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Abstract

Nanoparticles are materials that possess unique properties due to their high specific surface area. A
revision to highlight the implication of nanoparticles in petroleum industry is necessary. This dissertation
deals with the synthesis of green uncoated and polymer-coated green magnetite nanoparticles (MNPs).
The MNPs were characterized and assessed as rheology and filtration loss modifiers for water-based
drilling fluids. The effect of temperature, alkaline type, and aging time (0-48h) were evaluated. The
experiments were run at different temperature degrees starting from ambient till 80 oC for three
different drilling fluids types (base, uncoated green MNPs, polymer-coated MNPs. Based on RSM
software the optimum MNPs content was 0.92 wt.%. Thus, 0.92 wt.%. MNPs were coated with polymer
to analyze its effect on drilling mud rheology and filtration. The results confirmed that best values for
plastic viscosity, apparent viscosity, yield point, gel strength (10 sec), gel strength (10 min), mud
thickness, and sag index were 13.77 cP, 69.69 cP, 89.87 lb/100ft2, 86.75 |b/100ft2, 128.38 Ib/100ft2, < 1
mm, and 0.511, respectively. Most of those values could be reached using an optimum formulation
involving 0.92 wt.% MNPs at ambient temperature. Increasing the temperature displays a decrease in
the rheological properties, while increasing the aging time displays an increase in them. Three different
drilling fluid types (base, uncoated green MNPs, polymer-coated MNPs were prepared. Drilling fluids
with MNPs showed insignificant changes in the investigated properties with increasing temperature, in
particular with those incorporated with polymer-coated MNPs compared to the water-based drilling
fluids. From the filtration test results, drilling fluid formulated with polymer-coated green MNPs with
different alkaline types exhibited the lowest mud cake thickness and filtration volume, and the spent
caustic could replace NaOH as pH controller. The flow models for all the formulated fluids showed
non-Newtonian; pseudo-plastic shear-thinning flow behavior. The flow behavior of fluids incorporated

with the uncoated and polymer-coated green MNPs and spent caustic could be described precisely using
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the Herschei-Bulkley flow model. Whereas, the Bingham plastic flow model described the fluid systems
incorporated with uncoated and polymer-coated green MNPs and NaOH. The base fluids incorporated
with the two alkaline types were fitted with the Casson model.

To ensure the wellbore stability and minimize the formation damage, a non-destructive X-ray computed
tomography (CT) scan images and high-resolution quantitative measurement of CT numbers method
were used to characterize the deposited filter cake, and hence evaluating the formation damage. From
the static test results, notable reduction in the filtrate drilling fluids volume and mud cake thickness to
40.9 and 46.6%, respectively was recorded using 0.92 wt.% of MNPs content to drilling fluids. However,
increasing MNPs content to 2 wt.%, increased the filtrate volume and mud cake thickness by 3.23 and
33.3%, respectively. This is due to the MNPs agglomeration and settlement, thus, optimum MNPs
content should be selected for achieving best mud cake thickness with lowest filtration volume. CT scan
profile images show a two layers of mud cake produced from water-based drilling fluids having 0.92
wt.%. This was the optimum concentration of the MNPs that cause a minimum filtration volume, mud
cake thickness, and pore spaces within the structure of mud cake. At this concentration, the CT numbers
(CTN) show a high CTN and uniform compacted thin mud cake structure (0.75 mm). The produced thin
mud cake layer reveals the precipitation or exchanging of elemental/mineral composition during
fluid-solid interaction. These results confirms that green uncoated MNPs could help in avoiding or
reducing the formation damage, driving away drilling fluid from the formation, and finally improving
borehole stability.

A new dynamic HPHT filtration loop was designed to study the formation damage of carbonate cores by
flooding drilling fluids incorporated with green magnetite chitosan-coated and uncoated green
magnetite NPs. Control drilling fluid samples were tested for comparison purposes. After circulating the
drilling fluid through the loop, the produced mud cakes and core samples were analyzed by CT scanners,

which capture a series of X-ray images from different angles around the sample and mud cake. The CT
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scan data were combined with the HIPAX and Radiant viewer digital image processing (v2.4.6). The
variation of the CT number of mud cake samples under different content of green uncoated MNPs and
polymer-coated MNPs were analyzed, and hundreds of 3D images and CTN measurements as
cross-sectional and longitudinal-section profiles were used. The integrated analyses of dynamic tests,
using the water-based mud, revealed that the porosity and permeability areas experienced a reduction
of 47.62% and 85.63% respectively. This reduction occurred because the water-based mud lacking any
magnetic nanoparticles to form a compact and thin mud cake. As a result, the core was washed by the
water-based mud, causing a migration of numerous drilling fluid particles into the core and their
accumulation within the pore spaces. While the incorporation of 0.92 wt.% green uncoated MNPs
content (optimum content) to the base mud results in the formation of stable mud cake on the core face.

The porosity and permeability reduction for this drilling fluid type were only 10 and 27.11% respectively.
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About Soran University

Soran University (SUN) is located in the city of Soran, which is about a two-hour drive north-east
of Erbil (Arbil, Hewlér), the capital of the Kurdistan Region of Irag (KRIQ). The city is flanked by
the famous Korek, Zozik, Henderén, and Biradost mountains. The medieval mountain village of

Rewandiz_(Rawanduz, )l %)) is a stone-cast away, and the two cities share this lovely,

harmonious upland. While waiting for its green, environmentally friendly building to be erected
on a hilltop overlooking the cities of Soran and Rewandiz, its existing city campus has been
meticulously set out to accommodate the lovely natural landscape. The new campus will be the
first of its type, being walkable, balanced, powered by renewable energy, and compliant with all
international environmental regulations. There are 5 Faculties in SUN; Faculty of Arts (FAAR),

Faculty of Science (FSCN), Faculty of Education (FEDU), Faculty of Law, Political Science, and
Management (FLAW/PSM), and Faculty of Engineering (FENG). Also, there is SUN research
centre. Moreover, at SUN, there is a Language Center. SUN signed many Memoranda of

Understandings (MoU) with many International Universities,

How to get here

Soran University (SUN) is located in the heart of the city of Soran. The main city campus is easily

found on Google Maps for direction.
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