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1. Fourier Transform Infrared (FTIR) Analysis of the NPs and Membranes 

1.1. The FTIR Analysis of the Nanoparticle Additives 

The FTIR spectra of SiO2NPs and fSiO2NPs is presented in Figure S1A. A peak at 

1454.23 cm-1 was associated to a Si-N stretch contributed by silica and nitrogen reaction 

from ammonium hydroxide. The appearance of a strong band at 1027.99 cm−1 and a me-

dium band at 783.05 cm−1 was attributed to a Si-O-Si stretch and bend, respectively. A 

peak at 1602.74 cm−1 was assigned to an -OH bend caused by physical absorption of water 

[1]. In addition to this, a medium band at 933.48 cm−1 was associated to Si-OH bend. The 

absorption of water evidenced by a weak, broad peak at 3284.55 cm−1 was ascribed to an -

OH stretch. Notably, the spectra for the SiO2NPs and fSiO2NPs did not display significant 

structural variation. This is because, the SiO2NPs was physically modified with no chem-

ical reaction. Thus, the coating process did not alter the chemical properties of the SiO2NPs 

but rather changed particle size as evidenced by the TEM micrographs. Figure S1B pre-

sents the FTIR spectra of the CNTs. However, the spectra did not show significant differ-

ences to fCNTs. Notably, a peak at 1582.04 cm−1 and 1487.08 cm−1 represented an O-H bend 

due to chemically absorbed water [2], and a CH2 bend respectively. Gao et al. (2020) 

reported some differences in NP spectra caused by flourination. In their spectra, the 

appearance of the peaks at 1080 and 1270 cm−1 were referred to a Si-O-Si and C-F bands, 

respectively [2]. Minor differences were caused by the small addition of silane reagents 

leading to insignificant fluorination. Though a small addition of silane reagents reduces 

production cost of modified CNTs, required properties such as hydrophobicity were com-

promised. Therefore, optimization processes are required to establish a trade-off between 

production costs and improved process performance during application. 
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Figure S1. FTIR spectra of unmodified and modified (A) SiO2NPs and (B) CNTs. 

1.2. The FTIR Analysis of the As-Synthesized Membranes 

FTIR of the as-synthesised and commercial membranes is presented in Figures S2A,B. 

The as-synthesised membranes share similar peaks corresponding to bonds characteristic 

of the PVDF base polymer (Figure S2A). The bands at 1398.48 cm−1 and 1169.21 cm−1 are 

assigned to C-F stretch, and C-C vibrations. Similar findings were reported previously 

[3,4]. Additionally, bands at 1069.93–836.37 cm−1 were associated to scissoring vibration of 

H2C-CF2 and CH2 rocking vibrations, respectively [4]. Also, the FTIR spectra for M2–M4 

did not vary significantly from that of M1 despite the inclusion of membrane additives 

due to physical interactions rather than chemical modifications. Upon analyzing PTFE-20, 

two distinct peaks at 1205.63 and 1149.21 cm−1 corresponding to asymmetric and 

symmetric CF2 stretching, respectively were observed. In the case of PTFE-45, similar 

peaks were recorded at 1198.49 and 1146.35 cm−1 respectively. Furthermore, peaks 

appearing range of 640–552 cm−1 were ascribed to CF2 wagging and bending vibrations 

[5]. 

 

Figure S2. FTIR spectra obtained for (A) all synthesised membranes (M1–M4) and (B) commercial 

membranes (PTFE-20 and PTFE-45). 
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1.3. Pure Water Flux Determination in DCMD 

Pure water filtration tests were carried out to evaluate MD process performance in 

the absesnce of dissolved solutes (Figure S3). Evaluations were performed at three differ-

ent feed temperatures to assess their effect on process performance. The permeate flux (at 

feed temperature of 40 °C) of M1, M2, M3, M4, PTFE-20 and PTFE-45 were 1.89 kg m−2 h−1, 

1.26 kg m−2 h−1, 0.63 kg m−2 h−1, 2.21 kg m−2 h−1, 4.42 kg m−2 h−1, and 6.94 kg m−2 h−1 respec-

tively. Upon increase the feed temperature to 60 °C, the permeate flux increased to 4.10 

kg m−2 h−1, 4.73 kg m−2 h−1, 1.89 kg m−2 h−1, 5.05 kg m−2 h−1, 6.62 kg m−2 h−1, and 13.88 kg m−2 

h−1 respectively. The increase in feed temperature increased vapour pressure gradient re-

sulting high process driving force [6,7]. Similar findings were reported by Edwie and 

Chung (2013) at feed temperature range of 40–70 °C. Notably, increased feed temperature 

does not only improves rate of water recovery, but also the process thermal efficiency [8]. 

DeltaT increased significantly upon an increase in feed temperature (Figure S3A2–F2), 

thus translating to the increase in permeate flux [7]. PTFE-45 presented higher flux com-

pared to PTFE-20, thus indicating the role played by the membrane pore size. Also, mem-

brane modifications in order of M1 to M4 presented a progressive increase in permeate 

flux with some discrepancies for M3. The increased flux at 60 °C from M1 (4.10 kg m−2 h−1) 

to M2 (4.73 kg m−2 h−1) was associated to large pore size caused by incorporation of PVP 

(a pore former). However, incorporation of fCNTs (M3) caused a decline in water flux 

(1.89 kg m−2 h−1) due pore blockage. The M4 presented the highest permeate flux (5.05 kg 

m−2 h−1) compared to other synthetic membranes. Incorporation of fCNTs and fSiO2NPs 

improved membrane hydrophobicity significantly, thus minimizing mass transfer re-

sistance by ensuring exclusive vapour transport without competing water molecules in 

liquid state [9]. Moreover, the permeate flux obtained for M4 was relatively comparable 

PTFE-20, suggesting its promising performances similarly to a commercial membrane.  
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Figure S3. Pure water flux and deltaT vs time at various temperatures for (A1,A2) M1, (B1,B2) M2, 

(C1,C2) M3, (D1,D2) M4, (E1,E2) PTFE-20 and (F1,F2) PTFE-45. 
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