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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 lb/100ft2, 128.38 lb/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. 

 

 

 پوختە

.زۆرەکانیانەوە. کاریگەرییە و ڕووبەر زۆری بەهۆی ناوازەن تایبەتمەندی خاوەنی کە ماددانەن ئەو نانۆماددە

دروستکردنلباتۆێژینەوەد .لە

یو ییۆتەۆدەکاڕووپۆشکراپۆلیمپۆشرابموگناتیسسەوزنانۆگەردیلە

PsMNەکا  هەلکەنشلەکاجۆباشترا .دیاریکردو ادویرنی

شلبوونەتایبەتمەندییەکاهەڵکەنشلونبووڕیۆلۆژچڕلەڕوبەکاراهەلکەندشلبەدەستهێنا

مێر (لەسەر48-0)- وجایلیلیزیوروە80ی) یەیریلەخۆگرتب

 هێزی ج ێنادیار،بە پاویک،یکە � کردەوەیاسەنگێندرا .ەندییەکان

 ,lb/100ft2 89.87 , :  ووانیوقوڕئ ،1) 0خو،( 0چر1جێڵ) 

lb/100ft2 86.75, cP 69.69, cP 13.77 128.38 lb/10t20f1510.mm1 1دەتوانرێتیائەوکدا .زۆرب،دو  

ەداتکانیشانکایکەمبردنیگە.نرێتگەرمیM920. %NPs ێنان
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MNP s.دەدات. نیشان بەهاکان زیادبوونی

 MNPs

جیاوازەکائەلکالییجۆربپۆشراوەکاپۆلیم sسەوزMNP بکهەلکەندشلەتاقیکردنەوەکانەو .ل

NaO جێگە iدەتوانێwaste alkal نیشانداوەهەڵکەندشلەونبوبونقەبارەقوکێکئەستوورکەمتریپێکهاتوو

کشلانەئەلێشاوهەڵسوکەوتدانیشانانیوتۆنشلهەمومۆدێلهەمولێشاو .مۆدێلpH کۆنترۆڵکەروە Hبگرێتەو

اونتێکەi alبەکارهێنkراوەکانale stwaپۆلیمڕووپۆشکراوەکاڕوپۆشنەکراوەکا sسەوزMNP لەگە

لێشا مۆدێلیکاتێکداکرێت .لوەسفبولکلهێ ێشاوی ێلینیێلییبەبەەت

OHNa واولیمرو نەکراوەکان وسەوزەوپۆشنەکراوەکان NPsدەکاتلەگەڵM شلەکا م

کا .ەکرێتوەسفڵکنووئەلکڵجەکانێکەڵ

وقرهێنرانسیژمارەکا (TەرزیCس) تیشکیتەکۆمتۆم

پێکهاتەنەکاەنگاندنیوڕ،یتوریتمەندیڵکەندن،

HPHT لەگەڵ کە هەلکەندن شلەکانی چونەناوەوەی ڕێگەی لە کاربۆنی پێکهاتەی زیانەکانی لە لێکۆڵینەوە بۆ کرا دیزاین داینامیکی NPی 

.تێکەڵکراون. سەوزدا ڕوپۆشنەکراوی و چیتۆسان ڕووپۆشکراوی سەوزی ماگناتیسی

سبهێنرابەرهەقوڕاوکێکلوپەکەوە،ئەستورڕێگەلهەلکەندنەکشلەسووڕانەوە .دوا

دەگرقوکێکئەستورنمونەکدەورلجیاوازەوگۆشەلئێکتیشکوێنەزنجیرەیەکشیکرانەوەسکانەت

ئەستونموونەکاژمارن .گۆڕاڵ(HIPAX Radiant v2.4.6 یڵنییی

بەکارهێنرڕەهەنوێنسەدs NPشیکرایەوM چڕبەMNPs جیاواچڕژقکێ

بەکدوایبە.6%46 46 40.9  وڕکیریودەینیڕیەیلە اوەی

 .09wt2 .لە% MNPبۆs زیادککرا. بندنانی MیNPs قەt. w 2هەڵو

لدە نیشان قوڕکێلدسکتفا%3.23.333 ەوڕیندنئەس

تەکبوو PsMN اویەگهەیt. w92 %.0  نرەرهەمئاونەملەسەر کەندنشلەی

دا .لەمیئپێکونقوڕ، ییەندنئەیهەق

0)7. 5م اوە )وی وقوکێکهاتود نیشانبەرچدەیتی) N)CT رەییەدا،

ئاشکنێکهاتتوخمیاڵوگۆڕیهێنراوبەرهەقوڕاوکێکەنکە .چینە
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 شلەی دوورخستنەوەی پێکهاتن، زیانەکانی کەمکردنەوەی یان دوورکەوتنەوە لە بن یارمەتیدەر دەتوانن MNPs کە دەکەنەوە پشتڕاستی

 .چاڵەکان سەقامگیری باشترکردنی کۆتاییدا لە و پێکهاتەکە، لە هەلکەندن

 

 

 المخلص

.الكمية. وتأثيراتها العالية سطحها لمساحة نظرًا فريدة خصائص تمتلك مواد هي النانوية مواد

المطليغيالنانويالخضراالمغنتي  جسيماتحضيمالحالالعم .يتعام 

المعالقائالحلسواالترشوفقدالريولوجت  للخصاكمعدلوتقييمو  تشخيصP)s(MNs) بالبوليمالمغلفتل

،يئص �،فيثمن فرئلاءيدتم يث،فئليجبةيم �يدتم 

 -80 رةجةمن ة) جةيرفئلوع  م.وابل �دممنويان

PV  AP Y لالجاالنوسة .واصعلى 6)4- 8س التق،و ةدة  القلوع  الميجة

P 0 (1S  G) 10 (GSاطينكعكة   ، ق , lb/100ft2 89.87, lb/100ft286.75, cP

 69.69, cP 13.77 128.38 lb/100ft2 1 mm,0ىتخدام  الباظمىولتوال11.5على

  920.PsMNلحرادرجة  زيا هر  ان يا إللتقوقتزيتؤدبينالقيفخفتسبب

ال على ارةدةعحصهامالتي اصفيفةتNPsمعM عتالقيفز

 وعPsMNال ل  الحفرر  ساأظ ،خ  منمرلاباs NP M  مع

اتصفعمليمخلفاممس كاويةنتا وحجمكثأمخقلويأنولبالمطلية الخضراء

 وكمعوتونأنهركبفقجرتدروجيالأسكلصوديودروكسيدمحل

باستخدالبوليمروالمغلفة المطليةغي sالPمجةMNاالسوائتدف.ائفييوع  التدف

أنظمبينغيصفنموذ y.le  بينماeHul-Beichrsk  نباستخ النفطتصعملمخلفلمالماد

تدفاسوذجنممH.aO N   البوليمروالمغلفة المطليةغي sالPمعN االسوائ

 الماداباستخداالمرجعية 

 لتقدير المقطعي التصوير أرقام لطريقة الدقة عالي الكمي والقياس المدمرة غير (CT) بالأشعة المحوسب المقطعي المسح صور استخدام تم

.الحفر. طين عينات من مختلفة أنواع عن الناجم التكوين تلف تقييم وبالتالي ، المترسبة الطين ت كعكا  وتوصيف ، المرشح حجم
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 المغنتيت مع المدمجة الحفر سوائل إغراق طريق عن الكربونات تكوين أضرار لدراسة جديدة ديناميكية HPHT ترشيح حلقة تصميم تم

.المقارنة. لأغراض الحفر سائل عينات اختبار تم . الكيتوسان ببوليمر المطلية  تلك و المطلية غير الأخضر



الرقميالصو rمعالجHIPAX  Radiant viewe مالمحوسالمقطعالمسبيانادم .ت

 (v2.46.)ممختلتركيتحالطيكعكلعيناالمقطعيالصوعدفالتبايتحلي .ت MNPs ثلاثيالصومئاواستخدم

مقطعتعريكملالأبعا

 من بالوزن ٪0.92 باستخدام التوالي على ٪46.6 و 40.9 إلى الطين كعكة وسمك المرشح الحفر طين حجم في ملحوظ انخفاض تسجيل تم

 MNPs .الحفر. لسوائل MNPs تركيز

0.9    وكاحفسوائمالناتجالطي  كعكمطبقتيالمحوسالمقطعالمسملصو .تُظه.33 3.23 

2 tw.لالأمثالتركي %ه MNPالذs كعكبنيداخالمساومساحاالطيكعكوسمالترشيحجمالأدنالحفتسب

ينكةشفم.(0.75) طقةةل، ةةةCTN رالطي

تسs NPي النتلب .تئلينعلاءنيي/ يب �دلأو يبعن جةقة

الاستقتحنوأخيالتكالسنوإبالتكتقت

 

 

 

 تاوتێكردن لیژنه‌ی ئه‌ندامانی

 ئەنداميەتی پلەی زانکۆ زانستی نازناوی ناو

 لێژنە ئەندام و سەرۆک سۆران پرۆفیسۆرکەمال.د.کەمال

 ئەندام سلیمانی.پ.ئەحم.د.ئەحمد

 ئەندام دهوک ئەمریکی.پ..د.

 ئەندام سۆران.پ..د.

 ئەندام سۆران.پ..د.
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 سەرپەرشتیار و ئەندام سۆران پرۆفیسۆر.د.

 سەرپەرشتیار و ئەندام سۆران.پ..د.

 

 

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 Iraq (KRIQ). The city is flanked by 

the famous Korek, Zozik, Henderén, and Biradost mountains. The medieval mountain village of 

Rewandiz (Rawanduz, ڕەواندز) 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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