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Figure 1- Microwave-combustion hybrid synthesis of CuO/ZnO/Al,O; nanocatalyst in different concentrations of oxygen
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A) Precursor Preparation

Ethylene Glycol ]

[ Zn(NOy),.3H,0 ][ Cu(NO,),.3H,0 ][ AI(NO,),.9H,0 ]

I

.| Aqueous solution of metal nitrates in deionized

water (molar ratio Cu/Zn/Al=6/3/1)

l

Mixing for 45 minutes in the ratio of ethylene
glycol to nitrate 2

Heating on a hot plate at a 80 °C to evaporate
excess water and form a gel

|

( Injection of a mixture of nitrogen and oxygen )

with different proportions:

0,/N,=40/60, 60/40, 80/20 )

Heating inside the microwave

l

Boiling and foaming of gel to produce
nanocatalyst powder

Shaping of nanocatalysts:
CZA-040N60, CZA-O60N40, CZA-O80N20

Figure 1- Microwave-combustion hybrid synthesis of CuO/ZnO/Al,O3 nanocatalyst in different concentrations of oxygen
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1. X-Ray Diffraction
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2. Field Emission Scanning Electron Microscopy
3. Energy Dispersive X-Ray Analysis
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Notations: Methanol Steam Reforming Cata-Test
C: Cylinder PRV: Pressure Regulator Valve (MSR-L PCT)
GC: Gas Chromatograpl ~ R Reactor .
EM:  Flow Meter RV: Relief Valve Reactor and Catalysis Research Center (RCRC)
NRV: Non-Return Valve TIC: Temp. Indicator & Controller Sahand University of Technology
X V:  val
NV: Needle Valve AWV 3-&\1/\7ae Valve Sahand New Town Tel. : (+ 98 411) 3458096
PI: Pressure Indicator i Tabriz Fax : (+ 98 411) 3444355

East Azarbaijan, Iran E-mail: rcrc@sut.ac.ir

PI-02 GPO Box: 51335-1996 Web: http://rcrc.sut.ac.ir
&»ﬁq—» FM (02) | |-AT > Ar
NV-02 NRV-02
PI-01
Ar
%—» FM (01) | -2 3WV-01 3WV-02
NV-01 —_— Ar+CH30H z Z
NRV-01
Feed
Ar Ar 3WV-03 Feed to reactor
to GC
DS
Vent <J
Saturator Reactor Rt_eactor
3WV-04 outlet inlet
PRV-02 _ |PRV-01 . =S
?@ g@ Vent <
M = Products Electrical heating
N N to GC furnace with
temperature
controller
— | N—
GC-01
= Temperature /
Ar Ar - Controlled
[ [HHEEEEE T TTTTTT
leo TIC-01 | < 200 @
R-01
C-01 C-02 C-03 C-04 C-05 Furnace/Reactor

Figure 2- Performance evaluation system of CuO-ZnO-Al,O3 nanocatalyst in hydrogen production from methanol.
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Figure 3- XRD analysis of CuO-ZnO-Al,O; nanocatalyst synthesized by hybrid microwave-combustion method in different
.cconcentrations of oxygen: (a) CZA-O40N60, (b) CZA-O60N40 and (c) CZA-O80N20
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Figure 3- XRD analysis of CuO-ZnO-Al,O; nanocatalyst synthesized by hybrid microwave-combustion method in different
.concentrations of oxygen: (a) CZA-O40N60, (b) CZA-O60N40 and (c) CZA-O80N20
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Figure 4- FESEM analysis of CuO-Zn0O-Al,O; nanocatalyst synthesized by hybrid microwave-combustion method in different
.cconcentrations of oxygen: (a) CZA-O40N60, (b) CZA-O60N40 and (c) CZA-O80N20
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Figure 4- FESEM analysis of CuO-ZnO-Al,0; nanocatalyst synthesized by hybrid microwave-combustion method in different

.concentrations of oxygen: (a) CZA-O40N60, (b) CZA-O60N40 and (c) CZA-O80N20
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Figure 5- 3D analysis of CuO-ZnO-Al,O; nanocatalyst surface synthesized by hybrid microwave-combustion method in different

.concentrations of oxygen: (a) CZA-O40N60, (b) CZA-O60N40 and (c) CZA-O80N20
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The hybrid microwave-combustion synthesis method is a facile and rapid pathway for fabrication of
nanocatalysts. In this study, the effect of combustion atmosphere on physicochemical and catalytical
properties of CuO/ZnO/Al,O3 nanocatalysts as the catalysts of the steam methanol reforming process was
investigated. For this aim, three types of nanocatalysts under different oxygen concentration atmosphere were
prepared. The characteristic properties of synthesized nanocatalysts were studied by XRD, FESEM, EDX,
BET, and FTIR analyses. It was understood that the crystallinity of copper species is lower than the other
samples which led to higher dispersion of copper sites as the main core for steam methanol reforming
reaction. Moreover, higher surface area and better surface morphology of CZA-O60N40 resulted in higher
methanol conversion. Nevertheless, its higher dispersion of Zn(100) crystallite facet led to more CO
production as the undesired product.

Keywords: CuO-ZnO-Al,0; Nanocatalyst, Microwave Assisted Combustion, Oxygen Content, Methanol,
Hydrogen.
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