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Catalyst characterization

X-Ray Diffraction
Ex-situ X-ray diffraction patterns were acquired to determine the crystal structure of the 
synthesised catalyst and to verify the outcome of the synthetic procedure.

Figure S1 reports the result obtained for the Cu-K/Al2O3 catalyst (Cu/K/Al2O3, 11/10/79 wt%). 
In line with previous results obtained for similar materials,1, 2 the diffraction pattern shows 
reflexes typical of CuO tenorite phase (PDF 45-0937) and γ-Al2O3 (PDF 48-0367). The 
absence of strong reflexes of K2CO3, employed as potassium precursor in the synthesis, 
indicate that potassium is highly dispersed and forming an highly amorphous phase. Small 
broad reflexes at low angles, compatible with a KAlCO3(OH)2 phase (PDF 21-0979), indicate 
a strong interaction between the potassium phase and the γ-Al2O3 support. Such phase results 
from reaction of potassium carbonate with surface γ-Al2O3 and water absorbed on the surface 
during the synthesis.3 However, this phase is crystalline at room temperature and, due to the 
small particle size, it is suspected to become amorphous at T = 200 °C and finally 
decomposing to form a K2CO3 phase.4  

Figure S1: X-ray diffractogram of as-synthetised K-promoted Cu/Al2O3 (K 10 wt%, Cu 11 wt%) 
catalyst obtained at room temperature. Reflexes from  γ-Al2O3 (○) and CuO tenorite (●)



BET Surface Area
The surface area of the Cu-K/Al2O3 was estimated by BET analysis of the fresh sample, 
obtaining a value of 135 m2 g-1. The surface area is considerably lower than for the unpromoted 
Cu/Al2O3 sample (Cu 12.2 wt%), for which a value of 191 m2 g-1

 was found. The corresponding 
N2 adsorption-desorption isotherms obtained for the two samples are reported in Figure S2.  
Indeed, the impregnation of the potassium phase on highly porous material is expected to 
provoke pore blocking and  the decrease in the catalyst surface area.5, 6 

Figure S2: N2 adsorption-desorption isotherms for unpromoted (left) and K-promoted (right) Cu/Al2O3 catalysts.



Thermogravimetric analysis

Figure S3 reports the results obtained from thermogravimetric analysis performed on the 
K2CO3 precursor, the unpromoted Cu/Al2O3 catalyst (Cu 12.2 wt%) and the promoted Cu-
K/Al2O3 catalyst (11 wt% Cu, 10 wt% K). The analysis was performed by keeping the 
samples under H2 flow (100 mL min-1 5 vol% in Ar) in order to evaluate the weight loss 
induced by the reduction of the samples. After 10 minutes flushing at room temperature, the 
samples were heated up at at a rate of 10°C min-1 up to 800 °C. For the pure K2CO3, after a 
significative weight loss around 100°C related to evaporation of water adsorbed from air 
exposure, no weight changes are noticed until very high temperature (> 700 °C). In the 
Al2O3-supported catalysts, a weight loss from water removal from the support is associated 
with the contribute of CuO reduction which starts at temperatures above 250 °C. In Figure 
S2B, the derivative of the weight change with respect to time (dW/dT) is plotted against the 
sample temperature. For the unpromoted Cu/Al2O3 catalyst, the peak of weight loss 
derivative at 275 °C represents a maximum in the reduction rate ascribable to the CuO 
reduction process. In the Cu-K/Al2O3 catalyst, the presence of potassium broadens the CuO 
reduction peak and shifts it to higher temperatures. This phenomenon,  frequently reported 
in literature,7, 8 is an effect of the intimate interaction between the potassium and copper 
phases. After the peak referred to CuO reduction, a continuous weight loss takes place in 
the temperature range 350 – 800 °C, which is ascribable to the decomposition of the K2CO3 
– derived phase on the catalyst. For the pure K2CO3 sample, the decomposition in H2 starts 

Figure S3: Thermogravimetric analysis of K2CO3 precursor, Cu/Al2O3 and Cu-K/Al2O3 catalysts under H2 stream 
(5 vol% in Ar, 100 mL min-1). Sample is kept 10 min at room temperature then heated up at 10 °C min-1 rate until 
800°C.  A) Relative weight change over temperature and B) derivative of weight loss with respect to time over  
temperature.



at temperature higher than 700 °C. However, in the complete catalyst, the high dispersion of 
potassium on γ-Al2O3 and the presence of metallic Cu, activating H2, favour the 
decomposition of carbonates at substantially lower temperatures compared to the bulk 
K2CO3 sample.9, 10

Operando analysis
Spatial sampling of temperature and concentration

Figure S4 reports the complete profile of CO2, CO and temperature measured by spatial 
sampling at different position in the catalytic bed. The CCR experiment was performed at 350 

°C, employing 0.25 g of Cu-K/Al2O3 catalyst.

The CO2 concentration is evaluated by calibration of the signal at mass to charge ratio m/z = 
44 of the mass spectrometer. Fragmentation of the CO2 gives signal at m/z = 28, interfering 
with the detection of the CO. Due to the unsteady state nature of the pulsed experiment, it 
was not possible to quantify the amount of CO released in the capture phase (0 – 420 s). In 
contrast, the limited evolution of CO2 in H2 atmosphere (595 – 1015 s) permitted to use the 
m/z = 28 signal for quantification of the CO produced in the reduction phase, as reported in 
the main text.

The complete temperature profile at different position of the bed (from inlet position 0 to outlet 
position 1) confirms that temperature gradients are confined in the early stages of the CO2 
pulse (0 - 420 s), where the exothermic CO2 capture takes place. 

Operando DRIFTS
Figure S5 reports the result of operando DRIFT spectroscopy in the ν(CH) stretching region 
during CCR operation at 350 °C. During the CO2 stream (0 – 420 s), the absence of bands in 
the ν(CH) stretching region excludes the intervention of formate species as stable 
intermediates derived from CO2 capture. After switching the feed to H2 (595 – 1015 s), bands 

Figure S4: Spatiotemporal profile of CO2 (left), CO (middle), and temperature (right) along the catalyst bed during 
CCR at 350 °C. Position 0 and 1 correspond to quartz wool at the beginning and at the end of the catalyst bed, 
respectively. All the positions are expressed in relative position. Profiles of different position are depicted with a  
colour scale from inlet of the bed  (darker profile, relative position 0) towards the end of the catalytic bed (lighter 
profile, relative position 1).



centered at 2670 and 2760 cm-1 rise with a delay compatible with the slow release of CO 
detected at the outlet (see main text Figure 4). Such bands are assignable to formate species 
on potassium,11, 12 which would be involved in a slow hydrogenation reaction provoking the 
release of CO and H2O observed at the outlet. Despite the low signal to noise ratio, the bands 
appear more intense toward the end of the bed, indicating that some gradient in the distribution 
of the surface species can be generated due to the packed bed configuration.

Figure S6 reports the result of operando DRIFT spectroscopic study in the ν(CH) stretching 
region for the CCR experiment in which the CO2 stream is substituted with a CO stream (0.5 
vol% in He). The results are obtained on the same catalytic bed of Figure S4, at the same 
position of the results reported in Figure S4C. As can be noticed, very similar surface species 
dynamic is observed, with the rise of bands centered at 2670 and 2760 cm-1 in the H2 
atmosphere, associated to the tailing in the CO released by the catalyst (see main text Figure 
5).



Figure S5: Dynamic evolution of surface species in the ν(CH) stretching region from operando DRIFT 
spectroscopy during CCR at 350 °C at different position of the catalyst bed (A = 3.3 mm, B = 6.4 mm, C = 9.5 
mm, D = 12.6 mm)  from front (A) to back (D).

Figure S6: Dynamic evolution of surface species in the ν(CH) stretching region from operando DRIFT 
spectroscopy during CCR at 350 °C with substitution of CO2 with CO at the inlet.
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