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() Precursor preparation

) Precursors
Combustion fuel ) \

Urea | [Cu(Nogl)z.e,sz[Zn(Nogl)Z.std[Ce(N03|)3.6H2q[ Al(CH), |

{ Ag. solution of Cu, Ceand Zn
nitrates in deionized water

v

Mixing for 45 min (Urea/Nitrates=3 mol/mol)

Heating at 400°C under air flow for 4 h
(Heating rate of 1-2°C/min)

AIOOH
Different ratios of Cu/Zn/Ce/Al (wt/wt/wt/wt):
45/45/0/10, 30/30/30/10
() Ureanitratecombustionsynthesis |
v H
| Heating over a hot plate at 80°C to evaporate excess water and form viscose gel |
v

[ Heating in an open muffle furnace maintained at 400°C]
v |

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

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

[ Nanocatalyst: CuO/ZnO/CeO,/AlL0; |
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Notations:
C: Cylinder

FM:  Flow Meter

NRV: Non-Return Valve
NV: Needle Valve

PI:  Pressure Indicator

GC: Gas Chromatograpl

PRV: Pressure Regulator Valve
R:  Reactor

RV: Relief Valve

TIC: Temp. Indicator & Controller
V. Valve

3WV: 3-Way Valve

Methanol Steam Reforming Cata-Test
(MSR-LPCT)
Reactor and Catalysis Research Center (RCRC)
Sahand University of Technology

Tel. : (+ 98 411) 3458096
Fax : (+ 98 411) 3444355
E-mail: rcrc@sut.ac.ir

Sahand New Town
Tabriz
East Azarbaijan, Iran

PZ GPO Box: 51335-1996 Web: http://rcrc.sut.ac.ir
NV-02 NRV-02
PI-01
X
NV-01 ‘DTDE)* Ar+CH30H e
NRV-01
: Feed Feed
Ar Ar SV\D%;O‘S Ioe(e; c to reactor
Vent < -
Saturator Reactor R(_aactor
3WV-04 outlet _inlet
PRV-01 [
Feed =T
Ar :’ ”””” ‘ to GC Vent = -
g AT T Products - Electrical heating
! 2 - ! : to GC // furnace with
Y |
! - e
A AN AN : : i ﬁ‘ _ Temperature % Lo
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Transmittance (a.u.)
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O cza H,O/CH;OH = 1.5 molar ratio

GHSV = 10000 cm%g.h

[ czca

200 220 240 260

Temperature (°C)

280 300
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[ cza H,O/CH,OH = 1.5 molar ratio

GHSV = 10000 cm3/g.h
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Temperature (°C)

280 300




Ol @y g S g Wil 05 oy

Ry b AVAY oo cpote — ol | Cxias g e o610 — (4 o
olat @l g

~
o

[ cza H,O/CH,OH = 1.5 molar ratio
GHSV = 10000 cm?/g.h

D
o
L

[ czca

a
o

CO, Selectivity (%)
N w B
o o o

[y
o

200 220 240 260 280 300

Temperature (°C)
iliseo saled 33 CUO/ZNOIAILO; Hlis Lugil dunsST 595 CO (5 9y oloil 43 (1¥+) b yus 09380 p5l A Ui

25
[ cza H,O/CH,0OH = 1.5 molar ratio
GHSV = 10000 cm3/g.h
20 [ czcA
S
215
=
O
Q
o 10
0
O
)
5
0 LL._

200 220 240 260 280 300
Temperature (°C)
iliseo sbales ;3 CUO/ZNOIAILOD; ylis Lugil duuST 595 CO (5 pdy Ol 4o (1¥+) by (509390 w3l -4 Ui

G5 Az ¥
G gl il b 0 Hliae sl JEaS ah QLS FTIR AT HUS )3 XRD bl 2
Galass JUS 535 2 XRD BET 2% S ;0 FESEM _ysheal 43 ol Uy il 4t K IS5
S B o N (6 s CanllilS 5 (K5l (BalS 5 4
a5 by s A b (S pala dS 0y g s
Sl s 4
e LS Cicly

_J\Jl_'\SJJ_ - R . J - =2 D (5 2.

=

- FESEM 24l jlgpmad . . CO, CO . : 8

L

<L



6! olnl @l g o g (il 257 (rmocey
AVAY oo cpote — ol | Cxias g e o610 — (4 o

Lgu.\. - R TRRKLY 2 1 &3 . )S 2 & :‘SUIS O )"L' &
S Sdee Gl s S 4 a5 8 6 T

‘s;‘ﬁ)u\ﬁ 9 ,5-».» 5y —A

O e BN T Y - RN IS JLtD A g e cules Raiy g
RPN
&zl
1-  Zhao, Y., Kim, Y.-H., Dillon, A., Heben, M., and Zhang, S., "Hydrogen storage in novel organometallic

11-

12-

16-

buckyballs', Physical review letters, 94, pp. 155504, 2005.
Ziittel, A., "Hydrogen storage methods', Naturwissenschaften, 91, pp. 157-172, 2004.

Perng, S.-W., Horng, R.-F., and Ku, H.-W., "Effects of reaction chamber geometry on the performance and
heat/mass transport phenomenon for a cylindrical methanol steam reformer”, Applied Energy, 103, pp.
317-327, 2013.

Hsueh, C.-Y., Chu, H.-S., Yan, W.-M., and Chen, C.-H., "Transport phenomena and performance of a
plate methanol steam micro-reformer with serpentine flow field design”, Applied Energy, 87, pp. 3137-
3147, 2010.

De Falco, M., Marrdli, L., and laguaniello, G., "Membrane reactors for hydrogen production processes’,
Springerverlag London Limited, 2011.

Rahimpour, M.R., Jafari, M., and Iranshahi, D., "Progress in catalytic naphtha reforming process. A
review', Applied Energy, 109, pp. 79-93, 2013.

Li, C.,, Xu, H.,, Hou, S, Sun, J, Meng, F., Ma, J.,, and Tsubaki, N., "SC foam monoalith catalyst for
pressurized adiabatic methane reforming”, Applied Energy, 107, pp. 297-303, 2013.

Kwak, B.S., Lee, J.S, Lee, J.S, Choi, B.-H., Ji, M.J,, and Kang, M., "Hydrogen-rich gas production from
ethanol steam reforming over Ni/Ga/Mg/Zeolite Y catalysts at mild temperature”, Applied Energy, 88, pp.
4366-4375, 2011.

Wang, T., Yang, Y., Ding, M., Liu, Q., and Ma, L., "Auto-thermal reforming of biomass raw fuel gas to
syngas in a novel reformer: Promotion of hot-electron”, Applied Energy, 112, pp. 448-453, 2013.

Reyhanitash, E., "UPGRADING PYROLYSS OIL TO PRODUCE LIQUID TRANSPORTATION FUELS
(Thesis format: Integrated Article)", Thesis, The University of Western Ontario, 2013.

Zeng, D., Pan, M., Wang, L., and Tang, Y., "Fabrication and characteristics of cube-post microreactors for
methanol steam reforming”, Applied Energy, 91, pp. 208-213, 2012.

Chein, R.-Y., Chen, Y.-C., Chang, C.-M., and Chung, J.N., "Experimental study on the performance of
hydrogen production from miniature methanol-steam reformer integrated with Swiss-roll type combustor
for PEMFC", Applied Energy, 105, pp. 86-98, 2013.

Kim, T., Hwang, J.S., and Kwon, S., "A MEMS methanol reformer heated by decomposition of hydrogen
peroxide", Lab on a Chip, 7, pp. 835-841, 2007.

Chein, R., Chen, Y .-C., and Chung, J.N., "Numerical study of methanol-steam reforming and methanol—air
catalytic combustion in annulus reactors for hydrogen production”, Applied Energy, 102, pp. 1022-1034,
2013.

Wijaya, W.Y., Kawasaki, S., Watanabe, H., and Okazaki, K., "Damkohler number as a descriptive
parameter in methanol steam reforming and its integration with absorption heat pump system’, Applied
Energy, 94, pp. 141-147, 2012.

Jiang, C.J., Trimm, D.L., Wainwright, M.S., and Cant, N.W., "Kinetic study of steam reforming of methanol
over copper-based catalysts', Applied Catalysis A: General, 93, pp. 245-255, 1993.

10



6! olnl @l g o g (il 257 (rmocey
AVAY oo cpote — ol | Cxias g e o610 — (4 o

17-

18-

19-

20-

22-

24-

Sekizawa, K., Yano, S-i., Eguchi, K., and Arai, H., "Selective removal of CO in methanol reformed gas
over Cu-supported mixed metal oxides', Applied Catalysis A: General, 169, pp. 291-297, 1998.

Huang, G., Liaw, B.-J, Jhang, C.-J, and Chen, Y.-Z., "Seam reforming of methanol over
CuO/ZnO/Ce02/ZrO2/AI203 catalysts', Applied Catalysis A: General, 358, pp. 7-12, 2009.

Palo, D.R., Dagle, R.A., and Holladay, J.D., "Methanol Seam Reforming for Hydrogen Production",
Chemical Reviews, 107, pp. 3992-4021, 2007.

Khoshbin, R. and Haghighi, M., "Urea-Nitrate Combustion Synthesis and Physicochemical
Characterization of CuO-ZnO-Al203 Nanoparticles over HZSM-5", Chinese Journal of Inorganic
Chemistry, 28, pp. 1967-1978, 2012.

Khoshhin, R. and Haghighi, M., "Preparation and Catalytic Performance of CuO/ZnO/AI203/Clinoptilalite
Nanocatalyst for Sngle-Step Synthesis of Dimethyl Ether from Syngas as a Green Fuel", Journal of
Nanoscience and Nanotechnology, 13, pp. 4996-5003, 2013.

Khoshbin, R., Haghighi, M., and Asgari, N., "Direct synthesis of dimethyl ether on the admixed
nanocatalystsof CuO-ZnO-Al203 and HNO3-modified clinoptilolite at high pressures. Surface properties
and catalytic performance”, Materials Research Bulletin, 48, pp. 767-777, 2013.

Salavati-Niasari, M., Davar, F., and Farhadi, M., "Synthesis and characterization of spinel-type CuAl204
nanocrystalline by modified sol-gel method”, Journal of Sol-Gel Science and Technology, 51, pp. 48-52,
2009.

Saedy, S., Haghighi, M., and Amirkhosrow, M., "Hydrothermal synthesis and physicochemical
characterization of CuO/ZnO/AI203 nanopowder. Part |: Effect of crystallization time", Particuology, 10,
pp. 729-736, 2012.

11



