatéva 1960 30 70 1 –
Ellis  1959a 29 98–302 1.9–142.3 –
Malinin 1963 32 100–300 2–150 –
Sharp  and Kenedy 1965 38 197–300 20–1000 –
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Nakayama 1968 47 

Plummer et al. 1982 39 

Wolf  et al. 1989 40 

. Simulation model

The solubility equilibrium of calcium carbonate was  simulated
y means of flash separator (Fig. 1) using ASPEN PLUS®, which
llows the effect of the different parameters in the CaCO3 solubility
o be evaluated.

The flash separator is fed by two streams containing vapour and
iquid phases. The inlet liquid stream (LIQ-IN) contains calcium car-
onate saturated water (introduced in the system as CaCO3 solid in
xcess plus water). The inlet vapour stream (V-IN) can be formed
y carbon dioxide and/or air, and may  be saturated with H2O at
he same pressure and temperature conditions of the first flash
eparator.

Pressure, temperature and stream compositions are set up in
his first flash separator. At these conditions, the chemical is sim-
lated and three phases equilibrium (liquid, gas and solid CaCO3).
he fluid outlet from the first separator is fed into the second flash,
n which a different temperature is fixed at the same pressure con-
itions.

The pH of the outlet liquid stream fed into the second flash, is
djusted modifying the molar flow of a pure CO2 stream until the
xperimental pH value is reached.

This scheme is repeated to reproduce experimental conditions
rom the highest temperature 95 ◦C to the lowest 25 ◦C. The streams
t thermodynamic equilibrium that leave the last flash separator
re constituted by the CO2 and a small amount of H2O (vapour
hase) and by a two phases stream that contains all ionic species

n solution (liquid phase) and the precipitated calcium carbonate
solid phase) at every pressure and temperature values.

The chemical reactions taken into account in the simulation
rocess are the following:

aCO3(s) � CO3
2− + Ca2+ (3)
aCO3 → CO3
2− + Ca2+ (4)

2O � OH− + H3O+ (5)

H2O + CO2 � HCO3
− + H3O+ (6)
25 0.01–1 –
0.1–90 0.30–0.98 –
10–60 0.01 0–6

H2O + HCO3
− � CO3

2− + H3O+ (7)

CaOH+ � Ca2+ + OH− (8)

NaCl → Cl− + Na+ (9)

The NRTL activity coefficient model modified for electrolytes
systems (ELEC-NRTL) was  used for the simulations. The calcium
carbonate solubility was  calculated as calcium molar concentration
considering all the calcium species in aqueous solution once the pH
was adjusted at each temperature step.

4. Results and discussion

Initially, the influence of temperature on the CaCO3 solubility
process was  evaluated for both experimental and literature data,
comparing the available CaCO3 solubility provided by the simula-
tion model. Table 2 shows the value of pH and calcium carbonate
solubility in the different cases studied, the temperature range
studied was between 25 and 95 ◦C at 1 bar of pressure and different
concentrations of NaCl from 0 to 2.4 mol  dm−3 were studied. The
thermodynamic model was used to simulate the experimental data
at the conditions described in Section 2 (different temperatures and
atmospheric pressure). Fig. 2 illustrates this comparative study. As
it is shown, the thermodynamic model simulates the experimen-
tal data of the calcium carbonate solubility in water accurately, the
errors associated with the measure of calcium concentration was
calculated by different repetitions of the same experiment in the
same conditions, in Fig. 2 are plotting the different errors obtained
in each point and as we can see in this figure the values of cal-
cium carbonate solubility obtained in each point are very accurately
with the thermodynamic model used. Fig. 3 shows the compar-
ison between simulated calcium carbonate solubility (expressed
as calcium molar concentration) with data reported in the liter-

ature [1,27,31]. In the simulation scheme, the temperature was
varied from 10 to 170 ◦C at a fixed pressure of 40 bar of CO2 by
using ELEC-NRTL model. Strong temperature dependence for the
CaCO3 solubility was described by the model and, as it can be
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ig. 1. ASPEN simulation model for the system. V-IN = inlet vapour stream; LIQ-
UT  = outlet equilibrium liquid stream (calcium carbonate solution); CO2-IN = inle
djusted to experimental values.

een, these results are in reasonable agreement with those ref-
renced in literature. After analyzing both figures (Figs. 2 and 3)
t is remarkable that the solubility of this salt decreases with the
emperature, and therefore, a decrease of this variable reduces the
recipitation of calcium carbonate, as expected [14]. The effect of
ressure in the CaCO3 illustrated by these two figures shows that if
he pressure increases the solubility of calcium carbonate increases
oo.

Fig. 4 depicts the influence of the partial pressure of CO2 on the
olubility process of calcium carbonate. This figure compares refer-
nced data [1,27] at 100 ◦C and different pressures to the simulated
alues. As it is shown, the simulation of the process varying the
ressure in the range of 1–70 bar at a fixed temperature of 100 ◦C
ields an increase of the solubility curve of calcium carbonate in
greement to data referenced in the literature.
The variation in the CaCO3 solubility with pressure can be
xplained by the simultaneous equilibriums involved in this pro-
ess. As stated above, the presence CO2 is of high importance as
t modifies the amount of the species present in aqueous solution.

able 2
xperimental calcium carbonate solubility data and experimental conditions determined

Experiment T (◦C) P (bar) CNaC

1 25 1 0.0 

2  35 1 0.0 

3 45  1 0.0 

4  55 1 0.0 

5  65 1 0.0 

6  75 1 0.0 

7  85 1 0.0 

8 95  1 0.0 

9  25 1 0.6 

10  25 1 1.2 

11  25 1 1.8 

12  25 1 2.4 

13 95 1 0.6 

14  95 1 1.2 

15  95 1 1.8 

16 95 1 2.4 

a ıpH = ±0.01. Calculated by repeating the experiment six times.
b in the table. Calculated by repeating the experiment six times.
let calcium carbonate solution; V-OUT = outlet equilibrium vapour stream; LIQ-
support to fixed pH value; LIQ-PH = obtained calcium carbonate solution with pH

Thus, calcium carbonate is slightly soluble in pure water, but the
solubility increases when carbon dioxide is present in the solution
[3]. Therefore, higher partial CO2 pressures make the amount of
calcium in the solution increase [1].

Fig. 5 plots the simultaneous influence of the temperature and
the pressure of CO2 on the solubility of calcium carbonate values
were obtained by simulation. The most important effect observed is
the increase on calcium carbonate solubility in two orders of mag-
nitude in presence of CO2, as stated above. The effect of temperature
on calcium carbonate solubility, seems to increase at higher partial
pressure of CO2, decreasing as temperature increases.

As it is mentioned in Section 1, the presence of carbon dioxide
in the gas phase is associated in addition to changes in pH changes.
Fig. 6 shows the relationship between CaCO3 solubility and pH in
the aqueous solution comparing both simulation and literature data

◦
reported by Nakayama [47] at a fixed temperature value of 25 C at
a fixed pressure of 1 bar. Aqueous solution pH is of a great impor-
tance as lower values of pH (high PCO2 ) modifies the amount of the
species present in the aqueous solution (increasing the amount of

 in this work.

l (mol dm−3) pHa CCa2+ b ×10 4 (mol dm−3)

8.31 5.26 ± 0.65
8.34 4.53 ± 0.36
8.31 3.7 ± 0.43
8.34 3.34 ± 0.43
8.35 2.75 ± 0.22
8.33 2.39 ± 0.27
8.35 2.27 ± 0.27
8.34 1.83 ± 0.22
9.34 9.23 ± 0.37
9.41 11.01 ± 0.07
9.67 10.70 ± 0.30
9.95 10.10 ± 0.46
8.43 7.92 ± 0.40
8.54 9.11 ± 0.56
8.80 8.16 ± 0.33
9.00 7.40 ± 0.15
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Fig. 2. Influence of the temperature on the CaCO3 solubility (P = 1 bar).
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Fig. 3. Influence of the temperature on the CaCO3 solubility (P = 40 bar).
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Fig. 5. Simultaneous influence of the pressure an
Fig. 4. Influence of the pressure on the CaCO3 solubility (T = 100 ◦C).

HCO3
− and CO3

2−), causing the solubility of calcium carbonate to
increase. The simulated data using ELEC-NRTL model are similar
to the theoretical values reported by Nakayama [47]. These results
of calcium concentration are obtained knowing CO2 partial pres-
sure and thermodynamic constants in the same conditions used
in the ASPEN system. Both results emphasize the influence of pH
(as a function of the amount of CO2 in the system) in the chemical
equilibria involved at the solubility process.

Increases of the solubility of a salt increases when other salt is
present is a main topic in order to simulate real formation water
systems, with significant amounts of Na+ and Cl− ions. The influ-
ence of the presence of NaCl in the CaCO3 solubility was studied in
this work. Table 2 shows the value of pH and calcium carbonate sol-
ubility at different NaCl concentrations. Fig. 7 shows the variation
of CaCO3 solubility against the molar concentration of added NaCl
at a pressure value of 1 bar and three different temperatures (T = 25
and 95 ◦C) both experimental and simulated values are plotted.
As it is shown, the thermodynamic model accurately reproduces
experimental data when pH is fitted to experimental value. More-

over, analyzing Fig. 8 it can be seen that, as expected, solubility
values are higher for the simulations performed with added NaCl.
A maximum solubility value is obtained for an approximate NaCl

d the temperature on the CaCO3 solubility.
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ig. 6. Effect of the pH on the CaCO3 solubility at 25 ◦C and 1 bar air pressure.

oncentration of 1.25 mol  dm−3 in solution for all the temperatures.
hat NaCl concentration, at which solubility reaches the maximum
alue, is similar to the seawater salinity. Therefore, it is interesting
o remark that the extraction of the crude oil with high salinity for-

ation water is probably carried out at maximum CaCO3 solubility
onditions. The presence of maximum values for all the tempera-
ures in Fig. 7 leads to the conclusion that no an increase of the
olubility can be reached although higher amounts of NaCl are
dded to the solution.

Additionally, the thermodynamic model was used to predict the
olubility results reported by Millero et al. [12] at different NaCl
oncentration at a fixed pressure of 1 bar as illustrated in Fig. 8 and
o the comparison with Millero et al. [12] data could only be made
o describe the ionic strength influence. After analyzing simulated
nd experimental results reported in this figure, no meaningful
ifferences among these curves are shown at low concentration
alues, until 1 mol  dm−3 of sodium chloride concentration, whereas
t higher values of ionic strength (NaCl concentration) the sim-
lation curve shows a deviation probably due to the difficulty of
he ELEC-NRTL to reproduce high NaCl concentrations, close to the
olubility limit.

When Figs. 2, 4 and 8 are considered together, important dif-

erences in Ca2+ concentration can be observed. Fig. 2 shows a
alcium carbonate solubility value around 5 × 10−4 mol dm−3 at
5 ◦C and 1 bar of air pressure whereas in Fig. 8 solubility is
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ig. 7. Influence of the presence of NaCl on the CaCO3 solubility at 1 bar air pressure.
Fig. 8. Influence of the presence of NaCl on the CaCO3 solubility at 25 ◦C and 0.97 atm
CO2 pressure.

around 9 × 10−3 mol  dm−3 at 25 ◦C and 1 bar of CO2 pressure when
MNaCl = 0 mol  dm−3. On the other hand, Fig. 4 shows a value of
solubility around 2 × 10−3 mol  dm−3 at 100 ◦C and 1 bar of CO2 pres-
sure. This different magnitude order in solubility value cannot be
explained in terms of pressure or temperature changes. A signifi-
cant difference is obtained by analyzing pH values in these three
cases. For data plotted in Fig. 2, the involved pH was 8.33 deter-
mined experimentally and reproduced by simulation. However, for
data plotted in Figs. 4 and 8, the involved pH were 5.48 and 6.07,
respectively, both determined by simulation from the experimen-
tal conditions reported in literature. Therefore, the presence of CO2
is a main variable because it modifies significantly the pH of the
solution which has a strong effect on solubility value in agreement
with that shown in Fig. 6.

As it has been demonstrated during the simulation study, this
thermodynamic model maybe applied to real crude oil production
schemes, being a useful tool to predict potential scaling problems.
Consequently the tested model can be satisfactorily considered to
describe the real CaCO3 solubility chemistry and be used to evaluate
conditions to avoid or minimize oil formation risk.

5. Conclusions

In the present work, a thermodynamic model under ASPEN
PLUS simulation environment was considered to evaluate CaCO3
solubility in water. ELEC-NRTL model and several ionic equilibria
were considered. In this scheme a simple phase separator was used,
being the system pressure is controlled by introducing a vapour
phase stream where the amount of CO2 can be modified. The influ-
ence of pressure, temperature, NaCl concentration and pH was
studied for both literature and experimental data. The increase of
solubility of CaCO3 with the decrease of temperature, as well as the
increase of pressure and increase of CO2 partial pressure, are well
described and in agreement with experimental values. Solubility
shows a maximum against NaCl tested concentration for salinity
values similar to that high salinity formation waters. The relation-
ship between CO2 partial pressure and pH is also described, leading
to the expected decrease in solubility of calcium carbonate with
increasing pH.

Simulation results are also in reasonable agreement with those
reported in literature. However, the effect of NaCl is poorly pre-

dicted by this model providing higher solubility values than those
reported by Millero et al. [12]. However, the main conclusion of this
work is the suitable simulation scheme to describe and predict the
solubility of calcium carbonate at different conditions.
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