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Abstract

The accumulation of solid sulfur waste resulting from the various
mining sulfur purification processes in the Mishraq sulfur mine is
considered to be a very large environmental problem, as it is a
combustible material and its presence in large quantities poses a threat to
the environment. Therefore, this study aimed to transform the sulfur
waste resulting from the purification of sulfur using the chemical method
(foam). Foam, in addition to the waste resulting from the purification of
sulfur by the thermal blowdown method, into materials that can be used

industrially and are economically viable through many paths, as follows:

1-Study of the sulfur waste resulting from the chemical purification of
sulfur (foam) by a chemical analytical study to know its components, in
addition to studying this waste by a spectral analytical study using
different techniques represented by the scanning electron microscope
(SEM), energy dispersive X-ray spectrum (EDX), X-ray diffraction
(XRD), and thermogravimetric analysis (TGA). It was found that the
percentage of elemental sulfur in this waste is (88.15%) by weight and
has a specific crystalline structure (Orthorombic), in addition to the fact
that this waste contains carbon and some mineral oxides such as silica
(S10,) resulting from the use of silite in one of the stages of sulfur

purification in small proportions.

2- Given that the sulfur waste (foam) contains a high percentage of
elemental sulfur that can react in a similar way to pure sulfur alone,
especially since the other components represented mainly by carsol are
inert materials towards the bases that react with sulfur, therefore
polysulfide solutions (sodium, potassium and calcium) were prepared as
raw materials from these wastes by reacting the sulfur waste (foam) with

the bases represented by (sodium hydroxide, potassium and calcium



oxide) and then measuring the acidity index (pH) and density of the

polysulfide solutions that were prepared

3-Sulfur was prepared by reacting polysulfide solutions (sodium,
potassium, and calcium) prepared in the previous paragraph with dilute
acids (hydrochloric, sulfuric, and acetic) separately, and then studying the
sulfur samples that were prepared by (SEM, EDX, and XRD), in addition

to calculating the percentage of recovered sulfur. From sulfur waste.

4-The suspended sulfur solution was prepared from polysulfides (sodium,
potassium and calcium) separately, as very small volumes of polysulfide
solutions were used and diluted with a certain volume of water. It was
observed after a short period of time (less than two minutes) that the
solution became turbid (i.e. a suspended solution was formed), and the
solution became more turbid with time. The measurements that were
made showed that the reason for the turbidity was obtaining sulfur
particles by diluting polysulfide solutions. In addition, the suspended
sulfur solution was prepared from hydrogen sulfide gas (H,S) emitted
when preparing sulfur from polysulfides by means of a solution (malic
acid - 1iron III chloride) through oxidation-reduction reactions.
5- Thiosulfate solutions (sodium, potassium, and calcium) were prepared
by oxidation of polysulfide solutions, in addition to preparing thiosulfate
powder (sodium, potassium, and calcium) by adding ethanol to the
polysulfide solutions that were prepared from sulfur waste, and then
calculating the standard concentrations of the prepared solutions, as well
as measuring the function. The acidity (pH), density of the prepared
solutions, and the percentage of crystallization water molecules for the
thiosulfate salts. Infrared (IR) spectroscopic measurements were also

used for the prepared thiosulfates and compared with commercial



thiosulfates, in addition to using the X-ray diffraction (XRD) pattern of
the prepared thiosulfate samples to study their crystalline nature.

6- A solution of suspended sulfur was prepared from hydrogen sulfide
(H,S) and sulfur dioxide (SO,) gases liberated during the preparation of
sulfur, and then the solution was studied using SEM and EDX.

7- Separation of the sulfur waste resulting from the chemical purification
of sulfur (foam) into its basic components (sulfur, carbon and cilite) each
separately and then studying these components using (SEM, EDX and
XRD)

8- Studying the crystalline, morphological and thermal properties of the
waste of purifying sulfur in Al-Mashraq by the thermal method
(Blowdown and filtered Blowdown) using different analytical techniques
represented by (SEM, EDX, XRD and TGA) and then preparing (carbon-
sulfur) compounds from these wastes and studying them using the same
techniques, i.e. (SEM, EDX, XRD and TGA) in addition to studying the
electrochemical properties of the same compounds using measuring the

charge capacity and discharge capacity (CD).

9- Modifying asphalt and improving its rheological specifications using
sulfur waste (foam and Blowdown) by treating these wastes with asphalt
in an asphalt treatment device at a temperature of 170-180°C for 60
minutes. In addition, the sulfur resulting from the sulfur waste was used
and compared with ordinary sulfur in Modifying asphalt and then using
Bluedown with polyethylene glycol to modify asphalt under the same
conditions of temperature and reaction time. The modified models were
compared with the original model using many measurements (elongation,

degree of softness, permeability, and penetration index).

10- Selecting the best models obtained from the process of modifying

asphalt with additives and testing them using Marshall test to determine

C



the suitability of these models for use in the paving process through the
stability and creep values. In addition, the same models were subjected to
a chemical immersion (stripping) test to determine the resistance of the
asphalt samples to acid rain, and then the aging test was conducted for the
same asphalt samples and compared with the original asphalt, in addition

to measuring (SEM and EDX) for the same asphalt samples.



University of Mosul
College of Education
For Pure Science

Analytical Study of Mishraq Sulfur Residues
and Their Use in the Industrial Field

Saad Salih Ahmed Abeed Alzubaidy

Ph.D.Thesis

Chemistry

Supervised by

Prof. Expert.
Dr. Ammar Ahmed Hamdoon Dr. Mutee' Obaid Abdullah

2024 A.D. 1446 A.H.



