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Abstract : Mesoporous aluminas (A-C, A-A, and A-N) were prepared by a templating method using cationic(C),
anionic(A), and non-ionic(N) surfactant as a structure-directing agent, respectively. Nickel catalysts supported
on mesoporous alumina (Ni/A-C, Ni/A-A, and Ni/A-N) were then prepared by an impregnation method, and
were applied to hydrogen production by steam reforming of liquefied natural gas (LNG). Regardless of
surfactant type, nickel species were finely dispersed on the surface of mesoporous alumina in the calcined
catalysts. It was revealed that interaction between nickel species and support in the reduced catalysts was
strongly dependent on the identity of surfactant. LNG conversion and H; composition in dry gas increased in the
order of Ni/A-C < Ni/A-A < Ni/A-N. It was found that catalytic performance increased with increasing nickel
surface area in the reduced catalyst. Among the catalyst tested, Ni/A-N catalyst with the highest nickel surface
area showed the best catalytic performance.
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Table 1. Comparison of preparation conditions for surfactant-
templated mesoporous alumina

Sample Scltl;f: Solvent preétzlrsor Additive Tes;lg:rw
A-C CTAB HO ASB+Acac NaOH 80 C
A-A  lauric acid1-Propanol  ASB - RT
A-N P123  2-Butanol  ASB - RT
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Figure 1. Schematic procedures for the preparation of
mesoporous aluminas (A-C, A-A, and A-N).
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Table 2. Textural properties of supports (A-C, A-A, and A:N)
and catalysts (N/A-C, Ni/A-A, and Ni/A-N)

Surface area Pore volume Average pore

Sample (m? g)a,b (/)™ diameter (nm)™

AC 271 0.35 3.5

AA 250 0.40 4.5

AN 307 0.64 5.6
Ni/A-C 166 0.23 3.7
Ni/A-A 163 0.25 4.5
NY/A-N 219 0.42 53

Reduud at 700 T for 3 h prior to the measurement
> Calculated by the BET equation

B]H desorption pore volume

BJH desorption average pore diameter
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Figure 2. Schematic of reaction apparatus.
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Figure 3. Pore size distributions of (a) A-C, A-A, and A-N
supports and (b) NV/A-C, Ni/A-A, and Ni/A-N
catalysts.
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Table 3. Hydrogen chemisorption results for Ni/A-C, Ni/A-A,
and Ni/A-N catalysts

Sample Ni/A-C  Ni/A-A  Ni/A-N
Nickel dispersion (%)™ 0.2 1.7 3.7
Nickel surface area (mz/,g—Ni)a"b 0.9 11.1 24.4

Rcduced at 700 C for 3 h prior to the measurement
® Calculared from hydrogen chemisorption measurement by assuming
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Figure 4. XRD patterns of (a) A-C, A-A, and A-N supports
and (b) Ni/A-C, Ni/A-A, and Ni/A-N catalysts.
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Figure 5. (a) LNG conversions and (b) H; compositions in
dry gas with time on stream in the steam reforming
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