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APPENDICES

Appendix A Derivation of Equation (4.2) from Equation (4.1)

From  equation (4.1):

c* _ 1' RC C.RC I
°  LiveOil ~  Y  STO °  STO Y D G ° D G

y R C  
y STO -RC

y K C  y t
y STO ' v DG

+  - V,RC
DG - RC

y R G  I y b  
v STO ' v DG

Let
V RC +  y RC_  y  STO ^  y DG

V R1y STO

Then equation (A .2) can be rearranged to:

1 1 v*c<r - - T x RC  I 1 y  DG  c-RC
°L iveO il -  j : ° S T O  +  7 T  r /R C  °  DGU  U  y ST0

And from  m olar so lub ility  parameter o f  dissolved gas (normal alkanes):

= $DGo  ท/'ๆ .

Then equation (A  4) can be w ritten  as:

ะ-RC
à LiveOil ^  J J  y

y R C  , R C  
y DG ' VDG c-M 

RC ° D G
STO

y R C  เ  RC
Let r J - i - y p -

y STO

Then equation (A .6) can be w ritten as in  equation (4.2) as:

e _  ̂ cR c  , cM
°  LiveOil ~ ~ j ^ ° S T O  °  DG

(A .1)

(A .2)

(A .3)

(A .4)

(A. 5)

(A. 6) 

(A .7)

(A . 8)
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A p p e n d ix  B P ro b lem s w ith  H igh  P ressu re  S y stem  a n d  S o lu tio n s

Several problems were found w ith  high pressure system during the test and 

these problems are shown below:

1. M ix in g  problem in pressure cell

2. Over-pressured live sample

3. Large dead volume in pressure cell

4. O -ring failure

For m ixing problem in pressure cell, a problem was found due to the 

fluctuation in ligh t transmittance data as shown in Figure B1

To fix  this problem, several Teflon  pieces were added and act as a spacer 

between the bottom o f  a magnetic m ixer and metal casing. This allowed a magnetic 

m ixer to spin freely and did not rub w ith  metal casing. The m odification  is shown in



94

Figure B2. A fte r m odification, the ligh t transmittance curve (Figure B3) shows very 

good m ix ing  w ith  no fluctuation o f  data.

F ig u re  B 2 M od ifica tion  o f  magnetic m ixer

F ig u re  B 3  L ight transmittance curve showing good m ix ing  after m odification
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For over-pressured live sample, a live  sample received from  a th ird-party 

company was at 15,000 psi which was high than a pressure that a system can handle. 

Therefore, a pressure reduction step needed to be performed before the test. Several 

sections o f  h igh pressure tubing (30,000 psi) and a pressure gauge (20,000 psi) were 

added to  the system as shown in Figure B4 and Figure B5. Small amount o f  mineral 

o il was released at a time to emptied tubing then expanded to other sections o f  tubing. 

These steps were repeated until desire pressure was reached.

Pressure
Gauge

m

F ig u re  B 5  Pressure reduction system
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For the dead volume inside the pressure cell, there is about 10-15 m L o f  dead 

volum e inside the pressure cell from  to the original design (Figure B6). This dead 

volum e caused the pressure drop o f  about 4000 psi fo r the sample and because 

m ineral o il d id not have high expansibility. Therefore, helium  was used as a pressure 

pad on the m ineral o il side when introducing the sample because helium  have high 

expansibility and can expand 10-15 m L w ith  less pressure drop.

F ig u r e  B 6  Pressure cell design showing dead volume

Last, o-rings on the sapphire w indow  casings (F igure B7) failed during the 

test o f  the system. Therefore, d ifferent o-ring elastomers were investigated and tested 

at high pressure and high temperature. These o-ring elastomers are N itrile , A tlas, and 

V iton . N itr ile  and A tlas o-rings failed after 40 minutes at 9000 psi and 70 °c w ith  

m ineral o il and live  o il shown in Figure B8 and Figure B9. V iton  o-rings passed the 

test at 9000 psi and 70 °c w ith  m ineral o il and live  o il shown in  Figure BIO. 

Therefore, V ito n  o-rings were chosen fo r all future tests.
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F ig u r e  B 7  O -ring on sapphire w indow  casing

F ig u r e  B 8 N itr ile  o-rings failed after 40 minutes
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F ig u re  BIO  V iton  o-rings passed the test
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A p p e n d ix  c T u r b id ity  M e a su r e m e n t fo r  D iffe r e n t  C ases

Instead o f  the mean transmittance along the tube height, ligh t transmittance 

can be represented at d ifferent tube heights (i.e., 25 %  height, 50 % height, 75 % 

height, and 95 % height) as shown in Figure C l. The trend remains the same at any 

tube height that the ligh t transmittance increased w ith  time as asphaltene particles 

settled.

In  the case that the residence tim e in  the system is longer than 1 hour, one can 

perform  this test w ith  longer period to id e n tify  whether asphaltene precipitation w il l  

be a problem or not, as shown in Figure C2. The mean transmittance w il l increase 

u n til it  reached equilibrium .
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Asphaltenes settling can also be studied in  d iffe rent mediums w ith  fixed 

so lub ility  parameter to simulate different situations. The so lub ility  parameter o f  the 

medium can be adjusted using m ixture o f  toluene and «-heptane. The results are 

shown in  Figure C3 that the higher the so lub ility  parameter is, the low er the settling 

is (lo w  ligh t transmittance as asphaltenes s till dispersed throughout the test tube.

Asphaltene settling can also be studied in  d ifferent normal alkanes rather 

than «-heptane. The kinetic o f  precipita tion and settling depends on the so lubility  

parameter o f  normal alkanes and viscosity o f  those normal alkanes. The results in 

F igure C4 show that longer chain normal alkanes precipitated out and settled 

asphaltenes at a slower rate comparing to shorter chain normal alkanes.



102

0  นิ c  «  Î2
1
GO

«J

çflj<û

90
80
70
60
50
40
30
20
10

0

1 0 0
Increase Solubility Parameter

50 100

Crude Oil = N2 
Temperature = 25 °c 
Pressure = 1 atm 
Precipitant = HepTol 
Treatment = None

?ร

f

I /
! /  '  ^
ร;:

t  ^ * » 4ร » ร
— 1™

ส

Del 15.3
Del 15.5
Del 15.7
Del 15.9

-  Del 16.0
. Del 16.1
— Del 16.2
....Del 16.3

Del 16.4
Del 16.5
Del 16.6

150
Time [min]

F ig u re  C 3  Mean transmittance w ith  d ifferent so lub ility  parameter mediums

Pentane 14.3 MPaA0.5 Hexane 14.8 MPaA0.5
» -Heptane 15.3 MpaA0.5 Octane 15.5 MPaA0.5
^-Decane 15.8 MPaA0.5 - O-Dodecane 16.0 MPaA0.5
t-Te tradecane 16.2 MPaA0.5 ----- Hexadecane 16.4 MPaA0.5

Crude Oil = N2 
Temperature = 25 °c 
Pressure = 1 atm 
Precipitant = ท -heptane 
Treatment = None

_ แ  /  X  - X ’
: * » » “'S-sT T . V*......
2b ■

10 20 30 40
Time [min]

50 60

F ig u re  C4 Mean transmittance w ith  d ifferent normal alkanes



103

C U R R IC U L U M  V IT A E

N am e: M r. K riangkra i Kraiwattanawong

D a te  o f  B irth : November 26, 1981

N a tio n a lity : Thai

U n iv ers ity  E d u ca tio n :
1999-2003 Bachelor Degree o f  Chemical Engineering, Faculty o f

Engineering, Chulalongkorn University, Bangkok, Thailand

2003-2005 Master Degree o f  Science in Petrochemical Technology,

Petroleum and Petrochemical College, Chulalongkorn U niversity, Bangkok, 

Thailand 

P u b lica tio n s:
1. Kraiwattanawong, K ., Fogler, H. ร., Gharfeh, ร. G., Singh, p., Thomason, พ .  H., 

and Chavadej, ร. (2007) Thermodynamic so lub ility  model to predict asphaltene 

instab ility  in live  crude oil. Energy &  Fuels. 21(3), 1248-1255.

2. Gharfeh, ร., Singh, p., Kraiwattanawong, K ., and B lum er, D. (2007) A  general 

study o f  asphaltene flocculation prediction at fie ld conditions. SPE Production 

and Operation. 22(3), 277-284.

3. Senra, M ., Panacharoensawad, E., Kraiwattanawong, K ., Singh, P., and Fogler, H. 

ร. (2008) The role o f  «-A lkane polydispersity on the crystallization o f  ท- 
Alkanes. Energy &  Fuels. 22(1), 545-555.

4. Kraiwattanawong, K ., Fogler, H. ร., Gharfeh, ร. G., Singh, p., and Chavadej, ร. 

(2008) Mechanisms to control asphaltenes in  unstable crude o il systems. (In 

review).

P resen ta tio n s:
1. Kraiwattanawong, K., Fogler, H. ร., Gharfeh, ร. G., Singh, p., Thomason, พ .  H., 

and Chavadej, ร. (2006, June 25-29) Thermodynamic so lub ility  model to 

predict asphaltene instab ility  in  live  crude oil. Paper presented at The 7th 

International Conference on Petroleum Phase Behavior and Fouling. Asheville, 

N orth  Carolina, U.S.A.



104

2. Kraiwattanawong, K. and H. Scott Fogler (2006, October 3-5) Future asphaltene 

research w ith  im plication on o il and gas production flo w  assurance. Presented at 

Eureka W orkshop: F low  Assurance SIG -  Inorganic Scales and Organic Deposits. 

Edmonton, Canada.

3. Kraiwattanawong, K ., Fogler, H. ร., Gharfeh, ร. G., Singh, p., Thomason, พ .  H., 

and Chavadej, ร. (2006, November 12-17) Thermodynamic validation o f  

asphaltene phase transition phenomenon using high pressure N IR  cell. Presented 

at the A IC hE  Annual M eeting 2006. San Francisco, California, บ .S.A.

4. Kraiwattanawong, K., Fogler, H. ร., Gharfeh, ร. G., Singh, p., and Chavadej, ร. 

(2007, June 10-14) Mechanisms to control asphaltenes in  unstable systems. 

Paper presented at The 8th International Conference on Petroleum Phase Behavior 

and Fouling . Pau, France.

5. Kraiwattanawong, K., Fogler, H. ร., Gharfeh, ร. G., Singh, p., and Chavadej, ร. 

(2007, June 25-28) Mechanisms to control asphaltenes in  unstable systems. 

Paper presented at The 2nd International Conference on Advances in  

Petrochemicals and Polymers. Bangkok, Thailand.


	REFERENCES
	APPENDICES
	Appendix A Derivation of Equation (4.2) from Equation (4.1)
	Appendix B Problems with High Pressure System and Solutions
	Appendix C Turbidity Measurement for Different Cases

	CURRICULUM VITAE

