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S1. Preliminary experiments: effect on surface hydrophobicity of activation, function-
alisation and curing time, and solutions composition.

Several preliminary experiments were carried out in order to stablish the suitable
range of the different parameters involved in the surface modification process that af-
fected the membrane hydrophobicity. The suitable values determined for those parame-
ters were used for the design of experiments to maximize the static water contact angle
(WCA) of the modified PVDF.

The NaOH concentration (NaOH%wt) applied in the activation step and the activa-
tion time were evaluated, with NaOH weight concentrations ranging from 0.04% to 50%
(Error! Reference source not found.a). The WCA of the membrane after activation de-
creased continuously with the increase of NaOH%wt due to a higher extent of the defluor-
ination process of the PVDF as reported by [1,2] with a less hydrophobic surface. The
degradation on the membrane surface was observed since a colour change was detected
on the membranes activated at NaOH%uwt higher than 6% appearing orange stains in a
heterogeneous way. FESEM images confirmed this degradation in the form of holes for
NaOH%wt > 10% mainly due to the severe degradation of the PVDF chains and the PET
support of the membrane in a concentrated alkali solution [3] (Supplementary Material
54). Thus, NaOH%w: was kept in values lower than or equal to 6%.

Regarding the activation time (Error! Reference source not found.b), no significant
changes were observed in the WCA after 1 h, and important degradation on the mem-
brane surface with FESEM images was observed at 2 hours of activation. Thus, an activa-
tion time of 1 h was stablished for all the following experiments. This result was in ac-
cordance with that reported by Ross et al. [4], who determined that the most of the de-
flourination/hydroxylation reaction occurred within the first hour with a F content de-
crease from a 45.0% to a 25.5%, and stayed in values of 24.4 and 23.6% at 2 and 4 h, respec-
tively. Zheng et al. [1] also reported a clear decrease of the WCA of the PVDF treated at a
higher NaOH%uwt of 30% with an activation time of 1 h.
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Figure S1. a) Effect of the NaOH concentration (NaOH%wt) (activation time of 1 h at 60°C) and b)
the activation time (5% NaOH at 50°C) on the water contact angle (WCA) after activation step.

An initial mixture of Dynasylan F8261® (Dyn) and TEOS for the preparation of the
functionalisation solution is labelled as FSir, where “F” denotes the fluorine modifying
agent Dynasylan F8261® and “Sir” the silica precursor TEOS. Different parameters in-
volved in the functionalisation step were also evaluated (Error! Reference source not
found.). Regarding the volumetric ratio between the Dyn and TEOS in the functionalisa-
tion solution (FSir ratio = Dyn volume / FSit mixture volume), the WCA showed similar
values (~130°) from a FSir ratio of 0.41 to 0.74 (Error! Reference source not found., exp. b
- d), with a FSir percentage in the functionalisation solution (FSit%v) of 3.6%. Also, the
WCA did not increase when FSir%v was increased from 3.6% to 15.1% (Error! Reference
source not found., exp. d - e). In addition, other authors reported a WCA decrease for an
organosilanes concentration higher than 20% due to the self-condensation of the silanols
groups [1]. Thus, the optimum values of FSir ratio and FSir%v that maximize the WCA of
the modified PVDF were expected to be found in those ranges.

Table S1. Effect of the composition of the functionalisation solution on the water contact angle
(WCA) after the curing step of the modified PVDF (activation: 5% NaOH, 1 h, 50 °C; functionalisa-
tion: 1 h, room temperature; curing: overnight, 60°C).

170,
Exp. FSir ratio FS(I,;) sov IPA/H:0 ratio mol:mol WE:A
a 0.17 3.6 57:1 1204 +£5.1
b 0.41 3.6 57:1 131.6 +4.0
c 0.52 3.6 57:1 129.8 £3.8
d 0.74 3.6 57:1 134.0+4.7
e 0.74 15.1 57:1 129.6 +4.4

FSir ratio: volumetric ratio between the modifying agent and the silica precursor (Dyn volume /
FSir mixture volume).

FSit%v: volumetric percentage of the FSir mixture in the functionalization solution.

IPA: 2-propanol.

Regarding the functionalisation time, Sairiam et al. [2] reported a WCA increase from
69° to around 85° from 0 to 6 h using hexane as solvent for the functionalisation solution
and the same fluorine modifying agent (1H,1H,2H,2H-perfluorooctyltriethoxysilane). In
contrast, in our experiments with a mixture of IPA/H-O as solvent, the WCA remained
constant after 1 h (Error! Reference source not found.), so a functionalisation time of 1 h
was stablished for the experiments.
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Figure S2. Effect of the functionalisation time on the water contact angle (WCA) after the curing
step (activation: 5% NaOH, 50°C, 1 h; functionalisation: FSir%v = 3.6%, FSir ratio = 0.41; curing: over-
night, 60°C).

The duration of the curing step was also evaluated. The WCA initially increased with
the curing time and it remained constant from 7 h (Error! Reference source not found.).
Thus, a curing time of at least 7 h was applied for the modification procedure of the PVDF.
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Figure S3. Effect of the curing time on water contact angle (WCA) after the curing step (activation:
5% NaOH, 50°C, 1 h; functionalisation: FSit%v = 3.6%, FSir ratio = 0.41, 1 h; curing: 60°C).

S2. Chemical reactions in the activation, functionalisation and curing steps

The surface chemical modification of poly(vinylidene fluoride) (PVDF) consisted in
a three-step procedure: 1) activation, 2) functionalisation and 3) curing. In the activation
step, PVDF was immersed in a NaOH solution in order to substitute the F atoms from the
fluorine chains by OH- [3-5]. This reaction is called hydroxylation and is shown in Error!
Reference source not found.. Secondary reactions could occurred involving the formation
of carbonyl (C=0O) when severe conditions of the activation step, i.e. high temperature,
time and NaOH concentration, are used or when a not homogeneous NaOH attack is pro-
duced [4]. C-O-F groups can also be formed since the total defluorination does not occur

[4].
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Figure S4. Hydroxylation reaction of the poly(vinylidene fluoride) (PVDF) with sodium hydroxide
in the activation step.

For the functionalisation step, the ethoxy groups of the tetraethyl orthosilicate
(TEOS) were hydrolysed to silanols during the preparation of the functionalisation solu-
tion [6-9] (Error! Reference source not found.). The silanol molecules coordinate with the
hydroxyl group on the activated PVDF grafting the silica precursor [2,7]. In addition, si-
lanols are chemically reactive and they can condensate forming oxane bonds between Si
atoms [2,10,11]. Thus, the proposed chemical reaction and structure is shown in Error!
Reference source not found..
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Figure S5. Hydrolysis reaction of the tetraethyl orthosilicate (TEOS).
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Figure S6. Condensation reaction of the silanols on the hydroxylated PVDF in the functionalisation
step.

Finally, the organofluorosilane 1H,1H,2H,2H-perfluorooctyltriethoxysilane
(Dynasylan F8261®) as modifying agent is grafted on the membrane by coordinating with
the silanols groups [7], as proposed in Error! Reference source not found.. The secondary
reaction involved in the activation step, the residual fluorine and the non-homogeneous
condensation of the silanols can lead to a heterogeneous surface.
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Figure S7. Condensation reaction of the 1H,1H,2H,2H-perfluorooctyltriethoxysilane (Dynasylan
F8261®) onto the membrane surface in the functionalisation step.
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S3. Dissolved methane concentration, removal efficiency and methane flux profiles
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Figure S8. Examples of the profiles of a) dissolved methane concentration (Ct) and removal effi-
ciency (RE) and b) CHas flux (Jcrs) versus time on stream for degassing tests with the modified PVDF
with the highest hydrophobicity (mPVDFmax) at a liquid and N2 flow rate of 21 L h' and 4 L h7,
respectively.

S4. Microscopy and elemental analysis on PVDF membranes

Figure S9. Cross section FESEM image of the non-modified PVDE.
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Figure S10. a) FESEM image of a modified PVDF surface focused on a degraded zone (membrane
activated with a 50%wt NaOH solution). b) Fluor distribution on the membrane surface around a
degraded zone.

Figure S11. FESEM images of the a) surface and b) cross section of the modified PVDF (mPVDFmax)
surface after 160 h of use with de-ionized water at a liquid flow rate of 21 L h'.

S5. Images of the membrane surfaces during the long-term tests with an anaerobic
reactor effluent

a) nmPVDF b) mPVDF
552 h of use 600 h of use

Figure S12. Images of the non-modified and modified PVDF membrane surface (nmPVDF and
mMPVDFmax, respectively) during the long-term tests with an anaerobic reactor effluent at a liquid
flow rate of 3.5 L h-l.
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