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ABSTRACT: This study aims to determine the major elements of Portland cement type | and Il
(CEMI and CEMII) in a cement factory in north Tunisia and which metal elements are introduced
into the production process. We determine also the metal input rate and their distribution
at the entrance and exit of the process. The major elements were analyzed and the trace elements
(Arsenic, barium, lead, mercury, boron, strontium, Cadmium, Chromium, copper, manganese, nickel and zinc)
were identified. The concentrations of heavy metals in CEMI showed no significant difference p<0.05
with those in CEMII. All refractory metals generally tend to be incorporated into the clinker (Ba, Sr,
Mn, Ni, Cu, Zn, Cr and V), while the lower part, especially volatile and semi volatile metals
accumulates in the cement dust. Most metals in cement are infused with clinker. Heavy metals in the
cement can originate from a variety of process in cement manufacture, including its initial presence
in raw materials and fuel, incorporation into kiln refractory brick, metal erosion from the raw mill
grinding process, and in other forms such as gypsum, and cement kiln dust.
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INTRODUCTION

Cement is an essential material for building and civil
engineering construction that affects the environment
during production and consumption process. Heavy metals
are the major hazard elements presented in the cement.
These toxic elements originate mainly from the raw
materials, but also from refractory bricks lining the kiln,
mineral inputs or the grinding media (normally high-
chromium white cast iron) in the final finishing mills [1].
The trace element content of clinker is of high scientific
interest and can be used to solve practical problems, too,
for example, to determine the origin of the manufacturing
works. The first paper on a similar topic was published in
1993 by Goguel and StJohn [2], showing the Ba, Sr and
Mn concentration of Portland cements in New Zealand
concretes. The trace element content of cements
can be used to identify the manufacturing factory and to
determine the origin of the Portland cement. This work
will examine the trace element content of cement produced
in northern Tunisia.

The Cement Factory of North of Tunisia currently
produces the following hydraulic binders: Artificial
Portland cements (standard 1): CEM | 32.5and CEM 1 42.5
according to the European standards corresponding
respectively to the CP | 32.5 and CP | 42.5 according to
Tunisian standard NT 47.01-92. Portland cement is made
of; limestone CEM |1 A-L 32.5 according to the European
standard corresponding to the CP with limestone 11 Al 32.5
according to Tunisian standard NT 47.01-92.The artificial
lime CHA. 10 according to Tunisian Standards NT 47-02.

Portland cement is used in the construction
industry as a binder in concrete. The basic raw materials of
Portland cement are lime (CaO), silica (SiO>), alumina
(Al>03) and iron oxide (Fe;O3). Cement is produced in two
steps: in the first step, cement clinker is produced from raw
materials. In the second step cement is produced from
the cement clinker. In the manufacturing process, the clinker
is crushed, then ground to a fineness for the desired
composition and then heated up to 1400-1600 °C.
The amount of gypsum added (CaSO044H,0) controls
the setting time of the cement. The resulting product consists
of tricalcium silicate (3CaO SiOy), dicalcium silicate
(2Ca0si0y), tricalcium aluminate (3CaOAl,03) and
tetracalcium alumino ferrite (4CaOAl;O3Fe;03) [3].
Cement production has several quite serious
environmental hazards associated with it, including dust
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emissions and contaminated run-off water. Since cement
production is energy intensive, it has a number of
environmental effects, including greenhouse gas emissions,
air pollutants such as SO,, NOx, CO and heavy metals [4].
The negative environmental impacts are also associated
with the used fuels in cement manufacture.

The cement industry requires analysis of major
elements % including Si, Ca, Al, Fe and S and also minor
elements such as Na, K, Ti, Mg, P, Mn. The trace elements
including Cr, Pb, Zn, Ni, As, Cd, V and Cu, are also very
important for environmental pollution control, which
are present at ppm levels. This study focuses on the toxic
substances produced by cement manufacture, with
a specific focus on heavy metals. Our investigation aims
also to determine the introduced metal elements into
the production process of Portland cement, the metal input
rate and their distribution at the entrance and exit of
the process.

EXPERIMENTAL SECTION
Chemicals, reagents and glassware

All chemicals and reagents were of analytical grade
and all standards were prepared from reagent grade
chemicals (Perkin Elmer Pure — Atomic Spectroscopy
Standard). All glassware was rinsed successively with
detergent and distilled water three times prior to use.

Sampling

In experimental researches, data, which include
analysis of trace element from raw materials to products,
were collected from cement Factory in north Tunisia
in April 2015.

Cement factory in northern Tunisia produces two types
of cement (1) Portland cement " CEM | 425 N ", (2)
Portland cement: CEM Il A-L 32.5 N conform following
standards. The more detailed characteristics of studied
cement composition are in Table 1.

The materials used in this study in addition of cement
sample included the following:

(3) Gypsum, (4) Clinker (5) Limestone, (6) Marl, (7)
iron ore (8) Kiln dust

The chemical composition and specific surface area
(Blaine) SSB:

The mineral contents of the cements were calculated
based on Bogue’s formula as outline by [6].
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Table 1: Composition of studied samples.

Chemical Composition and Heavy Metal Content of Portland Cement ...

( CEMI CEMII )
Clinker % 95 80
0,
\ Calcareous % 5 20 )

C3S =4.07Ca0 -7.6024 SiO, — 6.7187 Al,O3 — 1.4297
Fe,O3

C2S = -3.07Ca0 +8.6024 SiO, + 5.0683 Al,O3 + 1.08
Fe,Os3

C3A =2.6504 Al;03 — 1.692 Fe;03

CAAF = 3.0432 Fe;03

The Bogue calculation is a means of estimating
the amount of the dominant minerals available in cement,
based on its oxide composition. The potential phase
compositions is important in assessing cement properties
of [7].

The basic chemical composition of tested samples
were investigated by X-Ray Fluorescence (XRF) analysis [8].
The chemical compositions were performed with
the X-Ray Fluorescence (XRF). The XRF machine uses
a polarized energy dispersion. About 4 g of the cement
sample was mixed with about 0.09 g of wax. The mixture
was milled in a milling machine for about three minutes
to produce a homogeneous mixture, obtaining a particle size
of about 60 um. The mixture was placed in a die and
compressed under the press pellet equipment.
The equipment produced a pellet and which was then placed
in the XRF. The chemical analysis of each sample
were performed three times [9]. Phase composition for cements
CEMI and CEMII estimates by X-ray powder diffraction
and Rietveld analysis are becoming more widely used
in the cement industry. Blaine specific surface tests by using
of NF P 94-054 and NF EN 196-6 respectively, where each
recorded result was the average value of three successive
measures.

Experimental Procedure for the determination of Heavy
Metals concentration

Triplicate subsamples of approximately 1 g of well
homogenized solid samples were accurately weighed
on an analytical balance, drying and sieving of sample
on the grain size <2 mm. Heavy metal concentration including
As, Br, Pb, Hg, Ba, Sr, Cd, Cr, Cu, Mn, Ni and Zn
were measured using an ICP-OES-AS Inductively Coupled
Plasma Optical Emission Spectrometry”.
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CZ_SOP_D06_02_001 (US EPA 200.7, 1SO 11885,
samples prepared as per CZ_SOP_D06_02_J02 chap. 10.3
to 10.16,10.17.5, 10.17.6, 10.179 to 10.17.14)
Determination of elements by atomic emission
spectrometry with inductively coupled plasma and
stoichiometric calculations of compounds concentration
from measured values. Sample was homogenized and
mineralized by aqua regia prior to analysis. The results
were expressed in mg/Kg. Data presented are average of
three replications.

RESULTS AND DISCUSSION
The chemical composition of Portland cement

Chemical composition showed difference between
tested materials (Fig. 1). CaO followed by SiO,, Al,Os3,
and Fe; Os; are the predominant oxide of limestone.
The minor oxides include MgO, K0, and SOs. Limestone
contains also impurities of SiO,, Al,Os3, Fe, Os, MgO,
alkali, etc. SiO,, Al,Os, Fe;O3 of these ingredients are
the main components that make up cement mineral.

The predominant oxide of marl were SiO,, followed
by CaO, Al;Os, and Fe; Os. The minor oxides include MgO,
SO; and K;O. Marls are an excellent raw material
for cement manufacture, because they contain the lime
and the clay component in an already homogenized condition.

The predominant oxide of iron ore were Fe;Os
followed by SiO;, Al,O3, and then CaO.

The predominant oxide clinker were CaO followed
by SiO,, Al O3, and then Fe, O3 and the minor oxides include
MgO, K;O, SOz and NaO. To control setting time
effectively, cement needs a minimum amount of calcium
sulfate, mostly in the form of gypsum added to the clinker.

The chemical composition of Portland cement
involves both major and minor oxides [10]. The major
oxides include CaO, SiO,, Al;O3, and Fe; Oz whereas the
minor oxides include MgO, SOs, and some alkali oxides
(K20 and Na;O) and sometimes the inclusion of other
compounds, P, Os, Cl, Ti Oz, Mn O3 [10]. The Portland
cement CEM is a powdery substance made from clinker
and gypsum; the basic components of tested cement
samples measured by XRF spectroscopy expressed in form
of oxides in weight % are presented in Table 2.

The Portland cement was analysed by XRD, both
CEMI and CEMII (Fig. 2 and Fig. 3) X-ray powder
diffraction analyses include triplicate scans of each sample
treatment (cement CEMI and CEMII). There are several
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Table 2: The chemical and specific surface area (Blaine) of Portland cement.

4 CEMI CEMII A
SiO, % 18.23 18.73
Al, 0% 3.89 3.96
Fe; O3 % 3.57 3.7
Ca0 % 60.95 59.97
Mg O % 1.27 131
K> 0 % 0.48 0.47
SO; % 2.75 2.85
Na, O % 0.51 0.403
ifi 2
\_ Specific surface (m? /kg) 389 354 )

100% 1
90% A
80% A
70% A
60% -
50% -
40% -
30%
20% A
10% A

0% -

Limestone  Marl Ironore Raw meal Clinker Gypsum

@Si02 WAI203 OFe203 @Ca0 mMMgO OK20 OSO3 111Na20

Fig. 1: The chemical composition of studied sample.

methods which may be used to determine the phase and
phase composition of the cement. X-ray powder
diffraction method is highly suitable for both qualitative
and quantitative phase analyses of cement and clinker.
The elemental composition of cement is usually determined
by X-Ray Fluorescence (XRF) method.

An initial comparison of the peak intensities between
cements provides some insights on their relative
compositions. The effects of concentrating specific phase
groups is seen by the increased peak intensities
in the extraction residue patterns as well as the improved
clarity of the simpler residue mixture.

The four major components of Portland cement are
alite (C3S—CasSiOs), belite (C.S-CazSiOs), aluminate
(CsA—CaszAly06), and aluminoferrite (C4AF). While
the minor components are gypsum, calcium, sulphate
and hemihydrate. Each of the major components, in turn,
can exist in several polymorphic phases (Fig.2 and Fig.3).
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The monoclinic phase of “alite” C3S has a major characteristic
peak at 20 = 32°. The B-C,S phase has a medium strong
peak at 41.28° which although has some overlap with alite
phase. Alite phase in cement and in cement hydration
products and also to determine the degree of hydration of
cement when an internal standard is used with cement
reaction products. The major peaks of C4AF, cubic
and orthorhombic C3A lie in the range 32° to 34°, it is very
difficult to identify these phases separately in cement.

The Portland cement CEMI and CEMII have relatively
high aluminate content and relatively low ferrite content.
The XRD pattern of CEM showed alite and balite present
as the main phases.

A comparison with each cement brand indicated
variations in the chemical compositions existing between
them. The predominant oxide compositions were CaO
followed by SiO,, Al, O3, and then Fe; O3 in that order.
The minor oxides included MgO, Na2O, K;0, MnO, TiO,
P,Os and SO; (Table 2).

The amount of SiO; in Portland cement within
the range 18% to 19%.The cement CEM I have slightly
lower silica than the CEMII 18.23 and 18.73 respectively.
The variation of aluminum oxide was found that amount
of Al,O3 in the studied samples is lower than 4.00%
On the other hand the iron Fe,Os contentin in the cement
samples within the range 3% to 4%. Amount of CaO within
the range 60% to 61%. cements have same MgO 1.27
and 1.31% respectively. The magnesia content is not to exceed
2% because higher magnesia contents may be detrimental
to the soundness of the cement, especially at late ages.

The amount of SOz in Portland cement 2.75-2.85 %.
The cement CEMI has lower content of Sulfuric anhydride
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Fig. 2: X-ray Powder diffraction Portland cement I.

2.75%. High percentage of SO3 tends to cause
unsoundness of cement. Portland cement contains usually
around 5% of gypsum, but its level from SO3 must be less
than 4%, according to the European standard EN 197-1.
The resulting value, of the (SSB) of Portland cement
CEMI (389) and CEMII (354 m? /kg). The analysis of each
type of cement shows that the SSB <5000. A better
parameter for describing the fineness of the cement is the
specific surface area. Because most of the surface area
comes from the smallest particles. The most common
method for characterizing the surface area of a cement is
the Blaine air permeability test. The chemical composition
of investigated cement samples correlate to the standard
chemical composition of particular cement types [11].
The difference in the basic components percentage for tested
126 A. cement types depends on their composition. CEM
I cement consists mainly of clinker. Other studied cement
types include various other components such as blast
furnace slag pozzolana or fly ash. Four major compounds
in Portland cement are C2S (dicalcium silicate), C3S
(tricalcium silicate), CsA (calcium aluminate, and
C4AF(tetracalcium aluminoferrite). These four
compounds are formed by burning reaction of CaO, SiOg,
Al;O3; and Fe2O; components at high temperature. The
silicates, CsS and C.S, are the most important compounds,
which are responsible for the strength of hydrated cement
paste. The presence of C3A in cement is undesirable. C/AF
is also present in cement in small quantities, and, compared
with the other three it does not affect the behavior of the
cement significantly. The SiO» content for all the samples
is in the range of 8-19% with marl recording the highest
value Marl > CEMI > CEMII >Clinker >Iron ore> Raw

Research Article

Chemical Composition and Heavy Metal Content of Portland Cement ...

Vol. 39, No. 3, 2020

14000
12000
10000

8000

Intensity

6000

4000

2000

|

MJ&W‘ ‘A il LAM I hmh] ,.h J&L
= : _— I .
6 12 18 24 30 36 42 48 54 60 66

26 ()

0

Fig. 3: X-ray Powder diffraction Portland cement Il.

meal>Limestone >Gypsum. SiO; content is an index
for fineness or coerciveness and it determine the grindability
of the cement clinker, level of water intake and strength
of concrete [12]. Marl had the highest Al, Oz content,
which will lead to high content of CsA Table 2. Each of
the oxides performs unique work during cement
hydration; however, each content of the oxide must be
in the right quantity during proportioning of raw
materials [13]. The amounts of CaO according to
European standard specification in ordinary Portland
cement is in the range of 61-67 % [14] CEMI and CEMII
cement are fell below the range. The European standard
specified amount of SiO; in Portland cement should be
within the range 19-23 % [14]. It was observed that all
the tow types of cement are less than the specified limit
Fig. 1. According to the European standard EN 197-1.
The sum of the proportions of CaO and SiO; in cement
should not be less than 50 % by mass. Similarly, the ratio
by mass of CaO to SiO should not be less than 2.0. CaO
and SiO; in the analyzed cement samples exceeded 50 %
by mass and have ratios above 2.0 [15]. The amounts of
Al;Os in the various types (Table 2) are within the range
of 2-6 % specified by the European standard. The amount
of Fe,03 according to the European standard should be
within the range, 0-6 %. The levels of Al,O3 and Fe;Osin
all tow brands of cement used for this study are within
their respective ranges specified by the European
standard. Also, the contents of MgO were below the 5.0 %
by mass recommended by the European standard.
The levels of SO; in the cement brands were above
the 1.5 %-2.5 % European standard recommended range
in Portland cement Fig. 1.
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The quality of Portland cement clinker depends on
its chemical composition. Marl contains basically three
oxides: SiO,. Al,0O3 and Fe;Os. Limestone decomposes to
Ca0 and CO; during firing. SO 3 also appear in cement
analysis, which comes from adding gypsum (4-6) %
during clinker grinding. The percentage compositions of
the various major and minor constituents of the cement
samples are shown in Table 2.

The properties of the cement, such as its setting time
and strength, are adjusted by the addition of gypsum and
by grinding to specific degrees of fineness [16]. There are
several brands of Portland cement available in the market
but their chemical compositions are the same. Variations
in physical properties occur due to the variation in the
amount of chemical constituents [17]. The test Anova
output indicated that each brand of Portland cement has
variations no significant with respect to chemical
composition. This is due to the differences that exist with
individual factory proportioning of raw materials for
Portland cement production. Quality of the cement
is determined by composition ratio of the four compounds.
Variations in chemical constituents affect the cement
properties like, hardening/hydration, setting time,
corrosion resistance, color, etc [18-19]. Qualitative and
guantitative analyses are very important for a
comprehensive  characterization of cement and
determination of phase composition of cement.

The heavy metals composition of Portland cement

The levels of 12 heavy metals (Arsenic, barium, lead,
mercury, boron, strontium, Cadmium, Chromium, copper,
manganese, nickel and zinc) in limestone, marl, iron ore,
clinker, Gypsum, Cement CEMI, CEMII, and Kiln dust,
were analyzed by Inductively Coupled Plasma Optical
Emission Spectrometry ICP-OES-AS. Composition of
the raw powder was prepared from raw materials limestone
and marl, with the addition of iron ore. From the obtained
results, it shows the next:

Total metal input to the limestone in order of
decreasing ppm: Sr, Ba, Zn, Cr, V, Ni, Cu, Mn, Br, Pb, As
and Cd (Fig .4).

Total metal input to the marl in order of decreasing
ppm: Sr, Mn, Zn, Cr, Ba, V, Ni, Cu, Br, As, Pb and Cd
(Fig .4). Limestone usually contains admixtures of
clay substance or of iron compounds, which influence
its color.
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Fig. 4: Median contents of heavy metals in raw materials used
for cement production.

Total metal input to iron ore (Fig. 5) in order of
decreasing ppm Mn (1700ppm),Pb (2030ppm), Zn(2387),
As(1813ppm), Ba(329 ppm), Sr(158ppm), Br(56ppm),
Cr(22ppm), V(20ppm), Cu(14ppm), Cd(10 ppm), Ni(8 ppm)
(Fig. 5).

Order of metal incorporation ppm (mg/kg) in clinker
Sr, Mn, Ba, Zn, Cr, As, V, Pb, Ni, Br and Cu. Fig. 6.

Total metal input in gypsum in order of decreasing ppm
Sr(2033ppm), Mn(136ppm), Ba(27 ppm), Br(5ppm),
V(5ppm), Cr(4ppm), Cu(4ppm), Ni(4ppm), As (2ppm),
Pb( 1ppm) Fig. 7.

Total metal input in Kiln dust in order of decreasing
ppm Sr(1320 ppm), Ba (168.33), Mn (108) ppm)Zn
(67ppm), Cr (49 ppm), As(43ppm),
Pb(39ppm),V(38ppm), Ni(24), Br(14ppm), Cu (20ppm)
and Cd(0.54ppm) Fig.8.

An important source of metal contamination from
cement are the raw materials. This information
is summarized in Tables 3 and 4.

In the case of Cr, the sources are limestone (44.87 ppm)
marl (33.83ppm), and clinker (98 ppm). The chromium
concentration was the highest in Portland cement CEMI
(89 mg/kg) and the lowest in CEMII (82mg/kg) Fig. 9. The
chromium is medium input by primary raw materials and
represent an indelible non-volatile trace element of raw
materials (clay, limestone and iron additives in particular)
used in cement clinker production [20].

In the case of Ba sources are limestone (200 ppm) marl
(34 ppm), and clinker (389 ppm). The Barium
concentration was the highest in Portland cement CEMI
(402mg/kg) and the lowest in CEMII (338 mg/kg).
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Fig. 5: Distribution of trace metal in iron ore (wt. %).
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Fig. 6: Distribution of trace metal in clinker (wt. %).

In the case of boron, sources are limestone (8.37ppm
Br), marl (10.20 ppm) and clinker (35.47 ppm). Boron
concentration was the same in Portland Cement CEMI and
CEMII (30mg/kg)

In the case of As, sources are limestone (2 ppm), marl
(4 ppm), clinker (77ppm).The arsenic concentration was
the highest in Portland cement CEMI (216 mg/kg) and
the lowest CEMII (200.33). The arsenic High input
by primary raw materials.

In the case of Pb, the sources are limestone (2.25 ppm),
marl (2.43ppm) and clinker (38 ppm). The lead
concentration was highest in Portland Cement CEMI
(127mg/kg) and lowest in CEMII (124mg/kg). Lead is
almost equally introduced by fuels and by secondary raw
materials, such as iron ore, coal fly ash and ashes from
burning process.

In the case of vanadium, sources are limestone
(27 ppm) marl (24ppm) and clinker (73 ppm), the
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Fig. 8: Distribution of trace metal in kiln dust (wt. %).

concentration was the highest in Portland Cement CEMI
(141mg/kg) and the lowest in CEMII (137). Apart from
raw materials, fuels are of importance. The typically
utilised fuel oil coke is an important input material
for vanadium. V, as is coal fly ash. Input by oil coke exceeds
that of secondary fuels.

Ni sources are limestone (ppm 25) marl (22) and
clinker (36 ppm). The nickel concentration was the same
in Portland Cement CEMI and CEMII 46 mg/kg.
Raw materials are a very important source of Nickel,
significantly increasing the concentrations of chromium
low-volatile trace elements Cr. The results show that
concentration of heavy metals increases in the product of
Portland cement this increasing come from refractory
bricks lining the kiln, the grinding media

Strong increase of the concentration of Ba, Sr, Mn, Cr
and Ni from raw material to clinker is clearly visible.
It was determined that hardly volatile trace elements (Ba, Co,
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Table 3: The percentage of metals in gypsum. limestone. clinker of cement CEMI (G= Gypsum L= Limestone

C= Clinker Total =G+L+C).

/ Metals G L C Total \
As % 0.025 0.06 73.39 73.474
Ba % 0.356 6.23 37141 377.997
Br % 0.070 0.00 33.89 33.962
Cd % 0.000 0.01 0.00 0.014
Cr% 0.059 1.40 93.68 95.135
Cu% 0.058 0.67 24.08 24.813
Pb % 0.018 0.07 35.90 35.987
Mn % 1.813 0.66 395.94 398.415
Hg % 0.000 0.00 0.00 0.000
Ni % 0.062 0.77 34.27 35.101
Sr % 27.043 49.24 1707.34 1783.624
V % 0.071 0.85 70.08 70.995
Zn % 0.000 1.73 104.16 105.886
\_ Total 29.576 61.69 2944.14 3035.402 )
Table 4. The percentage of heavy metals in gypsum, limestone clinker in cement CEMII (G= Gypsum L= Limestone
C=Clinker Total =G+L+C ).
/ G L C Total \
As % 0.030 0.228 66.263 66.522
Ba % 0.436 24.220 335.341 359.99
Br % 0.085 0% 30.600 30.685
Cd % 0% 0.053 0% 0.0538
Cr% 0.071 5.424 84.583 90.079
Cu% 0.071 2619 21.742 24.433
Pb % 0.0222 0.272 32.412 32.706
Mn % 2.222 2.583 357.486 362.292
Hg % 0% 0% 0% 0%
Ni % 0.076 2974 30.945 33.995
Sr % 33.143 191.425 1541.536 1766.104
V % 0.087 3.292 63.272 66.651
Zn % 0% 6.709 94.045 100.755
\ Total 36.246 239.574 2658.229 2 934.279 /

154

Research Article



Iran. J. Chem. Chem. Eng.

2500 1
OCEMI
2000 A ECEMII

=
a
o
o

metals mg/kg

500 A

i1 DR

As Ba Br Cd Cr Cu Pb Mn Ni Sr V Zn

Fig. 9: Distribution of trace metal in Portland cement CEMI
(wt. %) and CEMII (wt. %).

Cr, Cu, Ni, Zn and V) are mainly incorporated in the main
hydraulic clinker phases CsS, C.S, and C,AF [21].
According to the above analysis (Fig. 8), it was confirmed
that all the refractory metals (Ba, Sr, Mn, Ni and V)
are mostly retained by cement kiln process solids.
The concentration of toxic heavy metals in the cement
samples are shown in Fig. 9.

The metal with highest input rate is Sr, closely
followed by Mn and Ba. Interestingly, the portland cement
CEMI contained higher concentrations of arsenic, lead,
barium, Vanadium and chromium than CEMII. Metal
compounds are introduced into the furnace with a raw
materials and iron ore , but the most of them originate from
the raw materials. Iron ore is a correction material, iron ore
was assigned to the group of secondary raw materials. Raw
materials or interground additives were used, if iron ore
was used in the raw powder, the average chromium and
copper concentrations would have been increased
significantly in cement. The overall metal material
balance could be performed by monitoring the mass metal
rates for all inputs and outputs of the cement kiln. Due to
the conservation of metals in the combustion process,
theoretically, the percentage of mass closure should be
in the vicinity of 100 % [22]. Thus it can be concluded
for any metal added to the cement kiln with raw materials
or fuels, the most of them will be retained by cement kiln
process solids, while the less of them will appear in the
stack gas stream. Cipurkovic, 2014 [23] has concluded for
any metal added to the cement kiln with raw materials or
waste derive fuels, less than 1 % of the input will appear
in the stack gas stream, while 99 % of the input
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will be retained by cement kiln process solids. Brandt, 1995 [24]
reported that typical cement raw materials contain
25 mg/kg of Cr, 21 mg/kg of Cu, 20 mg/kg of Pb and
53 mg/kg of Zn and about 50% of the total Cd, Cu and Zn
load in cement are introduced through raw materials.

Portland cement CEMI is produced by mixing clinker
(95,56 %), limestone (3.11 %) and gypsum (1.33 %).
Portland cement CEMII is produced by mixing clinker
(86.28 %), Limestone(12.09 %) and gypsum (1.63%)
Table 5. Clinker and Portland cement exhibit slight
element concentration differences only, as Portland
cement consists mostly of clinker.In clinker (Fig .8) there
are high concentrations of trace elements Ba (388),
Br (35), Cr (98), Mn (414), Ni (36mg/kg), Sr (1787ppm)
and Zn (109 ppm). It was determined that hardly volatile
trace elements (Ba, Co, Cr, Cu, Ni, Zn and V) are mainly
incorporated in the main hydraulic clinker phases CsS,
C.S, and C4AF [25].

Kiln dust from the cement factory in north Tunisia
contains trace elements, such as As, Ba, Cr, Pb, Cu, Mn,
Ni, Sr and Zn (Fig. 9). About 17 trace elements namely,
antimony, arsenic, lead, cadmium, chromium, cobalt,
copper, manganese, nickel, thallium, tin, vanadium, zinc,
beryllium, selenium, tellurium and mercury have been
reported in cement kiln dust [26]. In cement, the metal
with highest input rate is Sr, closely followed by Ba and Mn.
Analysis showed that metal compounds are originate from
the raw materials. For the most elements studied, the raw
material feed is the principal source of metal compounds
in the total feed to the kiln. The increase in metal
concentration (Ba, Sr, Mn, Cr, Ni) from raw meal
to clinker results from CO2 discharge and the associated
mass loss. Zn and V content. Come from the fuel used
tires, heavy fuel oil, etc [27]. This increase is assumed
to be caused largely by fuels Approximately 75-90% of metal
strontium, manganese, chromium, nickel, vanadium,
copper, were added with raw material feed; Sr is mostly
from limestone; Input of more than 50% of Ni, V and Cu
originate from ash [25] chromium is mostly input from
limestone. All (non volatile) metals generally tend
to be incorporated into the clinker, while the lower part,
especially volatile and semi-volatile metals accumulates
in the cement dust. Cement dust contains heavy metals like
metals like nickel,cobalt , lead, chromium, pollutants
hazardous to the biotic environment with impact for
vegetation, human andanimal health [28]. The mean trace
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Table 5: The percentage of gypsum, limestone and clinker in
CEMI and CEMII.

Saidi I. et al.

4 CEM | CEMII )
Gypsum % 1.33 1.63
Limestone % 311 12.09

\_ Clinker % 95.56 86.28 )

element concentration in cement is caused by the input of
secondary fuels and inter ground additives. Raw meal
(limestone, marl and iron ore) was combined with a fuel
mix causing the highest trace element concentrations in
Portland cement. According to the previous studies, the
presence of heavy metals (especially chromium) in
cement kiln is obvious [29]. Refractory in cement kiln
can adsorb quantities of heavy metals exist in the kiln.
Use of this refractory could contribute to a surge in
chromium levels to the clinker during the first use of kiln
after re-bricking.

CONCLUSIONS

Our study is the first for determination of various
heavy metals in raw materials, such as gypsum, cement
and kiln dust. Portland cements CEMI and CEMII
in cement factory in North Tunisia. The measurements
of the heavy metal content in Portland cement showed
interesting results. Theoretical X-ray diffractograms are
very important for establishing the identity of each
component of cement and its crystal phase and its relative
abundance in cement. The quality of Portland cement
clinker in north Tunisia depends on its chemical
composition. Marl contains three oxides: SiO,, Al,O3 and
Fe,03. Limestone decomposes to CaO and CO; during
firing. SOz also appear in cement analysis, which comes
from adding gypsum (4-6) % during clinker gridding.
Namely, CEMII contained lower concentrations of Ba,
Mn and As than CEMI. CEMII had the least amount of
all trace metals of the materials tested. It is possible that
the raw material for CEMI and CEMII is similar
but different from the raw materials for CEMII. The
concentrations of the 10 heavy metals (Ar, Br, Pb, Hg,
Ba, Sr, Cd, Cr, Cu, Mn, Ni and, Zn,) in CEMI showed
no significant difference p<0.05 with those in CEMII.
In a comparison of CEMII, had less or statistically equal
contents of seven heavy metals (Boron, cadmium,
copper, nickel, manganese, and strontium) compared

156

Vol. 39, No. 3, 2020

with CEMI. These differences in heavy metal contents
could be considered before use of Portland cement.
The distribution of elements in different streams in the
process of sintering indicates that most of the trace
elements incorporated in the mineral phases of clinker.
Due to different factors in cement production such as raw
materials, refractory bricks lining the kiln, wear metal
from raw mill grinding process, fuels and additives many
of heavy metals have the chance to enter the clinker and
final cement product. For the most elements studied, the
raw material is the principal source of metal compounds
in the total metals in cement. Due to the incorporation of
heavy, toxic metals in the clinker minerals, they are
entered in the cement and concrete later in which to linger
for many years. Cement is important from the economic
point of view but it could contain heavy elements posing
threat to the environment and human health.
Furthermore, future investigation are needed to underline
the toxic effects of the founded elements.
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