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Fig. S1 N, adsorption-desorption isotherms for the SBA-15, ZnO/SBA-15,
MgO/SBA-15 and ZnMg/SBA-15-based catalysts.
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Fig. S2 SEM images of the MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-15-based
catalysts. (a) MgO/SBA-15, (b) ZnO/SBA-15, (¢) ZnMg/SBA-15-HS, (d)

ZnMg/SBA-15-500, () ZnMg/SBA-15-700, and (f) ZnMg/SBA-15-Hexane.
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Fig. S3 Particle size distribution of the MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-
15-based catalysts. (a) MgO/SBA-15, (b) ZnO/SBA-15, (¢) ZnMg/SBA-15-HS, (d)
ZnMg/SBA-15-500, (e) ZnMg/SBA-15-700, and (f) ZnMg/SBA-15-Hexane. The
average particle size was 1.51, 1.71, 1.98, 1.62, 1.42, and 1.30 pm for the MgO/SBA-
15, ZnO/SBA-15, ZnMg/SBA-15-HS, ZnMg/SBA-15-500, ZnMg/SBA-15-700, and

ZnMg/SBA-15-Hexane, respectively.
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Fig. S4 TEM images of the catalysts of ZnO/SBA-15, MgO/SBA-15, ZnMg/SBA-15-

Hexane. (a) ZnO/SBA-15, (b) MgO/SBA-15, and (¢) ZnMg/SBA-15-Hexane.



Fig. S5 Elemental mapping from STEM-EDS analysis for the ZnO/SBA-15 catalyst.

(a) STEM image, (b) Si, (c) O, and (d) Zn.



Fig. S6 Elemental mapping from STEM-EDS analysis for the MgO/SBA-15 catalyst.

(a) STEM image, (b) Si, (¢) O, and (d) Mg.



Fig. S7 Elemental mapping from STEM-EDS analysis for the ZnMg/SBA-15-Hexane.

(a) STEM image, (b) Si, (¢) O, (d) Mg, and (e) Zn.
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Table S1 The elemental composition for the MgO/SBA-15, ZnO/SBA-15 and
ZnMg/SBA-15-based catalysts.

Element content (wt%)? Dosage of raw materials (wt%)°
Sample

Zn Mg Si Zn Mg Si
MgO/SBA-15 / 41.7 58.3 / 46.2 53.8
ZnO/SBA-15 20.9 / 79.1 24.5 / 75.5
ZnMg/SBA-15-HS 7.6 40.2 52.2 16.6 43.0 40.4
ZnMg/SBA-15-500 8.2 41.5 50.3 7.5 42.7 49.7
ZnMg/SBA-15-700 8.8 40.5 50.7 7.5 427 49.7
ZnMg/SBA-15-Hexane 8.9 42.8 48.3 7.5 42.7 49.7

(a) The elemental composition of these catalysts was obtained by EDX analysis. (b)
The dosages of the elements were calculated according to the amount of raw materials

in the catalyst preparation.
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Fig. S8 Comparison of the O /s region on the ZnO, MgO, and SBA-15.
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Fig. S9 O Is region for the MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-15-
based catalysts. (a) MgO/SBA-15, (b) ZnO/SBA-15, (¢c) ZnMg/SBA-15-HS, (d)

ZnMg/SBA-15-500, (¢) ZnMg/SBA-15-700, and (f) ZnMg/SBA-15-Hexane.
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Fig. S10 NH;-TPD profiles for the MgO/SBA-15, ZnO/SBA-15 and
ZnMg/SBA-15-based catalysts. (a) MgO/SBA-15, (b) ZnO/SBA-15, (¢)
ZnMg/SBA-15-HS, (d) ZnMg/SBA-15-500, (¢) ZnMg/SBA-15-700, and (f)

ZnMg/SBA-15-Hexane.
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Fig. S11 CO,-TPD profiles for the catalysts of ZnO/SBA-15, MgO/SBA-15 and

ZnMg/SBA-15-Hexane.
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Fig. S12 CO,-TPD analysis for the samples of ZnO, MgO, and SBA-15.
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Table S2 Carbon balance for the MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-15-

based catalysts.

Sample Carbon balance (%)
MgO/SBA-15 94.5
ZnO/SBA-15 84.3
ZnMg/SBA-15-HS 93.9
ZnMg/SBA-15-500 82.8
ZnMg/SBA-15-700 88.4
ZnMg/SBA-15-Hexane 93.4

The Carbon balance was calculated based on C-moles of the converted ethanol and

the obtained products.
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Table S3 Turnover rate for the MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-15-

based catalysts.

Sample Turnover rate (h'!)
MgO/SBA-15 324
ZnO/SBA-15 75.0
ZnMg/SBA-15-HS 314
ZnMg/SBA-15-500 40.1
ZnMg/SBA-15-700 64.2
ZnMg/SBA-15-Hexane 88.2

The turnover rate was calculated according to the number of Lewis acid sites. In the
direct ETB reaction, aldol condensation and MPV reaction were the rate-determining
steps. Lewis acid sites were active Centers for the aldol condensation and MPV
reaction. Therefore, we employed the number of Lewis acid sites to calculate the

turnover rate of ethanol in the direct ETB processes.
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Fig. S13 Stability of the ZnMg/SBA-15-Hexane in direct ETB reaction. Reaction
conditions: catalyst, 0.5 g; T = 400 °C; WHSV = 1.23 h!; TOS = 50 h. The

ethylene, butadiene, acetaldehyde and diethyl ether was abbreviated as C,~, BD,
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Table S4 Performance

catalysts.!?

comparison of the ZnMg/SBA-15-Hexane and other reported

Conversion BD selectivity ~ BD productivity

Sample %) %) (g Zea )¢ Ret
3.7%Ag/MgO(2)-Si0, 97.7 63.0 0.07 1
4%Zn0/MgO-SiO, 84.6 53.1 0.26 2
ZnMg/SBA-15-Hexane 57.0 70.0 0.29 This work

(a) Ethanol conversion (%), (b) butadiene selectivity (%), (c) butadiene

productivity (gap*Eeat.”

l,h-l).
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Table SS Direct ETB performance for the ZnMg/SBA-15-Hexane and ZnMg/SBA-
15-Hexane-R.

) Selectivity (%)
Sample Conversion STY
% : ca_l'h_1
%) BD C- AcH DEE others (&8 M)
ZnMg/SBA-15-Hexane 57.0 700 7.0 126 4.8 5.6 0.29
ZnMg/SBA-15-Hexane-R 56.1 650 74 212 3.7 2.7 0.26

Reaction conditions: catalyst, 0.5 g; T =400 °C; WHSV = 1.23 h'!; TOS =6 h.
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Fig. S14 NH;-TPD analysis for the catalysts of ZnMg/SBA-15-Hexane and
ZnMg/SBA-15-Hexane-R.
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Fig. S15 CO,-TPD analysis for the catalysts of ZnMg/SBA-15-Hexane and
ZnMg/SBA-15-Hexane-R.
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Table S6 Direct ETB performance for the ZnMg/SiO,-Hexane and ZnMg/SBA-15-

Hexane.
) Selectivity (%)
Sample Conversion STY
% ‘Beal -l 'h_]
(%) BD C- AcH DEE others (&&= ™)
ZnMg/SiO,-Hexane 41.6 603 94 18.1 6.5 5.7 0.18
ZnMg/SBA-15-Hexane 57.0 700 7.0 12.6 4.8 5.6 0.29

Reaction conditions: catalyst, 0.5 g; T =400 °C; WHSV = 1.23 h'!; TOS =6 h.
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Table S7 Direct ETB performance for ZnO, MgO, and SBA-15.

Selectivity (%)

Sample Con(\(/’zr)sion (g.gS"l;Th_l)
BD Cy AcH  DEE others .

ZnO 63.2 0.4 27.7 28.4 23.0 20.5 0.00

MgO 11.5 33 383 52.6 1.6 4.1 <0.01

SBA-15 3.8 0.0 53.6 22.7 16.8 7.7 0.00

Reaction conditions: catalyst, 0.5 g; T =400 °C; WHSV = 1.23 h'!; TOS =6 h.
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Fig. S16 NH;-TPD analysis for the catalysts of ZnO, MgO, and SBA-15.
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Table S8 Direct ETB performance over the ZnMg/SBA-15-Hexane catalysts with

different ZnO contents.

. Selectivity (%)

Sample Conversion STY

% “Zearh!

) BD Cr AcH DEE others (&8s 1)
1ZnMg/SBA-15-Hexane 40.2 754 93 7.2 3.4 4.7 0.22
3ZnMg/SBA-15-Hexane 46.3 70,6 94 105 4.8 4.6 0.24
5ZnMg/SBA-15-Hexane 57.0 700 7.0 12.6 438 5.6 0.29
8ZnMg/SBA-15-Hexane 65.3 64.0 7.8 189 28 6.4 0.30
10ZnMg/SBA-15-Hexane 70.1 586 93 21.1 46 6.4 0.30

Reaction conditions: catalyst, 0.5 g; T =400 °C; WHSV = 1.23 h'!; TOS =6 h.
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Fig. S17 NH;-TPD analysis for the catalysts of 1ZnMg/SBA-15-Hexane,
5ZnMg/SBA-15-Hexane and 10ZnMg/SBA-15-Hexane.
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Fig. S18 CO,-TPD analysis for the -catalysts of 1ZnMg/SBA-15-Hexane,
5ZnMg/SBA-15-Hexane and 10ZnMg/SBA-15-Hexane.
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Fig. S19 XRD patterns for the spent MgO/SBA-15, ZnO/SBA-15 and ZnMg/SBA-
15-based catalysts. (a) MgO/SBA-15, (b) ZnO/SBA-15, (¢) ZnMg/SBA-15-HS, (d)

ZnMg/SBA-15-500, (e) ZnMg/SBA-15-700, and (f) ZnMg/SBA-15-Hexane.

30



—— MgO/SBA-15
—— 7Zn0O/SBA-15
—— ZnMg/SBA-15-Hexane

P —

T
T

150 200 250 300 350 400 450 500
Temperature (°C)

Intensity (a.u.)

Fig. S20 NH;-TPD profiles for the spent ZnO/SBA-15, MgO/SBA-15, and
ZnMg/SBA-15-Hexane.
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Fig. S21 CO,-TPD profiles for the spent ZnO/SBA-15, MgO/SBA-15, and

ZnMg/SBA-15-Hexane.
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Fig. S22 C Is region for the spent MgO/SBA-15, ZnO/SBA-15, and ZnMg/SBA-15-

Hexane.
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Fig. S23 In-situ DRIFT spectra for the direct ETB reaction from 250 to 450 °C over
the ZnMg/SBA-15-Hexane.>% The In-situ DRIFT spectra was showed using the

frequency range from 1900 to 1300 cm-!.
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Fig. S24 In-situ DRIFT spectra for product desorption at 400 °C with He purge over
the ZnO/SBA-15.° The inset further displayed the spectra for the frequency range

from 1900 to 1400 cm™'.
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