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Figure S1. TEM images of FDU-12 series materials with different Zr modification 
methods: (a) FDU-12, (b) Zr-in-F, (c) Zr-gra-F, (d) Zr-im-F.
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Figure S2. UV-Vis DRS spectra of the catalysts with different prepared methods: (a) 
NiMo/FDU-12, (b) NiMo/Zr-in-F, (c) NiMo/Zr-gra-F, (d) NiMo/Zr-im-F.
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Figure S3. XPS spectra of the sulfide catalysts with different prepared methods: 
(a) NiMo/Zr-in-F, (b)NiMo/Zr-gra-F, (c) NiMo/Zr-im-F.



Table S1  Surface acid amounts and acid types over different catalysts.

Acid amount (200 °C)/mmol·g-1 Acid amount (350 °C)/mmol·g-1

Catalysts
L B L+B B/L L B L+B B/L

NiMo/Zr-in-FDU-12 87.4 17.4 104.8 0.12 28.6 10.6 41.1 0.37

NiMo/Zr-gra-FDU-12 63.8 16.6 80.4 0.21 18.0 8.7 26.7 0.48

NiMo/Zr-im-FDU-12 78.0 18.6 96.6 0.24 25.4 11.1 36.5 0.44
NiMo/FDU-12 56.5 0 56.5 0 15.9 0 15.9 0
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Figure S4. Wide angle XRD patterns of various materials: (a) Zr-in-F, (b) Zr-im-F, 
(c) Zr-gra-F.

Wide angle XRD characterizations of the series materials are shown in Fig S4. It 
can be observed from Fig S4 that all the materials do not display the characteristic 
peaks of tetragonal and monoclinic ZrO2, indicating that Zr species are well dispersed 
on the supports or the dimensions of ZrO2 clusters are too small to be de detected.



Figure S5. DBT HDS performance over various catalysts at different WHSV values 
(340 oC, 4 MPa, 200 ml/ml)

According to the literatures[1-2], the NiMo/Ti-FDU-12 and NiMo/Al-SBA-16 catalysts 
were obtained.
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