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1. Introduction 

Today, environmental research concerning the mitigation of CO2 emissions is slowly shifting from CO2 

storage towards CO2 utilization. Because of the high endothermicity of converting CO2, it has a high capacity 

for storage of renewable energy in the form of chemical bonds. Development of processes for CO2 

conversion are necessary to exploit this property. Of particular interest is the valorization of diluted CO2 

streams by formation of CO1. Super-dry reforming of CH4 is a novel technology for intensified CO2 

utilization which can be driven by biogas (Figure 1). Compared with conventional dry reforming of CH4 for 

syngas production, this process can achieve a three times higher capacity for CO2 conversion. 

In catalyst-assisted combined chemical looping for super-dry reforming of CH4, a nickel based reforming 

catalyst is combined with an iron oxide and calcium oxide based material. First, a mixed feed of CH4 and 

CO2 with excess of CO2 is dry reformed over the nickel catalyst. The produced syngas is passed through a 

mixed bed of iron oxide and calcium oxide, where CO and H2 are converted into CO2 and H2O upon iron 

oxide reduction, while CO2 is fixated as 

CaCO3. In the second step, materials are 

regenerated either by increasing temperature 

or isothermally by means of a sweep gas. The 

role of calcium oxide as CO2 sorbent is 

threefold: (i) Coke formation on the nickel 

catalyst is tremendously decreased because a 

higher CO2:CH4 feed ratio can be used 

without compromising the product purity. 

(ii) Calcium oxide improves the reducibility 

of iron oxide by systematic removal of CO2. 

Hence, only H2O is produced during the first 

step, even though 4 different processes (dry 

reforming, WGS reaction, iron oxide 

reduction, CO2 removal) occur. (iii) In the 

second step, regeneration of CaCO3 provides CO2 for the reoxidation of iron oxide while producing CO. 

The aim of this work is a combined thermodynamic and experimental study of the proposed process for 

enhanced CO production from CH4 and CO2. 

 

2. Experimental  

As dry reforming catalyst, a 10w%Ni/MgAl2O4 material was used2. In addition, a 50Mg-Fe-Al-O material3 

and 90Ca-Al-O material were used. For thermodynamic calculations, EkviCalc4 was used. This software 

package contains an extensive database of chemical species and reaction pathways between different species. 

Solid phase transitions were studied by means of time-resolved in situ XRD using a Bruker-AXS D8 

Discover apparatus with Cu Kα radiation and a Vantec linear detector. A sample, evenly spread on a single-

crystal Si wafer, was placed inside a home-built reactor chamber with Kapton foil window allowing X-ray 

Figure 1. Schematic representation of a catalyst-assisted combined 

chemical looping approach for super-dry reforming of CH4. This process 

provides a method for intensified CO production from CO2 and CH4 with 

inherent H2O separation. 



transmission. Gas phase yields were studied by means of a quartz tube microreactor with inner diameter of 

10mm. The reactor was heated by an electric furnace and equipped with K-type thermocouples touching the 

inside and outside of the reactor at the position of the catalyst bed.  

 

3. Results and discussion 

Figure 2 presents the results of a proof-of-

concept experiment for the scheme shown in 

Figure 1. As initially proposed, CH4 and CO2 are 

converted to syngas over nickel and pure H2O is 

formed by extraction of lattice oxygen from iron 

oxide and CO2 fixation in the form of CaCO3. 

The absence of CO2 in the effluent during 

oxidation by O2 at 800°C confirmed that the 

amount of coke formed on the nickel catalyst 

was negligible. Upon regeneration of CaCO3, 

the iron oxide material is reoxidized and CO is 

formed. This process allows the conversion of 

3 mol CO2 / mol CH4 compared with 

1 mol CO2 / mol CH4 for conventional dry 

reforming. Moreover, process thermodynamics 

reveal that each step in super-dry reforming of 

CH4 combines exothermic and endothermic 

processes. This makes the overall process highly 

favorable from a heat management point of view. 

 

4. Conclusions 

A novel concept, super-dry reforming of CH4 via catalyst-assisted combined chemical looping, is proposed. 

Using this process, the amount of CO2 that can be converted per unit of CH4 is three times higher compared 

to conventional dry reforming of CH4. The suitability of this process for intensified CO2 conversion into CO 

is confirmed by means of a thermodynamic and experimental study. A key advantage is the inherent 

separation of reforming products H2O and CO, which is responsible for the high CO yield by preventing 

WGS reaction to dominate the product yield. 
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Figure 2. Space-time yield during super-dry CH4 reforming 

experiment with 10Ni/MgAl2O4 + 50Mg-Fe-Al-O + 90Ca-Al-O 

(1:3:6 w%) at T = 1023 K, p = 1.3 bar, F0 = 1.35 10-6 mol/s 

(region I - CH4:CO2 in 1:3 molar ratio; region II - He as sweep gas): 

 CH4;  CO;  H2;  CO2;  H2O. 


