
CHAPTER VI 
Results and Discussion

In the pressure decay experim ent, C O 2 pressure from  500 psi to 9 0 0  psi w as  
applied to condensate (API 6 3 .9 ), oil sam ple and n-decane. The pressure d ecay  
curves and total pressure drop curves w ere plotted to determ ine M M P. The M M P is 
m axim um  total pressure drop from  total pressure drop curve. The pressure decay  
curve is the curve w hich is a plot o f  pressure against tim e as show n in F igure 4.1 -  
Figure 4.3 to determ ine equilibrium  tim e o f  each sam ples.
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Figure 4.1 Pressure decay curve o f  condensate A PI 63.9 at 20 °c.
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Figure 4.2 Pressure decay curve o f  o il sam ple at 20  °c.

1 0 0 0

:oo j-

0 20 40 60 80 100 120 140 160

Time (minute)
— 500psi —ร — 600psi —♦ — 650psi —4*— 700psi — ร — 750psi

800psi - ■825psi ■ •850psi • -900psi ■ •950psi

Figure 4.3 Pressure decay curve o f  n-decane at 20  °c.
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After injecting C O 2 gas into the reactor, C O 2 d iffuses into the o il. It can be 
observed  by the pressure inside the reactor decreasing at the initial tim e and sligh tly  
decreasing to the equilibrium . Equilibrium  tim e o f  condensate (A P I 6 3 .9 ) is around  
30 m inutes at 20 ° c  tem perature. In the case o f  oil sam ple and n-decane, the 
equilibrium  tim e are 20  m in and 45 m in, respectively .

4.1 MMP Determination From Pressure Decay Curve

The pressure drop curve is plotted betw een  total pressure drop against initial 
pressure. At below  the M M P, the total pressure drop is slightly increased  w ith  
increasing the initial pressure and it increases to the ultimate point. A fter  that it w ill 
decrease. The M M P point is the ultim ate point o f  the total pressure drop curve. The  
results o f  M M P measured by the pressure d ecay  technique o f  condensate, o il sam ple  
and n-decane are show n in Figure 4 .4 - F igure 4 .6 . At 20 ° c ,  the M M P  point o f  
condensate API 63.9 is 775 psi. The M M P point o f  oil sam ple is 725 psi and M M P  
point o f  n-decane is 825 psi. A t b elow  the M M P point, the pressure drop o f  the 
system  is increase w ith increasing initial pressure. A t above the m isc ib le  condition , 
the total pressure drop is increase again w ith  initial pressure that sh o w s in F igure 4o5 
for o il sam ple at 2 0  ° c
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Figure 4.4. Pressure drop curve o f  condensate at 20 °c .
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Figure 4.5 Pressure drop curve o f  oil sam ple at 20  °c .
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Figure 4.6 Pressure drop curve o f  n-decane at 20 °c .

4.2 Effect of Molecular Weight on MMP

E ffect o f  m olecu lar w eigh t on M M P is determ ined in three d ifferent sam p les  
(condensate, oil sam ple and n -d ecane) at temperature 20  ° c .  T he m olecu lar w eigh t 
on M M P are show n in Table 4 .1 . Figure 4 .7  show s the M M P  o f  the three different 
sam ples. ■ rx

Table. 4.1 E ffect o f  m olecu lar w eig h t on M M P in con d en sate , oil sam ple and ท- 
decane at 2 0  ° c

Sample Molecular Weight MMP from Experiment

Condensate API 63 .9 113.64 775 psi

Oil sam ple 107.15 725  psi

n-decane 142.28 825 psi
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F ig u re  4 .7  E ffect o f  m olecu lar w eigh t on M M P in condensate, o il sam p le and ท- 
decane at 2 0  ° c .

Figure 4 .7  sh o w s the results show ed that increase o f  m olecu lar w eigh t  
increases the M M P b etw een  C O 2 and sam ples (Rao and L ee, 2 0 0 3 ) b ecau se v isco sity  
o f  the sam ple is increase and it has low  amount o f  light hydrocarbon com p on en t. 
Thus, it is d ifficu lt for C O : to d iffu se  in the sam ples. H en ce, it requires higher  
pressure to a ch ieve  the m isc ib ility . A t 20  ° c ,  n-decane has the h ighest M M P, because  
n-decane has h igh est m olecu lar w eigh t (144). Oil sam ple has the lo w est M M P  
because oil sam ple has the lo w est m olecular w eight (1 0 7 .3 2 ).

4 .3  E ffect o f  T e m p e r a tu r e  on M M P
E ffect o f  tem perature on equilibrium  tim e and M M P at tw o different 

temperature (20  ° c  and 30 °C) w as determ ined show n in T able 4 .2  and T able 4 .3 , 
respectively. T he pressure d ecay  curves are show n in Figure 4 .8  - 4 .1 0 . The total 
pressure drop curves are sh ow n  in Figure 4 .10  for crude o il and in Figure 4 .11 for the 
o il sam ple.



39

Table. 4.2 E ffect o f  tem perature on  equilibrium  tim e in condensate and o il sam ple

Sample Temperature (°C) Equilibrium Time
C ondensate

2 0 . 1  ± 0 . 1 2 30 m inute
30 .16  ±  0 .09 2 0  m inute

Oil sam ple
20 .15  ± 0 .1 3 2 0  m inute
30 .32  ± 0 .3 4 15 m inute

Table. 4 .3  E ffect o f  tem perature on M M P in crude oil and o il sam ple

Sample Temperature (°C) MMP from Experiment
C ondensate

2 0 . 1  ± 0 . 1 2 775 psi
30 .16  ±  0 .09 850  psi

O il sam ple
20 .15  ±  0.13 725 psi
30 .32  ± 0 .3 4 8 00  psi
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Figure 4.8 Pressure decay curve o f  condensate A PI 6 3 .9  at 30  °c.
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Figure 4.9 Pressure d ecay  curve o f  oil sam ple at 20  ° c .
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Figure 4.10 E ffect o f  tem perature on M M P on C O 2 and con d en sate  system  at 20 ° c  
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F ig u re  4.11 E ffect o f  temperature on M M P on c c >2 and o il sam ple system  at 20  ° c  
and 30  ° c .

The e ffect o f  temperature on equilibrium  tim e w h ich  high temperature (30  
°C) has low er equilibrium  tim e than low  tem perature (20  °C) in T able 4 .2  because oil 
v isco sity  is decreased at high temperature. It is faster for C O 2 to ^diffuse into  
condensate than lo w  temperature. The M M P o f  condensate (A P I 6 3 .9 ) is 775 psi at 
20 ° c  and 850 psi at 30  ° c  (Figure 4 .10 ) and 725 psi at 20  ° c  and 800  psi at 30 ° c  
(F ig. 4 .1 1 ) for oil sam ple system . The results o f  M M P at tw o different temperatures 
are show n; the M M P at 30  ° c  is higher than the M M P at 20  ° c .  The increase o f  
tem perature o f  the system  increases the M M P because the so lu b ility  o f  C 0 2 in the 
sam ples is decreased w ith  increasing the system  temperature w hich  required higher  
pressure to ach ieve the m iscib ility  (Cao and Gu, 2 013).

o
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4.4 Effect of Impurity G as on MMP

E ffect o f  im purity gas (N itrogen  gas) on M M P at tw o  different percent o f  
nitrogen gas (1 % and 3 %) in C 0 2 w as determ ined at 20  ° c  as sh ow n  in Table 4 .4  
and the total pressure drop curve in Figure 4 .1 2 . T he M M P o f  C 0 2- “oil sam ple  
system  is 725 psi for pure C 0 2 injection, 7 50  psi for the 1 % N 2 in C 0 2 injection, and 
850  psi for the 3 % N 2 in C 0 2 injection. For com parison  o f  the pure C 0 2 in jection  
w ith C 0 2 in jection  containing 1 % N 2, nitrogen gas has low er critical temperature 
than C 0 2 w h ich  is m ore difficult to a ch ieve  m isc ib ility  than pure C 0 2. Thus, the C 0 2 

in jection  contain ing 1 % N 2 in the o il sam ple required h igher pressure to ach ieve  
m iscib ility  (Belhaj et ah, 2013). The e ffec t o f  percent N 2 im purity gas w as varied  
betw een  1% and 3 % N 2 in C 0 2 stream w ith  oil sam ple at 2 0  ° c .  The M M P o f  the 3 
% N 2 in the C 0 2 stream is higher than that o f  1 % N 2 b ecau se higher pressure is 
required w hich  can substantially increase w ith  the am ount o f  N 2 present in the C 0 2 

stream  to ach ieve m iscib ility  (D ong et ah, 2 0 0 1 ).

Table. 4.4 E ffect o f  gas impurity on M M P o f  C 0 2-o il sam ple system  at 20  ° c

Sample MMP from Experiment
Pure C 0 2 injection ๕ 725 psi

1% o f N 2 in CO? injection 7 5 0  psi
3% o f  N 2 C O 2 injection 8 50  psi

๐
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F ig u re  4 .1 2  E ffect o f  gas impurity on  M M P  o f  C O 2- o il sam ple at 20  °c, pure C O 2 

injection, w ith  1 % o f  N 2 , 3 % o f  N 2 in C O 2 stream.

4 .5  M M P  C a lcu la tio n

T o evaluate the results o f  M M P m easured from  the pressure d ecay  
technique, the M M P values w as also calcu lated  using  Li e t  a l .  correlation (2 0 1 3 ) in 
Equation 2 .18 . It requires M W c7+, X vol, XiNT and T r as show n in Table 4 .5 w h ich  
M W C7+, X vol, X[NT were found from G C -T O F M S in T able 12.1. H ow ever it cou ld  
not be obtained in this work due to the lim itation  o f  the experim ental capacity. T his  
prediction w as far from the experim ental va lue because in the literature, Li e t  a l .  

correlation w as testing at the high tem perature (around 100 °C). This correlation  
w a sn ’t accuracy enough for the prediction at lo w  tem perature. This equation should  
im prove the accuracy for calculation in lo w  tem perature. The correlation factor for 
im pure C O 2 stream s (Fjmp) w as used to find M M P in the e ffec t o f  impurity gas w h ich  
it w as determ ined from  A lston e t  a l .  correlation in Equation 2 .4 -2 .6 . N everth eless, 
Fjmp is calcu lated  from the critical tem perature o f  the stream . The pseudo-critical 
tem perature o f  the stream is calculated using  the w eight-fraction  m ixing rule as 
fo llo w s in Equation 2 .4 , and used Equation 2 .5 to find M M P.



T a b ic  4 .5  C om parison o f  M M P s from  this w ork w ith  Li e t  a l .  correlation

S a m p le
T r

(°C)
M W C7+ X\'OL XiNT

M M P  (p si)
% A D  (% )T h is

W o rk
Li e t  a l .

Pure C O 2 

in
condensate  

API 63 .9

2 0 . 1 0 113.64 0 0.275 775 594 2 3 .3 6

30 .16 113.64 0 0.275 850 763 10.24

Pure C O 2 

in oil 
sam ple

20 .15 107.15 0 0.383 725 580 2 0

30 .32 107.15 0 0.383 800 776.24 2 .9 7

C O 2 w ith  1 

% N 2 in o il 
sam ple  

(F imp= 1 .0 8 )

2 0 .17 107.15 0 0.383 750 625.66 16.58

30 .24 107.15 0 0.383 850 835.44 1.7

C O 2 w ith  3 
% N 2 in o il 

sam ple  
(F imp= 1 .2 9 )

20 .18 107.15 0 0.383 850 747.22 1 2 . 1

Pure C O 2 

in n-decane
19.97 142.28 0 0 825 651 .12 2 1 .08
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