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ABSTRACT 

Crystallization of barite (BaSO4) in industrial processes has been intensively investigated for the production of fine 
particles. In this way, crystallite size and morphology are important characteristics determining the quality product 
of barite. The effects of the mechanical vibration and the presence of chemical additives in the solution chemistry on 
the properties of barite particles were examined in this study. Barite crystal was formed through the experiments of 
the vibrated pipes of water flowing and adding chemical additives (formic, tartaric, oxalic, and acetic acids). The 
crystal morphology of barite in the different crystallographic directions corresponding to the X-ray diffraction 
(XRD) patterns was examined. Here, barite morphology with rosettes was predominantly observed by SEM. The 
study demonstrated that barite with nano-crystalline was successfully precipitated from the chemistry solution. 
Barite particles gradually decreased in size when crystallographic planes increased with 2-values. No significant 
variation of barite crystal morphologies was found, but rosette- fine crystals might transform into granular nano-
crystals when induced by vibration. Importantly, the mechanical vibration and chemical additives with acids in the 
solution chemistry influenced the morphology of barite. In practical terms, the induced mechanical vibration and the 
added acids could be an important unit operation for the production of barite with controlled morphology. 
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INTRODUCTION 
Barite (BaSO4) is an important mineral having good stability and is abundantly formed as Earth deposits. 
Instead, the barite formation has been widely investigated to provide knowledge of the origin of the 
formation of barite deposits. Additionally, It can be used for distinguishing abiotic and biology factors 
influencing precipitation of barite.1-4 Correspondingly, this understanding of the specific geochemical and 
morphological features in a marine ecosystem such as salinity and ocean currents may describe the non-
living resource productivity affecting a living organism.5,6 
Further, barite morphology developed in the marine ecosystem was reported to have a shape (sub-
spherical or elliptical like-crystals) with uniform size of submicron to 5 µm and can be found on the 
pelagic barite crystals resulting from the nucleation and crystal growth at a very stable condition. 
Moreover, barite crystals with ovoid and hexagonal-shaped-like morphology are commonly found on the 
biotic forms of pelagic barite.7-11 However, barite crystal morphologies resulting from the hydrothermal 
environment are commonly formed in shapes with tabular, acicular/radiating tapered and bladed to 
dendritic.7,8,12,13 Here, the cross-cutting tabular crystals may be formed from rosette structures in the 
hydrothermal and cold seep barite (sub-spherical, elliptical crystals) (subspherical, elliptical crystals)14-16, 
whereas diagenesis of barite may result in thick or thin tabular crystals17,18 or bladed in cluster layers.17 
Furthermore, there may be barite with varying morphologies of crystals (e.g. dendrite and rosette) 
growing in the modern continental warm springs.10,19 Here abiotic factors such as atmosphere, chemical 
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elements, sunlight/temperature, wind, and water may control the variation of barite crystal morphologies 
forming on continental spring conditions. Correspondingly, the morphology of barite with euhedral platy-
shape may precipitate at the liquid-liquid interfaces and solutions with high ionic strength, while 
supersaturated solutions and water-air interfaces may produce stellate barite form.1 Likewise, barite with 
euhedral, tabular, and rhombic morphologies may be formed at the liquid. Conversely, barite having 
subhedral and anhedral microcrystals may be precipitated from the solution with microorganism.1  
Since much previous research of barite formation has been performed in natural environments, on which 
several conditions may influence the yield of morphology, it may be questioned to evaluate the effect of 
process parameters on a specific crystal morphology under influence of industrial crystallization. In this 
regard, barite formation could be implemented in industrial crystallization to produce fine solids, such as 
catalysts, pigments, and pharmaceuticals. In particular, crystallization of barite may include varying mass 
transfer quantities in supersaturated solutions. Accordingly, this process depends upon solution 
temperature, supersaturation, mixing speed, and the presence of chemical additives, whereas the most 
significant effect of the crystallization process is the presence of chemical additives.20,21 Additionally, 
barite could be precipitated as scale in many industrial and oil drilling processes,22,23 on which the 
insoluble scales are produced to make it difficult to detach24. Thus for the control of particle products in 
industrial crystallization, the crystal growth and morphological changes of the crystal are desired,25 and 
here chemical additives are often employed in industrial crystallization to control the nucleation, growth 
behavior, size, and morphology of crystals.26 Correspondingly, a well-controlled experimental setting is 
required for examining individually the effect of each parameter on the yield of morphology. 
Many experimental efforts were attempted for investigating the nucleation and growth mechanisms of 
barite formed in the hydrothermal solution.9,11,27,28 Here dominant factors influencing barite crystal 
morphology may include the chemical composition of the liquid, rate diffusion of molecules, and 
crystallization rate.9,11,29 Here barite with dendritic/irregular crystals was proposed for the result of the 
limited crystal growth rate.28 Moreover,several factors such as saturated solution21, Ba2+/SO4

2- ratio,27,30-32, 
mixing rate27,28, temperature27, 28, 33 and presence of organic compounds in the solution34,35 may control 
barite crystal morphology. Similarly, the humid condition may control the crystallization and morphology 
of barite.36,37 Also, organic compounds hamper the spontaneous crystallization of barite. These organic 
substances inhibiting the crystallization of barite by absorbing them on the crystal surfaces37, which may 
protect the substrate from other ions to form mineral phases.38,39 Significantly, changes in crystal 
morphology of barite may be related to the reaction parameters, which can be explored from varying 
intensities of XRD (x-ray diffraction) peaks. Also, this condition may relate to the crystal habit. In this 
way, the morphology of barite can be explored from the full-width half maximum (FWHM) of x-ray 
intensity. However, a limited study can be found in literature, which presents data correlating of barite 
morphology and XRD peak, while the experimental data are needed to control the barite morphology 
during the crystallization process. Also, there are no previous published works of barite crystal formation 
under the influence of mechanical vibration on a pipe and the presence of chemical additives. 
In this paper, barite crystal morphologies resulting from the solution chemistry under influence of the 
vibrated piping system and chemical additives were performed. Six major diffraction peaks: (200), (210), 
(211), (020), (401) and (410) were examined in the study. These selected peaks have strong XRD 
intensities, while other diffraction peaks were negligibly low. Barite crystals were synthesized from 
induced vibrated solutions with appropriate concentrations without additives. Morphology of precipitated 
barite examined by scanning electron microscope (SEM). The resulting experimental data may add 
knowledge on the control of barite morphology precipitated from the induced flow vibration.  
 

EXPERIMENTAL 
Material and Methods 
For crystallization experiments of barite, BaCl2 and Na2SO4 solutions were prepared by which 3500 ppm 
concentration of each in 50 ml volume was predetermined. In every experiment, the sulphate solution was 
added to a small amount (0, 5, and 10 ppm) of each acid separately. The experimental works were 
conducted at room temperature. The pump circulates the solution at a rate of 30 ml/min. The 
crystallization process of barite within the metallic coupon was subjected to mechanical vibration (4.00 
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and 8.00 Hz). In this present research, barite morphologies were generated by reaction crystallization of 
induced flow vibration with chemical additives, which are formic (CH2O2), tartaric (C4H6O6), oxalic 
(C2H2O4), and acetic (C2H4O2) acids. The detailed experimental apparatus is shown elsewhere.40 After 4 
h-working duration, the experiment was stopped, while the barite powder deposited on the metallic 
coupon was removed and dried at a temperature of 60 OC for 6 h. Later, the dried powders were subjected 
to X-ray (Rint-Ultima III, Rigaku Diffractometer) and SEM/EDX examinations. 
 
Analytical Discussion 
This study mainly examined the effects of mechanical vibration and organic additive on the crystallization 
of barite and its impact on the crystal morphology of barite and varying crystallite sizes of each crystal 
face (hkl). In this way, the XRD data containing peak positions and peak intensity was initially matched 
with the ICDD-PDF database (the International Centre for Diffraction Data-Powder Diffraction File). 
Subsequently, the matched phases were verified by the Rietveld method (FullProf-2k software version 
3.30), using the well-known crystal structure model obtained from the American mineralogist crystal 
structure database (AMCSD). Specifically, crystallite size along with the direction perpendicular to the 
lattice plane (hkl) was computed related to the strongest refined XRD peaks. Also, the morphology of 
barite was observed by SEM (scanning electron microscope (FEI Inspect S50). Finally, the morphology 
related to the XRD intensity was analyzed and discussed. 
 

RESULTS AND DISCUSSION 
Barite Morphology in the Presence of Vibration and Additives 
The FWHM of peaks on (200), (210), (211), (020), (401) and (410) was investigated to relate the change 
of morphology in the presence of additives. Especially, the FWHM of (200) and (401) peaks were 
selected because of having strong intensity. Therefore, the influence of vibration and chemical additives 
on crystal morphology are investigated by the XRD analysis in this section. Experimental results of 
crystallite size obtained from the exploration of XRD peaks for all samples are shown in Fig.-1, while 
SEM micrographs of those samples are shown in Fig.-2. 
The X-ray powder diffraction analyses were performed on the obtained-six barite samples from the 
crystallization with no-inhibitors and no-vibration; no inhibitors and with vibration; with inhibitors and 
induced vibration respectively (Fig.-1). Based on the XRD Rietveld analysis, the pure barite was only 
developed in the precipitating solid; while there were no significant variations in the intensity of XRD 
peaks. Particularly, the rosette crystals (Fig.-2) have become a dominant morphology of barite; however, 
an irregular rosette with platy crystals (Fig.-2a) matched for the precipitated barite without additives and 
vibration, on which well-rounded and spherical crystals were found in the SEM image.  When compared 
to barite morphology precipitated from the vibrated solution and additives, more regular rosette crystals 
with dense structures were developed during the experiments (Fig.-2b to e). This might have occurred 
because the vibration may contribute to the hydrodynamic force leading to precipitate with well-regular 
rosette crystals. In particular, a developed regular rosette crystal can be found on the barite obtained from 
vibrated solution without additive (Fig.-2f). These results agreed very well with the data of the previous 
research18. 
Further effects of acids and the mechanical vibration were significant on barite crystallization through 
changing parts of the chemical reaction mechanism in the solution41. Consequently, barite had the 
dominant rosette-like crystal surfaces, which may differ significantly without induced vibration, because 
of the abundance of S atom compared to the Ba atom in BaSO4･2H2O crystal (Fig.-2b to f). These results 
suggested that the position of Ba atoms may be at the center of the rosette form for barite morphology. 
This condition would be more likely to occur in the presence of vibration. Apparently, barite would grow 
along the longitude direction and suppress in the presence of acids, on which ions of additives and Ba 
atoms would interact electrostatically at the position of the lattice of rosette crystals. This condition made 
shape changes by suppressing surfaces for growing, consequently, the size of the barite crystals would 
reduce. The use of polyelectrolytes having carboxyl groups is proposed for changing on shape and size of 
crystals simultaneously. Here the crystal shapes changing from rosette or plate into granular could be 
possible. When no electrostatic interaction between additives with BaSO4･2H2O crystal is making 
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additives be adsorbed equally to each surface of the crystal, which results in the change of their crystal 
shape. 
Further, the dominant rosette structure was obvious from the precipitation experiments of barite during 
the study (Table-1). Additionally, the use of Scherrer equation35 for determining sizes of crystal barite 
related to selected intensity peaks, on which the FWHMs of each diffraction peak corresponding to (hkl) 
planes were determined. The apparent crystallite size of the barite is presented in Table-1. In this method 
of line broadening contribution due to the crystallites size is taken into consideration. A gradual decrease 
in crystallite size (20-70 Å) was observed for barite crystals with varying (hkl) planes. The microstructure 
of the powder prepared by the precipitation process is observed by SEM that there is a distribution of 
small particles and large agglomerates. Correspondingly, the insignificant distribution of crystallite size 
with diffraction peaks indicates the crystallization process resulting in the homogeneity of the powder, 
which can be precipitated from the induced vibrated solution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-1: XRD Charts of all Samples resulted from the 8-Hz Vibrated Solution without and with Acids (10 ppm) 
indicating the Strong Intensities on the Crystallographic Planes (hkl) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.-2: SEM Micrographs of Barite Morphologies obtained from the Experiments of; (a) without acids and vibrated 
condition; (b) 8 Hz of induced vibration with 10 ppm acetic acid; (c) 8 Hz of induced vibration with 10 ppm oxalic 
acid; (d) 8 Hz of induced vibration tartaric acid; (e) 8 Hz of induced vibration with 10 ppm formic acid; (f) 8 Hz of 

induced vibration and without acids 
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However, further experimental work should be done to examine the crystallization mechanism at varying 
frequency vibrations. Also, an experiment with solutions containing other ions of Ca, Mg, and Sr may 
provide varying morphologies of barite.43,44 Here barite crystal structure may incorporate one of these 
ions leading to crystal growth rate changing at different faces. Moreover to determine the barite 
morphology can relate to step kinetics. In the orthorhombic crystal system, barite crystal changes in shape 
due to these ion incorporation corresponding to the growth rate in the specific crystallographic 
direction.43,44 

Table-1: Experimental Results of Barite Crystal (Crystal Morphology and Crystal Size) 
Sample 2O FWHM (hkl) Crystallite Size (Å) Crystal morphology 

No additive- 
no vibrated condition 

 
 
 
  

19.976 0.194 (200) 42.80 Rosettes 
25.852 0.183 (210) 35.06 Rosettes 
28.750 0.178 (211) 32.41 Rosettes 
32.824 0.171 (020) 29.55 Rosettes 
42.595 0.158 (401) 24.65 Rosettes 
43.993 0.157 (410) 24.02 Rosettes 

vibrated at 8 Hz 
without additive 

 
 
 
  

19.970 0.123 (200) 67.53 Rosettes 
25.850 0.12 (210) 53.48 Rosettes 
28.747 0.119 (211) 48.49 Rosettes 
32.834 0.117 (020) 43.18 Rosettes 
42.582 0.118 (401) 33.01 Rosettes 
43.983 0.119 (410) 31.69 Rosettes 

Vibrated at 8 Hz 
with 10 ppm acetic acid 

 
 
 
  

19.974 0.141 (200) 58.90 Rosettes 
25.855 0.136 (210) 47.18 Rosettes 
28.751 0.133 (211) 43.38 Rosettes 
32.838 0.131 (020) 38.56 Rosettes 
42.591 0.127 (401) 30.67 Rosettes 
43.991 0.127 (410) 29.69 Rosettes 

Vibrated at 8 Hz 
with 10 ppm tartaric acid 

 
 
 
  

19.970 0.147 (200) 56.51 Rosettes 
25.849 0.138 (210) 46.50 Rosettes 
28.744 0.135 (211) 42.75 Rosettes 
32.833 0.13 (020) 38.86 Rosettes 
42.577 0.123 (401) 31.68 Rosettes 
43.978 0.122 (410) 30.92 Rosettes 

Vibrated at 8 Hz 
with 10 ppm formic acid 

 
 
 
  

19.978 0.121 (200) 68.62 Rosettes 
25.490 0.117 (210) 55.62 Rosettes 
28.745 0.116 (211) 49.75 Rosettes 
32.822 0.112 (020) 45.13 Rosettes 
42.588 0.116 (401) 33.58 Rosettes 
43.986 0.117 (410) 32.23 Rosettes 

Vibrated at 8 Hz 
with 10 ppm oxalic acid 

 
 
 
  

19.969 0.125 (200) 66.46 Rosettes 
25.845 0.124 (210) 51.76 Rosettes 

28.745 0.124 (211) 46.54 Rosettes 

32.829 0.125 (020) 40.42 Rosettes 
42.580 0.13 (401) 29.97 Rosettes 
43.979 0.131 (410) 28.79 Rosettes 

 
CONCLUSION 

The innovative experiments were successfully demonstrated to simulate barite morphology formed from 
the chemistry solution induced by mechanical vibration and the presence of acids. The XRD relative 
intensities of each crystal face (hkl) of barite did not change significantly, whereas the barite crystallite 
size of crystal faces decreased and varied with the concentration of acids. At the same time, average 
rosette-like large crystals transformed into granular nanocrystals. Also, the particular crystal faces 
correspond to the direction of crystal growth. The morphology of barite was influenced by the mechanical 
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vibration and the presence of acid. One distinct morphology provided by the experiments is rosette crystal 
was precipitated at 50 OC with or without acid additives under the influence of vibration. The 
homogenous particle size of the barite may be precipitated from the induced flow vibration. 
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