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ABSTRACT

A major part of todayos energy derives

increased carbon dioxide (CO;) concentration in the atmosphere and thereby
causing global warming through the greenhouse effect. In recent years,
research efforts have been made to reduce CO,. Among the promising
exploitation processes is CO; hydrogenation, which is of particular interest, as
it effectively reduces carbon dioxide while producing high value added
chemicals and fuels, such as carbon monoxide, methane, methanol, and
hydrocarbons.

The aim of this thesis is the study of certain Ir, Ru, Rh based catalysts and
their catalytic performance with respect to the reaction of CO, hydrogenation.
The following catalysts were characterized and tested: 1%lIr/ Al,O3 1%lIr/
Ce0,Zr0,, 1%lr/ Al,03Ce02Zr0, 1%Ru/ Al,Os3 1%Ru/ Ce0,ZrO, 1%Ru/
AlegCGOzZI’Oz' 1%Rh/ A|2031 1%Rh/ CGOszOZ, 1%Rh/ A|203C8022I’02_

Initially, experiments were carried out to characterize these catalysts. In
particular, Temperature- programmed hydrogen reduction (H2-TPR)
experiments were carried out, a method used to assess the hydrogen
reduction capacity of the catalyst, H, chemisprption (Hz-titration) experiments
to calculate the mean diameter of the spherical particles and metal dispersion
in the support, and BET method experiments to measure the total surface
area.

The catalytic performance of the above catalysts was also studied for the
reaction of hydrogenation of carbon dioxide (CO2 Hydrogenation) to methane
production (methanation of CO2). For the study of the catalytic activity of each
catalytic material, 0.05 g is tested in the reactor, while gas mix passes through
the reactor (feedback ratio: H,/ CO,=4 and specifically 20% H,, 5% CO,, 75%
Ar and a total flow rate of 50 cm® / min or 100 cm® / min). The reactor
temperature is gradually increased to 600°C, while the reaction products are
being analyzed every 30°C with on-line gas chromatography.

Furthermore, the catalytic stability of the catalysts for this reaction is studied.
The procedure is similar to that of the catalytic activity study, with the
diffwrence that chromatograms are received every hour, for 5 hrs at a constant
temperature (380°C), which was chosen as an average optimum yield value for
comparison between catalysts studied.
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C+0,<->CO, -393.5 Boosoe Bactkel v
CO +1/2 0,<-> CO, -283 B3 Ua iGQl d
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vol% H,, GHSV= 10,000 h™.
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Fig. 6. (a) CO; conversion and (b) CHs selectivity vs. temperature, at
GHSV=-43,000 h-, for the USY (+), 10ZNiO+USY (=), 2ENiUSYg, (=), 2BNiUSYmp

(@), SENIUSYmp (#), 10ENIUSYmp (W) and 14%NiUSYmp () catalysts. Dashed line —
thermodynamic equilibrium conversion values.
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Usa aUa Us aCi

a

iy Ohd
Pduug

Udd CegUs ladelbdddd ¢ UUUAD,8Ue dUdd g
g € 2 4IBIBSV B 43.000 h.

Sample COz conversion (%) CHy4 selectivity (%)

SENIUSY jmp 24.7 61.4

A%Ni3%CeUSYimp 37.7 72.1

A%NI7ECeUS Yimp 443 75.5

5%Ni15%CeUSY g 55.0 86.2

10%NIUSYjmp 47.9 78.8

8%Ni7%CeUSYimp 51.7 85.6

14%NiUSY 65.5 942

14%NI7%CeUSY g 68.3 95.1
¢ e¢UayUd UgUe ilBeoetdBdcfhlUm; elUhmdsld c) dUsceca’
G0ds “jyeurddid Udd UsUaupl@idg Udtrpesh s wlUdd d
e OUUUy 6 yd oaUs UaaUeUsehquDg’ "8g aUeb¥Y3es
G0 Gioeysltd €U Yobsesgdco@ilifdyg UUgUEYHe3 UUs G
babasgoy UlGalU, @65 6 8aes UaszUs aalrai Udges U

Us}oab¥Y gasay. (YasUaUd 2.5

-, )

basU@2Bdgi oo} s0d U 8UUaUG edY Usx(sh s09adUr 30 bUrliadi Ubls b &9 6
[2.24 - 2.30].
T CO, CH, CH,
Catalyst PCO, °C) H,: CO, | conversion | selectivity | yield | References
(%) (%) (%)
Sharma S.
Ce0.95Ru0.050, | 0.13 | 450 4 55 99 55 (eztoill)
[2.24]
Du G. et al.,
3%Ni-MCM-41 0.28 | 400 2.6 17 96 16 (2007)
[2.25]
Cai M. et
12%Ni/ZrO,-Al,O5 | 0.22 | 360 3.5 73 97 71 al., (2011)
[2.26]
Gao J et
5%Ni/La,0,CO3 0.20 | 300 4 40 89 36 al., (2009)
[3.27]
. Chang F. et
159%NI/RHA- 0.20 | 500 4 64 91 58 | al. (2003)
Al2Os [2.28]
Ocampo F.
5%Ni-Ce0.5 Zr0.5 etal.,
0, 0.16 | 400 4 80 99 79 (2011)
[2.29]
Ocampo F.
10%Ni- etal.,
Ce0.722r0.280, | 016 | 400 4 85 99 84 (2009)
[2.30
Graca I. et
14%NiUSYImp 0.16 | 400 4 65.5 94.2 61.7 al., (2014)
[2.23
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14%'\“7::{"?“5“ 0.16 | 400 4 68.3 95.1 65

14%'\“7;/]"?“5“ 0.16 | 400 4 74.8 985 737

14%'\"7;;/]"56“8“ 0.16 | 400 4 77.1 99.1 76.4
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