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ABSTRACT

Limestone, the main raw material for cement production, is readily available in the
Kurdistan Region. This study tries to evaluate the usage of the limestone from the Shiranish
Formation for Portland cement production. Samples of limestone of this formation in Garota
Village, Shaglawa area are selected and analyzed for the major elemental oxides and the data
are evaluated and compared with the available standard chemical analysis of raw limestones
for Portland cement. In the sampled locality, the Shiranish Formation has a thickness and
geomorphologic conditions that can easily be excavated and transferred to the site of cement
production. The obtained data shows that only one sample among the selected samples is
suitable for Portland cement production, but with minor addition of gypsum to enhance the
SO; content, while the other samples are slightly below the lower limit of the usual range of
Portland cement manufacture due to high content of silica.
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INTRODUCTION

Al-Sayyab et al. (1982) stated that the Shiranish Formation could be utilized for cement
manufacture without giving any details. Later, Thanoon (1999) assessed the Shiranish
Formation from Sinjar Area — NW Iraq for Portland cement manufacturing.
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The Garota Village is located in the High Folded Zone, five Km to the east of Shaglawa
Town and 50 Km northeast of Erbil (Fig.1).

Fig.1: Map of Irag showing the study area

= Geological Setting

The Shiranish Formation has a wide geographic distribution in Irag and surrounding
countries, having outcrops in several localities within the High Folded Zone, and also
recognized in NE Syria (Buday, 1980; Litak et al., 1998).

In the study area, the Shiranish Formation conformably overlies the Bekhme Formation,
and underlies the Kolosh Formation (Fig.2). The thickness of the formation varies greatly,
being 227.8 m thick in the type section (Bellen et al., 1959). In other areas, the isopach varies
greatly as a result of subsidence related to the basin and its depositional environment (Buday,
1980). In the study area, the apparent thickness is about 24 m.

In Garota, only limestone beds are obvious and the upper marls are covered by soil. The
lithology of the formation in this type area is divided into two units: the upper unit is
comprised of blue pelagic marls sometimes dolomitic with occasional thin marly limestone
beds rich in microfauna; and the lower unit is comprised of thin bedded marly limestone
(Bellen et al., 1959; Buday, 1980).

The outcrop is located within the northeastern limb of Safin anticline. There are several
geomorphological forms that were formed by erosion, deposition, mass movement and
solution, such as karst, cleavage and rock fall. The effect of gully erosion; freezing and
thawing; gravitational erosion and mass movement can be observed.

The ever growing need for cement nationwide requires a continuous supply of raw
material of which limestone is the most important. The Shiranish Formation has been studied
for this purpose and in the present study the formation outcrop of Garota Village is studied to:
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— Compare the chemical composition of all limestone samples with the usual range accepted
for Portland cement.

— Find a suitable mixture of all samples directly or with minor additions to reach a better
clinker composition for cement manufacture.
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Fig.2: Geological map of Shaglawa area (Sissakian, 1998)

= Methodology

A total of eight samples of limestone were collected from the Shiranish Formation
outcrop near Garota Village (Table 1). Samples were taken from different points within the
same horizon to observe the lateral change within the horizon.

The chemical analyses were carried out in the National Center of Construction
Laboratories (NCCL), Erbil, to determine the percentages of major oxides in the bulk
samples. The 20 gram dried rock samples were grounded to a particle size of < 50 pum
(capable of passing through a sieve of 325 mesh). Five grams of the resulting powdered
samples were transferred to a pellet pie and pressed at a minimum of 15 ton pressure. The
samples were pressed into a boric acid backed pellet. Then they were analyzed using Oxford
Instruments X-Supreme 8000.
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Table 1: List of samples showing sample number, lithology, location and
coordinates

Sample No. Lithology Location Coordinates
1 Calcareous Limestone Garota Village, Shaglawa 36: 18‘. Sll.l. N

44° 26' 35" E

2 Calcareous Limestone Garota Village, Shaglawa ii: ;g gi ’EI

3 Calcareous Limestone Garota Village, Shaglawa ji: ég 33 ’E‘

4 Calcareous Limestone Garota Village, Shaglawa jﬁi ég gg Ej

5 Calcareous Limestone Garota Village, Shaglawa jﬁi ég gi Ej

6 Calcareous Limestone Garota Village, Shaglawa jﬁi ég gg Ej

7 Calcareous Limestone Garota Village, Shaglawa jﬁi ég gi Ej

8 Calcareous Limestone Garota Village, Shaglawa ii: ég gg 'El

RESULTS AND DISCUSSION

The results of chemical analyses for the collected samples are shown in Table 2. The raw
material factor (default = 1.54) is used for converting raw material constituents to a Portland
cement clinker constituent, with the resultant clinker composition calculated as shown in
Table 3 (Szabo et al., 2003). The data from Table 3 is used in order to compare its
percentages with the usual range in cement and to figure out if it is within, above, or below
the usual range.

The percentage of calcium oxide (CaO) of six samples: 1, 4, 5, 6, 7 and 8 is within the
acceptable range, but samples 2 and 3 are below and above the range, respectively. The
CaO wt. % average is 41.27 which is at the mid of the acceptable range (Table 2). The
averages of CaCO3; wt. % and raw mix are 73.61 and 0.62, respectively (Table 4). These
values are within the acceptable limits.

Generally, all samples have high content of silicon oxide (SiO,); four samples: 1, 3, 6 and
7 have SiO, contents within the acceptable range but higher than the median value. The other
four samples: 2, 4, 5 and 8 contain silica above the acceptable range. The average SiO,
content is slightly above the acceptable. The contents of aluminum oxide (Al,O3) and iron
oxide (Fe,O3) in the resulting clinker for all samples are within the acceptable limits. The
magnesium oxide (MgQO) content in resultant clinker for sample 3 is slightly below the
acceptable range, whereas MgO content in all other samples is within the range. Samples 2, 4,
5 and 6 show slightly higher MgO concentrations than the median value of usually acceptable
range, whereas, samples 1, 7 and 8 have slightly lower MgO content than the median value.
However, the average of all samples is within the acceptable range.

The content of sulfur oxide (SOs) in the resultant clinker for all samples are below the
acceptable range for clinker. Sulfate is usually added to the raw material mix in cement
industry. The role of SOz in the cement is to prevent sulfate expansion; the sulfate added to
clinker is mostly in the form of gypsum to control the setting time; thus the content of SO;
should be adjusted in the mix to conform to the usual range and to prevent the extensive
sulfatization of the alkalis (Duda, 1976; Austin, 1985; Neville, 1996).
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Table 2: Results of chemical analysis of the studied samples
Sample No.
1 2 3 4 5 6 7 8
Element Wt.% Wt.% Wt.% Wt% | Wt.% | Wt.% | Wt% | Wt.%
Oxides
Na,O 0.06 0.04 0.05 0.04 0.06 0.03 0.05 0.05
MgO 1.01 1.43 0.32 1.53 1.76 1.68 1.25 1.09
Al,O, 4.10 4.42 2.04 3.51 4.28 3.71 4.17 4.10
SiO, 15.80 17.45 14.78 16.30 17.98 15.65 16.06 18.06
P,Os 0.08 0.15 0.08 0.10 0.06 0.11 0.11 0.08
SO; 0.32 0.15 0.19 0.33 0.21 0.34 0.28 0.18
K0 1.24 1.08 0.74 0.66 0.86 0.73 0.93 0.97
CaO 40.93 38.20 45.50 42.26 39.93 41.82 41.01 40.47
MnO 0.04 0.07 0.01 0.07 0.08 0.06 0.05 0.04
Fe, O3 1.94 2.48 0.81 2.04 2.48 2.24 2.33 2.09
Total oxides 65.52 65.47 64.52 66.84 67.70 66.37 66.24 67.13
LOI 34.47 34.54 35.49 33.41 32.69 33.11 34.94 33.21
Total 99.99 | 100.01 | 100.01 | 100.25 | 100.39 | 99.48 | 101.18 | 100.34

Table 3: Calculated Clinker chemical composition of the studied raw material samples. The
usual composition limits are based on Neville (2012)

Element Usua{I. Sample Number and Clinker (RM * 1.54) Wt.%
Oxides Com_po_smon 1 2 3 4 5 6 7 8
Limits Wit.% | Wt.% | Wt.% | Wt.% | Wt.% | Wt.% | Wt.% | Wt.%
Na,O 03-12 0.09 0.06 0.08 0.06 0.09 0.05 0.08 0.08
MgO 05-4.0 1.56 2.20 0.49 2.36 2.71 2.59 1.93 1.68
AlL,O; 3-8 6.31 6.81 3.14 541 6.59 571 6.42 6.31
SiO, 17-25 24.33 | 26.87 | 22.76 | 25.10 | 27.69 | 24.10 | 24.73 | 27.81
P,Os 0.12 0.23 0.12 0.15 0.09 0.17 0.17 0.12
SO; 20-35 0.49 0.23 0.29 0.51 0.32 0.52 0.43 0.28
K,0 03-12 1.91 1.66 1.14 1.02 1.32 1.12 1.43 1.49
CaO 60 — 67 63.03 | 58.83 | 70.07 | 65.08 | 61.49 | 64.40 | 63.16 | 62.32
MnO 0.06 0.11 0.02 0.11 0.12 0.09 0.08 0.06
Fe,O3 05-6 2.99 3.82 1.25 3.14 3.82 3.45 3.59 3.22

Table 4: Calculation of CaCO3 of raw mix (RM) of the studied samples

Sample No. CaO wt.% CaCO;wt.% | CaCOj;of Raw Mix
1 40.93 72.86 0.62
2 38.20 68.00 0.58
3 45.50 81.21 0.71
4 42.26 75.43 0.63
5 39.93 71.27 0.59
6 41.82 74.64 0.63
7 41.01 73.20 0.62
8 40.47 72.23 0.60
Average 41.27 73.61 0.62
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All samples have low content of sodium oxide (Na;O). Three samples: 3, 4, and 6 are
within the acceptable range of potassium oxides (K,0), but they are above the median value
of acceptable range, whereas the other five samples; 1, 2, 5, 7, and 8 are above the acceptable
range. Furthermore, the average of all samples is also above the range (Table 2). The alkalis,
total sodium and potassium oxides (Na,O, K,0) are expressed as Na,O equivalent (Na,O +
0.658 K;0); their amount in the produced Portland cement clinker is mostly derived from clay
minerals present within the raw mix and coal if present. Approximate range of alkalis in
Portland cement is 0.3 — 1.2 (Neville, 1996); thus the calculated Na,O equivalent for all
samples is within the acceptable range (Table 2 and Table 5).

The concentration of three main element oxides (Al,O3, Fe,03, and CaO) for the resulting
clinker is within the acceptable range of Portland cement standards, whereas (SiOy) is slightly
above the range. By calculating the average for the four main components of all samples in
the resultant clinker, the collected samples would have a clinker composition with slightly
high percentage of SiO, above the acceptable range (Table 6).

Table 5: Calculated % of Alkali content (Na,O)

sample No. Na,O K,O Total Alkali content Na,O
% % (Na,O + 0.658 K,0)
1 0.06 1.24 0.88
2 0.04 1.08 0.75
3 0.05 0.74 0.54
4 0.04 0.66 0.47
5 0.06 0.86 0.63
6 0.03 0.73 0.51
7 0.05 0.93 0.66
8 0.05 0.97 0.69

Table 6: Average of main raw material and clinker component for all eight samples.
The usual composition limits PC after Neville (2012)

Element Oxides Usual _Co_mposition Raw Material | Clinker (RM x 1.54) wt.% for 8
Limits PC for 8 samples Samples
Na,O (Alkalis) 03-1.2 0.05 0.07
MgO 05-4 1.26 1.94
AlLO; 3-8 3.79 5.84
SiO, 17-25 16.51 25.43
P,0Os 0.10 0.15
SO, 2-35 0.25 0.39
K,0 (Alkalis) 03-1.2 0.90 1.39
CaO 60 — 67 41.27 63.55
MnO 0.05 0.08
Fe,03 05-6 2.05 3.16
Total 66.22 101.98

The Lime Saturation Factor (LSF) modulus represents saturation of lime in the mixture.
The acceptable range of LSF is 0.90 to 0.98 while up to 1.02 is practically acceptable and a
range of (0.80 — 0.90) does not cause any problem in the cement manufacturing process or
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affect cement strength. However, it should not go below 0.80 (Carpio, 2005). Table 7 presents
calculated LSF for the raw material samples. Table 6 shows calculated averages of CaO,
Si0,, Al,O3, and Fe,O3 in raw material.

LSF average for samples = CaO / [(2.80 x SiO,) + (1.18 x Al,03) + (0.65 x Fe;03)]
LSF average for 8 samples =41.23 /[(2.80 x 16.51) + (1.18 x 3.79) + (0.65 x 2.05)] =0.80

The normal range of Silica Ratio (SR) is 2 — 3. If the SR value is less than 2, the burning
process becomes very easy although excessive liquid phase and low strength cement will
occur. However, if the SR value reaches up to 3, the burning become very difficult and the
high strength cement is obtained. If the SR exceeds 3, then no clinkerization process occurs at
all (Taylor, 1997). Table 7 shows calculated SR for samples. SR for raw material samples =
SiO,/ (Al,O3 + Fe,03) = 2.99, which is towards the higher limit of the acceptable SR range.

The Aluminum Ratio (AR) is used to determine ratio of aluminum oxide to ferric oxide
(Al,O3/ Fe,03). AR acceptable range is between 1.3 and 2.5; if the obtained value is greater
than 2.5, it indicates a viscous slag and occurrence of high early strength, but if it is less than
1.3, then this leads to fluid slag with low early strength and low heat of hydration (Taylor,
1997). Table 7 shows calculated AR for samples. The average of AR for all samples is 1.91,
which is within the acceptable range.

Further studies should include petrography and/or X-ray diffractometry to determine the
occurrence of free quartz and its grain size.

Table 7: Calculated LSF, SR and AR for studied samples, with averages

Sample No. LSF (range: 0.90-0.98) | SR (range: 2.0 - 3.0) AR (range: 1.3 -2.5)
1 0.81 2.62 2.11
2 0.69 2.53 1.78
3 1.03 5.19 2.52
4 0.83 2.94 1.72
5 0.70 2.66 1.73
6 0.84 2.63 1.66
7 0.80 2.47 1.79
8 0.71 2.92 1.96
Average 0.80 2.99 1.91

CONCLUSIONS

e The chemical compositions for all samples of limestones show differences in mass
percentages for the main constituents.

e The average of CaCOs for all samples is 73.60.

e The mass percentages of SOs; for all samples are below the acceptable range for
manufacturing grey and black Portland cement clinker and needs to be adjusted by adding
gypsum to increase SOz percentage to meet at least the lower limit for usual range.

e The mixture of all samples gives a resultant clinker with a high percentage of SiO, and low
percentage of SOs;. The Na,O equivalent and the remaining chemical components are
within the acceptable range of Portland cement manufacture.

e Although the LSF is below the acceptable range, this would not make any problem in
cement manufacturing process and cement strength.

e A mixture of all samples can be utilized for cement manufacture with minor additions of
SO; to reach a better clinker composition with acceptable specifications.
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