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Preparation of Cu/MgO, Cu/AL, O3, Cu/Zn0O: 1.902 g Cu(NOs),-3H,0 (0.5 g Cu)
was dissolved in the corresponding amount of deionized water, and 4.5 g pretreated
MgO (Al,03, ZnO) was added to the solution under stirring. After that, the mixture
was pretreated in an ultrasonic bath for 30 min and left to stand for 24 h. Then it was
dried in an oven at 120 °C for 12 h and calcinated in a muffle furnace at 400 °C for 4
h. The CuO/MgO (AL,O;, ZnO) precursor was pressed, crushed, and sieved to obtain
40~60 mesh particles. Before the catalytic reaction, CuO/MgO (Al,O3, ZnO) was
reduced at 300 °C for 1 h in 10% H,/N, and the final 10 wt% Cu/MgO (Al,O3, ZnO)

catalyst was obtained.

Preparation of Cuy;/Mg;3A1,0193: 1.721 g Cu(NOs3),-3H,0, 18.686 g
Mg(NO3),-6H,0 and 7.503 g AI(NO;)3;-9H,0 were mixed and dissolved in 200 mL
deionized water, which was labeled as solution A. 16 g NaOH and 13.25 g Na,CO;
were dissolved in 400 mL deionized water and recorded as solution B. Solution A and
solution B were mixed by peristaltic pump and added dropwise with a controlled pH
of 9.5. After that, the suspension was transferred into a 500 mL Teflon-lined stainless-
steel autoclave and kept at 100 °C for 14 h. The formed solid was filtered and washed
with deionized water until the pH of the filtrate was close to 7, and then it was dried
in an oven at 80 °C overnight and denoted as Cu;7Mg73AL(OH),0COj3. The above
precursor was calcinated in a muffle furnace at 400 °C for 4 h with a heating rate of 5
°C/min. The obtained solid was pressed into 40~60 mesh particles and designated as
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Cuy;Mg;3A1,0y,. Before the catalytic reaction, the above Cuy7Mg73AL, 0, was
reduced at 300 °C for 1 h in 5% H,/N,; and the final Cu,7/Mg73A1,0¢ 5 catalyst was

obtained.

Preparation of Cuyg/Mg;,S¢,019,: 1.867 g Cu(NOs3),-3H,0, 18.531 g
Mg(NO3),-6H,0 and 5.188 g ScCl;-6H,0 were mixed and dissolved in 200 mL
deionized water, which was labeled as solution A. 16 g NaOH and 13.25 g Na,CO;
were dissolved in 400 mL deionized water and recorded as solution B. Solution A and
solution B were mixed using peristaltic pump and added dropwise with a controlled
pH of 9.5. Subsequently, the above mixture was transferred into a 500 mL Teflon-
lined stainless steel autoclave and kept at 100 °C for 14 hours. The formed solid was
filtered and washed with distilled water until the pH of the filtrate was close to 7, and
then it was dried in an oven at 80 °C overnight and denoted as
CugsMg7,Sc,(OH),0CO;. The above precursor was calcinated in a muffle furnace at
400 °C for 4 h with a heating rate of 5 °C/min. The obtained solid was pressed into
40~60 mesh particles and designated as Cu,sMg7,Sc,04;. Before the catalytic
reaction, the above CuygMg7,Sc,0;; was reduced at 300 °C for 1 h in 5% H,/N, and

the final Cujg/Mg;,Sc,04¢, catalyst was obtained.
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Table S1.

Performance of reported Cu-based catalysts for cyclohexanol dehydrogenation.

Catalvst Temp Pressure N, Velocity Conv  Sel. Ref
atalys ef.
Y .(°C)  (atm) (ecmPmin') (mL-h!) (%) (%)

Cu/Al,O5 250 1 50 50 81 79  [1]
CuO-ZnO-Cr,0; 240 1 10 1 80 60 [2]
Cu-Zn0O/Si0, 300 1 - 3000¢ 91 85 [3]
Cu/N-rGO 250 1 N, 57% 85.8 86.3 [4]
Cu/ZrO, 250 - 20 1 62 93 [5]
Cu/Si0, 250 - - 1.5 60 90 [6]
Cu/SBA-15 250 - - 7.7% 55 95 [7]
Cu-SBA-15 250 - 20 1 70 99  [8]
Cu0O-ZnO-MgO 260 - - 2.34° 55 992 [9]
Cu/MgO-SBA15 250 1 10¢ 1860¢ 78 96 [10]
Cu-MgO 250 - - 1.2 643 100 [11]
WSg300 250 1 - 1 56.5 99.8 [12]

«N,/CHOL = 10.

b WHSYV, weight hourly space velocity.

¢ GHSV, gaseous hourly space velocity.

Table S2.

Catalyst composition and raw material feeding.

Catalyst Cu“(g) Zn’(g) Mg<g) Al%g) Sc4g)
Redeucd Cu0,722n0,14Mg7_14A1201 I-HEO 1745 0430 18290 7503 /
Redeucd Cu0_7an0,16Mg7,06Sc201 1-HEO 1 893 0466 1 8 102 / 5 . 1 88

@ Cu: Cu(NO3), 3H,0.
bZn: Zn(NOs),-6H,0.

¢ Mg: Mg(NOs),-6H,0.
4 Al: AI(NO3)3-9H,0.

¢ Sc: ScCl;5-6H,0.
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Table S3.

Cell parameters of Cu,Zn»,Mgg.; 2.Al,Sc,.,(OH),0CO3 precursors.

LDH precursor dos(A)  dig(A)  aA)e  c(A)b
Cug 7220y 14Mg7.14A1,(OH),,CO5 7.809 1.535 3.07 23.43
CUO.7szn0.15Mg7.1A11SC](OH)20CO3 7.908 1.558 3.12 23.72
CU()]ng’l().]GMg7.06SCZ(OH)20CO3 7.841 1.578 3.16 23.52
@ parameter a = 2d 1,
b parameter ¢ = 3dy3.
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Figure S1. TG-DSC curves of CUQ.7szn0.15Mg7.1A11SCl(OH)20CO3.
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Figure S2. XRD patterns of Cu,Zng,Mgs.i 2,Al,Sc,.,01-HEOs.
(1) Cug.72Zng 1sMg7 14A1,04,-HEO; (2) Cuyg.75Zng 1sMg7.1AlSc,04,-HEO;
(3) Cug 73Zng 16Mg7.06S¢c,011-HEO.

200 nm

Figure S3. SEM (a) and HRTEM images (b) of CuO‘75ZI’1().15Mg7.1AllsC1011-HEO.
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Table S4.

Textural properties of other Cu-based catalysts.

SBET Pore diameter Pore volume Cu dispersion
Catalyst

(m?/g) (nm) (cm’/g) (%)
Cug7/Mg73A1,0103 106 3.9 0.65 58.9
CU().g/MgizsCzO]o.z 129 6.5 0.70 50.5
Cu/Al,O3 123 5.6 0.54 38.8
Cu/MgO 21 3.2 0.26 24.5
Cu/ZnO 2 3.5 0.02 32

@ Calculated from N,O titration after the catalysts were reduced in H, at 300 °C.

3)
=
<
e’
2
'z
> (2)
=
(1
50 100 150 200 250 300 350 400

Temperature (°C)

Figure S4. H,-TPR profiles of Cu,Zng,Mgg.; 2,Al,Sc,,011-HEOs.

(1) Cug.72Zng 1sMg7 14A1,041-HEO; (2) Cuyg.75Zng 1sMg7.1AlSc,04,-HEO;

(3) Cug73Zng 16Mg7.065¢201;-HEO.
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Table S5.

Density of desorbed NH;3 and CO, in Cu,Znj»,Mgg.; »,Al,Sc,.,01;-HEOs.

Acidity (umol/m?) ¢ Tota Basicity (umol/m?) Tota

Catalyst , .
Weak Medium Strong 1 Weak Medium Strong 1

Cug72Zng14Mg7.14A1LO;-HEO - 025 045 030 1.0 0.87 099 0.62 2.5
Cug.75Zng 1sMg71A1S¢,Oy;- 027 032 0.19 08 1.19 134 0.75 33
HEO

Cug78Zng.16Mg7065¢,01;-HEO ~ 0.24 026 0.13 06 196 1.73 1.06 4.7

@ Calculated from NH;-TPD and Sggr;
b Calculated from CO,-TPD and Sggr.
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Figure S5. In-situ XPS survey of Cug75Zng1sMg7.1Al;Sc;0,,-HEO before and after
reduction.
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Table S6.

Composition of Cug75Zng 15Mg7.1Al;Sc;01,-HEO before and after reduction.

Surface content (Atomic%)

Catalyst

Cu Zn Mg Al Sc
Cu0.752n0.15Mg7,1A11Sc1011—HEO a 7.3 1.6 70.2 10.5 10.4
After reduction ¢ 7.4 1.6 70.1 10.6 10.3
Theoretical ? 7.5 1.5 71.0 10.0 10.0

@ Surface content calculated from XPS analysis.
b Theoretical content calculated from the actual amount of feed.
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Figure S6. Separated hydrogenation of acetone with H, and coupling
hydrogenation of acetone with dehydrogenation of cyclohexanol.
—( = Conversion of ACE anc—{ Flectivity of iPrOH in ACE:H,=6:1.

—@~- Conversion of ACE an—Jll—lectivity of iPrOH in ACE:CHOL=1:1.
~~ Conversion of ACE an—}{—:zlectivity of iPrOH in ACE:H,=1:3.
Reaction conditions: Cug75Zng15Mg71Al;Sc;01;-HEO 0.3 g, WHSV of acetone

11.3hl
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At the same time, hydrogenation of acetone with molecular H, and cyclohexanol (as
the H donator) at different temperatures were performed and compared in Figure S6.
It was found that the conversion of acetone increased with the increasing ratio of
Hy/acetone in feed, indicating that Cu 75Zng 1sMg71Al;Sc;01,-HEO was also active
for the separated hydrogenation of acetone. And the detected conversion of acetone in
molecular H, was similar or even higher than that in cyclohexanol (as the H donator).
More interestingly, the selectivity of isopropanol in cyclohexanol was higher than that

in molecular H,.
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Figure S7. TG-DSC curves of reduced Cug75Zng15sMg71Al;Sc;0;,-HEO in spent.
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Figure S8. XRD patterns of reduced Cug75Zny1sMg71A1;Sc;0;,-HEO in fresh and

spent.
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