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Abstract: In Romania, one of the most used filler for the preparation of asphalt mixtures are limestone filler. This is due to the limi ted 

requirements of the Romanian standards which impose precisely what kind of materials should be used to prepare asphalt mixtures, 

compared to the European standards who tempt to request physical-mechanical characteristics of the designed material. Its components can 
be chosen based on required specification. 

Considering these conditions, the usage of bf slag filler seems as good as the usage of limestone filler to obtain the same characteristics of 

asphalt mixtures.  
Bf slag filler and limestone filler has similar properties and behaves similarly in asphalt mixtures. The study presents the similarities 

between these two types of filler, an artificial one obtained at the Liberty Galati steel plant, and a natural one, obtained in Arsita - Iacobeni 
quarry. Both can be used as a construction material in Romania, but the usage of artificial material is not quite common yet. This study 

presents the characteristics of fillers, both as a potential use in asphalt mixture formula.   
To declare de values, bf slag was crushed in laboratory. The same tests were performed on filler and the obtained values were declared in 

accordance with the SR EN 13043:2008 standard. 
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1. Introduction 

In Romania, one of the most used filler for the preparation of 

asphalt mixtures are limestone filler. This is due to the limited 
requirements of the Romanian standards which impose precisely 

what kind of materials should be used to prepare asphalt mixtures, 
compared to the European standards who tempt to request physical-

mechanical characteristics of the designed material. Its components 

can be chosen based on required specification. Considering these 
conditions, the usage of bf slag filler seems as good as the usage of 

limestone filler to obtain the same characteristics of asphalt 
mixtures. Bf slag filler and limestone filler has similar properties 

and behaves similarly in asphalt mixtures. The study presents the 
similarities between these two types of filler, an artificial one 

obtained at the Liberty Galati steel plant, and a natural one, 
obtained in Arsita - Iacobeni quarry. Both can be used as a 

construction material in Romania, but the usage of artificial material 

is not quite common yet. This study presents the characteristics of 
fillers, both as a potential use in asphalt mixture formula.  To 

declare de values, bf slag was crushed in laboratory. The same tests 
were performed on filler and the obtained values were declared in 

accordance with the SR EN 13043:2008 standard. 

2. Prerequisites and means for solving the 

problem. 

The bf sludge has the ability to be used as construction material 

in Romania, considering the specifications of Directive 89/106/EEC 
on the harmonisation of the laws, technical regulations and 

administrative specifications of the Member States relating to 

products for constructions, the considerations of Ordinance 
20/18.08.2010 on the establishment of measures for the uniform 

application of EU legislation harmonising the conditions for the 
marketing of products, as well as the specifications of HG 622/2004 

with amendments and subsequent additions on the establishment of 
the conditions for placing construction products on the market. BF 

sludge is produced in the Liberty Galati plant and meets the 

characteristics of building materials according to specifications of 
SR EN 13043:2002/AC:2004. BF sludge is an artificial aggregate 

that can replace natural aggregates in the process of obtaining raw 
materials for construction industry. It is very commonly found at 

foundation works of various infrastructure works. As for the source 
of provenance, the bf sludge is obtained in the metallurgical 

industry, at the SC Liberty Galati steel plant, located in south-
eastern Romania, in the city of Galati. The product obtained is 

temporarily stored; in the context of the current environmental 

issues, the need to capitalize this material, considered a waste, led to 
a much closer analysis of the physic-chemical properties of the bf 

sludge in terms of the standards mentioned above, studying the 

ability to use this material as well as the domain in which it can be 

used. Currently, the bf slag storage dump of the plant is in Galati 
municipality, on its own storage platform. SC Liberty Galati 

exploits the bf sludge, performing the processes of extraction, 
selection of sludge from storage dump, loading in crushing and 

sorting plants, sorting in different size fractions, storage of the 
materials of different size fractions obtained until revaluation. The 

crushed stone material is used mainly as granular raw material, as 

components of different material used in construction. Favourable 
effects of the use of bf sludge as building material includes reducing 

or even removing the dimensions of the storage dump, conservation 
of natural resources by limiting their use in industry (natural 

aggregates from quarries) and by redesigning the materials 
commonly used in construction works infrastructure, inclusion in 

the waste management plans of the sludge new methods for 
revaluation. So far, the ability to use bf sludge as filler has not been 

investigated in research of asphalt mixes formulas for bituminous 

layer.  

The characteristics of the bf sludge obtained at SC Liberty 
Galati, from which it is desired the processing and obtaining of 

filler in the laboratory are stated in the certificate for factory 
production control, this being elaborated on different sorts. As raw 

material for obtaining filler it was used artificial aggregate sort 0/4 
mm, which was obtained from blast furnace sludge, crushed, and 

sorted; the raw material is suitable for use in obtaining bituminous 

mixtures used in the construction of roads, airports, and other traffic 
areas, in accordance with the provisions of SR EN 13043: 2002 / 

AC: 2004, as it is stated in the certificate for factory production 
control. In this sense, on the aggregate of origin, laboratory tests 

were performed according to the current, and the values of the 
characteristics were determined by laboratory tests. Below are the 

characteristics of the sludge, relevant for demonstrating the ability 

to be used as a filler (not all the characteristics were determined on 
the 0/4 mm fraction). 

Table 1: Characteristics determined on blast furnace slag. 

No. Characteristics of bf slag Test values 

obtained bf slag 

1 Volumetric mass of bulk 
(for fraction 0/63 mm) 

1,51 Mg/mc  

2 Pre-dried volumetric mass 
for fraction 0,063 / 31,5 mm 

2,58 Mg/mc  

3 Freeze-thaw resistance 

- for fraction 4/8 mm 
- for fraction 8/16 mm 

- for fraction 16/31,5 mm 
- for fraction 31,5/63 mm 

 

2,6 % 

1,9 % 

0,7 % 
0,9 % 

4 Chemical composition  
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- calcium oxide, CaO 
- silicon dioxide, SiO2 

- aluminium oxide, Al2O3 
- iron oxide, FeO 

- magnesium oxide, MgO 

- manganese oxide, MnO 
- sulphur in the form of 

sulphides, S 

34,0...46,0 % 
31,0 ... 39,0 % 

11,00 ... 21,00 % 
0,2 ...0,7 % 

≤ 8 % 

0,1…1,9 % 
0,4…1,0 % 

5 Chemical character 

(determination made by SC 

Liberty Galati supplier) 

the raw material is 

chemically inert, it 

is 100% ecological, 
it has no negative 

impact on the 
environment 

6 Disintegration of granulated 
sludge from the furnace, made 

on the 0/63 mm lot, cooled in 

air from the dump 
(determination made by the SC 

Liberty Galati supplier) 

after immersion in 
water, no piece 

shows cracks or 

disintegrations 

Visually analysing the raw material that will be processed in the 

laboratory by grinding as a filler, we declare the following 
characteristics found through visual observations: the raw material 

is homogeneous, with a compact granular appearance, crystalline, 

without any impurities of any kind (such as: earth bulbs, coal, clays, 
etc.). The granules have a polyhedral appearance, are crushed, and 

have different dimensions included in the 0/4 mm granulation. To 
use the filler in the preparation of asphalt mixtures, the conformity 

check with the requirements of the standard, through initial type 
tests, must be carried out. These initial tests will be the starting 

point for the control of the future output. In the following, 

according to SR EN 13043, chapter 5, "Characteristics of fillers", 
we can find out what are the characteristics imposed on the 

supplemental fillers used in the preparation of the asphalt mix. In 
this sense, to identify the characteristics on the filler obtained from 

the bf sludge, we will determine the followings. 

3. Solution of the examined problem.  

3.1. Characteristics regarding granularity. 

The granularity of the filler added to the mixture improves the 
granularity of the total mineral aggregate, in the way of reducing the 

volume of voids. Due to its fineness, the filler occupies part of the 
holes of the aggregates (fine, medium, and large), contributing to 

the creation of a more compact and more resistant mineral skeleton. 

The filler added to the asphalt, besides the granulometric role, also 
has the role of increasing the compaction of the mixture of natural 

aggregates, therefore an optimum granulation will be finally 
reflected in the degree of compaction of the mixture. The 

granularity is determined by gravimetric sifting through sieves, 
initially determining the fraction left on the sieves, after which were 

calculated the passes through those certain sieves, after which those 

passes were converted to percentages of the total analysed content. 
According to the tests carried out in the laboratory, the following 

values were obtained. 

Table 2: Granularity of blast furnace slag filler sample. 

No Sieve dimension, in mm Results, in % 

1 Passing through sieve of 2 
mm 

100,00 

2 Passing through sieve of 
0,125 mm 

87,90 

3 Passing through sieve of 

0,063 mm 

76,30 

3.2. Harmful fine particles (test using methylene 

blue). 

The defect that can appear in the bituminous road layers due to 
the presence of impurities or water in the mineral aggregates, is the 

surface with pits; they represent holes with a diameter of about 20 

mm, on small thicknesses or that can even extend all the thickness 
of the layer. Pits occurs either due to impurities in aggregates, or the 

presence of soft or altered rocks in the preparation of the asphalt 
mixture, or because of the presence of water in mineral aggregates. 

The laboratory tests were performed on the filler, which revealed 
the content of harmful fine particles as well as the moisture of the 

filler. According to the SR EN 13043 and AND 605 norms, the 

following limits were imposed as: for harmful fine particles: 
methylene blue value VBF 10 g / kg (category ≤ 10); humidity: max 

1%. 

 Table 3: Methylene blue test of blast furnace slag filler sample. 

No Test carried out Results, in % 

1 Methylene blue test, on 0/2 
mm fraction 

0,40 

3.3. Water content. 

The moisture of the mineral aggregates plays an important role 
in the final mixing because a water content can lead to the 

formation of clods, to the uncomplete coating of the granules 

respectively to the formation of pits in the wear layer. Such a 
mixture put in place favors the infiltration of water into the layer. 

The humidity was determined by drying in the ventilated oven. 

In this phase of analysis of the filler in the laboratory, due to the 
possibility of drying the material up to the constant mass, it is 

considered that the humidity is 0%, subject to the fact that it will be 
considered that when preparing the mixture, the humidity of the 

filler should not be less than 1%. 

3.4. Pre-dried volumetric mass. 

Pre-dried volumetric mass is a characteristic of the granular 
material that serves to further determine the actual volumetric mass 

of the asphalt mixture. Also, this spreads over other characteristics 

of the asphalt mixture in which the filler is used, and which will be 
analyzed later, determinations that are: the volume of voids in the 

mineral structure, the volume of voids in the asphalt mixture, the 
volume of voids filled with bitumen. Due to the influence on the 

pre-dried volumetric mass of the future mixture and implicitly of 
the volume of voids, this will be reflected in the degree of 

compaction, in the behavior of the mixture in the layer under the 
action of traffic. 

Table 4: Pre-dried volumetric mass of blast furnace slag filler sample. 

No Test carried out Results, in 
Mg/cm3 

1 Pre-dried volumetric mass 2,589 

3.5. Porosity. 

The porosity of the filler has a great influence on the asphalt 
mixing behavior. Due to the micropores in the composition of the 

filler granules, they can have a reduced hardness, which is 

expressed by the high porosity. The high porosity filler can change 
the bitumen properties. The high porosity of the filler is mainly 

given by the content of impurities in the form of clay (determined 
by the methylene blue value method) as well as the compounds 

Fe2O3 and Al2O3. 

Table 5: Relevant compounds for porosity of blast furnace slag filler 

sample 

No Characteristics 

determined 

Results, in %  

1 Clay content 
(methylene blue test 

method), VBF 

0,40 grams of 
methylene blue solution 

/ kg of fraction 0/0,2 
mm 

2 Content of Fe2O3 

compounds 
0,20 ...0,70 % 

3 Content of Al2O3 

compounds 

11,00 ... 21,00 % 

3.6. Water solubility. 
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For the determination, a filler sample was prepared, with a mass 
of 25 grams, after which it was dried to a constant mass at 110 

degree Celsius. The test samples were placed in two 500 ml 
Erlenmeyer glasses, weighed together with the contents and their 

weigh was recorded. The mass of the dry filler from each glass 
resulted from the difference. In each glass a quantity of water equal 

to half the mass of the test tube was added. The coated specimens 

were stirred continuously to avoid sedimentation for 24 h. After the 
time expired, the liquid was filtered from above, leaving the residue 

in the glasses. The residue left in both the glass, the funnel and the 
filter paper were dried and cooled to room temperature and then 

weighed again. 

Table 6: Water solubility of blast furnace slag filler sample. 

No Test carried out Results, in %  

1 Water solubility 0,60 

3.7. The specific surface of filler by Blain test. 

The specific surface of the filler represents the total surface of 
the filler particles contained in its mass unit. The surface of the 

filler always contains cracks, pores, bumps of microscopic 
dimensions. The granules are porous, the pores being both on the 

surface and closed, labyrinthine, connected between them. The 
closed porosity does not contribute to the adsorption phenomenon 

in the filler-binder mixture, while the open porosity, specially the 

one with dimensions up to 100 μ, represents a relatively large 
surface compared to the total surface of the granule, which will 

influence the bitumen absorption phenomenon at the top of the filler 
granules. Due to the phenomena that appear at the filer- bitumen 

interface, the knowledge of the specific surface of the filer 
constitutes an appreciation of its quality. The larger its specific 

surface, the more the influence of the structure of the filler on the 

bitumen is manifested. In the asphalt mixture, the influence of the 
specific surface correlated with the fineness of the filler granules 

can be negative, because the exceptionally fine granules can lead to 
particle agglomerations in the mixture. These agglomerations have 

the effect of reducing the compactness of the asphalt mixture. In 
practice, these effects have been found predominantly in the asphalt 

mixtures used in the wear layer, especially at the high dosage of 
filler of the mineral mixture, between 7 ... 12%. The other granular 

materials in the composition of the asphalt mixture have 

extraordinarily little influence regarding the specific surface, the 
predominant being this characteristic of the filler. 

On the analyzed sample, the specific surface was determined by 

Blaine test, determining the fineness. 

Table 7: Finesse by Blaine test on blast furnace slag filler sample. 

No Test carried out Results, in 

cm2/g 

1 Finesse (Blaine method) 5086 

3.8. Emissions of radioactive substances. 

The material is chemically inert, 100% ecological, does not 

have a negative impact on the environment.  

4. Results and discussion. 

The results of the two materials, one – bf slag filler and one  - 
natural rock filler existing on the market, are comparable, and 

because the filler obtained from bf sludge complies with the 
requirements of the standard on which it was verified, SR EN 

13043, we can conclude that it can be used in the preparation of 
asphalt mixtures, to be analyzed the way of his behavior in 

interaction with bitumen, as well as in the total compounds of 

asphalt mixture.  

Table 8: Comparative analysis on blast furnace slag filler sample and 

limestone filler 

No Characteristics  Values on 

bf sludge / limestone 
filler 

1 Pre-dried volumetric 2,589Mg/mc 2,750Mg/mc 

mass 

2 Granularity 

- passing through sieve 

of 2 mm 
- passing through sieve 

of 0,125 mm 
- passing through sieve 

of 0,063 mm 

 

100,00% 

87,90% 
 

76,30% 

 

100,00% 

93,20% 
 

80,21% 

3 Harmful fine particles 
content (VBF) 

0,40% 2,00% 

4 Water content 0,00% 0,40% 

5 Blain test. Specific 

surface 

5086cm2/g 4276cm2/g 

6 Water solubility 0,09% 0,17% 

7 Chemical composition: 

- calcium oxide, CaO 
- silicon dioxide, SiO2 

- aluminum oxide, 

Al2O3 
- iron oxide, FeO 

- magnesium oxide, 
MgO 

- manganese oxide, 
MnO 

- sulfur in the form of 

sulfides, S 

 

34 – 46 % 
31 – 39 % 

11,0 - 21 % 

0,2 ...0,7 % 
≤ 8 % 

 
0,1… 1,9 % 

0,4…1,0 % 

 

51,54% 
4,25% 

1,67 % 

0,47 % 
0,10% 

 
- 

0,09% 

8 Chemical character the raw 

material is 
chemically 

inert, it is 
100% 

ecological, it 

has no 
negative 

impact on the 
environment 

 

 
 

limestone 
rock 

Like the other components of asphalt mixtures, the filler is 

dosed in precise quantities. When the dosage is correctly chosen, 
the filler increases the specific surface of the natural aggregate, 

increases the mixture compactness, and by the filler- bitumen 
mixing mixture which is made when mixing, the resistance of the 

asphalt mixture is increased (the stability) and reduces the 
deformation of the mixture at high temperatures. The role of the 

filler in asphalt mixtures is given both by the physical, mechanical, 
and chemical characteristics of the filler as well as by its dosage in 

the mineral skeleton and by the ratio between the filler and bitumen. 

As the ratio is at the upper limit imposed, both the physical-
mechanical strengths of the mix as well as durability, increase. The 

thickness of the bitumen film that covers the filler particles, 
thickness which is determined by the bitumen dosage in the total 

mixture, influences the characteristics of the mixture.  

From the tests carried out directly on filler, its characteristics 
are expressed, which refers strictly to the material and by 

determining the characteristics of the asphalt mixtures it can be 

deduced if the filler has fulfilled its role in the mixture. Dosed 
correctly, the filler performs its role in asphalt mixtures, but the 

excess filler can be harmful, as follows: very often it is possible to 
be formed in the composition of asphalt mixture clod of filler, or the 

mixture itself can be exceedingly difficult to work with; this can 
lead to insufficient compaction of the layer which favors the 

infiltration of water into the gaps between the granules, and 
consequently their disassembly. In any case, granules of mineral 

aggregate must be coated with a thin film of bitumen. The thicker 

the film, the more deformed the mixtures and the shear resistance 
decreases. Obtaining a fine bitumen film can be done by filing.  

Known assumptions regarding the influence of fillers on the 

asphalt mix are the stability and creep of the asphalt mixtures vary 
significantly with the filler dosage, the filler improves the binder 

viscosity, because of its granularity, reduces the volume of voids in 
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the asphalt mixture, the filer - bitumen interaction (the filer - 
bitumen ratio) has a significant influence on the physical-

mechanical properties of the asphaltic mixtures. If the filler-bitumen 
ratio is increased, keeping the percentage of binder constant, then 

the mixture obtained will be more rigid, will have a high stability 
and low deformation, and during the paving process the mixture 

will require mixing and a more energetic compaction. The increased 

rigidity is given by increasing the softening power of the filamented 
bitumen and reducing the volume of apparent voids. The excess 

filler generally leads to a difficult to work mix, possibly even with 
uncoated granules, which favor water penetration. If the ratio of 

filler-binder decreases keeping the percentage of binder constant, 
then the mixture will be more elastic, will have a low stability and a 

high deformation. The mixture will deform at the action of a low 
force, especially at high temperature. Also, a low content of filler 

favors the leakage of the binder from the surface of the granules due 

to its low viscosity. 

Therefore, it can be easily concluded that both the physical-
mechanical and chemical properties and the filler dosage will have 

an influence on the characteristics of asphalt mixtures. Due to the 
comparable test results on natural and artificial filler, we expect that 

both types of fillers will fulfil their role in operation. 

5. Conclusions 

The possibility of using a material from the metallurgical 
industry, material that is currently stored in dumps in the SC Liberty 

Galati space, will offer future advantages such as: the guarantee of 

the elimination of these deposits, introduction in the life cycle of 
some products from warehouses, avoiding environmental problems 

and including penalties for deposits. By using the steel waste 
obtained from the steelworks, favorable results can be obtained both 

in terms of economic development as well as the valorization of a 
material that, if is not being used, is treated as waste.  

Currently, there is a tendency to exploit bf sludge waste, due to 

its ability to be used as an artificial aggregate in the construction 
industry, bf sludge being processed (crushed and sorted) in different 

dimensions and used as granular material, especially in foundations. 

Blast furnace sludge is the result of the technological process of 
obtaining castings, by granulation. During the technological 

process, the sludge is liquid and has a temperature of approximately 
1480 degrees Celsius. The sludge granulation process is obtained by 

hydrodynamic shock resulting in the granulated sludge product. 
Also, the granulated sludge can be crushed and sorted later to obtain 

the sorts. After granulation in the water of the sludge, it is removed 

from the basin with the excavators and stored on platforms, to drain 
water.  

For the bf sludge filler producer, the possibility of using this 

material as a raw material gives it the opportunity to: partially 
substitute the fuels used to support the raw material (stone 

quarrying), to be actively involved in the procedures for the 
protection of the environment. For the society, the possibility of 

using the granulated sludge will bring benefits amount: 

conservation of natural resources (quarry rock, the most used rock 
in Romania in the production of filler), reducing the impact on the 

environment, by removing the dumps from the deposits, avoiding 
overcrowding of the material in deposits.  

As it results from the tests carried out and from the theoretical 

considerations described in this chapter, the filler plays an important 
role in the construction of asphalt mixtures. The fineness properties 

and the inert character of the filler highlight the process of inertial 

interaction in the mixture. Therefore, it is important to establish the 
characteristics of the filler before placing it in the mixture, in order 

not to compromise the quality of the mixture made. We can 
conclude after this study, the role that the filler has in mixtures and 

the effect of its characteristics on the prepared mixture, as follows: 
it leads to the improvement of the granularity of the mineral 

mixture, it leads to the delay of the aging phenomenon of the 
bitumen, it leads to the increase of the stability of the asphalt 

mixture and to the decrease of the deformation, it improves the 

adhesive of the binder, the porosity of the filler influences the 
binder dosage and the mixing behavior; if necessary, in order to 

decrease the porosity of the filler, it is possible to use activating 
substances in its grinding process (in production), the porosity of 

the particles is affected by their shape; the particle shape also 
influences the adhesive bonding to the granule surface 
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