Scientiae Radices, 2(4), 309-318 (2023)

sciRad GCIENTIAE
B RADICES

Thermal treatment effect on the particle size distribution of
alkaline earth metals hydroxyapatite

Volodymyr Diichuk®, Iryna Diichuk® <

M Yurii Fedkovych Chernivtsi National University, Chernivtsi, Ukraine,
) Bukovinian State Medical University, Chernivtsi, Ukraine

>4 Correspondence to: v.diychuk@chnu.edu.ua

- 105
400
600

Phase comp osition 800

C ﬂj(P O4)3 OH

Sr5(P0,),0H

Density distribution, %

B as (PC)4)3C)H ,B '(]3(P 04)2

Mgs(PO,);0H, MgHPO, 3H,0

T T T =
1 10 100
Particle diametr. um

105
400
600
800

K2
Pcosd

Density distribution, %

/
o,

Y
1 10
Particle diametr, ym

Abstract: Hydroxyapatites of certain alkaline earth metals were synthesised,
and their phase composition was determined using X-ray phase
analysis. Thermal modification of the studied compounds was
performed at temperatures not exceeding 800°C. The laser

309


mailto:v.diychuk@chnu.edu.ua

Scientiae Radices, 2(4), 309-318 (2023)

diffraction method determined the size distribution of the samples
subjected to thermal treatment. It was found that the mean particle
size ranged from 5,48+1,28 to 126,71+3,68 pm. It has been
demonstrated that particle aggregation and fragmentation processes
are possible depending on the synthesised compounds' qualitative
and quantitative phase composition and the maodification
temperature.
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Introduction

The modern development of functional materials requires the study of various
methods for forming their properties. Thermal treatment is one of the key methods applied
to modify the properties of materials affecting their structure, morphology, dispersion,
surface condition, and other parameters [1-3].

Hydroxyapatites have wide applications in various fields [4-6]. Calcium
hydroxyapatite is the most extensively studied and used in medicine and biomaterials science
as bone graft substitutes to promote bone regeneration, as coatings on implants to enhance
osseointegration, dental restorations, drug delivery, and so on [7-9]. Calcium phosphates are
also used in the pharmaceutical and cosmetic industries [10, 11], for water purification [12],
etc.

Hydroxyapatite can be synthesized using precipitation, sol-gel processes,
hydrothermal synthesis, and others [13, 14]. It can also be extracted from natural sources,
such as animal bones and scales which are rich in hydroxyapatite content [15 16].

The particle size of hydroxyapatites is of significant importance for their applications,
as it directly affects their sorption, catalytic, antimicrobial, and other properties [17-19].
Despite considerable research on the effect of temperature on the properties of
hydroxyapatites, information regarding the impact of thermal treatment on particle sizes
remains quite limited.

Therefore, this study aimed to investigate the dependence of particle size distribution
of alkaline earth metal hydroxyapatites on the temperature of thermal treatment.
Hydroxyapatites of alkaline earth metals were synthesized, and their phase composition was
determined. The obtained samples were heat treated, and particle size distribution was
studied.
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Results and discussion

The phase composition of the synthesized compounds.

The surface properties of substances depend on their phase composition, structure,
morphology, dispersion, and so on [20, 21]. During thermal treatment, processes such as
thermal decomposition, pore formation, increased specific surface area, or conversely,
sintering, decreased specific surface area, and as a result, surface activity passivation can
occur [22]. In this context, it was interesting to study how different modes of thermal
treatment affect the particle size of the synthesized materials.

The results of the XRD phase composition study of synthesized compounds of alkaline

earth metals are shown in Table 1.

Table 1. The phase composition of the synthesized compounds after drying at 105°C.

Compounds of ... Phase composition
Calcium Cas(PO4)30H
Strontium Sr5(PO4)30H
Barium Bas(P04)30H, Bas3(POa),
Magnesium Mgs(PO4)30H, MgHPO4°3H20

The thermal treatment of the investigated compounds was carried out at
temperatures not exceeding 800°C. The change in the mass to the mass of samples dried at
105 °C was studied. The most minor mass loss during heat treatment was observed for
barium compounds: 0.4% at 400°C, 1.9% at 600°C and 2.5% at 800°C. These results
indicate a loss of volatile sorbed components at 400 °C and changes in structure or phase
composition at 600°C and above. Similar behaviour was observed for calcium and strontium
compounds. The mass loss of magnesium compounds during processing in the temperature
range from 400 to 800°C was from 3.8 to 4.1%. Such a significant mass loss at 400°C is
caused by the decomposition of the crystallohydrate phase (Table 1).

Particle size distribution of thermally modified samples.

The effect of processing temperature on the size distribution of calcium
hydroxylapatite particles is shown in Fig. 1.
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Fig. 1. Size distribution of calcium hydroxylapatite particles after thermal treatment at 105, 400, 600,
and 800°C.

As seen from Figure 1 and Table 2, for calcium hydroxyapatite dried at 105°C, 90%
of the particles (D90 or 90th percentile) have a size not exceeding 51.95 um. Increasing the
processing temperature to 400 and 600°C leads to particle agglomeration, with D90 values
of 114.51 ym and 129.29 pm, respectively. The sizes of samples modified at 800°C do not
differ significantly from those dried at 105°C, with D90 measuring 60.71 um.

Table 1. Particle size distribution of thermally modified compounds

Compounds of ... Modification Mean size, pm D90, um
temperature, °C
Calcium 105 24,66+2,60 51,95
400 52,52+2,86 114,51
600 59,85+2,89 129,29
800 28,05+2,85 60,71
Strontium 105 11,19+2,17 21,65
400 17,17+2,25 33,81
600 22,48+2,22 44,41
800 10,01+1,95 18,57
Barium 105 5,48+1,28 11,48
400 6,11+2,82 12,90
600 6,92+3,00 14,95
800 7,68+2,84 16,35
Magnesium 105 10,15+1,75 17,95
400 11,89+1,84 21,44
600 11,17+1,89 20,31
800 126,71+£3,68 295,91
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A similar character of particle size distribution after thermal treatment is observed for

strontium hydroxylapatite (Fig. 2, Table 2).
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Fig. 2. Size distribution of strontium hydroxylapatite particles after thermal treatment at 105, 400,
600, and 800°C.

For samples dried at 105°C, the 90th percentile did not exceed 21.65 pm, while
increasing the modification temperature to 400 and 600°C resulted in particle agglomeration
(33.81 um and 44.41 um, respectively). Treatment at 800°C affects a decrease in particle
size (D90 - 18.57 um). Light scattering analysis agrees well with light microscopy images of
the particles.

Therefore, according to the results of X-ray phase analysis, the synthesised calcium
and strontium compounds are in the form of hydroxyapatites, which confirms a similar
particle size distribution pattern during thermal processing.

The synthesised barium compounds also contain barium phosphate in addition to
hydroxyapatite (Table 1). The particle size distribution after thermal treatment is shown in
Figure 3 and Table 2.
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Fig. 3. Particle size distribution of barium phosphorus-containing compounds after thermal treatment
at 105, 400, 600 and 800°C.

As evident from the obtained data for barium phosphorus-containing compounds,
increasing the modification temperature leads to a slight increase in particle size (D90
ranging from 11.48 to 16.35 pm) for all investigated temperatures.

The particle size distribution for magnesium compounds after thermal processing
differs from one of the other investigated compounds (Fig.4., Table 2).
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Fig. 4. Particle size distribution of magnesium phosphorus-containing compounds after thermal
treatment at 105, 400, 600 and 800°C.
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During the thermal processing of magnesium compounds at 400°C and 600°C, the
particle sizes do not differ significantly from the sizes of samples dried at 105°C (ranging
from 17.95 to 21.44 um). However, increasing the modification temperature to 800°C leads
to a more than 10-fold increase in particle size, with a D90 value of 295.91 pm under these
conditions. The obtained results indicate that significant changes in the structure and
morphology of the synthesized magnesium compounds occur during thermal processing at
800°C.

The size of the crystallites calculated from XRD data with the Debye-Scherrer
equation was estimated as 3-8 nm for all studied phases which proves the complex internal

structure of the particles, not seen by other methods.

Material and methods

Studied compounds were synthesized by the sedimentation of the corresponding salts
from ammonium-alkaline solutions similar to the synthesis of calcium hydroxyapatite
described in [23] according to the reaction:

10Me(NOs); + 6(NH4),HPO4 + 8NH4OH = Meo(PO4)s(OH)2 + 20NHsNO3 + 6H,0
where Me: Ca, Sr, Ba or Mg.

The phase composition of the dried at 105°C samples was investigated by XRD phase
analysis. It was performed with a monochromatic Cu ka x-ray source.

Then the samples were thermally treated at 400, 600, and 800°C for 3 hours until a
stable weight was reached.

The particle size determination of thermally modified compounds was performed
using a laser diffractometer PSA 1190 by Anton Paar company.

Conclusions

It has been shown that depending on the qualitative and quantitative phase
composition and the temperature of modifications, both particle aggregation and
fragmentation processes of the synthesised compounds are possible. The synthesised
compounds of calcium and strontium had a similar phase composition - hydroxyapatites, as a
result, similar pattern particle size changes during thermal treatment. Barium compounds
were in the form of hydroxyapatite and sulfate. Thermal treatment at 105 to 800°C led to
insignificant particle aggregation. Magnesium compounds consisted of hydroxyapatite and
trihydrate hydrogen phosphate phases. Thermal modification up to 600°C had little effect on
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particle sizes, while at 800 °C, significant particle agglomeration occurred, with particle size
exceeding more than 10 times.

Therefore, thermal modification can be used for controlled change in the dispersion,
structure, morphology and other parameters of alkali-earth metals hydroxyapatites to

manage their properties.
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