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Abstract: ZnO samples, synthesized with different morphologies and characterized by XRD, N, low
temperature physical adsorption, XPS, SEM and CO,-TPD, were employed as catalysts for the synthesis of
diethyl oxalate (DEO) from transesterification between dimethyl oxalate (DMO) and ethanol (EtOH). The
structure-activity relationship between ZnO morphology and its catalytic performance was analyzed, while
the influence of reaction conditions on DMO conversion and DEO selectivity were investigated. Moreover,
the catalyst deactivation after repeated use and the reaction kinetics were explored. The results showed that
the catalytic activity of ZnO samples was closely related to their morphologies, with the flower-like ZnO
(ZnO-f) exhibiting the best performance. The DMO conversion rate and DEO selectivity over ZnO-f
catalysis reached 99.8% and 75.8%, respectively, under the optimal reaction conditions of DMO 1.18 g,
n(EtOH) : n(DMO)=12 : 1, ZnO-f dosage 2.0% of the mass of DMO, reaction temperature 80 °C, and
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reaction time of 120 min. The DEO selectivity decreased to 25.7% after four cycles of ZnO catalyst,

respectively. The deactivation of the catalyst was attributed to the formation of Zn(OH), phase leading to a

sharp decrease in the total number of basic sites and the loss of oxygen vacancies. The transesterification of

DMO with ethanol over ZnO-f catalyst displayed an activation energy of 35.6 kJ/mol, and the abundant

medium basic sites over ZnO-f contributed to its excellent catalytic activity in the transesterification

reaction of DMO with ethanol, while the presence of strong basic sites would inhibit the progress of the reaction.

Key words. dimethyl oxalate; ester exchange; catalysts; morphology; flower-like ZnO microspheres;

diethyl oxalate
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¥ 2.40 g( 0.06 mol )NaOH F1 5.95 g( 0.02 mol )
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FHH A 1.18 g (0.01 mol ), AL 5 52 i F 4 RE A1
Bl Sy DMO F &4 7.08 g (0.06 mol )],
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Fig. 1 XRD patterns of ZnO samples
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Table 1 Texture parameters and grain size of ZnO samples

BESL SRR S /mm HEE A/ (mYg) fLA/(em’/g) FLAE/mm

ZnO-s 59.7 11.2 0.046 19.0
ZnO-f 334 7.2 0.030 18.4
ZnO-g 37.8 13.8 0.079 229
ZnO-b 60.7 16.7 0.053 10.9

2 1 LRI, ANE ZnO B Y ok Rk
INBLF R ZnO-b>Zn0-s>Zn0-g>ZnO-f, H:if ZnO-f
B AR R SE de/N, SR 33.4 nm, BN R R SHRTRE
AT RRBHIEEO, s g4,

22 SEM &%

Kl 2 RAN[E 7 :3K15 ZnO FEM Y SEM Kl H
B2 AT LRI, SR AR 5 B3k 19 ZnO #E il 2 3
HARFIESL, ZnO-s R R REHESIEA; ZnO-f 1Y

ZnO SEARIE ALIROROE S, F¥HAN 3 pm;
ZnO-g Wk RR R R A ALIRTE S, KR35
B2 1.0 pm; ZnO-b EHERIELS, HPHKE
TE 5~10 pm Z [\, XFRFREIFEREZ 0 1.0 pm,

a—Zn0-s; b—ZnO-f; ¢—ZnO-g; d—ZnO-b
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Fig.2 SEM images of ZnO samples
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Fig. 3 CO,-TPD profiles of ZnO samples
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T zo® -0 B FXE, SR EAINE R O FEUAYY,
{EEANTA] ZnO i Bk A7 v A AN [R], 4 ZnO-f
T8 SR AR 1 B B S TR A A, SR
Tl SR 1 B0 7 B ZnO-g. ZnO-s Ml ZnO-b
1 2.2, 6.2 f16.114%,
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Table 2
on the surface of ZnO samples

Influence of morphology on oxygen vacancy relative mass fraction, basic site strength, number and catalytic activity

N e A 79 B 7§/ (umol /) AL
R R R e HWIE(, WP DMO L% DEO HIE% DEO %%
Zn0O-s 16.3 2.70 11.27 29.15 84.2 25.7 21.6
ZnO-f 46.6 8.14 70.32 94.71 97.7 53.2 52.0
ZnO-g 35.6 3.54 31.73 78.04 24.5 6.0 1.5
ZnO-b 16.3 4.66 11.55 34.32 54.5 11.2 6.1
25 XPS4#h M & 4a W] DL B, & BUEARI & Zn F1 O JT
Kl 4a fy 4 FHIESH ZnO AT XPS 4%, %, SHEARN T RN —5, KA.
" Znzp [&1 4b % Zn 2p [ H 7 HER XPS . 1A 4b 7T L
ZnO-£ 0ls KIL, S5AHE 1021.5 Fl 1044.8 eV ALY, 53531
o e 0 20718 2pys T 2y, FEER Y Zn SEHIFEHL
— Jg+2 M08 [ 4c Sy ZnO BESREEHIR O Ls HORS 4Tk
% XPS JEE], I 4c ATRLR I, 4 Fh ZnO FEGFEEH
S 3RO Wi, 45GEEN 532.8 eV AbIEE ZnO
M FRW MR O BYERIEIE, i 530.2 F1531.8 eV |
Sy ZnO  H Y RS SRR AR S A AR B SCRik
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Fig. 4 XPS full spectra (a) and high-resolution XPS

spectra of Zn 2p (b) and O 1s (c) of ZnO samples
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EALFF DEO EHME HA 24.5%F1 6.0%, BRACH
JR A BRI A AL SN R, R R R S AR
FEA AR SR B A S, HNER 2 WRLAEE,
DMO #% 4k %41 DEO #e#84: 5 55t (37 5t Jo B i ¢
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Fig. 5 Partial regression analysis of basic sites number and
DEO yield
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Fig. 6 Effects of reaction conditions on DMO conversion
rate and DEO selectivity
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Fig. 7 Reusable performance of ZnO-f (a), XRD patterns
(b), CO,-TPD profiles(c) and XPS O 1s spectra (d)
of ZnO-f before and after use
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