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Fig. 1 The outline of experimental apparatus for steam
reforming of ethanol.
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Fig.2 The quartz reactor.
Quartz wool is fixed in the part of evaporator (upper
part).

Swagelok Swagelok
Union and Union Tee
Plug

Ethanol aqueous
v solution from micro
syringe pump

2N
Argon carrier gas
Quartz wool
l Heater
Furnace

Fig. 3 The structure of evaporator in a part of reactor.
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Fig. 4 Trap for liquefaction of ethanol and water.
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Fig. 5 The feed stability of aqueous solution of 14wt%
ethanol.
Feed rate: 3.0 uL min™', Ar carrier gas: 18.8 mL min™.
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Table 1  The precursor of second additives of
metal-oxide-promoted Pt/SiO, catalysts

Second additives Precursor

Titanium (Ti) Ti[OCH(CHjs),]4
Zirconium (Zr) ZrO(NOs), « 2H,0
Vanadium (V) NH,;VO;

Niobium (Nb) (NH4);3[NbO(C,04)3]
Chromium (Cr) Cr(NO;); * 9H,0O
Molybdenum (MO) (NH4)6M07024 * 4H20
Manganese (Mn) Mn(NOs), * 6H,0
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Fig. 6 Temperature dependence of ethanol conversion
for steam reforming of ethanol over
metal-oxide-promoted  Pt/SiO, catalysts after H,
reduction at 773 K. X: Ti-Pt/SiO,, ©: Zr-Pt/SiO,, ®:
V-Pt/SiO,, M : Nb-Pt/SiO,, A : Cr-Pt/SiO,, W :
Mo-Pt/SiO,, ¥: Mn-Pt/SiO,, @: Pt/SiO,.
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Table 2 The comparison of the ethanol conversion, H, formation rate and product distributions of the steam reforming
of ethanol over Nb oxide-, V oxide-, and Mo oxide-promoted and the un-promoted Pt/SiO, catalysts at 473 K

Catalystsa) Ethanol H, formation Product distribution /%
conversion  rate /10° mol H, co Co, CH, C,H,  CHs;CHO
(%)” min™
Pt/SiO, 30 2.5 43 0 27 25 5 0
Nb-Pt/SiO, 80 7.4 42 11 Trace 14 0 33
Nb-Pt/SiO," 30 4.2 40 6 3 11 0 40
V-Pt/SiO, 69 6.2 44 8 0 8 0 40
Mo-Pt/SiO, 51 41 45 4 0 6 0 45

a) after H, reduction at 773 K for 1 h,
b) Ethanol feed rate: 8.85 x 10 mol min™,

¢) Ethanol feed rate: 1.48 x 10™° mol min, the reactant gas composition was the same as the other reactions, catalyst: 50

mg.
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Fig. 7 X-ray diffraction patterns of the metal oxide-
promoted Pt/SiO, and the un-promoted Pt/SiO, catalysts
after H, reduction at 773 K. (a) Pt/SiO,, (b) Nb-Pt/SiO,,
(¢) Ti-Pt/SiO,, (d) Cr-Pt/SiO,, (e) Mn-Pt/SiO,, (f)
V-Pt/Si0,, (g) Mo-Pt/SiO,, (h) Zr-Pt/SiO,.
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Table 3

The results of XRD measurements and irreversible H, and CO adsorption measurements of the

metal-oxide-promoted Pt/SiO, and the un-promoted Pt/SiO, catalysts after H, treatment at 773 K for 1 h followed by

evacuation at 723 K for 1 h

Catalysts® XRD Adsorption”

Particle size (d) /nm”  Dispersion (D) H/Pt ((H/Pt)/D) CO/Pt ((CO/Pt)/D)
Pt/Si0, 2.9 0.39 044 (1.1) 0.47 (1.2)
Ti-Pt/Si0, 7.9 0.14 0.15 (1.1) 0.17 (1.2)
V-Pt/SiO, 16.9 0.07 0.03 (0.4) 0.09 (1.3)
Cr-Pt/SiO, 11.1 0.10 0.12  (1.2) 0.11 (1.1)
Mn-Pt/SiO, 12.8 0.09 0.06 (0.7) 0.06 0.7)
Zr-Pt/Si0, 4.7 0.24 031 (1.3) 0.33 (1.4)
Nb-Pt/Si0, 5.7 0.20 0.03  (0.2) 0.03 (0.2)
Mo-Pt/SiO, 19.7 0.06 0.01 (0.2) 0.02 (0.3)
a) M/Pt =3,
b) Calculated by the Scherrer equation,
c) D =1.135/d,

d) Calculated from the amount of irreversible adsorption.
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Fig. 8 A model of the Strong metal-oxide interaction
(SMOI) in Nb oxide-promoted-Pt/SiO, catalyst after H,
reduction at 773 K.
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Steam reforming of ethanol over metal-oxide-promoted Pt/SiO, catalysts
Manufacture of an experimental apparatus and results of catalytic activity
measurements

Shin-ichi Ito

University of Tsukuba, Graduate School of Pure and Applied Sciences, Technical Service Office for Pure and Applied
Sciences, 1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8573 Japan

This is a report of manufacture of an experimental apparatus for steam reforming of ethanol and of results of
catalytic activity measurements. The apparatus was constructed of gas inlet (mass flow controller), evaporator of
aqueous solution of ethanol, micro syringe pump (reactant feeder), quartz reactor, gas chromatograph equipped a trap,
and recorder. The catalysts was prepared by impregnation of an aqueous solution of Pt(NO,),(NH;), and aqueous
solutions of each precursor of metal oxides, such as Nb oxide, V oxide, or Mo oxide etc. Those metal-oxide-promoted
Pt/SiO, catalysts exhibited higher ethanol conversion and selectivity to hydrogen and acetaldehyde compared with the
un-promoted Pt/SiO, catalyst. The amounts of H, or CO adsorption for those metal-oxide-promoted Pt/SiO, catalysts
were highly suppressed compared with the Pt particle size calculated from X-ray line broadening measurements. This
means the Strong metal-oxide interaction (SMOI) was generated. The SMOI resulted in the increasing of catalytic

activity.

Keywords: Steam reforming, bio-ethanol, SMOI, SMOI, Pt catalyst.





