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Abstract: The formaldehyde ethynylation for the synthesis of 1,4-butynediol is a key step in the production of high
value—added products from coal, which can be further extended to synthesize high—value chemicals such as 1,4-
butanediol, polyurethanes, and biodegradable plastics, with important application value in pharmaceutical
synthesis, materials science and other fields. However, traditional catalysts have limitations including low efficiency
and severe leaching of active phases, making the development of novel, highly efficient and stable catalysts a
research focus. In this work, we synthesized CuO nanoparticles supported on nitrogen—modulated carbon nitrides
and systematically investigated their catalytic performance toward formaldehyde ethynylation. The results showed
that the catalytic performance of the CuO/C;N, , catalyst is superior to that of CuO/C;N,,, and CuO/C;N,, achieving
a formaldehyde conversion of 55.4% and a 1, 4-butynediol yield of 50.1% at 90 ° C. X-ray photoelectron
spectroscopy (XPS) and CO, temperature—programmed desorption (CO,~TPD) characterizations indicated that the

content of basic sites in CuO/C,;N,,, is significantly higher than that in other catalysts, and these basic sites can
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adsorb and activate reactants to promote formaldehyde ethynylation. This work provides a new pathway for the

structural design and regulation of basic sites in formaldehyde ethynylation.

Keywords: catalyst; multiphase reaction; formaldehyde ethynylation; carbon nitrides; activation
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Fig.1 N, adsorption—desorption isotherms of CuO/C,Ny,,, CuO/
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Table 1 The specific surface area and average pore size of
the CuO/C,N;,,, CuO/C,N;,, and CuO/C,N,_, catalysts
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RETEH, HERRES K B (& 2d) o % T CuO/
C,N o, fEALTR  FOE S LI AR 254 O 32, HAR AR 454
A% (K 2g) o« CuO/C,N, ,, AL 7] i TEM &
7, HEA BENL AR EUAH B 200 e Bk IE 2544
(K 2b). K 2e 7, CuO/C N, HEALF] B T K

BEHERES 0 R AT — S BROD B . T X
CuO/C N, o 1l 31 JL T 45 B 5 806 0 AR 25 1 &N
(FI2h). FR%E S0 KRR EE H T8 0 f i

Y 25 #e i A7 B 520 . HRTEM B H (] 2(c, f,
1)) WLELF B S S5 SR FE N 0.23 nm, 5 CuO(111)
W AT )R — 3, SIESE T CuO B8k 2k T N k4™

1
i
1
1
I
1
1
1
1
1
1
I
2
{

1
1

(c) CuO/C,N,, f#4L57 B HRTEM

(a) CuO/C,N, ,, AL B SEM &

Plf.! L

e

(d) CuO/Nmﬁﬂﬁ*f'Jﬂ’ﬂ SM ]




5 XX

www.hgxb.com.cn . 5.

(g) CuO/C,N,, fiEALTHI

i)

0d=0:23 nm
*CuO (1) &

SEM &l

= d=0.23 nm
CuO (111)

(i) CuO/C,N,,, AL i HRTEM &
K2 itk F)% SEM  TEM F1 HRTEM [§]
Fig.2 SEM, TEM and HRTEM images of catalysts
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Fig.3 FTIR spectra of catalysts
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Fig.5 XPS spectra of catalysts
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Table 2 Atomic composition of the C,N_structure Table 4 Catalytic performance of some catalysts
HEALFH] N (%) C (%) N/C C,N, sy P AL BD R BD IR
CuO/CN, ,, 63.5 36.5 1.74 CN, ' (%) (%) (%)
CuO/CN, 65.8 342 1.92 C,N 1 CuO/CN, 5, 46.6 88.5 412
CuO/CN, 5, 68.4 31.6 2.17 CN, 5, 2 CuO/CN; 4 554 90.5 50.1
VE <N ST C ST 5 (% ) H XPS P (B 25 C—C AR g4 3 CuO/C,Nes, 425 89.2 37.9
B 4 CuO/CN, 39.8 88.4 35.2
5 Cu0/Si0, 30.7 88.1 27.1
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