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Experiments

— The crude oil sample used in this study, designated as JL2, was sourced Reservoir and Fluid Pro perties
L b from the Karamay Qilfield, Xinjiang, China.
E # Additive A — an oil-soluble formulation

Table 1. Parameters of reservoir temperature, pressure
and gas-oil ratio

1. NIRPVT-1500, Black Oil PVT System Reservoir | Reservoir | Bubble point P GOR
.—..' # 100MPa/0.1% Full range P (MPa m3/m?3

#150°C/+1°C
# 250ml/0.01ml 97 50.12 31.09 130.3

. # Additive B — a water-soluble formulation

bl Composition of Natural Gas

el
Content (mol% Content (mol%)

2. ST-1000, Slimtube Apparatus
- . # Inner diameter of 0.4 cm
# Total length of 2000 cm

# Pore volume of 251.2 cm3 93.58 I-pentane 0.16
2.57 n-pentane 0.16
. 3. Infrared Imaging Captures Experiment Propane 1.04 n—heptane 0.06
7 An Infrared High-Pressure Optical Cell (IRHPOC) was employed to capture 0.30 N2 1.73
m infrared images of CO,—crude oil interactions under simulated reservoir . .
conditions.
0.38 CcO2 0.02
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Results and Discussion

Table 3. PVT analysis results of JL2 crude oil under different concentrations of injected CO,

Concentration of
Flash oil density Saturation pressure Rolling ball viscosity* Critical temperature Tc | Critical pressure Pc
injected CO
MPa C MPa

m3/m3 g/cm? mPa-s

0.0000 138.50 0.8949 45.80 6.54 333.73 45.71
4.6977 183.20 0.8924 46.20 6.41 324.77 47.10
12.5754 269.70 0.8899 47.90 6.19 295.55 52.70

17.7749 289.00 0.8874 51.90 5.98 274.01 55.33

299.70 0.8826 ) 55.20 . 564 | . 234.65 57.83
able 4. analysis results of JL2 crude oil with oil-based chemical additive under different concentrations of injected CO,
Concentration of
Flash oil density Saturation pressure Rolling ball viscosity* Critical temperature Tc | Critical pressure Pc
injected CO

m3/m3 g/cm? MPa mPa-s T MPa

0.0000 117.70 0.8907 33.6000 5.06 338.55 34.42
186.50 0.8880 36.2800 3.75# 315.00 45.16

27.2466 366.40 0.8855 48.9000 4.09 227.64 56.68
43.5380 599.80 0.8824 60.2200 3.78 215.18 56.36

"Rolling ball viscosity: average viscosity measured above the saturation pressure.
#Rolling ball viscosity: questionable data.
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Results and Discussion

Table 5. PVT analysis results of JL2 crude oil with water-based chemical additive under different concentrations of injected CO,

Concentration of Critical Critical pressure
Flash oil density | Saturation pressure | Rolling ball viscosity*
injected CO, temperature Tc Pc
_ m3/m? glcm?® MPa mPa-s C MPa
0.0000 110.90 0.8909 31.0000 5.37 365.11 30.86
13.1828 193.80 0.8898 39.8600 3.86 292.10 45.82
27.0373 318.60 0.8864 50.9000 3.91# 24510 55.08
33.3193 390.90 0.8842 55.4000

"Rolling ball viscosity: average viscosity measured above the saturation

pressure. o0 | Reservoir Pressure line |
#Rolling ball viscosity: questionable data. ; : \ //.
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1. Chemical Additives Alter Crude Oil
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Properties Prior to CO: Injection

Saturation pressure (

—&— JL2 il

—&— JL2 Qil-based
Fig. 1 Relationship of concentration of 5000 JL2 Water-based
injected CO, with saturation pressure, JL2 oil, =00

. . 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
and chemically treated JL2 oil.

Concentration of injected CO, (vol%)
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Results and Discussion

2. Improved Asphaltene Stability Under CO:

Exposure | ST | o
Table 6. Data Comparison of Continuous CO: Injection into Oil Without and With Chemical Additives

150E-04 8.00E-05

JL2 Qil Reservoir P (psi) Oil vol (ml) Injection CO2 vol (ml) Injected Vol (%) Max Injection Vol (ml)  Max Vol (%)
Without chemical additive 7267 33.89 4.65 12.07 7.35 17.82
5% oil-based additive 7267 30.09 9.50 24.00 13.50 30.97
30% water-based additive 7267 30.24 8.60 22.14 10.10 25.04
MIR intensity (mw) NIR intensity (mw) NIR intensity (mw)
700604 350E-D4 2 2.00E-D4
- A_OC} l 180E-04
2.50€-04 AOC . ' _ i L60E-04 . .
! 2 S0 04 ' ! LAOE04 AQC Fig. 2. Continuous CO:
R 200604 i ! 120£04 injection under reservoir
150604 Max njection 8 + Max njection , 100E-04 conditions (97 °C /7267psi) at a

I
1.006-04 I flow rate of 0.1 mL/min: (2a)

i : 600E05 ) ) s
L0044 ! P . without chemical additive, (2b)
50605 JL20i ! )12 0l \: . o) il .

5% oil-based addiive 20605 avater-basedaddive S | with 5% oil-based chemical
0.00E+00 0.00E+00 additive, and (2c) with 30%

0 2 4 6 g 10123456768 91010 1213141516 01234567829 101 X e
. - , water-based chemical additive.
Injected Molume {ml) Injected Vielume (ml)

Max injection 1
5.00€-05 12 Gl
0.00E+00

Fig. 2a Injected Volume (m) Fig. 2b Fig. 2c
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3. Enhanced Oil Recovery Efficiency and Favorable Phase Behavior

e i s 100.00% oot
JL2 oil sample from Junger basin : rep : : ..
Reservoir pressure: 50.12 MPa . it 1 1 1 - i Jsléhml sarngle frgmhjun_gelrat;aj_ur? AT HEINE
§ wow | RESEVOIr temperature: 97°C ¢ e > e i i il ik A e ki 2500
4] 1 M @ 50,00 e 5000.9
= = T
O - Q = 50.00% ///a-' L] so0.0 3
Q ¥ » - x
o Gt =T - 3 i
o . GOR - o 30.00% P 1500,
10000000 20.00% - G OR 10000
. . Siviiate . . s00.0
- o St H - L] L] o - L] L] L] L oo
o5 ) (=¥ 2 ar a8 o 1 . :.'. 2 Fi ) 3C
Injected PV Fig.3a | MR 9
m JL2 oil sample from Junger basin At
moow 5% oil-based chemical additive * > * ¥ s0000.0
= 1 s Fig. 3. Effect of various chemical additives—including oil-
= | 250000 based and water-based amphiphilic surfactants—on CO:
= , : I sl injection into oil. These additives significantly enhanced
8 30,00 Oll R GOR 150000 . H ili
2 o . . oil recovery (EOR) and increased CO: solubility. (3a)
1000% T without chemical additive, (3b) with 5% oil-based chemical
% —8 & ¢S _—o 4 o <+ o & _—___a additive, and (3c) with 30% water-based chemical additive.
Injected PV Fig. 3b
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4. Infrared Imaging Captures Transient Fluid Dynamics

JL2 Tank Qil JL2 Tank Oil with 5% oil-based additive JL2 Tank Qil with 30% water-based additive

.

Qil Section

wat_er y water
Section . Section

Fig. 4a Fig. 4b Fig.4c

Fig. 4. Interaction between CO:z and oil under reservoir temperature and pressure observed using the IRHPOC Raman microscope:
(a) without chemical additive, (b) with 5% oil-based chemical additive, and (c) with 30% water-based chemical additive.
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Conclusion

Key findings include:

@® Improved Pre-Injection Fluid Properties: Chemically treated JL2 crude oil exhibited notably lower saturation
pressure and reduced viscosity even before CO, injection, suggesting structural alterations in the oil phase due
to additive interactions. These changes facilitate better CO, diffusion and enhanced mobility, which are critical
to achieving efficient displacement.

@ Enhanced CO, Solubility and Miscibility Potential: The treated oils showed increased CO, solubility under
reservoir pressure, promoting more favorable phase behavior and lowering the threshold for miscibility. This
enhances the effectiveness of CO, injection in reservoirs where natural miscibility is not attainable.

® Higher Asphaltene Onset Concentration (AOC): Continuous CO, injection tests revealed elevated AOC values for
chemically modified oils, indicating delayed onset of asphaltene precipitation. This improved stability is essential
for minimizing formation damage and maintaining injectivity during long-term CO, operations.

@ Improved Oil Recovery Efficiency: Slim tube experiments confirmed the performance gains, with chemically
treated samples achieving an additional 10% to 20% oil recovery compared to untreated crude. These results
demonstrate the additive's ability to enhance sweep efficiency and displacement effectiveness in CO,-EOR
applications.

® Direct Visualization of Altered Phase Dynamics: High-pressure infrared imaging captured real-time evidence of
improved CO,-oil interactions, including accelerated CO, diffusion, delayed phase separation, and the absence
of gas fingering in treated systems. These visual observations support the hypothesized mechanisms behind the

Collectively,ithpesveebpbrdrighiiaid thetmedential of chemical additives to address two major challenges in CO: -EOR: achieving
miscibility in sub-optimal reservoirs and mitigating asphaltene-related risks. The ability to tailor fluid properties and control phase
behavior offers a promising pathway to improve oil recovery while reducing operational uncertainties.
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