Supplementary Information
Detailed crude oil sample data and experimental results for asphaltene precipitation analysis.


Oil #1
This sample includes molar composition, reservoir properties, SARA analysis, upper asphaltene onset pressure, and saturation pressure under nitrogen (N2) injection.
    Heavy component (C12+) properties: Mw= 337.94 and density= 56.53(lb/ft^3)
Table S1.1. Molar composition of crude oil sample #1.
	Component
	Mole %

	N2
	0.49

	CO2
	11.37

	H2S
	3.22

	C1
	27.36

	C2
	9.41

	C3
	6.7

	iC4
	0.81

	nc4
	3.17

	iC5
	1.22

	nC5
	1.98

	C6
	2.49

	C7
	2.87

	C8
	3.14

	C9
	2.74

	C10
	2.32

	C11
	1.9

	C12+
	18.82



Table S1.2. Pressure points under N2 injection.
	%N2 inj
	UAOP (psi)
	[bookmark: _Hlk206940158]SATP (psi)

	0
	3800
	3045

	5
	5500
	4000

	10
	7700
	4800

	20
	11700
	7000



Table S1.3. Reservoir properties.
	[bookmark: _Hlk206940330]GOR (scf/stb)
	API
	Pb (psi)
	PRes (psi)
	TRes (F)

	900
	32
	3045
	3256
	296



Table S1.4. SARA analysis.
	Saturates
	Aromatic
	Resin
	Asphaltene

	57.4
	30.8
	10.4
	1.4




Oil #2
This sample includes molar composition, reservoir properties, SARA analysis, asphaltene onset pressures , and saturation pressure under N2 injection.
    Heavy component (C9+) properties: Mw= 197.46 and density= 51.6048 (lb/ft^3)
Table S2.1. Molar composition of crude oil sample #2.
	Component
	Mole %

	N2
	0.11

	CO2
	2.31

	H2S
	0.65

	C1
	53.31

	C2
	6.6

	C3
	3.91

	iC4
	0.66

	nc4
	1.6

	iC5
	0.73

	nC5
	1.06

	C6
	2.95

	C7
	3.3

	C8
	2.85

	C9+
	19.96



Table S2.2. Pressure points under N2 injection.
	%N2 inj
	UAOP (psi)
	SATP (psi)
	[bookmark: _Hlk206941037]LAOP (psi)

	0
	7500
	4800
	3200

	10
	8500
	6950
	3300

	20
	N/A
	8000
	3350



Table S2.3. Reservoir properties.
	GOR (scf/stb)
	Pb (psi)
	PRes (psi)
	TRes (F)

	1650
	4700
	10000
	289.4



Table S2.4. SARA analysis.
	Saturate
	Aromatic
	Resin
	Asphaltene

	74.2
	20.78
	3.87
	1.15




Oil #3
This sample includes detailed molar composition up to C36+, reservoir properties, asphaltene onset pressures, and saturation pressure under carbon dioxide (CO2) injection.
    Heavy component (C36+) properties: Mw= 672.7 and density= 59.79 (lb/ft^3)
Table S3.1. Molar composition of crude oil sample #3.
	Component
	Mole %

	N2
	1.78

	CO2
	0

	C1
	27.45

	C2
	1.04

	C3
	0.18

	iC4
	0.06

	nc4
	0.04

	iC5
	0

	nC5
	0

	C6
	0

	C7
	0.15

	C8
	0.24

	C9
	0.83

	C10
	0.45

	C11
	0.88

	C12
	1.42

	C13
	1.97

	C14
	2.35

	C15
	2.17

	C16
	2.33

	C17
	2.55

	C18
	2.36

	C19
	2.08

	C20
	1.77

	C21
	1.67

	C22
	1.53

	C23
	1.42

	C24
	1.31

	C25
	1.38

	C26
	1.52

	C27
	1.78

	C28
	1.94

	C29
	1.86

	C30
	1.62

	C31
	1.15

	C32
	0.9

	C33
	0.72

	C34
	0.61

	C35
	0.56

	C36+
	27.93



Table S3.2. Pressure points under CO2 injection
	%CO2 inj
	UAOP (psi)
	SATP (psi)
	LAOP (psi)

	0
	3117.5
	1740
	1305

	5
	3262.5
	2102.5
	1522.5

	10
	4060
	2827.5
	2030

	15
	5075
	3770
	2827.5

	20
	6525
	4930
	3190

	25
	8410
	6235
	4350

	30
	11020
	7902.5
	4785

	35
	13702.5
	10150
	5800

	40
	16965
	13340
	7250



Table S3.3. Reservoir properties
	PRes (psi)
	TRes (F)

	2643.35
	149




Oil #4
This sample includes molar composition, injected gas composition, reservoir properties, SARA analysis, asphaltene onset pressures, and saturation pressure under natural gas injection.
    Heavy component (C9+) properties: Mw= 197.46 and density= 51.6048 (lb/ft^3)
Table S4.1. Molar composition of crude oil sample #4.
	Component
	Mole %

	N2
	0.11

	CO2
	2.31

	H2S
	0.65

	C1
	53.31

	C2
	6.6

	C3
	3.91

	iC4
	0.66

	nc4
	1.6

	iC5
	0.73

	nC5
	1.06

	C6
	2.95

	C7
	3.3

	C8
	2.85

	C9+
	19.96



Table S4.2. Injected gas composition.
	Component
	Mole %

	N2
	0.2

	CO2
	3.06

	H2S
	0.92

	C1
	79.63

	C2
	7.55

	C3
	4.57

	iC4
	0.74

	nc4
	1.57

	iC5
	0.49

	nC5
	0.58

	C6
	0.38

	C7
	0.24

	C8
	0.05

	C9
	0.02






Table S4.3. Pressure points under NG injection.
	%NG inj
	UAOP (psi)
	SATP (psi)
	LAOP (psi)

	0
	8000
	4700
	3400

	20
	9500
	5300
	320

	40
	11000
	6380
	3100




Table S4.4. Reservoir properties
	GOR (scf/stb)
	Pb (psi)
	PRes (psi)
	TRes (F)

	1650
	4700
	10000
	289.4



Table S4.5. SARA analysis
	Saturate
	Aromatic
	Resin
	Asphaltene

	74.2
	20.78
	3.87
	1.15




Oil #5
This sample includes molar composition, injected gas composition, reservoir properties, upper asphaltene onset pressure, and saturation pressure under natural gas injection.
    Heavy component (C20+) properties: Mw= 444.98 and density= 57.97 (lb/ft^3)
Table S5.1. Molar composition of crude oil sample #5.
	Component
	Mole %

	N2
	0.39

	CO2
	0.84

	H2S
	0

	C1
	36.63

	C2
	8.63

	C3
	6.66

	iC4
	1.21

	nc4
	3.69

	iC5
	1.55

	nC5
	2.25

	C6
	3.36

	C7
	3.34

	C8
	3.44

	C9
	3.04

	C10
	2.77

	C11
	2.23

	C12
	1.82

	C13
	1.66

	C14
	1.45

	C15
	1.31

	C16
	1.07

	C17
	0.98

	C18
	0.87

	C19
	0.83

	C20+
	9.98



Table S5.2. Injected gas composition.
	Component
	Mole %

	CO2
	60.32

	C1
	10.73

	C2
	7.55

	C3
	9.09

	iC4
	0

	nc4
	6.47

	iC5
	0.03

	nC5
	5.82



Table S5.3. Pressure points under NG injection.
	%NG inj
	UAOP (psi)
	SATP (psi)

	0
	N/A
	2750

	10
	3600
	N/A

	15
	4700
	N/A

	25
	6400
	2900



Table S5.4. Reservoir properties.
	GOR (scf/stb)
	API
	Pb (psi)
	TRes (F)

	789
	32.4
	2698
	194





Oil #6
This sample includes molar composition, injected gas composition, reservoir properties, SARA analysis, upper asphaltene onset pressure, and saturation pressure under natural gas injection.
    Heavy component (C30+) properties: Mw= 595 and density= 60.216 (lb/ft^3)
Table S6.1. Molar composition of crude oil sample #6.
	Component
	Mole %

	N2
	0.32

	CO2
	2.29

	H2S
	0.01

	C1
	17.67

	C2
	5.25

	C3
	6.14

	iC4
	1.91

	nc4
	4.72

	iC5
	2.51

	nC5
	3.33

	C6
	5

	C7
	5.12

	C8
	5.53

	C9
	4.84

	C10
	4.48

	C11
	3.78

	C12
	3.09

	C13
	2.78

	C14
	2.25

	C15
	2.14

	C16
	1.79

	C17
	1.47

	C18
	1.32

	C19
	1.26

	C20
	1.15

	C21
	0.99

	C22
	0.89

	C23
	0.78

	C24
	0.7

	C25
	0.62

	C26
	0.58

	C27
	0.53

	C28
	0.49

	C29
	0.46

	C30+
	3.83






Table S6.2. Injected gas composition.
	Component
	Mole %

	CO2
	5.03

	H2S
	0.03

	N2
	0.59

	C1
	65.76

	C2
	11.32

	C3
	8.58

	iC4
	2.16

	nc4
	3.62

	iC5
	1.24

	nC5
	1.14

	C6
	0.51

	C7
	0.03



Table S6.3. Pressure points under NG injection.
	%NG inj
	UAOP (psi)
	SATP (psi)

	0
	N/A
	1320

	15
	3125
	2100

	45
	5000
	3300

	60
	6259
	4043



Table S6.4. Reservoir properties.
	GOR (scf/stb)
	Pb (psi)
	PRes (psi)
	TRes (F)

	365
	1320
	4425
	255



Table S6.5. SARA analysis
	Saturate
	Aromatic
	Resin
	Asphaltene

	7.66
	27
	5
	3.1
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