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INFLUENCE OF HYDRIDE PHASE ON HYDROGENATION 

ACTIVITY OF THE COBALT INERMETALLIC ALLOY  
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This study evaluates the catalytic performance of the Cobalt inermetallic alloy and its 
hydride phase in the Fischer–Tropsch synthesis. Structural changes upon hydrogen 
absorption were characterized using X-ray diffraction and electron microscopy. The 
formation of the hydride phase was shown to significantly enhance hydrogenation kinetics, 
leading to improved reaction rate and hydrocarbon yield. These results provide valuable 
insights for the development and optimization of Cobalt inermetallic alloy-based catalysts 
in Fischer–Tropsch applications. 
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Cobalt-based alloys are highly effective catalysts for hydrogenation, 

particularly in converting carbon monoxide (CO) to hydrocarbons via Fischer–

Tropsch synthesis. Their catalytic activity, thermal stability, and durability under 

harsh conditions make them valuable for industrial and energy applications. A key 

factor in their performance is the formation of hydride phases on the cobalt surface 

in the hydrogenation, which can alter crystal structure, electronic properties, and 

surface chemistry, thereby influencing reactant adsorption, reaction pathways, and 

overall efficiency. The cobalt inermetallic alloy is especially promising due to its 

rare-earth and transition metal composition, promoting metastable hydride 
structures with favorable hydrogen transport. Understanding these hydrides is 

crucial for optimizing catalytic performance and advancing Fischer–Tropsch 

synthesis, hydrogen storage, and energy conversion technologies. 

In the Fischer–Tropsch process, the formation of metal hydrides, such as 

the hydride of cobalt inermetallic alloy, enhances catalyst performance by 

increasing hydrogen availability at the reaction interface and improving its 

mobility through the lattice. This promotes efficient hydrogen transfer to CO-

derived intermediates, accelerating hydrocarbon chain growth and enabling better 

control over product selectivity. 

The synthesis of the initial compound was carried out by arc melting with 

subsequent sintering and annealing at 500 ºС. Cobalt inermetallic alloy absorbed 

hydrogen at room temperature and a pressure of 10 bar while maintaining the 
structure of the original matrix. The amount of hydrogen adsorbed was 1.92 mass. %, 

hydride lattice parameters a = 7.5884(3)Å, dV/V = 22.7%. The hydrogenation 

reaction of carbon monoxide and carbon dioxide was carried out in flow mode at 
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a pressure of 1.5 atm, СО(СО2)/Н2 ratio was always kept constant at 1/4, 

WHSV = 2400 h-1 at 200–400 °С. The samples were pre-activated with hydrogen 

at a temperature of 400 °C for 1 hour [1]. 

The hydride demonstrated high activity in carbon oxide hydrogenation. 

Catalytic tests were performed in a fixed-bed flow reactor at temperatures between 

250 and 300 °C, pressures of 5–10 atm, and H₂/CO ratios of 3 and 4. At 300 °C 

and a pressure of 10 atm, the maximum yield of liquid hydrocarbons was achieved. 

CO conversion over the hydride is an order of magnitude higher compared to the 
intermetallic compound, whereas the difference in CO₂ hydrogenation activity was 

less pronounced. The catalytic properties of the alloy were also examined after 

activation in a hydrogen flow at 250 °C and 10 atm, since under these conditions, 

hydride formation was reported in [1]. The hydrogenation results after hydrogen 

activation were similar to those observed for the hydride, indicating that hydride 

formation had occurred. 

The intermetallic compound demonstrated catalytic performance 

comparable to that of an industrial cobalt-based catalyst evaluated under 

analogous conditions [2]. Catalyst stability tests conducted over a 24-hour time-

on-stream (TOS) period at 300 °C, 10 atm, and an H₂/CO ratio of 4 revealed that 

activity stabilized within 3–4 hours of operation. In CO₂ hydrogenation, methane 

was identified as the primary product, accompanied by minor quantities of C₂–C4 
hydrocarbons. An increase in the H₂/CO ratio above 4 led to a predominant rise in 

methane formation. 

The obtained results confirm the effectiveness of the catalysts for targeted 

conversion with high product quality. Both catalysts demonstrated activity in CO 

and CO₂ hydrogenation, with the hydride of cobalt inermetallic alloy exhibiting 

enhanced activity and selectivity compared to the alloy. This improvement is 

attributed to its superior hydrogen activation capability and increased surface 

chemical reactivity, which facilitate more efficient adsorption and dissociation of 

hydrogen molecules. A promising aspect of using metal hydrides is the 

significantly reduced formation of carbides and the extended lifetime of the 

catalyst. 

1. Shtender V.V., Denys R.V., Paul-Boncour V., Riabov A.B., Zavaliy I.Yu. 
Hydrogenation properties and crystal structure of YMgT4 (Т=Co, Ni, Cu) compounds 

// J. Alloys Compd. – 2014. – 603. – P. 7–13. 
https://doi.org/10.1016/j.jallcom.2014.03.030 

2. Congcong Niu C., Xia M., Chen C., Ma Z., Jia L., Hou B., Li D. Effect of process 
conditions on the product distribution of Fischer-Tropsch synthesis over an industrial 
cobalt-based catalyst using a fixed-bed reactor // Appl. Catal. A: Gen. – 2020. – 601. 
– № 117630. https://doi.org/10.1016/j.apcata.2020.117630  
 

 

https://doi.org/10.1016/j.jallcom.2014.03.030
https://doi.org/10.1016/j.apcata.2020.117630

	1. Title_P 1-2
	COVER
	TITLE
	CONTENT
	SECTION 1
	Chapter1
	Chornenkyi
	Kaniuk
	Rumiantseva
	Shtoyko
	Войтко
	Долінська
	Дубик
	Ліснічук
	Сапужак
	Чернобай

	SECTION 2
	Chapter2
	Halaichak
	Khaburskyi
	Vasyliev
	Vorobyova
	Дацко
	Сачанова
	Стаднік
	Ущаповський
	Шляхетка
	Штефан

	SECTION 3
	Chapter3
	Ivanov
	Kukhar
	Lavrys
	Lemishka
	Maksymiv
	Oshchapovsky
	Paientko
	Podhurska
	Serhiienko
	Tkachuk
	Zuber
	Ворон
	Галак
	Даниляк
	Каракуркчі
	Кононюк
	Лужний
	Проскурняк
	Райтер
	Скромна
	Стасишин
	Шиян

	SECTION 4
	Chapter4
	Ivantyshyn
	Lysechko
	Альохіна
	Коцюба
	Курапов
	Лозован
	Мельник
	Мінайлова
	Слєпко
	Сурядова
	Шарабура

	SPONSORS-title
	SPONSORS
	INDEX
	REAR COVER

