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Calculation of catalyst evaluation:

CO conversion, the selectivity of alcohols and STY were calculated according to 

the following equations:

𝑋𝐶𝑂=
𝐶𝑂𝑖𝑛 ‒ 𝐶𝑂𝑜𝑢𝑡

𝐶𝑂𝑖𝑛

𝑆𝑖=
𝑛𝑖

𝑛𝐶𝑂2
+ 𝑛𝐶𝐻+∑(𝑛𝑐𝑗)𝐴𝑙𝑐

× 100%

𝑆𝑇𝑌𝐴𝑙𝑐=
𝑚𝑙𝑖𝑞𝑢𝑖𝑑 × (1 ‒ 𝑤𝐻2𝑂

)

𝑚𝑐𝑎𝑡 × 𝑡
= 𝑔 (𝑘𝑔𝑐𝑎𝑡 ∙ ℎ)

where COin and COout are the moles of CO in the feed-gases and off-gases, 

respectively; n, i represents the number of carbon atoms and moles of a carbon-

containing product, respectively; where the mliquid represents the mass of liquid product 

collected; mcat represents the quality of the catalyst; WH2O represents the mass fraction 

of water in the collected liquid product; j indices carbon number of j alcohol.

The alloying degree of CuCo in the catalysts is determined by the following 

equation：

𝑎=
2𝜆

sin 𝜃𝑚𝑎𝑥

𝑋𝐶𝑢=
𝑎𝐶𝑢𝐶𝑜 ‒ 𝑎𝐶𝑜

𝑘

𝐶𝑢𝑎𝑙𝑙𝑜𝑦=
𝑋𝐶𝑢

(1 ‒ 𝑋𝐶𝑢)(𝐶𝑢/𝐶𝑜)𝑎𝑐𝑡𝑢

where θmax is the strongest diffraction peak position. λ is the is the wavelength of 

the X-ray in the characterization of XRD. aCuCo and aCo represent the lattice parameter 

of catalysts and k is a constant = 0.352. (Cu/Co)actu is the actual Cu/Co atomic ratio.
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Supplementary Figures:

Fig. S1 SEM image of the CuCo carbonate nanoplatelets with GO.
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Fig. S2 XRD pattern of the CuCo carbonate nanoplatelets with GO.
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Fig. S3 SEM image (a) and XRD pattern (b) of the CuCo carbonate nanoplatelets 

without GO.
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Fig. S4 EDX-mapping of sample prepared by Cu/Co nitrates precursor.
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Fig. S5 SEM image of sample prepared by Cu/Co carbonates precursor.



8

Fig. S6 EDX-mapping of sample prepared by Cu/Co carbonates precursor.
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Fig. S7 SEM image of CuCo-400 oxide precursor.
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Fig. S8 TG curves of CuCo carbonate nanoplatelets.
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Fig. S9 XRD patterns of the CuCo-X oxide precursors.
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Fig. S10 SEM image of CuCo-500 oxide precursor.



13

Fig. S11 Raman spectra of catalysts oxide precursors.
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Fig. S12 H2-TPR profiles of CuCo-X oxide precursors.
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Fig. S13 HRTEM of CuCo-400.
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Fig. S14 XRD patterns of Co-400 catalyst.
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Fig. S15 (a) XRD patterns of reduced catalysts; (b) XRD patterns in the 42-47° region 

of (a).
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Fig. S16 N2 adsorption-desorption isotherm of CuCo-250 (a), CuCo-400 (b), CuCo-500 

(c), CuCo-NGO (d), CuCo-CP (e). The inset shows the BJH pore size distribution 

curve.
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Fig. S17 Stability test over the CuCo-400 catalyst with the reaction time on stream 
under the following conditions: T = 260 ℃, P = 5 Mpa, WHSV = 2400 mL/(gcat·min), 
and H2/CO = 2.
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Fig. S18 SEM image of the CuCo-400 catalyst.
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Fig. S19 HRTEM image of CuCo-CP catalyst.
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Fig. S20 HRTEM image of CuCo-CP catalyst.
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Fig. S21 HRTEM image of CuCo-500 catalyst.
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Fig. S22 EDX mappings of CuCo-400.
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Fig. S23 EDX mappings of CuCo-400.
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Fig. S24 SEM image of (a) CuCo-250, (b) CuCo-500, (c) CuCo-NGO and (d) CuCo-

CP.
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Fig. S25 EDX mappings of CuCo-CP.
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Tab. S1 Textural properties of the catalysts.

Catalysts BET surface area
(m2/g)

Pore volume
(cm3/g)

CuCo-250 10.5 0.03
CuCo-400 35.4 0.19
CuCo-500 15.7 0.06
CuCo-NGO 9.5 0.01
CuCo-CP 9.9 0.02
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Tab. S2 The carbon balance of catalysts in HAS reaction.
Catalysts carbon balance (%)

CuCo-250 95.6

CuCo-400 95.8

CuCo-500 98.9

CuCo-NGO 94.3
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Tab. S3 Catalytic performance of different CuCo-based catalysts for HAS.

Catalysts T 
(℃)

P 
(Mpa)

GHSV
(h-1) or
WHSV (mL 
gcat

-1min-1)

CO. 
Conv.
(%)

SROH 
(%)

C2+OH/
ROH

STY of 
C2+OH
(g/kgcat/h)

Ref.

3Cu-
5Co/(Mn−Al) 260 5.0 5000 33.4 39.7 

(wt.%)
57.3 
(wt.%)

63.0
(mg/mLcat/h) 1

Cu2Co1Al 270 2.5 7500 29.2 44.0 59.3 — 2
Cu-Co/(5Mn/3Al) 260 5.0 5000 32.9 35.3 56.0 — 3
5Co2.5Cu/SiO2 260 5.0 14900 2.0 11.9 34.9 — 4
CuCo 270 2.5 7500 36.2 40.7 54.9 — 5
Cu0.25Co0.75 250 3.0 3900 71.3 13.8 81.5 132.4 6
15Cu5Co/Al2O3 250 2.0 1800 23.2 23.3 79.3 198.0 7
CuCoMg0.5 270 2.5 7500 30.7 46.9 60.3 — 8

CuCo-400 260 5.0 2400 66.5 31.5 92.3
(wt.%)

228.2 This work
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Tab. S4 The Cu/Co ratios on catalysts surface calculated from the XPS results.
Catalysts Co0 (Atomic %) Co2+ (Atomic %) Cu0/+ ( Atomic %)
CuCo-250 42.5 31.2 26.3
CuCo-400 44.1 25.1 30.8
CuCo-500 28.0 22.3 49.7
CuCo-NGO 35.8 39.2 25.1
CuCo-CP 22.4 19.6 58.0
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Tab. S5 The semi-quantification results of CoCu alloy in catalysts.
Catalysts The degree of alloy 
CuCo-250 0.237
CuCo-400 0.301
CuCo-500 0.301
CuCo-NGO 0.067
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