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DESCRIPTION 

 

TITLE: HYDRAULIC BINDER FOR MORTAR COMPOSITION 

 

[0001] The present invention relates to a hydraulic binder for a mortar 5 

composition based on a by-product of the industry, on a mortar composition 

comprising said binder, as well as on floor products or fast-setting mortars or 

techniques obtained from such a composition. 

 

[0002] Many mortar compositions used in the field of construction use cements 10 

of the aluminous type (also known by the abbreviation CAC for “calcium 

aluminate cements”) or sulfoaluminate (or also known by the abbreviation CSA 

for “calcium sulfoaluminate cements”). These types of CAC cements have 

been developed for many years and their use is currently widespread. Indeed, 

these cements make it possible in particular to shorten the setting times and 15 

therefore to accelerate the hardening of the composition but also to control the 

dimensional variations during hardening or also to reinforce mechanical 

strength. Thus, aluminous or sulfoaluminate cements are used in a mixture 

with Portland cements to achieve rapid setting. The accelerating power of the 

binary system depends on the CAC/OPC ratio. It is also known that aluminous 20 

or sulfoaluminate cements are used in a mixture with sources of calcium 

sulfate and optionally Portland cement to control the dimensional variations or 

else to obtain rapid endogenous hardening. 

 

[0003] One of the current concerns remains to significantly reduce the carbon 25 

footprint of the products for construction. The processes for manufacturing 

clinker require operations of decarbonation, calcination, and clinkerization by 

heating, in particular at very high temperatures on the order of 1450°C. 

Aluminous and Portland cements are for example at the origin of emissions of 

about 800 kg of CO2 per ton of cement produced. They are also consumers of 30 

energy and natural resources. 
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[0004] An alternative solution to aluminous or sulfoaluminate cements would 

therefore have a potential benefit for manufacturers. It is within this context 

that the present invention is included, which proposes a hydraulic binder based 

on a by-product of industry, considered to be a by-product and thus rarely or 

never recycled until now. The method for preparing the by-product for use in 5 

construction materials generates a lower amount of CO2 emissions and 

therefore makes it possible to improve the carbon balance. 

 

[0005] The present invention relates to a hydraulic binder for a mortar 

composition, which comprises at least one ladle slag having a particle size 10 

distribution by volume such that the D50 is less than 40 µm. 

 

[0006] Slag is a by-product of an industrial process involving the melting of a 

starting material, said melting being intended to separate metals from an oxide 

phase, the latter being called “slag”. 15 

 

[0007] Ladle slags are steel slags, resulting from the secondary metallurgy of 

steel. More specifically, the conversion steel (resulting from a cast steel 

converting the cast iron, in particular in an oxygen converter) or so-called 

electric steel (resulting from electric steel mill, in particular by the melting of 20 

scrap steel in an arc furnace) is poured into a ladle and transferred into an 

installation called “ladle furnace”. Generally equipped with three graphite 

electrodes, the ladle furnace allows the desired shade to be made up by 

addition and deoxidation supplements and ensures that the temperature is 

maintained. Homogenization of liquid steel is ensured by gas stirring with 25 

argon or nitrogen. Ladle slag is the slag from the ladle furnace. 

 

[0008] Ladle slags are distinguished, by their chemical and mineralogical 

composition, from other steel slags, namely blast furnace slag and other steel 

mill slags that are conversion steel slags (often called “LD slag”) and electric 30 

steel slags. For example, the blast furnace slags used in hydraulic binders are 

generally amorphous (vitreous) since they were “granulated”, that is to say 
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cooled suddenly by watering. Ladle slags are also more basic than electric 

steel slags. However, it will be noted that the ladle slags have different 

chemical compositions and mineralogical compositions depending on their 

origin, depending in particular on the addition and deoxidation supplements 

used. 5 

 

[0009] In order to make it reactive, the ladle slag is ground to obtain very fine 

particles. This grinding operation is to be taken into consideration to calculate 

the carbon footprint during the manufacture of the binder. However, if it is 

compared to the carbon footprint of a method for manufacturing an aluminous 10 

or sulfoaluminate cement, the grinding operation very greatly reduces CO2 

emissions. 

 

[0010] The ladle slag used in the invention has a particle size distribution by 

volume such that the D50 is less than 40 µm, preferably less than 20 µm, and 15 

in particular between 8 and 15 µm. The D50 is the size such that 50% by 

volume of the particles have a size less than this D50 value. The particle size 

distribution by volume is preferably determined by laser granulometry (also 

called laser diffraction granulometry). This fineness of the particles makes it 

possible in particular to give the slag good reactivity, allowing it to be used in 20 

a mortar composition and to obtain the expected properties in terms of setting 

time and mechanical strength. The D90 is preferably less than 100 µm, 

especially less than 60 µm. 

 

[0011] The inventors have been able to demonstrate that, surprisingly, such 25 

slag could, partially or totally, replace aluminous cements, while conferring the 

same properties of accelerated hardening of the composition, of controlling 

dimensional variations during the hardening, and of improving mechanical 

strength. These properties make it particularly advantageous to add such a 

binder into mortar compositions for floor products, in particular screeds, 30 

coatings, and quick-setting mortars. 
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[0012] Due to the complementary addition of lime or dolomite in the pouch, the 

ladle slag is very rich in lime. It is also rich in alumina. 

 

[0013] In the present document, the elementary chemical compositions are 

given as equivalent mass% of oxide. For example, said substance contains 5 

X% alumina means that this substance contains the aluminum element in an 

amount equivalent to that provided by X% alumina; this does not necessarily 

mean that the substance contains alumina as a chemical compound or 

mineralogical constituent. 

 10 

[0014] Ladle slag preferably has a chemical composition which comprises the 

following constituents within the limits hereunder expressed as percentages 

by weight: 

- SiO2: 2-20%, particularly 5-15%, especially 7-12%, 

- CaO: 30-60%, particularly 40-55% 15 

- Al2O3: 15-50%, particularly 20-48%, or even 25-45%, particularly 30-40%. 

 

[0015] Ladle slag may also comprise magnesia (MgO), in particular in a 

content of between 2 and 10%, or even between 3 and 8%. 

 20 

[0016] In order not to negatively impact setting time, the iron oxide content in 

ladle slag is preferably less than 5% by weight, especially less than 3% by 

weight, and even less than 2% by weight. 

 

[0017] The ladle slag is preferably crystallized at least 30%, in particular at 25 

least 50% or 60%, or even at least 70% or 75% by weight. The degree of 

crystallization can be evaluated by X-ray diffraction by the Rietveld method. 

The degree of crystallization will in particular depend on the rate of cooling of 

the slag, with a more slowly cooled slag developing more crystalline phases. 

 30 

[0018] Particularly advantageously for the intended application, the ladle slag 

comprises at least one crystalline phase of calcium aluminate type (in 
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particular of the type of C3A and/or C12A7, this latter phase being called 

mayenite, and/or C4AF), in particular in a content by weight of at least 10%, or 

even at least 15% and even of at least 20%, in particular between 10 and 60%, 

or even between 30 and 55%. 

 5 

[0019] Preferably, the ladle slag comprises both a phase C3A and a phase 

C12A7, in a total content by weight of at least 20%, in particular of at least 30%, 

in particular of between 35 and 60%. 

 

[0020] The reactivity of the ladle slag is also improved if it further comprises 10 

crystalline phases of calcium silicate type (in particular of type C2S and/or 

C3S). Preferably, the total content of crystalline phases of the calcium 

aluminate type is, however, greater than the total content of crystalline phases 

of the calcium silicate type. 

 15 

[0021] The binder preferably comprises ladle slag and at least one of the 

following constituents: 

- one or more cements selected from Portland cements, belite cements, 

aluminous or sulfoaluminate cements, cements of pozzolanic mixtures 

optionally comprising fly ash, silica fumes, limestone, calcined schist and/or 20 

natural or calcined pozzolans, and/or 

- a source of calcium sulfate selected from plaster, hemihydrate, gypsum 

and/or anhydrite, alone or in a mixture. 

 

[0022] The binder according to the present invention may be a binary binder, 25 

in the sense that it is the mixture of two constituents, or a ternary binder if it is 

a mixture of three constituents. The binder may also be more complex in its 

composition and comprise more than three different constituents, in particular 

four. 

 30 

[0023] In a binary system comprising ladle slag and a cement, advantageously, 

the binder consists of ladle slag and Portland cement. Preferably, in a binary 
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system of this type, the ladle slag content is less than 40% by weight, the 

remainder being Portland cement. Even more preferentially, the ladle slag 

content is less than 20% by weight. This limited amount of ladle slag makes it 

possible to maintain mechanical strengths compatible with the desired 

applications. 5 

 

[0024] In a binary system consisting of ladle slag and a source of calcium 

sulfate, the ladle slag content may be higher. Such a system may comprise up 

to 90% by weight of ladle slag, in particular from 50 to 80%, or even from 60 

to 75% by weight, of ladle slag, the remainder being calcium sulfate. 10 

 

[0025] The binder may also advantageously be a ternary binder and consist of 

ladle slag, Portland cement and calcium sulfate. The relative proportions of 

each of the constituents can vary depending on the desired application for the 

mortar. For example, the binder may comprise between 10 and 50% by weight 15 

of Portland cement, between 30 and 70% by weight of ladle slag, and between 

10 and 50% by weight of calcium sulfate. 

 

[0026] The binder according to the present invention may optionally comprise 

aluminous or sulfoaluminate cement. The binder is then a quaternary binder 20 

consisting of ladle slag, Portland cement, aluminous cement and calcium 

sulfate. In this type of binder, the ladle slag partially substitutes for the 

aluminous cement. 

 

[0027] In a particularly preferred manner, the binder according to the invention 25 

comprises (or even consists of), by weight: 

- from 5 to 80%, in particular from 10 to 70%, or even from 30 to 60% of ladle 

slag, 

- from 0 to 50%, in particular from 2 to 35%, or even from 5 to 30% of Portland 

cement, 30 

- from 1 to 50%, in particular from 5 to 45%, or even from 15 to 35% of calcium 

sulfate, and 
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- from 0 to 60%, in particular from 2 to 35%, or even from 5 to 20% of aluminous 

cement. Such a binder is in particular suitable for floor products. 

 

[0028] Thus, very advantageously, the binder comprises or consists, by weight, 

from 5 to 80% of ladle slag, from 0 to 50% of Portland cement, from 1 to 50% 5 

of calcium sulfate and from 0 to 60% of aluminous cement. Even more 

advantageously, the binder comprises or consists of, by weight, from 10 to 70% 

of ladle slag, from 2 to 35% of Portland cement, from 5 to 45% of calcium 

sulfate and from 2 to 35% of aluminous cement. 

 10 

[0029] The present invention also relates to a dry mortar composition 

comprising a binder according to the invention and aggregates. 

 

[0030] The composition is called dry since the majority, or even all, of these 

constituents are in powder form. The percentages of each of the constituents 15 

are given as mass percentages relative to the totality of the components of 

said composition. 

 

[0031] The aggregates generally used in mortar compositions have a diameter 

of less than 8 mm, preferably less than 4 mm, or even less than 3 mm, which 20 

distinguishes the mortar compositions from concrete compositions, which 

contain coarse aggregates. The aggregates are mineral grains, in particular 

stone grains, gravel, pebbles, stones and/or sands. The aggregates may 

comprise fillers, which are finely ground inert mineral materials, generally of 

the calcareous or siliceous type. Preferably, the aggregates comprise sands 25 

and/or fillers, but not gravel or aggregates. The total content of aggregates is 

preferably between 40 and 90% by weight relative to the dry mortar 

composition. 

 

[0032] According to one example, the mortar composition according to the 30 

present invention comprises a binary hydraulic binder which is a mixture of 

ladle slag and Portland cement. 
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[0033] It may also comprise a ternary hydraulic binder which is the mixture of 

ladle slag and of two other binders selected from: 

- a cement selected from Portland cements, belite cements, aluminous or 

sulfoaluminate cements, cements of pozzolanic mixtures optionally comprising 5 

fly ash, silica fumes, limestone, calcined schist and/or natural or calcined 

pozzolans, alone or in a mixture, and/or 

- a source of calcium sulfate selected from plaster, hemihydrate, gypsum 

and/or anhydrite, alone or in a mixture. 

 10 

[0034] Preferably, the mortar composition according to the present invention 

comprises a ternary hydraulic binder which is the mixture of ladle slag, Portland 

cement and a source of calcium sulfate, in particular chosen from plaster, 

hemihydrate, gypsum and/or anhydrite, alone or in a mixture. 

 15 

[0035] The mortar composition may further comprise aluminous or 

sulfoaluminate cement. The mortar composition can thus comprise a 

quaternary hydraulic binder which is the mixture of ladle slag, Portland cement, 

aluminous cement and a source of calcium sulfate. 

 20 

[0036] The binder according to the invention preferably represents between 10 

and 60% by weight of the dry composition of mortar (therefore of the total dry 

mixture of the various powder constituents), as a function of the use chosen 

for the composition. 

 25 

[0037] Particularly preferably, the mortar composition comprises (by weight) 

from 0 to 7%, in particular from 3 to 6%, of Portland cement, from 1 to 35%, in 

particular from 8 to 15%, of ladle slag, from 1 to 15%, in particular from 5 to 

10% of calcium sulfate, from 0 to 5%, in particular from 1 to 4% of aluminous 

cement, and from 40 to 90% of aggregates. Such mortar compositions are 30 

particularly advantageous for floor products. 
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[0038] The mortar composition according to the present invention may 

comprise an activator chosen from activators known for their use in 

compositions for mortars based on ternary binders or cements. 

 

[0039] The composition may also comprise, in addition, one or more additives, 5 

chosen from rheological agents, water-retaining agents, air-entraining agents, 

thickeners, biocidal protecting agents, dispersants, pigments, accelerators 

and/or retarders, polymeric resins, anti-foaming agents. The total content of 

additives and adjuvants varies preferably between 0.001 and 5% by weight 

relative to the total weight of the dry composition. 10 

 

[0040] The presence of these various additives, in particular but not 

exclusively, makes it possible to adapt the setting time or the rheology of the 

wet mortar composition, that is to say after mixing with water, so as to meet 

the expectations based on the desired product. 15 

 

[0041] The present invention also relates to floor products such as coatings or 

screeds, and also to technical mortars (in particular repair mortars) capable of 

being obtained by mixing with water of the dry mortar composition. The binder 

according to the invention is also particularly advantageous in the case of 20 

rapid-setting mortars, in particular jointing mortars or adhesive mortars. These 

floor products are traditionally obtained by curing in air and at room 

temperature of the mortar obtained after mixing. For example, the screeds or 

floor coatings are obtained by mixing the dry composition of mortar with water, 

then by pouring onto a substrate the liquid obtained so as to obtain a layer that 25 

is then allowed to cure in air and at room temperature. 

 

[0042] By way of example, for a self-leveling floor compound, the start of 

setting is generally less than 2 hours. The spreading values of the wet 

composition must generally be greater than 200 mm when they are measured 30 

at 2 minutes. The spreading value is determined using a ring having a height 

of 35 mm and a diameter of 68 mm. 
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[0043] The product obtained after drying and hardening of the wet mortar 

composition which may be a floor coating or a screed must meet certain 

mechanical characteristics. For example, as regards France, the flexural 

strength of these products must in particular be greater than 4 MPa after 28 5 

days, and the compressive strength must be greater than 18 MPa after 28 days 

for class P3. 

 

[0044] For floor applications, it is also important for shrinkage during the drying 

of the wet composition to be controlled. This shrinkage is generally less than 10 

1 mm/m. 

 

[0045] The examples which follow show the invention without limiting the 

scope thereof. 

 15 

[0046] Table 1 below shows the composition of mortars for floor products 

tested (in mass %) as well as the properties obtained. 

 

[0047] In this table, OPC refers to Portland cement of the CEM I type, CAC 1 

and CAC 2 are two types of aluminous cement (respectively referred to by the 20 

trade names HiPerCem and Ciment Fondu), and calcium sulfate is a mixture 

of anhydrite and hemihydrate. 

 

[0048] The ladle slag had the following weight composition: 8.8% SiO2, 31.5% 

Al2O3, 49.4% CaO, 6.4% MgO, 1.1% TiO2, 1.1% Fe2O3 and 1.7% impurities. 25 

The slag was very predominantly crystallized, and contained 30% phase C12A7 

(mayenite), 16% phase C3A and 16% C2S phases. Its D50, determined by 

laser granulometry, was 9.8 µm and the D90 of about 42 µm. 

 

[0049] Comparative example C1 uses aluminous cement, but no ladle slag. 30 

 



 11 

[0050] The table indicates the spreading at 2 minutes, measured according to 

the method measured above, the start and end of setting, determined by the 

Vicat test, the bending and compression resistances at 1, 7 and 28 days, 

measured according to the EN 13892-2 standard, and the shrinkage at 28 

days, measured according to the standard EN13872 standard. 5 

 

[Table 1] 

 

 C1 1 2 3 4 

OPC 5.5 5.5 3.5 5.5 1 

CAC 1 13 2 2 - - 

CAC 2 - - - 1 1 

Ladle slag - 10 10 10 8 

Ca Sulphate 6.9 6.9 6.9 6.9 6.9 

Aggregates 72 73 75 74 80.5 

Additives 2.6 2.6 2.6 2.6 2.6 

Water 20% 20% 20% 20% 20% 

      

Spreading (2 min) - mm 221 200 200 212 - 

Start of setting – min 60 90 85 90 53 

End of setting – min 70 95 90 95 - 

Bending 1 d - MPa 3.9 3.6 3.4 3.1 2.8 

Bending 7 d - MPa 7.7 6.6 6.4 5.4 4.9 

Bending 28 d - MPa 10.0 8.5 8.1 7.7 5.8 

Compression 1 d - MPa 16.2 14.9 13.0 13.8 12.2 

Compression 7 d - MPa 27.1 27.8 28.1 25.7 25.6 

Compression 28 d - MPa 37.1 31.4 34.1 34.4 28.9 

Shrinkage 28 d - mm/m -0.5 -0.3 -0.3 -0.4 -0.2 

 

[0051] These results show that the substitution of aluminous cement with ladle 10 

slag makes it possible to obtain particularly high-performance floor products. 
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Claims 

 

1. A hydraulic binder for a mortar composition comprising at least one ladle 

slag having a particle size distribution by volume such that the D50 is less than 

40 µm. 5 

 

2. The binder according to claim 1, such that the ladle slag has a chemical 

composition which comprises the following constituents within the limits 

hereunder expressed as percentages by weight: 

- SiO2: 2-20%, particularly 5-15%, especially 7-12%, 10 

- CaO: 30-60%, particularly 40-55% 

- Al2O3: 15-50%, particularly 20-48%, particularly 25-45%. 

 

3. The binder according to one of the preceding claims, such that the ladle 

slag comprises at least one crystalline phase of calcium aluminate type in a 15 

content by weight of between 10 and 60%. 

 

4. The binder according to the preceding claim, wherein the at least one 

crystalline phase of the calcium aluminate type is of C3A or C12A7 type. 

 20 

5. The binder according to the preceding claim, such that the D50 of the 

ladle slag is less than 20 µm, in particular between 8 and 15 µm. 

 

6. The binder according to one of the preceding claims, comprising said 

ladle slag and at least one of the following constituents: 25 

- one or more cements selected from Portland cements, belite cements, 

aluminous or sulfoaluminate cements, cements of pozzolanic mixtures 

optionally comprising fly ash, silica fumes, limestone, calcined schist and/or 

natural or calcined pozzolans, and/or 

- a source of calcium sulfate selected from plaster, hemihydrate, 30 

gypsum and/or anhydrite, alone or in a mixture. 
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7. The binder according to one of the preceding claims, which comprises 

or consists of, by weight, from 5 to 80% of ladle slag, from 0 to 50% of Portland 

cement, from 1 to 50% of calcium sulfate and from 0 to 60% of aluminous 

cement. 

 5 

8. The binder according to the preceding claim, which comprises or 

consists of, by weight, from 10 to 70% of ladle slag, from 2 to 35% of Portland 

cement, from 5 to 45% of calcium sulfate and from 2 to 35% of aluminous 

cement. 

 10 

9. A dry mortar composition comprising a binder according to one of the 

preceding claims, in particular in a content of between 10 and 60% by weight, 

and aggregates. 

 

10. The dry mortar composition according to the preceding claim, wherein 15 

the aggregates have a diameter of less than 8 mm, preferably less than 4 mm. 

 

11. The dry mortar composition according to one of claims 9 or 10, 

comprising by weight from 0 to 7% of Portland cement, from 1 to 35% of ladle 

slag, from 1 to 15% of calcium sulfate, from 0 to 5% of aluminous cement and 20 

from 40 to 90% of aggregates. 

 

12. The dry mortar composition according to the preceding claim, 

comprising by weight from 3 to 6% of Portland cement, from 8 to 15% of ladle 

slag, from 5 to 10% of calcium sulfate, from 1 to 4% of aluminous cement and 25 

from 40 to 90% of aggregates. 

 

13. The dry mortar composition according to one of claims 9 to 12, 

comprising one or more additives, chosen from rheological agents, water-

retaining agents, air-entraining agents, thickeners, biocidal protecting agents, 30 

dispersants, pigments, accelerators and/or retarders, polymeric resins. 
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14. A floor product such as a coating or screed, or technical mortar, capable 

of being obtained by mixing with water of the dry mortar composition according 

to one of claims 9 to 13. 

 

15. The floor product according to the preceding claim, which is a screed or 5 

a floor coating. 

  


