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Supplementary Figures
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Supplementary Figure 1. Schematic diagram of preparation process.
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Supplementary Figure 2. XRD patterns of Al2O3 supported Ni/Zn NPs after 500 °C hydrogen and 200

°C acetylene treatment. The black diffraction lines are indexed as Al,O3 (JCPDS No. 29-0063).
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Supplementary Figure 3. STEM image of oCNT after impregnation with Ni and Zn salts.
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Supplementary Figure 4. In situ XRD patterns of the structural evolution of NizZn/oCNT under a

10.0 vol.% H»/He atmosphere.
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Supplementary Figure 5. XRD patterns of oCNT, Ni/oCNT and Ni3Zn/oCNT after reduction for 2 h

at 500 °C. The magenta diffraction lines are indexed as Ni (JCPDS No. 65-0380).
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Supplementary Figure 6. HAADF-STEM image and particle size distribution (PSD) of Ni/oCNT (a)

and after 500 °C acetylene treatment (b). HRTEM images of the encapsulated Ni NPs (c, d), the

right-down inset in c is the corresponding FFT.
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Supplementary Figure 7. HRTEM images aquired from [001] zone axis for NizZn/oCNT (a) and

NizZnCo.770CNT (b) catalysts, respectively. The insets in (a) and (b) are the corresponding FFTs.
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Supplementary Figure 8. STEM image (a) and corresponding EDX line profiles (b) of NizZnCo7
structure, which clearly reveal a uniform distribution and stoichiometric ratio of C, Ni and Zn across

the nanoparticle.
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Supplementary Figure 9. STEM image (a) of NizZn/oCNT and the corresponding EEL spectra (b)
recorded from different spots of the nanoparticle barely show carbon signal. The weak carbon K edge
shown in the 1% spectrum is considerably due to the surface carbon species as a result of carbon

contamination.
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Supplementary Figure 10. H>-TPD-MS results of Ni/oCNT, NisZn/oCNT, and Ni3ZnCo7/0CNT

catalysts at elevated temperatures under He atmosphere.
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Supplementary Figure 11. Stability test of Ni3zZnCo7/0CNT catalyst at low acetylene conversion. The
solid and empty symbols represent the acetylene conversion and the selectivity towards ethylene.
Reaction temperature: 200 °C; Reaction conditions: 4.5 vol.% Hz, 20 vol.% C;H4, 0.5 vol.% CoHa,

helium as balance, GHSV = 360,000 ml ge.' h'.
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Supplementary Figure 12. Stability test of NizZnCo7/0CNT catalyst in the absence of ecthylene.
Reaction temperature: 200 °C; Reaction conditions: 9.0 vol.% Hba, 1.0 vol.% C:Ha, helium as balance,

GHSV = 60,000 ml gear ' L.
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Supplementary Figure 13. STEM image (a) of Pd/oCNT sample after reduction at 500 °C. The
corresponding PSD historgram (b) shows that the size of Pd NPs ranges from 2.0 to 12.0 nm with the

average diameter is ~4.7 £ 1.8 nm. HRTEM image (c) of Pd/oCNT and the corresponding FFT (d).
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Supplementary Figure 14. STEM image (a) of PdAg/oCNT sample after reduction at 500 °C. The
corresponding PSD historgram (b) shows that the size of PdAg NPs ranges from 1.0 to 10.0 nm with

the average diameter is ~2.6 £ 0.9 nm. HRTEM image (c) of PAAg/oCNT and the corresponding FFT

(d).
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Supplementary Figure 15. Stability test of Pd/oCNT (0.02 mg), PdAg/oCNT (0.02 mg) and
Ni3ZnCo.7/0CNT (10.0 mg) catalysts. The solid and empty symbols represent the acetylene conversion
and the selectivity towards ethylene. Reaction temperature: 200 °C; Reaction conditions: 4.5 vol.% Ha,
20 vol.% CyH4, 0.5 vol.% C,Ha, helium as balance, flow rate = 40 mL min! for Ni3ZnCo7/0CNT, 20

mL min™! for Pd/oCNT and PdAg/oCNT.
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Supplementary Figure 16. Acetylene conversion, ethylene, ethane and butenes selectivity of
Ni3ZnCo.7/0CNT, NisZn/oCNT, Ni/oCNT, Pd/oCNT and PdAg/oCNT samples. Reaction temperature:

200 °C; Reaction conditions: 4.5 vol.% Ha, 20 vol.% C;Ha, 0.5 vol.% C:H>, hellium as balance, flow

rate = 40 mL min'!.
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Supplementary Figure 17. TGA results of Ni3zZn/oCNT and Ni3ZnCo.7/0CNT catalysts before and

after reaction as a function of temperature under 50% O2/Ar atmosphere.
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Supplementary Figure 18. Typical (a) and high resolution (b) STEM images of Ni3ZnCo.7/0CNT

sample after reaction.
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Supplementary Figure 19. The density of state of NizZn and Ni3ZnCy 7 structure.
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Supplementary Notes

Supplementary Note 1. The desorption temperature of H> in Ni-based catalysts in Supplementary Fig.
10 could be divided to three parts. The low (0-200 °C) and high (above 350 °C) temperature regions,
which are distributed in all of the catalysts, could be ascribed to the surface bonded H and the spillover
H on the support according to previous studies'?, respectively. However, the identification of
desorption peak appears at medium temperature region, which emerges at 315 °C for Ni and NizZn
catalysts, is ambiguous. In addition, the desorption of subsurface interstitial H in Ni supported catalysts
at elevated temperatures has been barely studied. Thus, based on previous theory calculation studies?
and our experimental results, we reasonably conclude that the desorption peak emerges at 315 °C for Ni

and NiszZn catalysts could be assigned to interstitial H, which is absent in Ni3ZnCo.7 catalyst.

Supplementary Note 2. Selectivity in Supplementary Fig. 12 is calculated according to equations:

CC2H4,OU(

SeleC2H4=( ) x100% (1)

CcyHy,in"CeyHy out

Cc,Hg out ) x100% (2)

CC2H2,in'CC2 Hp,out

SeleC2H6= (

2CcyHy out ) x100% (3)

CcyHy,in"CeyHy out

SeleC4HX= (

The CsHx represents the overall polymerization product which contained the 1-butene, isobutene,

cis-2-Butene, trans-2-butene and butadiene.

Supplementary Note 3. Selectivity in Supplementary Fig. 16 is calculated according to equations:

CCZHG,out

Selec,iy,= (1- ) x100% (4)

CcyHy,in-CeyHy out

CcyHg,out ) x100% (5)

CcyHy,in"CeyHy out

SeleC2H6: (

2CcHy out ) x100% (6)

CcyHy,in"CeyHy out

SeleC4Hx: (

The C4Hx represents the overall polymerization product which contained the 1-butene, isobutene,

cis-2-Butene, trans-2-butene and butadiene.
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Supplementary Note 4. The cartesian coordinates of each atoms

(Ni3Zni, model with a=b=c=3.58 A, 0=p=y=90°)
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