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ABSTRACT
Ruthenium, nickel, cobalt and iron are transition metals that have proven to be active in
Fischer-Tropsch synthesis. They are located in subgroups eight to ten. Ruthenium has a very
high FT activity.
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INTRODUCTION
Lower olefins are the basic carbon-based building blocks, usually referring to ethylene,
propylene and butylene, which are widely used in the chemical industry and are traditionally
produced by thermal or catalytic cracking of a range of hydrocarbon feedstocks such as
naphtha and gas oil [1]. Olefins with C2 to C4 are traditionally produced from steam cracking
of naphtha. The need for alternative routes to produce these basic commodity chemicals
through non-petroleum-based processes has fueled research during past oil crises. Currently,
due to high oil prices, environmental regulations and strategies to achieve independence from
oil imports, there has been renewed interest in producing lower olefins from alternative
feedstocks such as coal, syngas, natural gas or biomass [2]. Literature reviews show that
studies on the effect of Fe crystal size have been conducted on unpromoted carbon and y-Al2O3
supported catalysts. Under the following conditions (1 bar, 275 °C va Hs CO = 3), The small
size of Fe particles (<1.6 nm) leads to low cycle frequencies, low methane selectivity and high
olefin to paraffin (O/P) ratios for CO hydrogenation. A subsequent study found similar trends
for methane selectivity and TOF with increasing iron (carbide) particle size. However, they
observed higher O/P ratios for catalysts with larger Fe particles. The discrepancy in the results
is due to the different test conditions used in the study. (1 bar, 200 °C and H2/CO = 2). Both
studies showed that carbonaceous catalysts were more selective towards olefins than samples
prepared with y-AloOs as a support[3]. Short-chain olefins (Cs-Cs) form the basis of many
plastics that have become an integral part of our world today, and the olefin-based polymer
industry accounts for approximately 20% of the annual production value of the chemical
industry in Uzbekistan. [4]. Olefins are traditionally produced from crude oil by steam
cracking. Therefore, there is great interest in developing alternative routes for the production
of olefins. In 2017, 152 million tonnes of ethylene and 102 million tonnes of propylene were
produced.[5] Based on the carbon balance, 800 million tonnes of COgz could be used to
synthesize olefins.[6] One way to convert CO: emissions into short-chain olefins, in
combination with sustainably produced hydrogen from plastic pyrolysis or CO2-containing
synthesis gas, is through Fischer—Tropsch synthesis (FTS), a polymerization reaction that can
produce a wide range of products depending on the catalyst selected. In the classical FTS
process, CO is hydrogenated with Hz over iron and cobalt catalysts to produce CHz fragments,

52



- = ,-k'.

F = 3 = S =
GALAXY INTERNK'I‘IONAL INTERDISCIPLINARY RESEARCH J ﬁNAL (GIIRJ )
—~ISSN (E): 2347-6915

~ Vok-13, Issue 3March (2025)

which are then assembled into hydrocarbon chains. Since COz is not directly converted to
Fischer—Tropsch products, if CO2 emissions are to be recycled, the reverse gas shift reaction
of water to CO must first occur. This combination of endothermic equilibrium and strongly
exothermic FTS can be carried out in two separate or combined reactor units.[7] Due to the
opposing reaction enthalpies, direct thermal integration is a significant advantage of
combining the two reactions in a single reactor. In addition, equilibrium shifts can be achieved,
as CO 1is converted to valuable products through a series of irreversible sequential reactions
during FTS. As a result, a catalyst system that catalyzes both the shift reaction and the FTS
is required. Iron meets these requirements.[8] Many academic studies describe the use of iron
catalysts in AGVs.[9-11] Apart from solid catalysts, the focus here is on supported systems. In
particular, carbon-based iron catalysts are of increasing interest in this context.[12-14] In
general, carbon materials are characterized by their chemical inertness and easily tunable
structure. This leads to a uniform distribution of metal components on the carbon
surface.[15,16] Regarding FTS, C-supported iron systems are characterized by easier redox
reactions compared to conventionally used inorganic support materials such as SiO2 and
Al203. The metal-support interaction is less pronounced. This facilitates the conversion of iron
oxide species into FT-active carbides. Carbidization of elemental iron is also promoted.[17,18]
In addition, carbon-iron systems have excellent sintering resistance, as demonstrated by the
use of carbon nanotubes (CNTSs).[19,20] Iron catalysts are versatile FTS catalysts at different
operating temperatures, allowing the production of a wide range of products. A paraffin-rich,
high molecular weight product can be synthesized at temperatures below 240 °C, while an
olefin-rich, short-chain product can be synthesized at temperatures above 300 °C [21]. Iron
catalysts for Fischer—Tropsch synthesis can be categorized according to the production
method, such as soaking, melting, and soaking catalysts [22]. Precipitated catalysts made of
iron, copper, potassium, and silica have surface areas ranging from 100 to 400 m2 g-1; the
surface area is strongly dependent on the composition [22].

Ruthenium, nickel, cobalt, and iron have proven to be active in the Fischer—Tropsch synthesis.
They are found in subgroups eight to ten.[23—-25] Ruthenium has a very high FT activity. It is
highly selective for the formation of long-chain hydrocarbons at temperatures below 150 °C.
However, operating pressures of over 100 bar are required. Furthermore, ruthenium is 30,000
times more expensive than iron and is one of the rarest non-radioactive elements on Earth. As
a result, ruthenium is excluded from large-scale use as a Fischer—Tropsch catalyst.[24] Nickel
is relatively abundant and has a low cost. However, the use of nickel mainly results in the
formation of methane.[25] The production of linear alpha-olefins (a-olefins) is a practical way
to increase the economic potential of the Fischer—Tropsch synthesis (FTS) due to their
importance as chemical intermediates. Our study focused on the optimization of Na-promoted
FelZn1.20x catalysts for the selective conversion of syngas to linear a-olefins via FTS at 340
C and 2.0 MPa..

Stoichiometry of reactions

FTS is a very complex reaction system, giving a variety of products. The reactions in the FTS
process vary depending on the catalyst and the operating conditions used. The main general
reactions in FTS are the following equations [26]:
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Formation of linear paraffins

(2n + 1)Hz + nCO = CnH2n+2 + nH20 (1.1)

(n + 1)Hz2 + 2nCO = CnH2n+2 + nCO2 1.2)

Olefins

2nH, + nCO = CnHan + nH20 (1.3)
nHo + 2nCO = CnHaon + nCO9 (1.4)

Formation of alcohols and aldehydes:

2nHs + nCO = CnHan+10H + (n — 1)H20 (1.5)
(2n + 1)H2 + (n + 1)CO = CnH2n+1CHO + nH20 (1.6
Water Gas Shift (WGS) Reaction:
H>0 + CO=CO2+ Ho 1.7

Methane formation and the Boudouard reaction (main side reaction):

3H2+ CO = CH4 + H20 (1.8

2CO0=C0O2+C (1.9)

The product distribution in FTS depends largely on the type of catalyst chosen and the process
conditions.[8] The main reactions produce unsaturated (olefin):

n CO + 2n Hz — CnHzn + n H20 (Olefine) (2)

Transition metals from groups 8—10 are generally suitable as catalysts for CO hydrogenation
in decreasing order of activity.: Ru > Fe > Ni > Co > Rh > Pd > Pt.[27].

Iron catalysts are versatile FTS catalysts with a wide range of operating temperatures,
allowing for the production of a wide range of products. A paraffin-rich, high molecular weight
product can be synthesized at temperatures below 240 °C, while an olefin-rich, short-chain
product can be synthesized at temperatures above 300 °C [28]. Iron catalysts for Fischer—
Tropsch synthesis can be classified according to the production method, such as soaking,
melting, and evaporation catalysts [29]. Precipitated catalysts made of iron, copper,
potassium, and silica have surface areas ranging from 100 to 400 m2 g-1; the surface area is
strongly dependent on the composition [29]. Soaked catalysts are mainly used in low-
temperature applications (200 to 240 °C) [11, 15]. Solution catalysts with less than 10 m2 g-1
have the lowest surface areas of iron catalysts [30]. They have no pore volume in their raw
state and are therefore not formed except during shrinkage [31]. They are used for high
temperature applications (300 to 350 °C) [32] and therefore in fluidized cases [33]. Iron
sintered catalysts have been developed for the production of short chain olefins and consist of
a mixture of iron, copper and potassium oxides [34]. Zinc oxide is also added to limit the chain
length and increase the proportion of olefins [35]. The surface area (70 to 100 m2 g -1) as well
as the total pore volumell lie under the precipitation catalysts; the synthesized catalysts have
not yet been used on an industrial scale [36]. For iron catalysts, metallic iron is not considered
the active component of the FTS, but rather iron carbides have been assigned this role [37].
The carbides are formed during the activation step, which is called formation. However,
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hematite Fe2O3 [153], magnetite Fe3O4 [38] or metallic a-iron-carbide mixtures [39] have also
been reported in the literature as possible active components. It is known that iron catalysts
can be used as a C source with COsz and are still a subject of research [40]. Riedel et al. showed
that the product distribution and olefin composition remain the same for C sources CO and
COg, but the yield of organic components decreases slightly for CO2/CO ratios greater than 1:1
[41]. The addition of metal oxides Al2Os, TiOs Cr203, MgO, MnO and CaO increases the high
metal surface area and overall mechanical stability; they act as structural promoters [42].
Copper is mainly used as a reduction promoter in iron catalysts, but it helps to increase the
WGS activity [43]. When using copper, the development of secondary reactions due to the
increased readout capacity should also be taken into account [44]. Alkali metals such as
potassium reduce the binding energy of hydrogen to iron [45]. This means that less hydrogen
is available on the surface for hydrogenation reactions and the olefin content in the product
increases [46]. Fe catalysts are prone to coking, sintering and, for example, sulfur poisoning
[47]. In technical applications (LTFT), a service life of up to six months is the norm for iron
catalysts [48].

REFERENCES

1. Zhong, L., Yu, F., An, Y., Zhao, Y., Sun, Y., Li, Z., ... Wang, H. (2016). Cobalt carbide
nanoprisms for direct production of lower olefins from syngas. Nature, 538(7623), 84—87.

2. Torres Galvis, H. M., & de Jong, K. P. (2013). Catalysts for Production of Lower Olefins
from Synthesis Gas: A Review. ACS Catalysis, 3(9), 2130-2149.

3. Torres Galvis, H. M., Bitter, J. H., Davidian, T., Ruitenbeek, M., Dugulan, A. 1., & de Jong,
K. P. (2012). Iron Particle Size Effects for Direct Production of Lower Olefins from
Synthesis Gas. Journal of the American Chemical Society, 134(39), 16207—16215.

4. Verband der chemischen Industrie (VCI) e.V., "Daten und Fakten - Rohstoffbasis der
Chemieindustrie", 2020.

5. J. Schmitt, "Stoffstrombild Kunststoffe in Deutschland 2017", 2018.

6. Verband der chemischen Industrie (VCI) e.V., "Auf einen Blick - Chemische Industrie
2020", 2020.

7. B. Eskew, US Petrochemicals: The Growing Importance of Export Markets, Houston,
Texas, USA, 2018.

8. V. Dieterich, A. Buttler, A. Hanel, H. Spliethoff, S. Fendt, Energy Environmental Science
2020, 13, 3207.

9. H. Schulz, Applied Catalysis A: General 1999, 3.

10. M. E. Dry, Studies in Surface Science and Catalysis 2004, 533—600.

11. E. de Smit, B. M. Weckhuysen, Chemical Society Reviews 2008, 37, 2758.

12. J. Wang, Z. You, Q. Zhang, W. Deng, Y. Wang, Catalysis Today 2013, 215, 186.

13. F. Jiang, M. Zhang, B. Liu, Y. Xu, X. Liu, Catalysis Science Technology 2017, 7, 1245.

14. M. Oschatz, W. S. Lamme, J. Xie, A. I. Dugulan, K. P. de Jong, ChemCatChem 2016, 8,
2846.

15. K. Cheng, V. V. Ordomsky, M. Virginie, B. Legras, P. A. Chernavskii, V. O. Kazak, C.
Cordier, S. Paul, Y. Wang, A. Y. Khodakov, Applied Catalysis A: General 2014, 488, 66.

55



- = . - __ = = = = e E
= - - = - ~ =

GALAXY INTERNK'I‘IONAL INTERDISCIPLINARY RESEARCH J ﬁNAL (GIIRJ )
—~ISSN (E): 2347-6915

~ Vok-13, Issue 3March (2025)

16. V. P. Santos, T. A. Wezendonk, J. J. D. Jaén, A. I. Dugulan, M. A. Nasalevich, H.-U.
Islam, A. Chojecki, S. Sartipi, X. Sun, A. A. Hakeem et al., Nature Communications 2015,
6, 6451.

17. Valiant K. Jones, Loren R. Neubauer, Calvin H. Bartholomew, Journal of Physical
Chemistry 1986, 4832.

18. G. Yu, B. Sun, Y. Pei, S. Xie, S. Yan, M. Qiao, K. Fan, X. Zhang, B. Zong, Journal of the
American Chemical Society 2010, 132, 935.

19. R. M. M. Abbaslou, A. Tavassoli, J. Soltan, A. K. Dalai, Applied Catalysis A: General 2009,
367, 47.

20. M. C. Bahome, L. L. Jewell, K. Padayachy, D. Hildebrandt, D. Glasser, A. K. Datye, N. J.
Coville, Applied Catalysis A: General 2007, 328, 243.

21. Dry, M. E., ,,The Fischer—Tropsch process: 1950-2000,“ Catalysis Today, Jg. 71, Nr. 3-4,
S. 227-241, 2002. DOI: 10.1016/S0920-5861(01)00453-9.

22. Falbe, J., Hrsg.: Chemierohstoffe aus Kohle, ger, unter Mitarb. von Ahland, E.,
Sammelwerk, Mit 168 Tabellen, Stuttgart: Thieme, 1977, 445 S., ISBN: 3135445011.

23. G. P. van der Laan, M. Beenackers, Catalysis Reviews 1999, 41, 255.

24. M. A. Vannice, Journal of Catalysis 1977, 50, 228.

25. Kuybogarov O., Egamnazarova F., Jumaboyev B. STUDYING THE ACTIVITY OF THE
CATALYST DURING THE PRODUCTION PROCESS OF SYNTHETIC LIQUID
HYDROCARBONS //Universum: Texaundeckne Hayku. — 2023. — No. 11-7 (116).—C.41-45. 3.

26. Myprasaes @®.U., Hermaros X.U., Boitremupor 0O.9., Kyitbakapos 0.9., & Kapmmes M.T.
(2019). ITOJIVUEHUNE KOMITIO3UIIN HA OCHOBE CEPHBI 4
HU3KOMOJIERKYJIAPHOI'O ITOJINSTNIIEHA JIJIA JIOPOKHBIX n
CTPOUTEJIbHBIX MATEPUAJIOB. MesxxayHapoqHbIH akageMudecKkuii BecTHHE, (10),
102-105.

27. Kyit6orapoB 0.D., Bozopor O.H., ®aiisysutaes H.U., & Hypymnaes A.D.Y. (2022).
KATAJIMTUYECKUI CUHTE3 BBICOKOMOJIEKVJIAPHBIX VIJIEBOJIOPOJIOB
N3 CHUHTE3-TA3A B IIOJIMOYHKIINMOHAJIBHOM KATAJIM3ATOPE. Universum:
TexHU4Ieckue Haykw, (1-2 (94)), 93-103.

28. Kyitoorapos 0.9., Bosopos O.H., @aitzynnaes H.U., & Xaitmapos 0.Y.V. (2021). CUHTE3
BBICOKOMOJIERKVJIAPHBIX VIJIEPOJOB M3 CHUHTETHUYECKOI'O T'A3BA IIPU
VUYACTUU CO-FE-NIZRO2/BKI] (BEPXHUI KPBIMCKUI ITEOJINT). Universum:
TexHUYecKHue HaykH, (12-4 (93)), 72-79

29. Kyit6okapos 0.D., Illo6epauer O.A., Paxmaryiuraes K.C., & Myponysuraesa III. (2022).
ITOJIMOKCUJIHBIE KATAJIM3ATOPHEI IIEPEPABOTKN METAHA B CUHTES TI'AS.
Central Asian Research Journal for Interdisciplinary Studies (CARJIS), 2(5), 679-685.

30. Egamnazarova, F.D. (2022). KORROZIYANI BOSHQARISH JAHON
IQTISODIYOTINING DOLZARB MUAMMOS ISIFATIDA. O'ZBEKISTONDA
FANLARARO INNOVATSIYALAR VA ILMIY TADQIQOTLAR JURNALI, 2(14), 859-862

31. Egamnazarova, F. D. (2022). KORROZIYANI BOSHQARISH JAHON
IQTISODIYOTINING DOLZARB MUAMMOSI SIFATIDA. O'ZBEKISTONDA
FANLARARO INNOVATSIYALAR VA ILMIY TADQIQOTLAR JURNALI, 2(14), 859-862.

56



- irv

- 2 = == e
GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J Gﬁ!NAL (GIIRJ )
~ISSN (E): 2347-6915

~ Vok-13, Issue 3March (2025)

32. Dostqobilovna, E. F. (2022). EVALUATION OF THE QUALITY OF MULTIFUNCTIONAL
COATINGS AND SELECTION OF BASIC REQUIREMENTS TO ENSURE
OPERATIONAL RELIABILITY. American Journal of Research in Humanities and Social
Sciences, 5, 48-50.

33. Egamnazarova, F. D. (2023). METALLARNI KORROZIYADAN HIMOYA QILISH:
ZAMONAVIY TEXNOLOGIYALARI. QOPLAMA Innovative Development in Educational
Activities, 2(11), 430-434.

34. Do'stqobilovna, E. F. Organomineral materiallarga kerakli xususiyatlarniberish uchun
tarkibiy gismlarni o ‘rganish. American Journal of Research in Humanities and Social
Sciences, ISSN (E), 2832-8019.

S7



