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a b s t r a c t

During the production of hydrocarbons from subterranean reservoirs, calcium sulphate and barium 
sulphate scaling cause flux decline and dangerous problems in production facilities. Numerous stud-
ies have investigated the single salt precipitation in aqueous media. This work is intended to study 
the co-precipitation of BaSO4-CaSO4, commonly observed salts in the oil sector. The conductomet-
ric method was used to follow the progress of the co-precipitation reaction of CaCl2-Na2SO4-barite 
suspension and BaCl2-CaCl2-Na2SO4 aqueous solutions at acid and alkaline medium. The obtained 
precipitates were characterized by FTIR, RAMAN, SEM, EDX and XRD. In CaCl2-Na2SO4-barite 
suspension solution, experiments have showed no difference in gypsum precipitation mode. For 
BaCl2-CaCl2-Na2SO4 solution at acid medium, it was shown that during the co-precipitation reac-
tion, intermediate mixed crystals Ba1-xCaxSO4 can be formed with an induction time increases in 
comparison to pure gypsum nucleation. Intermediary solids, which precipitate in dendritic shape, 
crystallize in both orthorhombic (x < 0.5) and monoclinic (x > 0.5) systems through an insertion and 
substitution mechanism of calcium in the crystal lattice of barites. Nevertheless, at alkaline medium 
(pH 8.3), the results have revealed that the presence of Ba2+ has not a significant effect on gypsum 
precipitation kinetics. 

Keywords:  Barite, Co-precipitation of BaSO4-CaSO4, Intermediate solids Ba1-xCaxSO4, Morphology, 
Structure. 

1. Introduction

The precipitation of inorganic salts, such as barium sul-
phate, calcium carbonate, calcium sulphate, from produced 
brines is a persistent and common problem encountered 
during the production of hydrocarbons from subterranean 
reservoirs, as a result of variation in chemical and thermo-
dynamic parameters. 

Scale deposition in the reservoir and in production 
equipment is a common problem during enhanced oil 
recovery operations involving water flooding or a water 

drive. The mixture of incompatible fluids, containing var-
ious ions, is the main reason leading to more salts precip-
itation, which might be combined to form tartar.  Crystals 
then stick to the pipe wall, forming an insoluble and very 
compact deposit which can cause irreversible and danger-
ous damage for pipelines and production facilities.

The alkaline earth sulphates and carbonates scales 
including SrSO4, CaCO3, CaSO4 and BaSO4 scales are the 
major scaling contributors in oil production [1]. Having 
regard to its low solubility, barium sulphate is the main 
disturbance in oil equipments and it casts instantly when 
water, rich in sulphates, is mixed with barium-rich water. 
This is the case of certain water deposits (such as Zarzaitine 
or Hassi Massaoud) containing barium salts. 
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Both calcium and barium sulphate scales are sulphate 
scales. Most of studies investigated barium sulphate and 
calcium sulphate on a single scale deposition [2–4]. Many 
researchers have studied thermodynamics and kinetics of 
calcium carbonate and calcium sulphate co-precipitation 
to understand the mutual effect between these two salts 
[5–8]. Mulopo (2015) [9] has studied BaCO3-CaSO4 sys-
tem in desalination process during an acid mine drainage 
treatment. 

Zhu [10] has provided a theoretical evaluation of 
co-precipitation and fundamental data of binary mixing 
(BaSO4-SrSO4, BaSO4-RaSO4, BaSO4-PbSO4, and SrSO4-
PbSO4) properties in the barite isostructural family. Liu et 
al. [7] and Naseri et al. [11] have demonstrated that BaSO4 
and CaSO4 co-deposition was so different compared to each 
BaSO4 or CaSO4 deposition in porous media at different 
temperatures. 

In this research, we investigate the BaSO4-CaSO4·2H2O 
co-precipitation. So, we present a comprehensive study 
on the effect of pH, barium cation and BaSO4(sd) on the  
barite-gypsum co-precipitation. This includes a morpho-
logical and structural analysis of crystal compounds in 
the system BaSO4-CaSO4-H2O.

2. Materials and experimental procedure 

2.1. Materials

In order to explore the co-precipitation reaction, an 
experimental unit was used and it is represented in Fig. 1. 
One liter closed thermostatic cell was used to maintain the 
solution at constant temperature by a thermostatic liquid 
circulation (303 K). The magnetic stirrer was used to keep 
the solution homogeneous. The solution pH and conductiv-
ity parameters were measured using Proline B 210 pH-me-
ter and a Proline B 250 conductivity cell.

2.1.1. Chemicals reagents

Barium chloride (BaCl2·2H2O), calcium sulphate 
(CaSO4), calcium chloride, (CaCl2·2H2O) and NaOH were 
used for an analytical grade supplied by SIGMA-ALDRICH 
and FLUKA.

•	 In solid XRD phase identification we have exerted The 
HighScore software. 

•	 In the structural profile refinement, we have used FullProf 
software [12]. The FullProf program is formed by a set of 
crystallographic programs (FullProf, WinPLOTR, EdPCR, 
GFourier, etc.) mainly developed for Rietveld analysis of 
neutron or X-ray powder diffraction data collected at con-
stant or variable step in scattering angle 2theta.

2.2. Experimental procedure

The experimental protocol performed for these reac-
tions was carried out in two different operating modes.

•	 Mode 1: Adding an amount of barite seeds to supersat-
urated CaSO4·2H2O solutions at T = 303 K. So, we have 
prepared four solutions in order to study the co-precipi-
tation phenomenon. (Table 1). 

•	 Mode 2: The supersaturated solutions of barium sulphate 
and calcium sulphate were prepared by mixing dissolved 
BaCl2·2H2O and CaCl2·2H2O in 500 mL of distillated water 
with 500 mL of Na2SO4 at T = 303 K. The manipulation was 
performed at an acid pH (5.5) and an alkaline pH (8.3).

The solid phase got, was analyzed by FTIR, XRD, SEM 
and Raman spectroscopy. Infrared spectra of the sam-
ples in KBr pellets were obtained by defusing reflectance 
by accumulating 40 scans on an Affinity-1C Schimadzu 
spectrophotometer, in the range of 4000–400 cm–1 with 4 
cm–1 of resolution. Micro Raman spectrometry examina-
tion was obtained by using a Jobin Yvon High Resolution 
Raman Spectrometer (brand: HORIBA Jobin Yvonet model: 
LabRam HR). Micro-Raman spectra were obtained with a 
LABRAM spectrometer (ISA-Jobin Yvon). XRD is carried 
out at room temperature with a Philips X’PERTPRO dif-
fractometer in step scanning mode using Cu Kα radiation 
(λ = 0.15418 nm). The XRD patterns were recorded in the 
scanning range 2 h = 5–90°. A small angular step of 2h = 
0.017° and fixed counting time of 4 s were used. The XRD 
reflection positions were determined using ‘X-Pert High-
Score Plus’ software

3. Theoretical background 

Pure gypsum and pure barite precipitation are accorded 
to the two following reactions: 

Ca SO H O CaSO 2H O2
4
2

2 4 2
+ + + → ⋅- 2  R.1

Ba SO BaSO4
2

4
2+ −+ →  R.2

Precipitation occurs only if the ionic activities product 
(IAP) exceeds the solubility constant (Ksp). Knowing that 
the super-saturation is the driving force for the crystalliza-
tion, nucleation and crystal growth are initiated when the 
supersaturation coefficient (), defined us the ratio between 
the IAP and Ksp, in the solution is greater than 1. Supersatu-
ration coefficient was than calculated as follow for gypsum 
and barite as references, without considering the formation 
of any other solids in the solution:
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Fig. 1. Experimental unit: 1. Conductivity cell using Proline B 
250; 2. Thermostatic bath; 3. Magnetic stirrer; 4. Heating head; 5. 
Pipes; 6. Electrode conductivity; 7. Double-wall reactor of 1000 
ml; 8. Electrode pH; 9. pH meter Proline B 210.
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where [ ] represents the molar concentration of the sub-
scripted aqueous free species, Ksp refers to the solubility 
constant, gi defines the ionic activity coefficient of the sub-
scripted aqueous species. 

For T =303 K:ksp,CaSO4
 = 4.25 × 10−5 [13] and ksp,BaSO4 = 1.14 

10–10 [14].
gi is calculated as function of the ionic strength I by the 

following equation [15].

log .γ i iAZ
I

I
I= −

+
−







2

1
0 3

 (3)

where A T= × ( )
−

1 82 106
3

2
. ε , ε is the dielectric constant of 

water and T is the temperature in K. 
In the following and throughout the text, the supersat-

uration coefficient (Ω) that will be presented is calculated 
from ions species concentrations present in the solution at 
time t = 0 before any solid formation. 

4. Results and discussion 

Gypsum and sulphate crystals crystallization in pres-
ence of barium (mode 1 and mode 2), based on conductiv-
ity measurements and integrated by a morphological and 
structural investigation is here presented.

Seeing that the solution composition differs for each 
experiment and in order to compare results, it was chosen 
to present the Δσ conductivity instead of the solution con-
ductivity curves. Delta conductivity (Δσ) is the difference 
between the initial conductivity and the conductivity at the 
time t: Δσ = σinitial – σt. 

4.1. Mode 1: Effect of barite seeds on gypsum precipitation

Fig. 2 shows the precipitation curves in CaCl2-Na2SO4- 
barite suspension. It illustrates that in mode 1, the presence of 
the amount of BaSO4(sd) did not present any significant effect 
on pure gypsum precipitation. All curves present two zones; 
the first one extends from the beginning of the precipitation 
test (t = 0) to the induction time where the conductivity slope 
change. This zone can be attributed to the nucleation step. 
The second zone, after the induction time, corresponds to the 
growth step of gypsum. Whatever the added barite amount 
is, all precipitation curves remain superposed during the 
nucleation and the first step of growth. So, it can be con-

cluded that the presence of barite crystals did not play the 
role of a precursor of CaSO4·2H2O precipitation which forms 
in bulk solution and not on barite surface. 

4.2. Mode 2: Effect of barium ions on sulphate crystals 
 precipitation

4.2.1. In acid medium pH=5.5:

Fig. 3 shows the precipitation curves in the CaCl2-Na2SO4-
BaCl2 solution in an acid medium. Mode 2 exhibits a different 
trend with different concentration of Ba2+ ion. The precipita-
tion kinetic seems significantly affected in a Ba2+ rich solu-
tion. It increases the induction time which passes from 2700 s 
to 3800 s in presence of 3.10–4 M of Ba2+. By adding 10–3 M, the 
induction time passes to 6000 s. The best of our knowledge 
shows that no previous research study has revealed similar 
results.

Seeing that barite is less soluble than gypsum (ksp,CaSO4 
= 

4.25 × 10−5 and ksp,BaSO4 = 1.14 × 10–10); although the low bar-
ium content (Table 1), the solution remain more supersatu-
rated regarding barite then gypsum. So, barite precipitates 
at first. Nevertheless, comparing results of Figs. 2 and 3 per-
mits to conclude that barite was not formed in the present 
experimental conditions. This was confirmed during solid 
characterization whose results will be presented below.  
Indeed, barite cannot significantly affect gypsum precipita-
tion kinetics (Fig. 2).  

So we may conclude that co-precipitation is occurring 
and not a heterogeneous nucleation of gypsum on barite. 
The co-precipitation determines an apparent decrease of the 
supersaturation in respect to gypsum and an increase of its 
induction time for nucleation.

Table 1
Solutions used in the present experimental study

[Ca2+] (M) [SO4
2−] (M) Mode 1:mBaSO4

 (g) Mode 2:[Ba2+] (M)

Experiment a 4.47 × 10–2 4.47 × 10–2 0 pH = 5.5 0 pH = 5.5
Experiment b 4.47 × 10–2 4.47 × 10–2 0.07 pH = 5.5 3.10–4 pH = 5.5
Experiment c 4.47 × 10–2 4.47 × 10–2 0.7 pH = 5.5 10–3 pH = 5.5
Experiment d 4.47 × 10–2 4.47 × 10–2 1.7 pH = 5.5 10–3 pH = 8.3

Fig. 2. Temporary delta conductivity variation (Δσ = σinitial – σt) 
in gypsum supersaturated solution with: a) mBaSO4

 = 0, b) mBaSO4
 

= 0.07 g and c) mBaSO4
 = 0.7 g and d) mBaSO4

 = 1.7 g (Ωgypsum = 6, 
T= 303 K, pH = 5.5).
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In order to explain this difference, precipitates were 
collected at three different points in experience (c) (Fig. 3) 
and identified. The compound (1) was collected at t = 1500 s 
before the slope change. The second sample, compound 
(2), was collected after 6800 s from the beginning of the 
precipitation test; and the third solid, compound (3), was 
recovered at the end of the experience. Solid analyses are 
presented in Figs. 4–7. 

Fig. 4 illustrates IR and Raman spectra and XRD pattern 
of the compound (1) and the pure barite, synthesized at lab-
oratory scale, as reference. IR spectra have shown many dif-
ferences in the spectrum of the compound (1) with respect 
to the pure barium sulphate. A small shift of about 4 cm–1 of 
the band corresponding to the out-of-plane bending vibra-
tion of the SO4 at 638 cm–1 [16] was recorded. Moreover, 
barite is characterized by the three bands of sulphate ion 
vibration located at 1070; 1114; 1197 cm–1 according to the 
sulfur-oxygen (S-O) stretching [16]; whereas the compound 
(1) spectra shows only two bands in this region located at 
1070 and 1163 cm–1 . This lets suggest that the compound (1) 
is a sulphate different from barite.

Raman analysis (Fig. 4.B) confirms that the compound 
(1) and barite have different microstructure. The most 
intense vibration band of the sulphate ion was shifted 
by about 3 cm–1 with a broadening. Similar results were 
recorded in the case of calcium carbonate precipitated in 
presence of Mg+2 [17] and in a Raman spectroscopic studies 
of the BaSO4_SrSO4 binary series [18]. A shift of the band of 
carbonate vibration in calcite from 1075 cm–1 to 1077 cm–1 
was recorded. This was attributed to the crystallization of 
magnesian calcite Ca1-xMgxCO3 [17]. At light of the literature 
and seeing the lower radius of calcium ion regarding to the 
barium ion, the shift recorded in IR and Raman spectra can 
be attributed to a substitution of Ba+2 by Ca+2 or insertion of 
Ca2+ in the barite lattice to form a solid solution  Ba1-xCaxSO4.

The X-ray characterization (Fig. 4C) shows a net dif-
ference between the diffraction patterns of the two sol-
ids: compound (1) and pure barium sulphate. Indeed, we 
noticed that the most intense peaks were moved towards 
increasing θ. In fact, the diffraction peak of the plane (2 1 0), 
the most intense one (normalized to 100%), located at 2θ = 
25.81° shifted to 2θ = 26.66°. This confirms IR and RAMAN 

analyses showing that compound (1) and barite are differ-
ent. The peak shift towards higher 2θ angles is due to the 
barite lattice distortions caused by the presence of calcium. 
Indeed, Ca2+ can form part of the lattice of the barite by 
substituting the Ba2+ ions. The ion radius of Ca2+ (1.97 Å) is 
smaller than that of Ba2+ (2.24 Å). This involves a compres-
sion of the crystal lattice which results in a shift of the XRD 
peaks. The lattice parameters calculated using the software 
fulproof are collected in Table 2. It shows that this substitu-
tion leads to the unit cell volume (v) decrease from 69300 Å3 
to 669.18 Å3.

Table 2 depicts the structural parameters of compounds 
(1) and (2). The refinement of the diffraction pattern was 
made with foolproof software allowed us to determine the 
crystal system and the lattice parameters of the unit cell. 

We have: Chi 2 which represents Global user-weigthed 
(Bragg contribution), and R-Factor that refers to reliability 
factor. 

R F F FF
hkl

hkl hkl
hkl

hkl= −∑ ∑ /  ( ) ( ) ( )obs calc obs  

F is the so-called structure factor
R-factor is less than 4%, which shows an agreement 

between the crystallographic model and the experimen-
tal X-ray diffraction data.

Beside peaks shift, the XRD pattern of the compound 
(1) shows, regarding to the barite XRD pattern, additional 
peaks (e.g. at 2θ = 33.61° and 40.37°) and a disappearance 
of some peaks (e.g. at 2θ = 19.98° and 47.01°) which can 
be attributed to the insertion of Ca2+ in the barite lattice. 
The identification of the compound (1) by HighScore 
software indicates that it is very similar to Ba0,6Ca0,4SO4 
[19] compound which was crystallized in the same crys-
tal system (orthorhombic) as barite (Table 2). This con-
firms the substitution, and/or insertion of calcium in 
barite lattice to form a solid solution Ba1-xCaxSO4. The 
same phenomenon has been observed in case of BaCl2-Sr-
Cl2-Na2SO4-system where the solid phase which has been 
obtained is Ba1-xSrxSO4 [20].

Micrographic EDX (energy dispersive X-ray spectros-
copy) analysis (Table 3) indicated that Ba2+ is about 80% and 
Ca2+ 20%. For that, the statistic formula of compound (1) is 
Ba0.8Ca0.2SO4. 

SEM image (Fig. 5) shows that the presence of calcium 
in barite lattice affects the precipitate morphology. The mor-
phology of barite which was rhomboedric [21] has trans-
formed in dendritic when the solid is Ba1-xCaxSO4.

 The arms of the dendrites grew in parallel with favor-
able growth direction. Studies have been carried out tak-
ing into account the anisotropy of the interfacial energy 
γ [22–25] to explain the dendrite growth. A seed stem 
first grows quite rapidly, and at a later stage primary 
branches will grow out of the stem at a slower rate. Den-
drite growth is a result of kinetic anisotropy attachment 
or nucleation anisotropy. In our experimental condition, 
the dendretic growth can be attributed to the anisotropy 
of the interfacial energy γ by adsorption of calcium ions 
on barite nuclei surface. The high supersaturation coef-
ficient can also be a direct cause of the dendretic shape 
formation [26,27]. From solution composition, the cal-
culated supersaturation coefficient with respect to pure 

Fig. 3. Temporary delta conductivity variation (Δσ = σinitial – σt) at 
303 K in gypsum supersaturated solution with: a) [Ba2+] = 0 M, 
b) [Ba2+] = 3.10–4 M and c) [Ba2+] =10×10–4 M. (Ωgypsum = 6, T = 303 
K, pH = 5.5).
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(A) (B) 

Fig. 4. Analysis of compound (1) (a) and pure BaSO4 (b): (A) Infrared; (B) Raman; (C) XRD patterns.

Fig. 5. SEM image of compound (1). Fig. 6. SEM image of compound (2).
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barite phase in experiment c (ΩBaSO4
) is about 6 × 104. Con-

sidering that the substitution/insertion of calcium led 
to a slight increase in the solubility of the solid solution 
of calcium and barium sulfate (%Ca < %Ba) regarding 
pure barite as for Ca1-xMgxSO4 and Ca1-xMgxCO3 [28], the 
supersaturation coefficient regarding the solid solution 
remains important. 

The compound (2), which was recovered at the begin-
ning of the conductivity drop in the precipitation curve, 
shows similar dendretic morphology as that of the com-
pound one (Fig. 6). 

Also, XRD pattern shows the same peaks as those of the 
compound (1) but not at the same 2θ (Fig. 7). 

As for the compound (1), a peak shift regarding bar-
ite one was recorded. Nevertheless, this shift was towards 
lower 2θ (Fig. 8). This lets suggest that:

•	 For	compound	(1):	 for x < 0.5, the peak shift is due 
to the lattice distortions caused by the presence of 
calcium. Indeed, calcium can be a part of the barite 
lattice by substituting the Ca ions. This involves a 
slight compression of the crystal lattice, which results 
in a decrease of the unit cell volume and a shift of the 
XRD peaks to higher 2θ angles. The additional peaks 
and a disappearance of some peaks, which can be 
attributed to the insertion of Ca2+ in the barite lattice.

•	 For	 compound	 (2): x > 0.5, the unit cell volume 
increases. This can be explained by the fact that, in 
addition to the substitution and insertion of the Ca2+, 
Ca ions could be adsorbed in the gypsum crystal sur-
faces. This causes tensile stresses, the origin of the 
increase of the unit cell volume, and the peak shift to 
lower 2θ angles [28].

At light of these analyses, it can be concluded that the 
compound (1) is metastable and transforms to a second 
compound, usually a solid solution of calcium and barium 
sulphate. In this compound (2), in addition to substitute 
barium, calcium insert in the solid solution lattice. 

So, compound (1) was crystallized in the same crystal 
system as pure barite (orthorhombic) and compound (2) 
was crystallized in almost identical crystal system as gyp-
sum (monoclinic). 

In 1970 and in 1972 [19; 29], Vojtěch has presented 
a detailed study of the structural proprieties of BaSO4-
CaSO4 system in the whole concentration range (0 < x < 1). 
It was found that mixed crystals had a barite lattice type 
(from about 40% mol. BaSO4) and a lattice of the anhy-
drite type (below 40% mol. BaSO4) formed. This fact can 
be explained by that it is these substances with x < 0.5 
that have a structure almost identical with the structure 
of pure barite.

At the end of the precipitation test, the recovered precip-
itate (compound (3)), is mainly gypsum as shown by XRD 
analysis presented in Fig. 9. The XRD patterns is almost the 
same of that of the gypsum, synthesized at laboratory scale 

Fig. 7. XRD patterns of the compounds (1), (2) and pure barite.

Fig. 8. Additional zoom XRD patterns of the compounds (1), (2) 
and pure barite.

Table 2
Unit cell parameters and refinements data of compounds (1) and (2)

BaSO4 Compound (1) Compound (2)

Crystal system Orthorhombic Orthorhombic Monoclinic

Space Group Pmma Pmmm P2/m
 a 10.90 10.51 17.87
b 8.88 8.67 14.14
c 7.15 7.33 4.67
α 90 90 90
β 90 90 96.70
γ 90 90 90
Volume (Å3) 693.00 669.18 1172.56

Refinement parameters
Chi 2 9.80 2.95 2.3
R-Factor 3.99 1.83 1.99

Table 3
EDX elemental analyses of compound (1)

Elements Atomic composition (at.%) Error (wt.%)

O 65.13 4.1
S 17.30 0.6
Ca 3.58 0.2
Ba 13.99 1.4
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as reference; only few additional peaks are recorded at 2θ = 
22.92°, 25.08°, 27.12° which belong to compound (2). 

From the analysis made of compounds (1), (2) and (3) 
we can conclude that the simultaneous presence of Ba2+, 
Ca2+ and SO4

2– gave birth to series of intermediate com-
pounds with formula Ba1-xCaxSO4. So, the final compound 
is nearly pure gypsum as a consequence of the reduced 
barium concentration in solution. At this final stage, there 
was a formation of gypsum as it was indicated by the XRD 
spectrum of compound (3) (Fig. 9).

4.2.2. In alkaline medium pH=8.3:

To study the effect of pH on the phenomenon of co-pre-
cipitation, experiment (d) was carried out at pH = 8.3. Fig. 
10 shows the precipitation curves in the CaCl2-Na2SO4-
BaCl2 solution in alkaline medium. Barium ion did not pres-
ent any significant effect on pure gypsum precipitation (the 
retarding effect disappears).  SEM image of the final product 
(Fig. 11) of the experiment (d) indicates the presence of the 
barite and gypsum, and the absence of the intermediates 
compounds (dendritic form). According to the literature, 

gypsum and barite nucleation are not significantly affected 
by pH in the range 5–9 [30,31]. Thus, we can attribute this 
difference in behavior between pH 5.5 and pH = 8.3 to elec-
trostatic interaction between barite and calcium sulphate 
during the germination step. This difference in electrostatic 
interaction is explained by the change in zeta potential of 
the barium as a function of pH. Indeed, at pH = 5.5 barum 
sulphate have a positive potential and a negative potential 
at pH = 8.3 [32].

5. Conclusions

The present research is focused on the effect of barium 
ions on gypsum crystallization in aqueous solutions at an 
acid and an alkaline pH, based on conductivity measure-
ments and integrated by a morphological and structural 
investigation (FTIR, RAMAN, SEM and XRD).

The obtained results demonstrated that the presence of 
barium ions under acid medium results a hindrance of gyp-
sum and the formation of mixed intermediate compound 
Ba1-xCaxSO4 with dendrite morphologic formation. So, we 
may conclude that BaSO4-CaSO4 co-precipitation is occur-
ring and not a heterogeneous nucleation of gypsum on bar-
ite. Probably, the co-precipitation causes a decrease of the 
supersaturation in respect to gypsum and an increase of its 
induction time for nucleation.

For x lower than 0.5, microstructural analyses showed 
that XRD peaks shifted to higher 2θ angles and the unit cell 
volume decreases. It was, therefore, suggested that Calcium 
ions act by substituting the barium ion and by insertion in 
the barite lattice.

For x beyond 0.5, peaks shifted to lower 2θ angles and 
the unit cell volume increases by insertion and adsorption 
of calcium ion in Ba1-xCaxSO4 lattice.

At an alkaline medium, Barium ions did not present any 
significant effect on the pure gypsum precipitation. This dif-
ference with respect to the acid medium is assigned to the 
change in zeta potential of the barium as a function of pH.

Fig. 9. XRD patterns of compounds (2), (3) and pure gypsum.

Fig. 10. Temporary delta conductivity variation (Δσ = σinitial – σt) 
at 303 K in gypsum supersaturated solution with: a) [Ba2+] = 0 M 
at pH = 5.5, c) [Ba2+] = 10–3 M at pH = 5.5 and d) [Ba2+] = 10–3 M at 
pH = 8.3 (Ωgypsum = 6, T = 303 K).

Fig. 11. SEM image of deposit compound obtained at the end of 
experience (d).
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Hence, all studies of mediums (solubility, particle size, 
inhibitor ...) containing Ba2+, Ca2+ and SO4

2–, need to consider 
the difference between intermediate compounds and pure 
compounds.
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