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! GHsv (Gas Hourly Space Velocity)
> FWHM (Full width a half maximum )
> TPR (Temperature- Programmed Reduction)


http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%88%D8%A7%DA%A9%D9%86%D8%B4+%D8%AA%D8%AC%D8%B2%DB%8C%D9%87
www.sid.ir

International Conference on

Engineering & e 0\ Gllodl (s puwilpais

Applied Sciences e — Sapjls 0glc g LwAiao
UAE - DUBAI -
10 March 2016 |

| ar ssawt po w33 - Uljlol

o5 e £ g0 bl jelaie ol (glyp o s TPR Gialojl b ol Xl a0 00+ B0 slos 5 oals ansLa
SI3Les ol ;0 a8 o Ve e 4y 5 a0 3KSlh a0 Vee Lo 4 B0 SCEM oo b pde 518 L 1> cow e Ul
7O 1Y SCCM L 1o Cot iy lod L 10585 50 S oo Jazes oo U o) 2> et S iy slod asldl (0 0,5 o
o Gk 3l ead adg Ol pSeilal Jsb o ogdie 00 b oSl az o 000 Lo U ele 5 g pee Sl 55
g5 3 5Ly lSal S asgs Ll (o 355 0 B s ools 1B TCD 5 diged (e o S5 J5SUse Jbye (5
Ky, azliz 0gd 0 (6, ojlil i o s HoO (Jlie & daz g5 b carncdBlS Lansgs ool Gran (59,000 oyl5ee TCD
Gyno Sy ozl ) peans 45 0 il oanline LS wxibles 3UisT Lrl a5 Llalos 1o 0,5 masy bod by b po &l yosis

il 3y Lol luke

o axsly
colld cnio Cendlls 5 CZA2 CZA3 clacanJUlS 4y oo CZAL 505 candllS (5,551, o0)] s illas
e 45 98lS o LS adgl Codled 5 e JBIS s oole iy S Sl L sl a8l L5 355 5l (65U e dBLS
koo ¥ Jgur Bllas (295 (o5l lajl8 Glime Gl 5 S 0l (nl 09800 Jilie pdy i 55 GRalS &
5 el sl las Koo sladiges 4 Camd |y 65YL Jgilie (6 du 5T g 2S5 e dunST 13 03lail CZAL g
b ol agdo Ve o codled oS ol oal S5 a8 WV T low 56,955 s ol o el JUIS s Y S

Sy U i b anolie jo Y- slo Jloe canJUS (6,655, s gl oY Jga>
o it o (mol %) L
_ - rTK) 0 )u’).)“ W ."‘/ 09 2
ojles adsl codled N Yy S S sige el >
e (gMeOH/k E . fils
L cath) ¢ (gMeOH/kg Sollad R
cach) « s | MeOH DME Other (%)
CZA1l VP50 avs V-Ad 22 {2 AY 0 WY Y
CZA2 Vora - 404 #0 £f Ad 0 V0 T4
CZA3 VYA Y Nf OA YA AY 0 1\ a1
Cocr;‘t';‘;"sct'al \YYY YPY yoor | oev Ys A 0 V¥ vr



www.sid.ir

International Conference on

Engineering & L NPAN Lol G puilpais

Applied Sciences , Sapyls ogle g GWwaiao
UAE - DUBAI . :
10 March 2016 | - | ar ssawt po w33 - Uljlol

1800 A
= CZA1l =@ CZA2 CZA3 ===t== Commercial Catalyst

1400 -
3
3
’3‘ 1000
=
)
<
T
o
s
% 600

200 T T T T T 1

0 20 40 60 80 100 120
Time (min)

ooy b GBS ol @l pis ) IS

XRD ;461

a8 5 sl Ve <YO<A+ az 0 o5 L CU Kat g5, 5 oolail b oS5l 55, il Error! Reference source not found.
. D8 ADVANCE. Bruker ofws 51 o o5kl 5 5,5k slals awo o g isle jaseis glp ojgp ol jo a5 .l oo
osbosius 6lp oSl ansl 3l 56T 5l ool Cemsay slacSiy ,Sily ¥ USS el oo oslinud (A = V/0F - £ A) L Germany
Sahl g SeidSpige jlsle b 34.454 32.244, 23.980. 17.395.14.605 (sLly; 53 comlys, 5 ol &5 ol _ctaULS
41173 6[4‘3) PRS- ‘69.....‘05.” u‘)m ..»....55)..\...@ 9 (\"()—~()~\’ u)ls o)l.o....:) Cc= 312 ¢ b:121165a: 9366 6‘4&..»)
et ) ail oo (FF=+ -9 &5 o,leis) €=5.861 (b=2.9 a=15.32 (glases el )b 5 SidSgige il L 35.67. 23.62

.(Doesburg all, 1987

O Rosasite
O Copper Aluminum Carbonate Hydroxide Hydrate

Intensity

10 15 20 25 30 35 40 45 50 55 60
26(°)

oo (il oolal oole iy WSOl amil ol oY S


http://www.sciencedirect.com/science/article/pii/S016729910865452X
www.sid.ir

International Conference on

Engineering & L N\Z N Aol (s yumilpais

Applied Sciences e — Sapjls 0glc g LwAiao
UAE - DUBAI -
10 March 2016 | : I 9 szl Po w33 - Uljlol

¥ USCs e Oglite eSS a0 L CINZNON ALO3 b as cenJlS (gl ladiges adS XRD (glaaslin jloges
32521 sLlss 1o Sl gige JLaluw b e ST oz ls oSy e oo cdpline a5 a5sSilan .l oas o Led
( JCPDS-0-+##Y) B = 9947° g c= 5129 « b= 3425 @=4.684 slas— zul,ls 9 58.32¢ 48.763¢ 38.731.35.554
34422 sloaygly o JUsSIiRe Lolw Ly gy Sl a5l 4 bgy o (55, ST 9 (2014<Tadjarodi and Roshani)
o 50 e pyringd] Slhaue w8y 0ue lu S 5 (JICPDS Y7~V FO V) = 5.20661@=3.24982 as_i il ,bs L 36.253
il e XRD 5JUT 5l oo 3w dlge 56 10 SLUS 5 oyl 0929 0aims ylad oS gige [l L YY/FVA N V/VY
aS oud olulid candBlS LSOl assl joly jo JUsS e [Lisle jo 0 S &ogods 2o S0 g oo 00433l Cudl,S
Wl YEIYAY ol 0 o] ol S

5o Leliaulosls 58 s GuodSS 5l o (59 9 (e 0enST slasas oole i Slig S ouS's 0 dan CZAL diged o
s YA QYY1 Jbeg )8 ooleyion Ol G381 L o r’%‘*"ﬁﬂ Shaws oS g 0 Slo S 58 CZA2 CZA3 sladsigal
ol CUNZNOVALO3 oL aw candBlS (gl YY UV e 2led 0 LI S 0sS oo oaline a5 jghailen ool aidly
S 9yed Dl S ey SLe Sog el Bl (o0 S 5 jdesle iy 589 0k o 4l aS 0Bl oo CZAS wiged Sy
a sl oy 8l o s oo wedSS JlS B & Gt 00l edSS 055 (2B A G JBLS o paaingd ] Slyan
a5 ol dwloe XRD So 5l oolainl b Y alal i - Lo Jge,8 5l oolaiwl b lacan Bl (glp layols lawgie o3lus!l ]
50 el S el YFY plys ol ST dawsgie 035l s poaingd] Slhaud  onSg 00 Slo )S (6ly pows diges 4o

el 035 yiagils YEIPD Jliws S () o3lail pgo digas gl oS Jl>

| Copper Aluminium Carbonate Hydroxide Hydrate ’ C
: - Zn0O

CZAl

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2 theta

O dndS Sgliie slaas s jo eal asle O3 6U ol (6oX1Y ISl


www.sid.ir

International Conference on

Engineering & L N\Z wollodl sy yailyais

Applied Sciences Sapjls 0glc g LwAiao
UAE - DUBAI p—
10 March 2016 | ; I 9 szl Po w3 - Uljlol

00 5 o Sl axdl 3l daseine balas ol aldS ol (iol38l Ll o ol oo il slaeSIl plans e b
ojlail gyl bayals o0 4y Camd uadnST (6l jol o oo b aS 09l oo cnline .l Sy jols talS Coge aS ]
1 Aslan 5o o il o Gl e ST Sl Kool e et Sl G213 L 45 il e (5SS
Qo0 il L aS aas e ylas zelS pl g b co ralS Slu ol 5GLL g ela,) o8 L (FWHM) Wil sl
3o aS el oogy gl O/F ol CZAL aiged 10 o 3T (glo oy o3lasl L0gd co 0L 5 S 5aligil olasl oole o
g Sl 0ol o0l o138l agil AID 4 e duenST 013 L oulds uedST bglie 4 0o 0V 0 4 cole i ao o il

el 009y cans L CZA3 a5g0i Oy bl dlone (gl oSGl andl (35 dasein bl 4>

eS| atls oSy wilesls B x5 CU 5 ZNO LU0 LCUO slajls 4 aiged slajls adS (5,555, s 5l o Ll
73.4 61.4 (220) 42.5(200) 36.4 (111) (sLly; ,o & xhaw cotia sl (@l (o |y AalS ol (o) B o) L (1) o
S g VE/FYY(002) Y#/voY. (101) of/5- ¥ (110) sbls; ,o JUsSTRe jile b (g9, 9unST o« 2012<Feng) (311)
63551y s 5l o WSl ol 5l eawl Cewas S ol ool samline FYIVAA Gl o oS LSl b e 2L
Oy JolS S g anily Sligeen o2 L CZA2 CZA3 sladiges )5 (s BLS oolo jin (iul338I L Lajle 4 ools yLis
s ologes ok oSl ol Cany S b 51 S s el 5 35 oo alls Ky 45 el a8,

ol 00y ol ool i 50938 L CURO ozl #8ly 1o .l saus sy CUO « Cu,O

TPR ;U]

9.6
< Commercialcatalyst
£ 158
2 CZA3
(o]
* \ CZA2

148.9
CZA1
50 100 150 200 250 300 350 400 450
Temperature (C)

latiges 45 TPR by, oF IS5
w3 Lt 1y Lol 51 L o5 slacandBlS sles oo g, asliys sbml by 1y 30,08 OB yae s,y ¥ S

* hollow octahedral


www.sid.ir

International Conference on

Engineering & g\ Gllodl (s puwilpais

Applied Sciences e — Sapjls 0glc g LwAiao
UAE - DUBAI -
10 March 2016 | : I 9 szl Po w33 - Uljlol

Ol az,0 VY BVFO o> 10 o] mouiSle g ol Kbl az )0 V3 BT slos o Lol 5,0 ladiges den )0
Lo, g CU* Bows) gownS] el 2 e 4ot gl GBS 50 a5 am o ylis (B ran (yj5,0ue lade o5 LT Cll
2oy ) Glewbrs Jlade b g 4Bl (8l (Brae (3g)0ee ke pgd CundUlS 0 g Ceulodgr ()b S e 55
SBpas Glie b Lol BB e jloie Cons Ll b Sliogd] o aSST Lo 4 pow Comad Bl 5o Lulys 5 ol Lo
G S Al g Sxy

o oolel (6,5 gy lojed g, 4 i 3,90 sladiges CUNZNO\ALL O3 e baw CadblS el g5le ags oy
2l 4 azg b ot ] ] Eedlad 5 o yshy o3l 138 50 1651 aie b mlSE o s Ly Lol ol o
6305 o slo 4555 Y] il 5 S 5l Lol €O e Lo 4y 5535T, 5o Gme iy s8 glis b 4o ol sy
Kcal/mol s ,alls o5ludled 55,1 4 CUO sbxl 095 o 0 g5 55 CUAO03 5 CULO §og o Sl puins yobo 4
S, 1 ol 5L YVLF Keal/mol s alls o5ldlas 65,50 4 g el icasun CU20 slsl aSdls jo ols 5L VL0
L slejen (2003<Jae et all) wle o 8L 95T, ;0 Lot 5l s (oled candBIS 55 00 Lxl s ol 4 CU0
o085 CandUS o (5568 oo ;o CUAID, LSis Jlas! Cup0 ol piios jlade Sl g oadjle ien lade (iol3dl
WS e a2gi |y pom CandBlS 50 (spdy 03T 5 cullad wad S8l Cl Jldpe 5Bl aSolsl g 0gh o
Gl i (VYY) e 50 jlade cpl 5l g sl YOY by CupOogs 5wl aSubesl 5l (1975<Jacoband Alcock)
g i Ng ST 1y 05d 0 oline culled idl CUZ0 jea> L CZA2 o JBIS o ( 2009¢<Nakano et all)
ol 4z S sl 3 e I JWEH 51 5 lede CanddBS man o ool i CO a4 8, SO o 5l yg,aSUN JLasl
SS S pas o 4 spdy S IS e Cailes o0 C-0 wigy canSls )l Lol sl cldled cdl el g lgio
5 oo Sledlins ;S olail wiy des Sl s e da GiliBee Yo 4 e GBS sl 0gd o ool
IS ae Jlo S5 o oS85 o L 5500 Jlb x5Vl sl et 3 008 oy b o (5 2
a0 Vo YY) 65 o 5 (01,00 a0 VYY) CUp0 Cgd alai pumen (Lee et all, 2015) cal aalys jiljil
Sl S o5 pals el lagos y5umSl 5 CUR0 g 0l o 3B @ o] jo o st 10 el SYL (o Xl
stele ) pgas @ ghe Gl)d Ople Bl g o JB L el pax ol (ol i a5 g 4l o) 5B
pow CandBLS 50 505 0o 5l Gl (a3l (Morris et all, 2015) 0 les oo cancJBLS jo oo o 950 ooy 9 ol (5308
Sy vl g @ GhenST jpam @Sl @bly il Gblse 5 0gd g0 CU20 s ol cely XRD mbs 3las
Sy oo oadlive Codlad il 5,55ST) ae;l (b j0 10 5 0,105 ey B o i


www.sid.ir

International Conference on

Engineering & o llodl {as pauilpaiis

Applied Sciences S Sapjls 0glc g LwAiao
UAE - DUBAI
10 March 2016 | \ [ ar suawt po w33 - Uljlol

&y
www.methanol.org. (2010).
Xiao-Bo Tang« Tsubaki Noritatsu« Hong-Juan Xie« Yi-Zhuo Han« Yi-Sheng Tan. (2014). Effect of modifiers on
the performance of Cu-ZnO-based catalysts for low-temperature methanol synthesis. Journal of Fuel Chemistry
and Technology. Vol 42« No 6. 704-709.
FMeshkinic M Taghizadeh< M Bahmani. (2010). Investigating the effect of metal oxide additives on the
properties of Cu/ZnO/AI203 catalysts in methanol synthesis from syngas using factorial experimental design.
Fuel. vol 89. No 1. 170-175.
Peng Gao«Rongyong Xie«Hui Wang« Liangshu Zhong« Lin Xia« Zhongzheng Zhang< Wei Wei« Yuhan Sun.
(2015). Cu/Zn/Al/Zr catalysts via phase-pure hydrotalcite-like compounds for methanol synthesis from carbon
dioxide. Journal of CO2 Utilization. Vol 11. 41-48.
F. Huber, H. Venvik, M. Ronning, J. Walmsley C, A. Holmen. (2008). Preparation and characterization of
nanocrystalline. high-surface area Cu-Ce-Zr mixed oxide catalysts from homogeneous coprecipitation. Chemical
Engineering Journal, vol 137. No 3. 686-702.
Azzeddine Lekhal< Benjamin J. Glasserc Johannes G. Khinast. (2001).-Impact of drying on the catalyst in
supported impregnation catalysts. Chemical Engineering Science. Vol 56. N0 15. 4473-4487.
J. Bao« Z. Liu¢ Yi Zhang« N.Tsubaki. (2008). Preparation of mesoporous-Cu/ZnO catalyst and its application in
low-temperature methanol synthesis. Catalysis Communications..Vol. 9. 913-918.
Lei Shi« Yi-sheng Tan and Noritatsu Tsubaki. (2012). Method towards Metallic Cu— A Solid-State Combustion
ZnO Catalyst without Further Reduction and its Application to Low-Temperature Methanol Synthesis. Chem
Cat. Vol. 4. 863-871.
Spencer< M.S. (2000). Precursors of copper/zinc oxide catalysts. Catalysis Letters. vol 66. No 4. 255-257.
US patent< World intellectual property organization « (2010)« Wo 2010/146380 A1l.
C. Baltes« S. Vukojevi¢« F. Schiith. (2008). Correlations between synthesis« precursor« and catalyst structure and
activity of a large set of CuO/ZnO/AI1203 catalysts for methanol synthesis. Vol 258¢< No 2. 334-344.
P. Kowalik and W. Prochniak. (2010). The effect of calcination temperature on properties and activity of
Cu/ZnO/AI203 catalysts. Chemistry. vol 65. 79-87.
M. J. L. Gines¢< N. Amadeo« M. Laborde: C. R. Apesteguia. (1995). Activity and structure-sensitivity of the
water-gas shift reaction over Cu-Zn-Al mixed oxide catalysts. Applied Catalysis A: General. vol 131. No 2. 283.
Azadeh Tadjarodi and Reza Roshanic (2014). A green synthesis of copper oxide nanoparticles by
mechanochemical method. Current Chemistry Letters. vol 3. 215-220.
E.B.M. Doesburg, R.H. Hoppener,B. de Koning, Xu Xiaoding, JJ.F. Scholten. (1987). Preparation and
Characterization of Copper/Zinc Oxide/Alumina Catalysts for Methanol Synthesis. Preparation of Catalysts 1V.
Vol 31. 767-783.

Lili Feng« Chunlei Zhang« Guo Gao and Daxiang Cui¢ Feng et al. (2012).Facile synthesis of hollow Cu20
octahedral and spherical nanocrystals and their morphologydependent photocatalytic properties .Nanoscale
Research Letters. vol 7. 276.

Jae Y. Kim« Jose “~ A. Rodriguez« Jonathan C. Hanson«< Anatoly I. Frenkel and Peter L. Lee . (2003). Reduction
of CuO and Cu20 with H2: H Embedding and Kinetic Effects in the Formation of Suboxides. J. AM. CHEM.
SOC. vol 125¢ 10684-10692.

K. T. JACOB and C. B. ALCOCK. (1975). Thermodynamics of CuAIO2 and CuAI204 and Phase Equilibria in
the System Cu20-CuO-A1203. Journar' of The American Ceramic Society. vol 58« NO. 5-6¢ 192-195.

Yoshitaka Nakano<a Shu Saeki< and Takeshi Morikawab. (2009).Optical bandgap widening of p-type Cu20
films by nitrogen doping Applied Physics Letters. vol 94.

Sunggyu Lee« James G. Speight« Sudarshan K. Loyalka. (2015). Handbook of Alternative Fuel Technologies ¢
Second Edition. CRC press« Taylor and Francis Group. 341.

Morris D. Argyle and Calvin H. Bartholomew. (2015). Heterogeneous Catalyst Deactivation and Regeneration:
A Review. Catalysts. vol 5. No 1. 145-269.


http://www.sciencedirect.com/science/article/pii/S1872581314600311
http://www.sciencedirect.com/science/article/pii/S1872581314600311
http://www.sciencedirect.com/science/article/pii/S1872581314600311
http://www.sciencedirect.com/science/article/pii/S1872581314600311
http://www.sciencedirect.com/science/article/pii/S1872581314600311
http://www.sciencedirect.com/science/journal/18725813
http://www.sciencedirect.com/science/journal/18725813
http://www.sciencedirect.com/science/journal/18725813/42/6
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/article/pii/S2212982014000699
http://www.sciencedirect.com/science/journal/22129820
http://www.sciencedirect.com/science/journal/22129820/11/supp/C
http://www.sciencedirect.com/science/journal/00092509
http://www.sciencedirect.com/science/journal/00092509/56/15
http://www.sciencedirect.com/science/article/pii/S0021951708002662
http://www.sciencedirect.com/science/article/pii/S0021951708002662
http://www.sciencedirect.com/science/article/pii/S0021951708002662
http://www.sciencedirect.com/science/journal/00219517/258/2
http://www.ingentaconnect.com/content/els/0926860x;jsessionid=8c9svmiqf3i7.alice
http://www.sciencedirect.com/science/article/pii/S016729910865452X
http://www.sciencedirect.com/science/article/pii/S016729910865452X
http://www.sciencedirect.com/science/article/pii/S016729910865452X
http://www.sciencedirect.com/science/article/pii/S016729910865452X
http://www.sciencedirect.com/science/article/pii/S016729910865452X
https://www.researchgate.net/journal/0003-6951_Applied_Physics_Letters
www.sid.ir

