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ABSTRACT

5671009063: Petrochemical Technology
Kasidit Smathwjtthayawech: Assess the Possibility of Wax 
Deposition from Oil-in-Water Dispersion.
Thesis Advisors: Prof. H. Scott Fogler, and Asst. Prof. Pomthong 
Malakul 52 pp.

Keywords: Oil-in-water dispersion/Triton X-100/ Cold finger apparatus/ Wax
-deposition

Paraffin deposition in subsea pipelines posses severe challenge in the 
transportation of crude oil. In Held operations, water commonly co-exists with oil 
further complicating the wax deposition characteristics. Several oil/water two-phase 
Bow patterns can occur depending on the operating flow rates of oil and water. 
Among the possible two-phase flow patterns, the paraffin deposition from oil-in- 
water dispersed flow is not well understood. This study investigates the possibility of 
wax deposition from oil-in-water dispersed flow as well as the effect of operating 
conditions on the deposit thickness. A model oil-in-water emulsion was prepared and 
its stability characterized. Paraffin deposition experiments performed with model 
emulsions using a cold finger apparatus. The oil content of the emulsion was varied 
from 5 voI% to 50 vol%. The bulk fluid temperature was set at 45°c. Deposit formed 
on a clean cold finger surface tends to slough off while deposit can continue to grow 
on a n-C28 surface. It was observed that the deposit grows rapidly and reaches plateau 
thickness. Sloughing off deposit was also observed over the course of deposit 
growth, leading to large uncertainties in the recorded deposit weight. Deposit wax 
content was also characterized.
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บทคัดย ่อ

กษิคิศ สมรรถวิทยาเวช : การศึกษาโอกาสในการเกิดตะกอนพาราหิเนจากอิมัลชันชนิด 
นำในนำมัน (Assess the Possibility of Wax Deposition from Oil-in-Water Dispersion) 
อ.ท่ีปรึกษา : ศ. สก๊อต ฟอกเลอร์ (Prof. Scott H. Fogler) และ ผศ. ดร. ปมทอง มาลากุล 52 หน้า

ตะกอนพาราฟนภายในท่อขนส่งน้ํามันใต้ทะเลเป็นสาเหตุหลักท่ีทำให้การดำเนินการ 
ขาดความต่อเน่ืองด้วยการปิดระบนและเปล่ียนหรือล้างท่อขนส่ง.น้ํามันใต้ทะเล การเกิดและสะสม 
ของตะกอนพาราฟนจึงเป็นป ๋ญ หาท่ีส่งผลกระทบอย่างมากต่อธุรกิจน้ํามัน น้ําท่ีปะปนมากับน้ํามัน 
สามารถก่อให้เกิดความซับช้อนในการอธิบายลักษณะการไหลในท่อขนส่งน้ํามันช่ํงสามารถเกิด 
ได้หลายรูปแบบข้ึนอยู่กับอัตราการไหลของท้ังน้ําและน้ํามัน ท้ังน้ีโอกาสในการเกิดตะกอน 
พาราฟนสำหรับอิมัลชันชนิดน้ําในาทมันไม่เป็นท่ีเข้าใจนัก งานวิจัยน้ีมีวัตกุประสงค์เพ่ือศึกษา 
โอกาสในการเกิดและสะสมของตะกอนพาราปิน รวมถึงผลกระทบจากสภาวะต่างๆต่อตะกอน 
พาราฟิน โดยอิมัลชันของน้ําในน้ํามันท่ีใช้ในการศึกษาจะถูกเตรียมและวิเคราะห์คุณลักษณะก่อน 
นห์ไปทดลองด้วยอุปกรณ์จำลองพ่ืนผิวท่อขนส่งน้ํามันใต้ทะเลหรือโคลด้ฟงเกอร์ สภาวะท่ีศึกษา 
คือสัดส่วนน ํ้ามันร้อยละ 5 และ 50 อุณหภูมิสำหรับผิวท่อจำลองและของไหลมีค่า 5 และ 45 องศา 
เซลเซียส จากการทดลองพบว่าอิมัลชันน้ําในน้ํามันไม่สามารถเกาะติดบนผิวท่อจำลองได้ แต่ 
สามารถเกาะติดบนผิวท่ีเคลือบด้วยนอร์มอลพาราฟินซี-28 (จำนวนคาร์บอน 28 อะตอม) ได้ โดย 
ปริมาณการเติบโตของตะกอนพาราฟนท้ังสัดส่วนน้ีามันร้อยละ 5 และ 50 จะเกิดอย่างรวดเร็วใน 
ช่วงแรกและคงท่ีสำหรับสัดส่วนน้ํามันร้อยละ 5 แต่สัดส่วนร้อยละ 50 จะมีการเติมโตท่ีสูงกว่าเน่ือ 
ระยะเวลาดำเนินการมากกว่า 2 ช่ัวโมง เม่ือทำการวิเคราะห์สัดส่วนพาราปินในตะกอนพบว่ามี 
สัดส่วนคงท่ีภายใต้ระยะเวลาในการดำเนินการรวมไปถึงสัดส่วนน้ํามันท่ีแตกต่างกัน



V

ACKNOWLEDGEMENTS

My master thesis could not have been possible without the direct support of 
several distinguished people. First and foremost, I am heartily thankful to my sincere 
gratitude to Professor H. Scott Fogler who not only attended as my supervisor but 
also encouraged and challenged me throughout my stay at the University of 
Michigan. His invaluable advice and profound insights have been instrumental in 
shaping the direction of my research.

I would also like to thank to the members of Flow and Reaction in Porous 
Media Research Group at UM, Ann Arbor: Sheng “Mark" Zheng and Claudio Vilas 
Boas Favero for their continued interest, helpful advice, and thoughtful discussion as 
the work in this thesis manures. I would also like to acknowledge and thank those 
who provided the technical support that carried this project through to completion: 
above all, the Shelly Fellers, Claire O’Connor, Laura Brecken, and Michael Africa 
for departmental and visiting scholar business.

เท Thailand, the author is grateful for the scholarship and funding of the 
thesis work provided by The Petroleum and Petrochemical College; and The 
National Centre of Excellence for Petroleum, Petrochemicals, and Advanced 
Materials, Thailand. I would like to express my gratitude to Assistant Professor 
Pomthong Malakul who attended as my Thai advisor; Professor Sumaeth Chavadej, 
and Dr. Veerapat Tantayakom, who attended as my thesis committee and provided 
questions whose answers shaped my report into finalized form as presented.

Finally, 1 want to give a personal thank to my beloved family for their 
financial and motivational support and to all lovely friends both in USA and 
Thailand who provided encouragement, advice, and sympathetic ears over the past of 
my master at Chulalongkorn University. 1 thank and love them all.

๐



TABLE OF CONTENTS

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables viii
List of Figures ix

CHAPTER
I INTRODUCTION 1

II LITERATURE REVIEW 3
2.1 Oil Production Overview 3
2.2 Heavy Crude Oil Transportation 3
2.3 Viscosity Reduction 4
2.4 Emulsification of Heavy Crude Oil in Water 6
2.5 Wax Deposition in Subsea Pipelines 7
2.6 Evidence of Wax Deposition for Oil-in-Water

Dispersed Flow 10

III METHODOLOGY 14
3.1 Materials 14
3.2 Equipments 14
3.3 Softwares 15
3.4 Experimental Procedures 15

3.4.1 Oil-in-Water Emulsion 15
3.4.2 Verification of Non-existence of Free Oil 16
3.4.3 Cold Finger Experiments 16

P A G E



V I I

3.4.4 Wax Deposition Characterization 1 8

IV RESULTS AND DISCUSSION 19
4.1 The Microscopic and Macroscopic Stability of

the Oil-in-Water Emulsion 19
4.2 Wax Properties and Carbon Number Distribution 24
4.3 Cold Finger Wax Deposition Experiments 24
4.4 Wax Deposition Growth and Wax Content of the Deposit 28

V CONCLUSIONS AND RECOMMENDATIONS 31

REFERENCES 32

APPENDICES 34
Appendix A Phase Inversion Point 34
Appendix B Phase Separation Rate ** 35
Appendix c  Micrograph Statistical Analysis 36
Appendix D DSD and Volume-based Mean Diameter

Calculation 43
Appendix E Wax Deposition Growth Data and Wax

Content Analysis 49

CURRICULUM VITAE 52

C H A P T E R  P A G E



V I I I

LIST OF TABLES

2.1 Properties and composition of medium, heavy and extra
heavy Mexican crude oil 4

3.1 List of chemicals used in the emulsion preparation and wax
deposition experiments 14

B1 Variation of height of oil-in-water emulsion with oil fraction
at 10 vol% 35

B2 Variation of height of oil-in-water emulsion with oil fraction
at 50 vol% 35

Cl Individual droplet areas from one position on micrograph 41
D1 Relative frequency of droplet size from some samples 45
D2 Average DSD of oil-in-water emulsion with OF 10 vol%

and 50 vol% 46
D3 Volume-based mean diameter spreadsheet for the bottom

position containing 130 droplets 47
D4 Average volume-based mean diameter of oil-in-water

emulsion witfîOF 10 vol% and 50 vol% 48
El Wax content calculation spread sheet 49
E2 Mass of n-C28 pre-coated element 50
E3 Carbon number distribution of studied wax 50
E4 Wax deposit mass as a function of operating time with OF 5

vol% 51
E5 Wax deposit mass as a function of operating time with OF

50 vol% 51

T A B L E  P A G E

๐



IX

LIST OF FIGURES

o

2.1 Schematic of the MWP model for wax deposition in subsea
pipelines. 8

2.2 Wax deposition under oil-water stratified flow with mixing
at the interface. 9

2.3 Wax deposition under dispersion of oil in water picture
(left) and schematic (right). 9

2.4 Wax deposition under dispersion of oil in water & water
picture (left) and schematic (right). 10

2.5 Average weight profile of deposits as a function of water cut
with a test period of 24 hours. 11

2.6 Garden Banks deposit test results. 12
3.1 Cold finger apparatus. 17
4.1 (a) Oil fully dispersed as colorless droplets in blue water 

continuous phase (diluted 10 times), (b) Oil-in-water 
mixture completely separated and formed an interface
between both phases. 19

4.2 Phase separation was observed throughout a period of 48
hours for oil fraction at 50 voi%. 20

4.3 Variation of volume of separated water as a function of time
for oil fraction at 10 vol% and 50 vol%. 21

4.4 The microstructure of oil-in-water emulsion for initial 
emulsion and both an oil-rich phase and an oil-lean phase
after phase separation for oil fraction at 50 vol%. 22

4.5 Volume-based mean droplets diameter for oil fraction 10 
vol% and 50 vol% over 48 hours.

F IG U R E  P A G E

23



X

4.6 Droplet size distribution of oil-in-water emulsion with oil
fraction at 10 vol% and 50 voI% over 48 hours. 23

4.7 Carbon number distribution of studied wax. 24
4.8 (a) Slipped down wax deposit formed from oil-in-water 

dispersion at oil fraction at 50 vol% on clean cold finger 
surface, (b) Firmly attach wax deposit generated by oil-in-
water mixture with 50 vol% of oil on un-coated cold finger. 25

4.9 (a) Pre-coated cold finger by n-C28 coating solution, (b)
Newly formed wax deposit generated by oil-in-water 
emulsion with oil fraction at 50 vol% which can be clearly 
distinguished from pre-coated surface (below red line). 27

4.10 Composition distribution of newly formed wax deposit 
consisting I1-C28 major peak and other paraffin component
peaks. 28

4.11 Wax deposition growth in short period from oil-in-water 29
dispersion with oil fraction at 5 and50 vol%.

4.12 The growth rate of wax deposit from oil-in-water dispersion
with oil fraction at 5 and50 vol%. 29

4.13 Wax content of deposit consisting newly formed deposit and
pre-coated C28. 30

A1 Oil-in-water emulsion with oil fraction at 92 voI% and 93 
vol% as written on the bottles indicating significant changes 
due to the phase inversion. 34

Cl “Set Scale" pop-up window. 36
C2 Sharpen image. 37

F IG U R E  P A G E

C 3 8-b its app lied  im age. 38



XI

C4 Threshold adjusted image. 39
C5 Threshold adjusted image with analyze particles window. 40
C6 Analyzed image; each droplets are identified by red number

counting up all presented droplets on micrograph. 41

F IG U R E  P A G E

๐


	Cover (English)

	Accepted

	Abstract (English)

	Abstract (Thai)

	Acknowledgements

	Contents


