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Kinetic modelling
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Macrokinetic approach Microkinetic approach

Source: Thybaut et al. (2011)
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Water-Gas Shift (WGS) reaction and the Co-MWCNT catalyst
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CO   +   H2O   ⇌ H2 +   CO2

Source: US Department of Energy (2018)

Catalyst: Co-Ce,Sr/MWCNT (impregnation)



Co-MWCNT Catalyst Activity
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10% CO

25% H2O

65% N2

70 mL/min

PFR



Agenda

̶ Microkinetic Modeling and Parameter Estimation

̶ Catalyst Descriptors

̶ Results: kinetic parameters, parity plots, performance curves, and 

energy diagram

̶ Conclusions
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Microkinetic Modeling and Parameter Estimation
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Calculate F’s 

from the model

Initial Estimates

𝛼𝑘=0 = [𝑘𝑜
0, 𝐸0, … ]

Maximum Likelihood Method

min
𝛼
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𝑁𝐸
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𝐹𝑖𝑗𝑒𝑥𝑝 − 𝐹𝑖𝑗𝑐𝑎𝑙𝑐

2

𝜎𝑗
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Parameters

𝛼𝑜𝑝𝑡 = 𝑘𝑜, 𝐸, …

Kinetic Data

60 experimental points

26-1 factorial design

+ activity test data

CO (10-17%)

H2O (10-30%)

H2 (0-36%)

CO2 (0-18%)

T (300-400oC)

GHSV (50-150 mL/min)

GREGPLUS
DDAPLUS

Proposed Mechanism for the WGS reaction (CO + H2O ⇌ H2 + CO2)

1) CO +    *    ⇌ CO*

2) H2O  +   *    ⇌ H2O*

3) H2O*   +   *    ⇌ OH*   +   H*

4) CO*   +   OH*    ⇌ COOH*   +   *

5) COOH*   +   *    ⇌ CO2*   +   H*

6) 2 H*    ⇌ H2 +   2 *

7) CO2*   ⇌ CO2 +   * 

𝑑𝐹𝑖
𝑑𝑊

= 𝑅𝑖

𝑅𝑖𝑛𝑡𝑒𝑟𝑚 = 0

𝐶∗ +𝐶𝑖𝑛𝑡 = 𝐶𝑡𝑜𝑡

System of Differential-Algebraic

Equations (DAEs)

The law of mass 

action is applied to 

each elementary step



Catalyst Descriptors

SP → specific surface area

22,000 m² kgcat
-1

σ → density of active sites

0.012 molAct.Surf. mcat
-2

N2 Physisorption

Analysis:

CO Pulsed 

Chemisorption Analysis:

Collision Theory: 

𝑘𝑖𝑜 =
𝑺𝑷
𝝈

1

2𝜋𝑀𝑅𝑇
𝑃𝑎−1𝑠−1

Transition-State Theory:

𝑘𝑖𝑜 =
𝑁𝐴
𝑺𝑷

𝑘𝐵𝑇

ℎ

𝑄𝐴𝐵‡
′′

𝑄𝐴∗
′′ 𝑄𝐵∗

′′ 𝑘𝑔.𝑚𝑜𝑙−1𝑠−1
Rate Coefficients:



Kinetic Parameters
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parameters estimated

from the experimental data

(ko,5, ko,-6, E4, E-4, E6)

5 23
parameters computed

from chemistry theories, the literature,

and a thermodynamic constraint (E5)

Source: Devocht et al. (2019)

Thermodynamic Consistency



𝑗

𝜈𝑗 𝐸𝑗,𝑓𝑜𝑟 −

𝑗

𝜈𝑗 𝐸𝑗,𝑟𝑒𝑣 = ΔH𝑊𝐺𝑆
0

lowest tcalc (7.74) > ttab (1.98)

⇒ all parameters are 

statistically significant

𝑡𝑡𝑎𝑏 𝑁𝐸 ∙ 𝑁𝑌 − 𝑁𝑃; 1 −
𝛼

2

𝑡𝑐𝑎𝑙 =
𝑏𝑘 − 0

𝜎𝑏𝑘𝑘



Parity Plots

9/15R² = 0.97 Fvalue = 103 > Ftab = 4



Performance Curves
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T = 400oC

T = 350oC

T = 300oC

The model seems to work well in high temperature regions, but far from equilibrium and at low CO conversion



Energy Diagram
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(thermodynamic consistency)



Conclusions

̶ The incorporation of the catalyst descriptors (SP and σ) into the developed 

microkinetic model confirmed:

̶ that the COOH* formation reaction (CO* + OH* → COOH* + *) is the rate-

determining step

̶ the good predictive capability, describing the optimal catalyst performance at 

elevated temperatures (350-450oC) and space times (70-80 kg.s/mol)
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