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Research subject: Propylene is one of the most prominent gases due
to some valuable products and derivatives such as polymers, solvents,
dyes, etc., which makes it one of the most important building blocks in
the chemical industry. Due to the limitations of steam cracking and flu-
id catalytic cracking processes in terms of low selectivity, energy con-
sumption, and significant CO, emission, these processes cannot fulfill
the growing demand for propylene. In recent decades, the dehydroge-
nation of light alkanes to produce light olefins, especially propane dehy-
drogenation (PDH), has attracted much attention. Pt-Sn and CrOx cata-
lysts, which are widely used in this process, have good dehydrogenation
activity and selectivity. However, the limitations of price, deactivation,
and environmental problems are serious and have led researchers to
improve coking stability, sintering Pt catalysts, and find new and envi-
ronmentally friendly catalysts.

Research approach: One of the challenging issues in the PDH process
is achieving

appropriate catalyst. Several solutions, including modification of the
base and introduction of additives, have been proposed to enhance the
catalytic performance overcome the problems, and increase the resis-
tant stability of Pt, Cr catalysts. Understanding the structure-perfor-
mance relationship of catalysts during the PDH reaction is essential to
achieve innovation in new high-performance catalysts. This research
aims to introduce the characteristics of the dehydrogenation reaction,
the progress made in the development of the catalyst, and the existing
challenges. The properties of support, such as acidity, pore structure
and interaction between support and metal oxide, would influence the
distribution of active sites and resistance to coking and pore blocking.
This research provides a deep understanding of the reaction mechanism
and its role in the development and future directions of the catalyst for
practical and industrial development.

Main results: This study offers a detailed understanding of how the re-
action mechanism works and its significance in the development and fu-
ture directions of the catalyst for practical and industrial advancement.
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Figure 1. Various olefin production technologies [7]
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Figure 2. Reaction pathways commonly observed during the PDH
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Figure 3. Development of the representative propane dehydrogenation to propylene technologies [21]
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Figure 9. The relationship between selectivity and adsorption strength of catalyst active sites [7]
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Figure 10. Self-reassembled process of PtSn catalysts during regeneration-reaction cycle [56]
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Figure 11. Structure of (a) monochromate and (b) polychromate supported on a metal oxide [29]
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Figure 12. Mechanism of dehydrogenation reaction using Cr/Al,0, catalyst [9]
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Figure 13. Propane adsorption and activation on archetypical PDH catalysts [7]
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Table 1. Comparison of the characteristics of commercial and some novel dehydrogenation catalysts

Catalyst Advantages Disadvantages
High cost;
High selectivity to olefins; Sensitive to poisons, feed
High activity; purification is needed;
Pt-Sn Suitable for fixed-bed reactor and Complex regeneration
moving-bed reactor procedure;
Flue needs to be treated
before emission
H¥gh selc.ec_t ivity to olefins; Environmental problems;
CrOx High activity; Dispose of the waste catalyst
Suitable for fixed-bed reactor and
fluidized-bed reactor
Fast deactivation;
VOx High activity Activity cannot be fully
recovered by regeneration
Sulfur loss during the
NiS High activity; reaction;
Suitable for fluidized-bed reactor Corrosion of the equipment;
Environmental problems
gigﬂ Zi?‘fitw'lty to olefins; Sn loss during the reaction;
NiSn&Sn 5 b Reaction cycle is getting

Non-noble and environment-friendly;

Suitable for fixed-bed reactor

shorter after regeneration
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