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Abstract:  

In order to empower a circular carbon economy for addressing global CO2 emissions, the 

production of carbon-neutral fuels is especially desired, since addressing the global fuel demand 

via this route has the potential to significantly mitigate carbon emissions. In this study, we report 

a multifunctional catalyst combination consisting of a potassium promoted iron catalyst (Fe-K) 

and platinum containing zeolite beta (Pt-beta) which produces an almost entirely paraffinic 

mixture (up to C10 hydrocarbons) via CO2 hydrogenation in one step. Here, the Fe catalyst is 

responsible for modified Fischer-Tropsch synthesis from CO2 while Pt-beta is instrumental in 

tuning the product distribution almost entirely towards paraffins (both linear and branched) 

presumably via a combination of cracking and hydrogenation. The optimal temperature of 

operation was estimated to be 325 °C for the production of higher paraffins (C5-C10) with a 

selectivity of ca. 28% at a CO2 conversion of ca. 31%. 
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Introduction  

In the face of surging global CO2 emission levels, the implementation of effective strategies for 

their mitigation is essential. In this context, the concept of a ‘circular carbon economy’ presents 

itself as a viable strategy for avoiding CO2 emissions.[1] Putting this concept into practice has the 

potential to avoid >5 Gt of additional CO2 emissions/year since the emitted CO2 can be endlessly 

recycled to make fuels and chemicals using renewable energy (wind, solar etc.).[2] The major 

contribution in terms of volume towards this mitigation would be via the production of CO2-neutral 

transportation fuels (termed as e-fuels[3]), which can be used as drop-in alternatives to conventional 

fossil fuels. An additional benefit of fuel production in this manner would be the complete 

mitigation of SOx and NOx emissions caused by the use of fuels derived from fossil sources without 

requiring additional process steps like hydrodesulphurization. While multiple reports exist in 

literature regarding the production of fuels and/or gasoline directly from CO2[4], the actual 

applicability of the hydrocarbon mixtures reported in these studies for use as drop-in fuels (i.e. 

hydrocarbon mixtures which can be directly used as fuel without any additional or significant 

processing) has not been examined.[3] Ideally, drop-in fuels derived from CO2 would consist 

mostly of linear and branched alkanes with some proportion of cycloalkanes and aromatics in order 

to enhance the octane number.[3] 

A possible approach to simplify the production of e-fuels from CO2 would be to target catalysts 

which can produce individual components of the fuels and then these components can easily be 

blended to target fuel specifications. To that end, a number of studies have reported the production 

of aromatics from CO2.[5] However, the number of reports targeting the production of paraffins 

(linear/branched) are quite limited[6] and, as stated earlier, these hydrocarbons would form the 

majority of e-fuels. Thus, approaches for the production of a highly paraffinic mixture (preferably 
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with a significant isoparaffinic fraction) from CO2 is desired. In all the studies mentioned above, 

the production of hydrocarbons has been reported using a multifunctional heterogeneous catalysis 

route for thermal CO2 hydrogenation. Multifunctional catalysis here refers to the combination of 

a metal/metal oxide together with a zeolite which offers greater control over product distribution 

thus improving selectivity to target products.[2a, 7] Apart from paraffins and aromatics, 

multifunctional catalysis has also been successfully applied for the production of olefins from 

CO2.[8]  

Here, we report a multifunctional catalyst combination which produces an almost entirely 

paraffinic hydrocarbon mixture from CO2 with a combined overall selectivity of olefins + 

aromatics being lower than 2% of all products up to C10 on a carbon mole basis. This combination 

consists of an Fe-K catalyst previously reported by us[9] and Pt impregnated zeolite beta in a dual 

bed configuration. This result presents among the highest yield of C5-C10 paraffins via CO2 

hydrogenation reported in open literature under similar conditions. Although Noreen et al[6c] have 

reported higher yields of paraffins in this range, a significant amount of aromatics are also formed 

via their catalytic system. This has implications if such a process is put into practice since 

significant costs associated with product separation might be involved. The very high selectivity 

towards paraffins observed in our system would likely have a positive impact on separation costs 

if such a system were to be implemented industrially. Highly acidic zeolite beta (SiO2:Al2O3 = 38) 

was chosen as it has previously been reported to have significant hydrocarbon isomerization 

capabilities[6a, 10] which makes it a good candidate for converting the mostly linear olefinic product 

stream coming from the Fe-K catalyst to branched hydrocarbons. A relatively simple addition of 

a small amount of Pt in the zeolite thus allows for the shifting of the product distribution to be 

predominantly paraffinic. Thus, while the Fe-K catalyst is responsible for modified Fischer-
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Tropsch synthesis (FTS) from CO2, the Pt-beta causes the likely hydrogenation of olefins to 

paraffins/isoparaffins.   
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Results & Discussion 
 
Catalyst Performance 

In the course of this study, we have observed the influence of temperature on the multifunctional 

catalyst performance. Increasing the temperature from 300 °C to 350 °C, we have seen that the 

CO2 conversion increases and CO selectivity decreases (Figure 1).  

Figure 1: Catalytic performance of the multi-functional Fe-K + Pt-beta catalyst presented at ~5.5 
h time on stream (TOS). Results denoted for Pt-beta imply the performance of the combined Fe + 
zeolite catalyst. X(CO2) and S(CO) imply the conversion of CO2 and selectivity to CO respectively. 
S(CN) and S(CN=) denote the selectivity towards a paraffin and an olefin with carbon number ‘N’ 
respectively. S(Arom) refers to the selectivity towards aromatics ranging from benzene until C10 
aromatics. S(C10+) implies selectivity towards hydrocarbons having carbon number >10. 
Performance measured at a pressure of 30 bar, GHSV of 10000 ml·gcat-1·h-1 for standalone Fe-K 
catalyst and 5000 ml·gcat-1·h-1 for the Fe-K + zeolite combination and CO2:H2 ratio of 1:3. 
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While the increase in CO2 conversion with temperature can be ascribed to thermodynamics, the 

decrease in CO selectivity (and corresponding increase in hydrocarbon selectivity) can be due to 

increased Fischer-Tropsch activity at higher temperatures. Furthermore, it can also be observed 

that regardless of the reaction temperature, the olefin fraction (both C2-C4= and C5-C10=) is almost 

entirely consumed and converted to paraffins and isoparaffins when the Fe-K catalyst is paired 

with Pt-beta. This can possibly be prescribed to the Pt clusters present in the zeolite which are 

likely acting as sites for the hydrogenation of olefins to paraffins as Pt is well known for its 

hydrogenation activity.[11] In order to verify the hydrogenation capability of Pt-beta, a control 

experiment was carried out where a mixture of C2H4 + H2 was fed to standalone zeolite beta/Pt-

beta (i.e. without the presence of the Fe-K catalyst). The reaction temperature was varied from 

300-350 °C and the hydrogenation performance was checked at both atmospheric pressure and a 

pressure of 30 bar (Figure S6). The results revealed a striking difference between the 

hydrogenation performance of the zeolite with and without Pt. The presence of Pt in the zeolite 

causes almost complete hydrogenation of ethylene to ethane with ethylene conversion and ethane 

selectivity being close to 100% regardless of the reaction temperature or pressure. Zeolite beta 

without Pt however, exhibits almost negligible ethylene conversion at atmospheric pressure but 

the conversion rises significantly at a pressure of 30 bar. This conversion is nevertheless 

significantly lower than that displayed by Pt-beta. This increase in conversion with pressure can 

be ascribed to thermodynamics since the hydrogenation of ethylene to ethane proceeds via a 

reduction in the number of molecules. Thus, higher pressure favors the forward reaction. The 

selectivity to ethane is similarly enhanced at higher pressure as well.  

For the CO2 hydrogenation reaction, at higher temperatures, a trivial amount of aromatics is also 

observed. Additionally, a significant decrease is observed in the C10+ fraction of products when 
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Pt-beta is placed downstream of the Fe-K catalyst. This can presumably be assigned to cracking 

of longer chain hydrocarbons over the acid sites present on the zeolite. As temperature is increased, 

we also see an increase in methane selectivity. This increased methane selectivity could be 

attributed to an amplification of the hydrogenation activity of the Pt present in zeolite beta. An 

analogous increase is also observed for the light paraffin fraction (C2-C4) again pointing towards 

increased hydrogenation activity by Pt. Apart from the enhanced hydrogenation activity on the Pt 

sites at higher temperatures, the cracking of C10+ hydrocarbons over acid sites of the zeolite also 

seems to be enhanced with increasing temperatures (Figure 1). However, at longer reaction times, 

the cracking activity is inhibited at lower temperatures as observed by an increase of the C10+ 

fraction (Figure S1). This can possibly be attributed to accumulation of coke deposited during the 

reaction which leads to the blockage of acid sites.[6a] 

Based on the catalytic performance results presented in Figure 1, operation of the multifunctional 

catalyst at 325 °C seems optimal for the production of the valuable C5-C10 range of paraffins 

constituting the ‘gasoline’ range of hydrocarbons. In order to further analyze the catalytic 

performance of Fe-K + Pt-beta at this temperature, a long-term stability test (~90 h TOS) was 

carried out and the catalytic performance was compared with Fe-K + beta and standalone Fe-K 

(Figure S7). From the results, we observed that the selectivity to C2-C10 paraffins slowly declines 

over time when using Fe-K + Pt-beta. However, the hydrogenation activity of Pt as described 

above mitigates the deactivation significantly when comparing the performance of Fe-K + Pt-beta 

with Fe-K + beta. Upon coupling the Fe-K catalyst with zeolite beta, we find that the zeolite 

deactivates very fast and the overall catalyst combination has a product distribution essentially 

similar to that of the standalone Fe-K catalyst at longer TOS (Figures S7a and S7b).  Apart from 

the yield of C5-C10 paraffins and catalyst stability, it is also imperative to assess the fraction of 
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branched paraffins (i.e. isoparaffins) in this hydrocarbon range as they contribute to higher octane 

number for fuels.[6e] Thus, in Figure 2, the distribution between paraffins and iso-paraffins for the 

Fe-K + Pt-beta combination for different carbon numbers at different temperatures has been 

presented. 

 

Figure 2: Overall selectivity towards paraffins and isoparaffins for the Fe-K + Pt-beta 
combination at different temperatures reported at ~5.5 h time on stream. Linear and branched 
paraffins having greater than 8 carbon atoms could not be distinguished in the GC analysis. 
Performance measured at a pressure of 30 bar, GHSV of 5000 ml·gcat-1·h-1 and CO2:H2 ratio of 
1:3. 
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From the results presented in Figure 2, we see that regardless of the reaction temperature, the light 

paraffin fraction (C2-C4) consists majorly of propane and butanes (both n- and iso-butane). This 

fraction is used as liquefied petroleum gas (LPG) which has important applications both 

industrially (heating) and residentially (heating, cooking).[12] 

Analyzing the heavier paraffin range (C5-C8) we once again confirm that 325 °C seems to be the 

optimal temperature of operation since it has significantly more selectivity to this fraction as 

compared to 300 °C and better ratio of branched to linear paraffins than 350 °C. 

Catalyst characterization 

The Fe-K catalyst used in this study has been thoroughly characterized and the results have been 

presented previously.[9] Thus, in this study a number of techniques were used in order to 

characterize the Pt-beta. The textural properties of the sample were analyzed via N2 adsorption at 

77 K. The results are presented in Table 1 and Figure S2. Comparing these values with the values 

of the base zeolite beta used to synthesize the Pt-beta (reported previously in[6e]) revealed a drop 

in the surface area and pore volume as can be expected due to the presence of Pt nanoparticles. 

Characterization of acidity via FTIR using pyridine as a probe molecule (Figure S3 and Table 1) 

revealed that incorporation of Pt on the zeolite beta caused a decrease in Brønsted acid sites and 

an increase in Lewis acid sites as compared to the base zeolite beta (as reported previously in[6e]). 

Analysis of the as synthesized Pt-beta sample with XRD (Figure S4) revealed a crystallographic 

pattern consistent with zeolite containing approximately 44% of polymorph A and 56% of 

polymorph B with the content of polymorph C being negligible.[13] Closer analysis of the XRD 

patterns revealed peaks at 2θ = 39.8° and 46.4° which correspond to the reflections (111) and (200) 

respectively for metallic Pt. This implies the presence of crystalline Pt on the zeolite and is 

consistent with the face centered cubic (fcc) structure.[14]  
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Table 1: Acidic and textural properties of Pt-beta 
 

Pt loading[a] 

[wt.%] 

SBET[b] 

[m2·g-1] 

Smeso[c] 

[m2·g-1] 

Smicro[c] 

[m2·g-1] 

Vtotal
[c] 

[cm3·g-1] 

Vmicro
[c] 

[cm3·g-1] 

CBAS
[d] 

[μmol·g-1] 

CLAS
[d] 

[μmol·g-1] 

0.65 540 207 333 0.32 0.14 96 596 

[a]by ICP-OES 
[b]by N2 adsorption using BET method 
[c]by N2 adsorption using t-plot method 
[d]by FT-IR using pyridine as a probe molecule 
 

STEM analysis of the fresh Pt-beta sample revealed a broad size distribution of Pt nanoparticles 

on the zeolite (Figure S5). The Pt also seems to be non-homogeneously distributed across the 

zeolite with some zeolite crystallites containing more Pt nanoparticles than others. Despite the 

inhomogeneous distribution of Pt on the zeolite and the broad particle size distribution, the catalyst 

performance remains quite uniform especially at higher temperatures as observed by the time on 

stream behavior (Figure S7). STEM analysis of the spent Pt-beta sample tested at 325 °C reveals 

no significant change in the Pt nanoparticle size distribution. Thus, any deactivation observed is 

unlikely to be linked with the Pt sites and is likely related to the blockage of acid sites and reduced 

cracking activity due to accumulation of coke as mentioned above. 

Based on the observations presented above, it is likely that the Pt sites present in zeolite beta enable 

the hydrogenation of olefins coming from the Fe-K catalyst (Figure 3). 
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Figure 3: Schematic representation of the possible mechanistic role played by Pt-beta in the 
hydrogenation of CO2 to fuel range alkanes. 
 

The control experiment of ethylene hydrogenation clearly demonstrates the strong hydrogenation 

activity of Pt-beta as compared to plain zeolite beta (Figure S6). This hydrogenation role of Pt not 

only leads to the production of fuel range alkanes but also is probably responsible for the enhanced 

stability of the overall Fe-K + Pt-beta catalyst combination as compared to the Fe-K + beta 

combination (Figure S7). The influence of temperature on the catalyst activity can probably be 

explained as an optimization of the interplay between (i) the modified Fischer-Tropsch activity of 

the Fe-K catalyst, (ii) the cracking/oligomerization/isomerization activity of the acid sites present 

in zeolite beta and (iii) the hydrogenation activity of Pt sites in the zeolite. Thus, at the lower end 

of the temperature conditions tested (300 °C); the lower modified FTS activity of the Fe-K catalyst 

inhibits the overall yield of paraffins from CO2. At the higher end of the temperature conditions 

(350 °C), the activity of all components of the multifunctional catalyst is increased, but the overall 
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product yield is dominated by the high hydrogenation activity of the Pt sites since the yield of the 

less desired methane and C2-C4 paraffins is increased. Therefore, the intermediate temperature of 

325 °C optimizes the synergy between the various components of the multi-functional catalyst in 

order to provide the highest yield of the valuable C5-C10 paraffin range. Finally, the temperature-

mediated interplay also affects the ratio of branched and linear paraffins. The production of 

branched isomers of the paraffins proceeds via methylation and H-transfer of olefinic 

intermediates over the Brønsted acid sites of the zeolite.[15] However, as we see from Figure 2, 

increasing the reaction temperature reduces the branched-to-linear paraffin ratio. This is probably 

again due to the stronger hydrogenation activity of the Pt sites at higher temperatures which 

hydrogenates a larger proportion of linear olefins before they have the chance to participate in the 

isomerization step.   
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Conclusions 

In conclusion, we have demonstrated that tuning the hydrogenation activity of zeolite beta by 

incorporating Pt when it is placed downstream of an Fe-K catalyst responsible for carrying out the 

modified FTS reaction from CO2 can help us to alter the product stream shifting it primarily 

towards alkanes. The hydrogenation of olefins also presumably inhibits the formation of aromatics. 

The zeolite is also responsible for the cracking of C10+ hydrocarbons to lighter components. 

Increasing the temperature from 300 °C to 350 °C causes an increase in the gaseous fraction (C1-

C4) of products. However, at 325 °C, we achieve an optimum in terms of the liquid fuel range (C5-

C10) of products. Characterization of Pt-beta reveals the presence of crystalline Pt nanoparticles 

with fcc structure having a wide size and spatial distribution. The Pt distribution remains 

unaffected by the reaction conditions employed in this study. These results provide an approach 

towards partially addressing the production of drop-in e-fuels from CO2 which are more 

compatible with current (and possibly future) regulations and can hopefully prove to be a way 

forward towards mitigating CO2 emissions, promoting a circular carbon economy and combating 

the climate crisis. 

Materials and Methods 

Chemicals 

Iron oxide (Fe2O3, Aldrich), Potassium superoxide (KO2, Aldrich), Tetraammineplatinum (II) 

nitrate (Pt(NH3)4 (NO3)2, Alfa Aesar) were used as received. Zeolite beta (SiO2/Al2O3 = 38, 

Zeolyst) was purchased in ammonium form and calcined at 550 °C for 7 hours in a muffle furnace 

in order to obtain the H-form before use. 
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Catalyst Preparation 

The Fe-K catalyst was prepared as described previously.[9] Briefly, the Fe2O3 and KO2 were mortar 

mixed keeping a Fe:K molar ratio of 2. The resultant mixture was heated up to 100 ⁰C for 12 h 

prior to the catalytic measurements. 

The Pt-beta was obtained as follows. Zeolite beta was initially dried under vacuum at 120 °C 

overnight. The dried beta was impregnated with a solution of Pt(NH3)4(NO3)2 using incipient 

wetness impregnation. This sample was again dried under vacuum at 120 °C overnight. After the 

second drying step, the Pt-beta was calcined in a muffle furnace at 550 °C for 7 hours using a 

temperature ramp of 1 °C·min-1 for heating up the furnace. The Pt-beta sample thus obtained was 

pelletized, crushed and sieved to a particle size of 150-250 μm prior to use. Pt loading on the Pt-

beta sample was measured by ICP and was found to be 0.65% by weight. 

Catalytic Testing 

Catalytic testing was carried out as reported previously.[6e] Catalytic tests were performed on an 

Avantium Flowrence® XD catalytic testing unit with 4 parallel channels operated in a fixed bed 

configuration. In a typical experiment, 25 mg of Fe-K catalyst and 25 mg of zeolite were loaded 

into a stainless steel reactor in a dual bed configuration. One of the channels was used without 

catalyst as blank. The pre-mixed feed of CO2+H2 (reactants) and He (internal standard) was 

supplied to each channel with a flow of 4.17 ml·min-1 for the reactants (equaling a GHSV of 5000 

ml·gcat-1·h-1) and 1 ml·min-1 for the internal standard per channel. The reaction pressure was set to 

30 bar. The reaction temperature was varied from 300-350 °C and the CO2:H2 ratio was set to 1:3 

unless mentioned otherwise. The effluent from the reactor was automatically supplied for online 

gas chromatography (GC) analysis. Gas product analysis was performed using an Agilent 7890B 
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GC with two sample loops. After flushing the loops for 20 min, the products were injected. One 

sample loop was directed towards the TCD channel with 2 Haysep pre-columns and a MS5A 

column, where He, H2, CH4 and CO are separated. Gases that have longer retention times than 

CO2 on the Haysep column (Column 4 Haysep Q 0.5 m G3591-80023) were backflushed. Further 

separation of permanent gases was done on another Haysep column (Column 5 Haysep Q 6 Ft 

G3591-80013) to separate CO2 before going to a MS5A column. The other sample loop was 

directed towards an Innowax pre-column (5 m, 0.2 mm OD, 0.4 μm film). In the first 0.5 min of 

the method, the gases coming from the pre-column were sent to the Gaspro column (Gaspro 30 M, 

0.32 mm OD). After 0.5 min, the valve was switched and gases were sent to an Innowax column 

(45 m, 0.2 mm OD, 0.4 μm). Products from both columns were analyzed through a FID. The 

Gaspro column separates C1-C10 paraffins and olefins, while the Innowax column separates 

oxygenates and aromatics.  

CO2 conversion (XCO2, %), selectivity to CO (SCO, %), selectivity to product Cx (S(Cx), %) were 

defined using the following formulas: 

𝑋!"! = #1 −
𝐶(𝐼𝑛𝑒𝑟𝑡#$%&') ∙ 𝐶(CO())	
𝐶(𝐼𝑛𝑒𝑟𝑡)) ∙ 𝐶(CO(#$%&')

2 ∙ 100 

𝑆!" =
𝐶(CO)/𝐶(𝐼𝑛𝑒𝑟𝑡))

𝐶(CO(#$%&')
𝐶(𝐼𝑛𝑒𝑟𝑡#$%&')

−
𝐶(CO())
𝐶(𝐼𝑛𝑒𝑟𝑡))

∙ 100 

𝑆(C*) =
𝑥 ∙ 𝐶(C*")/𝐶(𝐼𝑛𝑒𝑟𝑡))

𝐶(CO(#$%&')
𝐶(𝐼𝑛𝑒𝑟𝑡#$%&')

−
𝐶(CO())
𝐶(𝐼𝑛𝑒𝑟𝑡))

∙ 100 

 

where C(Inertblank), C(CO2R), C(InertR), C(CO2blank) are the concentrations of He in the blank reactor,  

CO2 in the outlet of the reactor, He in the outlet of the reactor and CO2 in the blank reactor by GC 
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analysis, respectively. C(CxR) is the concentration in mol.% of the hydrocarbon (olefin, paraffin, 

aromatic) with ‘x’ carbon atoms in the reactor outlet as determined by GC analysis.  

Inductively Coupled Plasma – Optical Emission Spectrometry (ICP-OES) measurements 

The measurements were conducted using 5100 ICP-OES instrument (Agilent) and SPS 4 

Autosampler (Agilent) with Ar being used as gas supply. Digestion was done at max 240 °C and 

max 35 bar using UltraWAVE apparatus (Milestone) with a HCL:HNO3:HF solution of 3:1:1 

volume ratio. A calibration curve (4 plots) was built (1-10-25-100 ppm) and all samples have been 

duplicated. Moreover, Laboratory Reagent Blank (LRB), Laboratory Fortified Blank (LFB), 

Quality Control Sample (QCS) and Continuing Calibration Verification (CCV) samples were 

recorded to validate the results as recommended in several standard methods. [16] 

Nitrogen Adsorption measurements 

The textural properties of the materials were characterized by volumetric N2 physisorption at 77K 

using Micromeritics ASAP 2420 equipment. Prior to the physisorption experiment, the samples 

were dried overnight at 623 K under vacuum (p<2 μmHg). BET (Brunauer-Emmett-Teller) derived 

surface areas were calculated according to Rouquerol criteria. [17] To obtain the microporous area 

and micropore volume, t-plot method was applied within the thickness region of 3 to 5 Å. Total 

Pore Volume of pores less than 50 nm was obtained at relative pressure p/po close to 1. 

 X-Ray Diffraction (XRD) measurements 

XRD patterns were collected using a Bruker D8 Advanced diffractometer in Bragg–Brentano 

geometry fitted with a copper tube operating at 40 kV and 40 mA and a linear position sensitive 

detector (opening 2.9°). The diffractometer was configured with a 0.18° diverging slit, 2.9° anti- 
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scattering slit, 2.5° Soller slits, and a Ni filter. The diffractograms were acquired over the 2θ range 

of 5–60°, using a step interval of 0.037° with a timestep of 1s.  

Pyridine IR (py-IR) measurements 

Transmission FTIR spectroscopy was performed with pyridine being used as a probe molecule in 

a Nicolet 6700 spectrometer using an MCT/B detector. The sample pellet was prepared using 

approximately 50 mg of material without any dilution with KBr. After water removal under 

vacuum at 375 °C for 24 h, pyridine vapor was introduced at its vapor pressure under ambient 

conditions. After saturation, excess pyridine was removed by evacuation at 150 °C for 1 h. Spectra 

were recorded in the 1000–4000 cm−1 range at a resolution of 4 cm−1 and co‐addition of 64 scans. 

The amount of Brønsted (BAS) and Lewis (LAS) acid sites were obtained from the bands at 1545 

and 1456 cm−1 respectively using extinction coefficients of 1.67 and 2.22 cm·μmol-1 respectively. 

If we assume that one molecule of pyridine is adsorbed on one acid site then the following 

expressions were used to calculate CBAS and the CLAS: 

𝐶+,- = 1.88 × 𝐼𝐴(𝐵) × 𝑅( 𝑊⁄  

𝐶.,- = 1.42 × 𝐼𝐴(𝐿) × 𝑅( 𝑊⁄  

where CBAS and CLAS are concentrations of Brønsted and Lewis acid sites respectively (mmol·g−1), 

IA (B or L) is the integrated absorbance of BAS or LAS band (cm−1), R is the radius of catalyst 

disk (cm), and W is the mass of catalyst (mg). 

Transmission Electron Microscopy 

High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) 

analysis of the samples were carried out with an FEI Titan G 2 80–300 kV electron microscope 
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operated at 300 kV. A beam current of 0.15 nA was used for the imaging. Acquisition and 

processing of the obtained data were performed with Velox (Thermo-Fisher Scientific) software 

package. Dry sample preparation was used for all of the samples. 
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TOC Graphic 

 

In order to fuel a circular carbon economy, catalyst development is required which can directly 
produce fuels from CO2. Using potassium promoted iron and platinum modified zeolite beta as 
components of a multifunctional catalyst, highly selective production of fuel range alkanes is 
demonstrated via CO2 hydrogenation. 
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