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Abstract: To implement mercury pollution prevention and control requirements and address the toxicity and pollution
issues of traditional mercury catalysts in the calcium carbide-acetylene method for vinyl chloride synthesis, it is crucial to
develop highly efficient and stable mercury-free catalysts suitable for existing processes, overcoming current limitations
such as low activity and poor stability of available alternatives. Using pre-treated coal-based activated carbon as the carrier,
non-precious metal copper as the main active component, and phosphoric acid and N-methylpyrrolidone as additives, a
mercury-free catalyst was prepared, and its activity was evaluated in a fixed-bed reactor. The results show that under the
reaction conditions of 100°C, an empty-bed contact time of 51 h!, and n(HCl)/n(C,H,)=1.05, the mercury-free catalyst
exhibited excellent catalytic performance. During a 196-hour catalyst test operation, the acetylene conversion reached
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98.1%, and the vinyl chloride selectivity reached 99.29%.
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Figure 1 Mercury-Free Catalyst Evaluation Process
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Figure 2 Effect of Different Solvent-Modified Supports on the Performance of Cu Catalysts
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Table 2 Orthogonal Experimental Result and Range Analysis
pA HE 10
¥ s Y B c b A%
1 1 1 1 1 82.4
2 1 2 2 2 88.5
3 1 3 3 3 86.7
4 1 4 4 4 82.2
5 2 1 2 3 88.5
6 2 2 1 4 87.7
7 2 3 4 1 87.5
8 2 4 3 2 88.9
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Figure 3 Effect of Different Solvent-Modified Supports on the Performance of Cu Catalysts
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Figure 4 Trend of catalyst acetylene conversion

IS Cu RMEALFEAT KA, 7T LA
B EianlEl 4 prosgdl, B oS Cu R A5 300h
A ORI ERT 80%, PRI 85%. IR
REHEAT 2200 J5 ZBREEAARMERICR . AT R
it ARSI A SO E TR AT 1) R SN BT 2 e
wRIEH BT, I HORFRRE, RS IEAT 1500 512
BT AR o BN RE RIS, LRt
PR E o [RIREAE N AR i e 1EAT ok B THE %
{7, Fiit 300h 2 Ja AT TH, MR il LA RUE .
ARSI AT LI ROWEE Cu R AR S, XA
SIS FERIRGRHEAL T, AT A B TooR A 7R
AR AR E 5 B R AR U A ZE AR, i
RETCTRMEAFIITT A, ASEIRH % 1 Cu RAELTIA — &
IV AG S, 7T DAREAT B N ARSI AT TV AR SGAIE, 1
St L SIS AR R A B AT DL AT 25

4 &

Bt R R RO S AL, IR T

— M TR RE AR TO R HEAL ), T 2R E S RN
H &R M. EEERWT:

(1) BRI ME R R E B, FEMEIE e SR AC A

NMP PP 2 ] 5% RO AR A 771 (R 30 R e £,

http://www.chemscieng.com

BRI R SF ARt (gt ) £ 5 2
BC A7 BE )R e, FLo6AR 7 9 P e 3 T 2
B, WV 7 R Gt NEAR S, 2 T
AT 5

() BRI FIFE 20 E 2. BiCls. CeCls
H3PO4 [ 5] AXHETF CuCly AL 15 M Ak 3%
PR 7 OCER M R E A . o, i)
25%Cu-3%Bi-4%Ce-7%H;PO4/NMP-A {81k,
o MO OFEE 100°C , & 3 Slh! .
n(HC1)/n(CoH2)=1.05 I S 2644 T, HEALTFII
RIZ1T 300 h, LBEEALARS80%, S LIRmIERE
PIE 99.29%.

[1]1 IMARC #H. B& 2 (PVC) 1i: 2024-2032 4 3k1T
W, ma. . K. YUEE I [R/OL]. (2023)
(2025-12-10).

Statista. 2018 £ 22 2028 FEEFRE A LIGEF=RES T (B i)
[DB/OL]. (2024-02) (2025-12-10).

T, EBL, KA, % ZHRESAR TR AT
FAERE [J]. LR, 2017, 36(4): 1227-1239.

[2]

(3]



[4]

5]

[6]

[7]

(8]

9]

fh2ERL 5 TR 2026, 5(1): 1-7 7

Mitchenko S. A, Khomutov E V, Shubin A. A, et al. Mechano-
chemical activation of K>PtCle: heterogeneous catalyst for gas-
phase hydrochlorination of acetylene [J]. Theoretical and Ex-
perimental Chemistry, 2003, 39(4): 255-258.

Zhang M, Zhang H, Li F, et al. Construction of Ru—N single
sites for effective acetylene hydrochlorination: effect of poly-
ethyleneimine modifiers [J]. ACS Sustainable Chemistry &
Engineering, 2022, 10(42): 13991-14000.

Li J, Zhang H, Liang H, et al. Construction of Ru single-atom
catalyst with abundant Ru-N active domains for highly effi-
cient acetylene hydrochlorination [J]. Molecular Catalysis,
2023, 543: 113158.

FA4E, sk, Frocem, 55 CBEARHRCAXT SnCl/AC AL
LIRERMR BN (7] Al s 2R, 2022,
35(02): 37-42.

T, JUFR, EXE, % CHREETRELTITR
HERE (1], R EM R R, 2024, 43(9): 796-806.

Faust A. D, Giannakakis G, Ruiz-ferrando A, et al. Reaction-
Induced Formation of Stable Mononuclear Cu(I)CI Species on
Carbon for Low-Footprint Vinyl Chloride Production [J]. Ad-
vanced Materials, 2023, 35(26): 2211464.

[10]

[11]

[12]

[13]

[14]

[15]

Zhao W, Zhu M, Dai B. The Preparation of Cu-g-C 3 N 4 /AC
Catalyst for Acetylene Hydrochlorination [J]. 2016, 6(12): 193.

Han Y, Wang Y, Wang Y, et al. Pyrrolidone ligand improved
Cu-based catalysts with high performance for acetylene hydro-
chlorination [J]. Applied Organometallic Chemistry, 2021,
35(1): e6066.

Dong X, Liu G, Chen Z, et al. Activated carbon supported ni-
trogen-containing diheterocycle mercury-free catalyst for acet-
ylene hydrochlorination [J]. Molecular Catalysis, 2022, 525:
112366.

Wau 8§, Jiang A, Zhou X, et al. Environmentally friendly high-
efficientmetal-free catalyst for acetylene hydrochlorination de-
rived from walnut shell-based N-doped biochar [J]. Molecular
Catalysis, 2022, 532: 112719.

FHB, 2546, AL, & CwAC ALFITE 2R S =
FRIE S EA [J]. T2, 2015, 66(5): 1742-1749.

Bhho, X2, XEnH. T REAH K LR EE AT K
IR R SN [J]. R LM, 2021, 49(06): 22-27.

http://www.chemscieng.com



