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Introduction

M
odern technologies for complex processing of 

aluminium-containing raw materials invari-

ably pose questions regarding the composition

and properties of complex calcium aluminates, the prac-

tical significance of which was appreciated since antiq-

uity and led to the appearance of such a characteristic

of natural and artificial materials as pozzolanic activity 

(Italian: pozzolana, derived from the name of the city of 

Pozzuoli), i.e. their ability to interact with the formation

of calcium silicates and aluminates [1-3]. In his treatise

entitled “De architectura” (Ten Books on Architecture),

Marcus Vitruvius Pollio (c. 80-70 BC – after c. 13 BC),

an ancient Roman architect, mechanic, scholar and en-

cyclopedist, provides a definition of natural pozzolana,

i.e., a mixture of volcanic ash, pumice and tuff: “...a kind 

of sand dust, a deposit near Mount Vesuvius. Three sub-

stances: lime, crushed stone and pozzolana sand, coming 

in a mixture with each other, immediately – as soon as 

they absorb water - interlock tightly and, under the influ-

ence of moisture, hardening quickly, form a mass - dense to

such an extent that neither the surf of waves nor the pressure 

of water cannot break it.” That dust “gives the property of 

indestructible fortress not only to all buildings but even to

dams”.1

The actual chemistry and mechanism of manifesta-

tion of hydraulic (pozzolanic) activity of natural and

artificial materials is of considerable complexity, which

can be illustrated only in a first approximation by the

scheme (taking into account the simplified chemical

notation for cement) on the example of the interaction

of metakaolin with lime milk, leading to the formation

of hydrosilicates, stable and metastable calcium alumi-

nates [3]:
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Modern technologies for the processing of aluminium-containing raw materials invariably pose questions regar-
ding the composition and properties of complex calcium aluminates, the practical significance of which not only
remains within the existing technological processes for producing binding compositions, but also develops in
connection with the complex processing of aluminosilicate raw materials and the potential for their individual
synthesis for obtaining new types of by-products. In this connection the task of the performed research was to
determine the composition and properties of calcium hydrocarboaluminate (CHCA) during its obtaining using
alumina production solutions, depending on the nature of the alkali metal cation in the Na2O(K2O) – CaO – 
Al2O3 – CO2 – H2O system. The performed works included the laboratory synthesis of calcium hydrocarboalumi-
nates, in relation to the conditions of aluminosilicate raw materials processing by sintering. The obtained samples
were subjected to a range of analytical methods, including differential thermal analysis, X-ray phase and X-ray 
fluorescence analysis, laser microanalysis and electron microscopy. Noticeable differences in the laboratory
synthesis of CHCA based on sodium and potassium aluminate solutions in terms of the degree of conversion of
calcium oxide into CHCA and its yield, the content of CHCA in the precipitate and its stoichiometry with CO2
saturation from 0.79 to 0.62 mol, respectively, and for the industrial sample 0.45 mol, as a result of changes in
the physicochemical and technological conditions of synthesis, have been established. The efficacy of utilising
a complex physicochemical analysis of calcium aluminates, predicated on the determination and consideration
of the phase composition of the precipitate and the characteristic chemical alterations of the system during the
interaction of the lime component with the aluminate solution, is demonstrated. This approach, based on the
findings of chemical, X-ray phase and combined thermal analysis, facilitates the determination of the material
composition of multicomponent precipitates and the stoichiometry of CHCA.
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Al2O3 
. 2SiO2 + Са(ОН)2 + Н2О →

CaO . SiO2 
. Н2О (СSH(I));

4CaO . Al2O3 
. 13Н2О (C4AH44 13);

3CaO . Al2O3 
. 6Н2О (C3AH6);

2CaO . Al2O3 
. SiO2 

. 8Н2О (C2ASH8).

The significance of the pozzolanic activity of various 

natural materials in the composition of water-resistant 

binders and products based on them, whether autoclaved

or air-cured, has not diminished in the present time.

This includes the utilisation of zeolite tuff and clay rocks,

which led to the development of the theory and practice

of producing appropriate building materials [4, 5]. It has

been demonstrated that both primary and secondary in-

teractions with the formation of calcium monocarboalu-

minate (C3A.CaCO3 
. 11H2O)2 as well as the conversion

of calcium-aluminate phases with the transformation of 

the initial crystalline structure into a new aluminate phase

are essential in the solidification process [6].

The development of the theory and practical appli-

cation of complex calcium aluminates was significantly 

advanced by the invention of Portland cement by Joseph 

Aspdin (1778–1855). This hydraulic binder is obtained by 

joint grinding of cement clinker, gypsum and additives,

with calcium silicates (70-80%) predominating in its com-

position. The appellation of this trademark is derived from 

the island of Portland in England, where natural stone was

mined. This stone was comparable to beton (French béton – 

artificial stone), a compound obtained on the basis of 

the cement composition patented by J. Aspdin in 1824.

The advent of mass production and the exceptional im-

portance of Portland cement as a building material pro-

vided a further basis for the formation of knowledge about

complex calcium aluminates formed during clinker firing

(from German “Klingel” - ringing, emitting a ringing

sound on impact) and their hydration products. These de-

velopments provided the foundation for the advancement

of thermodynamics, mechanism and kinetics of key tech-

nological processes in Portland cement production [7–9].

As evidenced by these and subsequent studies, complex 

calcium aluminates have been demonstrated to be of sig-

nificance in the formation of cement stone, acting as reg-

ulators of curing, as well as densifiers of components and

corrosion protectors [10–12]. Moreover, the utilisation of 

hydraulically active additives has been demonstrated to

engender substantial energy savings, a consequence of the

diminution of clinker content in cements of varying com-

position and application [13–15]. This effect includes the

utilisation of aluminium-containing additives of techno-

genic origin [16–18].

The advancement of the theory and technology of com-

plex calcium aluminates was facilitated by their function

in the complex processing of aluminosilicates to produce

alumina and by-products. This development also includ-

ed the potential utilisation of slurries in the production of 

binders 3, 4 [19–21]. The development of technology for 

synthesising calcium carboaluminate and its analogues in

alumina production systems has initiated a paradigm shift 

in the production and utilisation of complex calcium alu-

minates [22–24]. These approaches have determined the

direction of research for decades in relation to the effi-

ciency of processing low-quality aluminosilicate raw ma-

terials. These approaches have also focused on improving 

the quality of alumina, soda products, Portland cement

and other by-products, as well as expanding their range of 

products [25–26]. At the same time, the theory of synthe-

sis of complex calcium hydrocarboaluminates in alumina 

production systems was developed, and the existence of a

continuous series of solid solutions, in contrast to cement

production systems with the formation of CHCA of dis-

crete composition, was substantiated5. A significant addi-

tion to these theoretical provisions was the development of 

the theory and technology of deep silicon extraction from 

alkaline aluminate solutions using carboaluminate reagent

and precipitation of calcium hydrogranates [22]. In gen-

eral, the necessary prerequisites have been established for 

the incorporation of low-quality raw materials of various 

natures into alumina production [27–29] without any ef-

ficiency loss in their processing or in the quality of the re-

sulting products6 [30, 31]. Such an approach includes the

prospects of rational use of the lime component and, on 

this basis, harmonisation of the ratio of metallurgical and

by-products [24, 32].

Despite the implementation of a large-scale solution

to the problem of synthesising CHCA and its application

in domestic enterprises processing nepheline raw mate-

rials, there are still issues related to the introduction of 

such technology in the processing of alkali-free alumino-

silicates, as well as ultra-potassium feldspar rocks. These

are of notable interest to the domestic mineral and raw

materials complex in the medium term [22, 24, 27]. In

this connection, the task of the performed research was 

to ascertain the composition and properties of calcium 

hydrocarboaluminate (CHCA) when synthesised using 

alumina production solutions depending on the nature

of alkali metal cation in the Na2aa O(K2KK O) – СaO – Al2O3 – 

CO2 – H2O system, as well as the potential for future

studies with strontium and barium analogues of CHCA.

Simultaneously, one of the most challenging aspects 

3 Bozhenov P. I., Kavalerova V. I. Nepheline Sludge. Leningrad-
Moscow: Stroyizdat, 1966. 243 p.

4 Uryvaeva G. D. Cements from Sludge. Novosibirsk: Nauka, 1970.
154 p.

5 Sizyakov V. M. Mechanism of Calcium Hydroxocarboaluminate
Formation and Conversion to Tricalcium Aluminate. Russian 
Journal of Applied Chemistry. 1998. Vol. 71, Iss. 8. pp. 1473–1475.

6 Sizyakov V. M. Chemical and Technological Mechanisms of a 
Alkaline Aluminum Silicates Sintering and a Hydrochemical
Sinter Processing. Journal of Mining Institute. 2016. Vol. 217. 
pp. 102–112.

2 Stanaitis V.-I. I. Research of Formation of Hydroaluminates and 
Calcium Carboaluminates at Hydrothermal Treatment of Silicate
Products. Thesis of Dissertation … Candidate of Technical 
Sciences. Kaunas, 1970. 25 p.
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of the study is determining the composition of CHCA,

due to the imperfection of its crystal structure and the

high dispersion of individuals formed under conditions

of significant supersaturation of the crystal-forming

medium.

Experimental and analytical studies were carried out

on the basis of the Scientific Centre “Issues of Processing

Mineral and Technogenic Resources”, as well as the

Scientific and Educational Centre for collective use of 

Empress Catherine II Saint Petersburg Mining University. 

The performed works included the laboratory synthesis

of calcium hydrocarboaluminates, with a focus on the

processing of aluminosilicate raw materials by sintering.

The obtained samples were subjected to a range of ana-

lytical methods, including derivatography, X-ray phase XX

and X-ray fluorescence analysis, laser microanalysis andXX

electron microscopy.

Materials and methods

Synthetic aluminate solutions were prepared ac-

cording to a well-known method, using chemically pure

preparations (NaOH, Na2CO3, KOH, K2CO3) and tech-

nical aluminium hydroxide of GD-8 grade, produced by 

Pikalevo Alumina Refinery LLC. The composition of the

aluminate solutions was meticulously controlled to ensure

the content of Al2O3, caustic (Na2Ok), and total alkali

(Na2Ot), utilising well-known chemical analytical meth-

ods of complexometric and acid-base titration7. Thus, sta-

ble aluminate solutions with a calculated Na2Ok concen-k
tration of approximately 300 g/l were obtained, satisfying

the following ratio:

ν(Na2O + K2O) / ν(Al2O3) ≈ 1,6 ,

where ν(Na2O + K2O), ν(Al2O3) – number of alkali metal

moles sum and moles of aluminium in terms of oxides, re-

spectively.

Subsequent dilution of the initial solution, along with

correction of the Na2CO3 and K2CO3 content, provides

close correspondence of its composition to the techno-

logical solution supplied for the preparation of a carboalu-

minate suspension during the processing of nepheline raw

materials.

The preparation of reactive calcium oxide involved a

double calcination process of CaCO3 (grade “puriss.” or 

“p.a.”) in a Nabertherm LHT 08/17/P470 muffle furnace

at a temperature of 950 °C for a duration of 4 hours. The

results of the carbon determination process, as conduct-

ed using a TOC-L analyser (Shimadzu), in conjunction

with the titrimetric analysis method as outlined in GOST 

4530–76, indicate that the activity of CaO following the

initial calcination process was in the range of 75–80%.

Subsequent to the second calcination, this parameter 

increased to a level of 96-98%. 

The present study utilised HEL’s AutoMate multifunc-

tional platform to synthesise CHCA, which was equipped 

with four 0.5-litre stainless steel reactors for parallel 

processes at atmospheric pressure in a controlled slurry 

agitation mode. The system was configured to enable con-

densate return and temperature control with an accuracy 

of ±0.1 degrees Celsius. Regardless of the ratio of sodium

and potassium in the alkaline aluminate solution, the syn-

thesis was conducted under identical conditions at a lime 

dosage of 1 mol CaO to 1 mol Al2O3 in solution, at a solu-

tion temperature of 60 °C and a process duration of 

60 minutes. This satisfies the prevailing theory and prac-

tice of their production. [22–24]. Following the conclu-

sion of the isothermal holding process, the pulp was sub-

jected to filtration under vacuum conditions. Thereafter, 

the precipitate was thoroughly washed with distilled water 

and dried at a temperature of 60°C until constant weight 

was achieved. This stage was then subjected to further 

analysis and physicochemical studies. Concurrently, the 

filtrate was analysed to determine the content of Al2O3

and alkaline components. This study employed a variety 

of sample examination methods and equipment, includ-

ing laser microanalysis, combined thermal analysis, X-ray XX

diffractometry and scanning electron microscopy.

In this study, the authors proposed a novel method for 

the complex physicochemical analysis of calcium alumi-

nates. This method is based on the determination and ac-

counting of the phase composition of the precipitate, as 

well as the characteristic chemical changes of the system 

during the interaction of the lime component with the 

aluminate solution8 [33]. This approach allows us to for-

malise the material balance of the four components (CaO, 

Al2O3, CO2, H2O), involved in the synthesis of CHCA 

(4CaO . Al2O3 
. nCO2

. (13–2n) H2O) and the possibility of 

the precipitation of four solids (Ca(OH)2; CaCO3; C3AH6

and CHCA), which makes it fundamentally possible to 

estimate the degree of hydration of CHCA, its saturation 

with carbonate ion and the amount of the phase as a whole:

mCaO = mCaO  

Ca(OH)
2 + m CaO  

CaCO3
+ m

CHCA   

CaO + m
TCA 

CaO ;  (1)

mCO2
 = m

CHCA   

CO2
      +

CA 
m

CaCO3   CaCO

CO2
     ;  (2)3 O

mAl2O3
 = m

CHCA   

Al2O3
  +

A
m

TCA 

Al2O3
 ;  (3)

mН2O = m
Ca(OH)2     Ca(OH)

Н2O       
 + m

CHCA   

Н2O
     + 

CA
m

TCA  

Н2O; (4)

mprm  =r mCaO + mCO2
 + mAl2O3

 + mН2O .  (5)

7 Sizyakov V. M., Brichkin V. N. Metallurgy of Light Metals. Alumina
Production: Laboratory Practice. St. Petersburg: St. Petersburg
State Mining Institute (Technical University), 2004. 90 p.

8 Brichkin V. N., Maksimova R. I., Fedorov A. T. Certificate of State
Registration of Computer Program No. 2024682672. Program 
for Calculation of Chemical and Material Composition of Solid 
Solutions Based on Complex Alkali Earth Metal Aluminates. 
Published 26.09.2024. Bulletin No. 10.
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In the equations (1)–(5), the following notations are

introduced: in the left part of the equations, the mass of 

the corresponding component in the precipitate and the

mass of the precipitate or its sample for analysis are in-

dicated; in the upper indices, the phase (substance) is

denoted, which includes the corresponding component;

TCA is the abbreviation for tricalcium aluminate hexahy-

drate (3CaO.Al2O3
. 6H2O or C3AH6). The potential for 

TCA formation is associated with metastable stability of 

CHCA, and the precipitation of Ca(OH)2 and CaCO3 with

incomplete synthesis of CHCA in an aluminate solution.

The left-hand sides of the equations contain known values 

that are determined by the experimental conditions (mCaO 

and mprm ), as well as the results of chemical and thermal rr
analyses (mCaO; mAl2O3

; mCO2
 and mН2O). The right parts

of equations (1)–(5) contain 6 quantities, which makes it 

necessary to either exclude one of the unknowns or utilise

additional information to determine it. In consideration

of the impurity character of CaCO3 in the lime composi-

tion, its exclusion does not have a significant effect on the

results of quantitative calculations, and additional infor-

mation on the Ca(OH)2 content can be obtained from the 

results of derivatographic analysis with a well-identified

endothermic effect at 530 °C and water removal in the

temperature range from 425 to 560 °C [34, 35].

Results and discussion

The quantitative parameters of the laboratory synthesis

of CHCA, as determined by three parallel experiments,

are presented in Table 1. These experiments involved the

composition of aluminate solutions with mole fractions

of K2O equal to 0.0 and 1.0. The mole fraction of the al-

kali metal in the solution is calculated using the following

equation:

                   νK2O                                      
[K2O]/94

nK2O = ———–––––— = ––––––––––––––––– ;
          νK2O + νNa2O        [K2O]/94 + [Na2O]/62

nNa2O =  1 – nK2O,

where nNa2O and nK2O are mole fractions of Na2O and 

K2O in aluminate solution; [Na2O] and [K2O] are volume 

concentrations of alkaline components, g/l; 62 and 94 are 

molecular weights Na2O and К2O, respectively, g/mol.

The initial volume of the aluminate solution in experi-

ments 1–6 was 300 ml, and taking into account the di-

lution error of the initial concentrated solution, the real

composition of the technological solution was determined 

and the dosage of calcium oxide for each experiment was 

calculated. The filtration and cake washing regime of the 

precipitate included the addition of washing water, which 

excludes the equality of volumes of the obtained solutions 

and the possibility of correct comparison of their compo-

sition. In this connection, the compositions of the final

solutions were reduced to the initial volume of 300 ml

(Table 1).
Subsequently, the mean values of the indicators and 

compositions presented in Table 1 were utilised to deter-

mine the quantitative phase composition of the CHCA 

precipitate. This approach served to enhance the accu-

racy and reliability of the results obtained. The chemical

composition of the precipitate was determined by X-ray XX

fluorescence using an EDX-7000P analyser (Shimadzu).

The results of this analysis were supplemented by the

determination of carbon content on a TOC-L analyser 

(Shimadzu) and loss on ignition (LOI), associated with

the removal of crystalline hydrate and chemically bound

water. These were determined according to the results of 

simultaneous differential thermal analysis on the DTG-

60 device (Shimadzu), performed under atmospheric

conditions at a constant heating rate of 15 °C/min in the

temperature range from 25 °C to 1000 °C. The results are 

presented in Table 2.

In order to establish the phase composition of the 

synthesised products, the samples were analysed using

an XRD 6000 diffractometer (Shimadzu). This analysis,

when compared to the available database, allowed for the

identification of Ca(OH)2 and CHCA as the main crys-

talline components of the precipitate, but without linking

it to the saturation value by CO2. In this connection, to 

clarify the phase composition of the synthesised samples,

their simultaneous thermal analysis was performed on 

a DTG-60 (Shimadzu) instrument in the previously 

Table 1
Initial materials and final products of CHCA synthesis in alumina production systems

No. of 
experience 

(sample)
nNa2O/nK2O

Initial composition of aluminate solution (g/l) and 
limestone dosage (mCaO), g

Reduced composition of the final 
aluminate solution, g/l

Precipitate 
mass,

gR2Ok* R2Ocarb ** Al2O3 mCaO R2Ok* R2Ocarb ** Al2O3

1

1.0/0.0

80.77 25.08 81.32 13.92 91.28 14.64 63.24 33.44

2 80.51 24.96 82.35 13.80 89.56 15.98 65.31 32.13

3 81.28 24.74 81.88 13.87 90.55 15.69 62.95 32.01

4

0.0/1.0

123.86 38.08 83.30 13.82 137.15 24.85 67.08 32.00

5 122.98 37.92 82.82 13.79 137.59 23.81 66.19 31.24

6 122.98 37.92 82.82 13.98 136.94 23.93 66.59 31.14
  *R2Ok – accepted designation of the conditional alkali component by caustic alkali content in systems containing Na2O and/or K2O
    (given as a sum or in terms of one component);
**R2Ocarb – similar designation for carbonate alkali concentration in mixed sodium-potassium systems.
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described mode. The characteristic DTA and TG curves

for samples No. 2, 5 and 7 are shown in Fig. 1, a, b, c, and

the averaged analysis results with deciphering the mass loss

of the sample for the corresponding phase transformation

are given in Table 3. In addition to X-ray phase analysis,XX

the findings of combined thermal analysis demonstrate

that there are no effects on the DTA curves at 300-330°C,

which are characteristic of the decomposition of cubic tri-

calcium aluminate hexahydrate (C3AH6). This indicates

the absence of this compound in the analysed samples and

suggests that the synthesised CHCA samples possess suffi-

cient stability to undergo phase transition and form TCA.

The obtained results provide a significant addition to

the extant theoretical concepts and the results of XRD

analysis concerning the qualitative phase composition of 

synthesised precipitates, which allows us to use of calculation 

Table 2
Chemical composition of precipitate (sample) during CHCA synthesis in alumina production systems

No. of experience 
(sample)

nNa2O/nK2O

Component content in terms of oxides, %

CaO Al2O3 SiO2 Fe2O3 MgO R2O CO2 LOI other

1

1.0/0.0

41.34 16.21 0.15 0.11 0.12 0.07 6.41 34.73 0.85

2 42.66 15.92 0.38 0.09 0.23 0.07 5.88 33.76 1.02

3 43.03 17.74 0.18 0.08 0.25 0.14 5.86 31.59 1.14

4

0.0/1.0

42.89 15.21 0.18 0.08 0.17 0.21 5.80 35.03 0.43

5 43.84 15.97 0.32 0.12 0.24 0.26 5.95 33.03 0.27

6 44.59 15.67 0.28 0.17 0.21 0.16 5.80 32.88 0.24

7* 0.7/0.3 44.53 16.43 0.38 0.19 0.62 0.55 3.45 33.42 0.43

*No. 7 – the sample was obtained in industrial conditions of Pikalevo Alumina Refinery LLC during processing of nepheline 
concentrate   from Apatit JSC.

Table 3
Sample mass losses and their correspondence to phase changes in the temperature range from 25 °C to 1000 °C

according to combined thermal analysis data [22, 34, 35]

No. of experience
(sample)

Quantitative change of sample mass at characteristic thermochemical transformations for the set 
temperature range, %

Removal of crystalline 
hydrate water,

(110-400) ± 10 оС

Dissociation of 
Ca(OH)2,

(420-520) ± 20 оС

Removal of constitutional 
water,

(540-620) ± 10 оС

Dissociation of CaCO3,
(650-830) ± 20 оС

1 31.81 1.64 1.28 6.41

2 30.82 2.41 0.53 5.88

3 29.69 1.07 0.83 5.86

Average value, 1-3 30.77 1.71 0.88 6.05

4 30.26 2.76 2.01 5.80

5 29.45 1.94 1.64 5.95

6 28.76 2.37 1.75 5.80

Average value, 4-6 29.49 2.36 1.80 5.85

7 30.81 2.61 0.00 3.45

Table 4
Quantitative phase composition of precipitate during CHCA synthesis in alkaline aluminate solutions of alumina production

No. of experience
(sample)

Quantitative phase composition of synthesised CHCA samples, %

CHCA Ca(OH)2 CaCO3 Other Total sum

1 90.83 6.75 1.12 1.30 100.00

2 87.94 9.92 0.35 1.79 100.00

3 92.50 4.40 1.31 1.79 100.00

Average value, 1-3 90.43 7.02 0.93 1.62 100.00

4 85.98 11.36 1.59 1.07 100.00

5 85.96 7.98 4.85 1.21 100.00

6 84.19 9.76 4.99 1.06 100.00

Average value, 4-6 85.37 9.70 3.81 1.11 100.00

7 86.52 10.73 0.58 2.17 100.00
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equations 1-5 to determine the amount of individual sub-

stances in the precipitate and the chemical composition 

of CHCA (Tables 4, 5). It is possible to note not only the

proximity, but also noticeable differences in the composi-

tions of synthesised CHCA depending on the nature of 

the alkali metal in the aluminate solution and peculiari-

ties of the technological regime, which is typical for the 

production of carboaluminate suspension in industrial

conditions.

The particle size distribution of the samples was ana-

lysed using a laser particle analyser, the Microsizer 201C. 

The results of this analysis are presented in Fig. 2. The 

analysis of the data allows for the conclusion to be drawn 

that there is a presence of fractions of materials of increased

size in the industrial sample. This may be indicative of the

peculiarities of production technology associated with the

quenching of burnt lime and entrainment in the lime milk 

not fully reacted particles due to their reduced activity as

a result of “overburning”, i.e. increased temperature of 

burning limestone. The particle size distribution in the

laboratory samples exhibits negligible disparities, thereby 

indicating the proximity of the mechanisms and growth

processes involved in their formation. In general, the

rather complex character of particle size distribution in 

CHCA samples, in our opinion, indicates the multistage

nature of its formation, both during synthesis and during

the preliminary preparation of starting materials.

Table 5
Calculated stoichiometric composition of CHCA in the synthesised samples

No. of experience
(sample)

Stoichiometric formula of CHCA
per mole of Al2O3

Conversion rate of CaO
to CHCA, %

Yield of CHCA 
per CaO unit, %

1 4CaO . Al2O3 
. 0.85CO2 

. 11.56H2O 86.89 218.21

2 4CaO . Al2O3 
. 0.83CO2 

. 11.16H2O 82.66 204.75

3 4CaO . Al2O3 
. 0.69CO2 

. 9.75H2O 91.35 213.53

Average value, 1-3 4CaO . Al2O3 
. 0.79CO2

. 10.82H2O 86.97 212.16

4 4CaO . Al2O3 
. 0.78CO2 

. 12.02H2O 74.19 199.08

5 4CaO . Al2O3 
. 0.55CO2 
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In order to clarify the structural and textural features

of the obtained samples, a comparative analysis was con-

ducted using a TESCAN VEGA 3 scanning electron mi-

croscope and a Q150R E Plus vacuum sputtering unit

manufactured by Quorum Technologies Ltd. (Fig. 3). The 

data indicate that, under conditions of industrial synthe-

sis, there is a higher degree of crystallinity of the CHCA 

precipitate, which corresponds to the lower supersatura-

tion of the system by CaO, as a result of the lower rate

of calcium oxide dissolution. This is due to the passiva-

tion of calcium oxide during industrial limestone burning.

The increased temperature of the process by 10 degrees

compared to laboratory conditions also causes a decrease

in the equilibrium concentration of calcium oxide. This,

in turn, decreases the limiting supersaturation in relation

to the much less soluble CHCA precipitate [7]. It is evi-

dent that the laboratory samples demonstrate a sufficient

degree of similarity in their crystal structure. However, in

the system based on sodium aluminate solutions, there is

a slightly better formation of crystalline individuals. This

observed discrepancy in morphology may be attributable

to the diminished metastable stability exhibited by potas-

sium-containing aluminate solutions in comparison to

sodium-based solutions. Moreover, this diminished stabi-

lity can be attributed to a decline in the ionic radius of the

cation, concomitant with an increase in the atomic mass

of the alkali metal. The decline in ionic radius leads to a

reduction in the viscosity of the solutions, thereby determining

the intensity of the nucleation and growth

processes.

Conclusions

1. It has been established that there

are discernible discrepancies in the labo-

ratory synthesis of CHCA, as evidenced

by the varying degrees of conversion of 

calcium oxide into CHCA and its yield,

the CHCA content in the precipitate,

and its stoichiometry with CO2 satura-

tion, ranging from 0.79 to 0.62 mol,

respectively. For the industrial sample, 

the result was 0.45 mol. These variations

can be attri buted to the alterations in

the physico chemical and technological

conditions of synthesis.

2. The potential for effective synthesis

of CHCA in alumina production systems

is demonstrated to be independent of the

nature of aluminosilicate and, conse-

quently, the composition of process solu-

tions in terms of the ratio of sodium and

potassium cations. These prerequisites are

established as essential for the production

of CHCA both in the processing of alkali-

free raw materials using sodium aluminate

solutions and alkaline aluminosilicates,

including ultra-potassium raw materials

with a dependent ratio of sodium and potassium in process 

solutions.

3. The morphological and particle size characteris-

tics of the samples are quite similar, but there are also 

noticeable differences in the structure of crystalline 

aggregates, the degree of crystallinity and the size of 

crystalline individuals, which is reflected in such an ag-

gregate indicator of the sediment as the particle size dis-

tribution, the complex nature of which may be related to 

the multistage formation of the fractional composition 

under the influence of a number of independent and sig-

nificant factors.
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