8th Asian Symposium on Advanced Materials, Novosibirsk 2023, 3-7 July

BORESKOV INSTITUTE
OF CATALYSIS

Nickel-tin alloy catalysts for liquid organic hydrogen

carrier dehydrogenation
Stepanenko S.A., Koskin A.P., Alekseeva M.V., Kaichev V.V. and Yakovlev V.A.

Boreskov Institute of Catalysis, Novosibirsk
E-mail: stepanenko@catalysis.ru

Introduction Hydrogen storage and transport technologies

Currently, there has been a significant increase in interest in alternative energy sources, primarily hydrogen, 4 Large-scale Energy consumption, LaNi5,
as a fuel with a zero-carbon dioxide emission [1]. The development of hydrogen energy, in addition to creating {_ . LT S E kJ/molH, CGH2) ~ Lh2 Mg2Ni NH3 | LOHC
methods for H, production [2], implies the elaboration of methods for its efficient storage and transportation '"
[3]. There is a wide range of developed technologies: storage of hydrogen in a compressed (CGH,) [4], liquefied o oc
(LH,) [5], and physiosorbed state [6]. Hydrogen can also be stored in the composition of hydrides [7], ammonia, 3 &C 1070bar -253°C 100-400barHydrogen release - - 34-74 | 45-62 | 68-86
methanol, formic acid, and reversible liquid organic hydrogen carriers (LOHC) [8]. Among all these methods, *C‘}ta‘VSt && \ Total consumption 36 73 34-87 |85-232| 68-93
the LH2 technology is currently the most widely used. However, the use of expensive pressure vessels or
cryogenic systems [3,9] and a capital-intensive liquefaction process (40-50% of capital costs) [10] is a key ' . _y System efficiency, % 85 70 64-86 | 5-67 | 62-72
problem of this technology. According to a number of feasibility studies, LOHC technology is a promising ‘ ' ) \d
alternative to LH2 technology for large-scale storage and transportation of hydrogen [11]. Indeed, the use of s
the LOHC technology has a number of advantages: it provides energy-efficient reversibility of the hydrogen hydrides hydrides
separation at its high specific content [12,13]. There is no need for additional purification of hydrogen from 40-170 kg/m3 50-120kg/m® 20-50kg/m>  70kg/m? 7-27 kg/m? _ : s
concomitant gases. It is possible to use the existing fuel storage and transportation infrastructure [13]. \ (s 1o !'O!QEf'Ed H_2 _ purification .

In this work, high-loaded nickel catalysts modified with Sn have been synthesized and tested in the SSS +Catalyst\§%/ /[l The po.ss!blht.y Of using the  High energy censtmption of
dehydrogenation of methylcyclohexane (MCH) as a liquid organic hydrogen carrier. The catalyst composition eX|.st|ng liquid fuel the dehydrogenatmn.stage
and its reduction temperature were optimized which allowed to achieve high selectivity of the | Electricity mfraysﬁructure oy dehydrogen.a’Flon
dehydrogenation. The genesis of the NiO-SiO, catalytic systems during their modification with Sn and reductive | Steel mill The possibility of repeated catalysts selectivity
activation in hydrogen has been studied. Chemical processes use

Hydrogen storage 36 73 0-13 |40-170| O-7
==

LOHC advantages LOHC disadvantages

Adsorption Liquefaction Compression

Energy intensity comparable  The need for additional H,

Synthesis of catalytic systems Comparative tests of catalyst performance

The heterophase sol-gel technique [14] was used to prepare the NiO-SiO, (“Ni100”) catalyst with SiO, as a
stabilizing agent. O The dehydrogenation process was performed in a fixed-bed continuous flow

reactor in a temperature range of 250-350°C under ambient pressure.

Drying 300°C

NiCO; « nNi(OH)2 « mH0 120°C ] o o8 ] ° Varying the Sn:Ni ratio showed that

H.O, NH,OH

(C.H.0).Si Calcination : ; the addition of 5 or 10 wt% Sn was
2rieTa 600°C | g ] insufficient for high selectivity, and
] ] the synthesized catalysts were close

5Sn/95Ni, 10Sn/90Ni, 20Sn/80Ni, and 30Sn/70Ni mixed oxide catalysts (SnOx/NiO-SiO,) were obtained by 350°C in properties to the initial Ni100

wetness impregnation of the NiO-SiO, sample with a solution of tin (ll) chloride in ethanol followed by heat = = o I system. An increase in the Sn
j 59 content retained high selectivity of
L h [ toluene (S;,; more than 99%), but
] - significantly decreased the

treatment.
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incipient wetness . .. :
: ) Calcination in H, flow . : :
Impregnation 600°C 500°C The Sn-modified catalyst reduced at 500 °C (20Sn/80Ni-500) showed the highest toluene

selectivity (>99%)

Structural studies of the 20Sn/80Ni-SiO, system In-depth catalyst performance test

e — The samples consist of rounded XRD in-situ H, — — ] 100 WHSV (h) 18 5
294 742 ' i i . ' |
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1, A long-run catalytic test (40 h, WHSV 18.5 h1, 300 °C) on 20Sn/80Ni-

tends to decrease with . " ' ' : . :
an increase  in  the Thef. XREh 'SRTSE'T\L/‘I dd:ta _' =~ Somversion 1, 500 did not reveal significant decrease of X,y and S;;, during the
| .. contirm the ata. | lo  experiment.
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All the Sn/Ni-SiO, catalysts, despite the weaker [ dlstrlbut!on becomes
ol

oinding partices to_the support (PR dato) SRR M Tr.c ormtion of SN The origin of enhanced selectivity

demonstrate low CO absorption. An increase in the ) .
alloys provides increased

T.4 leads to a further decrease in the volume of wa = o | der to studv th q "
adsorbed CO because of sintering and more uniform  20sn/80Ni-Si0, 205n/80Ni-SiO, selectivity of the catalyst - A \ nor gr O study , € adsorption
properties of Ni100-500 and

distribution of Sn particles on the nickel surface. H,, 400°C H,, 500°C . .
Sn20/Ni80-500 catalysts with respect

to MCH dehydrogenation product, the
temperature-programmed toluene
Eads =-1.45 eV . .
Sn20/Ni80-500 Ni (001) - MCH Eads =-0.08 eV desorption experiments and DFT-
Ni0.80Sn0.20 (001) - MCH . .
calculations were carried out.
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It was shown that the NiSn catalyst with optimal composition (atomic Ni:Sn ratio | it is assumed that an increase in the process selectivity is associated
5:1) reduced at 500 °C provides the selectivity of the dehydrogenation over 99.9% < B | with a decrease in the adsorption energy of the reaction product (TOL)
and the conversion of MCH of 87.4% at WHSV = 6.2 h't and temperature 350 °C. The remperatre ()

achieved selectivity exceeds the selectivity of all the previously studied Cu- and Zn-

modified analogs based on NiO-SiO, and is comparable with selectivity of Pt-based Acknow|edgement

catalysts. The high selectivity of the bimetallic NiSn-based catalyst is due to the
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