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Fig. 1 Change of ethanol dehydration activity of
S0,%/Ti0,-Zr0, against activation temperature.

a: anatase
t: tetragonal
— m: monoclinic
m
m 973 K

Z\‘ |
é t ¢
g t 923 K
3
=
=

j‘ A A 873 K|

— a
_ A a a4 a a gj3g

| ~L I — ) | | 773 K|
0 10 20 30 40 50 60 70 80
2Theta/degree

Fig. 2 XRD profiles of SO,%/TiO,-ZrO, activated
at various temperatures.
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Fig. 1. Conversion and vyield in the catalytic cracking of n-
dodecane at 400°C. (A) ZSM-5 + Pt/SiO, (W/F = 3.3),
(B) ZSM-5 + Pt/SiO, (W/F = 0.66), (C) B-MFI +
PU/SIO, (W/F =3.3).
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1) Nakazawa, N. et al., J Am Chem Soc., 139, 7989
(2017).

2) Liu, Q. et al., Materials, 13, 2030 (2020).

3) Liu, Q. et al., Chem Lett., 50, 1725 (2021).
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Insights into Synergistic Effect of Active Centers over
ZnMg/SBA-15 Catalyst in Direct Synthesis of Butadiene

from Ethanol

(University of Toyama) oKangzhouWang, Guohui Yang, Noritatsu Tsubaki

1. Introduction

Butadiene is a key platform for production of synthetic
rubber, synthetic resin, nylon, etc. At present, butadiene is
mainly produced by steam cracking of naphtha from
petroleum resource.” However, due to the rapid depletion of
petroleum reserves, it is highly desirable to explore new
approaches that utilize renewable carbon resources for
butadiene production. Ethanol, as a renewable carbon
resource, can be produced by fermentation of sugar-rich
wastes and carbonylation of methanol or dimethyl ether?.
Therefore, compared with the traditional butadiene production
from naphtha cracking, conversion of ethanol to butadiene
(ETB) would be a promising approach to mitigate the crisis of
butadiene shortage in the future. Functionalized catalysts with
multiple active centers have been studied in direct ETB
conversion. However, it is still a considerable challenge to
control synergistic effect of the multiple active centers.

Here, we synthesize a series of MgO/SBA-15 catalysts
with  ZnO addition (denoted as ZnMg/SBA-15-based
catalysts), by using different preparation methods. To get a
deep insight into the synergies of active centers, we analyse
these ZnMg/SBA-15-based  catalysts via  multiple
characterization techniques, and evaluate their catalytic
performance of the direct ETB reaction. The results show that
ZnMg/SBA-15-Hexane catalyst, prepared by n-hexane
solvent, produce an excellent selectivity of butadiene and high
stability. The ZnO addition plays an important role in
controlling acid-base properties and improving the synergies
of various active centers.

2. Experimental

The mesoporous silica, SBA-15, was prepared by
hydrothermal synthesis®. ZnO/SBA-15 was fabricated by
using incipient wetness impregnation (WI) method.
MgO/SBA-15 was synthesized via a wet-kneading (WK)
method. The ZnO/SBA-15 with MgO was coupled by WK
method to obtain ZnMg/SBA-15-based catalysts. The
catalysts of ZnMg/SBA-15-500 and ZnMg/SBA-15-700 were
calcined at 500 <C or 700 T, respectively. ZnMg/SBA-15-
Hexane was prepared via a solvent of n-hexane. The other
treatments were also the same as those of the MgO/SBA-15.
The catalysts were characterized via multiple characterization
techniques, and the direct ETB reaction was carried out in a
fixed-bed tubular reactor (inner diameter = 4 mm) at
atmospheric pressure. Reaction conditions: catalyst, 0.5g; T =
400 T; WHSV =1.23h™; TOS =6 h.

3. Results and discussion
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Fig. 1 Catalytic performance of the direct ETB reaction. The
ethylene, butadiene, acetaldehyde and diethyl ether was
abbreviated as C, -, BD, AcH and DEE, respectively.

The direct ETB performance for the MgO/SBA-15,
ZnO/SBA-15 and ZnMg/SBA-15-based catalysts was
evaluated and compared in Fig. 1. The MgO/SBA-15 showed
that ethylene and diethyl ether were the main products,
indicating that it formed a strong dehydration ability. However,
the excessively strong dehydration ability resulted in high
selectivity for the byproducts of ethylene and diethyl ether. The
ZnO/SBA-15 exhibited a butadiene selectivity of 25 % and
acetaldehyde selectivity of 31 %, and it also displayed high
selectivity for the byproducts of ethylene and diethyl ether. This
implies that the ZnO/SBA-15 promoted the direct ETB
conversion, but its butadiene selectivity was still low. After the
additions of ZnO and MgO, the ZnMg/SBA-15-based catalysts
significantly enhanced the butadiene selectivity. In particular,
on the ZnMg/SBA-15-Hexane, the butadiene selectivity can
reach as high as 70 %, while keeping the ethanol conversion at
57 %. These phenomena suggest that the multiple synergies
from MgO, ZnO and SBA-15 were the crucial factor to enhance
the direct ETB performance.

This work provides a simple and effective method to optimize
synergies of multiple active centers, and enhance synergies of
multiple active centers for the direct ETB process. We expect
that the insights into the synergies of multiple active centers can
promote new catalyst designs for other complicated reactions
with multistep elementary processes.
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Fig. 1 Effect of reaction time on conversion of phenol

in hydrothermal gasification

Table 1 Surface area, pore volume and pore diameter

BET Total Avg. BJH BJH BJH

Catalyst SA* PV#2 PD*  SA% pV*2 PD*3
(m2g)  (cm®g)  (hm)  (m2g)  (cm3g) (nm)
8Ni4Fe4Co63C21Zr* 76 0.21 111 40 0.19 3.6
8Ni4Fe4C063C212r* 87 0.21 9.8 52 0.21 3.7
4Ni8Fe4Co63C21Zr* 118 0.076 2.6 39 0.041 3.7
4Ni8Fe4Co63C212r* 114 0.065 22 17 0.021 3.7
4Ni4Fe8C063C21Zr* 111 0.056 20 11.09 0.014 3.7
4Ni4Fe8C063C21Zr* 127 0.055 2.0 6.27 0.010 3.7
16Ni53C31Zr700N* 84 0.17 8.2 31 0.15 3.3
16Ni53C31Zr700N*a 107 0.17 6.5 38 0.14 33

*] Surface area *2 Pore volume *3 Pore diameter *b

before use *a after use
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The oxidation of cyclohexene with H,O,
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Table 1 The oxidation of cyclohexene with H,O, over the catalysts

Ti content b Yield (%)
Catalyst
(mmol/g) Total 2 3 4 5 6 Others
H*-CST (50 nm) 5.66 5 20.7<0.1 33136 0.5 1.1 23
H'-CST (20 pm) 6.11 1 46 0.1<0.1 43 0.1 0.1 <0.1
TS-1 0.376 29 39 1.8 02 24<0.1<0.1 <0.1
No catalyst - - 09 0.5<0.1 0.2<0.1<0.1 0.1

a. Reaction conditions: catalyst, 25 mg; cyclohexene, 5.0 mmol; H2O2, 5.0 mmol;
H20, 22.0 mmol; acetonitrile, 95.0 mmol; temperature, 60°C; time, 120 min.

b. Turnover number = moles of products per mole of Ti site.

c. Calculated based on the PPh; method according to ref. 10.
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