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1. Calcium ferrite aerogel preparation

When calcium nitrate tetrahydrate and iron nitrate nonahydrate were dissolved in the 

deionized water, reversible hydrolysis occurred. Iron and calcium hydrates are the main ions in 

solution. Their formation reactions are shown below:

 33
2 2 66 ( )Fe H O Fe H O    (R1)

 22
2 2 77 ( )Ca H O Ca H O    (R2)
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It is speculated that the added propylene oxide (PA) is easily protonated due to the acidity of 

the iron hydrate, followed by an irreversible ring opening reaction. When calcium chloride and 

iron chloride are used as precursors, chloride ion is a better nucleophile than water, thus the 

following reactions occur:

        (R3)

                                                            (R4)

As can be seen from (R4), no proton is produced through the ring-opening reaction of PO. 

Consumption of the proton leads to an increase of pH, thereby promoting the Ca-Fe gel formation. 

Thus, the gelation process becomes easier if calcium chloride and iron chloride are used as the 

precursors. However, chloride ions are prone bind tightly with Ca2+, which is difficult to remove 

during calcination, even at temperatures above 1000 °C. Chloride ion’s existence during 

preparation inhibits Ca2Fe2O5 aerogel formation; thus, iron nitrate and calcium nitrate were used 

as the precursors.

Unfortunately, a brown-red precipitate will be generated if only PO is added. This is because 

3D cross-linking is easy to be built for polyvalent metal ions such as Zr4+, Cr3+, Fe3+, Ce4+, Ti4+. 

But this cross-link is much harder for bivalent metal ions (e.g. Cu2+, Ca2+, Ni2+, and Zn2+, etc.) to 

form. The presence of Ca2+ reduces the strength of the 3d cross-link structure, resulting in the 

failure of Fe-Ca composite gelation. To solve the problem, PAA was introduced to act as a 



nucleophile. The synergistic effect of PAA with PO, enhances the structural strength caused by 

Ca2+ by promoting 3D cross-linking of the Ca-Fe chains. Possible reactions with the addition of 

PAA and PO are shown as follows:

(R5)

 (R6)



2. Experimental setup

Fig. S1 Schematic diagram of fixed bed CO2 reduction to CO system. 1) N2 cylinder; 2) CO2 cylinder; 3) 

valve; 4) mass flow meter, Parker 201, 0-100 mL/min; 5) mass flow controller, Parker CM-400; 6) three-

way valve; 7) fixed bed furnace and quartz reactor, inner diameter of 1.2 cm, length of 550.0 mm; 8) 

temperature controller of furnace; 9) quartz wool; 10) ice bath; 11) moisture trap with dried CaSO4 inside; 

12) gas bags; 13) gas chromatograph, Inficon micro GC 3000; 14) computer.



3. Calculation methods

The syngas (H2, CH4, CO, and CO2) concentrations were calculated as follows: 
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where represent the calculated syngas concentrations of H2, CH4, CO, and 
242

,,,C COCOCHH CCC

CO2, respectively. accordingly denote the ,GC CC.GCCOCO.GC,GCCH,GCH ,and C,C,C,CC
42242 

concentrations of H2, CH4, CO, CO2, and C2-C4 detected by GC. The produced CO gas during CO2 

reduction stage is collected using gas bags at every 30 minutes per bag. The total gas yields

for one gas bag is calculated as:outtotalY ，
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where denotes the total gas yields from the gas sampling bag (Sigma 2L Tedlar PVDF),outtotalY ，

is the flow rate of the inlet N2, T is the N2 flow time for each gas bag collection, andin,N2
YR



represents the N2 concentration of the gas bag calculated by GC. The outlet CO yieldsGCC ,N2

for one gas bag is calculated in the way of:out,COY

GCCOouttotalout C ,,,CO YY  (E 7)

The cumulative CO yield is the sum of CO obtained with every 30 minutes:

6)1,2,3,4,5,(n Y
n

1
,,,CO,  outCOioutsum Y

(E 8)

where is the CO collected with No. i gas bag and represents the cumulative CO outCO,,Yi outsum ,CO,Y

yield.

4. Experimental Results

Fig. S2 Syngas compositions during catalytic fast biomass pyrolysis for Fe3+ reduction stage.



Bio-oil components from biomass fast pyrolysis

Bio-oil components from biomass fast pyrolysis with Fe2O3 addition



Bio-oil components from biomass fast pyrolysis with Ca2Fe2O5 addition

Bio-oil components from biomass fast pyrolysis with CaFe2O4 addition

Fig. S3 a) effect of Ca2Fe2O5 aerogel loading on the CO production; b) effect of Ca2Fe2O5 aerogel loading 

on the CO production.

The effect of Ca2Fe2O5 loading amount on cumulative CO production as well as CO and CO2 

concentration is presented in Fig. S3. Raising the Ca2Fe2O5 loading amount promotes the CO 

production, mainly at the beginning of the CO2 reduction step. The oxidation of Fe0 generate more 



CO. Subsequently, the effect of Ca2Fe2O5 addition on CO production is relatively small, the 

cumulative CO production shows a trend of even growth. Moreover, similar CO concentrations 

can be obtained by using 5%-Ca2Fe2O5, 10%-Ca2Fe2O5, and 15%-Ca2Fe2O5 aerogels, which are 

significantly better than the effect of no catalyst addition.

Fig. S4 XRD patterns of fresh, syngas reduced, 1st redox cycled, and 50th redox cycled Fe2O3.


