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Abstract

Thirty-eight samples (6 raw material mix slurry samples, 9 cement clinker samples,
9 sulfate-resistant cement samples, and 7 samples for each of class B and G oil well
cement) collected over a period of four months from the production line of Al-Hadbaa
cement plant in Hammam Al-Alil district, south of Mosul city, which operates in the
wet production method.

The studied samples subjected to mineralogical analysis by X-ray diffraction
device, chemical analysis by X-ray fluorescence device, chemical gravimetric,
titrimetric methods, and clinker samples to Petrographical study using reflected light
microscope and using etching solutions. As well as, obtaining the tests results for the
physical properties (fineness by Blaine method FNB and sieves FNS, water-cement
ratio W/C, setting time (initial SI and final SF), soundness SN by autoclave method,
and compressive strength CS), for the studied three types cement, and according to
the requirements of the Iraqi Standard Specification No. (5). Also, obtaining the tests
results for the physical properties (mixing water % MW, fineness FNB , slurry density
SID, thickening time THT, free fluid content FFC, compressive strength CS, and dry
cement density DCD), for the studied oil-well cement, class B and G, and according
to the requirements of the specifications of the American Petroleum Institute (API
10A). The research aims to study the mineral and chemical variation in the studied
samples and evaluate the properties of oil well cement, class B and G, according to
the requirements of the approved standard specification.

The mineralogical study showed that there was no significant variation in the
mineral content of the samples of one type of the studied samples, and the difference
is in the percentage of minerals, where the raw material mix contains mainly calcite
and quartz mineral. The mineralogical study of clinker and cement, and the
Petrographical study of the clinker showed that contains two types of alite phase C3S,
stable (pure) with a monoclinic crystal system and unstable (impure) of the trigonal

crystal system contains the inclusions (of the belite phase, interstitial phases and free




lime). In addition, the belite phase C2S of the types B, a, and a, which appears under
the microscope as rounded crystals containing striations or lamellae resulting from
the polymorphic transformations. As well as the aluminate phase type C3A, C12A7
and the alkaline type containing Na, in addition to the ferrite phase type C4AF and
C2F. The phase of aluminate and ferrite was not clearly distinguished under the
microscope and was mostly in the form of the fine or cryptocrystalline glass phase. It
noticed the presence of clusters of silicate phases (alite and belite), which may
indicate to the nonhomogeneity of the raw material mix that used for the production
of clinker.

The chemical study indicated that the content of most of the major components
(S10,, ALLOs, Fe,03, CaO, MgO, SOs, Na,0, K,0, TiO,, MnO, P,0s, Cl, and LOI) of
the raw material mix, clinker and cement of its three types are converged between the
one-type samples for the studied samples. It be identical to the limits of specifications
proposed by some researchers, except the content of (K,O and Fe,O3;). While the
minor and trace elements (V, Cr, Ni, Cu, Zn, Sr, Ba and Pb) vary in their content
according to the content of the minerals in which they find. It was observe that there
is a closeness between the chemical content of expected clinker, theoretical calculated
from the chemical analysis of the studied raw material mix, and the actual clinker
produced in the studied cement plant. The results of calculating some moduli (lime
saturation factor LSF, silica modulus SM and alumina modulus AM) from the
chemical analysis of the studied samples indicate that there is relative stability in the
content of the raw mix and produced cement in the studied cement plant.

The study concluded that the chemical requirements results of the studied cement
of its three types are conformity to the limits of the Iraqi Standard Specification No.
(5, 1984) and modified for the year (2019), except the C3A phase content is more
than the required limit. While the physical requirements results of the studied cement
of its three types are converged in their values, and are conformity to the limits of the

Iraqi Standard Specification No. (5, 1984).




As for, the chemical and physical requirements results of oil well-cement, are
conformity to specifications limits of American Petroleum Institute (API 10A, 2010),
for the cement type, moderate sulfate-resistant cement for class B and G, except the
values of C3S phase and alkali equivalent (Na,OEQ) content of class G not identical
to the required limits in this specification. The decrease in the content of the C3S
phase is probably due to the bad storage that leads to the decomposition of this phase.
As for the increase in the content of the alkali equivalent is due to the added gypsum

containing the alkali or a defect in the work of the by-pass unit to reduce the alkali.
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