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Abstract

Propylene is an important feedstock for manufacturing various products
such as polypropylene, polyacrylonitrile, acrolein, acrylic acid, and so
forth. Formerly, propylene was typically produced by fluid catalytic
cracking and steam cracking. Due to the significant demand growth for
propylene, direct production methods of propylene from the propane
dehydrogenation method have been highly noticed by industries.
The process of propane dehydrogenation has been commercialized by
different companies and the most critical differences among different
technologies are the type of reactor and their used catalyst.
Platinum-based catalysts are the most widely used ones in this
technology, and due to therr high price in new catalyst generation, it has
been attempted to use the least amount of platinum in the catalyst.
Therefore, this article discussed the process of dehydrogenation of
propane to propylene in general, then the platinum-based should be
examined in terms of active sites, bases used, and types of promoters to
increase efficiency. In conclusion, the patents related to the production of
platinum-based catalysts by UOP have been collected and discussed.
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Figurel. (I) Equilibrium conversion of propane as a function of temperature at constant pressure, (II) Equilibrium
conversion of temperature versus pressure at 600 °C, (III) Equilibrium conversion of propane with versus feed
volume at different temperatures and 0.1MPa[9].
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Figure 2. Propane dehydrogenation network (starred species are intermediate adsorbed species)[13].
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Table 1. summary of PDH industrial technologies.

Technology

Linde-Statoil

CATOFIN Oleflex
name
. CB&I-ABB UOP LLC
LIEE) Lummus (Honeywell)
developer  Adigbatic  Adiabatic < PPUNoe
fixed bed moving bed
Operation Cyclic Continuous Cyclic
Feed C3-C4 C3-C4 C3-C4
CrOx/Al203  Pt-Sn/Al203 Pt
- . - . Sn/ZnAl20-
Catalyst whit alkaline ~ whit alkaline 3/ CaAl203
promotor promotor
Catalyst Life 2-3 years 1-3 years -
T(0C) 565-649 550-620 550-590
P (bar) 0.3-0.5 2-3 5-6
Propane
Conversion 48-65 25 40
(%)
Propylene
Selectivity 80-88 89-91 89
(%)

Yarsintez Linde-BASF-Statoil SABIC
Snamprogetti (Sintef) Adiabatic
Fluidized bed Isothermal fixed bed fixed bed

Continuous Cyclic Cyclic
C3-C4 C3-C4 C3
Crox/Al203 Initially Cr-lﬁsed and now Pt
Whlrto?;lgetl:)lpe nanoparticle/hydrotalcite Sn/K/384APO-
P Mg(Al); Pt-Sn/ZrO2
535-590 590 560-600
0.5-1.5 1 0.1-6
40 30 48-65
89 90 88-93
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Figure 3. Propane dehydrogenation reaction on platinum-based catalysts[17].
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Figure 4. (a) HAADF-STM micrograph of Pt/silicalite-1 and its corresponding particle size distribution diagram,
(b) HAADF-STM micrograph of Pt/Sn-silicatelite-1 and its reciprocal particle size distribution[44].
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Table 2: Results of various investigations on propane dehydrogenation process using platinum-based catalysts.

Reaction Space Velocity?
Temp (°C) (hh

Catalyst

2Pt-0.6Sn/y-Al,03 42.9-39.2 97.5 ~39 8
2Pt-1.2Sn/y-Al,03 43.5-41.4 99.1 ~41.6 8
540 -- C3Hg/Ho/N,=6:2:42 [57]
2Pt-2.4Sn/y-Al,05 42.8-41.7 99.4 42~ 8
2Pt-3.6Sn/y-Al,03 42.8-41.8 99.4 ~42 10
PtSnin/0.8Zr-Al 600 WHSV=3.3 C3Hg/H,/Ar=8:7:35 55 98 ~53.9 25 [58]
PtSn/TS-1 600 WHSV=3 C3Hg/Ho/N,=1:1:4 53.5-47.5 ~92.5 ~46.25 7 [59]
500 29.4-27.8 93.7-99.2 ~26.88 240
0.5Pt/Mg(Sn)(AO WHSV=14 CsHs/H/Ar=1:0.5:2 [60]
600 48.3-43 86.4-98.1 ~41.2 48
Pt/0.5Sn-SBA-15 580 WHSV=8.25 CsHg/ Ar=7:3 43.8 98.5 43.14 6 [60]
Pt-Sn/SiO, 500 WHSV=47 CsHg/ No=1:4 27 99.5 26.86 8 [45]
PtIn/Mg(AI)O 620 WHSV=3.3 CaHe/HA/Ar=8:7:35 69 98 67.62 30 [61]
WHSV=98.3 31.9-18.2 99 ~24.75 20
GaPt/SiO, 550 WHSV=43.3 CsHg/ Ar=7:3 36.5-26.9 90.9-82.8 ~27 20 [62]
WHSV=2 40.7-38.5 63.5-70.1 ~26.8 20
0.1Pt10Cu/Al,03 520 WHSV=4 C3Hg/Ho/N,=4:4:17 131 90 11.79 120 [63]
Pt-Sn/0-Al,03 620 WHSV=6 CsHg/ N»=1:10 60.1 717 42.7 [64]
Pt-Sn-La/y-Al,0; 600 C3Hz=80ml/min 47.8 84 4015 14 [65]
Pt-Cu/MgAl,0, 25.7-21 87.5-93.1 20.7 24
Pt-Ag/MgAl,0, 580 WHSV=6.8 CiHg/H/Ar=19:19:1  30.6-16.7 85.1-95 ~216 24 [23]
Pt-Au/MgAl,O, 33.7-16.6 60-88.2 ~17.28 24
3AWHSV: weight hourly space velocity (h™); GHSV: gas hourly space velocity (h™); ® total time of a single cycle/experiment.

Converion | Selectivity
(%) (%)

Catalyst
Life® (h)
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Table 3. A summary of UOP catalysts[17].
Composition
0.7-0.75 wt%Pt, 0.5wt% Sn, 3.5-4.4 wt% alkali metal on

1990-1991

alumina

1992 DeH-8 0.75 wt%Pt Increased Life Time
1994 DeH-10 0.6 wt%Pt Increased selectivity 3wt%
1997 DeH-12 0.45 wt%Pt Increased Life Time
2001 DeH-14 0.45 wt%Pt Increased Life Time
2003 0.45 Wt9%Pt, 0.2Wt% Sn, 0.7-1 wt% K on alumina Catalyst having PUSn molar ratio 1.5-L.7 showed
higher conversion for the first 30 hr than that
2003 0.45 wt%Pt, 0.17wt% Sn, 0.7-1 wt% K on alumina having Pt/Sn 1.37
Less Pt, less oligomer
Circulating ABD*: 588kg/m3
2006 DeH-16 0.3 wt%Pt Static ABD: 620 kg/m3
Shape: spherical
Particle diameter: 1.6 mm
*ABD: average bulk density
1. Gasoline 2. Pacol
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