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Introduction

The conversion of CO, into valuable chemicals and
fuels represents a sustainable approach to addressing
climate change and reducing dependence on fossil
fuels [1]. Moreover, the direct hydrogenation of
CO, into hydrocarbons is an attractive pathway for
producing liquid fuels [2]. In this study, we focus on
the development of a hybrid catalyst system composed
of CuO and ZSM-5, which has shown promise in
previous research due to its bifunctional catalytic
properties. The catalytic process involves the initial
activation of CO, on the CuO component, followed by
subsequent reactions facilitated by the acidic sites of
the ZSM-5 zeolite [3]. Furthermore, this combination
aims to leverage the strong CO, adsorption and
activation capabilities of CuO and the hydrocarbon
synthesis and isomerization properties of ZSM-5
[4]. In addition, the main challenges in this process
include achieving high selectivity for gasoline-range
hydrocarbons and maintaining catalyst stability
under reaction conditions. Ultimately, this paper
details the preparation and characterization of the
CuO/ZSM-5 catalyst, explores the impact of various
reaction parameters on performance, and evaluates
the long-term stability of the catalyst under optimized
conditions.

Materials and Methods
The CuO/ZSM-5 catalyst was prepared via the
impregnation method. The process involved dissolving

Accepted: December 04, 2024

copper nitrate in distilled water, followed by the
addition of ZSM-5 powder. The mixture was stirred,
dried, and calcined at 500 °C to form the final catalyst.
Characterization techniques included:

- X-ray Diffraction (XRD) for crystalline structure
analysis.

- Brunauer-Emmett-Teller (BET) surface
measurement for surface area and porosity.

- Temperature-Programmed Desorption of Ammonia
(TPD-NH3) for acidity determination.

Catalytic performance tests were conducted in a
fixed-bed reactor. The effects of reaction temperature
(280-380 °C) and H/CO, ratio (1:1 to 3:1) on
CO, conversion and hydrocarbon selectivity were
systematically studied.

arca

Result and Discussion

The XRD results confirmed the successful
incorporation of CuO into the ZSM-5 framework
without significant phase separation. BET analysis
showed a moderate decrease in surface area compared
to pure ZSM-5, indicating the presence of CuO within
the pores.

Fig. 1 illustrates the effect of reaction temperature on
product distribution. An increase in temperature from
280 °C to 320 °C resulted in higher CO, conversion
and increased selectivity towards gasoline-range
hydrocarbons (C,,). However, temperatures above 320
°C led to arise in methane (CH,) selectivity, indicating
the onset of secondary cracking reactions [5].
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Fig. 1 The effect of reaction temperature on the distribution
percentage of different hydrocarbon products (space velocity
=6.5 Lgcat™' h™', pressure = 3 bar, H,/CO, = 3 and reaction
time= 10 h).

Fig. 2 depicts the stability of the CuO/ZSM-5 catalyst
over a 95-hour reaction period. Furthermore, the
catalyst maintained a steady CO, conversion rate
of approximately 36.5% with minimal decline,
demonstrating its robustness. Moreover, the slight
deactivation observed over prolonged use was
attributed to possible coking and metal sintering [6].
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Fig. 2 Stability of catalyst. Reaction conditions: reaction
temperature 320 °C, space velocity =6.5 Lgcat' h™!, pressure
=3 bar, H/CO, = 3.

Optimal catalytic activity was achieved at a reaction
temperature of 320°C and an H,/CO, ratio of 3:1,
maintaining these conditions for 10 hours. Under these
conditions, the CO, conversion rate reached 36.2%,
with a C_" hydrocarbon selectivity of 61.7%.

Conclusions
The study presents a promising hybrid catalyst for the

direct conversion of CO, to gasoline hydrocarbons.
The CuO/ZSM-5 catalyst exhibits high selectivity
for gasoline-range hydrocarbons under optimized
conditions. Stability tests indicate the -catalyst's
potential for long-term use, making it a viable option
for sustainable fuel production. Future work will
focus on further enhancing catalyst performance and
exploring the scalability of the process.
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