
Introduction 

Gasification of coal is one of the most dynamically
developing clean coal technologies. This process enables the
production of liquid fuels, electricity, and heat while achiev-
ing high rigor in the environment, in particular reducing
emissions. Gasification plants currently under construction
are based primarily on one of the three types of reactors:
fixed bed, fluidized bed, and entrained flow. The most of
them, up to 2016 will be based on the last one [1].

So far Poland has not yet constructed an industrial coal
gasification plant. However, the rapid development of this
technology in other countries suggests that it may take
place in the near future. The start of the operation of an
industrial coal gasification plant will bring with it a new
byproduct that will require new methods of management.

Depending on the technology used and on the temperature
during the process, by-products of gasification are created
in the form of fly ash, agglomerated ash, or slag.

This paper presents the results of mechanical tests of
samples of concrete and binder mixtures prepared with the
participation of slag from coal gasification, formed in an
entrained flow “slagging” reactor in a foreign installation.
This type of reactor has a high operating temperature that
exceeds the melting point of the mineral matter in the fuel.
During gasification, liquid mineral material slag runs down
the walls of the reactor until a collection point, where it is
rapidly cooled. In this way, the primary product of this
process is an amorphous slag. Fly ash captured in the purifi-
cation of exhaust gas may be a separate product, and also
be recycled to the reactor [2-4].

Research on the management of gasification by-prod-
ucts, including slags, are normally conducted by research
centres located close to the gasification plant. In literature
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outside Poland you can find examples of research on the
possibilities of by-products of gasification. Most of the
research concerns the possibility of using such materials as
aggregates for building and road construction [3, 5]. They
were also useful in the ceramics industry [6-8].

Possibilities of using by-products from thermal coal
conversion depend on the local needs and available tech-
nology logistics as well as the properties and the suitabili-
ty of such materials. Taking into account national and
international experience on the use of combustion by-
products, we can distinguish several major directions in
which by-products of gasification could be used. In Polish
conditions, recipients of such materials can be primarily
mining, the building industry, road construction, and the
cement industry.

In Poland, so far we’ve seen a number of studies to
define the properties of gasification by-products from
plants based on entrained flow reactors and fluidized bed
reactors [9], and an analysis of possibilities of utilizing
these first in mining technologies [10].

This paper considers the subject of the application of
slag from gasification of coal components of concrete and
binding mixture. Present result tests of mechanical proper-
ties include compressive and flexural strength of such com-
posites.

Materials and Testing Methods

For testing was used slag from coal gasification origi-
nating in a foreign installation based on the entrained flow
reactor. First, the basic properties of the material were

determined, such as the density and particle size distribu-
tion (Fig. 1).

In the first part of the study concrete samples were pre-
pared in the proportions: cement 0.5, aggregate 3, water 1
(0.5/3/1). As a binder component was used Portland cement
CEM I 42.5. In the reference samples quartz sand was used
as an aggregate. Subsequently, in the samples of concrete,
sand was replaced with slag from coal gasification, up to
100% of the share. All samples were made in the form of
concrete beams with dimensions: 40×40×160 mm. The
samples after 24 hours from preparation were placed in
water and seasoned there until the 90th day, and then they
were seasoned in air-dry conditions at 20-23ºC and 50%
humidity.

Realized research focused on the mechanical proper-
ties: flexural strength (Rf) and uniaxial compression
strength of 40×40 mm cubic samples. Samples were tested
after 28 days (and marked with an index of “28”), after 90
days (index “90”), and after one year of aging (index “Y”).

The second, parallel run phase of the study was to deter-
mine the applicability of gasification by-products as com-
ponents of binder mixtures. Due to the fact that the materi-
al is characterized up to 3 mm grain size, some of the slag
has been milled to a grain size typical for fly ash. Milled
gasification slag was used to prepare samples of binder
mixtures, with the same water-to-solid ratio (w/s = 0.5), but
with different contents of cement. Cement grout was used
as a reference samples (with 100% cement as solids), and
in the subsequent series cement was partially (30, 50, and
70%) replaced by the milled slag. For testing was used
Portland cement CEM I 42.5 and metallurgical cement
CEM III 32.5. Prepared samples had the shape of beam size
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Fig. 1. Tested materials: a) granulation; b) distribution of particles of slag in concrete samples (after bending test), from the left: 100%
of slag in aggregate, 75%, 50%, 25%, and 0%.



40×40×160 mm (similar to concrete samples). The samples
were seasoned after preparation at 22ºC at relative humidi-
ty of 100%. Strength tests (Rc and Rf, such as concrete
samples) were performed after 60 days of preparation.

Tests Results

The results of particle size distribution of the materials
used are summarized in Fig. 1a. Grading milled slag is close
to the particle size of fly ash from coal combustion. Specific
density of the slag is 2.63 Mg/m3, and the sand 2.54 Mg/m3.

Fig. 1b shows pictures of concrete specimens with dif-
ferent shares of slag as aggregate, after the bending test.
Even the arrangement of grains shows that some of the slag
grains were destroyed, which was not observed for the
grains of sand. 

The strength parameters of concrete involving the slag
as aggregate were tested in three test periods: after 28 days,
after 90 days, and one year after preparation. The results are
shown in Figs. 2c and 2d. As expected, the strength of the
samples increased with seasoning time. Between the first
series of measurements (after 28 days) and the final (after
year) growth Rc is from 10 to 20%. Much larger differences
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Fig. 2. Mechanical properties of samples with content of gasification slag:  a) compression strength of bonded mixtures, b) flexural
strength of bonded mixtures, c) compression strength of concrete, d) flexural strength of concrete.



were observed in the case of flexural strength. For some
samples Rf increased more than fourfold after one year. 

Larger content of slag in the aggregate resulted, gener-
ally lowering both the compressive strength and flexural.
Nevertheless, reducing Rc of samples containing slag did
not exceed 10% compared to standard samples (with sand
as aggregates).

Different was the case for the bending test: after 28
days, the results for all samples were very similar to each
other. However, the passage of time increased the differ-
ence between the Rf of samples with bigger slag content in
aggregate (75 and 100%), and the bigger Rf of the other
samples. Lower flexural strength of samples with the high-
est content of the slag is also confirmed by macroscopic
observation. After the bending tests, on fracture surface
cracking cases of larger grains of slag was observed. Such
a phenomenon did not take place for the samples based on
the sand aggregate 

The strength test results of binding mixtures are shown
in Figs. 2a and 2b. Strength sample mixtures decrease with
increasing shares of milled slag faster in samples based on
metallurgical cement. In mixtures in which the proportion
of slag in solids of 70%, Rc of samples reaches 32% of the
value Rc of the cement grout, and the Rf only 21%. For
mixtures prepared from Portland cement, loss of strength is
smaller. For samples containing 70% of milled slag in the
solid parts (and 30% of Portland cement), Rc value reached
42%, and Rf 32% of the strength of cement grouts. 

Conclusions

The purpose of realized studies was to preliminary
determine the suitability of slag originating from coal gasi-
fication in an entrained flow reactor, as a component of
concrete and binding mixtures, because of the mechanical
properties.

Studies have shown the possibility of replacing all or
part of the natural aggregate (sand) by the slag from the
gasification of coal in concrete samples. Dependence
between increasing slag content and a drop of strength
were observed. The drop in the case of Rc was low – not
more than 10%, even when the only slag was as aggregate.
More important proved to be the effect of slag aggregate
on flexural strength. Because of the Rf it would be advis-
able to use mixtures of slag with sand or other comparable
aggregate.

Milled slag from coal gasification can also be used as a
filler component for the preparation of binder mixtures.
Especially in mixtures of Portland cement, high strength
properties were obtained, even with 70% share of the
milled slag. Binders with comparable parameters are now

available on the market and used in engineering works,
road building, mining engineering, etc.

The studies performed are of preliminary nature. It is
only byproducts of gasification studies available on the
domestic market (coming from the gasification of coal in
the local indigenous plants) that will allow for a precise def-
inition of their management capabilities.
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