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1. Polymer electrolyte membrane fuel cells
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1. Reverse water-gas shift reaction
2. Post treatment
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Precursor preparation

) Precursors
Combustion fuel . \

Urea | [Cu(NO,),.3H,0(Zn(NO,), 3H,0[Ce(NO,),.6H,0] [ Al(NO,)3.9H,0] [ Al(OH); |
[ I [ I

nitrates in deionized water (Heating rate of 1-2°C/min)

Mixing for 45 min (Urea/Nitrates=3 mol/mol) L AIOOH
Cu/Zn/Cel/Al = 45/40/5/10 (wt/wt/wt/wt) J

i [ Agqq solution of Cu, Ce and Zn} ‘ Heating at 400°C under air flow for 4 h ’ E

I Heating over a hot plate at 80°C to evaporate excess water and form viscose gel l
v

l Heating in an open muffle furnace maintained at 400°C

’ Gel boiling with frothing and foaming to form combustion powder]

[ Calcination at 400°C for 3 h under air flow]

[ Nanocatalyst: CuO/Zn0/CeO,/Al,0; |

Figure 1 Combustion synthesis of CuO/Zn0O/Ce02/AL,0;3 nanocatalyst using AIOOH and nitrate precursors
Ol s g AIOOH adgl ook 31 solasw! b CuO/ZnO/Ce0/ALO; condlS b Bl sl jotuw —) JSCo

1 Muffle furnace
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1. Liquid hydrogen temperature
2. Flame Ionization Detector
3. Thermal Conductivity Detector
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Notations: Methanol Steam Reforming Cata-Test
C: Cylinder PRV: Pressure Regulator Valve (MSR-LPCT)
GC: Gas Chromatograpl ~ R:  Reactor i
EM: Flow Meter RV: Relief Valve Reactor and Catalysis Research Center (RCRC)
NRV: Non-Return Valve \T/'Ci T/erlnp. Indicator & Controller Sahand University of Technology
NV:  Needle Valve o Lave Sahand New Town Tel. : (+ 98 411) 3458096
PI:  Pressure Indicator ~ 3WV:3-Way Valve Tabriz Fax : (+ 98 411) 3444355
PI-02 East Azarbaijan, Iran E-mail: rcrc@sut.ac.ir
'~) GPO Box: 51335-1996 Web: http://rcrc.sut.ac.ir
S "
A I FM (02) | AT > Ar
NV-02 NRV-02
PI-01
@:) T Ar
f o} FM (01) 3WV-01 3WV-02
NV-01 ’D?.Z Ar+CH30H .
NRV-01
Feed
Feed
Ar Ar S\A%;(f to GC to reactor
Vent < -
Saturator Reactor Rgactor
3WV-04 outlet _inlet
I o)
Feed N
to GC Vent < -
Products Electrical heating
to GC furnace with
temperature
controller
e ——
Temperature
Controller <
1 power supply
TIC-01 Meee O
-
e —]
C-01 C-02 C-03 C-04 C-05 Furnace/Reactor

Figure 2. Experimental setup for activity test of synthesized CuO/Zn0O/Ce0,/Al,O; nanocatalyst used in hydrogen production via
methanol steam reforming
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Figure 3. XRD patterns of CuO/Zn0O/Ce0»/Al,O; nanocatalyst synthesized using various precursors: (a) AIOOH and (b) nitrate
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Figure 4. FESEM images of CuO/Zn0O/Ce0»/Al,O; nanocatalyst synthesized using various precursors: (a) AIOOH and (b) nitrate
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1. Field emission scanning electron microscopy
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Figure 5. EDX analysis of CuO/Zn0O/Ce0O,/Al,O; nanocatalyst synthesized using various precursors: (a) AIOOH and (b) nitrate
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1. Energy-dispersive X-ray
2. Brunauer, Emmett and Teller
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Figure 6. FTIR analysis of CuO/ZnO/Ce0O,/AL,O; nanocatalyst synthesized using various precursors: (a) AIOOH and (b) nitrate
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1. Fourier transform infrared
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Figure 7. Comparison of methanol conversion over CuO/Zn0O/Ce0»/Al,O; nanocatalyst synthesized using various precursors.
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Figure 8. Comparison of product distribution over CuO/Zn0O/CeO,/Al,O3 nanocatalyst synthesized using various precursors:
(a) AIOOH and (b) nitrate
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Figure 9. Reaction mechanism for steam methanol reforming over CuO/Zn0O/Ce0»/Al,O; nanocatalyst
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English Abstract

Influence of Al-Precursor in Combustion Synthesis of CuO/Zn0O/Ce0,/Al,0;

Nanocatalyst Used in Hydrogen Production from Steam Reforming of
Methanol

Shahab Minaei, Mohammad Haghighi, Mozaffar Abdollahifar, Hossein A jamein

1. Department of Chemical Engineering, Sahand University of Technology, Sahand New Town, Tabriz, Iran
(Received: 2014.4.8, Received in revised form: 2014.10.24, Accepted: 2014.11.29)

Different catalysts have been developed forin-situ hydrogen production via steam methanol reforming
reaction. Attempts are focused on producing catalysts' with high conversion and selectivities to produce
maximum hydrogen content and minimum amount of carbon monoxide. In the meantime, there are several
ways to improve the catalytic properties which can be classified into two major categories: a) addition of
promoters; b) change in the synthesis parameters. The purpose of this study is to determine the effects of
alumina precursor in the combustion synthesis method for synthesizing nanocatalysts promoted with 5%wt
cerium oxide. Two samples with boehmite and aluminum nitrate precursors were synthesized and analyzed
via XRD, BET, FESEM, EDX and FTIR to determine their physicochemical properties. CuO and ZnO were
detected in XRD patterns and alumina presence was proved via SED-EDX and FTIR, because no peaks could
be detected in XRD' patterns. FESEM images showed that particles of synthesized samples were in nano
range. FESEM analysis also revealed that the particle size of the sample with aluminum nitrate precursor was
reduced and a more porous structure was obtained. Catalytic performance studies also exhibited that the
sample with aluminum nitrate precursor yields better results in terms of conversion and product selectivities.

Keywords: Combustion synthesis, Precursor, CuO/Zn0O/CeO,/Al,0;, Methanol Reforming, Hydrogen
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