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Ammonium tetrafluoroborate (ATFB) is a versatile chemical compound widely utilized

in agriculture, disinfection, and chemical synthesis. This study investigates the

intensification of mass transfer during the dissolution of ATFB in a «solid–liquid» system

facilitated by mechanical stirring. The primary objective was to determine mass transfer

patterns to optimize reactor design and improve energy efficiency in industrial applications.

Experiments were conducted using spherical ATFB particles in a cylindrical vessel

equipped with a three-blade impeller. The dissolution kinetics was examined across a

temperature range of 293–323 K and impeller rotation frequencies of 1.67–6.67 s–1. The

results demonstrated that both temperature and rotation frequency significantly influence

the rate of surface area reduction and dissolution intensity. Specifically, increasing the

temperature from 293 K to 323 K resulted in a 2.58-fold increase in dissolution intensity,

while increasing rotation frequency from 1.67 s–1 to 6.67 s–1 yielded a 1.9-fold increase.

Analysis of the mass transfer coefficients indicated that the dissolution process operates

in a diffusion-controlled regime. To generalize the experimental data, a dimensionless

empirical correlation for the Sherwood number was derived: Sh=5.8⋅Re0.5
⋅Sñ0.33dp/Da.

The proposed model aligns with experimental results with a maximum absolute relative

error of less than 6%, confirming its adequacy for engineering calculations and the

prediction of ATFB dissolution rates in industrial reactors.
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Introduction
Ammonium tetrafluoroborate (ATFB) is a

chemical compound that possesses properties facilitating
its application across various industries. It exhibits
significant biological activity as a pesticide in agriculture
[1], is utilized in the production of disinfectants for
equipment and facilities [2], and serves as a reagent
in the synthesis of novel chemical compounds [3].

Due to their specific properties, boron-containing
compounds are essential components of many

micronutrient fertilizers. The demand for fertilizers
in the agrarian sector has been steadily increasing in
recent years due to the phenomenon known as «soil
depletion» [4]. Furthermore, due to the full-scale
invasion and economic factors, fertilizer usage in
Ukraine has undergone significant changes. The general
trend indicates a reduction in fertilizer application by
approximately 50% compared to the pre-war year of
2021. The analysis in ref. [5] reveals a sharp decline
in consumption in 2022 by 50–70% due to logistical
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difficulties and the loss of warehouses; in 2023,
fertilizer use decreased by 3754% compared to 2021.
As of 2024, the market has stabilized at the level of
3.2 million tons. A significant dependence on imports
is observed, particularly regarding ammonium sulfate
(the expected import volume is 500 thousand tons).
Domestic production is constrained by energy supply
issues. Considering the aforementioned factors, fertilizer
use efficiency is a critical issue. Granulation enables
a substantial reduction in the product’s tendency to
caking, thereby simplifying storage, transportation,
and dosing [6]. The application of granular fertilizers
is critical for precise local application and the
controlled, prolonged release of nutrients into the
soil. This ensures stable plant nutrition throughout
the growing season. Conversely, liquid solutions derived
from or based on them allow for the rapid adsorption
of nutrients through the leaf surface (foliar feeding)
or via drip irrigation systems, ensuring immediate
correction of nutrient deficiencies and enhancing their
assimilation efficiency of plants. Substances in granular
form possess superior physicochemical characteristics
compared to powder forms [7]. On the other hand,
according to the findings in [8], ATFB exhibits high
anion toxicity upon hydrolysis, resulting in the
formation of fluorine ions that are harmful to the
environment [9]. Therefore, minimizing ATFB dust
formation during storage, transportation, and dosing
is a pressing issue, which in turn confirms the relevance
of utilizing the granular form of fertilizers.

ATFB is applied in industry as an aqueous
solution [10]. Dissolution is considered a spontaneous
diffusion-kinetic process occurring during the
interaction of the solute and solvent in a «solid–
liquid» system.

Designing reactors for «solid–liquid» systems
requires the consideration of various parameters,
specifically the kinetic and hydrodynamic
characteristics of the reactors. The overall process rate
is determined by the chemical reaction kinetics and
the physical mechanisms of mass transfer between
the liquid and solid phases. Consequently, the
development of such reactors requires determined mass
transfer parameters.

The mass transfer process between the solid
phase and liquid is the subject of research in various
reactor types. However, as noted by the authors in
[11], research on the mass transfer coefficient at the
«solid–liquid» interface significantly lags behind
research on gas–liquid mass transfer in multiphase
reactors.

Mechanically stirred two-phase («solid–liquid»)
and three-phase («gas–solid–liquid») reactors belong
to the primary class of multiphase reactors. Due to

their reliability and practicality, they are extensively
employed in the chemical industry [11].

One of the key reasons for applying mechanical
stirring is to ensure the maximum mass transfer surface
area [12].

Research results available in the literature have
been based on determining the mass transfer coefficient
in «solid–liquid» stirred reactors using one of the
following approaches: dimensional analysis, isotropic
turbulence theory, and slip velocity theory [11].

Correlations based on dimensional analysis are
simple to use; however, they do not account for the
specific influence of various system parameters on the
«solid-liquid» mass transfer coefficient. Such
correlations are applicable only to configurations that
possess geometric similarity and operate within the
same parameter range, such as the Reynolds number.

Isotropic turbulence theory assumes that at the
same specific power input, the value of the «solid–
liquid» mass transfer coefficient is independent of the
geometric configuration and differences in the liquid
phase density. However, experimental results obtained
in ref. [13] show that while this theory reliably reflects
the general trend of mass transfer coefficient variation
with changes in energy input, it does not yield a
universal correlation for different geometric
configurations and a wide range of Schmidt numbers.
Thus, using correlations based on isotropic turbulence
theory to predict the mass transfer coefficient in «solid–
liquid» mechanically stirred reactors with distinct
geometric configurations may lead to inaccurate results.

Studies aimed at establishing the relationship
between the «solid–liquid» mass transfer coefficient
and the effective slip velocity of the particle relative to
the liquid are crucial for better prediction of the mass
transfer process. However, for large-scale reactors, there
is a lack of research data regarding the determination
of the mass transfer coefficient in turbulent solvent
flow, and the complexity of solving nonlinear
equations of particle motion in turbulent flow
complicates the determination of a representative slip
velocity.

The dissolution of sparingly soluble substances
in liquids is a rather time-consuming and labor-
intensive process [14].

Various methods are employed to accelerate the
dissolution process: direct flow around material
particles, dissolution in a state of particle suspension,
dissolution under conditions of rotational liquid motion
[13], as well as dissolution with periodic changes in
liquid flow direction and velocity associated with
particle inertia using ultrasound [14]. The most
common method for intensifying the dissolution
process is mechanical stirring, typically achieved using
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an agitator.
Modern methods for investigating dissolution

during mechanical stirring [15] are based on dissolving
a powdered substance in water [16] or a solid body
suspended at a specific height within the reactor [17].
Currently, the study [18] explaining mass transfer
processes between an ensemble of freely moving
spherical solid particles in a reactor and a solvent
[19] is highly relevant, given the need to optimize
and increase the efficiency of chemical and biochemical
reactors, where the rate of the final process is often
limited specifically by the rate of interfacial mass
transfer at the particle surface. Such processes are
widespread in industrial mixing apparatuses. Therefore,
determining mass transfer patterns is a pressing task,
including for practical reasons. Implementing the
research results obtained will significantly improve
energy efficiency and product quality, which in turn
will influence the cost of the finished product.

Experimental

The experimental setup, along with a detailed
description of its operating principle and the
methodology used in this study, aligns with previously
published methodologies and is comprehensively
described in works [18,19] (Fig. 1).

Chemically pure ammonium tetrafluoroborate
was used in the study. The experiment was conducted
in a cylindrical vessel with a height of 0.21 m and a
diameter of 0.16 m. The temperature was controlled
using a SESTOS D1S-VR-220 controller and a
UNI-T UT-T03 thermocouple with an accuracy of
0.5 K. An AD3000 electronic balance with an accuracy
of 0.1⋅10–4 kg was used to measure the mass of the
spheres. The diameter of the spheres was measured
using a YT-72300 micrometer with an accuracy of

0.1 ⋅10–4 m. The described instruments and
measurement methods ensured the stability and
reproducibility of the experimental conditions.

To proceed to the sample preparation stage, it
was necessary to obtain solid particles of a specified
geometric shape. Based on the results of preliminary
pilot studies, the compaction pressure value was tested
and determined to ensure the formation of spheres
with minimal deviations in material structure and
porosity. ATFB powder was loaded into a mold, and
spheres with a diameter of 20 mm were pressed at a
pressure of 4 MPa, yielding samples uniform in size
and resistant to mechanical impact. After formation,
the ammonium tetrafluoroborate spheres (ATFBS)
were immersed in a container with a saturated ATFB
solution. At specific time intervals, the spheres were
removed, surface moisture was removed using filter
paper, and their diameter and mass were measured.
The experiment continued until the spheres reached
a constant mass, indicating that their saturation process
was complete.

To experimentally investigate the dissolution
kinetics of ATFBS, the heating element was switched
on, and distilled water in the cylindrical vessel was
heated to the specified temperature. The rotation of
the three-blade impeller was activated at a set frequency,
and 5 ATFBS were simultaneously loaded. Every 180
seconds, the spheres were removed from the container,
surface moisture was removed using filter paper, and
the diameter and mass of the spheres were measured.
Each experiment was repeated at least three times
until stable values were obtained. The change in
ammonium tetrafluoroborate concentration was
calculated based on the change in ATFBS mass, and
the ATFBS surface area was determined by measuring

Fig. 1. Experimental setup: 1 – asynchronous motor; 2 – three-blade impeller; 3 – cylindrical vessel; 4 – ATFB spheres;

5 – thermocouple; 6 – support stand; 7 – water bath; 8 – heating element; 9 – computer-integrated system
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its diameter. The experiments were conducted at
temperatures of 293, 303, 313, and 323 K, and impeller
rotation frequencies of 1.67, 3.33, 5, and 6.67 s–1.

The physical characteristics of ATFB and the
ammonium tetrafluoroborate solution, as per reference
data [20], are presented in Tables 1 and 2.

The research methodology employed in this
study has been successfully validated and utilized in a
series of our previous studies, specifically in publications
[18,19]. This prior application facilitated the
establishment of key concepts, the mathematical
framework, and empirical correlations that form the
basis of the current work. Building upon this
methodological foundation, we established a basis for
the further investigation of complex hydrodynamic
and mass transfer phenomena.

To generalize the experimental data and evaluate
the efficiency of convective mass transfer, the
dimensionless Sherwood number (Sh) was utilized.
The Sherwood number represents the ratio of convective
mass transfer to mass transfer driven solely by
molecular diffusion. Its application enables the
generalization of results obtained across different scales
and using various substances, as well as the expression
of the mass transfer coefficient (β) as a function of
hydrodynamic conditions (Reynolds number, Re),
the physical properties of the system (Schmidt number,
Sc), and the geometric simplex (Ã):

( )ΓRe,Sc,Sh=f .

In this study, we focused on determining the
empirical correlation of the Sherwood number for a
particle ensemble, thereby establishing a foundation
for predicting the dissolution process rate in industrial
reactors.

The empirical equation for determining the
Sherwood number for the system under investigation
is expressed as follows:

Γ⋅⋅⋅ yx ScReSh=A , (1)

where A is the proportionality constant determined
based on experimental data.

The Reynolds number, which characterizes the
system hydrodynamics, was calculated as follows:

µ

ρ 2

mdnRe
⋅⋅

= , (2)

where ρ is the liquid density (kg/m3); n is the impeller
rotation frequency (s–1); d is the three-blade impeller
diameter (m); µ is the liquid dynamic viscosity (Pa⋅s).

The Schmidt number, which characterizes the
physical parameters of the system, was calculated as
follows:

D
Sc

ν
= , (3)

where ν is the solution kinematic viscosity (m2/s).
The geometric simplex value was determined as

the ratio of the particle diameter to the apparatus
diameter:

a

p

D

d
=Γ , (4)

where dp is the ATFBS diameter (m); Da is the
apparatus diameter (m).

Considering that the physical parameters of the
solution vary within a narrow range, and in accordance
with the recommendations [21], the exponent for the
Schmidt number was assumed to be 0.33. Thus, the
empirical equation takes the form:

Γ33.0 ⋅⋅⋅ ScReSh=A x . (5)

The diffusion coefficient was estimated using

Table 2

Saturation concentration, dynamic viscosity, and density of the ammonium tetrafluoroborate solvent at different

temperatures

Table 1

Physical characteristics of ammonium tetrafluoroborate spheres

T, K 293 303 313 323 

Cs, kg/m
3 

25 31 37 43 

µ⋅10
4
, Pa⋅s 10.04 7.97 6.58 5.47 

ρ, kg/m
3
 998.20 995.60 992.24 988.00 
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the Wilke-Chang method via the following equation
[22]:

( )












⋅

⋅⋅
⋅⋅ −

6.0

1
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8
104.7

V

TM
D=

p

p

µ

φ
. (6)

where D is the mutual diffusion coefficient at infinite
dilution of the solute (m2/s); Mp is the molar mass of
the solvent (kg/kmol); T is the temperature (K);
µp is the solvent viscosity (mPa⋅s); V1 is the molar
volume of the solute at its boiling point (m3/mol);
φ is the solvent «association parameter» (for water
φ =2.6 [22]).

Results and discussion

Figure 2 presents the experimental results

illustrating the reduction in the diameter of ammonium
tetrafluoroborate spheres (ATFBS) caused by their
dissolution. Given that the mass transfer surface area
is not constant, an approach involving the calculation
of the average surface area of the spheres for each
combination of solution temperature and impeller
rotation frequency was employed to ensure precise
determination and accurate data processing.

The analysis of the experimental results regarding
the change in ATFBS surface area, presented in
Fig. 2, indicates that the rate of reduction of the
average sphere surface area is influenced by both the
impeller rotation frequency and the temperature of
the distilled water (Table 3).

For example, within 600 s, at a rotation frequency
of 1.67 s–1 and a temperature of 293 K, the average

Fig. 2. Variation in the average surface area of ATFBS during dissolution: a – 1.67 s–1; b – 3.33 s–1; c – 5 s–1; d – 6.67 s–1

a b 

c d 
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sphere surface area decreases from 1.30⋅10–3 m2 to
0.85⋅10–3 m2, i.e., by a factor of 1.52. At a temperature
of 323 K and a rotation frequency of 1.67 s–1, it
decreases to 0.17⋅10–3 m2, i.e., by a factor of 7.65.

At an impeller rotation frequency of 5 s–1 and a
temperature of 293 K over 600 s, the average
sphere surface area decreases from 1.30⋅10–3 m2 to
0.84⋅10–3 m2, i.e., by a factor of 1.53, whereas at a
temperature of 323 K, it decreases to 0.07⋅10–3 m2,
i.e., by a factor of 18.57.

As illustrated in Fig. 3, the ATFB solution
concentration increases correspondingly. Notably, at
an impeller rotation frequency of 1.67 s–1, increasing
the water temperature from 293 to 323 K over 600 s
results in a 2.58-fold increase in dissolution intensity.

Furthermore, at a temperature of 323 K, changing
the impeller rotation frequency from 1.67 s–1 to
6.67 s–1 results in a 1.9-fold increase in dissolution
intensity.

To generalize the experimental data, it is
appropriate to present them in the form of
dimensionless groups. Such a representation of
experimental results enables their application for
predicting the dissolution kinetics of ATFBS in
industrial reactors of various volumes.

The ratio of mass transfer coefficients
corresponding to a temperature difference of 10 K
indicates a variation within the range of 1.04–1.26.
This suggests that the process operates in the diffusion-
controlled regime within the investigated range.

Fig. 3. Dissolution kinetics of ATFBS: a – 1.67 s–1; b – 3.33 s–1; c – 5 s–1; d – 6.67 s–1

a b 

c  d 
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The calculated values of the internal diffusion
coefficients of ammonium tetrafluoroborate from the
sphere pores into the solution and the Schmidt
numbers, as a function of the solution temperature,
are presented in Table 4.

To determine the unknown coefficients A and x
in Equation (1), the experimental data were presented
as a graphical dependence: )(/ ReSc=fSh  in
logarithmic coordinates (Fig. 4).

By approximating the experimental results with
a power function, the calculated values of coefficients
A and x were obtained for the investigated ammonium
tetrafluoroborate solution temperatures:

a

p

D

d
ScReSh= ⋅⋅⋅ 33.05.08.5 . (7)

A comparison of the Sherwood numbers
calculated based on experimental data with the
theoretical values obtained using Eq. (7) is presented
in Fig. 4. The maximum absolute relative error does
not exceed 6%, which is considered acceptable for
practical calculations of the technological parameters
for ATFBS dissolution in chemical industry
enterprises.

Conclusions

The significant influence of the solution
temperature and impeller rotation frequency on the
rate of reduction of the average sphere surface area
has been established. The increase in ATFB solution
concentration corresponds to the intensity of the
sphere surface reduction, confirming a direct
relationship between the heat and mass transfer
conditions and the dissolution rate.

Table 3

Averaged values of mass transfer coefficients and ATFBS diameters as a function of temperature and impeller rotation

frequency over 1800 s

Fig. 4. Graphical dependence of Sh/Sc0.33 based on experimental data (symbols +, ♦, ∆, •) and theoretically calculated values

(solid line) as a function of the Reynolds number

β⋅10
4
, m/s dk⋅10

2
, m

n, s
–1

 
293 K 303 K 313 K 323 K 293 K 303 K 313 K 323 K 

1.67 2.26 2.80 3.06 3.51 1.36 1.37 1.50 1.59 

3.33 3.22 3.78 4.14 5.14 1.30 1.37 1.60 1.48 

5 3.59 4.42 5.57 5.75 1.45 1.46 1.42 1.61 

6.67 4.40 5.20 5.68 6.57 1.41 1.42 1.56 1.57 
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It has been established that the dissolution process
of ammonium tetrafluoroborate spheres occurs in the
diffusion-controlled regime. This is confirmed by the
ratio of mass transfer coefficients for a temperature
difference of 10 K, the value of which lies within the
range of 1.04–1.26 for the investigated temperature
interval.

By approximating the experimental data with a
power dependence, calculated values of the coefficients
characterizing the influence of solution temperature on
the mass transfer kinetics during ATFBS dissolution
were obtained. The maximum absolute relative error
between the experimentally and theoretically obtained
Sherwood number values does not exceed 6%. This
indicates the adequacy of the correlation used and allows
its application for engineering calculations of ATFBS
dissolution process parameters under industrial conditions.

The obtained results enable the prediction of
the ATFBS dissolution rate under various
hydrodynamic and temperature conditions, which is
crucial for optimizing technological processes in the
chemical industry.
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²ÍÒÅÍÑÈÔ²ÊÀÖ²ß ÌÀÑÎÎÁÌ²ÍÓ Ï²Ä ×ÀÑ
ÐÎÇ×ÈÍÅÍÍß ÀÌÎÍ²É ÒÅÒÐÀÔÒÎÐÎÁÎÐÀÒÓ ÇÀ
ÓÌÎÂ ÌÅÕÀÍ²×ÍÎÃÎ ÏÅÐÅÌ²ØÓÂÀÍÍß

Î.Î. Êóçèê, Â.Ì. Àòàìàíþê, ß.Ì. Ãóìíèöüêèé,
Î.Ñ. ²âàùóê

Àìîí³é òåòðàôòîðîáîðàò (ÀÒÔÁ) º áàãàòîôóíêö³-
îíàëüíîþ õ³ì³÷íîþ ñïîëóêîþ, ùî øèðîêî âèêîðèñòîâóºòü-
ñÿ ó ñ³ëüñüêîìó ãîñïîäàðñòâ³, äåç³íôåêö³¿ òà õ³ì³÷íîìó
ñèíòåç³. Öå äîñë³äæåííÿ ïðèñâÿ÷åíå âèâ÷åííþ ³íòåíñèô³-
êàö³¿ ìàñîîáì³íó ï³ä ÷àñ ðîç÷èíåííÿ ÀÒÔÁ ó ñèñòåì³ «òâåðäå
ò³ëî–ð³äèíà» çà óìîâ ìåõàí³÷íîãî ïåðåì³øóâàííÿ. Îñíî-
âíîþ ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ çàêîíîì³ðíîñòåé ìà-
ñîîáì³íó äëÿ îïòèì³çàö³¿ êîíñòðóêö³¿ ðåàêòîð³â òà ï³äâè-
ùåííÿ åíåðãîåôåêòèâíîñò³ ó ïðîìèñëîâèõ çàñòîñóâàííÿõ.
Åêñïåðèìåíòè ïðîâîäèëè ç âèêîðèñòàííÿì ñôåðè÷íèõ ÷à-
ñòèíîê ÀÒÔÁ ó öèë³íäðè÷íîìó àïàðàò³, îáëàäíàíîìó òðè-
ëîïàòåâîþ ì³øàëêîþ. Ê³íåòèêó ðîç÷èíåííÿ äîñë³äæóâàëè
â ä³àïàçîíàõ òåìïåðàòóð 293–323 Ê òà ÷àñòîò îáåðòàííÿ
ì³øàëêè 1,67–6,67 ñ–1. Ðåçóëüòàòè ïîêàçàëè, ùî ÿê òåìïå-
ðàòóðà, òàê ³ ÷àñòîòà îáåðòàííÿ ñóòòºâî âïëèâàþòü íà
øâèäê³ñòü çìåíøåííÿ ïëîù³ ïîâåðõí³ òà ³íòåíñèâí³ñòü
ðîç÷èíåííÿ. Çîêðåìà, ï³äâèùåííÿ òåìïåðàòóðè ç 293 Ê äî
323 Ê ïðèâåëî äî çá³ëüøåííÿ ³íòåíñèâíîñò³ ðîç÷èíåííÿ ó
2,58 ðàçè, òîä³ ÿê çá³ëüøåííÿ ÷àñòîòè îáåðòàííÿ ç 1,67 ñ–1

äî 6,67 ñ–1 çàáåçïå÷èëî çðîñòàííÿ ó 1,9 ðàçè. Àíàë³ç
êîåô³ö³ºíò³â ìàñîâ³ääà÷³ ïîêàçàâ, ùî ïðîöåñ ðîç÷èíåííÿ
ïðîò³êàº â äèôóç³éí³é îáëàñò³. Äëÿ óçàãàëüíåííÿ åêñïåðè-
ìåíòàëüíèõ äàíèõ áóëî îòðèìàíî áåçðîçì³ðíå êðèòåð³àëü-
íå ð³âíÿííÿ äëÿ ÷èñëà Øåðâóäà: Sh=5,8⋅Re0,5⋅Sc0,33⋅dp/Da.
Çàïðîïîíîâàíà ìîäåëü óçãîäæóºòüñÿ ç åêñïåðèìåíòàëüíè-
ìè ðåçóëüòàòàìè ç ìàêñèìàëüíîþ â³äíîñíîþ ïîõèáêîþ
ìåíøå 6%, ùî ï³äòâåðäæóº ¿¿ àäåêâàòí³ñòü äëÿ ³íæåíåðíèõ
ðîçðàõóíê³â òà ïðîãíîçóâàííÿ øâèäêîñò³ ðîç÷èíåííÿ ÀÒÔÁ
ó ïðîìèñëîâèõ ðåàêòîðàõ.

Êëþ÷îâ³ ñëîâà: àìîí³é òåòðàôòîðîáîðàò; ê³íåòèêà
ðîç÷èíåííÿ; ³íòåíñèô³êàö³ÿ ìàñîîáì³íó; ìåõàí³÷íå
ïåðåì³øóâàííÿ; ÷èñëî Øåðâóäà; ñèñòåìà òâåðäå ò³ëî–
ð³äèíà; êîåô³ö³ºíò ìàñîîáì³íó.
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THE DISSOLUTION OF AMMONIUM
TETRAFLUOROBORATE BY MECHANICAL STIRRING

O.O. Kuzyk *, V.M. Atamanyuk, Y.M. Gumnitsky,
O.S. Ivashchuk

Lviv Polytechnic National University, Lviv, Ukraine
* e-mail: oleksandr.o.kuzyk@lpnu.ua

Ammonium tetrafluoroborate (ATFB) is a versatile chemical
compound widely utilized in agriculture, disinfection, and chemical
synthesis. This study investigates the intensification of mass transfer
during the dissolution of ATFB in a «solid–liquid» system
facilitated by mechanical stirring. The primary objective was to
determine mass transfer patterns to optimize reactor design and
improve energy efficiency in industrial applications. Experiments
were conducted using spherical ATFB particles in a cylindrical
vessel equipped with a three-blade impeller. The dissolution kinetics
was examined across a temperature range of 293–323 K and
impeller rotation frequencies of 1.67–6.67 s–1. The results
demonstrated that both temperature and rotation frequency
significantly influence the rate of surface area reduction and
dissolution intensity. Specifically, increasing the temperature from
293 K to 323 K resulted in a 2.58-fold increase in dissolution
intensity, while increasing rotation frequency from 1.67 s–1 to
6.67 s–1 yielded a 1.9-fold increase. Analysis of the mass transfer
coefficients indicated that the dissolution process operates in a
diffusion-controlled regime. To generalize the experimental data,
a dimensionless empirical correlation for the Sherwood number
was derived: Sh=5.8×Re0.5×Sñ0.33dp/Da. The proposed model aligns
with experimental results with a maximum absolute relative error
of less than 6%, confirming its adequacy for engineering
calculations and the prediction of ATFB dissolution rates in
industrial reactors.

Keywords: ammonium tetrafluoroborate; dissolution
kinetics; mass transfer intensification; mechanical stirring;
Sherwood number; solid–liquid system; mass transfer coefficient.
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