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PRODUCTION OF WHITE CEMENT 
BY LOW-TEMPERATURE FIRING

The object of research was silicate systems based on CaO–SiO2–Al2O3 oxides for the production of white cement 
under the condition of reducing the maximum firing temperature and energy intensity of the products. A complex 
of raw materials of different genesis was chosen for the study – chalk, pyloquartz, aluminum hydroxide. The cri-
teria for the selection of raw materials were increased reactivity during firing and minimization of the content of 
colored oxides. During the research, methods of physico-chemical analysis of silicates and standardized testing of 
properties were comprehensively applied. Determination of the rational compositions of the raw material mixture 
was carried out using the created computer program «RomanCem». Based on the analysis of the calculation results, 
a significant value of the quantitative ratio of aluminum-silica-containing components Ca/Cp was determined.  
It was established that in the interval of the quantitative ratio Ca/Cp from 0.4 to 0.6, the silica modulus of the 
binder changes in an inversely proportional dependence within n = 3.8–2.5 at a low content of colored iron oxides 
at the level of C = 0.14–0.17 %. The compositions of the raw material mixture based on chalk with the use of an 
aluminum-silica-containing complex of aluminum hydroxide-powder quartz were determined, which allow, at the 
maximum firing temperature of 1100–1200 °C, to obtain a mineral binder that exceeds natural or Roman cement in 
terms of strength (21–27 MPa versus 10–15 MPa) and whiteness (80–85 % versus 55–60 %). Peculiarities of phase 
transformations in the material during low-temperature firing as a factor of structure and properties are noted. The 
development and practical use of white cement, obtained by reducing the maximum firing temperature and, accord-
ingly, specific fuel consumption, reveals additional reserves for the production of mineral binders, contributes to the 
comprehensive solution of issues of resource conservation and production technology of silicate building materials.

Keywords: white cement, raw material mixture, low-temperature firing, phase composition, silica-containing 
component, colored oxides.
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1.  Introduction

The production of the most common mineral binder, 
Portland cement, is characterized by significant energy costs 
during high-temperature firing (1400–1500 °C) of clinker and 
its grinding with additives to a highly dispersed state [1–3].

To a large extent, this applies to the technology of white 
cement production, where special requirements regarding 
the chemical composition of raw materials with the mini-
mization of the content of colored oxides are added to the 
high energy intensity specified for Portland cement [4, 5].

Modern resource conservation requirements increase the 
relevance of the production of hydraulic mineral binders 
of low-temperature firing (≤1200 °С) such as natural ce-
ment [6–8] or Roman cement [9–11], which can become 
a substitute for more energy-intensive and expensive Port-
land cement in a number of construction works (Fig. 1).

The production of white hydraulic mineral binder under 
low-temperature firing conditions requires the development 
of new compositions of raw material mixtures, the chemi-
cal composition of which corresponds to the system of 
CaO–SiO2–Al2O3 oxides [12]. At the same time, a high 
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degree of dispersion and, accordingly, the free energy of 
the particles of the selected components can become a fac-
tor in increasing the reactivity during the firing of the 
starting mixtures.

 
Fig. 1. White cement in the architecture of Kyiv

Solving such a task is connected with the search for 
suitable varieties of aluminum- and silica-containing raw 
materials, determination of the rational ratio of the com-
ponents of the mixture, analysis of the features of phase 
formation and properties of the material, which became 
the aim of the presented work.

2.  Materials and Methods

The selection of research objects in this work was car-
ried out in accordance with the main aim – the synthesis  
of a mineral binding material of 
low-temperature firing of the Ro-
man cement type with increased 
strength and whiteness. Accord-
ing to this, the raw materials 
must have:

– increased reactivity, ensur-
ing the intensification of phy-
sical and chemical reactions 
in the silicate system during 
firing with a decrease in the 
maximum temperature;
– the minimum content of 
colored oxides to increase the  
degree of whiteness of the fi-
nal product.
For the production of the raw 

material mixture, the following 
was used:

– chalk from the Zdolbuniv 
deposit of the Rivne region, 
which is industrially used by 
PJSC «Volyn-Cement»;
– aluminum hydroxide of 
PJSC Mykolaiv Alumina Plant;
– pyloquartz of PJSC «No-
voselivskyi GZK» of Kharkiv 
region.
According to the chemical 

composition, among the studied  
raw materials, the sample of Zdol-
buniv chalk is characte rized by  
a high content of CaO, the sample 

of aluminum hydroxide is characterized by the largest 
amount of aluminum oxide, and the sample of pyloquartz 
is characterized by the highest content of silica (Table 1).

The raw materials were prepared by dosing the compo-
nents by weight, mixing and homogenizing in a ball mill,  
firing and grinding the final product according to the 
modern dry method of cement production.

The samples were fired for 15 hours at a maximum 
temperature of 1100 °C with a holding time of 1.5 hours. 
All samples of the mixtures compared were fired simulta-
neously and together to exclude differences in the degree 
of heat treatment. The properties of the binding material 
were determined according to standardized methods.

The methods of physical and chemical analysis of 
silicate raw materials and testing the properties of bin-
ders included:

– determination of the chemical composition according 
to current standards;
– X-ray phase analysis of powder preparations using 
DRON-3M and DRON-4-07 diffractometers.
Analysis of the mineralogical composition of the studied 

raw materials showed:
– the main rock-forming mineral of the Zdolbuniv 
Chalk is calcite (97.6 wt. %) with admixtures of do-
lomite (1.2 wt. %), quartz and kaolinite – 0.5 and 
0.6 wt. %, respectively;
– aluminum hydroxide is characterized by the pres-
ence of hydrargillite (gibbsite), diaspore, boehmite with 
a minor admixture of ilmenite (Fig. 2);
– the main rock-forming mineral of pyloquartz is crys-
talline β-quartz.

Table 1
Chemical composition of raw materials

Sample name
Content of oxides, wt. %

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO SO3 Na2O K2O LOI

chalk 0.77 0.25 0.13 – 55.0 0.25 0.08 – – 43.49

aluminum hydroxide – 65.0 – – – – – – – 35.0

pyloquartz 99.66 0.16 0.06 – – – – – – 0.12

Note: LOI – Loss on Ignition
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Fig. 2. X-ray diffraction of pattern of aluminum hydroxide GD-00:  
 – hydrargillite (gibbsite),  – diaspore, Ω – ilmenite,  – boehmite
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In the investigated silicate system, the increased re-
activity in physicochemical processes during the firing 
of mixtures in the case of calcium and aluminum oxides 
is caused by their formation during the destruction of 
calcite and aluminum hydroxide lattices, and in the case 
of silicon dioxide, by the fine dispersion of pyloquartz.

3.  Results and Discussion

3.1.  Analysis of raw mixtures. The composition of the ini-
tial 3-component raw mixtures based on the chalk-aluminum 
hydroxide-powder quartz system was determined according 
to the known recommendations for low-temperature firing 
cement technology in the range of values of the hydraulic 
modulus НМ = 1.1–1.7 using the created program «Roman-
Cem» for computer calculations [13].

The composition of the mineral binding low-temperature 
firing of the romance cement type is calculated according 
to the given value of the hydraulic modulus НМ, which 
is characterized by the ratio between the most important 
oxides according to the formula:

HM =
+ +

CaO

SiO Al O Fe O2 2 3 2 3
.

The principle of solving the problem based on the soft-
ware is reduced to the following:

1. Data on the chemical composition of probable raw 
components are entered.

2. The value of the hydraulic module HM is set.
3. According to the accepted calculation formula, all 

combinations of components are determined that provide 
the specified values of HM and correspond to the silica 
modulus values recommended for cements.

The accuracy of the obtained results depends solely 
on the error value of the initial data entered into the 
PC, that is, on the accuracy of determining the chemical 
composition of raw materials.

The developed «RomanCem» program has been de-
bugged and is used for quantitative determination of the 
composition of raw mixtures and analysis of the charac-
teristics of mineral binders. At the same time, the opera-
tional speed of calculations allows obtaining a significant 
amount of analytical information.

On the basis of computer calculations, it was established 
that the possible composition and characteristics of the studied 
silicate system significantly changes in the specified range 
of HM values, while the significant role of the quantitative 
ratio of aluminum-silica-containing components is determined.

It was determined that in the interval of the quantitative 
ratio of the content of aluminum hydroxide and pulverized 
quartz Ca/Cp from 0.4 to 0.6, the silica modulus of the 
binder changes in an inversely proportional dependence 
within n = 3.8–2.5 (Fig. 3).

From the point of view of the purpose of this study, 
it is important that in the indicated ranges of НМ and  
Са/Cp values, the compositions of raw mixtures are cha-
racterized by a low level of the content of colored iron 
oxides C = 0.14–0.17 %.

Regarding the issues of industrial ecology, there is in-
terest in the possibility of reducing the content of the 
amount of the carbonate component – chalk in the starting 
mixtures, with a corresponding reduction in CO2 emis-
sions into the atmosphere (Fig. 4).

a

b

Fig. 3. Dependence of the silica modulus (n) of the binder (a) and of the 
content (C ) of colored oxides (b) from the quantitative ratio of hydrate of 

aluminium oxide and pyloquartz (Ca /Cp) in the chalk-based system

a

b

Fig. 4. Dependence of the content (C ) of chalk (a ) and emissions (V )  
of CO2 (b) on the quantitative ratio of aluminum hydroxide  

and pyloquartz (Ca /Cp)

Mineral binders selected on the basis of the analysis of 
the composition of raw materials and computer calculations 
for further research are characterized by differences in the 
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quantitative ratio of the components of the initial mixture 
and the numbers of hydraulic and silica modules (Table 2).

It is obvious that the K7 mixture with Ca/Cp = 0.4 
differs from K9 with Ca/Cp = 0.6 in terms of chemical 
composition: the content and quantitative ratio of oxi-
des: SiO2:Al2O3 = 3.8 versus 2.5, CaO :SiO2 = 1.4 versus 2.4,  
CaO: Al2O3 = 5.3 versus 6.0 with a low content of iron 
oxides – 0.10–0.11 % (Table 3).

Table 2
Compositions of raw mixtures

Mixture 
code

Content of components, wt. %

chalk aluminum hydroxide pyloquartz

K7 65.0 10.0 25.0

K9 73.5 10.0 16.5

Table 3
Chemical composition of raw mixtures

Mixture 
code

Content of oxides, wt. %

SiO2 Al2O3 Fe2O3 CaO MgO SO3 LOI

K7 25.62 6.70 0.10 35.66 0.16 0.05 32.95

K9 16.99 6.71 0.11 40.45 0.18 0.06 35.50

Note: LOI – Loss on Ignition

From the point of view of re-
source conservation and ecology, it 
is important that the K7 mixture, 
with a lower content of the natu-
ral carbonate component – chalk, is 
characterized by lower losses during 
firing – precipitates and, accordingly, 
lower CO2 emissions into the atmo-
sphere – 28.2 against 32.0 % for K9.

3.2.  Phase transformations and ma-
terial  properties.  The results of the 
X-ray phase analysis obtained in this 
work indicate certain differences in 
the physical and chemical transfor-
mations during firing of the studied 
mixtures, which are correlated with 
the specified chemical composition and 
depend on the content and ratio of the 
components (Fig. 5, 6). Thus, after 
firing to the maximum temperature 
of 1200 °C with approximately the 
same qualitative phase composition, 
sample K7 differs from sample K9:

– more crystalline quartz (3.34; 
4.25 );
– in relation to calcium alumino-
silicates – by greater development 
of C2AS helenite (2.86 );
– in relation to calcium alumi-
nates – by a greater develop-
ment of CA (2.51; 4.05 ) with 
a significantly smaller amount of 
mayenite C12A7 (4.92 );
– in relation to calcium silica-
tes – by a greater development 
of C2S (2.75; 2.77 ).
The results of testing samples of 

the binder from the stu died mixtures 

indicate differences in the influence of the composition and 
degree of firing of the starting mixtures on the indicators 
of the properties of the binder material (Table 4). Thus, 
according to the classification of DSTU B V.27-91-99 [14],  
according to the speed of hardening, the binder from K7 
and K9 mixtures when fired at a maximum temperature of 
1100 °C belongs to the group of ultra-fast hardening (start-
ing time no later than 15 min.), which is considered cha-
racteristic of expanding and tensioning cement.

At the same time, sample K7 differs from K9 in the 
slowing down of the hardening process, which is associated 
with a higher ratio of the quantitative content of pylo-
quartz and aluminum hydroxide Sqd/Sah – 2.5 versus 1.6.

According to the specified standard, the binder sam-
ples belong to the group of reduced strength (from 10 to 
30 MPa per compression), but they significantly exceed 
the regulated indicators of natural or Roman cement, and 
in terms of whiteness, they meet the requirements of the 
white Portland cement standard [15].

The development and practical use of cement obtained 
by reducing the maximum firing temperature and, accord-
ingly, the specific fuel consumption contributes to a com-
prehensive solution to the issues of resource conservation 
and production technology of silicate building materials.
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Fig. 5. X-ray diffraction of binder sample K7 after firing at 1200 °C
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Table 4
Properties of the binding material

Characteristics

Sample code and firing temperature, °С

1100 1200

K9 K7 K9 K7

Grinding fineness, residue 
on sieve 008, wt. %

8 7 8 8

Setting time, 
min.

Initial 10 15 30 30

Final 25 90 60 75

Compressive strength after 
28 days, MPa

22.0 21.0 27.5 25.3

Whiteness, % 80 80 86 85

The presented results of research and development open 
up additional reserves for the expansion of the range and 
development of cement production, taking into account 
modern energy saving requirements. At the same time, there 
are no restrictions on the implementation of the results in 
relation to the existing enterprises for the production of 
white cement. Implementation of the development at new 
factories is expedient using the dry method of production.

Prospects for further research are related to the pos-
sibility of introducing mineralising additives into the crea-
ted raw material mixtures as a factor of intensification 
of sintering and phase formation.

The use of the obtained results in the educational process 
of higher education is an example of a practical solution to 
the development of chemical technology of cement while 
reducing specific fuel consumption, which is especially im-
portant in the conditions of martial law.

4.  Conclusions

When studying the silicate system chalk-aluminum hy-
droxide-powder quartz for the production of white cement, 
it was established that in the range of the quantitative 
ratio of aluminum and silica-containing components Ca/Cp 
from 0.4 to 0.6 to silica, the modulus of the binder changes 
in an inversely proportional dependence within n = 3.8–2.5 
with a low content of colored iron oxides at the level  
of C = 0.14–0.17 %.

The defined compositions of the raw material mixture 
based on chalk with the use of an aluminum-silica-contain-
ing complex of aluminum hydroxide-powder quartz allow 
at the maximum firing temperature of 1100–1200 °C to 
obtain a mineral binder that exceeds natural or Roman 
cement in terms of strength (21–27 MPa vs. 10–15 MPa) 
and linen (80–85 % vs. 55–60 %).
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