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Table S1: Kinetic models were developed by various researchers.

Table S1

Rate equations Operating 
conditions

authors Ref. 

𝑟𝐶𝐻3𝑂𝐻 = 𝑘 (
𝑝0.5

𝐶𝑂𝑃𝐻2

𝑝 0.66
𝐶𝐻3𝑂𝐻

‒
𝑃 0.66

𝐶𝐻3𝑂𝐻

𝑝0.5
𝐶𝑂𝑝𝐻2

𝐾 ∗
2

)
493-533 
K; 40-55 
atm

Leonov et 
al., 1973

77

𝑟𝐶𝐻3𝑂𝐻 = 𝑐𝑜𝑛𝑠𝑡 

𝐾 3
𝑟𝑒𝑑𝑜𝑥(𝑝𝐶02 𝑝𝐶𝑂)3(𝑝𝐶𝑂𝑝 2

𝐻2
‒

𝑟𝐶𝐻3𝑂𝐻

𝐾 ∗
2

)
[1 + 𝐾𝑟𝑒𝑑𝑜𝑥

𝑝𝐶02 𝑝𝐶𝑂]3(𝐹 + 𝐾𝐶02𝑝𝐶02
)𝑛

+  𝑘'(𝑝𝐶02
‒ (1 𝐾 ∗

1 ) (𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂 𝑝 3
𝐻2))

498-523 
K,
75 atm

Klier et 
al. 
1982

65

𝑟𝐶𝐻3𝑂𝐻 =
(𝑓𝐶𝑂𝑓 2

𝐻2
‒

𝑟𝐶𝐻3𝑂𝐻

𝐾 ∗
2

)
(𝐴 + 𝐵𝑓𝐶𝑂 + 𝐶𝑓𝐻2

+ 𝐺𝑓𝐶02
)3

𝑟𝑅𝑊𝐺𝑆 =  
𝑓𝐶𝑂𝑓 2

𝐻2
‒ 𝑓𝐶𝐻3𝑂𝐻 𝐾 ∗

2

𝑀2

488-518 
K,
30-95 atm

Villa et al. 
1985

71

𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻 = 𝑓1(𝑓𝐶𝑂𝑓2.5
𝐻2

)0.35[1 ‒ (𝑓𝐶𝐻3𝑂𝐻

𝐾𝑒𝑞
𝑓𝐶𝑂𝑓 2

𝐻2
 )0.8] 488-574 

K
40-95 atm

Takagawa 
and 
Ohsugi, 
1987

64

𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻 =  
𝑘1𝐾𝐶𝑂(𝑓𝐶𝑂𝑓3 2

𝐻2
‒  𝑓𝐶𝐻3𝑂𝐻 𝑓1 2

𝐻2
𝐾𝑒𝑞

1 )
(1 + 𝐾𝐶𝑂𝑓𝐶𝑂 + 𝐾𝐶02

𝑓𝐶02
)(𝑓1 2

𝐻2
+ (𝐾𝐻2𝑂 𝐾1 2

𝐻2))𝑓𝐻2𝑂

 

𝑟𝑅𝑊𝐺𝑆 =
𝑘1𝐾𝐶02(𝑓𝐶02

𝑓𝐻2
‒  𝑓𝐻2𝑂𝑓𝐶𝑂 𝐾𝑒𝑞

2 )
(1 + 𝐾𝐶𝑂𝑓𝐶𝑂 + 𝐾𝐶02

𝑓𝐶02
)(𝑓1 2

𝐻2
+ (𝐾𝐻2𝑂 𝐾1 2

𝐻2))𝑓𝐻2𝑂

 

483-518K
15-50 atm

Graaf et 
al., 1988

63



𝑟𝐶02→𝐶𝐻3𝑂𝐻 =  

𝑘3𝐾𝐶02(𝑓𝑘1𝐾𝐶02
𝑓3 2

𝐻2
‒  𝑓𝐶𝐻3𝑂𝐻𝑓𝐻2𝑂 𝑓3 2

𝐻2
𝐾𝑒𝑞

3 )
(1 + 𝐾𝐶𝑂𝑓𝐶𝑂 + 𝐾𝐶02

𝑓𝐶02
)(𝑓1 2

𝐻2
+ (𝐾𝐻2𝑂 𝐾1 2

𝐻2))𝑓𝐻2𝑂

 

𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻 =  
𝐴1𝐴2𝐴1 2

3 [𝑓𝐶02
𝑓𝐻2

‒  𝑓𝐶𝐻3𝑂𝐻𝑓𝐻2𝑂 (𝑓 2
𝐻1

𝐾𝑒𝑞.𝐶02]
(1 + 𝐴2𝑓𝐶02

)[1 + 𝐴0.3
3 𝑓1 2

𝐻2
+ 𝐴4𝑓𝐻2𝑂 (𝐴3𝑓𝐻2

)0.5]

𝑟𝑅𝑊𝐺𝑆 =  
𝐴5𝐴2𝐴1 2

3 [𝑓𝐶02
𝑓1 2

𝐻2
‒  𝑓𝐶𝑂𝑓𝐻2𝑂 (𝑓1 2

𝐻2
𝐾𝑒𝑞.𝑊𝐺𝑆)]

(1 + 𝐴2𝑓𝐶02
)[1 + 𝐴0.5

3 𝑓1 2
𝐻2

+ 𝐴4𝑓𝐻2𝑂 (𝐴3𝑓𝐻2
)0.5]

Dybkjaer, 
1985

79

𝑟𝐶𝑂 𝐶02→𝐶𝐻3𝑂𝐻
=  

[𝑝𝐶02
𝑝 2

𝐻2
‒  𝑝𝐶𝐻3𝑂𝐻 𝐾𝑒𝑞]

[𝑎𝑝𝐶𝑂𝑝1 2
𝐻2

+ 𝑏𝑝𝐻2
+ 𝑐𝑝𝐶02]

+
[𝑝𝐶02

𝑝𝑓𝐻2
‒  𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂 (𝐾𝑒𝑞𝑝 2

𝐻2
)]

[𝑎'𝑝𝐶02
𝑝1 2

𝐻2
+ 𝑏'𝑝𝐶02

+ 𝑐'𝑝 3
𝐻2𝑂]

McNeil et 
al., 1989

61

𝑟𝐶02→𝐶𝐻3𝑂𝐻 =  
𝑘1𝐾 2

𝐻2
𝐾𝐶02[𝑝𝐶02

𝑝 2
𝐻2

‒  𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂 (𝑝𝐻2
𝐾

𝑟𝐶02→𝐶𝐻3𝑂𝐻
𝑒𝑞 )]

[1 + 𝐾𝐻2
𝑝𝐻2

+ 𝐾𝐶02
𝑝𝐶02

+ 𝐾𝐶𝐻3𝑂𝐻𝑝𝐶𝐻3𝑂𝐻 + 𝐾𝐻2𝑂𝑝𝐻2𝑂 + 𝐾𝐶𝑂𝑝𝐶𝑂]3

𝑟𝑅𝑊𝐺𝑆 =  
𝑘2𝐾𝐻2

𝐾𝐶02[𝑝𝐶02
𝑝𝐻2

‒  𝑝𝐶𝑂𝑝𝐻2𝑂 (𝐾
𝑟𝑅𝑊𝐺𝑆

𝑒𝑞 ]
[1 + 𝐾𝐻2

𝑝𝐻2
+ 𝐾𝐶02

𝑝𝐶02
+ 𝐾𝐶𝐻3𝑂𝐻𝑝𝐶𝐻3𝑂𝐻 + 𝐾𝐻2𝑂𝑝𝐻2𝑂 + 𝐾𝐶𝑂𝑝𝐶𝑂]2

Skrzypek 
et al., 
1991

69

𝑟𝐶02→𝐶𝐻3𝑂𝐻 =  
𝑘'5𝑎𝐾'2𝐾3𝐾4𝐾𝐻2

𝑝𝐶02
𝑝𝐻2[1 ‒ (1 𝐾 ∗ ) (𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂 𝑝𝐶02

𝑝 3
𝐻2

)]
(1 + (𝐾𝐻2𝑂 𝐾8𝐾9𝐾𝐻2)(𝑝𝐻2𝑂 𝑝𝐻2) + 𝐾𝐻2

𝑝𝐻2 + 𝐾𝐻2𝑂𝑝𝐻2𝑂)

𝑟𝑅𝑊𝐺𝑆 =  
𝑘'1𝑝𝐶02[1 ‒ 𝐾 ∗

3  (𝑝𝐶𝑂𝑝𝐻2𝑂 𝑝𝐶02
𝑝𝐻2

)]
(1 + (𝐾𝐻2𝑂 𝐾8𝐾9𝐾𝐻2)(𝑝𝐻2𝑂 𝑝𝐻2) + 𝐾𝐻2

𝑝𝐻2 + 𝐾𝐻2𝑂𝑝𝐻2𝑂)

Vanden 
Bussche 
and 
Froment, 
1996

70

𝑟 + = 𝑘 ‒ 11𝐾 ‒ 3 2
5 𝐾 ‒ 1

8 𝐾9𝐾10𝐾11(𝑝𝐻2

𝑝0 )3 2(𝑝𝐶𝑂2

𝑝𝑂 )Ɵ2

𝑟 ‒ = 𝑘 ‒ 11𝐾 ‒ 3 2
5 𝐾 ‒ 1

8 𝐾9𝐾10𝐾11
1

𝐾𝐺(𝑝𝐻2𝑂𝑝𝐶𝐻3𝑂𝐻

𝑝3 2
𝐻2

𝑝1 2
0 )Ɵ2

𝑟𝐶02→𝐶𝐻3𝑂𝐻 = 𝑟 + ‒ 𝑟 ‒

Askgaard 
et al., 
1995



𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻 =

𝑘𝐶𝑂→𝐶𝐻3𝑂𝐻𝐾𝐶𝑂𝐾 2
𝐻2

𝐾𝐶𝐻,𝐶𝑂[𝑝𝐶𝑂𝑝 2
𝐻2

‒  
𝑝𝐶𝐻3𝑂𝐻

(𝐾𝑃𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻
)]

(1 + 𝐾𝐶𝑂𝑝𝐶0)(1 + 𝐾0.5
𝐻2

𝑝0.5
𝐻2

+ 𝐾𝐻2𝑂𝑝𝐻2𝑂)

𝑟𝐶02→𝐶𝐻3𝑂𝐻 =

𝑘𝐶02→𝐶𝐻3𝑂𝐻𝐾𝐻2
𝐾𝐶02

𝐾𝐶𝐻,𝐶02[𝑝𝐶02
𝑝 3

𝐻2
‒  

𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂
(𝐾𝑃𝑟𝐶02→𝐶𝐻3𝑂𝐻

)]
(1 + 𝐾𝐶02

𝑝𝐶02
)(1 + 𝐾0.5

𝐻2
𝑝0.5

𝐻2
+ 𝐾𝐻2𝑂𝑝𝐻2𝑂)𝑝 2

𝐻2

𝑟𝑅𝑊𝐺𝑆 =
𝑘𝑅𝑊𝐺𝑆 𝐾𝐶02

𝐾0.5
𝐻2[𝑝𝐶02

𝑝𝐻2
‒  𝑝𝐶0𝑝𝐻2𝑂 (𝐾𝑃𝑟𝑅𝑊𝐺𝑆

)]
(1 + 𝐾𝐶02

𝑝𝐶02
)(1 + 𝐾0.5

𝐻2
𝑝0.5

𝐻2
+ 𝐾𝐻2𝑂𝑝𝐻2𝑂)𝑝0.5

𝐻2

523-553 
K
40 bar

Lim et al., 
2009

82

𝑟𝐶02
=

𝑘1𝐾2𝑓𝐶02
𝑓1.5

𝐻2
𝐸𝑄1

(1 + 𝐾1𝑓𝐶𝑂 + 𝐾2𝑓𝐶02
)(𝑓0.5

𝐻2
+ 𝐾3𝑓𝐻2𝑂)

 

𝑟𝑟𝑊𝐺𝑆 =
𝑘2𝐾2𝑓𝐶02

𝑓𝐻2
𝐸𝑄2

(1 + 𝐾1𝑓𝐶𝑂 + 𝐾2𝑓𝐶02
)(𝑓0.5

𝐻2
+ 𝐾3𝑓𝐻2𝑂)

𝐸𝑄1 = 1 ‒
𝑓𝑀𝐸𝑂𝐻𝑓𝐻2𝑂

𝑓𝐶02
𝑓 3

𝐻2
𝐾𝐸𝑄1

𝐸𝑄2 = 1 ‒
𝑓𝐶𝑂𝑓𝐻2𝑂

𝑓𝐶02
𝑓𝐻2

𝐾𝐸𝑄2

Henkel 
2011

62

𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻 =  

𝑘'𝑟𝐶𝑂→𝐶𝐻3𝑂𝐻
𝐾𝐶𝑂[𝑓𝐶𝑂𝑓0.5

𝐻2
‒  𝑓𝐶𝐻3𝑂𝐻 (𝑓0.5

𝐻2
𝐾𝑒𝑞𝐶𝑂→𝐶𝐻3𝑂𝐻)]

(1 + 𝐾𝐶𝑂𝑓𝐶𝑂)(1 + 𝐾0.5
𝐻2

𝑓0.5
𝐻2

+ 𝐾𝐻2𝑂𝑓𝐻2𝑂)

𝑟𝐶02→𝐶𝐻3𝑂𝐻 =  

𝑘'𝑟𝐶02→𝐶𝐻3𝑂𝐻
𝐾𝐶02[𝑓𝐶02

𝑓1.5
𝐻2

‒  𝑓𝐻2𝑂𝑓𝐶𝐻3𝑂𝐻 (𝑓1.5
𝐻2

𝐾𝑒𝑞𝐶02→𝐶𝐻3𝑂𝐻]
(1 + 𝐾𝐶02

𝑓𝐶02
)(1 + 𝐾0.5

𝐻2
𝑓0.5

𝐻2
+ 𝐾𝐻2𝑂𝑓𝐻2𝑂)

𝑟𝑅𝑊𝐺𝑆 =  
𝑘'𝑟𝑅𝑊𝐺𝑆

𝐾𝐶02[𝑓𝐶02
𝑓𝐻2

‒  𝑓𝐶𝑂𝑓𝐻2𝑂 𝐾𝑃𝑟𝑅𝑊𝐺𝑆]
(1 + 𝐾𝐶02

𝑓𝐶02
)(1 + 𝐾0.5

𝐻2
𝑓0.5

𝐻2
+ 𝐾𝐻2𝑂𝑓𝐻2𝑂)

Park et 
al., 2014

85



𝑟𝐶𝑂 = 𝑘1𝑏𝐶𝑂{ 𝑃𝐶𝑂𝑃3 2
𝐻2

‒
𝑃𝐶𝐻3𝑂𝐻

𝐾1𝑃0.5
𝐻2

(1 + 𝑏𝐶𝑂𝑃𝐶𝑂 + 𝑏𝐶02
𝑃𝐶02

)[𝑃1 2
𝐻2

+
𝑏𝐻2𝑂

𝑏1 2
𝐻2

𝑃𝐻2𝑂]}
𝑟𝐶02

= 𝑘2𝑏𝐶02{ 𝑃𝐶02
𝑃𝐻2

‒
𝑃𝐶𝑂𝑃𝐻2𝑂

𝐾2

(1 + 𝑏𝐶𝑂𝑃𝐶𝑂 + 𝑏𝐶02
𝑃𝐶02

)[𝑃1 2
𝐻2

+
𝑏𝐻2𝑂

𝑏1 2
𝐻2

𝑃𝐻2𝑂]}
𝑟𝑅𝑊𝐺𝑆 = 𝑘3𝑏𝐶02{ 𝑃𝐶02

𝑃3 2
𝐻2

‒
𝑃𝐶𝐻3𝑂𝐻𝑃𝐻2𝑂

𝐾3𝑃3 2
𝐻2

(1 + 𝑏𝐶𝑂𝑃𝐶𝑂 + 𝑏𝐶02
𝑃𝐶02

)[𝑃1 2
𝐻2

+
𝑏𝐻2𝑂

𝑏1 2
𝐻2

𝑃𝐻2𝑂]}

473-503K
50-80 atm

Portha et 
al, 2017

83

𝑟𝐶𝑂 = 𝑘1𝑝𝐶𝑂𝑝 2
𝐻2(1 ‒

1
𝐾𝑃1

 
𝑝𝐶𝐻3𝑂𝐻

𝑝𝐶𝑂𝑝 2
𝐻2

)ƟʘƟ ⊗ 4

𝑟𝐶02
= 𝑘2𝑝𝐶02

𝑝 2
𝐻2(1 ‒

1
𝐾𝑃2

 
𝑝𝐶𝐻3𝑂𝐻𝑝𝐻2𝑂

𝑝𝐶02
𝑝 3

𝐻2
)Ɵʘ2Ɵ ⊗ 4

𝑟𝑅𝑊𝐺𝑆 = 𝑘3𝑝𝐶02(1 ‒
1

𝐾𝑃3
 
𝑝𝐶𝑂𝑝𝐻2𝑂

𝑝𝐶02
𝑝𝐻2𝑂)ƟʘƟ ∗

Ɵʘ = 1 + 𝐾𝐶𝑂𝑝𝐶𝑂 +  𝐾 ʘ
𝐶𝐻3𝑂𝐻𝑝𝐶𝐻3𝑂𝐻 + 𝐾 ʘ

𝐶02
 𝐶02

Ɵ ⊗ = √ 𝐾𝐻2
√𝑝𝐻2

Ɵ ∗ = 1 +  
𝐾𝑂𝐾𝐻2𝑂

𝐾𝐻2

 
𝑝𝐻2𝑂

𝑝𝐻2

+ 𝐾𝐶02
 𝑝𝐶02

+ 𝐾 ∗
𝐶𝐻3𝑂𝐻𝑝𝐶𝐻3𝑂𝐻 +  𝐾𝐻2𝑂𝑝𝐻2𝑂

503.15-
522.15 K
30-60 bar

Seidel et 
al., 2018

60

𝑟𝐶02
= 𝑘1𝐾2{ 𝑓𝐶02

𝑓1.5
𝐻2

‒
𝑓𝐶𝐻3𝑂𝐻𝑓𝐻2𝑂

𝐾𝑒𝑞1𝑓3 2
𝐻2

(1 + 𝐾1𝑓𝐶𝑂 + 𝐾2𝑓𝐶02
)[𝑓1 2

𝐻2
+ 𝐾3𝑓𝐻2𝑂]}

423-623 
K
50-80 atm
GHSV
10000-1

Nestler et 
al. 2020

88



𝑟𝑟𝑊𝐺𝑆 = 𝑘2𝐾2{ 𝑓𝐶02
𝑓𝐻2

‒
𝑓𝐶𝑂𝑓𝐻2𝑂

𝐾𝑒𝑞2

(1 + 𝐾1𝑓𝐶𝑂 + 𝐾2𝑓𝐶02
)[𝑓1 2

𝐻2
+ 𝐾3𝑓𝐻2𝑂]}

𝑟𝐶𝑂 = 𝑘3𝐾1{ 𝑓𝐶02
𝑓1.5

𝐻2
‒

𝑓𝐶𝐻3𝑂𝐻𝑓𝐻2𝑂

𝐾𝑒𝑞1𝑓3 2
𝐻2

(1 + 𝐾1𝑓𝐶𝑂 + 𝐾2𝑓𝐶02
)[𝑓1 2

𝐻2
+ 𝐾3𝑓𝐻2𝑂]}

𝑟𝐶02
= 𝑘𝐶02

𝑓𝐶02
𝑓 2

𝐻2(1 ‒
1

𝐾 𝑜
𝑝𝐶02

(𝑇)
 
𝑓𝐶𝐻3𝑂𝐻𝑓𝐻2𝑂

𝑓 3
𝐻2

𝑓𝐶02
)Ɵ ∗ 2

𝑟𝑅𝑊𝐺𝑆 = 𝑘𝑅𝑊𝐺𝑆𝑓𝐶02
𝑓0.5

𝐻2(1 ‒
1

𝐾 𝑜
𝑅𝑊𝐺𝑆(𝑇)

 
𝑓𝐶𝑂𝑓𝐻2𝑂

𝑓𝐶02
𝑓𝐻2

)Ɵ ∗

Ɵ ∗ = (𝑓0.5
𝐻2

𝑘𝐻2
+ 𝑓𝐻2𝑂𝑘𝐻2𝑂 9 + 𝑓𝐻2𝑂) 

450-600 
K
20-100 
atm

Slotboom 
et al., 
2020
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