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Table 1 Main chemical composition of purified diatomite
w/%

S|02 Na,O Aleg Fe,O3 K,0 CaO MgO LOI

87.72 1.94 3.57 1.74 035 0.23 0.22 4.22

w is mass fraction.
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Fig. 1 XRD patterns and FTIR spectra of samples
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(c) SEM image of UN

(a) SEM image of DE
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(d) EDS elemental mapping images of UND-60%

(e) HRTEM images of UND-60%

K2 R SEM BT JTR A HRTEM
Fig. 2 SEM images, EDS elemental mapping images and HRTEM images of samples
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(a) N, adsorption-desorption isotherms (b) CO, adsorption capacity

Note: p is the pressure after adsorption equilibrium; Py is the saturated vapor pressure of the adsorbate at 77.3 K.
B3 R N IR B S5 e A CO, W B 725
Fig. 3 N, adsorption—-desorption isotherms and CO, adsorption capacity of samples

F2 HRELCRERMILEREE £ 533.25 eV AL I J& T Si—O0, iXJ& DE HIHRHIE
Table 2 Specific surface area and pore structure of i [231, 2+ B 52 B UND-60% (28.24%)Lt, UN (22.07%)

samples

lume/

speto. Sty TN S SUERITRILLEL COp HEREP. Zr 3d e
DE 10.85 0.02 8.52 (K 4d)E R, 5 UN FHLEE, UND-60% ) RFE I ] 5
UN 1258.35 0.58 184 KA, $#M4t T UN A1 DE a4 5AEH

UND-60% 711.06 0.32 1.79 HIEYE .

HAEZMRmAEHE, ZIAKT DE Kifl 4= 1z
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(b) High-resolution spectra of C Is
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(d) High-resolution spectra of Zr 3d

4 FERM AR C 1s. O sy Zr 3d IR 2
Fig. 4 Survey scans and high-resolution spectra of C 1s, O 1s, and Zr 3d for the sample
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(a) UV-Vis absorption spectra (b) Band plots
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(c) Fluorescence spectra (d) Electrochemical impedance spectra
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Note: « is absorption coefficient; h is planck constant; v is frequency; Z' is real part of impedance; Z" is imaginary part of impedance; C is capacitance; F is
frequency; CB is conduction band; VB is valence band; Eyis band gap.
K5 FEAE UV-Vis IIBOGIE . BEFIEL. 20006k, AL AREPTGHE . WRASGriRt e S . SRR 1 AR PR ey £ 44 1R
Fig. 5 UV-Vis absorption spectra, band plots, fluorescence spectra, electrochemical impedance spectra, transient photocurrent
response spectra, Mott-Schottky curves and diagram of the energy band structure of samples
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Fig. 6 CO yield, photocatalytic reduction of CO, control test and cyclic test of samples
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F[) CO P4l ZEgANit, XEH CO K~ H
AL, SBIE. HL0 FT CO, L RIE F 2B .
[F AR B T 4R &R RS2 CO 5T CO, (iR JiR
B, TfidE UND-60% AL KL B Sl AT
PPl UND-60%[ G Fa e 1, AT T 5 IRIEI L
45 (Kl 6c). Z5HREW], 5 XIEH G, UND-60%KE &
R CO 97 2 8 (45 6 6.30 pmol-g - BLL, AE
WA G AR R fa e v .
27 REWIBSH

3 SR AT 8 2 S R B I AR e £ Rl 1 (in-situ

DRIFTS)illi{4K 5t CO, /£ UND E&M KL kA1
BRI w7 Frs, ks R TR A 0 30 2
120 min I}, 7E 1550 cm ' A1 1640 cm ™ 4b W % 3|
2 NHJET*COOH 3 [ iy figine 291, HL Fis 434 2
MHHE CO, I JF A CO FEFR I FRIa A, E4k,
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JiFA 1 ANET, AR ERR H A 4R (*COOH);
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Table 3 Performance comparison of UND-60% with other recently reported photocatalysts

Photocatalyst Light source Sacrificial V(CO)/(umol-g™*-h™) V(CHg)/(umol-g™-h™) Refrence
PET@NH,-Ui0O-66 film 300 W Xe H,O 6.63 1.74 [25]
NH,-Ui0-66/CdIn,S, 300 W Xe H,O 11.24 291 [17]
20%-CdS/Ni-MOF 300 W Xe H,0 vapor 1.87 0.11 [26]
NH,-MIL-125-Niy 506/ Ti 300 W Xe TEOA 5.05 0.15 1271
TiO,/UiO-66 300 W Xe H,0 vapor 1.90 17.90 [28]
UND-60% 300 W Xe H,0 vapor 6.69 This work
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Preparation and Photocatalytic CO, Reduction Performance of C4sH30NgO32Zrg/Diatomite
Composite

CUI Bowen, WEN Yi, QIAN Chenguang, LI Chunquan, YUAN Fang, SUN Zhiming
(School of Chemical and Environmental Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China)

Extended Abstract

Introduction UiO-66-NH; is used as a photocatalyst for CO, reduction, but it still faces some problems such as a narrow light
absorption range, easy agglomeration, and a high recombination rate of electron-hole pairs. VVarious modification strategies (i.e., metal
doping, introducing cocatalysts, and constructing heterojunctions with semiconductors) are proposed to enhance their photocatalytic
efficiency. Although these methods can effectively improve the performance of the catalysts, the high synthesis cost of MOFs still
restricts their practical application. Using widely available and low-cost natural non-metallic minerals as supports to develop
high-performance composite catalysts can significantly reduce the production and application costs of catalysts and effectively
enhance their application performance. Compared to conventional three-dimensional porous materials, diatomite has abundant active
hydroxyl groups on its surface, which are the main reaction sites for surface grafting and coordination, having a good affinity for
organic ligands. In addition, the alkaline centers on the surface of diatomite also have a certain catalytic assistance effect. In this paper,
a purified diatomite was used as a support, and UiO-66-NH, was anchored on the surface and in the pores of diatomite by an one-step
hydrothermal method to prepare UiO-66-NH,/diatomite composite, thereby providing an idea for the development of low-cost and
high-performance photocatalytic CO, reduction materials.

Methods In the synthesis of pure UiO-66-NH,, ZrCl, (0.170 g) and 2-aminoterephthalic acid (0.132 g) were dissolved in a mixed
solvent of 24 mL of DMF (N,N-Dimethylformamide) and 6 mL of CH;COOH. After magnetic stirring for 2 h, the solution was
transferred to a 100 mL autoclave and reacted at 120 ‘C for 24 h. After reaction completion, the sample was cooled naturally to room
temperature. Subsequently, the product was centrifugally washed for three times with DMF and for three times with C,HsOH. Finally,
the washed sample was dried in a vacuum oven at 60 ‘C for 8 h to obtain the UiO-66-NH, catalyst, designated as UN (UiO-66-NH,).
In the purification via acid leaching, the refined diatomite was employed as a catalyst support. The synthesis method of UND
(UiO-66-NH./diatomite) composite was as folllows, i.e., a similar method to UN synthesis was employed, with the sole difference at
varying masses of diatomite during synthesis. The composites were named as UND-X (where X denotes the theoretical loading of
UN).
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A 5 mg sample of the photocatalyst was dispersed in 10 mL deionized water. The mixture was vacuum-filtered, and the resulting
catalyst-loaded mixed cellulose filter membrane was dried at 40 ‘C for overnight . The membrane was then positioned in a 115 mL
photoreactor with 1 mL deionized water added as a sacrificial agent. High-purity CO, (99.999%) served as a feedstock gas. In dark
adsorption equilibrium, irradiation was performed using a 300 W xenon lamp (i.e, at 320 < 1 < 780 nm). Gaseous products were
quantified by gas chromatography (GC). The product identification was established through retention time matching, with
quantification calibrated against standard curves generated with certified gas mixtures. The photocatalytic CO, reduction performance
was evaluated via calculating the yield of reduction products per unit mass of catalyst per unit time.

Results and discussion  UiO-66-NH,/diatomite composite catalysts with different theoretical loadings are prepared by a
hydrothermal method. The results indicate that UND-60% composite demonstrates the maximum CO production rate of
6.69 umol-g~-h™, which is 46% higher than that of UN (i.e,, 4.57 pmol-g™-h™). In addition, the results of cyclic experiments also
demonstrate that UND-60% composite has a superior stability. After five cycles, the production rate of CO remains >
6.30 pmol-g™-h™.. From the images of scanning electron microscopy (SEM) and high resolution transmission electron microscope
(HRTEM), octahedral UiO-66-NH, particles are uniformly dispersed on the surface and pores of diatomite. Based on the energy
dispersive spectrometer (EDS) elemental mapping images, the presence of Si, O, and Zr elements in the composite indicates the
effective preparation of UND-60% composite. According to the X-Ray photoelectron spectroscopy (XPS) analysis, the increased
surface hydroxyl groups in the UND-60% composite, stemming from the abundant hydroxyl groups on diatomite, enhance its
photocatalytic CO, reduction performance. The results of ultraviolet-visible spectroscopy (UV-Vis) spectra, fluorescence spectra,
electrochemical impedance spectra, transient photocurrent response spectra and Mott-Schottky curves indicate that UND-60%
composite broadens the absorption range of the solar spectrum, and diatomite introduces an promoted separation efficiency of
photogenerated carriers, thus improving the photocatalytic performance.

The results of In-situ DRIFTs reveal the photocatalytic CO, reduction mechanism in the UND-60% composite, i.e., CO, and
H,O adsorb onto the photocatalyst surface, where photo-generated electrons activate CO, to form bent anionic radicals (*CO;").
Subsequently, *CO,™ undergoes proton-coupled electron transfer to generate a carboxylate intermediate (*COOH), follows by further
protonation and reduction to yield *CO and H,O. This *CO formation step is rate-limiting. Finally, *CO desorbs from the catalyst
surface as gaseous CO, completing the reduction pathway.

Conclusions The UiO-66-NH,/diatomite composite was synthesized by a one-step hydrothermal method. UND-60% composite
demonstrated a superior photocatalytic CO, reduction performance, achieving a CO generation rate of 6.69 umol-g™-h%. This
represented a 1.46-fold enhancement over pristine UiO-66-NH, (4.57 umol-g™-h™%). The results of cyclic testing indicated a superior
photostability of the composite. Compared to pure UiO-66-NH,, diatomite incorporation imparted an optimized specific surface area
and pore structure, while enhancing catalyst dispersion. This synergistic effect exposed additional active sites and facilitated an
improved CO, photoreduction performance. Furthermore, the composite had an expanded light absorption range and enhanced
photoinduced charge carrier separation efficiency. The results of In-situ DRIFTs analysis on the UND-60% composite revealed the
dynamic evolution of surface functional groups during CO, photoreduction, establishing the reaction pathway: CO, — *CO, — CO,"
— COOH — *CO — CO. These findings could provide valuable insights for designing cost-effective photocatalytic systems for CO,
reduction.

Keywords diatomite; photocatalytic carbon dioxide reduction; metal organic framework; composite



