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Preparation and photocatalytic properties of Th-ZnO/MIL-101(Fe) composite materials

ZHAO Pengfei , DONG Xiaogian , YU Xiaochen' , ZHANG Lingcheng , HAN Ruyu , WANG Zijun
(School of Materials Science and Engineering, Chang'an University, Xi'an 710061, China)

Abstract: Metal organic frameworks (MOFs) have shown broad application prospects in the field of photocatalysis
due to their high specific surface area, structural diversity, and functional tunability. However, the high recombina-
tion rate of photo-generated charge carriers and insufficient stability limit their practical applications. The compo-
site modification of MOFs with semiconductor materials is an effective strategy to enhance photocatalytic
efficiency. In this study, MOF-based heterojunction Tb-ZnO/MIL-101(Fe) composites with different molar ratios
were prepared by a one-step solvothermal method, where heterojunction interfaces were constructed to regulate
the separation behavior of photoinduced charge carriers. Multiple characterization techniques were employed to
analyze the phase and microstructure, optical, and electrical properties of the samples. Using Rhodamine B (RhB)
as the target pollutant, the influence of the molar ratio on the photocatalytic performance was comprehensively
evaluated. The experimental results indicated that when the molar ratio of Tb-ZnO/MIL-101(Fe) is 4 : 1, the degrad-
ation efficiency of RhB reaches 100% within 50 min, which is 7.45 times and 4.55 times higher than that of single
Tb-ZnO and MIL-101(Fe), respectively. In addition, the composite material also exhibits excellent degradation

performance towards phenol red (PR), methylene blue (MB), and methyl orange (MO). Mechanism studies reveal
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that the Z-scheme heterojunction formed between MIL-101(Fe) and Tb-ZnO significantly promotes the spatial

separation of photoinduced charge carriers while enhancing visible light absorption through synergistic effects.

This work provides a novel and effective approach for constructing advanced visible-light-driven photocatalysts.

Keywords: ZnO; MIL-101(Fe); heterojunction; photocatalysis; rare earth doping; solvent heat
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Table1 The composition of composite materials

Material Tb-ZnO/% Molar ratio of Tb-ZnO to MIL-101(Fe)
27T-M 3 2:1
47T-M 3 4:1
6ZT-M 3 6:1
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Fig.1 XRD patterns (a) and FTIR spectra (b) of Tb-ZnO,
MIL101-(Fe) and ZT-M composite materials
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€12 Tb-ZnO (a). MIL-101(Fe) (b). 4ZT-M (c) #:/11) SEM &4
K AZT-M 7 E 531 E (d): (e) O; (f)Zn; (8) C; (h)Fe; (i) Tb
Fig.2 SEM images of Tb-ZnO (a), MIL-101(Fe) (b), 4ZT-M samples (c),
and elemental mapping images of 4ZT-M (d):

(e) O; (f) Zn; (g) C; (h) Fe; (i) Tb
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Fig.3 XPS full spectrum of 4ZT-M sample (a) and high resolution spectra of corresponding elements: (b) C1s; (c) O1s; (d) Fe2p; (e) Tb3d; (f) Zn2p
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Fig.4 N, adsorption-desorption isotherms (a) and pore size distribution curves (b) of Tb-ZnO, MIL-101(Fe) and 4ZT-M samples
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%2 Tb-ZnO. MIL-101(Fe) 1 4ZT-M #SZE L R ERR . FLEMALE
Table 2 Specific surface area, pore volume, and pore size of Tb-ZnO, MIL-101 (Fe) and 4ZT-M samples

Sample Specific surface area/(m*g™) Pore volume/(cm®-g™") Pore size/nm
Tb-ZnO 22.587 4 0.159 437 26.463 9
MIL-101(Fe) 280.303 1 0.194 853 6.840 5
47T-M 90.459 8 0.122 544 23.058 7
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Table 3 Comparisons of degradation efficiency of different photocatalysts on RhB under visible light
Sample Pollutant Pollutant Catalyst Degradation Degradation Rate constant/
P volume/mL  concentration/(mg-L™")  dosage/mg  time/min efficiency/% min™
Pd@MIL-101/P25" 100 30 100 240 92.1 0.014
ZnO/MIL-101(Fe)™! 500 10 250 300 97.1 0.034
MoS,/MIL-1015 500 20 150 50 92.0 0.030
N-K,Ti;04/MIL-101%" 100 5 20 150 92.7 0.041
47T-M 50 20 10 50 100 0.035

Note: P25—A commercial nanoscale titanium dioxide photocatalyst composed of a mixture of approximately 80% anatase and 20% rutile
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Fig.9 Photocatalytic degradation performance (a) and reaction rate constant plots (b) of RhB by 4ZT-M under different pH conditions
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Fig. 11 Photocatalytic degradation performance (a) and reaction rate constant plots (b) of RhB with different amounts of 4ZT-M
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