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. -
utions of weakly basic sites to the total basic sites is small with the
incorporation of Mn, La, Ce, Zr and Y, and the values kept at about

- sites and catalytic functionality rsz W‘@/

It is well known that the synthesis of methanol,
CO, + 3H2 = CH30H + H,0 AHzgg K.5MPa = —40.9k_| mol" (7)
and the reverse water gas shift (RWGS),

COy + Hy = CO+Hy0 AHagg k5 mpa = 49.8k] mol™! (8)

are the main reactions during CO; hydrogenation to methanol. At
low conversions and low temperatures, the hydrogenation of CO;
is the primary pathway because it is faster than the hydrogena-
tion of CO [10,44]. The major product is methanol, and the main
byproducts are CO and H0 under the present reaction conditions
45].

any studies have demonstrated that there are two active sites
volved in the methanol synthesis from CO; hydrogenation over
ﬁ the Cu/ZnO-based catalysts [3,9,20]. g SOIPNON SiE SSo0E
A1 ation of hydrogen occur on the Cu sites, while the adsorption of
[%---------—_

researchers roposed that formaldehyde (H,CO)
was Baé_ﬁ:x interme ecies in the reaction pathway;Whic

can be produced by both dioxomethylene (H,COO) hydrogenation
(HC00™ +H* - H,COOH™™ — OH" +H,CO", " and " represent the
monodentate and the bidentate species, respectively; *represents
¢ _the adsorption site on Cu) via the formate pathway and formyl
drogenation via the RWGS + CO-Hydro pathway [46-49].
Liu [47] suggested that CO; molecules adsorbed on the

rface experienced the formate (HCOO) intermediate

— e

three species of adsorbed CO; are formed on the surface weakly,

moderately and strongly basic sites (basic sites «, 3 and ), respec-
tively. The adsorption ofbimrbonaﬁe species on the basic sites « is
weak and easy to desorb to form again. As a result, it is diffi-
cultforthehydmgenanonomusblcafbonatespeues.Theadsorbed
CO, onbnthméﬁandybaﬁcmundemastepwisehydm’gena—
tion to , HCOO, H,COOH and H,CO with atomic hydrogen
(H) bemg supplied by means of H spillover from Cu. In addition, the
C=0 bond of H, CO absorbed on strongly basic sites may be activated
to react with surface atomic hydrogen to form methanol attributed
to the strong C-‘y bond (Fig. 10). However, the C=0 bond of H,CO
adsorbed on moderately basicsitesaretelaﬁvely stable due to the
weaker C-f3 interaction, which results in the H,CO species prefer-
ring to de genate to form CO rather than be hydrogenated into

Hérefore, not only methanol but also CO are produced
M, CO intermediate formed by the formate pathway.
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RILRTcur-ANCHT-AX (X = Mn, La, Ce, zrilY) AN
NEAEN, Scar-AlEiL, cotNTMMT13,2-34%, 8|
AMn, La, Ce, 2-HIY/E, cH 3 oHMORNEHENE, Miocu
3 CH 3BAGICAT-AZr{ES2) KFIM48. 0%, HoET-AR

20.9%. CHIOHERGNS " HAUBEROETE, |

The catalytic performance of CHT-A and CHT-AX (X =Mn, La, Ce,
Zr and Y) catalysts is summarized in Table 7. Compared with the
CHT-A, the conversion of CO; increased by 13.2-34% and the CH;0H
selectivity was enhanced significantly with the introduction of Mn,
La, Ce, Zr and Y, for example, the CH3O0H selectivity is 48.0% over
CHT-AZr at 523 K, which is 20.9% higher than that on the CHT-A.
The CH30H yield is also in accordance with the order of CO; con-
version. A maximum CH3OH yield of 0.52 g gcat ! h~! with the CO,
conversion of 26.9% and the CH3OH selectivity of 47.1% is obtained

over the£HT-AY S_ ;?.\BEL’? E ™) aﬂ%,d(&m

i performance for methanol synthesis from CO, hydrogenation over
HT-A and CHT-AX (X=Mn, La, Ce, Zr and Y) catalyst.
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Table 2 Classification of brownfield assessment system
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