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Limestone deposits from the Fatha formation were assessed for the
preparation of ordinary Portland cement. X-ray diffraction (XRD)
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Introduction

The cement industry is a crucial industrial sector that plays a critical role in economic
development (John, 2020). Cement is indispensable in building, engineering, construction, and
civil engineering in general (Schorcht et al., 2013; Gambbhir, 2013). Limestone, shale, chalk, or
marl mixed with shale, clay, slate, blast furnace slag, silica sand, and iron ore are some of the
primary raw materials that are utilized in the production of cement (Sengupta, 2020). Altering
the composition of the mixture is accomplished by the utilization of a correction substance that
is comprised of one of the key components of the mixture (Imam and Amin, 2007). To setup a
cement factory, it is necessary to have a sufficient number of raw materials to meet the
requirements and ensure the economic viability of the project. To investigate the industrial
minerals found in the area under study, geologists conducted a great deal of research, geological
surveys and field work, for examples of this are, the study by (Al-Fraji and Al-Khafaji 2023)
focuses on evaluating the suitability of raw materials for the production of bricks and OPC from
clay of Fatha Formation. Meanwhile, Al-Najjari and Al-Khafaji (2019) studied the petrography
of sandstone in the Zurbatiyah area for the Injana Formation. (AL-Hadadi and AL-Khafaji,
2020) also studied the gypsum rocks of the Fatha formation in the study area. (Al-Ali and Al-
Khafaji, 2020) studied the limestone rocks of the Ibrahim Formation and evaluated them as raw
materials for the manufacture of ordinary Portland cement. (Khalaf and Al-Khafaji 2021) used
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clay deposits in the area to manufacture low-cost and environmentally friendly bricks. (AL-
Khafaji and AL-Hadadi, 2024) studied the industrial evaluation of mineral deposits in the
Zurbatiyah area. The cement industry uses three chemical parameters for raw materials: LSF,
SR, and AR. These parameters are very important in knowing whether the raw materials are
suitable or not. This study aims to assess mineralogical and chemical properties of limestone
deposits of Fatha formation for the manufacture of ordinary Portland cement and compare it
with the international standard specification.

Geology and location of the study area

The study area is located in the district of Zurbatiyah in eastern Iraq within the Wasit
governorate, which is 80 km west of the governorate center (Al Kut) between the latitudes 33°
0860 '-33°23"'57 "N and the longitudes 46° 02 60 ' - 45° 58 15 ' E. The study area represents
the extreme margin of the low folded zone located between the High Mountain and
Mesopotamian Plain provinces of Iraq (Yacoub et al., 2012, in Al-Shwaily and Al-Obaidi,
2019). The rock units found in Iraq during the Miocene period encompass various formations,
one of which is the Fatha Formation (Middle Miocene). Busk and Mayo (1918) were the first
to describe Fatha formation (Bellen et al., 1959) from the Agha Jari oil field in south-west Iran.
The name of the lower Fars Formation was changed to the Fatha Formation in 1992 (Al-Rawi
etal., 1992).

It is characterized by containing more than 20 cycles, represented by mudstone, marl,
limestone, and blocky gypsum (Al-Khafaji and Al-Hadadi, 2022). The lower contact of the
Fatha Formation is with the Jeribe Formation, while the upper contact is with the Injana
Formation.
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Fig. 1. The location map of the study area
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Fig. 2. Fatha Formation at Zurbatiyah area.

Fig. 3. Injana Formation at Zurbatiyah area.

Methodology

Fieldwork

Extensive fieldwork was conducted in the Zurbatiya area, which is located close to Badra
city in the Wasit Governorate of eastern Irag. Limestone samples were gathered from two
sections of good exposures, with a wide thickness and lateral extension. Five samples were
taken from the Fatha Formation, which is situated in the study area at the coordinates of ZF1
(N 33° 24' 11"/E 45° 57' 06") and ZF2 (N 33° 24' 04"/E 45° 58' 32") (Fig. 1). Two different
rock types were used in this study: limestone from the Fatha Formation and mudstone from the
Injana Formation. Limestone rocks and claystone vary in extent and thickness, which means
they can be used in many areas through open pit mining (Fig. 2) and (Fig. 3).

Laboratory work

The crushing and grinding of the limestone and claystone with agate mortar and passing
the sample through a (75 pm) sieve, so that the samples are ready for chemical and
mineralogical analysis.
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Mineralogical analysis

Five limestone and two claystone samples were analyzed by the XRD technique and
scanned with a 20 range of (5°-65°). The Broker D2 phaser device was used in the Iragi-German
laboratory, University of Baghdad, College of Science, Department of Geology. In addition,
two samples were selected to separate and detect insoluble residues according to the standard
(ASTM D3042-3, 2004). Furthermore, the clinker produced at Materials and Energy Research
Center (MERC), in Tehran, Iran, the clinker samples was analyzed using an XRD technique
and scanned with a range of (20) from (4°-60°) at Karsarn Binalond Company to determine the
minerals of the clinker. To reveal the microstructure and crystalline shape of the clinker phases,
the SEM technique was used at the Al-Razi Center for Mineral Research, Tehran, Iran, after
coating the samples with gold using a coating cell before examining them with an S360-
Cambridge SEM device. The samples were burned and cooled in (Fig. 4).

Fig. 4. A-Samples after burning, B-Clinker product.
Chemical analysis

The major elemental contents of five limestone samples and two claystone samples were
analyzed using XRF techniques. The analysis was conducted using the Ed-XRF Instrument
Spectro-Xepos of Ametek Company in the Iragi German Laboratory at the University of
Baghdad, College of Science, Department of Geology. Before analysis, 200g of limestone was
pulverized and ground using an agate mortar and then sieved to a particle size of 75um. The
primary composition of the clinker was examined using the XRF technique at the Karsarn
Binalond Company, Tehran, Iran. The analysis was conducted under conditions of a current of
30 mA and a voltage of 60 kV.

Cement Chemical Parameters

To manufacture cement, a suitable raw mixture must be prepared, which depends on
knowing the percentage of oxides that compose the raw materials, which can be determined by
XRF analyses. The major oxides are CaO, SiO2, Al.O3, and Fe2O3. These oxides play a crucial
role in proper burning and achieving the required characteristics of the final product. To balance
these oxides, many parameters are required. These parameters are lime saturation factor (LSF),
silica ratio (SR), and alumina ratio (AR) (Marzouki et al., 2013).

Lime saturation factor (LSF)

LSF is the molar ratio of CaO to the other three major oxides, SiO2, Al.O3, and Fe;Os.
LSF for clinker is in the range 92-98 (Rao et al., 2011). It plays a crucial role in feedstock
preparation by preventing the use of compositions that surpass the lime's ability to interact with
silica, alumina, and ferric oxides elements (Hewlett, 2004). According to (Janamian and Aguiar
2023), LSF can be calculated by the equation:
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. CaO+0.75 MgO

It (MgO < 2) LSF= (2.85*8i0, + 1.18*AL,05 + 0.65*Fe,03) 100
- Ca0+1.5

It (MgO >2) LSF= (2.85*Si0, + 1.18*Al,05 + 0.65*Fe,03) 100

Silica ratio (SR)
SR of clinker within the range between 2 - 3 (Rao et al., 2011). According to Hewlett and

Liska (2019), SR can be calculated by the equation:
SiO,
SR =
(AL, O3 + Fe,O3)

Aluminum Ratio (AR)

AR of clinker acceptable in the range between 1.3 and 2.5 (Taylor, 1997) and between 1
and 4 (Rao et al., 2011). According to Hewlett and Liska (2019), AR can be calculated by the

equation:
_ALO;

_F6203
Results and discussion

AR

Mineralogical analysis

The X-ray diffraction (XRD) analysis of limestone revealed that calcite is the
predominant mineral, and quartz in the limestone was relatively low. Limestone samples have
a lower amount of dolomite (Figs 5 and 6) due to the low content of magnesium oxide. The
XRD analysis revealed that quartz is the predominant mineral found in the insoluble residues
(IR) (Fig. 7).

By XRD analysis of the claystone, kaolinite minerals were identified at reflectance at
7.1A°, lllite reflection at 10 A° and 5.0 A°, Palygorskite reflection at 10.5 A°, Chlorite
reflection at 4.7 A°, and Mixed layer mineral reflection at 13.39 A° (Fig. 8).

Hulti Plot #**%
” [Group:21-6, Da i~ ek B
: |
n E{S)1[ [ O—— <O SSNUD. SRR SO | | SOV GN. . MR . NI S
] - = : = g ‘Sample 1
S 1 s s
n; : ‘Cal = Calcite
3 iDol = Dalomite
_ ” Qz = Quartz
2000 —f--nnrmmmmeeoees RNRTENIPUIN | SORSRNETONRD. . NNDURUING | NIRRT | SURNRPEND. HUTSRERURA SN, ARIRRRR—
T = = ~
-~ O R =]
] = - = o = L =3
IO G Resasswannsinunn s RS R b 8 ........ STTRCCT!| EENURSTRRRE Sor RRNRNS ;E ....... Se P N 8,,,
] | | Bz 2 g 2w
8 % fix v G oe a2
T 2 1 / I ( Y
: o« o< . | i : |
l‘l oL { ‘4 . \ ‘L | ; J lI| rl\
- . g Ry, . \ e
0 T LN T T LA IR L T LB LI 0 ML L LR
5 10 15 20 25 30 35 40 45 50
Theta-2Theta (deg)

Fig. 5. XRD patterns of Fatha limestone (samplel)
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Chemical Analysis:

(Table 1) shows the percentages of major and minor oxides for limestone samples, as
follows: CaO ranges from 47.34% to 54.77% with an average of 51.87%. SiO> ranges from
2.53% t0 9.64% with an average of 4.81%. Al,Os ranges from 0.65% to 2.38% with an average
of 1.24%. Fe>O3 ranges from 0.41% to 1.14% with an average of 0.69%. MgO ranges from
0.49% to 0.94% with an average of 0.77%. The low value of MgO refers to the dolomitization
process that affects the limestone. The maximum percentage of magnesium in OPC is 5%, as
established by some standards like 1QS No.5 (1984), 6% by ASTM C150-85 (1986), and 4%
by BS12 (1989). Although the early strength of cement is improved by the presence of alkaline
sulfates, an excess of these sulfates can cause accumulations and cover the kiln's interior walls,
which can alter the burning conditions (Duda, 1985). The maximum percentage of sulfate in
OPC is 2.5%, as specified by 1QS No. 5 (1984), 3% maximum in both BS12 (1989) and ASTM
C150-85 (1986). There is also little alkali content (Na2O and K>0O). The high content of alkalis
in cement has a detrimental effect on the cement's quality. The reaction of alkalis with silica
tends to increase the volume, which is detrimental to the concrete (Schafer, 1987). The ASTM
C150-85 (1986) standard states that the maximum number of alkalis in the cement is 1.6%.
Average results of chemical analysis of Injana sediments indicated that the claystone contained
11.81% CaO0, 36.40% SiO3, 10.45% Al>03, 5.33% Fe»03, and 5.37% MgO. The percentage of
silica and alumina is low, while the levels of magnesium oxide are high (Table 2), which
indicates that it may need to be added to enhance both silica and alumina. In the current
investigation of limestone and claystone, most of these oxide percentages are within permissible
bounds for raw materials used in the cement industry when compared with (Schorcht et al.,
2013).

Table 1: Chemical analysis of limestone samples.

Oxides % SiO, Al,O4 Fe,04 K0 Na,O CaO MgO SOs L.O.1 Total
Schorcht et al. (2013)  0.5-50 0.1-20 0.2-5.9 0-3.5 0-1.5 20-55 0.2-6 0-0.7 2-44 -
1 3.14 1.04 0.80 0.21 0.75 54.00 0.94 0.55 38.55 99.98
Fatha 2 5.54 0.65 0.65 0.13 0.69 53.03 0.49 0.65 38.64 99.96
Formation 3 3.20 0.93 0.41 0.03 1.05 54.21 0.79 0.62 38.92 100.16
Samples 4 2.53 1.22 0.47 0.14 0.74 54.77 0.75 0.37 37.97 98.96
% 5 9.64 2.38 1.14 0.59 0.77 47.34 0.88 0.62 37.49 100.85
average 4.81 1.24 0.69 0.22 0.80 51.87 0.77 0.56 38.31 99.98

Table 2: Chemical analysis of claystone samples (after Al-Najjari, 2019).

Oxides % SiO, Al,O5 Fe,0O3 K>0 Na,O CaO MgO SOs L.O.I Total
Schorcht et al. (2013) %  33-78 7-30 4-15 0.4-5 0.1-1.5  0.2-25 0.3-5 0-4 1-20 -
1 37.40 11.13 5.63 1.80 0.67 11.97 5.55 1.20 24.17 99.52

2 35.40 9.77 5.02 1.59 2.34 11.64 5.19 1.97 27.49 100.41
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Injana
Formation average 36.40 10.45 5.33 1.70 15 11.81 5.37 1.59 25.83 99.96
samples %

Raw mix design

Relying on (Schorcht et al. 2013) as a standard for preparing and designing raw materials,
and given that they contain a wide range of raw cement meal, two mixtures were theoretically
prepared and designed (Table 3). The first mixture (without additives) conforms to the above-
mentioned specification, but another mixture was designed by adding sand and bauxite to obtain
a more suitable LSF value while keeping the raw meal oxide values within the limits of the
mentioned specification. (Table 4) shows the chemical composition of sand and bauxite used
as corrective materials.

Table 3: Chemical composition of the designed raw cement meal

Oxides % SIOz A|203 Fe, 04 CaO MgO K,0O Na,O SO,

Schorcht et al. (2013) % 12-16 2-5 15-25 40-45 0.3-5 0.1-1.5 0.1-0.5 0-1.5
Limestone 73 3.51 0.91 0.5 37.87 0.56 0.16 0.58 0.41

Mix1 % Claystone 27 9.83 2.82 1.44 3.19 0.86 0.46 0.41 0.43
Total 100 13.34 3.73 1.94 41.06 1.42 0.62 0.99 0.84

Limestone 75.5 3.63 0.94 0.52 39.16 0.58 0.17 0.60 0.42

Claystone 215 7.83 2.25 1.15 2.54 0.69 0.37 0.42 0.34

Mix2 % Sand 2 1.74 0.02 0.21 0.02 0 0 0 0.003
Bauxite 1 0.17 0.61 0.01 0.003 0 0 0.002 0.004

Total 100 13.37 3.82 1.89 41.72 1.27 0.54 0.92 0.77

Table 4: Chemical composition of correction materials

ides% .
m SiO; Al20; Fe:0s Ca0 MgO K:0 Na,0 S0,

Sand % 86.75 0.80 0.66 0.76 0.003 0.0012 0.00001 0.15
Bauxite % 16.55 60.78 1.31 0.28 0.004 0.01 0.19 0.38

Clinker preparation
Burning and cooling

The two raw mix ingredients were prepared for a special burning and cooling process,
followed by a thirty-minute soaking time at a temperature of 1450 °C. Hot clinker samples were
rapidly cooled to 1200 °C and then from 1200°C to room temperature using special program
techniques. The process included extracting the clinker from the furnace and expeditiously
reducing its temperature. The quality of the finished cement is directly impacted by the clinker
cooling process, which also affects the physical characteristics, grinding capacity, and mineral
composition (Duda, 1985). It is best to avoid slow cooling as it may lead to relatively large C3A
crystals and an increase in Belite content and a reduction in Alite content, and poor rheology in
the final product (Newman and Choo, 2003). If the clinker has a high magnesia content, there
is a chance that large Periclase grains may crystallize, which affects the quality of cement
(Chatterjee, 2018).

Mineralogical analysis of clinker

Subsequent content provides the identification of the main mineral phases in clinker in
Mix1 and Mix2 based on Taylor (1997) using X-ray diffraction mineralogical analysis:

Tricalcium silicate (Alite)

Alite (C3S) is the most reactive phase and is the main component of cement, with a range
of 50-70%. OPC hydration kinetics is dominated by Alite hydration (Aitcin and Flatt 2016).
C3Sthat is impure is referred to as Alite, and this mineral name encompasses C3S that is present
in all commercial clinker (Lamond and Pielert, 2006). The Alite phase exhibits several
reflections that are indicative of a rise in its percentage in cement. The Alite phase exhibits its
largest reflection at 2.608A° and 2.77A°, in addition to faint reflections at 1.48 A° (Fig. 8).
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Dicalcium silicate (Belite)

The impure form of Dicalcium silicate (C2S) is the second primary ingredient phase
found in Portland clinkers. Usually, Portland clinkers contain 15-38% of it (Brandt, 2009).
When lime and SiO2 combine at the clinkering temperature of 1100 °C, Belite begins to form
(Newman and Choo, 2003). Belite may be found in five different polymorphs, which are a-
Belite, o'H-Belite, o'L-Belite, B-Belite (with H representing "high” symmetry and L
representing "low" symmetry), and y-Belite (Telschow, 2012). The existence of the beta
polymorphism phase is the most common characteristic of industrial clinkers; however, there
are other instances in which the high-temperature forms are present in even smaller quantities.
On the other hand, the gamma form exhibits poor hydraulic behavior, while the beta form comes
with favorable hydraulic qualities (Chatterjee, 2018). According to Taylor (1997), Alite and
Belite are matched in reflections 1.76A° and 2.19 A°; however, Belite may occur at reflection
2.88A. The reflections with a magnitude of 2.448A° and 2.403A° are generally considered the
most useful in determining the Belite phase. There is a possibility that the reflection at 2.448A°
could sometimes coincide with the feeble reflection of Alite, which is situated at 2.449A° (Fig.
9).

Tricalcium aluminate (Celite)

Celite (C3A) makes up 5-10 weight percent of the Portland cement clinker and is its most
reactive component. Pure C3A does not show temperature-dependent polymorphs and is
composed of 62 weight percent CaO and 38 weight percent Al,O3. Polymorphs of orthorhombic
and cubic structures are frequently found in industrial clinker products (Telschow, 2012).
Aluminate is useful in the production of cement because it forms a liquid during clinkering,
which helps Belite and Alite develop in the cement kiln (Ylmén, 2013). Conversely, C3A and
its derivatives can cause concrete damage by taking part in expansion reactions that cause
tension and cracking (Mistri et al., 2013).

The strong reflection at (2.70A°) is typically used to differentiate this phase from others;
nevertheless, this reflection aligns with the ferrite phase either partially or entirely, making it
difficult to characterize this phase. There is a possibility that the presence of alkali or magnesia
replacement in the Alite phase may cause interference or slight divergence, leading to the
appearance of a higher value. (Stutzman, 1996) (Figs 8 and 9).

Calcium Aluminoferrite (Ferrite)

Ferrite (C4AF) averages about 5-12% of typical clinker (Newman and Choo, 2003).
When C3A levels are low, C4AF levels tend to be higher. This is because C4AF and C3A are
both liquid at kiln temperatures, and controlling the amount of liquid phase is key to burning
clinker and running the kiln (Lamond and Pielert, 2006). It was also observed that as the cooling
rate decreased, the degree of crystallization of ferrite from the liquid phase increased (Peterson,
2003). Although this phase has low hydraulic properties. However, it contributes to developing
the strength of concrete (Chatterjee, 2018). The phase exhibits a prominent reflection at 2.63
and 2.68A°, which aligns with the reflection value of 2.70A° for Aluminate and 2.608A for
Alite phase (Figs 9 and 10). Additionally, it exhibits a primary intensity reflection between 2.66
and 2.71A°, but it interferes with Aluminate at a reflection of 2.70 A°.

(Fig. 11) shows the stages of formation of these phases. Belite (C2S) is formed when
lime combines with silica, although the amount of lime that has not yet been reacted remains
high until a temperature of approximately 1250°C is attained. Partial melting takes place at
around 1300°C, with the liquid phase being supplied by the alumina and iron oxide that are
present. As C2S is transformed into C3S, the amount of lime that has not yet reacted decreases.
C3S formation is complete at 1450°C.
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Scanning electron microscopy
Alite

The Alite crystal is the most desirable clinker phase in Portland cement clinker (Ahmadi
2017). Alite may only be formed in conditions when there is an excess of CaO, or when the
ratio of CaO to SiO2 is more than one. Thermodynamically, it must be stable at temperatures
above 1250°C (De la Torre, 2007). Alite crystals are idiomorphous, vitreous, and compact. In
their cross-section, they usually have six sides, depending on the angle of cut (Pritula et al.,
2004). Alite crystals typically range in size from 25 to 65 pm in dimension. (Campbell, 1999)
After the clinker, samples were examined using a scanning electron microscope (SEM), and the
results showed that the Alite phase crystals appeared in hexagonal form (Plate 1). This crystal
may be seen in all of the samples in a characteristic crystalline form.

Belite

The grains of Belite exhibit idiomorphic morphology, displaying a vitreous texture and
frequently assuming a rounded form. Furthermore, they possess a unique lamellar structure that
extends in multiple directions. At temperatures below 1300°C, the size of Belite particles varies
from 1 to 4 um. However, when exposed to high temperatures of about 1500°C, Belite
undergoes recrystallization and its size increases 20 to 40 um (Campbell, 1999). Belite phase
crystals appear as spherical, euhedral crystals with smooth surfaces and transparent laminates
under a microscope (Plates 1 and 2).

Tricalcium aluminate

Tricalcium aluminate in clinker with minimal or no alkali content often forms crystals
that are uniformly tiny or xeromorphic to rectangular. These crystals can vary in size from 1 to
60 um (Campbell, 1999). On the other hand, alkaline aluminate tends to crystallize in the form
of laminae, which can sometimes resemble laths or long staves (Taylor, 1964) (Plate 2).

Ferrite

Ferrite is distinguished by its high reflectivity, which results in a white look. It comes in
either dendritic or lath-like forms (Stutzman and Leigh, 2002) (Plate 1).

VEGAN TESCAN

Plate 1. Micrograph by SEM of Mix1, A-Alite, B-Belite, L-Aluminate and F- Ferrite
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Plate 2. Micrograph by SEM of Mix2, A-Alite, B-Belite, and L-Aluminate
Chemical analysis of clinker

(Table 5) shows the results of the chemical analysis of the oxides constituting the two
clinker samples using the XRF technique. The analysis results showed that CaO is the dominant
oxide in both mixtures. The percentage of oxides in the first mixture (Mix1) (without additives)
was CaO (62.29%), SiO2 (21.38%), AlO3 (5.07%), Fe 03 (2.62%), MgO (3.90%), and SOs
(2.12%). While it was in the second mixture (Mix2) (with additives) CaO (63.94%), SiO2
(21.46%), Al>03 (5.12%), Fe 03 (2.15%), MgO (3.63%), Finally SOz (0.97%), then compared
with (Duda, 1985). The chemical parameters (LSF, SR, and AR) were calculated and compared
with those (Rao et al. (2011). The additives caused an increase in both silica and alumina oxides,
and thus, the percentage of Alite phase increased (Table 5).

Table 5: Chemical analysis of the produce cement clinker

specifications (Duda, 1985) (Rao et al., 2011)
Oxides and : Na,O o
cavamoters 05 S0 ALO,  Fe0y 0 CaD MO SO, LSF% SR AR
specification values  16-26 4-8 2-5 0-1 58-67 1-5 0.1-2.5 92-98 2-3 1-4
clinkerproduct ;58 547 262 084 6229 390 212 92.96 2.78 1.93
Mix1 %
clinkerproduct — ,, 46 515 215 064 6394 363 097 95.39 2.95 2.38
Mix2 %

Clinker phases

The percentage of each mineral phase likely to be in the clinker was calculated by use of
Bogue's formulas. These formulas for the main compounds in the clinker are given below
(Table 6).

Table 6: Bogue’s equations for calculating the main phases of clinker (Chatterjee, 2018)

Clinker phases If Al:Os / Fe20s (alumina ratio) > 0.64 If AlLOs/ Fe:Os (alumina ratio) < 0.64
S 4.071Ca0 — 7.602Si02 — 6.719A1:05 — 1.430Fe20s3 — 4.071Ca0 — 7.602Si0:2 — 4.479A1:05 — 2.859Fe20s3 —
2.85280s 2.85280s
CsS 2.867Si0, — 0.754C3S 2.867Si02 — 0.754C3S
C;A 2.650A1:05 — 1.692F¢20s 0
C,AF 3.043Fe203 2.10A1:0s + 1.702Fe20s

The results of Bogue calculations for the resulting clinker phases (C3S, C2S, C3A, and
C4AF) for Mix1 (47.19, 25.71, 9.00, and 7.97) are shown, respectively. While the Mix2 was
(56.92, 20.05, 9.93, and 6.54). Based on (Newman and Choo, 2003), the Mix2 is better than the
Mix1 due to the Alite content, as shown in Table 7.

Table 7: Calculations for the main phases and parameters in the clinker of the study.

Clinker Phases C3s C2S C3A CAAF
Mix1 47.19 25.71 9.00 7.97
Mix2 56.92 20.05 9.93 6.54

Newman and Choo, 2003 45-65 10-30 5-12 6-12
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Clinker Properties
Hydraulic Modulus (HM):

It is the lime saturation ratio, but in a more simplified way because all the oxides are taken
without their coefficients, the value of HM ranges from 1.9 to 2.4 (Chatterjee, 2018). However,
the good quality is 2 (Ghosh, 2002). An increased value of HM signifies a greater demand for
energy or a greater thermal load. The hydraulic modulus of clinker can be calculated by
applying the equation that is presented below (Sengupta, 2020).

CaOl/ (SiOz+ AlO3+ Fe203)
Minimum Burning Temperature (M.P.T)

This parameter represents the lowest temperature in the rotary kiln at which the liquid
phase begins to appear (Yezdeen, 1990). Around 20% to 30% of the dry matter is converted
into a liquid condition as a result of the melting of the primary compounds in the lower part of
the kiln, which occurs at temperatures ranging from 1250° to 1350°C (Nagi and Jang, 2019).
According to (Newman and Choo, 2003), the value of MPT, not be less than 1250°C. According
to Chatterjee (1979), this coefficient is calculated by the following equation:

MBT°C = 1300 + 4.51 * C3S — 3.74 *C3A — 12.64 * CAAF
Burnability Index (BI)

Bl is referring to the level of ease or difficulty involved in burning the mixture when it
enters the rotary kiln and transforming it into clinker. It ranges (2.6-4.5) and can be calculated
through the following equation: (Peray and Waddell, 1972)

Bl = C3S/C3A + C4AF
Liquid phase at burning zone (L.Ph):

It refers to the quantity of liquid that is produced at the temperature at which clinker is
formed, and it is contingent upon the temperature at which the burning process takes place as
well as the chemical makeup of the raw mixture. The liquid phase is necessary for the
supplemental materials that are used for melting, which leads to a substantial amount of the
liquid phase being present while the burning process occurs, under the conditions, the clinker
phases are formed (Al-Ali, 2004).

The percentage of liquid phase that is present in the burning zone ranges from 23% to 28
% (Newman and Choo, 2003). According to Lea-Parker (Gouda, 1979) can be calculated
according to the following equations:

L.Ph % = 3.0 AL-Os +2.25 Fe-0s + MgO + K0 + Na.O +SO3

Viscosity is increased at 1450 °C by Al>03, K20, and Na»O, and decreased by Fe>Oz and
SOs3 (Mohamed et al., 2018).

HM, MPT, BI, and L.Ph values of the clinker produced are within the permissible limits
as shown in Table 8.

Table 8: Properties of produced cement clinker

Clinker Properties HM MPT Bl L.Ph

Mix1 2.14 1378.43 2.78 27.96

Mix2 2.23 1436.91 3.45 25.44

Newman and Choo, 2003 1.7-23 >1250°C 2.6-45 23-28
Conclusions

1. Fieldwork conducted in the study area showed that the Fatha Formation contains
sequences of limestone with good thicknesses and extensions, as well as the Injana
Formation, which contains a good amount of claystone. It can be used to produce
ordinary Portland cement.
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2. Oxides of limestone and claystone are within the specification’s limits of raw material
for cement manufacturing.

3. The high LSF percentage is evidence of the purity of the limestone. Therefore, the
addition of claystone from the Injana Formation in the study area is required to make it
conform to international specifications and suitable for manufacturing ordinary Portland
cement.

4. Most of the chemical parameters of clinker, including LSF, SR, AR, and Clinker phases
(C3S, C2S, C3A, and C4AF), are within the standard specification for the production
of Portland cement.

5. Rapid cooling has an effective role in the formation of clinker facies, especially for Alite
and Belite, as a result of SEM, which showed the mineral phases of the clinker very
clearly.

6. The majority of the properties of the clinker, such as hydraulic modules (HM), minimum
burning temperature (MBT), Burnability index (BI), and Liquid phase at the burning
zone (L.Ph), are within the parameters of the standard specification for the production
of Portland cement.
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