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Progresses in the Preparation of Coke Resistant Ni-based
Catalyst for Steam and CO, Reforming of Methane

Chang-jun Liu,* Jingyun Ye, Jiaojun Jiang, and Yunxiang Pan'?
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Foxmail B3
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| CEEEE
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(21 EfFE
=] 3034117
resistant MNi catalysts will become even more import
We have to acknowledge that the design, prepar
=
& {;&:-F‘ﬁy{ chamacterization of coke resistant Ni catalysts for ¢
ﬁ@ 3054117 o, leh.:lrrning of rnet-hane sti-ll remains a sigr_|iﬁca!'rt
= The major challenge is to design and synthesize Mi-b Steam reforming of methane is an extremely important pro-
ﬂ@ iy i lysts with controllable size, shape, and structure. 2 cess for the hydrogen and syngas production. Nickelbased
& =% tense multidisciplinary effort is immediately need: catalysts have been extensively employed in the industrial pro-
= we summarize the very recent progresses in this res cess of steam reforming because of their high activity low
d@ ynfan some discussions of future development. As the m cost, and the plentiful supply of Nickel. Nickelbased ctatysts
of coke formation for steam reforming and CO, refc hawe also shown high activity for CO, reforming of methane,
=] 22 5 similar, we will discuss both steam and €O, reformin which has been considered as a good option, with consump-
il e ane, however, much of the recent literature focusi tion of a significant amount of carbon dioxide. However, a
N reforming of methane. major challenge is that Mi catalysts have a high thermodynam-
ﬁ@ = ic potential for coke formation during reforming reactions. For
-] steam reforming, coke formation induces deactivation of the
Carbon Formed on the Ni-Based Cataly: catalyst. especially if the carbon forms as carbon filaments. The
YE/AEs General Strategies in the Development filamentous carbon material has a high mechanical strength
Coke Resistant Ni Catalysts
EEEiE- Y
The mechanism of steam reforming of methane anc
1 formation is fairly well understood " There are tw Introduction
coke formation pathways for steam reforming of me
%Um 1‘;]-:\3217_0 methane di_ss.&:ciaticln [Eq. (3] and the disproportic Steam reforming of methane is an extremely important pro-
’ LN .
jJ\\AY\#/—E)]tt?\:" 0 Eq 4l cess for the production of ammonia and other chemicals!~¥
L 1—1]— " AR = Recently, steam reforming of methane and other hydrocarbons
CH, — C+2H, zn = 75 kimal has attracted even more attention, for example in hydrogen
i i ey
200 — CO,=C AHP, = —172k mal™' praf:lucnan with fuel oells If cheap hyi.:h:lgen .ccluk:l be
easily produced, many of the problems assodated with energy
+ it ly produced f th bl ted with
Na +A1 +HC( production and the environment would be solved. The reac-
As steam reforming of methane is opeated at hig tion of steam reforming of methane is given in Equation (1k
atures [nomally more than 700°C), the formation ¢
Naﬁl CO (OH) means of Equation (4] is less favored at such temper CH,+H.0 = C0+3H,
£ Foxxmail 3 cording to Trimm,"™ methane dissociates on the nicl
T e g | to generate highly reactive carbon spedes (Cal—Co f only hydrogen is needed, the water gas shift reaction
RSS bly atomic carbon. Most of the Ca species are gasifie [CO4+H0=C0,+H,} can be follbwed to convert CO (with

Lﬁ1328,5ﬁﬁ:0

— . N

tions with H,0. C0,, or hydrogen, but some are com
less active Cfi probably through further debydn
polymerization, and re-armngement of Co The Cf
turther gasified, but may encpsulate on the surfa
dissolve in or encapsulate the nickel crystallite, ™ batemwrm
kinetic balance of various reactions. Dissolution sometimes in
duces the growth of whisker carbon that can destroy the cata-

water vapor) into hydrogen and CO, in the presence of cata-
lysts. Steam reforming of methane is an endothermic reaction
and requires a high energy input. Nickelbased catalysts have
been extensively employed in the industrial process of steam

et R T s R e e R i T S 05 0 it Rt ook
resistance can be significantly improved. A strong metalsup-

and can cause mechanical deformation of the catalyst. For CO,
reforming, coke formation over Ni catalyst is ewen more serious
and leads to rapid deactivation of the catalyst. It is highly de-
sired to design and synthesize a coke resistant Mi catalyst not
only for reforming of methane, but also for reforming of other
hydrocarbons (including biomass derived hydrocarbons).
Herein we summarize the very recent progresses in the design,
synthesis, and characterization of coke resistant Ni catalysts for
steam and CO, reforming of methane. The progresses in the
use of promoters, in the effect of supporting materials and in
the prepamation methods have been discussed. The themal
stability, regeneration, and future development of coke resist-
ant Ni catalysts for these processes are also briefly addressed.

The investigation of coke resistance Ni catalysts becomes
even more imporant, if you consider the potential the future
large-scale applications of CO, reforming of methane™"" with
which Mi catalysts are employed [Eq. (21

CH,+C0, = 2C0+2H, AHY = 247 Kmol™' (2)

Many efforts have recently been made in searching for a
practical way to utilize C0, as a builing block in organic syn-
thesas ™" CO, reforming has been considered as a good
aption that could consume a significant amount of arbon di-
oxde. However, coke formation is severe over Ni catalysts used
for €Oy, reforming. If a coke resistant Ni catalyst would be avail-
able, CO, reforming could be used together with steam re-
forming to genemte syngas for the syntheses of, for example,

ammonia or methanol. At least, we can replace pant of the
X . -

G 4

port interaction can also help to reduce nickel sintering. All of

W
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