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Methane Decomposition over Supported Nickel Catalysts
— Production of Green Hydrogen

Asmaliza Binti Abd Ghani, Mayu SAITO, Yasuharu KANDA,
Takao KOBAYASHI, Yoshio UEMICHI and Masatoshi SUGIOKA
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Abstract

Production of green hydrogen by methane decomposition over supported nickel catalysts was studied.
The Ni/HZSM-5 catalyst showed the highest activity for methane decomposition among Ni/zeolite
catalysts. However, a large amount of carbon was deposited on Ni/HZSM-5 catalyst during the
reaction and catalytic activity of Ni/HZSM-5 was decreased with time on stream. On the other hand,
catalytic activity and catalyst life of Ni/HZSM-5 for methane decomposition were remarkably
improved by Pd addition. Improved catalytic properties of Ni/HZSM-5 were caused by highly

dispersed Ni-Pd on HZSM-5.

Keywords, Methane decomposition, Supported nickel catalyst, Green hydrogen
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Fig. 1 Fixed bed flow reactor for methane
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Fig. 2 Decomposition of methane over zeolite-
supported nickel catalysts at 500°C (Catalyst
weight = 0.3 g). (@) 10%Ni/HZSM-5, (Hl)
10%Ni/HY, (A) 10%Ni/USY, (X) 10%Ni/SiO,.
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Fig. 3 XRD patterns of 10%Ni/zeolite catalysts
after reaction for 8 h. (a) 10%Ni/HZSM-5, (b)
10%Ni/HY, (c) 10%Ni/USY.
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methane decomposition at 500°C after reaction for
4 h (Catalyst weight = 0.3 g).
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Fig. 6 Effect of catalyst weight on catalytic

activity of 10%Ni/HZSM-5 for methane decom-
position at 500°C. (@) 0.3g, (A) 0.1g, (H) 0.01g.
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Fig. 7 Effect of reaction temperature on catalytic
activity of 10%Ni/HZSM-5 for methane decom-
position (Catalyst weight = 0.01 g). (@) 550°C,
(A) 500°C, (H) 450°C.
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Fig. 8 Effect of Ni precursor on catalytic activity
of 10%Ni/HZSM-5 for methane decomposition at
500°C (Catalyst weight = 0.01 g). (@) Ni(NO3),"
6H,0, (A) Ni(CH;COO0),*4H,0.
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Fig. 9 XRD patterns of 10%Ni/HZSM-5 catalysts
after reduction at 500°C. (a) prepared from
Ni(NOs),*6H,0, (b) prepared from Ni(CH;COO),*
4H,0, (c) HZSM-5.

33 Ni/HZSM-Sfitit D X & o S FRIGHET
5.2 BT VT AOTRMNMEHE
Otsuka & [ ZHEFNifii it |2 X Z 2 7 L(Pd) &

WINT 2 & A& o3 OS2 il oD 54
MBLOKFBONEN M ET 5 E®E LT
57, % Z TNY/HZSM-5fitiE D A 2 o 53 figiE
BLOFMS~OPAD RN T OV THRET L
77 Fig. 10125%Ni/HZSM-5/ZPd % #sin L 7= fififit
DA B o RIEME 2 7, NI/HZSM-5fli 2 Pd
EUWINT 5 Z & TAL O RRIEMEIZRIEIC
M EdT 22 ERnbnoTz, iz, WT Lo Er
Ni-Pdfit 12 B DT HIEMIR FIE 2 biv, #
MEE LS B RoTVEZ ERbhoT, &
DIZPAD & % FFFE L 7= il O 35 M1 XIEF ITK
WZ e B, PAIXNIfitE D Bhfilit &= U-CYEAI L
TWS EBEZ LD, IRICHENI-PAR L IZ 35
T ANiB L PAOIRFEIZ OV TGS D720,
XRDOWPEELIT - T, 18EICAFRE OFHEFNI-Pd
it OXRD/ % — > % Fig. 1R T, A X4
RIS ME 2N FE IR O PA/HZSM-5 il i Tk &
RPAOE — I B H LN, ZTHE,
Pd/HZSM-5 13 EFEM:CTdh -~ 72 & L C, Pdi
K& ki THZSM-5 LICIFE L TWA Z &0
EZ bbb, HENI-PAffiE o [a]47 /32— ((b)
B LEOE)IZIINIB X OPAIZ L 5 e — 7 1%
FEAERLN 2T, 2D NIlZk L
TPAEINT 5 2 & TIHF I/ S 7eNi-PdhL 1
AR L. HZSM-5 Flc @ ST s
ZERHERIE NS,

20

—_
D
T

—_
N
T

(o]

Conversion (%)

Time on stream (h)

Fig. 10 Effect of Pd addition on catalytic activity
of 5%Ni/HZSM-5 for methane decomposition
(Catalyst weight = 0.01 g). (O) 5%Ni, (A)
5%Ni-2.5%Pd, () 5%Ni-5%Pd, (4) 5%Ni-
10%Pd, (X) 10%Pd.
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Fig. 11  XRD patterns of Ni-Pd/HZSM-5 catalysts
after reduction at 500°C. (a) 5%Ni, (b) 5%Ni-
2.5%Pd, (c) 5%Ni-5%Pd, (d) 10%Pd.
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