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APPENDICES

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

From equation (4.1):

¢ 1IRC CRC |
° LiveQil ~ YSTO® STO  YDG°DG (A1)
yRSTCO RC VDR(E RC
y - . -
yKC +yRG 1 yb (A.2)
ySO'vDG vSTO ' vDG
V&RE &
Lot R L RS T

}lﬁo (A.3)

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

RCI; &CR

< C
°L|veO|I USTO 7T ° DG

(A.4)
And from molar solubility parameter of dissolved gas (normal alkanes)
ol - $DG (A.5)
Then equation (A 4) can be written as:
RC yRDg F§/§G M
| C.
4 LiveOil v 33 Y Re DG (A.6)
STO
yRC RC
Let rd-1-yp- (A.7)
y STO

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

e cRe , CM
° LiveOil ==j"°STO ° DG (A.8)
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Appendix B Problems with High Pressure System and Solutions

Several problems were found with high pressure system during the test and
these problems are shown below:

1. Mixing problem in pressure cell

2. Over-pressured live sample

3. Large dead volume in pressure cell

4. O-ring failure

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

fluctuation in light transmittance data as shown in Figure Bl
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Figure B1 Light transmittance curve showing poor mixing
To fix this problem, several Teflon pieces were added and act as a spacer

between the bottom of a magnetic mixer and metal casing. This allowed a magnetic

mixer to spin freely and did not rub with metal casing. The modification is shown in
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Figure B2. After modification, the light transmittance curve (Figure B3) shows very

good mixing with no fluctuation of data.

Figure B2 Modification of magnetic mixer
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Figure B3 Light transmittance curve showing good mixing after modification
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For over-pressured live sample, a live sample received from a third-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 of high 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 of mineral
oil was released at atime to emptied tubing then expanded to other sections of tubing.

These steps were repeated until desire pressure was reached.

Pressure
Gauge
m
To Vacuum
5—4 % Pump

Live Oil
X Minerat oit .—&]

Figure B4 Pressure reduction schematic diagram

Figure B5 Pressure reduction system
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For the dead volume inside the pressure cell, there is about 10-15 mL of dead
volume inside the pressure cell from to the original design (Figure B6). This dead
volume caused the pressure drop of about 4000 psi for the sample and because
mineral oil did not have high expansibility. Therefore, helium was used as a pressure
pad on the mineral oil side when introducing the sample because helium have high

expansibility and can expand 10-15 mL with less pressure drop.
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Figure B6 Pressure cell design showing dead volume

Last, o-rings on the sapphire window casings (Figure B7) failed during the
test o fthe system. Therefore, different o-ring elastomers were investigated and tested
at high pressure and high temperature. These o-ring elastomers are Nitrile, Atlas, and
Viton. Nitrile and Atlas o-rings failed after 40 minutes at 9000 psi and 70 oC with
mineral oil and live oil shown in Figure B8 and Figure B9. Viton o-rings passed the
test at 9000 psi and 70 oC with mineral oil and live oil shown in Figure BIO.

Therefore, Viton o-rings were chosen for all future tests.
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Figure B9 Aflas o-rings failed after 40 minutes
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Figure BIO Viton o-rings passed the test

9
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Appendix C Turbidity Measurement for Different Cases

Instead ofthe mean transmittance along the tube height, light transmittance
can be represented at different tube heights (i.e., 25 % height, 50 % height, 75 %
height, and 95 % height) as shown in Figure CIl. The trend remains the same at any

tube height that the light transmittance increased with time as asphaltene particles

settled.
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Figure C1 Transmittance at different tube heights

In the case that the residence time in the system is longer than 1 hour, one can
perform this test with longer period to identify whether asphaltene precipitation wiill
be a problem or not, as shown in Figure C2. The mean transmittance will increase

until it reached equilibrium.
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Figure C2 Transmittance for longer test

Asphaltenes settling can also be studied in different mediums with fixed
solubility parameter to simulate different situations. The solubility parameter of the
medium can be adjusted using mixture of toluene and «-heptane. The results are
shown in Figure C3 that the higher the solubility parameter is, the lower the settling
is (low light transmittance as asphaltenes still dispersed throughout the test tube.

Asphaltene settling can also be studied in different normal alkanes rather
than «-heptane. The kinetic of precipitation and settling depends on the solubility
parameter of normal alkanes and viscosity of those normal alkanes. The results in
Figure C4 show that longer chain normal alkanes precipitated out and settled

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