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Figure S 1: Adsorption isotherms of the 10Fe-CeO2 support and nCr/10Fe-CeO2 catalysts with various Cr 
loadings. 

Figure S 2: Test for kinetic regime identification and elimination of external mass transfer limitation. All 
tests were performed at 823K, varying flowrate from 20mL/min to 100mL/min with constant propane 
and CO2 partial pressure.
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Power-law kinetics and apparent reaction orders

Kinetic model details and parameters

The kinetic model developed based on the following reactor and reaction condition assumptions. 

(1) Reactions are performed at low propane conversion (<10%) in order to guarantee differential 

reactor conditions. (2) Intrinsic kinetic conditions were ensured by adjusting the total mass flow 

rate of the feed at constant C3H8 and CO2 partial pressure. (3) Carbon balance is a key point to 

ensure also the accuracy of kinetic analysis and parameter regression[1]. In this work, carbon 

balance of all individual experiments maintained at level above 99.4%. (4) Volumetric flow from 

upstream and downstream of the reactor was regarded equivalent due to the excess feed of inert 

gas (over 90% in most cases) and low conversion of reactants in the kinetic regime.
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Figure S 3: Thermodynamic predictions of temperature-dependent equilibrium composition with propane 
and carbon dioxide as initial state with different relative partial pressures.

Figure S 4: Log-log plot of propane consumption rate as a function of C3H8 and CO2 partial pressure; 
Arrhenius plot.



All relevant steps are shown in the main manuscript. The proposed steady-state kinetic model 

assumes: (1) Two types of active sites (identified from previous works[2-5]), i.e. surface active 

oxygen sites (S1) and oxygen vacancies (S2). (2) No migrations of adsorbed intermediates between 

S1 and S2 sites. (3) Single site adsorption. (4) Langmuir-Hinshelwood Hougen-Watson (LHHW) 

surface reaction mechanism was applied to describe the reaction networks composed of PDH, 

DRF and RWGS assuming a primary rate-limiting step (p-rds) and two secondary rate-limiting 

steps (s-rds). 

It should be noted that in the elementary steps, S1 and O_S2 are considered as equivalent, but 

distinct. Similarly, the H_S1 and OH_S2 as well as CHx_S1 and CHxO_S2 are regarded as ‘redox pairs’ 

that represent the overall oxygen removal and replenishment processes during the reaction. In 

addition, S1 and S2 sites are inter-convertible in these elementary steps and total amount of site 

(S1,tot and S2,tot) are in dynamic equilibrium.

Site balance:
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Assuming highly reactive and unstable surface adsorbates including CH, CH3, CH3CH, CH3O and 

CH2O, the site balance were simplified to:
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The reactor design equation is:
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Assuming s14 as primary rate-limiting step, s1 and s4 as secondary rate-limiting step, overall PDH, 

DRF and RWGS rates were expressed as: 
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In the kinetics rate expression of DH, RWGS and DRF, all lumped parameters are shown below:
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It should be noted that the derived expressions lumped all possible parameters from elementary 

steps and site balances. While K2, K5 and K6 stands for the equilibrium constants for each 

elementary step, most other constants are dismissed from the final expression, due to either the 

fact that rate-limiting steps are not considered to approach their equilibrium, or the equilibrium 

constants are essentially lumped together. Details of lumped parameters could be found in the 

supporting information. PDH equilibrium constant was expressed as70 

, RWGS equilibrium constant was expressed as71 𝐾𝐷𝐻= 𝑒𝑥𝑝⁡(16.858 ‒ 15934 𝑇+ 148728/𝑇2)

 and dry reforming equilibrium constant KDRF is 𝐾𝑅𝑊𝐺𝑆= 10^⁡(2.4198 ‒ 0.0003855 ∗ 𝑇+ 2180.6/𝑇)

considered much larger in the order of magnitude than partial pressure terms on the numerator 

according to thermodynamic equilibrium examination in the supporting information Figure S4. 

Reaction rate constants krxn and adsorption constants for certain reaction components Ki (i stands 

for component appeared in the reaction system, both reactants and products) were expressed 

by linearized Arrhenius equation and linearized van-Hoff equation with a reference temperature 

at 550oC (823K): 
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For all parameters to be fitted, the initial values arose from several different DFT calculations59, 

62, 72, 73 on propane dehydrogenation and dry reforming reactions. Kinetic data was fitted via 

MATLAB nonlinear regression function and model accuracy was optimized by maximizing 

adjusted R squared:
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Figure S 5: Model prediction of propane consumption rates (a) and propylene formation rates (b) at 
550oC with 100mL/min total flow, varying the propane partial pressure from 0.5% to 5%.
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