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ABSTRACT: This study focuses on addressing the challenges in the dry reforming of propane, a process historically marked by low
syngas yields and only moderate conversions of CO2 and propane. The primary objective was to enhance CO2 utilization and boost
the selectivity of syngas (CO and H2) production using titania-based catalysts. For synthesizing these catalysts, an impregnation
method was employed with subsequent characterization through X-ray diffraction (XRD), N2 adsorption−desorption, ammonia
temperature-programmed desorption (TPD), and hydrogen temperature-programmed reduction (TPR). The titania-based catalysts
generally possess weak acidic strength, with each catalyst displaying a unique reduction profile. The dry reforming process using
these catalysts resulted in varying levels of propane conversion, with V/Ti, Ir/Ti, Al/Ti, and Zr/Ti catalysts showing distinct
efficiencies. Notably, the Ir/Ti and V/Ti oxide catalysts achieved the lowest selectivity for generating intermediate byproducts such
as methane, ethane, ethylene, and propylene while successfully promoting higher syngas CO and H2 production alongside stable
propane conversion. When exposed to excess CO2, each catalyst consumed differing amounts of CO2 molecules. Particularly, the Ir/
Ti and V/Ti oxide catalysts demonstrated enhanced activity in promoting CO2 reactions with intermediate radical species,
facilitating carbon−carbon (C−C) bond dissociation and leading to increased syngas production. This study offers valuable insights
into the potential of titania-based catalysts in improving the efficiency and selectivity of propane dry reforming processes for blue
hydrogen.

1. INTRODUCTION
The growth in global sustainable energy demands more blue
hydrogen for zero-emission vehicles and chemical plants.1−3

Also, efforts to decarbonize the fossil fuel-based petrochemical
industry have surged for more CO2 capture and utilization. Dry
reforming would be an attractive route to increase syngas
production (CO and H2).

4−6 Dry reforming of propane
remains a challenging reaction, as it delivers low yields of
syngas products with moderate conversion of both CO2 and
C2−C37−9 compared to the higher performance of methane
dry reforming.4,10 Figure 1 presents the thermodynamics of
C1−C3 dry reforming in the form of Gibbs free energy versus
temperature, showing that dry reforming of C2−C3 requires
lower reaction temperatures than dry reforming of meth-
ane.11,12 Specifically, propane appears more favorable at
notably lower temperatures, while dry reforming of ethane
and methane noticeably requires higher temperatures.
Ultimately, the utilization of CO2 for C2−C3 dry reforming

produces more moles of CO and hydrogen, as described in eqs
1−3.
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Several propane dry reforming studies utilized reactive catalysts
based on Ni,8 Ru,13 Re,14 and Rh,7 supported by Al2O3,

13−15

ZrO2,
7 TiO2,

16 SiO2,
16 CeO2,

7,8 and MgO.16 Solymosi et al.16

studied the catalytic dry reforming of propane at 650 °C over
various catalysts, highlighting that these catalysts with Al2O3
and TiO2 supports loaded with Rh showed the low to
moderate conversion of propane and CO2 in the range of ∼40
to 70%. Moreover, catalyst supported by TiO2 delivered the
optimum CO/H2 ratio in the range of 1.6−1.9.16 Another
study by Erdöhelyi et al.17 investigated four catalyst supports
for methane dry reforming (TiO2, SiO2, Al2O3, and MgO) and
TiO2, demonstrated as an effective support for the Rh catalyst
in dry reforming, with no coke deposition made over the
catalyst and the support. A similar observation was made by
Bradford and Vannice;18 they used NiO on various supports,
among which was TiO2, which provided better performance in
the dry reforming of methane with no coke deposition.
As stated, the catalytic dry reforming of propane suffers from

either low conversion or a low yield of syngas. The dry
reforming of propane proceeds via carbon−carbon (C−C)
bond dissociation; however, several byproducts, mainly
methane and other gases, including ethane, ethylene, and
propylene, are produced during dry reforming. The generation
of such intermediate byproducts is attributed to the further
complexity of the propane dry reforming reaction. Råberg et
al.,19 Jensen et al.,20 and Solymosi et al.14 discussed that the
carbon−carbon bond dissociation of propane was the rate-
limiting step over a NiO-based catalyst and found methane to
be the main byproduct. Gomez et al.8 studied the reaction at a
low ratio of CO2 to propane at 550 °C over bimetallic oxide
catalysts based on CeO2 with Ni, Co, and Pt, and they
achieved low conversion of both propane and CO2 (∼5 to
30%). Solymosi et al.14 studied the effect of the CO2/C3 ratio
on the dry reforming of propane using a Re-based catalyst, and
the result showed an increase in propane conversion from 50
to 80% as the CO2 ratio increased.
Performing a dry reforming reaction of propane at high

temperatures represents a promising approach to surpassing
the thermodynamic conditions of the byproduct generated
during dry reforming of propane. Siahvashi et al.15 investigated
dry reforming of propane at 700 °C and reported that the
CO2/C3 ratio of 3 was the optimum ratio over Ni- and Mo-
based catalysts, while the specific selectivities toward CO and

H2 were not reported. Likewise, Sudhakaran et al.
21 studied the

reaction over Fe- and Ni-based catalysts at 750 °C, and they
achieved high conversion of CO2 and propane (93 and 78%,
respectively) but without reporting on the selectivity toward
syngas production. Another study by Råberg et al.19 utilized a
Ni-based catalyst with cofeeding H2 to increase the dry
reforming of propane at 600 °C. They reported high
conversions of CO2 and propane (∼40 to 70 and ∼20 to
50%, respectively), while CO selectivity approached 95%.
However, using cofeeding H2 enabled the utilization of CO2
for the generation of a higher CO product via the reverse
water−gas shift (RWGS) reaction route. The yield of syngas of
CO and H2 obtained from dry reforming was affected by the
conversion rate of propane and byproducts of methane.14,22

Erdöhelyi et al.17 and Bradford and Vannice18 investigated
dry reforming of methane over supported catalysts of Rh and
Ni oxides. They addressed the dissociation of methane into
reactive intermediate radical species such as CH3*, CH2*,
CH*, CHxO*, HO*, and H*, which can react with adsorbed
CO2 to generate more CO, H2, and H2O products. Methane
dry reforming is conducted at high temperatures but produces
simple intermediates over the catalyst,17 and the reaction is
considered less complex compared to propane dry reform-
ing.14,22 In particular, Solymosi et al.14,16 studied the propane
dry reforming over Rh and Re catalysts using Fourier transform
infrared (FTIR) and concluded that several intermediate
surface species from propane were generated. Consequently,
propane was not completely converted over the catalysts due
to several byproducts and intermediates, including methane
and ethane, which require higher reaction temperatures to
proceed with full dry reforming. In this study, dry reforming
was performed over a noble metal (1% Ir oxide), two transition
metals (5% V oxide and 5% Zr oxide), and 5% Al oxide to
increase acidic and basic properties supported over titania.
Titania was demonstrated to be a promising support for
methane dry reforming,17 to investigate propane dry reforming
performance in excess of CO2 to overcome the byproducts
obtained over the catalyst and targeting to increase syngas of
CO and H2 production and increase propane dry reforming
conversion.

2. EXPERIMENTAL SECTION
2.1. Materials. Titanium(IV) oxide anatase phase,

aluminum(III) nitrate, ammonium metavanadate, zirconium-
(IV) oxynitrate hydrate, and iridium(III) chloride purchased
from Fisher Scientific and Alfa Aesar were utilized as
precursors to synthesize titania-based catalysts.

2.2. Preparation of the Titania-Based Catalyst. The
titania-based catalyst precursor was synthesized using the wet
impregnation method23,24 to prepare catalysts of 5% Zr (1.0 g),
5% Al (2.1 g), 5% V (0.32 g), and 1% Ir (0.062 g) over the Ti
oxide support. The dissolved catalyst salt in RO water was
mixed with diluted nitric acid (0.10 N, 50 mL) at 40−50 °C
and stirred for 60 min. 5 g of TiO2 powder was added to the
dissolved metal salt in the solution and stirred for 6 h. The
precursor of the catalyst was separated from the aqueous
solution using a centrifuge, and the catalyst powder was
transferred to a vacuum drying oven for 24 h at 85 °C. Finally,
the titania-based catalyst precursor was calcined at 700 °C for
5 h.

2.3. Characterization. The crystalline phases of calcined
titania-based catalysts were identified by X-ray diffraction
(XRD) using a PANalytical X’Pert PRO Diffractometer. The

Figure 1. Thermodynamics of C1−C3 dry reforming.
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morphologies of the catalyst surfaces and elemental mapping
were determined by using scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDS),
respectively, using an FEI Quanta 400 instrument. The textural
properties of the catalysts were analyzed by N2 adsorption−
desorption using a Micromeritics ASAP 2420 instrument.
Furthermore, the catalyst surface acidity was measured by
ammonia temperature-programmed desorption (NH3-TPD)

25

using a HIDEN CATLAB instrument. Moreover, catalyst
reduction experiments were carried out by the hydrogen
temperature-programmed reduction (H2-TPR) technique
using a Micromeritics Autochem 2910 instrument.

2.4. Catalyst Activity Test. The dry reforming of propane
was conducted using a quartz fixed-bed reactor, which was
placed into a vertical high-temperature furnace. 0.45 g of the
titania-based catalyst was preheated at 600 °C at atmospheric
pressure with a nitrogen flow rate of 50 mL min−1 for 2 h. The
mole ratio of the CO2 and propane gas mixture was adjusted at
20:1 with 3 mL min−1 flow via mass flow controllers to the
catalytic reactor. The gas produced from the reactor was
determined using online gas chromatography equipped with a
thermal conductivity detector from Agilent. The dry reforming
conversion, selectivity, and yield of H2 and CO are calculated
as described in eqs 4 and 5.23,26

= ×

conversion of CO or propane (mol %)
feed in feedout

feed in
100

2

(4)

= ×

hydrogen or product selectivity (mol %)
H molproduced

prodcut mol
1002

(5)

3. RESULTS AND DISCUSSION
3.1. Catalyst Crystalline Determination and Textural

Properties. The XRD analysis showed the patterns of
impregnated titania-based catalysts, as shown in Figure 2.

The XRD patterns of the four catalysts showed only the
anatase crystalline form without the appearance of any rutile
phase of titania; however, there is no appearance of any crystal
from the impregnated metal oxide catalyst. This is attributed to
the low concentration of metal oxide loading, which is aligned
with observations noted in early studies.27,28 The textural
properties of titania-based catalysts were evaluated, and it was
observed that the catalysts exhibited low surface areas (27−94
m2/g), with pore volumes between 0.19 and 0.23 cm3/g, as

presented in Table 1. Zr, Al, Ir, and V oxides supported by
titania were identified in the EDS mapping, and the SEM
micrographs confirmed the uniform dispersion of metal oxide
over the TiO2 support (Figure 3A−D). The metal composition
over the support was determined (Table S1), revealing a slight
alteration in the concentration of impregnated metals within
the prepared catalyst during its synthesis.

3.2. Reducibility of the Catalysts. Figure 4A shows the
H2-TPR diagrams of the four titania-based catalysts and a TiO2
support as a reference. Each catalyst showed different
reduction peaks over TiO2, which indicated that each catalyst
was impregnated over the support, despite the dopant being
undetectable by XRD analysis. The reduction graph of the
TiO2 support used as a reference consists of two reduced
peaks. The maximum temperature peak (Tmax) was detected at
high-temperature reduction between 650 and 820 °C
attributed to the reduction of Ti4+ oxide to Ti3+ oxide with
further reduction at >820 °C to Ti3+ oxide.29 Similarly, Al/Ti
and Zr/Ti oxide catalysts showed no reduction peaks of ZrO2
and Al2O3 over the TiO2 support below <550 °C due to the
poor reducibility of both metal oxides,30 while the reeducation
peak at >550 °C is attributed to the reduction of Al−O−Ti
and Zr−O−Ti along with reduction of Ti4+ oxide to Ti3+
oxide. On the other hand, the middle-range reduction peaks
showed by V/Ti and Ir/Ti are attributed to the reduction of
the metal oxide dopant over TiO2 between 200 and 650 °C, as
observed in earlier studies,31−33 which is essential to promote
reaction activity.

3.3. Catalyst Acidity. The catalyst acidity of the prepared
titania-based catalysts was analyzed by NH3-TPD. Figure 4B
shows that each titania-based catalyst has slightly different
acidity strength compared to the others. While the Zr/Ti oxide
catalyst showed a wider acidity peak from 150 to 650 °C
among other catalysts, the observed acidity peak of NH3
desorption for the Al/Ti oxide catalyst shifted between 100
and 550 °C.34,35 Table 1 lists the surface acidity of each
catalyst, and it was observed that they had low acidity in the
following order TiO2 < Ir/Ti < V/Ti < Zr/Ti < Al/Ti.

3.4. Catalyst Basicity. Ultimately, the surface basicity of
titania-based catalysts was enhanced, with the CO2 adsorption
being much more prominent compared to the original basic
sites of TiO2, as shown in Figure 5. Ye et al.

36 observed that
titania-based catalysts showed strong chemisorption of CO2,
which was retained considerably at higher temperatures
between 600 and 1200 °C. The CO2 adsorption over titania-
based catalysts is illustrated in Table 1, and three CO2
desorption temperature regions of basic sites were recognized
over titania-based catalysts.37−39 The first region is the weak
basic sites of CO2 between temperatures 35 and 325 °C, likely
related to bicarbonate species,38−42 while the stronger basic
sites at higher-temperature CO2-TPD at 325−725 °C
represented the bidentate carbonate intermediate with strong
sites of CO2 linked with the less oxide coordination state of
titania-based catalysts and were likely related to basic surface
oxygen anions.38,39,43−46 The highest temperature region >725
°C represented the oxycarbonate, which is attributed to strong
basic sites and favors high-temperature decomposition.38,39

Specifically, the addition of noble and transition metals to
titania-based catalysts led to significantly more basic sites,
indicated by the more than 1.7−2.7-fold increase in peak
intensity between 35 and 725 °C incorporated with TiO2,
compared to the original support. The amounts of basic sites
decreased in the following order TiO2 < Zr/Ti < Ir/Ti < Al/Ti

Figure 2. XRD chromatogram of titania-based catalysts (A: anatase of
TiO2).
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Table 1. BET, NH3-TPD, and CO2-TPD of Titania-Based Catalystsa

catalyst
BET surface
area, m2/g

pore volume
cm3/g

average pore
diameter, nm

adsorbed NH3
μmol/g

adsorbed CO2
35−325 °Ci mmol/g

adsorbed CO2
325−725 °Cii mmol/g

adsorbed CO2
>725 °Ciii mmol/g

Ti oxide 11 0.10 38.1 45
5% Zr/Ti
oxide

27 0.22 34 215 0.74 2.55 2.19

5% Al/Ti
oxide

94 0.19 85 220 1.41 4.89 12.85

5% V/Ti
oxide

55 0.20 125 205 1.33 5.87 11.22

1% Ir/Ti
oxide

45 0.24 140 190 1.14 3.48 9.57

a(i) Weak basic sites and (ii) strong basic sites of the bidentate carbonate intermediate and (iii) strong basic sites of oxycarbonate.

Figure 3. SEM and EDS metal mapping of titania-based catalysts: (A) Zr/Ti oxide, (B) Al/Ti oxide, (C) Ir/Ti oxide, and (D) V/Ti oxide.

Figure 4. (A) H2-TPR and (B) NH3-TPD diagrams of titania-based catalysts.
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< V/Ti, as shown in Table 1. Overall, the titania-based
catalysts exhibited little increase in acidity and a significant
increase in basic sites, which are essential conditions for surface
adsorption to accommodate more CO2 for the bidentate
carbonate intermediate47 and C−C bond dissociation48

reactions, which are the main desired reactions for higher
dry reforming of propane.

3.5. CO2 and Propane Conversion over Titania-Based
Catalysts. The study investigated the use of excess CO2 to
maximize its utilization and limit the production of multiple
dry reforming byproducts (methane, ethane, ethylene, and
propylene) that may reduce syngas (CO and H2) production.
The titania-based catalysts were demonstrated to be highly
reactive catalysts for the dry reforming reaction due to an
increase in the surface acidity and basicity (Figures 4B and 5),
achieving high propane conversions that increased from 21%
without a catalyst to 93 and 72.4% over V/Ti and Ir/Ti oxide
catalysts, respectively. Similar ranges of propane dry reforming
conversions were obtained by Sudhakaran et al.21 while the
reforming was conducted at a higher temperature (750 °C)
over a NiCe oxide-based catalyst. Each catalyst showed
different conversions of CO2, as shown in Figure 6. Ultimately,

both CO2 and propane conversion increased for each catalyst
in the following order of Zr/Ti < Al/Ti < Ir/Ti < V/Ti oxide
catalysts. The catalytic stability test of propane conversion
during dry reforming was investigated using four catalysts at
600 °C. Figure 7 shows the time-on-stream (TOS) of propane
dry reforming performance for 5 h and a successfully stable

conversion of propane over four catalysts. The V/Ti oxide
catalyst showed the highest conversion of propane, followed by
Ir/Ti oxide. The carbon balance of propane dry reforming over
Ir, V, Al, and Zr over TiO2 catalysts is shown in Table S6 with
a deviation of ±5%.
The actual molar consumption ratio of CO2 per propane

(mol/mol) during the dry reforming reaction was analyzed, as
presented in Figure 8. It was calculated that the CO2/propane

ratio consumed during propane dry reforming was in the range
of 5.4−5.7 for the Al/Ti and Ir/Ti catalysts. On the other
hand, the V/Ti oxide catalyst utilized the highest CO2/
propane ratio, consuming around 5.7 CO2 moles per mole of
propane. In contrast, a low CO2/propane ratio was maintained
over the Zr/Ti oxide catalyst (around 2.4), which is slightly
higher than noncatalytic dry reforming, which was around 1.8.
Accordingly, the catalytic dry reforming of propane over
titania-based catalysts based on titania support showed higher
CO2 consumption levels than the theoretically suggested CO2/
propane ratio in the range of 3.15,21 The presence of excess
CO2 derived more bidentate carbonate intermediate, which
enabled each catalyst to additionally consume different
amounts of CO2, depending on the extent of reaction routes
between CO2 and intermediate radical species generated
during carbon−carbon bond dissociation of propane over each
catalyst.

3.6. Product Selectivity over Titania-Based Catalysts.
The selectivity of syngas and byproducts from propane dry
reforming was investigated over all prepared titania-based
catalysts supported by titania. Although high propane and CO2
conversions were achieved in excess of CO2, as depicted in
Figure 6, the generation of byproducts limited the extent of the

Figure 5. CO2-TPD diagram of titania-based catalysts [(i) weak basic
sites and (ii) strong basic sites of the bidentate carbonate intermediate
and (iii) strong basic sites of oxycarbonate].

Figure 6. Dry reforming of propane at 600 °C in excess of CO2:
propane and CO2 conversion.

Figure 7. Time-on-stream of propane conversion at 600 °C in excess
of CO2.

Figure 8. Consumed CO2 during propane dry reforming at 600 °C in
excess of CO2.
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increase in dry reforming performance. Figure 9A shows that
the highest byproduct (methane, ethane, ethylene, propylene)
selectivity (47.2%) was obtained from a dry reforming reaction
of the 5% Zr/Ti oxide catalyst. In contrast, the selectivity of
byproducts dropped significantly to 6.4% when the Ir/Ti
catalyst was introduced for dry propane reforming. Methane
gas was the main observed byproduct from propane dry
reforming, indicative of more carbon−carbon bond dissocia-
tion of propane over the catalyst, as observed by Raberg et al.19

In comparison, the Ir/Ti catalyst delivered a higher hydrogen
selectivity (18.5%) than V/Ti (17%, Figure 9B). Similarly, the
V/Ti oxide catalyst showed the highest propane conversion of
around 93% (Figure 6) and showed a low byproduct selectivity
of methane, ethane, ethylene, and propylene of around 14.9%.
Moreover, the highest selectivity to byproducts during catalytic
dry reforming was obtained over Al/Ti and Zr/Ti and was
around 16.6 and 47.2%, respectively. Figure 9B,C shows the

increase in hydrogen and carbon monoxide selectivities with
the increase in propane conversion. Specifically, the Ir/Ti, Al/
Ti, and V/Ti oxide catalysts achieved the highest selectivity
toward hydrogen and carbon monoxide. The lower hydrogen
selectivities obtained for some catalysts are attributed to the
reaction of CO2 with intermediate radical species (e.g., methyl
radicals) and reverse water−gas shift (RWGS), which tend to
produce more CO rather than hydrogen abstraction via the
dehydrogenation route, as described in eqs 6 and 7.

* + *

* + + *
reaction of intermediate with adsorbed CO : CH CO

CH O CO
2 3 2

3 (6)

* * * + *

+ * + *
H react with CO via RWGS reaction: CO H

CO HO
2 2

(7)

Figure 9. (A) Selectivity of byproducts versus H2. (B) Selectivity of H2 versus propane conversion. (C) Selectivity of CO versus CO2 conversion of
dry reforming over titania-based catalysts in excess of CO2 at 600 °C.

Figure 10. (A) Selectivity of H2 versus CO. (B) CO/H2 ratio of dry reforming of propane using titania-based catalysts in excess of CO2 at 600 °C.
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3.7. Syngas versus the CO/H2 ratio. Figure 10A,B shows
syngas (CO and H2) selectivity and the CO/H2 ratio obtained
from propane dry reforming over synthesized four titania-
based catalysts. In excess of CO2, the thermal noncatalytic dry
reforming route showed a substantial level of CO selectivity
(26.8%), indicating that H2 was considerably consumed
through the RWGS reaction. Utilizing the Zr/Ti oxide catalyst
increased the CO selectivity to be 5.8 times higher than that
for H2. Although the highest CO selectivity was achieved over
the Al/Ti (73.4%), V/Ti (68%), and Ir/Ti (75.2%) oxide
catalysts, the CO/H2 ratio decreased from 7.4 to ∼4, higher
than the theoretical value (2.5; eq 3). The adsorbed CO2
promoted the reactions with intermediate radical species from
propane bond dissociation of C−C and promoted more
RWGS reactions, leading to the production of more CO
product. The CO/H2 ratio gradually declined over V/Ti and
Ir/Ti oxide catalysts as a result of more hydrogen being
released from the catalyst surface from the C−H bond
dissociation,16 as described by eqs 8 and 9.

* + *

* + *
dehydrogenation of propane: C H 2

C H 2H
3 8

3 6 (8)

* + *

* + * + * + * + *
C C bond dissociation: 2C H 4

C H C H CH CH 2H
3 8

2 4 2 5 3 2 (9)

* + *

* + *
dehydrogenation of propane: C H 2

C H 2H
3 8

3 6 (10)

* + * * + *byproduct of methane: CH H CH3 4 (11)

* + * * + *byproduct of ethane: C H H C H2 5 2 6 (12)

* + *byproduct of ethylene: C H C H2 4 2 4 (13)

Accordingly, excess of the CO2/propane ratio by introducing
more CO2 to the reaction was shown to be an effective
approach in improving conversions in propane dry reforming
at 600 °C.14 Specifically, adsorption of more CO2 over the
catalyst permitted more reactions with radical intermediate
species, thereby limiting the byproduct of propylene, ethylene
ethane, and methane over the Ir/Ti, V/Ti, and Al/Ti oxide
catalysts. The C−C bond dissociation of propane over the
catalyst results in forming several radical intermediate species
that can react with adsorbed hydrogen to generate undesired
byproducts such as ethane and methane via the hydrogenation
route, as described in eqs 9−13. Erdöhelyi et al.17
demonstrated that the reaction of adsorbed CO2 with the
radical intermediate species of methane (CH3*, CH2*, CH*,
and H*) led to more CO, H2, and intermediate hydroxide
(HO*). Bradford and Vannice18 noted that adsorbed
hydroxide is a reactive radical that can participate in reactions
with intermediate radical species to generate more H* and
H2O. Likewise, in a large amount of CO2, intermediate species
based on ethylene and ethane (C2Hx*) would also be readily
reactive with adsorbed CO2, causing more CO formation.
In summary, the synthesized titania-based catalysts displayed

a unique combination of surface acidity and basicity, which was
instrumental in achieving a high level of CO2 utilization. This
was evidenced by CO2/propane consumption ratios ranging
between 5.4 and 5.7, particularly noted in the Al/Ti, Ir/Ti, and
V/Ti oxide catalysts. Among these, the Ir/Ti and V/Ti oxide

catalysts stood out for their higher middle-range reduction
peaks, indicating their enhanced reactivity and efficiency in
converting propane.
The V/Ti oxide catalyst was particularly noteworthy for its

14.9% selectivity toward byproducts, primarily consisting of
methane, ethane, ethylene, and propylene. On the other hand,
the Ir/Ti catalyst demonstrated the lowest selectivity toward
such byproducts, including methane, highlighting its superior
selectivity for hydrogen production. This suggests that while
both catalysts are highly effective in propane conversion, they
exhibit distinct selectivity profiles, with the Ir/Ti catalyst
showing a marked propensity for hydrogen generation. These
findings underscore the potential of these titania-based
catalysts in refining the processes of propane conversion and
syngas production. Future studies will extend time-on-stream
experiments to more thoroughly evaluate catalyst stability,
conversion, and syngas selectivity, especially for the Ir/Ti
catalyst.

4. CONCLUSIONS
In the study of propane dry reforming with excess of CO2, Ir/
Ti and V/Ti oxide catalysts emerged as highly reactive options.
These titania-based catalysts displayed an increase in surface
acidity and a notable augmentation in basic sites, particularly in
bidentate carbonate intermediates. This enhancement is
essential, as it creates an optimal surface condition for
adsorption, allowing for increased accommodation of CO2
and propane. This, in turn, facilitates more effective C−C bond
dissociation, which is key to achieving a higher efficiency in dry
reforming. Remarkably, the highest propane conversion was
achieved with these catalysts, specifically Ir/Ti and V/Ti, due
to their superior ability to dissociate C−C bonds and their high
selectivity for hydrogen abstraction via the C−H dehydrogen-
ation of propane. Furthermore, both catalysts made the highest
CO selectivity, attributed to the promotion of more CO2
reactions with intermediate radical species arising from C−C
bond dissociation in propane, as well as from the reverse
water−gas shift (RWGS) reaction. The study also highlighted
that the presence of excess CO2 allowed each catalyst to
consume varying amounts of CO2. This consumption is
dependent on the extent of the reaction pathways between
CO2 and the intermediate radical species, indicating a stable
interaction between the catalysts and the reactive environment.
This conclusion underscores the potential of Ir/Ti and V/Ti
oxide catalysts in enhancing the efficiency and selectivity of
propane dry reforming processes, particularly under CO2-rich
conditions.
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