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Selective dehydration of diols catalyzed by crystalline composite oxides
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This study deals with the development of production of 1,3-butadiene (BD)
from biomass-derived butanediols (BDO) using composite oxide catalysts with high crystallinity. It
is important to form an intermediate unsaturated alcohol (UOL) from BDO for the efficient production

of BD. Composite oxides, such as YbFexMnyO3 and rare earth zirconate (RZ0), were focused to achieve
high performance of the BDO dehydration catalyst. In the preliminary screening, Yb2Zr207 was found
to be a candidate catalyst. In the 16 RZOs, RZOs with heavy rare earth composed of fluorite
structure. The heavy RZOs showed high selectivity to UOLs in the dehydration of 1,3- and 1,4-BDO. In
addition, Y2Zr207 showed the highest performance in the formation of BD from the BDOs. It is proved
that cubic fluorite Y2Zr207 with high crystallinity, which exposed ongen defect sites on the
surface with 12.5% oxygen sites, exhibits high catalytic activity and high selectivity to BD in the
dehydration of 1,3- and 1,4-BDO.



1)

BDO
13-, 1,4, 2,3-BDO
(Ce0»)
(2) CeO, Yb,Os
) 14-BDO
1/4
1
CeOy, Yb,0s
(RZO)
2
1,3-, 1,4- 2,3-BDO
(1) Y bFesMn,Os
Fe Mn
HT
YzZr207)
2
BDO
(1) YbFesMn,03

FeMnOs

[ 1]

(BDO)
1,3- (BD)
BD (1]
(UoL) BD
BD 2016
(1]
UOL
UOL
Y b0
FeMnOs3
FeMnO3 Y b203
uoOL
Y bFe:sMn,03
HO OH
Ho/\/\/OH HO/\/\\ \Oij\ HO/\g-{\
1,4-BDO 13800 23800 1,2-BDO
N SN e
OH
HO NS SN HO N\
3B10L 3B20L 2B10L
P A1 N~ N
P/OM PN \j\l \)Ok / ‘ 0"
¥ B 4 HOSN —om
o7 0P~ it \FB\
BD
(HT)
RZO
16 (
X (XRD)
(GC)
GC
FeMnOs Yb203
Y bFe;MnpO3 1,4-BDO



Yb FeMnOs BDO
Y- Mn
Yb YbFeOs BDO
Y bFEO3 Y bFeaM I’lb03
1,4-BDO Y bFesMnyO3
Y bFe:sMny03 UOL Y b,0O3
Fe Mn
@ [2]
1,4-BDO HT ZrO2 CaO
2 (Csz2)
Csz
HT CSz
HT 900 CSz
1,4-BDO 90 3-buten-1-0l(3B10L) (Table 1)
HT Csz 9.4mol%Ca UoOL
Csz 10mol% Ca
HT Ca
Csz Ca
HT Ca CazrOs
Csz
1,4-BDO uoL BDO
Table 1 Effect of aging conditions of CSZ on SA and catalytic activity in the dehydration of 1,4-BDO.
Calcination temperature SA Conv. Selectivity (mol %)
(°C) (m?g?) (%) 3B10OL 2B10L THF
Aged at 25 °C, as-prepared 36.0 - - - -
.........%e0 .88 187 825 28 . 31
HT at 200 °C, as-prepared 176 - - - -
700 9.1 58.5 75.6 31 195
800 68.7 57.6 84.1 26 118
900° 443 54.7 89.2 37 6.1
1000 14.9 27.2 89.6 1.6 5.1

Aged in NH; mediafor 24 h. Reaction conditions: temperature, 325 °C; W/F, 0.31 h. 3B10L, 3-buten-1-ol; 2B10L, 2-buten-
1-ol; THF, tetrahydrofuran. 2 Cacontent, 13.4 mol%, ° 9.4 mol%.
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Table 2 Dehydration of 1,3-BDO over Ln203-ZrO2 catalysts prepared through HT in agueous KOH.
Ln SA Conv. Selectivity (mol %)
(m¥g) (%) 3B10OL 3B20L 2B1OL UOLs MVK MEK  acetone others

Gd 9.6 33.8 23 39.1 30.8 722 4.8 0.9 83 13.8
Dy 9.2 19.3 31 34.9 283 66.3 6.4 238 8.6 15.9

Er 14.8 26.9 3.0 33.6 259 62.5 7.6 7.0 75 154
Yb 24.1 76.2 2.7 53.3 36.0 92.0 18 1.0 0.7 45
Ybe 48.9 74.3 1.6 52.9 39.7 94.2 1.8 2.3 0.3 1.4

Reaction conditions: temperature, 375°C; N, flow rate, 30 cm® mint; W/F = 0.20 h; catalyst weight, 0.3 g. Catalyst samples were
prepared through HT in KOH ag. at 200°C for 24 h followed by calcination at 800°C for 3 h.
2The sample prepared through HT in ammonia solution at 200 °C for 24 h, and reacted at 325 °C at W/F = 0.31 h.
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