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Abstract
This article presents a comprehensive review of the development and Received: 30 June 2024
application of non-platinum catalysts in the dehydrogenation processes of Accepted: 28 August 2024

light alkanes such as ethane, propane, and butane. Due to the crucial role of
light olefins in the production of polymers, everyday chemicals, and
petrochemical products, there is an increasing demand for environmentally
friendly and energy-efficient processes. While platinum and other precious
metals are traditionally used for their high catalytic activity and chemical
robustness, they also come with significant drawbacks, including high cost,
resource scarcity, rapid deactivation, and sintering issues. These challenges
have driven research into non-platinum catalysts as economical and efficient
alternatives. These catalysts, including metals such as chromium, gallium,
zirconium, and cobalt, can perform comparably or even better than
platinum-based catalysts under specific reaction conditions. Advantages of
these catalysts include easier availability, lower cost, and resistance to
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catalytic poisoning, making them attractive options for industrial use. This Keywords:
research begins by examining the dehydrogenation mechanisms and their Dehydrogenation,
importance in the petrochemical industry. It then describes and compares Olefins

the features, benefits, and drawbacks of existing non-platinum catalysts. .
Additionally, the potential of each catalyst to enhance process efficiency is Non-Platinum Catalysts,
evaluated, and the article discusses the challenges and strategies to address Light Alkanes,

them for further development of non-platinum catalysts in Environmental impact,
the dehydrogenation industry. Catalytic activity
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1. Steam Cracking

2. Fluid Catalytic Cracking

3. Methanol to Olefins

4. Fischer—Tropsch to Olefins
5. Oxidative Dehydrogenation
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Developer: Yarsintez-Snamprogetti
Reactor: Fluidized bed
Catalyst: CrO,/AlO, + alkali
Temperature: 535~600 °C
Operation: Continuous

Olefelx

Developer: UOP
Reactor: Adiabatic moving bed
Catalyst: PtSwALLO, + alkali
Temperature: 525~705 °C
Operation: Continuous

CATOFIN

Developer: CB&IABB Lummus
Reactor: Adiabatic fixed bed
Catalyst: CrOJALO, + alkali

Temperature: 560~650 "C
Operation: Cyclic

Developer: SABIC
Reactor: Fluidized bed
Catalyst: PtSn/K/ISAPO-34
Temperature: 560~600 "C
Operation: Continuous

C,Hyo = C4Hg + Hy (AHyog i = 115 k] mol™1) )
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Developer: Phillips
Reactor: Tubular fixed bed
Catalyst: PtSn/Zn-Al,0,/Ca0-Al, 0,4
Temperature: 480~620 °C
Operation: Cyclic

Developer: KBR
Reactor: Fluidized bed
Catalyst: Non-Pt, non-Cr
Temperature: ~600 °C
Operation: Continuous

Developer: Linde-BASF-Statoll
Reactor: Isothermal fixed bed
Catalyst: PtSn/ZrO,
Temperature: 550~650 "C
Operation: Cyclic

Developer: Dow Chemical Company
Reactor: Fluidized bed
Catalyst: PtGa-KiSi-Al,0,
Temperature: ~600 °C
Operation: Continuous
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Figure 1. Dehydrogenation technologies for the production of light olefins [15].
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Table 1. Summary and comparison of dehydrogenation process technologies for light alkanes [1,4]. \3 ay
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1. Heat Generating Materials
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Figure 2. Pathway and side reactions in the propane dehydrogenation process [9].

1. Deep dehydrogenation
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Figure 3. Non-platinum catalysts used in the dehydrogenation process of light alkanes [4].

1. Ostwald Ripening

2. Particle Migration and Coalescence
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Table 2. Summary of data for chromium oxide-based catalysts.

Catalyst WHSYV (h) Conversion (%) Selectivity (%) Source
20 W:\:zilrz é:”t% 550 0.12 C3H9:6'31’:§§2:33'3‘ 37-47 80-89 [¥1]
Mes(‘;p\;’;ﬁ/:scf)“@ 580 6.47 CaHe=5, He=95 10-15.7 08 [vv]
1.5 Wt% Cr/SiOs 600 GHSV#=200 C3HB:$’:§502:30’ 25-43.9 85.1-95 [vv]
7.5 wt% C1/ALOs 600 216 CsHs=20, Ar=80 25.7-63 88-89 [vf]
10 wit% Cr/MCM41 630 11 CsHs=14, N,=86 24.9-49.7 84.7-90.4 [vol
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Figure 4. Structure and activity of Ga@SiO: and Ga@Al:Os catalysts in the propane dehydrogenation process [40].
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Table 3. Summary of data for gallium oxide-based catalysts.

Catalyst WHSYV (h™) Conversion (%) Selectivity (%) Source

Mesoporous Ga:0s-m 550 6.47 C:Hy=6.67, CO,=333, 37-47 80-89 [fv]
He=60
C3H8=2.5, [
g . g \ad
B-Ga:0s-54 500 0.81 o s 10-15.7 98
Pt:GaK/ALOs 620 6.47 CaHs=100 25-43.9 85.1-95 [f¥]
Ga-Sio: 500 0.30 CiHg=2.3, Ar=97.7 25.7-63 88-89 [fol
5 wt% Ga:05/SBA-15 620 0.6 C3Hg=5, Ar=95 24.9-49.7 84.7-90.4 [f7]
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Figure S. Display of different VO, states in V/AL:Os with varying vanadium loadings [S0].
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Table 4. Summary of data for vanadium oxide-based catalysts.

Catalyst WHSYV (h) Conversion (%) Selectivity (%) Source
12 Wi% VO,/y-Al,0; 600 33 C3Hs=28, H,=28, N,=44 37-47 ~94 [£v]
5.26 Wt% VO,/SiO; 580 0.59 CaHs=9.1, Ar=90.9 10-15.7 ~90 [o¥]
3.7 Wt% VO,/SIO; 580 0.59 CsHe=9.1, Ar=90.9 25-43.9 ~90 (0ol
29 W% VO,/y-Al,O; 600 0.88 CaHs=7.5, Ar=92.5 25.7-63 ~93 [o7]
6 W% VO,/y-Al,O; 600 8.25 CsHs=28, H,=28, N,=72 24.9-49.7 72-80 [av]
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Table S. Summary of data for zirconia oxide-based catalysts.

Catalyst WHSYV (h?)
1+0.5 wt% Ru/LaZrOx 550 23.6
1£0.5 wt% Ru/YZrOx 600 6.29
Zr0, 550 1.57
Cr20Zr80/SiO, 550 34.5

Conversion (%) | Selectivity (%) Source
C3Hs=40, N,=60 10 97 [#f]
C3Hs=40, N;=60 48.6 85 [#0]
C3Hs=40, N,=60 30 83 [#5]
C3Hs=40, N;=60 30 85 [#v]
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Table 6. Summary of data for indium oxide, cobalt oxide, and iron oxide-based catalysts.

Catalyst WHSYV (h™) Conversion (%) Selectivity (%) Source
1 Wt% Co-Zr/SiO; 550 0.13 CsHg=3, Ar=97 95 97 [v-]
5 wit% Co/Al,O; 560 0.44 Pure CsHs 25.7 38.6 (V1]
CaHg=1, N;=3.2,
5 Wt% Co/Al,O; sheet 590 29 B N 24.8 97 [vy]
H,=0.8
10 Wt% Fe,05/Al,0; 560 054 CsHg=99% 24 83.3 [vy]
3 Wt% Zn/Sio, >500 0.18 CsHg=3, Ar=97 ~50 > 95 [v¥l
CsHsZZ.S,
10 Wt% In,04/Al 1 21-24-21 (0. h 29-83- [val
0 Wt% In,05/Al,0; 600 0.15 010, NicB75 (0.5, 3, 8 hr) 9-83-85
2 Wt% In,05/Ga;0s 600 1.08 CaHg=5, N,=95 17.3 32.5-55 [vel
. CsH3=5, N2=95,
F 2.2 i [vv]
e/SiO, 600 5 135 50-15 95
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