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Text 1. The calculation method for the density and porosity of membrane.
The porosity (%) of the membrane was calculated by the following formula (Xu et al., 2021; Fu et al., 2021):

where m2 is the weight of the wetting membrane (g), m1 is the weight of the drying membrane (g), ρ is the density of n-butanol (0.811 g/cm3), and V is the volume of the membrane (cm3). 
The formula for calculating the membrane density (ρ) was as follows:

where m is the weight of the membrane (g), V is the volume of the membrane (cm3).
Text 2. Details of emulsion separation experiments.
To prepare the water-in-oil emulsion, carbon tetrachloride and water were mixed with a ratio of 99:1. Then, 0.2 mg/mL Span-80 was added as a surfactant stabilization emulsion. Finally, the mixture was mechanically stirred at 1300 rpm/min for 3h to obtain a milky emulsion. The separation efficiency (f) of emulsion was determined by the following formula (Xu et al., 2021):

                                         (3)
where C0 and C were the water content in the emulsion and filtrate, respectively. 
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Table S1. Possible formation mechanism of ZnO nanorods.
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Table S2. The density and porosity of the F/ZnO/CNF-x membrane.
	Materials
	Density(g/cm3)
	Porosity(%)

	CNF
	0.1139
	63%

	F/ZnO/CNF-1
	0.1426
	57%

	F/ZnO/CNF-2
	0.1608
	45%

	F/ZnO/CNF-3
	0.1923
	37%

	F/ZnO/CNF-4
	0.2040
	29%




Table S3. Comparison of separation efficiency of the F/ZnO/CNF-3 with other membrane materials reported in the literature.
	Materials
	Oil-water mixture
	Efficiency (%)
	Ref.

	TiO2–PVA sponge
	CCl4/water mixture
	97.8
	(He et al., 2022)

	PCL/ph-LPSQ membranes
	CCl4/water mixture
	99.3
	(Wang et al., 2022)

	Biomimetic membrane 
	Chloroform/water mixture
	98
	(Chen et al., 2022) 

	Janus–CA Fiber Membrane
	water-in-toluene emulsion
	98.7
	(Yu et al., 2021)

	
	n-hexane/water mixture
	97.1
	

	CNF grafted PU
	Hexane/water mixture
	97.8
	(Baig et al., 2019) 

	PPS membrane
	Water-in-CCl4 emulsions
	99
	(Kou et al., 2021) 

	CNFM
	Chloroform/water mixture
	99.4
	(Kong and Xin, 2022)

	
	Water-in-CCl4 emulsions
	98.7
	

	F/ZnO/CNF
	CCl4/water mixture
	99.7
	This work

	
	Water-in-CCl4 emulsions
	99.2
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Fig. S1. Schematic diagram of fluorination.
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Fig. S2. The EDS result of F/ZnO/CNF-3.
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Fig. S3. Strain-stress curves (a) and Young's modulus (b) of F/ZnO/CNF-x membrane at different hydrothermal time.
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Fig. S4. Optical microscope images and digital photographs of the emulsion and filtrate (a), flux and separation efficiency of F/ZnO/CNF-x membranes(b), cycle separation performance of F/ZnO/CNF-3 membrane for emulsion (c).
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Fig. S5. WCAs and separation efficiency (carbon tetrachloride/water mixture) of F/ZnO/CNF-3 before and after soaking in different pH solution.
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