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1. Supplementary Introduction

Table S1 | Typical hydraulic radius of various surfactants.

Surfactant Stokes radius
surfactant Reference
type (concentration > CMC)
1.8~11.9 !
Triton X-100
2.9~8.5 2
Non-ionic
Tween 80 3.7~3.9 3
Eumulgin ES ~71.5 4
SDS 4.5~5.0 5
Tonic CPCIO; 3.0~7.5 6
CPCI ~7.5 7

Note: CMC refers to critical micelle concentration, which is regarded as a charcteristic
feature of surfactant. Surfactant is an amphiphilic compound that consists of both hydrophilic
part and hydrophobic part. In polar solvents (e.g. water), the amphiphilic character of
surfactant can lead to the self-aggregation phenomenon. The surfactant molecules arrange
themsleves into an organized supramolecular assembly i.e. “micelle” with their hydrophibic
parts aggregated into the core of micelle while their hydrophilic parts settled outwards in
contact with water molecules to lower down the interfacial energy of micelle-water interface®.
For each surfactant, there is a threshold of concentration below which surfactant molecules
only exist in monomer form (i.e. free molecule) while above which micelle will form. And
this concentration threshold is termed as critical micelle concentration (CMC). The Stokes
radius of the micelle is related to both surfactant monomer radius and the number of
monomers to form the micelle (i.e. the aggregation number, usually 10~100)°. Since
monomer is much smaller than micelle in size, monomer is more difficult to be rejected by
pore-flow membrane compared with micelle. This is also the reason that motivates this study
to investigate the effect of surfactant concentration on the separation of surfactant-stabilized
oil-in-water nanoemulsion by as-synthesized nanocomposite membrane (presented in the
Results section of main text). SDS refers to sodium dodecyl sulfate, which is an anionic
surfactant. CPClO; stands for cetylpyridinium chlorate while CPCl stands for
cetylpyridinium chloride. Both CPClO3 and CPCl are cationic surfactant.
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2. Supplementary Results and Discussion
Elaborate mathematical analyses on the design of nanoemulsion separating
membrane
(1) Tortuosity (7)

Membrane tortuosity (7) represents the ratio of the average distance for water molecules
travelling through membrane to the thickness of membrane', as expressed in equation S1.

r=1 (S1)
L

where [ is the average distance that water molecules take to travel through membrane, L is
membrane thickness. In an ideal pore-flow membrane, the pores are in cylindrical shape that
form parallel channels (perpendicular to membrane surface plane) connecting membrane top
surface with bottom surface. For such ideal membrane, the value of 7 is 1 (Figure S1-a). In
reality, the value of 7 is bigger than 1 (Figure S1-b). In other words, 7 reflects the
interconnectivity of pores in cross-sectional direction (perpendicular to membrane surface

plane). The higher 7 value, the lower pore interconnectivity is, and vice versa.

(2) Pore number density (V)

Pore number density (N) is defined as the number of pores per unit membrane area,
which is in the unit of m” or pm™. The link between membrane surface porosity (¢) and pore
number density (N) is expressed in equation S2.

e = Nmr;2 (52)
where € is membrane surface porosity, r,, is membrane pore radius. This equation is based

upon the assumption that the membrane pores are in circular shape.
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(3) Hagen-Poiseuille equation
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ideal membrane hierarchical membrane

Figure S1 | Schematic diagram for the structure of (a) an ideal pore-flow membrane and
(b) a hierarchical pore-flow membrane.

An ideal pore-flow membrane has isoporous structure as illustrated in Figure Sl1-a.
According to Hagen-Poiseuille equation, the water flux of ideal pore-flow membrane can be

expressed as follows'”.

erd, _ TMP

Jw,pr = E 7L

(S3)
where Jwp; is pure water flux, # is the viscosity of DI water, and TMP is transmembrane
pressure.

Equation S6 is obtained through substituting equation S2 into S3 and further dividing

the resultant equation by TMP.

__ NmrixrZ _ TMP

Jw,pr = 81 S Gars (S4)
4
Jw,pI — NTtrm x TMP x 1 (SS)
TMP 8n L TMP
4
Pwp = L x Xm (S6)
8n TL

where PWP is pure water permeability of ideal pore-flow membrane.
The resistance induced by membrane itself for water molecules to pass through (R,,) can
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be determined through using DI water as feed solution, as shown in equation S7.

TMP
™ " nxJw,pr (87)
Jw, pr can be expressed in equation S8 through the transformation of equation S7.
TMP
Jwpr = T (S8)

Therefore, the expression of R, as the function of membrane intrinsic properties can be

obtained through substituting equation S8 into equation S4.

8TL

TNT,

(S9)

=

For hierarchical pore-flow membrane (Figure S1-b), the resistance of selective layer R;

and the resistance of support layer R, constitute the total resistance of membrane R,
(equation S10).

R, =Ry +R, (S10)

Similarly, the expression of R; and R, as the function of membrane intrinsic properties

can be obtained, as shown in equation S11 and S12, respectively.

_ 8T1L1
1=

(S11)

Tl'Nlrf

where 7; is tortuosity of selective layer, L; is thickness of selective layer, N; is pore number

density of selective layer, r; is average pore radius of selective layer.

_ 8T2L2
2 =

(S12)

TINzT‘;

where 7, is tortuosity of support layer, L, is thickness of support layer, N, is pore number
density of support layer, r, is average pore radius of support layer.

Hence, R, of hierarchical membrane can be expressed as equation S13.

_ 8T1L1 8T2L2 _ 8 T1L1 T2L2

S13
m T[Nlrf TL'Nzrél‘ TL' Nlrf Nzrél‘ ( )

Therefore, the PWP of hierarchical membrane can be obtained through substituting
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equation S13 into equation S8 and further divided the resultant equation by TMP.

4 1
PWP _E(T1L1+T2L2
Nng 1\]27“2L

(S14)

(4) Ferry equation

Membrane rejection of solute is dominated by the pore size of selective layer (r;). In

Ferry equation, the ratio of solute size (d;) to selective layer pore size (d;) is defined as 4.
A==l (S15)
where r, is solute radius.

When 0 <A <1 (0 < r,<r), Ferry equation is defined as equation S16'".

Rﬁ%MmzﬂMZ—DFzﬂ%@—%ﬁz (S16)

When 4> 1 (0 <r;<r,), Ferry equation is defined as equation S17.

Rejection = 1 (S17)

The plot of rejection as the function of A is shown in Figure S2 according to Ferry
equation. It’s clear that rejection is increased monotonously along with the increase of A
within the range of 0 <A <1 (0 <r,<r;). Therefore, given at a certain r, value, the increase of
r; leads to the decrease of 4 and thus the decrease of rejection. This quantifies the negative
correlation between r; and membrane rejection.

Noteworthily, Ferry equation is based upon the assumptions that (1) membrane rejection
relies on size exclusion principle, (2) there is no interaction (e.g. electrostatic repulsion)
between membrane surface and solute, and (3) the shape of solute is fixed, particularly
independent on solute concentration. However, for the virtual nanoemulsion separation

process, the applicability of this equation is limited. This is because unlike solid particles, oil
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droplets are soft and can be deformed under pressure, resulting in the squeezing of oil
through membrane pores that are smaller than oil droplet in size'>. Moreover, both oil and
surfactant can cause severe membrane fouling in the form of pore-plugging or cake-forming.
Therefore, the virtual rejection can be smaller than the value predicted from Ferry equation.
Here, Ferry equation only provides the negative correlation between r; and membrane

rejection in a simplified way, which indicates that larger r; generally leads to smaller

rejection.
1.5 T T T T T

1.25~ e
o 1r
NS
~0.90
=
2 075 \ i Qi) 4
= 0 N e Jr @t
o
> Nt [r/r 2 /r )]
Qd 0.5 Rejection is increased \‘\‘ . a

monotonously along N b Ferry equation
with the increase of
& 1‘S/rm with the range \ .,
025 7 of 0~1 :
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r/r
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Figure S2 | The graph of Ferry equation.

(5) Theoretically maximum water flux of hierarchical membrane during nanoemulsion
separation process
Membrane antifouling property can be evaluated via the resistances-in-series model'?,
which is represented mathematically by equation S18 when concentration polarization (CP) is
negligible.
R; = Ry + Rrouting (S18)
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where R, is the total resistance, R,, is the resistance induced by membrane itself, and Ry,uing 1S
fouling induced resistance respectively.

During the separation of oil-in-water nanoemulsion, the breakthrough pressure is the
minimum pressure at which the oil droplet will be pushed through the pore of membrane
despite otherwise unfavorable wetting property and geometrical constraints. And the
breakthrough pressure follows Young-Laplace equation given that selective layer pore radius

is smaller than oil droplet radius'*.

__ 2Yow€0S8 __ YowcC0sO

Pbreakthrough - dy " (S 19)

where y,,, 1s oil-water interfacial tension, € is oil contact angle of surface in the presence of
water, d; is pore diameter of selective layer.

And the water flux with nanoemulsion as feed solution (Jw, nanoemuision) can be expressed
by equation S20 according to resistances-in-series model.

TMP TMP

A = S20
]W,nanoemulszon NXRe T)X(Rm"'Rfouling) ( )

Therefore, theoretically maximum Jw, nanoemuision Of hierarchical membrane can be
obtained by setting TMP equal to breakthrough pressure. Accordingly, equation 4 in main text

is obtained through substituting equation S13 and S19 into S20.

YowC€0SO

8 T1L1 , T2Ly
nry(=( zt 7y
T°Nqry N2ry

(S21)

Jwnanoemuision = YR ronting)

Noteworthily, Ry,uing 1s determined by the interactions between foulants and membrane.
Particularly, membrane pore structure can influence membrane-foulant interactions. For
example, when selective layer pore radius r; is larger than foulant radius, internal fouling can
be triggered in the way that foulants enter membrane pores and plug these pores. On the

contrary, when r; is smaller than foulant radius, membrane fouling takes place mainly in the
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way of external fouling that foulants only deposit on membrane surface. External fouling is
more reversible compared with internal fouling, because external fouling can be mitigated
through washing membrane surface while internal fouling cannot be mitigated by this method.

In short, Ry,uine can be regarded as a function of r;.

(6) The positive correlation between fouling induced resistance (Rj,uiing) and fouling
ratio (FR).

In this study, fouling ratio (FR) is utilized as the indicator of fouling induced resistance
(Rfouting)- The merits by doing so include (1) to make the characterization of membrane
fouling easy and simple, and (2) to provide the direct link between flux decline and Ryyying.
Noteworthily, the effect of concentration polarization is minimized through increasing flow
turbulence on membrane surface, and hence R, consists of only two parts R,, and Ry,uing, as
aforementioned in equation S18. The expression of R, can be obtained through the

transformation of equation S20.

R, = e (S22)

NXJw nanoemulsion

The expression of Jw nancemuision @s the function of FR can be obtained through
conducting the transformation of equation 6 of main text.

]w,nanoemulsion = (1 - FR) ><]W,DI (S23)

Equation S24 is obtained through substituting equation S18 and S23 into equation S22.

TMP

Rin + Rrouing = 5 rmrmmr (524)
Equation S25 is obtained through substituting equation S7 into equation S24.
Ry,
Ry + Rfouling ~1-FR (825)
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Therefore, the correlation between FR and R,, can be obtained through conducting the

following transformations of equation S25.

Rm

1-FR=—™"— (S26)
Rm+Rfouling
FR = —fouing (S27)
Rm+Rfouling
FR = ﬁ (S28)
Rfouling

For a given type of membrane, R,, is a constant value. Therefore, FR can be regarded as
a function of only one variable ‘Ry,.ins’. More importantly, equation S28 clearly demonstrates
the positive correlation between Ryuing and FR. In short, FR can be used as the direct

indicator of fouling induced resistance (R,,).

(7) The calculation of selective layer pore radius r;ywco based upon membrane
rejection performance.

In this study, polyethylene glycol (PEG) and polyethylene oxide (PEO) are used for the
evaluation of membrane selectivity. Stokes radius (hydraulic radius) of PEG and PEO can be
calculated from their molecular weight according to the following equations'.

For PEG,

Tspeg = 1.673 X 1072 x Mg'e5g57 (S29)
where r; ., 15 the Stokes radius of PEG in the unit of nm; M,,, is the molecular weight of
PEG, in the unit of g/mol.

For PEO,

Tspeo = 1.044 X 1072 x Mp287 (S30)

where 7y ¢, 15 Stokes radius of PEO in the unit of nm; M,,, is the molecular weight of PEO in
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the unit of g/mol.

Molecular weight cutoff (MWCO) was determined according to solute transport
method'®, with different molecular weights of PEG and PEO used as feed solutions. The
value of MWCO refers to the molecular weight of solute corresponding to membrane
rejection of 90%. Therefore, Stokes radius of PEG and PEO corresponding to MWCO can be
obtained based upon equation S29 ~ S30 by setting M), or M,,.; equal to MWCO.

Considering PEG and PEO are neutrally charged solutes, Ferry equation is applicable to
model the correlation between selective layer pore radius r; and hydraulic radius of solute 7
in a simplified way. By setting membrane rejection equal to 90%, the ratio of ry/r; (L) can be
solved out from equation S16, with the result shown in equation S31.

A= :—i = 0.774 when rejection = 90% (S31)

Therefore, membrane selective layer pore radius can be calculated based upon MWCO

through substituting equation S29 or S30 into equation S31.

For MWCO tested from PEG,

TLaweo = 2t = 2,162 X 1072 X M3SS (S32)
For MWCO tested from PEO,

rimweo = —ies = 1.349 X 1072 x MOS (S33)

where r; ywco 1s selective layer pore radius (membrane top surface pore radius) calculated

from MWCO in the unit of nm.
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Figure S3 | The characterizations of as-synthesized GO sheet. (a) FESEM image of
as-synthesized graphite oxide (scale bar, 5 um). Plenty of wrinkles are formed on the
microplates of as-synthesized graphite oxide, indicating the crystal structure of graphite is
disturbed by the intercalation (of concentrated H,SO4'’) and oxidation (with KMnOj4 and
H,0, in the presence of NaNOs) processes during the synthetic steps. (b) TEM image of a
single layer graphene oxide sheet (scale bar, 500 nm). The central part of graphene oxide
monolayer appears almost transparent owing to its nanometer scale thickness while its edges
form curls and foldings due to uneven mechanical support from the sample holder (copper
grid).
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Table S2 | Membrane selective layer (top surface) pore number density measured by gas
adsorption-desorption method.

P membrane GO-P membrane

GO-P-S membrane

0.4 I\
Typical

Pore radius /

distribution curve | £ / \\

rption dv (log d) cc
s
pmurptinn d} (lugg) ce/g
4\

Desorption dv (log d) cc/g

b

»
¥

>

10, 10 1‘0
Pore radius (nm) Pore radius (nm) Pore radius (nm)

Average selective
layer pore radius 8.6

rp ,8as (1’11’1’1)

14.3 5.8

Surface porosity

05£0.
o (e 1.05+0.17

598 £0.79 0.68 £ 0.10

Surface porosity ¢;

1.31+0.21
(107 cm?/cm?, %) 310

7.26 £ 0.96 0.86 +0.12

Selective layer
pore number
density
N1 gas (Hm_z)

56+9 113+ 15 81 £ 11

Note: the experimental procedure contains multiple steps in sequence as follows: (1)
freeze-dry membrane samples, (2) cut the sample into a square shape with the lateral size of 3
cm x 3 cm (area is 9 cm?), (3) measure the weight of this square shape membrane sample (e.g.
~0.1 g), (4) further cut this membrane sample into smaller pieces that can be loaded into
testing tube, (5) conduct gas adsorption-desorption experiment using nitrogen gas
(Quadrasorb evo™), (6) obtain the porosity result in the unit of cm?g sample (BET
calculation method), (7) convert the result into surface porosity in the unit of cm?/cm?” sample,
(8) calculate surface pore number density based upon equation S2: N; = ¢; / (x x r;°). This
method takes account of that only the top surface of as-synthesized membranes is in
mesoporous structure (2~50 nm, IUPAC). Noteworthily, the selective layer pore number
density calculated indirectly from gas adsorption-desorption method (NV; 44) 1S considerably
smaller than that is estimated directly from FESEM image. This is possibly because FESEM
image cannot differentiate well effective pores (surface pore that is connected with
sub-surface pores) from dead pores (false surface pore that is not connected with sub-surface
pores). Moreover, N; g4 follows the order of GO-P membrane > GO-P-S membrane > P
membrane. This trend is consistent with FESEM observations as presented in main text.

S13




276

277
278
279
280
281
282
283
284

285

286

287

288

289

290

291

292

293

294

295

296
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GO
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Figure S4 | The existence of GO nanosheet in as-synthesized nanocomposite membranes.
(a) Enlarged FESEM image on GO-P-S membrane (bottom surface, scale bar, 2 pm). The red
circle highlights the embedded GO nanosheets. (b) XRD pattern of P membrane, GO-P
membrane and GO, respectively. The purple arrow indicates that there exists a characteristic
peak at 11.6° on the XRD pattern of GO-P membrane, which originates from the XRD
pattern of GO nanosheets embedded into the nanocomposite membrane'® and is totally absent
from the XRD pattern of the P membrane alone. Hence these XRD characterization results
also confirm the presence of GO in the matrix of as-synthesized nanocomposite membranes.
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Figure S5 | The separation of nanoemulsion prepared from different kinds of oil by
GO-P-S membrane. The oil concentration is 1200 mg/L and the surfactant/oil ratio is 0.15.
The detailed composition of vegetable oil is presented in Table S4. Oleic acid (=99% purity)
and n-hexadecane (>99% purity) are purchased from Sigma-Aldrich. This figure shows that
the fouling ratio of GO-P-S membrane is 16.2% ~ 22.5%; the oil rejection by GO-P-S
membrane is >99.80%; and the concurrent rejection of surfactant by GO-P-S membrane
is >90.0%. These results demonstrate that GO-P-S membrane can achieve good performance
when investigated with oil-in-water nanoemulsion prepared from different kinds of oil.
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Figure S6 | The separation of nanoemulsion prepared from different surfactants by
GO-P-S membrane. The oil concentration is 1200 mg/L and the surfactant/oil ratio is 0.15.
SDS stands for ionic surfactant sodium dodecyl sulfate. The fouling ratio of GO-P-S
membrane is lower under the emulsion prepared with ionic surfactant SDS (16.5% =+ 2.6%)
than that with non-ionic surfactant Triton X-100 (19.8% =+ 2.5%). Remarkably high rejections
of oil by GO-P-S membrane can be achieved for the emulsion prepared with each surfactant
separately (both >99.8%). The concurrent rejection of surfactant by GO-P-S membrane is
higher under the emulsion prepared with Triton X-100 (90.3% + 2.9%) than that with SDS
(85.1% = 3.4%). Moreover, the total organic carbon (TOC) concentration of the permeate for
the emulsion prepared with each surfactant separately is lower than 30 ppm, which meets the
discharge standards on oil & gas produced wastewater by U.S.A. Environmental Protection
Agency (40 CFR Part 435)"°.
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Figure S7 | The comparison between hydrophilic surface modification (GO-P-S
membrane) and amphiphilic surface modification (GO-P-Sa membrane). The
amphiphilic polymer used for surface modification is PBMA-g-PEGMA, which is
synthesized through grafting hydrophilic polymer poly(ethylene glycol) methacrylate
(PEGMA, Sigma-Aldrich) on hydrophobic backbone poly(butyl methacrylate) (PMBA,
Sigma-Aldrich) through free radical polymerization. The experimental details about grafting
polymerization follow the method of published article by Liu Y e al*. The amphiphilic
modification of GO-P membrane employs the same procedure with hydrophilic modification.
And as-synthesized membrane with amphiphilic surface modification is termed as GO-P-Sa
membrane, wherein “a” refers to amphiphilic modification. The water contact angle of
GO-P-Sa membrane is 61° £ 3.3° and the underwater oil contact angle of GO-P-Sa
membrane is 55° + 3.4°. Through controlling the concentration of PBMA-g-PEGMA solution,
the pure water permeability of GO-P-Sa membrane (156 + 10 L m™ h™' bar™) is purposely
adjusted to be nearly the same with that of GO-P-S membrane (162 + 18 L m™ h™' bar™).
Figure S6 indicates that GO-P-S membrane possesses better antifouling capability, higher oil
rejection and higher concurrent surfactant rejection than GO-P-Sa membrane during the
separation of oil-in-water nanoemulsion (the oil concentration is 1200 mg/L and the
surfactant/oil ratio is 0.15). The relatively poor fouling-mitigation of GO-P-Sa membrane is
mainly attributed to its (underwater) oleophilicity. This result also indicates that GO-P-S
membrane is the best membrane among all the membranes synthesized to separate
oil-in-water nanoemulsion.
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360 Table S3 | The comparison on membrane separation of oil/water emulsion between this study and previous works.

. . Membrane | Membrane | Pore Pure solvent Fouling Droplet Simultaneous
Oil/water emulsions
surface thickness | diameter | permeability ratio rejection rejection of Ref.
Type Size wettability (um) (nm) | (Lm~h'bar™) (%) (%) surfactant (%)
water-in-oil | microemulsion | hydrophobic 50 ~100* ~10* 20* 99.95 N.S. 2l
oil-in-water | microemulsion | amphiphilic 235% 77 200 31.1 N.S. N.S. 20
oil-in-water | microemulsion | hydrophilic 188 18.6 191 46.2 98.8 N.S. 2
oil-in-water | microemulsion | hydrophilic 180* 136 20.5 40 98 N.S. 3
oil-in-water | microemulsion | hydrophilic 176* | 200~750 7500 46.7 99 N.S. 2
water-in-oil | nanoemulsion | hydrophobic 169* 30~80" 375 N.S. 99%* N.S. 2
oil-in-water | nanoemulsion | amphiphilic 230%* N.S. 157 78.4 98.9 N.S. 26
oil-in-water | nmanoemulsion | hydrophilic N.S. 6.84 243 30 96.6 N.S. 27
oil-in-water | nmanoemulsion | hydrophilic 0.077 ~25* 1 35,000~61,000 85%* 99.99 N.S 28
this
oil-in-water | nanoemulsion | hydrophilic 65.4 9.2 162 19.5 99.9 89.3~93.5
study

361  Note: N.S. means the data has not been studied by the research article. “*” means no direct data is provided by the corresponding article and
362  hence the number listed in the table is estimated from the other relevant information (e.g. SEM image) of that article. “a” means the data is

363  calculated after 20 cycles’ operation, with ethanol used in-between each cycle to clean the membrane to recover solvent flux. “b” means the
364  pore diameter value is before surface coating.
365
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Additional discussion on Table S3.
Table S3 compares membrane separation of oil/water emulsion between this study and

previous works. Five points need to be emphasized as follows.

1‘21 1.25

Firstly, both the study from Zhang W et al.”" and the study from Solomon B et a
synthesized the membrane with hydrophobic surface to separate water-in-oil emulsion. Oil is
allowed to permeate through this kind of membrane while water droplets are retained owing
to its surface hydrophobicity. However, this kind of membrane has several intrinsic problems.
For example, the flux of this kind of membrane is limited at high solvent (oil) viscosity,
according to Hagen-Poiseuille equation'’.

Secondly, the solvent flux during the separation of oil/water emulsion is noticeably high
for the study from Zhang W et al*' (~10* L m™h™ bar") and the study from Chen P er al**
(7,500 L m™ h™' bar™). This is mainly because the surface pore diameter of their membranes
is 1~2 orders of magnitude larger than that of GO-P-S membrane synthesized in this study.
However, the rejection of solid solute by membrane has a negative correlation with
membrane pore size, according to Ferry equation'’. And these two membranes are designed
primarily for the separation of microsized oil/water emulsions but not for the rejection of
nanosized pollutants (e.g. surfactant micelles).

Thirdly, Hu L et al. used single walled carbon nanotube derived nanomaterial to
fabricate a nanoporous membrane to separate oil-in-water nanoemulsion”®. This membrane
has ultrahigh pure water permeability of 35,000 ~ 61,000 L m™h™' bar”, which is mainly
because the thickness of this membrane is as thin as only 77 + 25 nm. However, it’s worthy to
note that the ultrathin thickness inevitably compromises the mechanical strength of this kind
of membranes, which adversely affect their practical applicability. Moreover, a considerably
high fouling ratio is observed for this membrane, though a high rejection of nanosized oil

droplets can be obtained.
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Fourthly, our GO-P-S membrane demonstrates the remarkable advantage in terms of
antifouling capability over most previous works listed in Table S2, as evidenced by that the
fouling ratio of GO-P-S membrane is the lowest. Particularly, Liu Y er al.*° and Rajasekhar T
et al*® conducted respective research to use the polymeric membrane with amphiphilic
surface modification to separate surfactant-stabilized oil-in-water emulsion. And the fouling
results observed in their amphiphilic membranes are considerably heavier than that of our
GO-P-S membrane. This is also in agreement with our result that the antifouling capability of
hydrophilic (oleophobic) surface functionalized nanocomposite membrane (GO-P-S
membrane) is better than that of amphiphilic surface functionalized nanocomposite
membrane (GO-P-Sa membrane).

Fifthly and most importantly, this study for the first time clearly demonstrates that
concurrent high rejection of surfactant can be achieved besides high rejection of nanosized oil

droplet, using our deliberately designed nanocomposite membrane (GO-P-S membrane).
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3. Supplementary Experimental Details

Table S4 | Detailed composition of the vegetable oil used in this study.

Average quantity per 1 L
Energy 34,160 kJ
8,160 kcal
Protein 00g
Fat, total 900 g
saturated fat 107 g
trans fat 6¢g
Cholesterol 0 mg
Carbohydrate 7g
Sugars, total 00g
Dietary fiber 00g
Sodium 0 mg
Calcium 1 mg

-

Note: this table is quoted from the product label, which is shown in the inserted photos. This
vegetable oil is purchased from a local supermarket named “Gians”. The brand name of this
vegetable oil is “Sunflower & Olive Oil” (92% sunflower oil and 8% olive oil). And the
producer of this oil is DFI Brands Limited Hong Kong.
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Figure S9 | The effect of tip sonication on oil droplet size distribution. (a) Dynamic laser
light scattering (DLS) data of the same oil-in-water emulsion before and after tip sonication,
respectively. The tip sonication at strong power (750 W) could reduce oil droplet size from
micrometer scale to nanometer scale. The inset pictures are the optical photo of the same
emulsion before and after tip sonication, respectively. (b) Turbidity data of the same
oil-in-water emulsion before and after tip sonication, respectively. The oil concentration is
1200 mg/L with 0.15 surfactant/oil ratio.
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