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Abstract - Hydrogen, a clean energy source free of COx emissions, is poised to replace fossil fuels, with its usage
on the rise. Despite its high energy content per unit mass, hydrogen faces limitations in storage and transportation due
to its low storage density and challenges in long-term storage. In contrast, ammonia offers a high storage capacity per
unit volume and is relatively easy to liquefy, making it an attractive option for storing and transporting large volumes
of hydrogen. While NH3 decomposition is an endothermic reaction, achieving excellent low-temperature catalytic
activity is essential for process efficiency and cost-effectiveness. The study examined the effects of different zeolite
types (5A, NaY, ZSMS5) on NH; decomposition activity, considering differences in pore structure, cations, and
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Si/Al-ratio. Notably, the SA zeolite facilitated the high dispersion of Ni across the surface, inside pores, and within
the structure. Its low Si/Al ratio contributed to abundant acidity, enhancing ammonia adsorption. Additionally, the
presence of Na and Ca cations in the support created medium basic sites that improved N, desorption rates. As a re-
sult, among the prepared catalysts, the 15 wt%Ni/5A catalyst exhibited the highest NH; conversion and a high H; for-
mation rate of 23.5 mmol/ge,-min (30,000 mL/g,-h, 600 °C). This performance was attributed to the strong met-
al-support interaction and the enhancement of N, desorption rates through the presence of medium basic sites.

Key words : Ammonia decomposition, Hydrogen production, zeolite, Ni/5A catalystalyst5A catalyst
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2.1. Ni/zeolite =0l A=

Ni &4 34 A TA = Ni(NO;), 6H,0(97%, Junsei)
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Fig. 1. Schematic of NH; decomposition reaction
system.
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Table 1. Physicochemical characteristics of Ni based catalysts.

Catalyst Ni/5A Ni/NaY Ni/ZSM5
(Si/Al-ratio) ( 1.0) (24 23)
Ni contents (wt%)® 14.7 153 16.0
Metal dispersion (%) 1.9 0.72 0.78
BET surface area (m?/g)° 391 619 344
Niizcery(siﬂ)i?e 242 282 253
Absorbed NH; amount (mmol/g)° 0.842 0.471 0.350
Absorbed CO, amount (mmol/g)° 0.104 0.015 0.011

a) Determined by ICP-MS, b) Estimated from H,-chemisorption at 50 C, c¢) Estimated from N, adsorption at -196C, d)
Estimated from the XRD, e) Estimated from the integration of NH; & CO,-TPD peaks

NVZS M5
—_
=
&~
=
& .
Z ) NUNay
&
<
=
-

'|| iy Ni/SA

60 70 80 90

PDF #04-0850, Ni metal

220)

(111)

10 20 30 40

% Lzo0)

20 (degree)
Fig. 2. XRD patterns of the Ni/zeolite catalysts.
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Fig. 3. H,-TPR profiles of Ni/zeolite catalysts.
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Table 2. Catalyst performance of the Ni/zeolite

catalysts
H, formation rate®
Tso (C Tos(T .
50 (C) 0s(C) (s o)
Ni/5A 572 654 235
Ni/NaY 592 675 18.4
Ni/ZSM5 601 684 16.2

a)Calculated at 600 C, WHSV =30,000 mL/g.,h
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Fig. 7. Stability test of NHs decomposition over
Ni/zeolite catalysts at 550 C, WHSV=
30,000 mL/gcch
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