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Figure S1. Flow Chart-Experimental setup. 



Table S1. Calculation of carbon balance. 

Catalyst 
CFeed a in the 

Reactor (g) 

COutlet b in the 

Gas Phase (g) 

COutlet c in the 

Liquid Phase 

(g) 

COutlet d in the 

Solid Phase (g) 

Carbon 

Balance (%) 

Zn-Co-Ni/AC 348.22 242.33 88.14 0.164 94.9 

Zn(OAc)2/AC 348.22 269.54 46.34 0.421 90.8 
aThe mass of carbon fed into the reactor. bThe mass of carbon outlet in the gas phase. cThe mass 

of carbon outlet in the liquid phase. dThe mass of carbon outlet in the solid phase. 

The calculation of carbon balance after catalytic test as shown in Table S1. The mass of C 

entering the reactor was calculated as the total amount of reactants entering the reactor during 

the reaction time. The mass of C at the reactor outlet were calculated as the sum of the mass of 

acetylene in the tail gas and the mass of carbon deposition obtained through the TG. All the 

products in the liquid phase were obtained by chromatographic analysis. The conclusion from 

Table S1 was that the carbon balance values were higher than 90% for the Zn-Co-Ni/AC and 

Zn(OAc)2/AC catalysts, addition of co-catalyst improved the carbon balance caused by the 

reduction of carbon deposition. 

 

Figure S2. X-ray diffraction patterns for Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC catalysts. 

As shown in Fig.S2, the Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC samples show two 

diffraction peaks at two thetas of 25° and 42.5°, attribute to the (002) and (100) reflection of 

carbon. In our previous work[1-4], we found that the interaction force between the active 

component and the carrier was weak, so the crystal shape of active component on activated 

carbon carriers was found to be amorphous. 

  



 

Figure S3. TEM image for Zn(OAc)2/AC(a) and Zn1Co0.3Ni0.05/AC(b) catalysts. 

The combination of TEM and XRD shows that the active component is amorphously 

dispersed on the carrier. From the EDS data (Table S2), it can be concluded that nickel and 

cobalt elements are present on the Zn1Co0.3Ni0.05/AC catalyst, but not on the Zn (OAc)2/AC 

catalyst. This also demonstrates the successful preparation of Zn1Co0.3Ni0.05/AC catalyst. 

Table S2. Element content of Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC catalysts. 

Sample 
 Element content (%) (EDS) 

C O Zn Co Ni 

Zn(OAc)2/AC 

Zn1Co0.3Ni0.05/AC 

60.13 

43.76 

18.85 

34.91 

21.02 

17.56 

- 

3.66 

- 

0.11 

 

  



 

Figure S4. TOF and TON of catalysts. 

The turnover frequency (TOF) of the Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC catalysts was 

calculated to evaluate the catalytic performance more directly[5], as illustrated in Fig.S4. The 

TOF of Zn(OAc)2/AC (1.27 × 10−4 min−1) was 81.1% of that of Zn1Co0.3Ni0.05/AC (2.30 × 10−4 

min−1). The turnover number (TON) of Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC were 7.62 × 10−3 

and 1.37 × 10−2. It can be concluded that the acetylene acetoxylation rate on Zn1Co0.3Ni0.05/AC 

exceeded that on Zn(OAc)2/AC due to an increase in the dispersity of the Zn particles. 

 

  



We used a software called ImageJ[6-9]. Detailed description of the particle size distribution 

(PSD) measurement process. (Figures S5-S12) 

Figure S5. Step 1: Import the TEM images into the ImageJ software. 

Figure S6. Step 2: Setting the scale. 



Figure S7. Step 3: Enlargement of TEM image. 

Figure S8. Step 4: Finding the nanoparticle and using the ellipse tool to marking them. 



 

Figure S9. Step 5: Take measurements using the linear tool. Repeat steps 3 and 4 to measure at 

least 200 nanoparticles. 

 

Figure S10. Step 6: Exporting measurement data. 



Figure S11. Step 7: Using the data exported in step 6 to make a graph in origin software. 

Figure S12. Step 8: Combine the plot made by origin software with the TEM image imported 

in the first step. 

TEM images of fresh Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC catalysts are shown in 

Figure S13. The average particle sizes of the fresh Zn(OAc)2/AC and Zn1Co0.3Ni0.05/AC 

catalysts are about 1.08 ± 0.34 nm and 0.73 ± 0.17 nm, respectively. This indicates that the 

addition of Co and Ni can disperse the Zn particles to some extent and resulting in a more 

uniform dispersion of the active components.  



Figure S13. TEM images of catalysts: (a) Zn(OAc)2/AC, (b) Zn1Co0.3Ni0.05/AC. 



During the reaction, the reaction products were analyzed in this work using a gas 

chromatograph, and the results are shown in the Figure S14 (attached below). We also put this 

part of the content into ESI. The main products in the reaction for the preparation of vinyl 

acetate from calcium carbide acetylene are VAc (>96% selectivity) and unreacted acetic acid, in 

addition to small amounts of by-products acetaldehyde. 

Figure S14. Gas chromatogram spectrum of the products. 1.acetaldehyde 2. vinyl acetate 3. 

acetic acid. 

By reviewing the literature[10], the substances contained in the products were known, 

using the internal standard method, the main product was identified as vinyl acetate and the 

by-product as acetaldehyde. Because the raw material acetic acid contains water, the following 

chemical reactions (C2H2+H2O→CH3CHO) have occurred. 

The results are shown in the Figure S15-S17 (attached below). The conversion of acetic 

acid and the selectivity to VAc were calculated as follows: 

Conversion= 
𝑛0−𝑛1

𝑛0
× 100% 

Selectivity= 
𝑛𝑝

𝑛0−𝑛1
× 100 

Wherein, n0 represents the amount of acetic acid for feedstock before reaction; n1 denotes 

amount of acetic acid for residue after reaction and np is amount of acetic acid for forming VAc. 



 

Figure S15. Gas chromatogram spectrum of the products (acetaldehyde). 

 

Figure S16. Gas chromatogram spectrum of the products (vinyl acetate). 



 

Figure S17. Gas chromatogram spectrum of the products (acetic acid). 
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