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Fig. S1. The digital images of MCMg, * MCMc¢yre * MCMpypre and MCMypenn
catalytic membranes (a); SEM images of MCMEg, (b), MCM_cyr. (¢), MCMpyf. (d), and

MCM_yremn catalytic membranes (e).



Fig. S2. SEM images of CuFeMn catalysts (a), and catalytic membrane with CuFeMn

proportion of 9:3:9 (MCMoy;s) (b).
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Fig. S3. The FT-IR spectra of MCMg., MCMcyge, MCMppre and MCMcyrenn catalytic

membranes (a); The XRD patterns of MCMg, MCMcyre, MCMypre and MCM cypemn

catalytic membranes (b).
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Fig. S4. Water evaporation mass (a) and evaporation rate of MCMg,, MCMcyre,

MCMpyppre and MCMcypemn catalytic membranes (b).
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Fig. S5. The residual radios (Cy/Cy) (a) and the corresponding degradation efficiency of
RhB after treatment with MCMg,, MCMcype, MCMpyure and MCMcypemn catalytic
membranes (the inset showed the digital images of solution after photo-Fenton

reaction) (b).



Fig. S6. Digital image of RhB solution after photo-Fenton reaction with MCMs35 within

120 min.
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Fig. S7. The Total Organic Carbon (TOC) of MCMs35 in 200 mg/L RhB solution before

and after photo-Fenton reaction.
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Fig. S8. The adsorption behavior of MCMs;5 in 200 mg/L. RhB solution before and after

a treatment of 30 minutes.
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Fig. S9. Optical absorption spectra of catalytic membranes with different CuFeMn proportions
(a); Estimated band-gap energy of MCM,3, (b), MCM33; (¢), MCMs35 (d), MCMg;36 (€), and
MCMg;g catalytic membranes (f).

The UV-Vis diffuse reflectance spectra of MCM;3,, MCM333, MCMs35, MCMg36, and
MCMgsg were tested and converted into their absorption spectra according to the Kubelka
Munk (K-M) method (Fig. S6a). The band gaps of different catalysts were determined by the
following Equ. (1):

ahy = A(hy - Eg)" (1)
Where, a, H, A, and Eg are light absorption coefficients, photon energy, proportional constants,
and band-gap energy, respectively; N depends on the optical transition type of the
semiconductor (n=1/2, direct absorption; n=2, indirect absorption). CuFeMn metal hydroxides
are direct band gap semiconductors, so n=1/2, so the absorption band gap is determined
by(chv)? and hv. It can be calculated that the Eg estimates for MCMj35, MCM333, MCMs;3s,
MCMg;6, and MCMg;g were 1.53 eV, 1.55 eV, 1.46 eV, 1.48 eV, and 1.51 eV, respectively.
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With the decrease of Eg, the less energy required for electronic transitions, and the stronger the
photo-Fenton reaction activity. Therefore, MCMs;5 exhibited excellent photo-Fenton and water

evaporation performance.
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Tab. S1. Concentrations of Cu, Fe and Mn ions in the precursor solution

Molar ratio Copper nitrate Iron nitrate Manganese nitrate
(mol/L) (mol/L) (mol/L)
2:3:2 12.50 18.75 12.50
3:3:3 18.75 18.75 18.75
5:3:5 31.25 18.75 31.25
6:3:6 37.50 18.75 37.50
8:3:8 50.00 18.75 50.00

9:3:9 56.25 18.75 56.25
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Tab. S2. Comparison of the evaporation rate and evaporation efficiency of our designed

catalytic membrane with others previously reported in the literature.

Light Evaporation  Evaporation
Material intensity rate efficiency Ref.
(kW-m-2) (kW-m=2-h1) (%)

MCMs;5 1 1.58 90.4 This work
MXene/cellulose 1 1.44 85.8 1
PVDF-HFP/PVA 1 1.02 72.0 2

Carbonaceous membrane 1 1.33 81.7 3
Ag/PANI 1 1.37 84.7 4
CNT/PI 1 1.26 72.7 5
rGO-CNT/PVDF 1 1.22 80.4 6
Fe;O4/carbon felt 1 1.32 85.0 7
Graphene/PPUS 1 1.31 85.3 8
Co-N-C/CF 1 1.88 87.0 9

CB-MHGM/PI 1 1.49 86.7

CB/PI1 1 1.40 80.2 1
MoS,/Ti mesh 1 1.44 86.0 11
GTube membrane 1 1.44 77.0 12

Noted: PVDF-HFP: poly(vinylidene fluoride-co-hexafluoropropylene) nanofibers, PVA: polyvinyl alcohol,
PAIN: polyaniline, CNT: carbon nanotube, PI: polyimide, rGO: reduced graphene oxide, PPUS: pyramid
polyurethane sponge, Co-N-C: cobalt nanoparticles encapsulated in N-doped carbon framework, CF: carbon fiber,
MHGM: modified hollow glass microspheres, CB: carbon black, and GTube: graphene tubes.
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Tab. S3. The residual concentration of Cu, Fe and Mn ions in solution before and after photo-

Fenton reaction.

Initial concentration Residual concentration in solution
in MCM535 (mol/L)
(mol/L) before after
Cu 12.50 3.59x10°¢ 6.33x10°
Fe 18.75 4.69x10° 2.32x10°
Mn 12.50 4.51x10° 6.37x10*
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Tab. S4. Comparison of the degradation capability of our designed catalytic membrane with

others previously reported in the literature.

Degradation efficiency (%)

Reacting time

Material ) Ref.
RhB BPA OTC (min)

MCMs;s 100000 megry) 89 7c0mer)  90:90 me) 120 This work
CdS/Fe;0,@NPC 92.0020 mg1) - - 75 13
MoS,/FeVO, 90.0(10 mg/L) - - 120 14
LaFeO;/zeolites 98.3(10 mg/1) - - 90 15
a-FeOOH/BiOl 10020 me1) 20 16
Mn@ peroxymonosulfate - 89.1(15 men) - 60 17
Fe-O-Zr@MOF - 97.0(10 mglL) - 30 18
PANI/MIL-88A(Fe) 100(10 mgrt) 60 19
MIL-88A 10010 mg1) 120 20
g-C3N,/FeOOH - - 86.220 mgl) 120 21
Bi,WO¢/CoAl-LDHs - - 98.5(10 mglL) 60 22
OCN/MnFe,0, - - 82.2(10 mgl) 60 23
BiVO, - - 83.0(10 me1) 240 24

Noted: NPC: N-doped C, MOF: metal-organic framework, PANI: polyaniline, MIL-88A: Fe-based MOF, and CoAl-LDH: CoAl

layered double hydroxide.
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