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Characteristics of selected wastes from carbon gasification

Introduction

Gasification is included among various so called “clean coal” technologies, and is one
of the most promising methods of using these conventional fuels – hard coal and lignite.

Coal gasification is a commercially applicable method. At present, it is being tested in
experimental installations with a power output of 50–600 MW (Pérez-Fortes et al. 2009).
In Poland this technology is planned for implementation on the on an industrial scale
technical scale.

Despite having many advantages, coal gasification nevertheless produces waste. That is
why in considering the possibilities for commercial implementation of this technology,
consideration must be given to the occurrence of its wastes – slag and fly ash. These wastes
contain a high content of SiO2 (Table 1 and 2), especially slag and ash from coal and
petroleum coke gasification, where SiO2 content reaches a level of 50%.

The wastes from the gasification process are, in general, the kind of wastes included into
group 10 – wastes from thermal processes; and subgroup 10 01 – wastes from power stations
and other plants of fuels combustion. However, because of the use of gasification tech-
nology, the properties of the obtained wastes may differ from currently produced wastes.

In a gasification installation, it is possible to use alternative fuels such as petroleum coke,
fuels from wastes of RDF type (Refused Derived Fuel), or bio-mass. The result is a reduction
in the cost of energy production and the cost of waste storage.
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The introduction of gasification technology results in the production of a new kind of
waste which should be examined and classified to find a way to manage it or store it in an
ecologically safe way. At present, knowledge of gasification wastes is rather limited because
they originate mainly from pilot installations.

Amorphous phase is a basic phase for slag and ash from coal gasification, coal and
petroleum coke gasification, and coal and bio-mass gasification. In the ash from coal and
petroleum coke gasification there is a small quantity of the sulphides PbS, ZnS, and FeS.
The presence of hematite (Fe2O3), mullite (3Al2O3 · 2SiO2), hercynite (FeO · Al2O3),
and anorthite (CaO · Al2O3 · SiO2) have been proven (Aineto et al. 2005, 2006a, b). This
ash, according to the work of Aineto et al. (2006b), can be classified as ash of class F
(SiO2 + Al2O3 + Fe2O3 – max. 70%; SO3 – max. 5.0%; Loss on ignitron – max. 6; Moisture
content – max. 3.0%) according to ASTM C 618 Standard Specification for Coal Fly Ash
and Raw or Calcined Natural Pozzolan for Use in Concrete.

In the ash from coal gasification, some phases have been found similar to those appearing
in wastes from conventional boilers, such as quartz (SiO2), anhydrite (CaSO4), calcite
(CaCO3), hematite (Fe2O3), and mullite (3Al2O3 · 2SiO2) (Tang et al. 2010).
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TABLE 1

Chemical composition of ash from different installations of a steam-gas block with integrated fuel
gasification [wt. %]

TABELA 1

Sk³ad chemiczny popio³ów z ró¿nych instalacji bloku gazowo-parowego ze zintegrowanym zgazowaniem
paliwa [% mas.]

Chemical compound

Chemical composition of ash from gasification

coal
Song et al.

2009

coal and coke from petroleum refining

Aineto et al.
2005, 2006a

Aineto et al.
2006b

Font et al. 2005

Loss on ignition (1000°C) N/A N/A 3.47 N/A N/A

SiO2 43.67 56.47 54.35 56.7 61.6

Al2O3 28.69 24.13 23.22 18.8 19.2

Fe2O3 17.77 3.99 3.84 3.8 3.9

TiO2 1.39 0.54 0.67 0.5 0.5

CaO 3.55 3.64 3.5 6.4 3.0

MgO 0.82 0.68 0.65 0.8 0.6

SO3 2.82 1.39 b.d. 1.2 1.1

Na2O 0.40 0.70 0.6 0.6 0.5

K2O 0.91 4.05 3.9 3.3 3.3



This article presents the results of research on ash and slag characteristics, determining
their chemical and phase composition (by means of X-ray diffraction analysis and thermal
analysis method) and microstructure.

1. Results of research

1.1. C h e m i c a l c o m p o s i t i o n

Because of the small number of existing coal gasification installations worldwide, the
general knowledge regarding the wastes from the process is not sufficient, and due to lack of
testing in Poland (domestic installations are in the experimental phase), all research has been
conducted on the basis of foreign materials and data.

This analysis used the wastes from two different coal gasification installations. These
installations use coal and petroleum coke, and coal with biomass as fuels. The following
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TABLE 2

Chemical composition of slag from different installations of a steam-gas block with integrated fuel gasification
[wt. %]

TABELA 2

Sk³ad chemiczny ¿u¿li z ró¿nych instalacji bloku gazowo-parowego ze zintegrowanym zgazowaniem paliwa [% mas.]

Chemical
compound

Chemical composition of slag from gasification

coal and coke from petroleum refining coal

Acosta
et al. 2001

Acosta
et al. 2002a

Acosta
et al. 2002b

Aineto
et al. 2005

Aineto
et al. 2006

Song et al.
2009

Song et al.
2010

Tang et al.
2010

Loss on
ignition

(1000°C)
– – 2.64 0.34 0.34 – – 25.69

SiO2 56.7 57.27 56.93 55.12 55.12 41.16 46.55 40.83

Al2O3 21.8 23.01 18.77 28.20 28.20 15.69 26.04 11.76

Fe2O3 4.8 5.67 4.38 5.77 5.77 12.60 3.30 6.46

TiO2 0.6 8.39 0.47 – 0.76 0.77 1.14

CaO 9.3 – 11.44 6.04 6.04 26.04 20.58 9.36

MgO 1.0 – 0.97 0.93 0.93 1.34 0.96 1.04

SO3 1.4 1.48 1.81 0.51 0.51 – 0.23 0.72

Na2O 0.3 – 0.33 0.40 0.4 1.39 0.33 1.20

K2O 2.1 – 1.7 2.39 2.38 1.01 0.87 1.75



three samples have been tested: 1. ash (ACB) and slag (SBC) from coal and biomass (wood
chips from recycled fresh wood, bark, and hard and soft board residues) gasification; 2. waste
from the pulverised coal power plant of Electrabel in Belgium, equipped with an atmospheric
CFB gasifier using air; and 3. slag from coal, and oil shale gasification (SCO) wastes from the
Integrated Gasification in the Combined Cycled power plant ELCOGAS S.A. in Puertollano.
Their respective chemical compositions have been determined in detail.

The tested samples demonstrated a high content of SiO2, over 53% (Table 3), confirming
the results obtained by other authors (Table 1 and 2). A low content of CaO and the lack of
free CaO is distinctive for these wastes. The low content of CaO and free CaO may indicate
a lack of the binding properties typical for the tested wastes. This is why it may be assumed
that these wastes could not be used in the technologies employing conventional ash from
coal combustion processes (Ko³odziejczyk et al. 2012; Piotrowski 2008).

TABLE 3

The chemical composition of tested waste (wt. %)

TABELA 3

Sk³ad chemiczny badanych odpadów (% mas.)

Chemical compound ACB SCB SCO

SiO2 65.10 53.10 57.00

Al2O3 14.90 19.20 23.50

Fe2O3 6.65 12.85 6.70

TiO2 0.65 0.80 0.70

ghtCaO 4.05 9.30 8.00

MgO 1.95 2.00 1.45

SO3 0.33 0.28 0.25

Na2O 1.54 0.80 0.43

K2O 3.27 1.43 0.90

CaOf 0.00 0.00 0.00

Loss on ignition 1.36 0.47 0.7

The chemical composition the SCB and SCO slag could be classified as alkaline slag of
a chemical composition similar to silica fly ash from lignite combustion, and the ACB fly ash
reveals a chemical composition similar to silica fly ash from hard coal.

1.2. P h a s e c o m p o s i t i o n

X-ray diffraction and differential thermal analysis (DTA) methods were used to mark
the phase composition of the wastes.
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The phase composition marking was conducted with the use of X-ray diffraction by
the powder method of Debye-Sherrer-Hull. The measurement was conducted for the
angular range 5–60° 2� CuK�. The thermogravimetric testing was carried out using
the Derivatograph of Paulik-Paulik-Erdej OD-2. The measurement was made in an air
atmosphere. The speed of heating was constant, holding at 10°C·min–1. All the tested
samples, with a weight of 60 mg or 90 mg, were heated in a platinum pot from the ambient
temperature to 1000°C. Observations of the grains morphology were conducted using the
scanning microscope Nova 200 Nano SEM made by FEI, equipped with a microanalyser
of the characteristic radiation energy EDS, by EDAX-Link, enabling the point chemical
analysis.

The phase composition testing by the X-ray diffraction method showed only substances
of amorphous character (no reflections from crystal substances on the heightened amorphous
background), as shown in the diffractograms in Figure 1. This was confirmed by the results
of the phase composition testing conducted with the thermogravimetric (DTA) method.
These results showed only stable amorphous phase – there are no exothermic peaks related to
recrystallization (Fig. 2). However, the obtained results differ from those obtained by other
authors, because in the tested wastes only the amorphous phase was determined (Acosta et al.
2001, 2002; Aineto et al. 2006; Song et al. 2009, 2010).

The DTA curves provided information regarding to the chemical composition of the
samples – there are see the endothermic effects in range of thermal decomposition, likely
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Fig. 1. Diffractograms of the tested wastes from coal gasification (lines artificially spaced)

Rys. 1. Dyfraktogramy badanych odpadów ze zgazowania wêgla (linie sztucznie rozsuniête)
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Fig. 2. Thermal analysis curve DTA of the tested wastes from coal gasification (lines artificially spaced)

Rys. 2. Krzywe analizy termicznej DTA badanych odpadów ze zgazowania wêgla (linie sztucznie rozsuniête)

Fig. 3. Microstructure of SCB (SEM)

Rys. 3. Mikrostruktura ¿u¿la SCB (SEM)



dehydroxylation and desulfurization; exothermic effect above 900°C is probably related with
synthesis occurring in the system.

The presence of amorphous phase only, the result of phase composition, is also confirmed
by analysis using scanning microscopy (SEM) (Fig. 3 and 4). The average composition of the
analyzed samples corresponds to typical composition siliceous glassy phase in the fly ashes.
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Fig. 4. Microstructure of SCB (SEM) with analysis of typical composition in microareas (EDS)

Rys. 4. Mikrostruktura ¿u¿la SCB (SEM) wraz z analiz¹ przeciêtnego sk³adu próbki (EDS)



Summary

It should be pointed out that the research was conducted on wastes originating from
foreign pilot installations. Wastes from coal gasification are known to be very specific. They
differ in the byproducts of combustion – their properties coming from both conventional and
fluidal bed boilers. The phase composition test wastes showed only substances of an
amorphous character. This research can provide only introductory recognition of the coal
gasification wastes, as it can be assumed that their properties depend on the type of the
combusted coal and the technology used. The co-combustion of bio-mass or the other wastes
may influence their properties. In the case of the implementation of this technology in
Poland, it may occur that the wastes, because of the specific properties of the local coal, along
with the use of the chosen technology, might show slightly different properties.

The results of the research presented in the article have been prepared within the research project of the Ministry

of Education no N N524 361038 “Testing the slag from installations for high temperature coal gasification and its

use in mining technology”.
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CHARAKTERYSTYKA WYBRANYCH ODPADÓW ZE ZGAZOWANIA WÊGLA

S ³ o w a k l u c z o w e

¯u¿le i popio³y, zgazowanie wêgla, sk³ad chemiczny, sk³ad fazowy

S t r e s z c z e n i e

Polska jest krajem, w którym produkcja energii, ze wzglêdu na uwarunkowania surowcowe, jest i bêdzie
oparta przede wszystkim na stosowaniu wêgla. Jednak coraz bardziej rygorystyczne przepisy dotycz¹ce ochrony
œrodowiska wymuszaj¹ poszukiwanie nowych technologii zastosowania wêgla do produkcji energii. Technologie
te w za³o¿eniu maj¹ charakteryzowaæ siê jak najni¿sz¹ emisj¹ CO2, NOx i SO2, przy jak najwy¿szej sprawnoœci.

Jedn¹ z testowanych i promowanych obecnie technologii jest zgazowanie wêgla, co wynika z aktualnego
poziomu rozwoju technologicznego. Zgazowanie wêgla jest obiecuj¹c¹ technologi¹ energetycznego wykorzy-
stania wêgla, przy zachowaniu coraz bardziej rygorystycznych norm ochrony œrodowiska, a zarazem przy za-
chowaniu wysokiej sprawnoœci energetycznej. Technologia ta, jak ka¿da wykorzystuj¹ca wêgiel, powoduje
powstawanie odpadów: popio³ów lotnych i ¿u¿li. W przypadku zastosowania tej technologii na skalê przemy-
s³ow¹, powstaj¹ce odpady bêd¹ musia³y byæ w jakiœ sposób zagospodarowane, najlepiej poprzez ich gospodarcze
wykorzystanie. Popio³y i ¿u¿le z procesów zgazowania wêgla bêd¹ zaliczane do grupy odpadów energetycznych
(grupa – odpady z procesów termicznych (10), podgrupa – odpady z elektrowni i innych zak³adów energetycznego
spalania paliw (10 01). W artykule przedstawiono charakterystykê badanych odpadów ze zgazowania dwóch ¿u¿li
oraz popio³ów lotnych, poprzez analizê ich sk³adu chemicznego oraz fazowego. Badane odpady charakteryzuj¹ siê
wysok¹ zawartoœci¹ SiO2 oraz nisk¹ zawartoœci¹ CaO. Badania sk³adu fazowego metod¹ rentgenograficzn¹ (XRD)
i termograwimetryczn¹ (DTA) wykaza³y wy³¹cznie substancje o charakterze amorficznym.

CHARACTERISTICS OF SELECTED WASTES FROM CARBON GASIFICATION

K e y w o r d s

Slag and ash, coal gasification, chemical and phase composition

A b s t r a c t

Poland is a country where the production of energy, due to the availability of raw materials, is based mainly on
coal. However, as environmental regulations become more and more stringent, it is necessary to seek new
technologies to produce energy from coal. These new technologies are required to minimize the emission of CO2,
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NOx, and SO2, and provide the highest possible efficiency. As a result of the latest technical developments, one
popular method which is currently being tested is carbon gasification. Carbon gasification is a very promising
technology for the continued use of coal for energy purposes, complying with strict environmental regulations and
at the same time assuring high energy efficiency. Nevertheless, this technology, as with many others using coal,
still produces waste in the form of slag and fly ash. Should this technology be implemented on an industrial scale,
these byproducts will have to be either utilized or managed. Such wastes are categorized as energy waste (group –
thermal processes waste (10), subgroup – power plants and waste combustion plants (10 01). This article describes
the characteristics of the tested waste from coal gasification – two types of slag and fly ashes – through the analysis
of their phase and chemical composition. The tested wastes indicate high content of SiO2 and a low content of CaO.
The phase composition testing by X-ray diffraction method (XRD) and thermogravimetric method (DTA/TG)
showed only substances of amorphous character.

128


