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Abstract: The cement industry is considered one of the
strategic industries, because it is directly related to con-
struction work and cement is used as a hydraulic binder.
However, it is a simple industry compared to major indus-
tries and depends on the availability of the necessary raw
materials. This study focuses on optimizing and coordi-
nating the location of raw materials needed for the cement
manufacturing in Wasit Governorate in Iraq. Field works
include detailed reconnaissance, topographic work, and
description and sampling of 24 lithological sections that
represent the carbonate deposits, which crop out in the
area. The investigated area has the following specifica-
tions: The weighted averages of chemical components in
the industrial bed are as follows: CaO = 47.83%, MgO =
1.12%, SiO, = 7.28%, SO; = 0.34%, Fe,05 = 1.85%, Al,05 =
1.85%, L.0.I = 39.26%, Na,0 = 0.29%, and K;O = 0.38%.
The average thickness of the investigated raw materials
is 15.68 m. The average bulk density of the investigated
raw materials is 2.32 g/cm®. The compressive strength of
the investigated raw materials ranges from 6.182 to 55.21
MN/m? The positive area is 922,552 m? The volume of the
industrial bed is 14,466,242 m3. The economic reserve of the
industrial bed is 33,561,682 tons.
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1 Introduction

Since ancient times, the use of mortars was documented
extremely. Clay was likely the first binder, because of its
wide availability and applications that required low tech-
nology. Since at least 6000 B.C., mortars were used in the
primal form as several archaeological sites were testified,
including Iraq, Egypt, Turkey, and Syria. At the later cen-
turies, several civilizations adopted mortars, such as the
Mesopotamia, Minoans, Romans, Egyptians, and Greeks. The
calcination technologies, raw materials, and the building
techniques were developed rapidly from one locality to
another in different ways. Many studies dealt with geoma-
terials, stones, and raw material provenance of cement, with
all of their related aspects, as well as the physical, miner-
alogical, and chemical properties. This study will focus on
exploring and identifying the areas of raw materials needed
for the cement industry in Wasit Governorate in Iraq.

2 Literature review

The complexity of the projects was accompanied by the
great development in the construction industry, so over
the past 150 years, concrete, especially cement, dominated
this industry and the increase in demand for cement pro-
ducts prompted an increase in the manufacturing rate in
2012 to more than 3 billion tons when the quantities pro-
duced were 1,500 million tons in 2000 [1].

The evolution of developing economies and the rapid
growth of their infrastructure led to an increase in the
global production of ordinary Portland cement (OPC) to
reach 4 billion tons annually [2], which made OPC as a
strategic commodity and vital material for those econo-
mies [3]. It is estimated that making concrete consumes
50% of the world’s annual OPC to produce approximately
11 billion tons of concrete, while the remainder is used for
coatings, screeds, stucco, mortars, and other applications [4].

8 Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/eng-2022-0486
mailto:msewan@uowasit.edu.iq

2 =—— Alaa Kharbat Shadhar et al.

In the near future, especially with the increasing require-
ments of buildings and infrastructure, sustainable, durable,
and economical concrete is increasingly desirable [5]. It is
expected by 2050 that the demand will increase to produce
more than 18 billion tons of concrete of all kinds annually
[6]. In recent years, emerging economies have experienced
significant growth, especially developing countries such as
India, China, and North Africa and the Middle East. Today,
the cement market is dominated by China with a total pro-
duction of 58.13% of global consumption [2].

Portland cement is one of the most produced materials
in the world because it is the first essential material that
supports global development [7]. Globally, when cement is
compared to other building materials, there is an abundance
of raw materials required for the manufacture of cement due
to the good durability and low cost of cement [8].

The two largest cement producers in the world are China
and India. In 2017, they produced nearly 64% as part of the
world’s production, roughly equivalent to 2.61million ton
(MT) of cement as part of a global production of 4.05M.T.
In 2018, these two countries produced 65% of the whole world
production, or 2.66 million tons as part of a total world pro-
duction of 4.10 million tons. By comparison, the United States
directly produced 0.86 and 0.88 M.T. of cement in 2017 and
2018, respectively. In the Middle East, the main producer of
cement in the region is Saudi Arabia, which produced in the
same years 0.47 and 0.45 million tons. In the region of Middle
East and North Africa region, the rate of growing in cement
demand at a of 5.5% compound annual growth rate [9].

The increasing demand for cement has become inevi-
table, especially with the increasing growth of cities and
the resulting steady urban expansion. The growing invest-
ments in the construction sector have been the main
driving force for the development of infrastructure in
North Africa and the Middle East region. As rail and road
networks, infrastructure development and the construc-
tion of more major cities are likely to expand as part of
the development of the regional market; therefore, the
need to cement in North Africa and the Middle East region
will continue to rise [10]. In Iraq, the healthy increase in
demand for cement, especially for the increase in construc-
tion activity, requires an increase in its production.

3 Study area

The investigated area is located in Zurbatiyah region,
bounded by the following coordinates (Table 1).

Within Wasit Governorate, Badra district, it is about
18 km northeast of Zurbatiyah city (Figure 1).
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Table 1: Coordinates of study area
Longitude Latitude
46°5'42.00” 33°16'54.00”
46°7'0.37" 33°15'56.75”"

4 Cement production process

Suitable raw materials for cement production are selected
and then produced using a six-stage process: mining of raw
materials (limestone); mixing, homogenizing, and grinding
of various raw ingredients in the form of a mixture; heat
treatment stage by preheating in an oven; production of
the final material clinker grinding; and finally, the packa-
ging and transportation of the product [11].

In the first stage, the main raw materials are pros-
pected and mined, such as bauxite, clay, limestone, iron
ore, kaolin, laterite, and sandstone. The main source of
calcium is limestone, while aluminum is obtained from
kaolin and bauxite ores. Iron ore and red ocher meet the
requirements for iron, and, to some extent, the main
sources of silica are phyllite sandstone and quartzite.
Since the need for other components is significantly lower
than that for limestone, stone supplies are usually located
near cement kilns, with the plant relying on the transpor-
tation of other raw materials. The second stage involves
designing appropriate mixing ratios for raw materials and
characterizing these different materials. The raw mixture
is then transferred to common grinding mills known as
vertical roller mills/ball mills, to grind the raw material,
achieve the target fineness of the powder, and thus store it
in special silos [12].

In the third stage, or the heating stage to remove
carbon from the raw materials, the raw mixture is passed
through vertical spiral cyclones with a number ranging
between 5 and 6 inside a chamber prepared for this pur-
pose [13]. In the fourth stage, raw mix is fed to the pre-
heated rotary Kkiln to make clinker, noting that the raw
material is decarbonized in the previous stage. The kiln
feed retention time also varies from one factory to another.
The production capacity and reaction speed of the raw mix
are among the most important considerations for deter-
mining the timing of kiln feeding. Normally, 900°C is the
inlet temperature of the oven, while 1,450°C is the final
temperature [7,14]. During the heating phase, many che-
mical reactions occur between iron, aluminum, silicon,
calcium, etc., to reach clinker. In the fifth stage, forced
air is used to quickly cool the clinker as it leaves the kiln.
The energy requirement is decreased by recirculating the
heated air back into the preheater or kiln [7]. A suitable
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Figure 1: Location map of the studied area.

grinding mill is then used to grind the cooled clinker along
with calcium sulfate source or 5% gypsum, as well as addi-
tional trace elements such as limestone and stannous or
ferrous sulfate. The ground cement is finally transported
via an appropriate transport system to storage silos. For
instance, the silos must guard against contamination and
dehydration. Following storage, cement is either carried in
bulk or packaged in 20-50 kg waterproof bags. Figure 2
illustrates the six-stage process of cement manufacturing.

5 Field survey and laboratory
works

The field survey started by detailed reconnaissance to
determine the best locations suitable for selecting the litho-
logical sections that represent the carbonate sediments in
the area. In this part of the work, the limits of the project
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area were determined and the appropriate ways of team
work were also identified.

5.1 Lithological sections

According to the work program of the project, 24 litholo-
gical sections were described; they represent the best geo-
graphical and vertical extensions of the carbonate beds
cropped out in the project area. The intra-distances between
these sections range from 125 to 500 m, and the total thick-
ness of all sections is 481 m.

5.2 Description and sampling

The characteristic properties of field rocks are studied,
depending on the visual inspection of the field and the
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Figure 2: Six-stage process of cement manufacturing.

rock changes; the distance between samples ranges from
0.5 to 3.5 m.

5.3 Topographic work

The topographic work included the determination of the
coordinates and elevations of the lithological sections. A
simple contour map of the investigated area obtained
using the mentioned information is shown in Figure 3.

5.4 Laboratory works
The laboratory work carried out in this work includes the
following analysis and tests.
5.5 Chemical analysis

Three hundred and thirty-eight rock samples were col-
lected from 481 m. in 24 lithological sections and analyzed
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Figure 3: Contour map of the studied area.

to determine the following chemical components: CaO,
MgO, SiOZ, S0;, L.O.1, Na,0, K,0, Fe,05, and Aleg.

5.6 Petrophysical and rock mechanics tests
5.6.1 Bulk density

This test includes 12 samples collected from different levels
within the sections to cover most rocks in the area.

5.6.2 Compressive strength

This test includes eight samples collected from different
levels within the sections to cover most rocks in the area.

6 Office work

The results analysis is an important stage that includes gath-
ering information and previous studies before entering field

work, such as studies on the region in addition to access to
the aerial photographs, satellite images, show the area, the
creation of services, and equipment necessary for field
work. During the field work, in the daily meetings of the
working group, the completed work was discussed, all the
acquired data were documented, maps and drawings were
prepared, besides sample preparation, and sent them to the
laboratory. The results analysis includes data collected from
the field, and laboratory tests, to interpret the results set out
and recommended of the final conclusion.

6.1 Qualitative evaluation

Specifications of chemical and physical characteristics of
the industrial bed are discussed in the following to make a
qualitative evaluation of the carbonate rocks.

6.1.1 Chemical specifications

The most important specification in the qualitative evalua-
tion of the carbonate rocks suitable for cement
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Figure 4: Chemical component ratio.

Table 2: Chemical component ratio limits in the industrial bed

Chemical Minimum Maximum Average
component value value value
Ca0 45.16 51.86 47.83
MgO 0.46 17 1.12
SiO, 3.98 8.92 7.27
SO; 0.07 0.7 0.34
LO.I 37.34 41.53 39.26
Fe,03 0.46 1.14 0.8
Al,05 0.89 27 1.85
Na,0 0.15 0.57 0.29
K;0 0.21 0.81 0.38

manufacturing is the concentration of the defined investi-
gated area; chemical components and the distribution of
these components are discussed in the next paragraphs.
Chemical component ratio of the investigated raw material
in the studied area was calculated depending on the che-
mical analysis of several hundreds of samples gained from
24 sections. The illustration charts of these sections are

Table 3: Bulk density average of the investigated raw material

attached in Appendix 1; they include all available informa-
tion about the studied lithosections. Figure 4 shows the
chemical component ratio of the investigated raw material
in the studied area.

The values of the averages and limits of the chemical
components in the industrial bed are listed in Table 2.

6.1.2 Bulk density

It is defined as the mass of many particles of the material
divided by the total volume they occupy. The total volume
includes particle volume, inter-particle void volume, and
internal pore volume. Table 3 shows the bulk density average
of the investigated raw material in the industrial bed.

6.1.3 Compressive strength

The compressive strength of a material is the value of uni-
axial compressive stress reached when the material fails
completely. Compressive strength has the unit of stress, i.e.,

Sample No. Thickness (m) Bulk density (g/cm?) Sample No. Thickness (m) Bulk density (g/cm?)
29/ 2.0 2.168 219/5 2.0 2.451

710/13 0.5 2.389 721/3 1.0 2.472

713/2 2.0 2.290 722/9 2.0 2.219

Z14/3 1.0 2.386 722/24 2.0 2.262

216/17 2.0 2.405 22377 2.0 2.408

217/3 2.0 2.270 724/8 1.0 2.362

Average 2.32
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Figure 5: Compressive strength of the bed area.

force per unit area (MN/m?) (Figures 5 and 6). The compres-
sive strength and average of the investigated raw material
in the industrial bed are presented in Table 4.

6.2 Quantitative evaluation
To evaluate the rocks of the industrial bed quantitatively, it

is important to know the following parameters for reserve
estimation:

6.2.1 Thickness

The average thickness of the industrial bed in the positive
area is 15.68 m.

Optimizing and coordinating the location of raw material = 7

Table 4: Results of compressive strength tests

Sample no. Thickness (m) Compressive strength (MN/m?)
213/4 2.0 26.643
214/3 1.0 55.2104
78/4 1.0 9.101
219/6 1.0 114
221/6 2.0 22.0779
222/9 2.0 6.182
223/3 1.0 26.395
224/6 2.0 17.825
Average 16.16
6.2.2 Area

The positive area is computed by using the coordinate
method. It is 922,592 m?.

6.2.3 Bulk density

The average bulk density of the industrial bed in the area is
2.32 g/em®,

6.2.4 Cut-off limits

The cut-off limits used in this study are dependent on the
common limits considered by the most of cement factories
in Iraq; they are as follows:
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Ca0 = 40%,
MgO < 2%,
$0; < 1%.

6.3 Results of data analysis

Three parameters are considered the main factors when
calculating reserve: the investigated area (922,592 m?), the
average thickness of the raw material bed in investigated
area (15.68 m), and the average of bulk density of the bed
(2.32 g/cm?).

The equation for reserve is as follows:

Reserve = Area x Thickness x Bulk density. 1)

The total volume of industrial bed is 14,466,242 m®, and
the reserve is 33,561,682 tons.

7 Conclusions

The study reached the following conclusions:

a. More investigation to the rounding area was needed to
locate the suitable raw material for cement industry.

b. The investigated area contains an industrial bed of lime-
stone rocks suitable for the cement industry due to its
chemical specifications.

c. The industrial bed lies within Fat’ha Formation (Middle
Miocene), and this study dealt with the exposed parts of
the formation only.

d. The category of exploration in this study, which is based
on prevailing conditions, is C 1.

e. The weighted averages of chemical components in indus-
trial bed are as follows:

CaO = 47.83%, MgO = 1.12%, SiO, = 7.28%, SO3 =
0.34%, Fe,0; = 1.85%, AlL,O3 = 1.85%, L.O.I = 39.26%,
Na,0 = 0.29%, K,0 = 0.38%.

f. The average thickness of the industrial bed is 15.68 m.

g. The average bulk density of the industrial bed is 2.32 g/cm®.

h. The compressive strength of the industrial bed ranges
from 6.182 to 55.21 MN/m?.

i. The positive area is 922,552 m*

j- The volume of the industrial bed is 14,466,242 m?,

k. The economic reserve of the industrial bed is 33,561,682 tons.

8 Recommendations

It is important to upgrade the exploration in order to use
the rocks in investment projects. It is not recommended to

DE GRUYTER

use this study for direct investment. The upgrading work
requires a more detailed fieldwork, including the high tech-
nique of drilling and topography because of the structural
and geomorphologic conditions that control the extension of
the industrial bed in the area, laterally and vertically.

Other investigation work could be achieved in the area
to evaluate clay sediments that could be used in the cement
industry. It is important to execute a detailed survey in the
Zurbatiya area to take it as a database for future works.

More field work and investigations must be conducted
in order to reach the best ratios of compounds involved in
the cement industry and to greater reserve, because the
current study was limited in thickness because of funding
limitation. An additional study will also be conducted to
indicate the suitability of the existing compounds and their
proportions for the plaster industry. It is also possible to
verify the suitability of these raw materials for the manu-
facture of some types of concrete admixtures.
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