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Fig. S1 The structures and morphologies characterization of the MOF-based foams
(UiO-66-X@MF, X = H, NH,, OH, Br and NO,). a) UiO-66@MF. b) UiO-66-NH,@MF. c)
UiO-66-OH@MF. d) UiO-66-Br@MF. e) UiO-66-NO,@MF. |) The structure images of UiO-66-X (X =
H, NH,, OH, Br and NO,). Il) The ligands of UiO-66-X. lll) The photo images of UiO-66-X@MF. IV, V)
The SEM images of UiO-66-X@MF (insert is the particle size distribution calculated based on
more than 200 particles).
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Fig. S2 The PXRD patterns of bare MF and UiO-66-X@MF (X = H, NH,, OH, Br and NO,).




ZOHm

Fig. S3 The photo and SEM images of bare MF. a) The photo image. b, c) The SEM images.



Fig. S4 The elemental mapping analysis of UiO-66-OH@MF-3. a) The SEM image of
UiO-66-OH@MF-3. b) Zr. c) C. d) O.
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Fig. S5 The PXRD patterns of UiO-66-OH@MF with different loadings.
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Fig. S6 The SEM images of UiO-66-OH@MF with different loadings. a, b) Ui0-66-OH@MF-1. c, d)
UiO-66-OH@MF-2. e, f) UiO-66-OH@ MF-4.
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Fig. S7 The pore size distribution of UiO-66-OH and UiO-66-OH@MF-n (n = 2 and 3). a) 0-40 nm.

b) 0-3 nm.

o

10 15 20 25 30 35 40
Pore width (nm)

0.030+

v 0.0254

")

0.020+

(ecm* nm™ g

0.015+

< 0.0104

—

T 0.0054

0.000 4

——Ui0-66-OH

Ui0-66-OH@MF-2
Ui0-66-OH@MF-3

1.0 15 20
Pore width (nm)

2.5

3.0



Q
'
(=
S

Graphene-lik

Intensity (a.u.)
Intensity (a.u.)

204 202 290 288 286 284 282 280 404 402 400 398 396 394
Binding Energy (eV) Binding Energy (eV)

Fig. S8 XPS spectra of bare MF. a) Cls. b) N1s.
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Fig. S9 The stretching tests of UiO-66-OH@MF with different loadings.
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200 rpm, 30 min

Fig. S10 Photo images of the twisted and mechanical stirring test for UiO-66-OH@MF-3. a)
Twisting test. b) Mechanical stirring test.
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Fig. S11 The PXRD patterns of UiO-66-OH@MF-3 during water stability tests.
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Fig. S12 The acid amount of UiO-66-X (the selected temperature range is 50-350 °C). The
NHs-TPD tests is conducted by the pulse technique using a Micromeritics Auto Chem Il 2920
instrument using TCD detection. Before NH3-TPD tests, the sample was outgassed at 150 °C for 24
h. During the NHs-TPD tests, a sample of 100 mg is pretreated under a flow of helium (30 mL
min™) at 180 °C for 2 h to remove water. Then the temperature is lowered to RT under a flow of
He. The ammonia adsorption is performed at 100 °C for about 20 min. The NH3-TPD datas are
collected from 50 °C to 350 °C at a heating rate of 10 °C min™ in a helium flow. The amount of
physically adsorbed ammonia is collected to further reflect the acidity amount and defects of
Ui0-66-X (X = H, NH,, OH, Br and NO,).
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Fig. S13 The PXRD patterns and T potentials of UiO-66-OH obtained from different synthetic

temperatures (80, 90, 100 and 110 °C). a) PXRD patterns. b) { potentials.
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After filtration

Fig. S14 The filtration device for the microplastic removal tests. a) Filtration device (flow rate:
~1.2 L h"). b) Simulated microplastic suspension before filtration. c) Simulated microplastic
suspension after filtration.
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Fig. S15 The dynamic light scattering (DLS) tests for PVDF (Mw. 5.34 x 10° g mol™) nanoparticles
in different solvents. a) Simulated microplastic solution (Vyater : Vethanol = 3 : 1) (¥273 nm). b) PVDF

in water (~1352 nm).
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Fig. S16 The PXRD patterns of UiO-66-OH@MF-3 obtained from different temperatures (80, 90,
100 and 110 °C).
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Fig. S17 The SEM images of UiO-66-OH@MF-3 obtained from different synthetic temperatures. a,
b) 80 °C. ¢, d) 90 °C. e, f) 110 °C.
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Fig. S18 The removal efficiency of UiO-66-OH@MF-3 with different synthetic temperatures (80,
90, 100 and 110 °C).
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Fig. S19 The SEM images and particle size of different microplastics. a) PVDF (Mw. 5.34 x 10° g
mol™). b) PVDF (Mw. 7.0 x 10° g mol™). c¢) PVDF (Mw. 1.3 x 10°g mol™). d) PS (Mw. 1.92 x 10° g
mol™). e) PMMA (Mw. 4.43 x 10° g mol™). I) Different types of microplastics. 1l) M,, (g mol™). 1l1)
Molecular formula. IV) SEM images. V) particle sizes of different microplastics (PVDF, 5.34 x 10° g
mol™, ~260 nm; PVDF, 7.0 x 10° g mol ™, ~300 nm; PVDF, 1.3 x 10° g mol™, ~322 nm; PS, 1.92 x 10°
g mol™, ~183 nm and PMMA, 4.43 x 10° g mol ™, ~325 nm).
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Fig. S20 The removal efficiency of UiO-66-OH@MF-3 for PVDF based simulated microplastic
suspension with different PVDF types and concentrations. a) PVDF based simulated microplastic
suspensions with different PVDF types. b) PVDF (Mw. 5.34 x 10°> g mol™) based simulated
microplastic suspensions with different concentrations.
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Fig. S21 The SEM images and removal efficiency of comparative materials (filter paper (20-25 um)
and microfiltration membrane (0.22 um)). a) The SEM and photo images of filter paper. b) The
SEM and photo images of microfiltration membrane. c) The removal efficiency for filter paper,
UiO-66-OH@MF and microfiltration membrane in the filtration of PVDF (Mw. 5.34 x 10° g mol'l)
based simulated microplastic suspension (~0.001 g mL™).
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Fig. S22 The SEM images of UiO-66-OH@MF-3 after microplastic removal test and recycled. a, b)
UiO-66-OH@MF-3 after microplastic removal test. ¢, d) UiO-66-OH@MF-3 after filtration and
washing with water for several times.
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Fig. S23 The FT-IR spectra of UiO-66-OH@MF before and after filtration, MF, PVDF and
UiO-66-0OH.
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Fig. S24 The N, sorption curves and pore size distribution of UiO-66-OH@MF-3 before and after
filtration tests. a) The N, sorption curves. b) The pore size distribution (0-30 nm). c) The pore size
distribution (0-10 nm). Before N, sorption tests, the UiO-66-OH@MF-3 after filtration test is
washed with water for several times and dried at 150 °C under vacuum for 24 h.
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Fig. $25 The characterization of UiO-66-OH@MPF-3 obtained from scale-up production. a) The
PXRD patterns. b) The photo image. c) The removal efficiency for PVDF (Mw. 5.34 x 10° g mol™)
based simulated microplastic suspensions in both water and seawater.
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Fig. $S26 The recycle performances of UiO-66-OH@MF-3 in large-quantity tests.
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Fig. S27 The stability and microplastic removal tests of UiO-66-OH@MF-3 in simulated seawater.
a) The PXRD patterns of the stability test for UiO-66-OH@MF-3 in seawater. b) The removal
efficiency of bare MF and UiO-66@MF-3.
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Fig. S28 The PXRD patterns of the chemical stability tests for UiO-66-OH. During the tests,
UiO-66-0OH is immersed in relative solution for 24 h.
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Fig. S29 The efficiency of UiO-66-OH@MF-3 for the removal of PVDF suspension with the
addition of different organic molecules.
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Advantages of foam materials

Interpenetrated pore Fast passage of solvent
structure and sufficient contact
High stability Long-term applications

High affinity to

Electrostatic interaction - !
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Fig. S30. The possible interactions between microplastics and foam materials. a) The schematic
presentation. b) The possible interactions and advantages of Zr-MOF based foam materials in
microplastic removal. We have tried to apply the MOFs as microcrystalline powders or pellets for
the removal of microplastics and tremendous efforts have been devoted. However, the dense
microcrystalline powders will bring large pressure-drop in the filler and the integrity of MOF
based pellets are hard be retained under the condition of flowing solvent. Besides, both of them
would break down into tiny powders to affect the removal process. Based on advantages of
Zr-MOF based foam materials, MOFs are more promising candidates than organic polymers
owing to their lack of well-defined crystalline structure that can precisely control the surface
charge, functional group or metal site as that of MOFs.
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Table S1 The N, sorption results of UiO-66-OH and UiO-66-OH@MF with different loadings.

Loading (wt%) Seer (M2 g™Y) Ve (em®g™)
UiO-66-OH - 527 0.34
Ui0-66-OH@MF-2 13.0% 62 0.022
UiO-66-OH@MF-3 25.4% 132 0.043
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