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Particle size distribution, chemical and radionuclide compositions of cement dust derived
from Balakliia Cement Plant (Ukraine) were determined by means of X-ray diffraction
analysis, atomic absorption spectrometry, capillary electrophoresis, electron-probe analysis
and gamma spectrometry. The changes in the particle size distribution when the cement
dust passes through the gas-air duct were determined. In the course of the manufacturing
process, the dispersity of the cement dust appreciably increases. It was stated that about
80—86% of the dust emitted into the atmosphere consists of the particles with the diameter
of less than 2.5 um. A relatively high content of some metals was revealed in the cement
dust. A highly dispersed dust emitted into the atmosphere contained considerable amount
of Cd, Pb and Zn. The detected natural radionuclides could be dangerous when using the
cement dust as a binder or a filler in multicomponent concretes. The cement dust derived
from all hoppers is suggested to use without any additional treatment as an additive when
grinding the Portland cement clinker and as a raw material component in the production
of silica brick and glass. The dust derived from the hopper of a bag filter can be utilized as
an indirect fertilizer for acidic soils. The results of the study can be used to model the
transfer and precipitation of heavy metal compounds and elaborate nature-conservative
measures.
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Introduction

Cement production involves many operations
that produce cement dust. The main sources of dust
are rotary Kkilns, clinker mills, grinding equipment
for raw materials, cement packing and loading
processes. About 70—80% of all cement dust is
released by gases leaving the kiln [1]. During the
manufacturing process, the concentration of the dust
with the particles of less than 10 mm in diameter
increases and reaches 75% [2]. The burning of raw
mix by the dry method yields the most highly
dispersed dust [1,2]. The efficiency of the used gas
cleaning equipment is 95—98% and 99.9% for
electrostatic filters and bag filters, respectively [1,2].

Cement dust precipitated on the territory
around the cement industry enterprises increases the
soil pH, deteriorate its structure, and slows down
the growth and development of many crops. As a

fertilizer, cement dust can be used only for acid soils
[3].

Cement production is one of the important
sources of atmospheric emissions of toxic dust
containing various metals, including heavy metals
(HM) [4]. The parameters of airborne transfer of
metals are influenced by the chemical composition
of emissions and the particle size distribution of
metals [1]. The soil contaminated by toxic metals
released in the course of cement production is a
serious problem in terms of the environmental
pollution and people’s health, since many metals
tend to circulate in the environment for a long time
and accumulate in food chains. The study of the
spatial distribution of Cd and Pb in the upper layers
of the soil around cement plants [5] showed that the
average concentrations of Pb and Cd in the soil were
5.12 mg/kg and 0.13 mg/kg, respectively. It was stated
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that the technology-related geochemical anomalies
are formed in the soils adjacent to the cement plants,
with a significant Zn, Cd, Cu, Cr, and Pb excess of
their respective permissible residual concentrations;
in addition, the presence of thallium was detected
which is a very dangerous pollutant [6].

The presence of HM in the atmospheric
emissions is caused by the use of inorganic additives:
pyrite cinder, blast-furnace slag, metallurgical slag,
ash and nepheline sludge [1,2,7]. The average values
of metal concentration in cement clinker emissions
decreased in the following sequence:
Zn>Mn>Se>Te>Sb>As>Cr>TI>Po>Ni>Sn>Cu>Hg>Cd>Co>V
[8]. Refractory metals are usually accumulated in
the cement clinker, whereas volatile metals (Cd and
Hg) are accumulated in the cement kiln dust [7].

Study [9] reported the content of metals in
various samples of cements. It was determined that
the concentrations of Cd is low, the content of Ca,
Ni and Zn in white structural cement is increased.
A high concentrations of As, Cu, Cr, Mn, Pb and
Fe were detected in the type V Portland cement.
Bismuth was found in all types of cements.

HM ions are fixed in the cement during physical
encapsulation, adsorption and isomorphous
substitution. With the exception of Zn, the capability
of cement materials to adsorb HM increases with
increasing pH and temperature [10]. However,
leaching HM from cement [4,11—14] and concrete
[4] is possible under certain conditions with their
entry into various components of the biosphere. The
leaching of metals from cement materials in various
environmental conditions determines their
environmental safety. The amount of metals leaching
from cements in different media decreases in the
following order: seawater, groundwater, and acid rain
[11]. When exposed to acid rains and groundwater,
the amount of leached Cr, Ni, As and V is inversely
proportional to the size of the cement particles. Cr
and Ba are the most leached metals [11,12]. Cements
with a high addition of non-clinker components
(silica fly ash and granulated blast furnace slag)
showed a high degree of immobilization of HM at
the level of 99% [13]. Study of the leaching of certain
metals from concrete materials based on waste
utilization (fly ash and fly ash from burning solid
household waste) showed that the prolonged impact
of the cement concrete on the aquatic environment
could cause contamination by Cr and Cd [14].

The samples of raw materials and products of
Balakliia Cement Plant (Balcem), such as various
grades of Portland cement and slag Portland cement,
were studied in this work. The company uses the

Shebelinske deposit of chalk and clay (Ukraine) as
the main source of raw materials. Environmental
measures undertaken by Balcem mainly involve
emitting reduced volumes of the dust. To this end,
cyclones, electric filters for kilns (dry method of
cement production) and, bag filters for the clinker-
grinding phase were introduced.

The purpose of this study was to determine the
particle size distribution, chemical elemental and
radionuclide compositions of cement dust and raw
materials derived from the Balakliia cement plant to
assess the environmental safety of the enterprise. The
tasks of the work was to establish the dispersity of
cement dust during the technological process,
substantiate the correlation between the dispersity
of the dust and the content of metals, and suggest
practical guidelines on the safe disposal of cement
dust fractions.

Experimental

The particle size distribution of cement dust
was determined by scanning electron microscopy
using a JSM-6390 LV scanning electron microscope
equipped with the INCA micro X-ray analysis system.

The oxide composition of the samples was
calculated by the weight content of the mineral
phases. X-ray phase analysis, allowing determining
the mineral composition of the crystal part of the
samples, was performed by means of a Siemens D500
powder diffractometer in copper radiation with a
graphite monochromator.

The content of metals was determined by
atomic absorption spectrometry using a «Saturn»
spectrophotometer. The concentration of metal
cations in the aqueous phase was determined by the
method of capillary electrophoresis, based on
separation of the components of a complex mixture
in a quartz capillary under the effect of electric field.
The «Capel-104T» apparatus was used to this end.

The specific activity of the natural radionuclides
of the samples were determined by the gamma-
spectrometry method using a SEG-001 «AKP-S»
scintillation gamma spectrometer, the range of
measured gamma radiation energies being 50—
3000 keV. The limit of permissible basic error in
measuring activity for Marinelli geometry (P=0.95)
is no more than 25%. Akwin software was used to
treat the measurement results. Based on the results
of a gamma-spectrometric study, the values of specific
effective activities of C, samples were calculated
according to the following formula:

C.=Cg,+1.31C;,+0.085C,, Bg/ke.
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Results and discussion

Particle size distribution of cement dust

Figure 1 shows the experimental results on
determining the particle size distribution of cement
dust captured at the various sampling points: an
electric filter hopper, a gas flue after an electric filter,
an exhauster and a cyclone hopper. It is shown that
55% of the dust at the technological stage of raw
mix burning consist of particles with the size of
2.6 um and smaller (Fig. 1,a). At the stage of clinker
grinding, the particles with the diameter of more
than 3.4 um make up about 50% (Fig. 1,b). Since
the dust samples were taken in the gas duct after the
filter, this indicates that the gas cleaning equipment
is not efficient enough and needs replacing.
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Fig. 1. Particle size distribution in the dust of raw mix burning

(a) and in the dust of clinker grinding (b)

The fraction of dust caught by the electric filter
is very homogeneous: 90% of it is represented by
particles with the diameter of less than 10 mm (Fig.
2, curve 3). After the electric filter, the proportion
of smaller particles increases (Fig. 2, curve 4). The
dust from the exhauster (Fig. 2, curve 5), which
practically can be considered as the dust emitted
into the atmosphere, includes 80—86% of the particles
with the size of less than 2.5 um. At the grinding
stage, polydisperse dust is formed; 50% of its mass
consists of the particles of about 10 pum. Cement
dust is composed of the particles of different shapes
with a predominance of elongated ones. In the coarse
fractions, there are both individual particles and
aggregates of various shapes and densities. The size
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Fig. 2. Particle size distribution at the stage of raw mix burning
before the cyclone (1), from the cyclone (2), from electric filter
(3), after electric filter (4) and from the exhauster (5)

of large particles can reach 50—100 um and more.
Chemical composition
The chemical composition of cement dust was
determined at the stage of burning the raw mix (Table
1). Cement dust has a basic character, since the
mass fraction of CaO exceeds the concentration of
other oxides. Some other basic oxides are also
presented: MgO (as finely dispersed chimney
fraction) and K,O. In addition, amphoteric oxides
Fe,O, and Al,O, as well as acid oxide SiO, were
detected. The concentrations of SiO, and Al,O, are
considerably reduced in highly dispersed dust
fractions, suggesting that the content of calcium
silicates and aluminates in them is decreased as
compared with calcium ferrites.
Table 1
Composition of the dust at the stage of burning of raw
mix for cement production

Place of extraction Mass fraction of oxide, %
F6203 CaO 8102 A1203 MgO K20

Before refining 48.1128.0] 64 | — | 4.1

Electrostatic 20 |462]162| 25| — | 58

precipitator hopper

Gas flue after

electrostatic 1.1 1493 | 82 | 2.5 - -

precipitator

Exhauster <]l |49.7]| 86 | 22 | 45 | <1

The content of metals in the raw material and in
fractions of cement dust of various degrees of dispersion

The content of metals in raw materials is shown
in Table 2. All raw materials are characterized by
the presence of metals, but their concentration can
vary widely. Low metals concentrations are
characteristic of chalk, gypsum and blast furnace
slag. The highest content of all detected metals (with
the exception of Ni) is typical of pyrite cinders; the
ash form the thermal power plant comes next. These
raw materials are the concentrators of metal ions as
they were exposed to preliminary high-temperature
processing with burning organic components. Pyrite
cinders contain the highest amount of metals, so
either they must be replaced with pyrite cinders from
another source, or replaced with an alternative
material of similar chemical composition. In any
case, the use of pyrite cinders must be preceded by
a chemical analysis of the content of metals.

A sufficiently high content of metals observed
in cement dust formed at various stages of the
technological process, with a significant variation in
their concentrations (mg/kg): 0.75—420, 20—4280,
180—2460 and 10—190 for Cd, Pb, Zn and Cr,
respectively. The content of Hg is low. It can be
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assumed that the fluctuations in metal concentrations
are associated either with the changes in the
composition of slag additives or pyritic cinders or
with the change in the operating mode of kilns,
deposition conditions in the cleaning system and
some other factors. The data given in Table 3
characterize the content of metals in the cement
dust at different process stages. The dust samples
after the electrostatic precipitator are primarily
enriched with Zn, Pb and Cd. The dust of the electric
filter additionally contains (mg/kg): 96 and 13,800
of Mn and Sr, respectively.

Table 2

Content of metals in feed raw material of cement
production

Component Content of metal, mg/kg
P Hg | Cu| Ni | Zzn | Pb | Cd
Chalk 004 | 27 | 42 {209 25| 0.2
Clay 0.07 [ 23.1 |31.2[62.8|11.8]0.25
Blast-furnace slag | 0.01 | 1.7 | 2.6 | 43 | 04 | 0.13
Gypsum stone 0.01 | 2.1 | 4.6 [ 5.1 [0.35]0.18
Pyritic cinders 2.2 [2680) 15.8 17380(1208 | 15.1
Phosphogypsum - 6.0 [ 49 [256]0.75[0.07
Ash from thermal | - 15 | 35 8 1515 {175.7) 11.7 | 04
power plant
Table 3
Content of metals in cement dust
Cleanine stace Mass fraction of the element, mg/g
ESEC A STCd] Cr [Cu[Ni| Pb | Zn
Raw mix burnin
Before refining | 29 | 51 | 10 | 58 [4.5] 500 | 209
Electrostatic | 5 | 94 | 34 | 62 | 5.9 | 1690 |190-390
precipitator
Clinker grinding
Bag dustfilter | — [0.72] — [ 70| 15] 7.8 | 254
Table 4

Size distribution of metals dust particles

Particle size, Mass fraction of the element, mg/g
um Cd Pb Cu
<2.5 290 8700 540
2.5-5.0 62 870 180
>5.0 53 760 110

The distribution of metals was studied
depending on the dispersion of dust particles.
Experimental data are summarized in Table 4. The
enrichment factor of high-dispersion fraction in
relation to low dispersion fraction is equal to 6.2,
10.6 and 3.8 for Cd, Pb and Cu, respectively. Thus,
the highest enrichment of dust dispersion particles

by lead and cadmium has been discovered.
Radionuclide composition of cement dust

Gamma-spectrometry method detected the
presence of radionuclides of uranium and thorium
radioactive families as well as “K in the cement
dust. Experimental and calculated data are given in
Table 5. The presence of *Pb and 2'“Bi nuclides in
the dust is the evidence of the decay of the parent
radionuclide ??°Ra. *K isotope makes the main
contribution to the total cement activity (92.8%).
Based on the values of specific radioactivity, the
effective specific activity C,=313 Bq/kg was
calculated, this value can be used for comparative
assessments of the radioactivity of raw materials and
materials. According to calculated C,;, the materials
under study belong to the class I of radiation hazard
and it can be used in construction without any
restrictions, since the condition C, <370 Bq/kg is
satisfied. However, the obtained value of C is still
significantly higher than the maximum allowed
average C, in the CIS (93 Bq/kg) and in Ukraine
(106 Bg/kg) [15]. The use of this cement dust as a
binder and a filler can cause an increase in the
effective specific activity of concrete as a
multicomponent material and an increase in the

absorbed gamma radiation dose for people.
Table 5

Results of gamma spectrometry analysis of cement dust
derived from electrostatic precipitator

Isotopes | Specific activities of radionuclides, Bq/kg
*“pp 8.86
“Bi 60
“ZAc 24
“Th 24
I2Bi 142
YK 3310

Guidelines on the usage of cement dust

A low-waste production implies the use of the
collected dust. Depending on the composition,
cement dust can be utilized in various ways. Most
often, dust is returned to the kiln using a pneumatic
screw pump. The main condition here is to provide
a low content of alkali metal oxides K,O and Na,O,
not more than 0.7—0.8% [1]. In this case, only
cement dust from the exhauster meets this
requirement (Table 1). The dust from the electric
filter hopper contains 5.8% K,O; therefore, a
preliminary leaching stage is necessary before feeding
it into the kiln.

All types of cement dust, including those
containing metals (dust from the electric filter
hopper), can be used in the following ways: as additive

Cement dust from Balakliia cement plant (Ukraine): particle size distribution, chemical and radionuclide
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when grinding Portland cement clinker; as raw
material component when manufacturing silicate
bricks; and as raw alkaline component in glass
production [1,2].

Low-dispersed dust fractions (dust from a bag
filter), which have lower metals content, can be used
as a fertilizer to improve the soil structure and increase
the pH of acidic soils [2,3].

Conclusions

The changes in the particle size distribution
were investigated for the cement dust of the Balakliia
cement plant, when the dust passes through the gas-
air duct. During the process, the dispersity of the
cement dust considerably increases. About 80—86%
of the dust emitted into the atmosphere consists of
the particles with the diameter of less than 2.5 pum.
It was stated that the gas cleaning equipment is not
efficient enough at the stage of grinding.

It was revealed that the dust of cement
production has a high content of several metals.
Highly dispersed dust emitted into the atmosphere
contains Cd, Pb and Zn. Natural radionuclides were
identified in the cement dust, they may be dangerous
when using cement dust as a binder and a filler in
multicomponent concretes.

Cement dust from all hoppers without
additional processing can be suggested to use as an
additive when grinding Portland cement clinker and
as a raw material component in silicate bricks and
glass productions. Dust from the hopper of a bag
filter can be used as an indirect fertilizer for acidic
soils.

The results of this work should be used when
choosing the raw materials with the lowest metal
content, evaluating the efficiency of gas cleaning
equipment, environmental modeling of the transfer
and sedimentation of metal compounds and
elaborating environmental measures.
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LIEMEHTHUI NI BATAKJIIVICBKOI'O
LIEMEHTHOTI'O 3ABOJY (YKPAIHA): JTUCIIEPCHUM,
XIMIYHUM I PATIOHYKITHU CKJIAIU TA
IMOTEHLINHI HISXU IOBTOPHOI'O
IIEPEPOBJIEHHS

E.b. Xooomoea, M.I. Ienamenxo, I.B. Ipaiisoponcoka,

B.L Jlapin

3a ormoMorol0 peHTreHOo(pa30BOTo aHalli3y, aTOMHO-a0-
COpOIiIfHOI CIIEKTPOCKOTIi1, KaITiJIIPHOTO eJeKTpodopesy, eleK-
TPOHHOI MiKPOCKOIii i raMMa-CcrneKTpOMETPUUYHOTO METOLY
BU3HAUYEHO IUCMEPCHUH, XiIMIUYHMI i pafioOHYKIIAHUN CKIaau
1eMeHTHOTO Tty banakiiiicbkoro rieMeHTHOTo 3aBony (Ykpa-
iHa). BcTaHOBIEHO 3MiHM AMCIIEPCHOTO CKJIaay MUY TpU Mpo-
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XOIDKEeHHI rasornoBiTpsiHoro tpaxty. [lokazaHo, 110 Mpu Mpo-
TiKaHHI TE€XHOJIOTIYHOTO MPOLECY AMCIEPCHICTb LEMEHTHOTO
MWy 3HayHo 3pocTae. 1w, 1110 BUkuaaeTbes B atMocdepy, Ha
80—86% ckiamaeThCsl 3 YaCTMHOK 3 fiameTpoM <2,5 MKM. BceTas-
JIEHO BUCOKMIA BMICT HU3KU METAJIiB B MWJIY LIEMEHTHOTO BU-
pobHuiTBa Ta KOHLeHTpYBaHHS Cd, Pb i Zn Bucokoaucnepc-
HMM TUJIOM, L0 BUKUIAEThCS B atMocdepy. BusiieHi npuponHi
PamioOHYKJTiIM MOXYTb CTAHOBUTH HeOE3IeKy MpU BUKOPUCTAHHI
LIEMEHTHOTO MWJIY SIK B’SIXKY4YOTro i HarmoBHIOBaua B 0araTokoM-
MOHEHTHUX OeToHaX. PeKoMeH10BaHO BUKOPUCTOBYBATH LIEMEH-
THUI IIWJI 3 ycix OyHKepiB 6€3 101aTKOBOro 00po0IeHHS K J10-
06aBKy MpH MOMeJi MOPTIaHILUEMEHTHOTO KJIiHKepa Ta Ik CUpO-
BUHHUI KOMITOHEHT MPU BUTOTOBJIEHHI CUJTIKATHOI eI i CKJIa.
[Mun 3 OyHkepa pykaBHOro GbibTpa MOXHA BUKOPUCTOBYBATU
SIK HeTipsiMe TOOpMBO TSI KUCIUX IPYHTIB. Pe3ynbsrat podbotn
MOXYTb OyTM BUKOPMUCTaHi NMPU MOAETIOBAHHI MEPEeHECeHHS i
BUCAIKYBaHHSI CITOJTYK BaKKUX METAJIIB i TIPX PO3poOI1Li Tprupo-
TIOOXOPOHHMX 3aXOIiB.

KimouoBi ciioBa: 1IeMEHTHUI W, TUCIIEPCHUI CKJIA,
MeTajii, TMPUPOIHI PamiOHYKIIiaW, MPAaKTUYHI peKOMEHMAIIii,
HernpsiMe 100puBoO.
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Particle size distribution, chemical and radionuclide
compositions of cement dust derived from Balakliia Cement Plant
(Ukraine) were determined by means of X-ray diffraction analysis,
atomic absorption spectrometry, capillary electrophoresis,
electron-probe analysis and gamma spectrometry. The changes
in the particle size distribution when the cement dust passes
through the gas-air duct were determined. In the course of the
manufacturing process, the dispersity of the cement dust
appreciably increases. It was stated that about 80—86% of the
dust emitted into the atmosphere consists of the particles with
the diameter of less than 2.5 um. A relatively high content of
some metals was revealed in the cement dust. A highly dispersed
dust emitted into the atmosphere contained considerable amount
of Cd, Pb and Zn. The detected natural radionuclides could be
dangerous when using the cement dust as a binder or a filler in
multicomponent concretes. The cement dust derived from all
hoppers is suggested to use without any additional treatment as
an additive when grinding the Portland cement clinker and as a
raw material component in the production of silica brick and
glass. The dust derived from the hopper of a bag filter can be
utilized as an indirect fertilizer for acidic soils. The results of the
study can be used to model the transfer and precipitation of
heavy metal compounds and elaborate nature-conservative
measures.

Keywords: cement dust; particle size distribution; metals;
natural radionuclides; practical guidelines; indirect fertilizer.
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