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Figure S1. An optical microscopic image of GO flakes dispersed in deionized water after bath

sonication (200 W, 3 h). The average size of dispersed GO flakes was 70~110 pm.
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Optimization of the synthesis process of R-GO sponge

A number of different synthesis conditions were explored to optimize the R-GO sponge.
Two different reducing agents (sodium bisulfite and ascorbic acid) were tested.'” The heating
temperature (80, 95, 110, or 130°C), heating duration (2, 3, 4, 5, or 6 h), and mixing ratio
between GO dispersion and aqueous reducing agent (1:1, 1:2, 1:3, 1:4, 1:5, or 1:6) were also
varied. The optimized condition was described in detail in the Experimental section (ascorbic
acid, heating temperature = 110°C, heating time = 3 h, mixing ratio = 1:5). Figure S2 shows
R-GO sponges synthesized at different heating temperatures and durations. The reducing

agent was ascorbic acid.

Figure S2. R-GO sponges synthesized at different heating temperatures and durations. The
mixing ratio between GO dispersion and ascorbic acid was 1:5.
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Figure S3. The pore size distribution of R-GO (a), O-GO (b), and F-GO (c) sponges.
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Figure S4. XPS spectra of R-GO, O-GO, and F-GO sponges.
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Figure S5. Comparison of the experimental flow rates through the J-GO sponge depending on
the flow direction. (a) Water. (b) Dodecane.
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Oil type Structure Molecular weight (g mol™) Viscosity at 25 °C(Pa-s)
Xylene CeH4(CHs), 106.17 6.20x 10™
Cyclohexane CsHin 84.16 9.80x 10
Dodecane | CH3(CH;);oCH3 170.33 1.34x 107
Hexadecane | CH3(CH,);4CHj3 226.44 3.04x 107

Table S1. Physical properties of oils.
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No Membrane Material Pf)re g’erme:?b_lll ity -1 Reference
type size (m”*m'm™s -Pa”)
1 Multiwalled 7 nm 1.49x 10" 3
2 Nanotubes carbon nanotubes 7 nm 1.60x 1013 4
3 Doublewalled 1.3-2 158 x 1075 5
carbon nanotubbes nm
4 GO 1 nm 3.60x 107"
; 6
5 Nanostrand-channeled 3.5 nm 387x 10
GO
10-2
6 Porous 0-20 3.56x10™°
um
membrane POly(ethylene gly(:Ol)- 70-100
7 coated fritted glass 225x 107" /
fiber Hm
8 145-174 5.08x 10"
pm
9 Graphene 50 nm 9.52x 107" 8
10 Nickle-Chromium | 400 um 1.57 x 10°° .
11 Nickel 360 um 3.94x 107
12 Aluminum 75 pm 1.38x 10”7 "
13 | Metal Foam Aluminum 400 pm 4.54x 107
14 Nickel 500 um 1.83x10°
11
15 Copper 1000 6.97 x 10
um
16 | R-GO sponge 11pum 9.19x 107
1 - : ?
7 | O-GO sponge GO 11um 2.41x 10_10 This work
18 | F-GO sponge 11um 2.99x 10
19 | J-GO sponge 11um 1.20x 107

Table S2. The permeabilities of water through GO sponges (this study) were compared with
the data in literatures.
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Fluid permeation through the R-GO sponge (pore size: 94.1 um)
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Figure S6. Comparison of the experimental flow rates and Hagen-Poiseuille theory for water
(a) and oils (b) as a function of the pressure difference across the R-GO sponge membrane
(pore size: 94.1 um).

Figure S6a compares experimentally-measured water flow rates through the R-GO sponge
with the Hagen-Poiseuille theory. The Hagen-Poiseuille prediction was calculated under the
assumption of straight circular pipe (Equation (6)). The theory over-predicted the
experimental flow rate. This could be due to the random, non-straight flow passage through
the R-GO sponge. Interestingly, the experimentally-observed water flow was initiated when a
pressure greater than 1864 Pa was applied (i.e. intrusion pressure), which was not consistent
with the Hagen-Poiseuille theory. The oil flow rates calculated from the Hagen-Poiseuille
theory were also greater than the experimentally-measured flow rates (Figure S6b). The oils
were immediately absorbed and passed through the R-GO sponge when the amount greater
than the sorption capacity was supplied. This was due to the excellent wettability of oil on the
R-GO sponge, and the capillary pressure of the liquid meniscus inside the pores worked on

the forward direction.

S9



Water permeation repeatability through the R-GO sponge (pore size: 94.1

pm)
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Figure S7. Water permeation repeatability through the R-GO sponge.

The water permeation experiment was carried out 3 times using the same R-GO sponge.

The R-GO sponge could be re-used again after drying in air, and the repeatability was

excellent.
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Water-in-oil emulsion separation using R-GO sponge (pore size: 94.1 um)
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Figure S8. FT-IR spectra of the surfactant-added water, surfactant-stabilized water-in-oil

emulsion (feed), and separated permeate using the R-GO sponge (pore size: 94.1 pm).

The surfactant-stabilized water-in-oil emulsion was prepared (deionized water:
dodecane: Span-80 = 10: 89.5: 0.5 vol%). After the first separation process at the applied
pressure drop of 700 Pa, the color of permeate was somewhat opaque indicating incomplete
separation. The flow was stopped when enough permeate was obtained for the second
iteration experiment. A clear transparent permeate could be obtained after the second
separation process, at the applied pressure drop of 640 Pa, indicating no presence of water.
The purity of separated oil measured by the titration method was 99.4 %. The purity of
separation was also investigated by FTIR analysis (Figure S8). The characteristic peaks of
Span-80 (C-O, C=0, and O-H stretching bands at 1090, 1168, 1740, and 3400 cm™) as well as
characteristic water peaks were observed in the surfactant-added deionized water.'” The
surfactant-stabilized water-dodecane feed emulsion retained all the characteristic peaks of

constituents. The peaks of permeate after the second repeated separation were identical to
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those of the pure dodecane demonstrating excellent oil separation performance of the R-GO
sponge. It is interesting to note that only dodecane passed through the R-GO sponge, and
surfactant remained in the water-in-oil mixture on the feed side during the separation
experiments. The hydrophilic-lipophilic balance (HLB) of Span-80 was 4.3, and both oil and
water were required to maintain high solubility. The high purity separation of water-in-oil
emulsion was achieved by the R-GO sponge at a low pressure drop (640~700 Pa) which is

advantageous for the energy-efficient water-oil separation in industry.
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