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Abstract. The construction industry is demanding more and more quality decorative cements. 

The demand for them and the requirements for their performance are constantly growing. But since 

decorative cements are based on white Portland cement, their production is associated with the 

disadvantages of the production of all clinker cements  low environmental friendliness, high 

energy consumption and high prices. They are not always able to provide decorative ecological and 

comfortable coatings with increased performance. In addition, many countries do not produce it and 

have to import it. 

An effective alternative to decorative clinker cements can be decorative slag-alkaline cement 

obtained from industrial waste. It also provides a number of special properties  a wide range of 

colors, color fastness, high strength, high adhesion, durability and many others. 

But the problem associated with the use of slag-alkaline cements as decorative cements with 

high linen ( 70%) is the unstable chemical composition of the slag and, first of all, the different 

presence of iron oxides in it. It is shown that the presence of iron oxides can reduce the whiteness of 

decorative slag-alkaline cements due to the synthesis of compounds in them, which give the 

samples of blue-green color and due to the presence of iron oxides proper, which are inherent in 

color from brown to dark brown. 

The paper shows the regularities of the influence of the chemical composition of blast-furnace 

slags on the whiteness of an artificial slag-alkaline stone. Possibilities of obtaining decorative 

alkali-activated cements with a wide range of whiteness  from 70 to 97% are shown. Methods of 

reducing the cost of slag-alkaline decorative cements by using a complex bleaching additive, where 

part of the expensive TiO2 can be replaced by kaolin or CaCO3, are shown. A new method for 

determining the whiteness of hardened materials is proposed. 
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Introduction. Industrial development and safety policies require new building materials that 

are economical and environmentally friendly. In particular, this applies to decorative cements used 

to enhance the architectural expressiveness of buildings and to carry out finishing work. The 

demand for them and the requirements for their performance are constantly growing [1]. Decorative 

cements are usually made on the basis of white cements [2]. However, such cements have all the 

disadvantages of Portland cement, including high energy demand, high cost and low environmental 

friendliness in their production. White Portland cements need to be imported. They, also, are not 

always able to provide decorative ecological and comfortable coatings with increased performance 

[3-5]. Decorative slag-alkaline cement produced from industrial waste can be an effective 

alternative. It also provides a number of special properties  a wide range and color stability, high 

strength, high adhesion, durability, etc. [6-12]. 
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Analysis of recent research. But the problem associated with the use of slag-alkaline 

cements as decorative cements with high whiteness ( 70%) is the unstable chemical composition 

of the slag. In particular, this concerns the presence of iron oxides in it, the content of which can 

range from 0.13% to 2.95%. In addition, in the initial periods of hardening, slag-alkali compositions 

can acquire a blue-green color. In the literature [13], this is associated with the formation of 

compounds of the FeSO4∙7H2O type and this was the reason for concerns about the possibility of 

obtaining white decorative cements on their basis. 

In previous studies in this direction [14-16], insufficient attention was paid to the influence of 

individual additives and their interaction on the decorative and physical-mechanical properties of 

slag-alkali cements. 

Purpose and objectives of research. Based on the analysis of literary sources and theoretical 

prerequisites, the aim of the work is to study the possibility of effective control of the 

decorativeness of slag-alkaline cements (slag alkali-activated cements), regardless of the 

composition of the slags. Research data are aimed at choosing such additives that should have 

maximum bleaching properties and would enhance the stabilization of bleaching processes during 

hydration and hardening of slag in the presence of alkalis. The research data are aimed at 

determining both the individual and the simultaneous effect of several additives on whiteness and 

physical and mechanical characteristics, as well as determining the optimal content of these 

additives in slag-alkali decorative compositions. 

Materials and research methods. Three types of granulated blast furnace slags were used in 

the study: Ukrainian metallurgical plants (slag M and slag K) and one  from the Russian 

Federation (slag T). All slags were ground in a ceramic mill to obtain a specific surface area of 

4500 cm
2
/g (according to Blaine). All investigated slags had a glass content in the range from 50 to

60%. The chemical composition of the studied slags is shown in Table 1.  

Table 1  Chemical composition of slag 

Slag 

type 

Main oxides content, % by mass 

 Mb Ma 
СаО MgO Аl2О3 SіО2 МnО SO3 FеО 

Na2О 

+ К2О 
ТіО2 

Slag T 43.5 6.3 7.0 43 0.054  0.42  0.26 100.53 1.00 0.16 

Slag M 47.0 4.6 6.8 38.9 0.55 1.8 0.35   100.00 1.13 0.17 

Slag K 48.5 4.6 4.6 38.2 0.81 1.1 1.65 0.79  100.25 1.24 0.12 

A low-hygroscopic alkaline compound  sodium metasilicate pentahydrate  

Na2O∙SiO2∙5H2O was used as an alkaline component. 

Titanium dioxide (TiO2), KH 84 class kaolin used in the paper industry with a whiteness of 

84%, and calcium carbonate (CaCO3) in powder form with a whiteness of 90% were used as 

bleaching additives. 

Determination of the whiteness of decorative slag alkali-activated cements was carried out by 

scanning the surface of the cement samples with high resolution and then measuring the whiteness 

by comparison with a reference sample with a whiteness of 98% in PhotoShop Soft. 

Technological and physical-mechanical properties of slag alkali-activated cements were 

determined in accordance with the current Ukrainian standards. 

Research results. 

Mechanical characteristics of slag alkaline-activated cements. At the first stage of the 

research, the compressive strength of the slag-alkaline cement was determined depending on the 

amount of the alkaline component. Slag (M) was assigned as the base aluminosilicate component of 

slag-alkaline cement for comparison with other slags based on the minimum content of iron oxides 

in it. 

The compressive strength of slag-alkaline cement is shown in Fig.1. 
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The analysis of the given results showed that all compositions meet the requirements for 

cement of strength classes 42.5...52.5. High values were achieved with an alkaline activator content 

of 8 and 10% by weight  they turned out to be almost the same at the age of 28 days and both 

cement compositions met the requirements for cements of strength class 52.5. The results of the 

study show that the compressive strength after 28 days decreases with an increase in the content of 

sodium metasilicate by more than 10%. 

Considering the higher early strength (after 2 days) of the cement containing 10 wt% sodium 

metasilicate, it was chosen for further research. 

Whiteness of slag-alkali cements. The next stage of the study was to test the brightness of 

alkali-activated slag cements made from three slags, and to investigate possible ways to increase it 

by adding bleaching additives such as TiO2, CaCO3 and kaolin clay with a high degree of disease. 

In the studies, the following limits were adopted for varying the amount of bleaching additives in 

cement: TiO2 from 2.5 to 7.5% by weight, kaolin clay from 5 to 15% by weight and CaCO3 from 15 

to 25% by weight. 

The results of the study of whiteness degree of the investigated slag-alkaline cements are 

shown in Fig. 2. 

Analysis of the above results allowed us to reveal that slag alkali-activated cements based on 

slag (T) and slag (M) adhered to similar patterns, and the best bleaching effect for these two cement 

compositions was achieved with the addition of TiO2. Slag (K) showed the lowest whiteness 

characteristic of all cement compositions. The best whitening result was obtained with calcium 

carbonate, but it was close to the system without any bleaching agents. All other additives showed a 

decrease in cement performance by whiteness. 

The obtained data on the degree of whiteness for a part of the investigated slag alkali-

activated cements indicate that they meet the requirements for decorative materials, that is, they 

have a whiteness degree of 70% and higher. 

However, the addition of large amounts of TiO2 is not economically efficient. On the other 

hand, it is necessary to use some fillers in order to reduce possible shrinkage deformations of slag 

materials based on slag alkali-activated cements. Moreover, such fillers should not reduce the 

degree of whiteness. 

For this, a set of experiments was carried out aimed at identifying the combined effect of various 

bleaching agents. Based on the results of previous studies, TiO2, kaolin clay and CaCO3 were selected 

as such additives. The experiments were carried out according to a two-factor mathematical design. 

According to research results, TiO2 was recognized as the best whitening agent. 
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Fig. 1. Compressive strength of slag-alkaline cement depending 

on the content of the alkaline component. Slag type  M 
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The ranges of variation for all additives have been set according to previous results in terms 

of maintaining the required strength grades of 42.5 and 52.5. The maximum content of CaCO3 was 

taken to be 25%, for kaolin clay  15%. The TiO2 content in the experiments was taken in the range 

of 2.5...7.5%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of studies of the degree of whiteness of the investigated slag alkali-activated 

cements with TiO2 and calcium carbonate powder are shown in Fig. 3, and with TiO2 and kaolin  

in Fig. 4. 

The analysis of the results obtained allowed us to show that in the case of the combined use of 

TiO2 and CaCO3, a degree of whiteness can be achieved, which varies within 85...97%, which 

meets the standard requirements for high-quality decorative materials. 

The CaCO3 content in slag-alkaline cement made with slag (M) was the main one, and the 

titanium dioxide content was minor (corrective). And for slag-alkaline cement based on slag (T), the 

interaction of the aforementioned additives was important. 

In the case of slag (K), when the TiO2 content was 2.5 to 5.0 wt.%, the calcium carbonate 

content was more important. After increasing the TiO2 content to 5.0...7.5 wt. %, The combination 

of the above additives was the most effective. The combination of kaolin and white TiO2 pigment 

also made it possible to obtain a high degree of whiteness of the studied alkali-activated slag 

cements. It can be concluded that the whiteness of the slag alkali-activated test cements increased 

rapidly with increasing titanium dioxide content, while the addition of kaolin clay allowed the 

whiteness to be changed only within narrow limits. 

The experiments carried out allow us to conclude that slag-alkaline cement made from slag 

(K) has an insufficient degree of whiteness compared to slag-alkaline cements made from slag (T) 

and slag (M). This can be explained by the different chemical composition of the feedstock, and 

first of all, by the presence of iron oxides contained in the slag: 0.35%  in the slag (M), 0.42% in 

the slag (T) and 1.65% in the slag (K). Thus, it can be assumed that the content of iron oxide in the 

raw material is the main reason that explains why the whiteness tended to decrease. The small 

difference between the whiteness degree of slag-alkali cements made from slag (T) and slag (M) 

can be explained by the relatively small difference in the presence of iron oxide in these slags 

(Table 1). 
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Influence of iron oxides on the whiteness of slag-alkaline decorative cements. The presence of 

iron oxides in slag-alkaline decorative cements can impair their whiteness for two reasons: 

  due to the formation of compounds of the type FeSO4∙7H2O [13] and the acquisition of a 

blue-green color; 

  due to the fact that iron oxides have a color from brown to dark brown, they thereby reduce 

the whiteness of the cement. 

But if in the first case this color appears in the early stages of hardening and gradually 

disappears in air due to carbonization over the surface [17], then in the second case, the decrease in 

whiteness depends on the amount of iron oxides and can only be corrected with appropriate 

bleaching additives and/or the choice of slag low in iron oxides. 

To reveal the role that FeO plays in relation to the whiteness of slag-alkali cements, the 

following experiment was performed  FeO powder was added to slag (M) to simulate slag 

compositions (T) and (K). The proportions of the optimal cement composition did not change. 

The results are shown in Fig. 5. 

Fig. 3. Isolines of whiteness of 

slag-alkaline cements depending on 

the type of slag and the amount of 

TiO2 and CaCO3 additive 
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Fig. 5. Influence of FeO on the whiteness of alkali-activated slag 

cements. No whitening additives 

50

55

60

65

70

75

0 0,5 1 1,5 2 2,5 3

Content FeO, %

W
h

it
e

n
e

s
s

,%

Slag (М) 
Slag (Т) 

Slag (К) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

88 

86 

84 

82 

80 
78 

76 

2,5 5,0 7,5 
15 

10 

5 

ТіО2, % 

K
ao

lin
, %

 

Slag (Т) 

96 

94 

92 

90 

88 

86 
84 

82 
80 

82 

76 72 

15 

10 

5 

K
ao

lin
, %

 

Slag (М) 

66 
68 

70 

72 

74 

2,5 5,0 7,5 
15 

10 

5 

ТіО2, % 

K
ao

lin
, %

 
Slag (К) 

 

 

 

 

 

 

 

 

Fig. 4. Isolines of whiteness of 

slag-alkali cements depending on 

the type of slag and the amount of 

kaolin and TiO2 addition 

2,5 5,0 7,5 
ТіО2, % 

63
__________________________________________________________________________________________________________

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2021, no. 83, page 58-66

____________________________________________________________________________________________________________BUILDING MATERIALS AND TECHNIQUES 



The results of this study allow us to conclude that with an increase in the FeO content in the 

slag, a decrease in the whiteness of the cement is observed. 

Thus, the assumption about the role played by the composition of the slag and, in particular, 

the content of FeO in it for the degree of whiteness, was correct. 

Conclusions. The research results lead to the following conclusions: 

 The content of iron oxide in the raw material plays a decisive influence on the whiteness of 

alkali-activated slag cements. The easiest way to improve whiteness is to reduce the amount of iron 

oxides in alkali-activated slag cement. This can be realized by choosing slags with a low iron oxide 

content, grinding the slag in mills with ceramic lining and ceramic grinding bodies, and by 

introducing bleaching additives.  

 The main corrective effect on the whiteness of alkali-activated slag cements is produced by 

TiO2. Its amount can vary depending on the required brightness of the final product and the content 

of iron oxides in the blast furnace slag. Some TiO2 can be replaced with white mineral additives 

(calcium carbonate and kaolin clay) without significant loss of whiteness. The use of TiO2 additives 

alone and in combination with CaCO3 and kaolin additives made it possible to obtain decorative 

slag-alkaline cements with a whiteness of 70...97%. 

 The obtained decorative slag-alkali cements have a strength class of 42.5...52.5. 

 A new method for determining the whiteness of decorative cements has been proposed by 

scanning the surface of cement samples, followed by measuring the degree of whiteness by 

comparing it with a reference sample with a whiteness of 98% in PhotoShop Soft. 

 Further work will be aimed at determining the operational characteristics of slag-alkaline 

decorative compositions ‒ adhesion, efflorescence, resistance to ultraviolet radiation, durability. 
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Анотація. Будівельна індустрія потребує все більшої кількості якісних декоративних 

цементів.  Попит на них і вимоги до їх експлуатаційних характеристик постійно зростають. 

Але так як декоративні цементи базуються на білому портландцементі, то їх виробництво 

пов'язане з недоліками виробництва усіх клінкерних цементів  низькою екологічністю, 

високою енергоємністю і високою ціною. Вони не завжди здатні забезпечити отримання 

декоративних екологічних і комфортних покриттів з підвищеними експлуатаційними 

показниками. Крім того, багато країн його не виробляють і змушені імпортувати. 

Ефективною альтернативою клінкерним декоративним цементам може бути 

декоративний шлаколужний цемент, який отримується з використанням промислових відходів. 

Він також дозволяє забезпечити ряд спеціальних властивостей  широкий діапазон кольорів, 

стійкість кольорів, високу міцність, високу адгезію, довговічність та багатьох інших. 

Але проблемою, пов’язаною із застосуванням шлаколужних цементів у якості 

декоративних цементів з високими характеристиками білизни ( 70%) є нестабільний хімічний 

склад шлаку і в першу чергу різна присутність у ньому оксидів заліза. Показано, що наявність 

оксидів заліза може знижувати білість декоративних шлаколужних цементів за рахунок синтезу 

в них сполук, які надають зразкам синьо-зеленого кольору і за рахунок присутності власне 

оксидів заліза, яким притаманний колір від коричневого до темно-коричневого.    

У роботі показані закономірності впливу хімічного складу доменних шлаків  на білість 

штучного шлаколужного каменю. Показані можливості отримання декоративних лужно-
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активованих цементів із широким діапазоном білості  від 70 до 97%. Показані способи 

здешевлення шлаколужних декоративних цементів за рахунок використання комплексної 

відбілювальної добавки, де частина дорогого ТіО2 може бути замінена каоліном або СаСО3. 

Запропоновано новий метод визначення білості затверділих матеріалів. 

Ключові слова: декоративні цементи, лужно-активовані цементи, ступінь білості. 

ЗАВИСИМОСТЬ БЕЛИЗНЫ ДЕКОРАТИВНЫХ ШЛАКОЩЕЛОЧНЫХ ЦЕМЕНТОВ 

ОТ ХИМИЧЕСКОГО СОСТАВА ДОМЕННЫХ ШЛАКОВ 
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Аннотация. Строительная индустрия требует все большего количества качественных 

декоративных цементов. Спрос на них и требования к их эксплуатационным 

характеристикам постоянно растут. Но так как декоративные цементы базируются на белом 

портландцементе, то их производство связано с недостатками производства всех клинкерных 

цементов  низкой экологичностью, высокой энергоемкостью и высокой ценой. Они не 

всегда способны обеспечить получение декоративных экологических и комфортных 

покрытий с повышенными эксплуатационными показателями. Кроме того, многие страны 

его не производят и вынуждены импортировать. 

Эффективной альтернативой клинкерным декоративным цементам может быть 

декоративный шлакощелочного цемент, получаемый с использованием промышленных 

отходов. Он также позволяет обеспечить ряд специальных свойств  широкий диапазон цветов, 

стойкость цвета, высокую прочность, высокую адгезию, долговечность и многих других. 

Но проблемой, связанной с применением шлакощелочных цементов в качестве 

декоративных цементов с высокой белизной ( 70%) является нестабильный химический состав 

шлака и, в первую очередь, разное присутствие в нем оксидов железа. Показано, что наличие 

оксидов железа может снижать белизну декоративных шлакощелочных цементов за счет 

синтеза в них соединений, которые придают образцам сине-зелений цвет и за счет присутствия 

собственно оксидов железа, которым присущ цвет от коричневого до темно-коричневого. 

В работе показаны закономерности влияния химического состава доменных шлаков на 

белизну искусственного шлакощелочного камня. Показаны возможности получения 

декоративных щелочно-активированных цементов с широким диапазоном белизны  от 70 

до 97%. Показаны способы удешевления шлакощелочных декоративных цементов за счет 

использования комплексной отбеливающей добавки, где часть дорогого TiO2 может быть 

заменена каолином или СаСО3. Предложен новый метод определения белизны затвердевших 

материалов. 

Ключевые слова: декоративные цементы, щелочно-активированные цементы, степень 

белизны. 
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