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This paper is focused on the utilization of landfilled F class fly ash as a main component of 
hydraulic binder; furthermore quick lime (CaO) and lime kiln dust (LKD) were tested as additives 
during the experiments. After determination of the material properties, such as particle size 
distribution, moisture content, real and bulk density and specific surface area, mechanical 
activation was performed for certain time by laboratory ball mill to improve the pozzolanic activity 
of fly ash. Than test specimens were produced using different type and composition of hydraulic 
binder and the compressive strength was measured at 14, 28 and 56 days. Optimal mechanical 
property was achieved with binder No. II. (containing 80% fly ash, 20% CaO) and No. V. (70% fly 
ash, 15% CaO and 15% LKD), compressive strength was 4.67 and 4.31 N/mm2 respectively. 
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Introduction
According to the research experience of the Institute of Raw 

Material Preparation and Environmental Process Engineering, 
University of Miskolc quality-guaranteed fl y ash based binder 
can be produced using F class ground fl y ash and quick or 
hydrated lime powder mixed in appropriate ratio. Th e aim 
of the present work is how the above mentioned CaO and 
Ca(OH)2 can be replaced partially or fully with Lime Kiln Dust 
(LKD), a secondary raw material that generated in lime kiln 
plants in signifi cant amount worldwide.

Preliminaries
Preliminary of this paper is a successfully implemented 

project started in 2005 (fi nished in 2007), namely the project 
entitled „Development of a technological system producing 
quality guaranteed fl y-ash based binder” (GVOP-3.1.1-2004-
05-0113/3.0). Th e main aim of the project was to develop a 
low-cost quality-guaranteed fl y ash based binder especially for 
road construction (facilitating the construction of economical 
surface pavement). In the frame of the research laboratory and 
pilot plant experiments were carried out. Th e members of the 
consortium beside Institute of Raw Material Preparation and 
Environmental Process Engineering, University of Miskolc 
were as follows: H-TPA Innovation and Quality control Ltd., 
KTI Institute for Transport Sciences Non-profi t Ltd. and IHU 
Industrial Waste Utilization Non-profi t Ltd. Th e scientifi c 
coordinator was Prof. Dr. Barnabás Csőke.

Based on the results of the laboratory experiments it was 
stated that the pozzolanic activity of the investigated deposited 
fl y ash samples, originated from four dumpsites, can be 
controlled by mechanical activation (grinding). One of them 
can be seen from Fig. 1. Furthermore, applicable hydraulic 
binder can be manufactured from industrial wastes (mainly 
fl y ash) by adding adequate quantity of lime. Th e strength of 
specimens met the requirements of technical specifi cations, i.e. 

it can be applied for building of road bedding. Th us a relative 
inexpensive binder can be produced using suitable raw material 
preparation technologies consists of grinding, classifi cation, 
homogenization,… processes.

 Fig. 1.  Eff ect of mechanical activation on the activity index of Tiszaújváros fl y ash 
(Mucsi et al., 2009)

 1. ábra  Mechanikai aktiválás hatása a tiszaújvárosi pernyeminta aktivitás indexére 
(Mucsi és szerzőtársai, 2009)

Two basic ideas led to start the present research of Lime 
Kiln Dust utilization. On the one hand from economic point 
of view the price of lime additive represents a signifi cant 
amount in the production cost of the above presented fl y-ash 
based hydraulic binder. Th is expense can be reduced using a 
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lime coating secondary raw material. On the other hand from 
environmental point of view the treatment of a powdered by-
product (LKD) containing signifi cant free lime can be solved 
by its application as a binder additive.

About power station fl y ash and LKD
Fly ash is a pozzolanic powdery residue (mineral matter 

showing pozzolanic activity) collected in electric or mechanical 
dust collectors following combustion of coal in coal fi red 
power plants. Fly ash is a fi nely dispersed material with average 
particle size between 10 to 30 μm. Particle size distribution 
of the fl y ash depends on minerogenetic composition of the 
fuel coal the fi neness of grinding and parameters of the system 
the fl y ash was collected in. Hydraulic activity is one of the 
major characteristics of fl y ash. Th e chemical reaction between 
Ca(OH)2  and the active component of fl y ash (mainly reactive 
SiO2) leading to binding of the mixture is called pozzolanic 
reaction (Opoczky, 2001):
x Ca(OH)2 + SiO2 + mH2O  = xCaO·SiO2 m H2O (1)

Hydraulic activity of fl y ash is governed by the totality of its 
physical and chemical properties. Most important factors are 
the chemical composition and phase structure, the degree of 
dispersion (particle size distribution and specifi c surface area) 
as well as the morphology of particles (see Fig. 2.).

 Fig. 2.   a) and b) SEM images of fl y ash
 2. ábra  a) és b) Pernye minták SEM felvételei

Th e amorphous (glassy) material of fl y ash has important role 
in pozzolanic activity. Kusnierová et al. (2005) investigated the 

change of amorphous content of a black coal fl y ash depending 
on time. Th ey found signifi cant devitrifi cation in case of 
the previously landfi lled fl y ash, i.e. the ratio of glassy phase 
reduced. Namely the amorphous content of initial fresh fl y 
ash of 90.65% reduced to 79.30% aft er 5 years, and to 67.70% 
aft er 20 years. During the progress mostly illite and zeolites are 
generated.

Muluken et al. (2009) investigated the chemical, mineralogical 
and geochemical properties of fl y ash aft er landfi lling for various 
durations and at various depths. Th e eff ects of weathering on 
the landfi lled fl y ash are studied in comparison with the fresh 
fl y ash from the same site. Th e results shown the alternation in 
mineralogy and microstructure of the fl y ash, and revealed the 
formation of secondary minerals (calcite and ettringite) mainly 
due to hydration, carbonation and pozzolanic reactions.

Regarding the origin of the fl y ash they can be generated from 
the burning of lignite, brown and black coal, as for collection 
method they are fi lter or cyclone fl y ash. 

Utilization of fl y ash and lime kiln dust as raw material is 
of common interest, since beside the users, the power plant 
and lime plant owners can benefi t signifi cantly by reducing 
the amount of material to be treated and stored. Furthermore 
the population would have advantages as well by exempting 
valuable fi elds at the place of dumpsites. Th e rational 
primary raw material (limestone, dolomite, clay, sand, etc…) 
management is of great importance, additional advantage is to 
save the mineral deposits and to reduce the energy input for 
their preparation as well as to diminish the CO2 emission.

According to the results of the international research work 
it can be stated that the utilization of fl y ash in the concrete 
industry has the following advantages:

Better workability, due to the spherical particles the  ■
viscosity of the concrete mixture will be better.
Th e strength of the concrete can be improved by fi lling  ■
the pores by small fl y ash particles (fi ller eff ect).
Th e heat of hydration is reduced. ■
Th e waterproofi ng is improved. ■
Th e fl uid concrete can be pumped easier. ■
Better insulation eff ect can be reached.  ■
Th e effl  orescence generated by Ca(OH) ■ 2 and salts can 
be diminished. 

Th e above presented material characteristics can be modifi ed 
by using the appropriate raw material preparation technologies 
and processes (grinding, classifi cation, enrichment). Th e 
concrete produced by this way have favorable properties from 
economic and environmental aspects as well. 

During the calcination of limestone signifi cant amount of 
dust by-product is generated, which called lime burning dust or 
lime kiln dust (LKD) collected in electrofi lter. Diff erent types of 
dust control equipment are used, but basically the systems can 
be classifi ed as either wet or dry. Th e chemical composition of 
LKD from high-calcium lime plants varies widely depending 
on factors such as the physical and chemical characteristics of 
the limestone used, the type of kiln used, whether a preheater 
is used, operating parameters of the kiln, reactivity of the lime 
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produced, and chemical composition of the fuel used. Th e LKD 
material may contain roughly equal amounts of free/available 
CaO and uncalcined calcium carbonate, and lesser amounts of 
impurities such as MgO derived from the limestone.

However, the landfi lling of such material is complicated and 
not favorable from environmental aspect because of its high 
free lime content. Th erefore an environmental friendly solution 
would be the utilization of LKD in inert form, for instance as 
an activating additive for low free lime content binders. For this 
opportunity it is necessary to know the hydration behavior and 
chemical/mineralogical composition of the raw by-product. 

Materials
Fly ash

Th e brown coal fl y ash sample investigated is originated 
from the Tiszaújváros dumpsite which was landfi lled few 
decades ago and probably during this period the material 
was passivated, i.e. the amorphous, glassy phases are partially 
recrystallized spontaneously. Th e amorphous content was 
found to be 23.00%.

Th e material fi neness can be characterized by median of x50 
= 48.58 μm and specifi c surface area of Sm = 2664.65 cm2/g, 
its density is 1960 kg/m3. Based on our earlier experience, we 
decided to use an activated fl y ash (20 min ball milled) for 
experiments. Th e ground material has 7931.16 cm2/g of fi neness. 
Since the raw material had 21.63% initial moisture content, the 
fl y ash was dried in a drying cabinet before grinding.

Th e chemical composition of fl y ash shows 85.20% combined 
SiO2 and Al2O3 content and 2.30% CaO content.

Lime kiln dust
Carmeuse Hungary Co. Ltd. provided two diff erent LKD 

samples for experiments, one from Hungary and another from 
Czech Republic. Before the laboratory tests X-Ray Diff raction 
measurements were carried out using a Bruker D8 Advance 
apparatus in the laboratory of Department of Mineralogy and 
Petrology (University of Miskolc). Results can be found in Table 
1. Th e main phases are calcite (CaCO3), portlandite (Ca(OH)2), 
lime (CaO) and tobermorite (Ca5(Si6O16)(OH)2) was detected 
in minor quantity. Th e moisture content of the Hungarian and 
the Czech sample was 0.77 % and 0.60 % respectively.

Hungarian sample Czech sample

CaCO3, calcite, % 78.40 27.80

Ca(OH)2, portlandite, % 21.60 03.20

CaO, lime, % 00.00 64.50

Ca5(Si6O16)(OH)2
tobermorite 9A, %

00.00 04.50

 Table 1.  Mineral composition of LKD samples
 1. táblázat  Mészégetési por minták (LKD) ásványos összetétele

Th e high calcite (CaCO3) content of the Hungarian sample 
(78.40%) is probably the result of the incomplete burning of 
the limestone, the presence of portlandite (21.60%) can be 
explained by the hydration of the CaO due to the humidity of 
air. In the case of the Czech sample the lime (CaO) content 
is relatively high (64.50%) and small amount of Ca(OH)2 

(product of hydration) can be detected as well. Th e tobermorite 
mineral of the Czech sample was supposedly present in the raw 
limestone due to the natural hydrothermal conversion or a Si 
coating phase reacted with CaCO3 during the calcination. 

Th ere is signifi cant diff erence between the mineral composition 
of the LKD samples, which result from the operating and 
machine parameters of the technology using for lime calcination 
and the handling of the lime burning secondary raw material. 

Th e particle size distribution of the samples was measured 
by a laser diff raction particle size analyzer (Fritsch Analysette 
22). Th e Hungarian sample is of x50 = 29.79 μm median and 
x80 = 81.97 μm 80% passing size, the Czech sample have 
x50 = 17.82 μm and x80 = 40.01 μm. 

Th e applied lime sample was a conventional lime produced 
by Carmeuse Group in the Miskolc Hejőcsaba plant. It can be 
characterized with following parameters: maximum particle 
size xmax = 2 mm, density ρbulk = 0.8 g/cm3, CaO content 
90 m/m%, reactivity: 60 °C reached during 120 s.

Experimental
In order to realize the previously presented aims the following 

systematic experimental series were carried out regarding the 
applicability determination of mechanically activated fl y ash, 
CaO and Hungarian lime kiln dust as component of hydraulic 
binder. Firstly, binder mixtures of ground fl y ash and lime were 
produced in diff erent ratios (see Table 2.), than mixing it with 
water and sandy gravel aggregate (x < 20 mm) was conducted, 
fi nally cylindrical concrete specimens were formed. Aft er 
removing them from the mould the specimens were kept 
under appropriate circumstances and mechanical strength was 
determined by an uniaxial compression testing machine at the 
age of 14, 28 and 56 days.

Number of 
experiment Ratio [%] Ratio [%]

I.

Fly ash

85
CaO

15

II. 80 20

III. 85 LKD 
(Hungarian)

15

IV. 80 20

V. 70 CaO+LKD 
(Hungarian) 15+15

 Table 2.  Th e composition of the hydraulic binder
 2. táblázat  A hidraulikus kötőanyag keverékek összetétele

Nine pieces of cylindrical specimens were produced per 
composition since the strength of the bodies was determined 
at three ages. Th e amount of the binder to the concrete was 170 
kg/m3 during the experiments.

Th e preparation of the specimens and the implementation of 
the compressive tests were completed in accordance with MSZ 
EN 13286-41 and MSZ EN 13286-42 in the laboratory of the 
Institution of Mining and Geotechnical Engineering (University 
of Miskolc). Th e dimensions of the cylinders (Fig. 3.) were 
∅102×115 mm. Accordant to the Technical Specifi cation ÚT
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2-3:207 regulations the compacting of the concrete specimens 
were conducted using a proctor device.

 Fig. 3.  Cylindrical concrete specimens
 3. ábra  Hengeres beton próbatestek

Results
Fig 4. shows the change of compressive strength as function 

of age in case of the presented binder mixtures. It can be 
established from the test results that the fl y ash-LKD type 
binders have the lowest strength (III. and IV. experimental 
series). In these cases 0.21 and 0.58 N/mm2 maximum values 
were measured respectivelyat the age of 56 days.

On the contrary the compressive strength shows signifi cantly 
higher values using the conventional lime produced by 
Carmeuse Group. Th e strength resulted at 56 days reached 4.67 
N/mm2 in the measurement serie No. II. (80% fl y ash – 20% 
CaO), which is a relatively high value. However, only slight 
diff erence from that was found using the binder No. V. (70% 
fl y ash – 15% CaO – 15% LKD), it was 4.31 N/mm2.
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 Fig. 4.  Compressive strength of specimen as function of age
 4. ábra  Próbatestek nyomószilárdsága a vizsgálati kor függvényében

Furthermore, comparing the hardening process of the concrete 
specimens containing diff erent binders shown in Table 2., 
it can be seen a greatly slower solidifi cation in case of LKD 
coating bodies than that of CaO and CaO-LKD containing 
specimens. Probably, it can be explained by the result of the 
low content of free lime in case of lime burning by product, i.e. 
pozzolanic reaction generates weak calcium-silicate-hydrate 
product.

Regarding the coeffi  cient of standard deviation of compressive 
strength considerable fl uctuation can be seen (Fig. 5.), the 
curves are of diverse shape. Coeffi  cient of standard deviation 
containing LKD shows lower value.
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 Fig. 5.  Coeffi  cient of standard deviation of compressive strength as function of age
 5. ábra  Nyomószilárdság szórási együtthatóinak változása a vizsgálati kor függvényében

Conclusions and suggestions
Based on the results of the laboratory experiments the 

following statements can be created:
Regarding the XRD results of the lime kiln dust  ■
(LKD) large diversity was found in the composition 
of the samples. Characteristic minerals were calcite, 
portlandite and lime.
From the compressive strength results it was established  ■
that the binder containing 80% fl y ash and 20% CaO 
had the highest compressive strength at age of 14 
days (0.80 N/mm2), the lowest strength belongs to the 
mixture of 85% fl y ash and 15% LKD (0.17 N/mm2).
Th e hardening of the concrete specimens, as usual  ■
like the fl y ash containing binders, shown signifi cant 
aft er-hardening. Th e strongest concrete specimens were 
produced from binder No. V (70% fl y ash, 15% CaO 
and 15% LKD) at 28 days (2.20 N/mm2). At the age of 
56 days the highest compressive strength was 4.67 N/
mm2 of mixture No. II (80% fl y ash and 20% CaO). 
Due to the signifi cant aft er-hardening of the concrete  ■
containing the presented binder it is suggested to 
extend the aging time to 84 and 168 days as well. 
Th e stability of LKD-containing specimens (without  ■
lime) increased only slightly as function of age and aft er 
a certain value the strength almost stagnated. On the 
other hand in the case of binders with lime and lime + 
LKD remarkable strength development could be seen.
In this way the lime kiln dust by-product may be a  ■
possible secondary raw material. Of course, the above 
results are the outcome of the preliminary investigation 
of lime kiln dust (LKD) utilization as binder additive, 
it is proposed to continue the research with further 
experiments (leaching tests, other LKD samples,…).
In the light of the results the suggested utilization  ■
opportunities are as follows: production of lean mixed 
concrete, stabilization of sandy soils, building capping 
layer and stabilized embankment.
Since the quality of the possible secondary raw material  ■
is very diverse, their regular physical and chemical 
controlling is essential in order to produce a quality 



HULLADÉKHASZNOSÍTÁS � RECYCLING – WASTE RECOVERY

32   | építôanyagépítôanyag � 2011/1–2 � 63. évf. 1–2. szám

guaranteed fi nal product. From this point of view 
the most important material characteristics are as 
follows: pozzolanic activity, content of amorphous 
SiO2, SO3 content, loss on ignition, free lime, particle 
size distribution, density, and morphology. Most of the 
above properties can be upgraded using the appropriate 
process engineering technologies.
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Hidraulikus kötőanyag fejlesztése ipari hulladékokból
Jelen cikk egy deponált savanyú erőműi pernye hasznosí-
tásával foglalkozik, mint hidraulikus kötőanyag fő kompo-
nense. Ezen túlmenően égetett mész (CaO) és mészégetési 
szállópor (LKD) adalékanyag alkalmazhatóságát vizsgáltuk 
a kísérletek során. Az alapanyagok tulajdonságainak – úgy-
mint szemcseméret eloszlás, nedvességtartalom, valódi- és 
halmazsűrűség és fajlagos felület – meghatározását követően 
bizonyos ideig tartó mechanikai aktiválást hajtottunk végre 
laboratóriumi golyósmalomban a pernye puccolános ak-
tivitásának javítása érdekében. Ezután beton próbatesteket 
gyártottunk a különböző típusú és összetételű hidraulikus 
kötőanyagokból, és megmértük azok nyomószilárdságát 14, 
28 és 56 napos korban. Optimális tulajdonságokat a II. (80% 
pernye és 20% CaO) és az V. számú (70% pernye, 15% CaO 
és 15% LKD) kötőanyag keverékeket alkalmazva értünk el, 
amikor is 4,67 és 4,31 N/mm2 nyomószilárdság értéket kap-
tunk.
Kulcsszavak: erőműi pernye, mészégetési szállópor, őrlés, 
hidraulikus kötőanyag
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Dr. Rudnyánszky Pál megköszönte Tóth-Asztalos Réka és Dr. 
Antal József né, Betty eddigi eredményes munkáját. A kibővített 
vezetőségi ülésen utoljára volt közöttünk a Szakosztály azó-
ta sajnálatosan el hunyt korábbi elnöke, Pataky Elemér, a 
résztvevőkről készült csoportképen ő is látható.

• A Szakosztály elnöke, Regenhart Péter beszámolt az Európai 
Szigetelési Vállalkozók Szövetségének (European Federation 
of Association of Insulation Contractors) Olaszországban, Co-
moban tartott közgyűléséről és az ipari hőszigetelő szakmai 
képzés hazai helyzetéről. Azóta megjelent a Kormány 29/2011. 
(III. 11.) sz. rendelete az Országos Képzési Jegyzék módosí-
tásának eljárásrendjéről, amely az „Ipari szigetelő-bádogos” 
szakképzést az OKJ-be felvette.

• Az Európai Szigetelési Vállalkozók Szövetsége (European Fede-
ration of Association of Insulation Contractors) 2011. május 
5–6-án Bécsben tartotta tavaszi megbeszélését, amelyen töb-
bek között, az ipari szigetelési munkákat szabályozó dokumen-
tumok módosítását, a 2012. évi, Berlinben megrendezésre 
kerülő Európai Szakmunkástanuló Verseny szabályzatát és rész-
vételi feltételeit vitatták meg. Ezen a megbeszélésen Regenhart 
Péter vett részt és részletes beszámolót tart róla a Szakosztály 
június első felében tartandó taggyűlésén.

HÍREK A SZ IGETELŐ SZAKOSZTÁLY ÉLETÉBŐL




