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1. Experimental section
1.1. Chemicals and reagents
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]All chemicals were of analytical grade and used as received without further purification, which were 2-methylimidazole (2-meIM, 99%), zinc nitrate hexahydrate (99%), toluene (99%), petroleum ether (60–90 ℃), and n-heptane (99%). Graphene oxide (GO) (diameter of pieces: 0.5–5 μm; thickness: 0.8–1.2 nm monolayer) was obtained from Nanjing XFNANO. Tetraethoxysilane (TEOS), span 80, L-ascorbic acid and dibutyltin dilaurate (DBTDL) were obtained from Tianjin Fuchen Chemical Reagents Factory, China. Hydroxyl-polydimethylsiloxane (PDMS) with viscosity of 20 000 and 300 mPa·s were supplied from China Bulestar Chengrand Chemical Co., Ltd. PTFE commercial microfiltration membrane (pore size 0.22 μm) was supplied from Membrane Solutions Co., Ltd., China. All aqueous solutions were prepared using distilled water.
1.2. Preparation of ZGPP membranes
[bookmark: _Hlk89524490][bookmark: _Hlk89788921][bookmark: _Hlk89097394][bookmark: _Hlk89524508][bookmark: _Hlk89612084]ZIF-8@rGO microspheres (ZGS) were synthesized according to a procedure described in our previous report [1]. The composite ZIF-8@rGO@PDMS on the PTFE is called ZGPP membrane. The superhydrophobic ZGPP membranes were prepared by vacuum assembly combining with immersion (Fig. 1). ZGS were dispersed into ethanol under sonicating for 30 min to form homogenous solution. PTFE substrates was immersed in ethanol for 3 h. A pre-cleaned PTFE substrate was put in the middle of a sand core filter which was connected with a vacuum pump. After that, ZIF-8@rGO dispersion was added to the upper of sand core filter, so that the microspheres could cast onto the PTFE substrate, as pre-ZIF-8@rGO@PTFE membrane. PDMS crosslinking solution was stirred for 30 min, prepared with 1 wt% PDMS (20 000 mPa·s), 0.1 wt% TEOS and 0.02 wt% of DBTDL. The pre-ZIF-8@rGO membrane was immersed into the PDMS crosslinking solution for 1 min, and then dried in room temperature for 5 min. Repeating the immersion process of PDMS crosslinking solution once, and then a ZGPP membrane was prepared. The membranes after crosslinking were put into an oven at 80 °C for 8 h to make PDMS crosslink.
1.3. Preparation of water-in-oil emulsions
As shown in Table S1, seven surfactant-stabilized water-in-oil emulsions (SSEs) were prepared in this work, including five emulsions of span 80-stabilized water-in-toluene with different droplet diameter, labeled as SSE-1161, SSE-398, SSE-240, SSE-126, and SSE-57. Certain mass of span 80 and water were added into toluene by step in the preparation of SSE-1161 to SSE-57. The mixture was stirred for a certain time between 3 and 12 h. All the SSE were stable for more than 3 d and no demulsification or precipitation was observed. SSE-P and SSE-H were also span 80 based, but with different oil phase. 

Table S1 Different surfactant-stabilized water-in-oil emulsions (SSEs)
	SSEs
	Oil phase
	Oil:water:surfactant (Moil:Mwater:Msurfactant)
	Average droplet size (nm)

	SSE-1161
	Toluene
	99:1:0.05
	1161

	SSE-398
	Toluene
	99:1:0.1
	398

	SSE-240
	Toluene
	99:1:0.25
	240

	SSE-126
	Toluene
	95:5:0.5
	126

	SSE-57
	Toluene
	90:10:0.5
	57

	SSE-P
	Petroleum ether
	99:1:0.5
	221

	SSE-H
	n-Heptane
	99:1:0.5
	166



1.4. Characterization
Scanning electron microscopy (SEM) images were obtained on a field-emission scanning electron microscope (JEOL JSM-7610F, Japan). Contact angles were measured on an OCA20 machine (Data-physics, China), and the average contact angles were obtained from three measurements per sample. Optical microscopy images were taken on Nikon AZ100 (Japan) by dropping the emulsion solution on a biological counting board. The water contents in original emulsions and the corresponding collected filtrates were determined using a Karl Fischer moisture titrator (831KF Coulometer). Dynamic light scattering (DLS) was measured on a Malvern Zetasize Nano. The attenuated total reflectance–Fourier transform infrared spectra (ATR–FTIR, 500–4000 cm−1; resolution of 0.4 cm−1) were obtained on a Bruker Tensor II spectrometer. X ray photoelectron spectrum (XPS) was analyzed by a Thermo ESCALAB 250XI (USA). Low filed-nuclear magnetic resonance (LF-NMR) was carried out to determine by a PQ001-010, Niumag Analytical Instrument Corporation, China, and T2 relaxation time is analyzed by immersing samples into toluene. UV-vis absorption of SSEs was measured with an ultraviolet spectrophotometer (Bluestar A, China).
1.5. Water-in-oil emulsion separation experiments
[bookmark: _Hlk89791852][bookmark: _Hlk89610088][bookmark: _Hlk89790359]The as-prepared superhydrophobic ZGPP membrane was stuck in the middle of a vacuum filter with a diameter of 47 mm. The freshly prepared emulsion was poured onto the membrane and spontaneously permeated quickly. The vacuum filter was connected to a water circulating multi-purpose vacuum pump to control the transmembrane pressure during the separation process. Besides, there is a simple washing process during cyclic experiment. The membrane was stuck on the vacuum filter and washed by ethanol for 3 times, and then for continued separation process. The flux was determined by calculating the permeating time of 30 mL emulsion, and then the filtrate was collected for purity test. The separation efficiency was calculated by the following Eq. (S1):

                                                                     (S1)
where R is the separation efficiency, c0 is the water content in the original water-in-oil emulsions (wt%), and c1 is the water content in the collected filtrate (wt%).
For permeate flux measurement, the ZGPP membranes were fixed between two quartz glass flanges with the diameter of 47 mm. 30 mL sample for separation was poured onto the membranes and the flux (J) was calculated by Eq. (S2):

                                                                                  (S2)
where M is the quality of oil that permeates through the membranes, A is the area of the membranes surface that the emulsion flows, and t is the time of oil permeation.
1.6. MD simulation
A box (15.00 nm × 16.80 nm × 12.00 nm) composed of water-in-oil emulsion wetted ZIF-8@rGO and rGO nanosheet was constructed. The ZIF-8 was constructed on the basis of the structural data from Semino et al. [2]. There were four emulsified water nano droplets in the box, each consisted of 188 water and 2 span 80. The rest of the box was filled with 14 895 toluene. The mass concentration of each component of the emulsion was roughly the same as the water-in-oil emulsion SSE-240. 
The OPLS-AA force field [3] was used to calculate the molecular interactions between ZIF-8@rGO, span 80, water, and toluene. Particularly, the potential parameters for the nonbonded interactions for ZIF-8@rGO were obtained from Hummer et al. [4] and Semino et al. [2] respectively. The geometry of span 80 and toluene was submitted to the LigParGen [5] to obtain its topology compatible with the OPLS-AA force field parameter set. Water molecules were described by the well-tested simple-point charge (SPC) model [6]. The system was finally sampled for 10 ns in the NPT ensemble, using Berendsen barostat and V-rescale thermostat to keep the pressure at 1 bar and the temperature at 298 K by GROMACS (version 5.1.5) [7], respectively. All simulations were performed under a three-dimensional periodic boundary condition. Particularly, the emulsified water nano droplets were pre-treated in a box (7.0 nm × 7.0 nm × 7.0 nm) with 1375 toluene for 10 ns in the NPT ensemble with the same sets above.
2. Figures and tables
[image: ]
Fig. S1. SEM images of ZGPP membranes with (a) 0.15 mg·cm−2 ZIF-8@rGO microspheres per disk (ZGPP-0.15) and (b) 0.5 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-0.5). 

[image: ]
[bookmark: _Hlk85139497]Fig. S2. SEM images of cross section of ZGPP membranes with (a) 0 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-0), (b) 0.15 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-0.15), (c) 0.5 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-0.5), (d) 1 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-1), (e) 2 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-2), and (f) 4 mg·cm−2 ZIF-8@rGO microspheres (ZGPP-4).

[image: ]
Fig. S3. FTIR spectra of PTFE substrate and ZGPP membranes with different ZGS loadings.

[bookmark: _Hlk89524826][image: ]
[bookmark: _Hlk89789788]Fig. S4. The contact time (in air) of (a) 5 μL ethanol and (b) 3μL toluene in contact with the surface of ZGPP membranes. The insert is spreading of oil-droplets on the surface of PTFE substrate. Shown are the profiles of the oil droplets and their contact angles on the surface of ZGPP membranes.

[image: ]
Fig. S5. Droplet size distribution of different SSEs measured by DLS.

[image: ]
Fig. S6. The flux and separation efficiency of ZGPP-2 membrane for SSE-240 under different transmembrane pressures.

[bookmark: _Hlk89851099]In this study, although ZGPP-2 membrane could separate under a low transmembrane pressure, the separation performance of the ZGPP-2 membrane at the transmembrane pressure of 0.15–0.5 bar was also investigated. As shown in Fig. S6, With the increasing of transmembrane pressure, the flux of ZGPP-2 membrane for SSE-240 was increasing significantly. However, the separation efficiency for SSE-240 on ZGPP-2 membrane was still over.

[image: ]
Fig. S7. Digital images of demulsifying separation process of SSE-240 on ZGPP-2 membrane.

[image: ]
Fig. S8. Digital images of process for demulsifying SSE-57 nano emulsions on ZGPP-2 membrane at room temperature in 200 min.

[image: ]
Fig. S9. Digital images of process for demulsifying SSE-57 nano emulsions on ZGPP-2 membrane at 40 ℃ in 170 min.
[image: ]
Fig. S10. Proton LF-NMR T2 relaxation time spectra of toluene in for PTFE substrate, ZGS, and ZGPP membranes with different ZGS loadings.

[image: ]
Fig. S11. Schematic of a liquid droplet on a solid surface under gas.

[image: ]
Fig. S12. Critical surface tension of membranes.

[image: ]
Fig. S13. Water contact angle on ZGPP-2 membrane under oil (petroleum ether).

[image: ]
[bookmark: _Hlk66635498]Fig. S14. MD simulation model composed of water, toluene, and span 80 on the surface of (a) ZGS and (b)rGO nanosheet.

[image: ]
Fig. S15. The schematic illustration of the separation process for water-in-oil emulsion.
[bookmark: _Hlk66641614]
Table S2 Comparison of separation on polymer-based membranes for surfactant-stabilized emulsions
	Membrane
	Water contact angle
	Emulsion
	Flux (pressure)
	Separation efficiency
	Ref.

	PVDF-HFP/PTFE
	161°
	Water-in-diesel (1:100, v/v)
	925 L·m−2·h−1 (1 bar)
	99%
	[8]

	HEC/PAA-PET
	112°
	Water-in-sunflower oil (2:100, v/v)
	55-152 L·m−2·h−1·MPa−1 (0.5–1 bar)
	98.6%–99.4%
	[9]

	PTFE/FEP
	> 150°
	Water-in-toluene (3:200, v/v)
	134–204 L·m−2·h−1 
(0.5 bar)
	99.7%
	[10]

	PVDF(H)-N5-OCT
	135°
	Toluene-in-water
	1078 L·m−2·h−1·bar−1 
(1 bar)
	99%
	[11]

	AE2311@SMA/PVDF
	0°
	Kerosene-in-water, dichloroethane-in-water, toluene-in-water, or petroleum ether-in-water
	561.54 L·m−2·h−1
(1 bar)
	99%
	[12]

	ZIF-8@rGO@ PDMS/PTFE
	155°
	Water-in-toluene
	2254 L·m−2·h−1
(0.15 bar)
	99.57%
	This work
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SSEs  Oil phase  O i l:water:surf actant ( M oil: M water: M surfactan t)  Average droplet size   ( nm)  

SSE - 1161  Toluene  99:1:0.05  1161  

SSE - 398  Toluene  99:1:0.1  398  

SSE - 240  Toluene  99:1:0.25  240  

SSE - 126  Toluene  95:5:0.5  126  

SSE - 57  Toluene  90:10:0.5  57  

SSE - P  Petroleum  e ther  9 9:1:0.5  221  

SSE - H  n - Heptane  99:1:0.5  166  

 

