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hydrophilicity, surface charge or porosity [START_REF] Goh | Recent trends in membranes and membrane processes for desalination[END_REF][START_REF] Yong | Polymeric membranes incorporated with metal / metal oxide nanoparticles : A comprehensive review[END_REF] . Several modification techniques are developed like blending, grafting or mixed-matrix. Govardhan et al. prepared PES/Polyetherimide HF membranes by blending method and tested the modules in a laboratory membrane unit for water reclamation. They obtained a pure water permeability at 1 bar twice higher than the initial PES HF membrane reaching also a 99 % Bovine Serum Albumin (BSA) rejection [START_REF] Cai | Zwitterionic polymers grafted poly(ether sulfone) hollow fiber membranes and their antifouling behaviors for osmotic power generation[END_REF] . Cai et al. synthesized zwitterionic polymers grafted PES HF membranes for osmotic power generation. They observed that modified membranes exhibited improved fouling resistance to protein and bacterial adhesion without alteration of their morphology. Such systems also achieved higher water flux in pressure retarded osmosis tests compared to initial membrane [START_REF] Cai | Zwitterionic polymers grafted poly(ether sulfone) hollow fiber membranes and their antifouling behaviors for osmotic power generation[END_REF] . Wan et al. prepared PVDF HF membranes with UIO-66 metal organic frameworks for arsenate removal in water. They transformed the initial membrane that could not reject arsenate because of the presence of too large pores, into a hydrophilic mixed matrix membrane able to eliminate arsenate by sorption on UIO-66 [START_REF] Wan | Arsenate removal by reactive mixed matrix PVDF hollow fiber membranes with UIO-66 metal organic frameworks[END_REF] . Another possibility for surface modification is the use of coating method, which consist in depositing a thin layer of material on the membranes' surface. Different techniques [START_REF] Fotovvati | On coating techniques for surface protection: A review[END_REF] can be used, such as sol-gel, physical vapor deposition (PVD), chemical vapor deposition (CVD) or atomic layer deposition (ALD). Dong et al. synthesized PVDF/Al2O3 hybrid membrane via sol-gel process. They obtained a pure water flux increased by 83.4 % between the initial and modified membranes while the BSA rejection was improved from 88.3 to 96.6 % [START_REF] Dong | Preparation of PVDF/Al2O3 hybrid membrane via the sol-gel process and characterization of the hybrid membrane[END_REF] . Kowalik-Klimczak et al. modified polyamide membranes with copper oxide using PVD techniques. They achieved a stable coating during filtration of demineralized water and the modified membranes showed a strongest bactericidal activity, which allowed eliminating 99% of microorganisms [START_REF] Kowalik-Klimczak | The polyamide membranes modified by copper oxide using PVD techniques[END_REF] . Nomura developed silica membranes by CVD method on a porous ceramic substrate with controlled pore sizes and hydrothermally stable for the steam reforming reaction to extract H2 [START_REF] Nomura | Preparation of Silica Membranes by CVD Method. Current Trends and Future Developments on (Bio-) Membranes: Silica Membranes: Preparation, Modelling, Application, and Commercialization[END_REF] . All of these methods are interesting and provide promising results but ALD stands out from the crowd thanks to its very high surface conformality. Where PVD concerns only the surface , sol-gel blocks the pores and CVD will not provide a uniform layer all along, the surface-controlled film growth of ALD allows the obtaining of highly uniform coatings over surfaces of three-dimensional (3D) parts, deep trenches, porous materials and particles [START_REF] Pakkala | Atomic Layer Deposition[END_REF] . ALD is in fact one of the most recent techniques, a unique technology developed over the last four decades [START_REF] Nikkola | Surface modi fi cation of thin fi lm composite polyamide membrane using atomic layer deposition method[END_REF] , which allows the deposition of inorganic coating layers such as oxides; for example iron oxide FeO [START_REF] Gao | Cooperating effects of conformal iron oxide (FeOx) ALD coating and postannealing on Li-Rich layered cathode materials[END_REF] , aluminium oxide Al2O3 [START_REF] Neudeck | Effect of Low-Temperature Al 2 O 3 ALD Coating on Ni-Rich Layered Oxide Composite Cathode on the Long-Term Cycling Performance of Lithium-Ion Batteries[END_REF] , lanthanum oxide La2O3 [START_REF] Barhate | Spectroscopic study of La2O3 thin films deposited by indigenously developed plasma-enhanced atomic layer deposition system[END_REF] , silica SiO2 [START_REF] Mione | Atmospheric-Pressure Plasma-Enhanced Spatial ALD of SiO2Studied by Gas-Phase Infrared and Optical Emission Spectroscopy[END_REF] or tin oxide SnO [START_REF] Kim | Phase-controlled SnO2 and SnO growth by atomic layer deposition using Bis(N-ethoxy-2,2-dimethyl propanamido)tin precursor[END_REF] ; with high uniformity and precise sub-nanometer thickness control. As an environmental-friendly, low-cost and highly hydrophilic oxide, titanium dioxide TiO2 can be advantageously used for modifying membrane surface properties [START_REF] Feng | Article Atomic layer deposition of TiO 2 on carbonnanotubes membrane for capacitive deionization removal of chromium[END_REF] . Hamid et al. incorporated TiO2 nanoparticles into PSF HF membranes and observed a diminution of water contact angle (WCA) from 75° for raw membranes to 45° for TiO2 modified membrane. They also proved great antifouling properties against humic acid with a twice higher flux and a better flux recovery from 90 % to 95 % [START_REF] Hamid | Morphological and separation performance study of polysulfone/titanium dioxide (PSF/TiO2) ultrafiltration membranes for humic acid removal[END_REF] . Nechifor et al. produced polysulfone-silica microfiber grafted with TiO2 nanoparticles composite membranes. They obtained a 94% retention of BSA and a water permeability increase of 45%, as long as a great anti-bacterial action for PSF/SiO2 + TiO2 composite membranes [START_REF] Nechifor | Non-resorbable nanocomposite membranes for guided bone regeneration based on polysulfone-quartz fiber grafted with nano-TiO2[END_REF] . Recent studies have shown that ALD is applicable to flexible and temperature-sensitive polymeric membranes [START_REF] Lee | Environmental Science membrane surface engineering methods for water treatment : a short review[END_REF][START_REF] Weber | Atomic Layer Deposition for Membranes : Basics[END_REF] , the deposition of an oxide thin layer could increase the membrane hydrophilicity, modify its pore size and reduce the membrane fouling despite sacrificing the water permeability. Actually, some reviews are focused on the sensitization of nominally unreactive membrane materials for subsequent ALD and the use of ALD oxides as a hydrophilization coating on membranes. Yang et al. reviewed ALD/ sequential infiltration synthesis (SIS) engineering strategies with realization of efficient water treatment. They laid out a pathway to establish an ALD/SIS-based universal functionalization platform for water treatment, including sensitization strategies. [START_REF] Yang | Water treatment based on atomically engineered materials: Atomic layer deposition and beyond[END_REF] Wu et al. summarized the most recent advances in molecular engineering to tailor the properties of interfaces in composite membranes. They explained how the performances of membranes can be enhanced by the way of several surface modification techniques. [START_REF] Wu | Recent progress in molecular engineering to tailor organic-inorganic interfaces in composite membranes[END_REF] Yang et al. discussed the application of ALD and related techniques in the design of novel membrane interfaces and explained how ALD can be used for instance to modify the surface chemistry and interfacial properties of membranes and tailor the pore sizes. [START_REF] Yang | Atomic layer deposition for membrane interface engineering[END_REF] Feng et al. proceeded ALD of ZnO on carbon nanotubes. For 40 cycles they observed the highest permeability value at 430 L.m -2 h -1 bar -1 , a WCA reduced by a third and a six time higher BSA rejection. However, for more than 40 cycles the permeability decreased and the WCA did not change [START_REF] Feng | Atomic layer deposition of metal oxides on carbon nanotube fabrics for robust, hydrophilic ultrafiltration membranes[END_REF] . Wang et al. deposited polyimide on the surface of nanoporous anodized alumina by ALD. They showed that 50 cycles lead to the remarkable upgrade of retention from nearly none for the neat alumina substrate to 82 % while the water permeability almost three time lower was still maintained as high as 800 L/hm 2 bar [START_REF] Wang | Atomic-layer-deposition-enabled thin-film composite membranes of polyimide supported on nanoporous anodized alumina[END_REF] . The interest in using ALD technique on polymers is growing for different type of applications such as in barrier materials, protective coatings and gas and liquid filters. The mechanisms and reactions occurring during ALD process on some polymers had been studied by Parsons et al. They focused particularly on the common Al2O3 reaction sequence using trimethyl aluminum (TMA) and water on different kind of polymers such as polypropylene (PP), polyamide or polyester. They explained that reaction during TMA/H2O deposition on polymer materials depends strongly on the starting polymer, the precursor as well as the detailed process conditions. With inert polymer like PP, the TMA diffuses into the near surface region of the polymer and will then react with water during the second half-cycle step to form nuclei beneath or at the polymer surface. On polymers where there is a large density of reactive groups, the ALD reaction can be limited to the top surface of the polymer. Carbonyl site is the most Lewis basic functionality in some polymers, so it is expected to coordinate with the TMA Lewis acid to form an aluminum-oxygen-alkyl unit and to disrupt the hydrogen bonding between neighboring chains, which could act to "open up" the polymer chain network, promoting further TMA diffusion into the subsurface region. Like TMA, TiCl4 is also a strong Lewis acid, so it may diffuse into the polymer and react with it through similar Lewis acid/base adducts [START_REF] Parsons | Mechanisms and reactions during atomic layer deposition on polymers[END_REF] . To the best of our knowledge, there are several articles that focused on the insertion of TiO2 onto PSF membranes [START_REF] Hamid | Morphological and separation performance study of polysulfone/titanium dioxide (PSF/TiO2) ultrafiltration membranes for humic acid removal[END_REF][START_REF] Kusworo | Effect of nano-TiO2 loading in polysulfone membranes on the removal of pollutant following natural-rubber wastewater treatment[END_REF][START_REF] Zhang | Novel polysulfone hybrid ultrafiltration membrane prepared with TiO2-g-HEMA and its antifouling characteristics[END_REF][START_REF] Yang | Preparation and properties of polysulfone/TiO2 composite ultrafiltration membranes[END_REF][START_REF] Bidsorkhi | Preparation and characterization of a novel highly hydrophilic and antifouling polysulfone/nanoporous TiO2 nanocomposite membrane[END_REF] or on the deposition of oxides on polymeric membranes [START_REF] Wang | PVDF membranes with simultaneously enhanced permeability and selectivity by breaking the tradeoff effect via atomic layer deposition of TiO 2[END_REF][START_REF] Jia | Atomic layer deposition of Al2O3 on porous polypropylene hollow fibers for enhanced membrane performances[END_REF] but there is no study focusing on TiO2 ALD on PSF HF membranes. This study focus on the surface modification of PSF HF membranes by TiO2 using ALD technique and its influence on the fiber properties compared to raw PSF HF membranes. The effect of ALD treatment on the membrane morphology was investigated by scanning electron microscopy (MEB) and in terms of hydrophilicity and pores size. The performances of the HF membranes for water purification application were characterized: water permeability, antifouling using Bovine Serum Albumin (BSA) protein and mechanical properties. The modification of polymeric membranes by ALD requires a preliminary step of conditioning to enable them to withstand vacuum under heat treatment. To the best of our knowledge, there has not yet reported studies in the literature clarifying the conditioning of polymeric membranes for TiO2 deposition by ALD on PSF HF membranes. So in a first step, we will present the glycerin conditioning of the membrane and then the effect of deposition of 10, 20, 50 and 100 cycles TiO2 on the membrane structure and properties.

Materials and methods

Materials

PSF HF membranes supplied by Polymem were used as substrates for TiO2 ALD. The membranes were received after chlorine washing and glycerin conditioning steps. Titanium (IV) chloride (TiCl4, 99.9%, CAS: 7550-45-0) and deionized water were served as metallic and oxygen source for the ALD process, respectively. Argon gas was bought from Linde and used as received. Phosphate buffered saline (PBS) (Roth) and bovine serum albumin (BSA) (Mw=67 kDa, ≥96%, Sigma-Aldrich) solution were employed to assess the fouling resistance of both raw and modified PSF HF membranes. Dextran (Mw from 6 to 2,000 kDa, Sigma-Aldrich) were used for membrane pore size characterization. Deionized water (Millipore Milli-Q) was used in all aqueous solutions.

TiO2 ALD on PSF HF membranes

The commercial PSF membranes were received conditioned in a water/glycerin mixture. This processing is usually applied in industry to preserve the porous structure along storage. The glycerin must then be removed when the membranes are in use. Membranes called P, P-0 and P-10 have been washed in successive water baths to remove glycerin before experiments. Membranes called P-g-0, Pg-10, P-g-20, P-g-50 and P-g-100 undergone ALD process as received. After deposition, they were washed in successive water baths to remove glycerin to determine their functional properties. The commercial PSF membranes were introduced for a 15 min acclimation in the home-built ALD reactor under vacuum (~10 -2 mbar) and preheated at 100°C. The deposition process was achieved using TiCl4 and H2O as precursors contained in stainless steel cylinders which lines were heated at 80°C to avoid condensation. One ALD cycle consisted of 50 ms pulse of TiCl4, followed by 10 s exposure and 60 s purge with Ar gas, then H2O valve was opened for 2 s, followed by an exposure of 10 s and purge for 60 s. Several cycles were applied 10, 20, 50 and 100 that correspond respectively to 1, 2, 5 and 10 nm thick deposit according to a previous study conducted in this ALD chamber and using these operating conditions [START_REF] Sayegh | N-doped TiO2 nanotubes synthesized by atomic layer deposition for acetaminophen degradation[END_REF] .

Table 1 presents the nomenclature of the PSF HF membranes that have undergone the different tests of this study.

Table 1:

Membranes nomenclature (All membranes, except from P and P-g, were introduced in ALD chamber for a 15 min vacuum acclimation at 100°C) Fiber's name Description P PSF industrial fiber reference washed to remove glycerin P-0 PSF industrial fiber washed and placed in the ALD chamber under vacuum and at 100°C during 25 min without deposition P-g PSF industrial fiber reference conditioned with a water/glycerin mixture P-g-0 PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100 °C during 25 min without deposition P-10 PSF industrial fiber placed in the ALD chamber under vacuum and at 100 °C during 25 min for TiO2 deposition (10 cycles corresponding to 1 nm thickness) P-g-10 PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100 °C during 25 min for TiO2 deposition (10 cycles corresponding to 1 nm thickness) P-g-20 PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100 °C during 1 h for TiO2 deposition (20 cycles corresponding to 2 nm thickness)

Characterizations

The morphology of the membrane, both cross-section and surface, was observed using a Hitachi S4800 scanning electron microscopy system (SEM) after previous nitrogen cold-cutting. Energy-dispersive Xray spectroscopy analysis (EDX) was performed with a Zeiss EVO HD15 microscope coupled with an Oxford X-MaxN EDX detector. To investigate the changes in chemical structure and to confirm the successful deposition of TiO2 between the raw and the modified PSF HF membranes, Fourier Transform Infrared (FTIR) spectra were acquired using FTIR spectrometer NEXUS instrument equipped with an attenuated total reflection (ATR) accessory in the frequency range of 600-4000 cm -1 . The ATR-FTIR spectra were recorded with a resolution of 4 cm -1 , and the signals were averaged from 64 scans. The mechanical properties of the raw and modified PSF HF membranes were characterized using a dynamic mechanical analysis device (Z005, 5 kN Proline, Zwick Roell). A 10N sensor and a tensile testing speed of 0.4 mm•min -1 were applied. The Young's modulus of the membranes was calculated directly from the device. Water contact angles (WCA) were measured using a tensiometer/goniometer ILMS GBX, equipped with an optic telecentric F55 double focal monochrome and a GBX software. For each sample, about 0.5 μL of ultrapure water was deposited on the membranes using a needle. Furthermore, X-ray Photoelectron Spectroscopy (XPS) was carried out with a Kratos AXIS NOVA spectrometer (Kratos Analytical Ltd., Manchester, UK) using a monochromatized Al Kα X-ray source (1486.6 eV) operating at a power of 150 W (10 mA, 15 kV). Survey and high-resolution spectra were acquired at 160 and 20 eV pass energies, respectively. Mean pore diameter of raw HF membrane had been kindly determined by Porometer using the liquid-liquid porometry on a POROLIQ 1000ML.

Filtration experiments

A U-tube shaped hollow fiber bundle which consisted of 10 wet fibers measuring each 40 cm long (equivalent to 90 ± 5 cm 2 effective membrane area) was prepared using a homemade polyvinyl chloride (PVC) housing module. Epoxy resin was used to seal the module. The pure water flux (Jw) was measured for each membrane by circulating pure water through the membrane system using an applied pressure range of 0.5-1.5 bar. Each point was obtained measuring the flow passing through the membrane during 60 s. The pure water flux, Jw (L.h -1 m -2 ), was calculated using the following formula:

𝐽𝑤 = 𝑄 𝐴 (𝐿 • ℎ -1 • 𝑚 -2 ) (1)
where Q (L•h -1 ) is the amount of water that passed through the membrane and A (m 2 ) is the membrane area. The permeability was determined from the slope of the linear variation of JW versus the applied pressure.

P-g-50 PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100 °C during 3 h for TiO2 deposition (50 cycles corresponding to 5 nm thickness) P-g-100 PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100 °C during 8 h for TiO2 deposition (100 cycles corresponding to 10 nm thickness)

Rejection experiments were conducted to estimate the pore size and their reduction after ALD using 1 g/L aqueous solutions of Dextran solutes with Mw going from 6 to 2,000 kDa. A U-tube shaped hollow fiber bundle was prepared like described above. Dextran contents in the feed (Cf) and in the permeate (Cp) solutions were determined by flow injection analysis using refractometer 2414 (Waters Corporation). The solute rejection (R) was calculated using the following formula:

𝑅 = 1 - 𝐶 𝑝 𝐶 𝑓 × 100 (%) (2) 
The membrane was first conditioned by applying a pressure of 1.5 bar with distilled water for 30 minutes. External-internal solute filtration of the membrane was then carried out for 20 min at 0.5 bar.

The hydrodynamic radius values, rp in Å, of the various Dextran molecules used in these experiments were estimated from the following equation [START_REF] Wickramasinghe | Relating the pore size distribution of ultrafiltration membranes to dextran rejection[END_REF] :

𝑟 𝑝 = 0.488 𝑀𝑤 0.437 ( 3 
)
where MW is the molecular weight of the Dextran.

Static protein adsorption was performed to estimate the anti-fouling properties of the TiO2-deposited PSF HF membranes and the raw PSF HF membrane was used as reference. An I-shaped hollow fiber bundle, consisting of 10 wet fibers measuring each 27 cm long (equivalent to an effective membrane area of 63.28 cm 2 ), was prepared using a polyvinyl chloride (PVC) module and an epoxy resin as sealing agent. The protein solution was prepared by dissolving 2 g of BSA in 2 L of PBS solution at pH 7.4. The membrane was first conditioned by applying a pressure of 1.5 bar with distilled water for 30 minutes. Initial external-internal water filtration of the membrane is then carried out for 20 min at 0.5 bar and the steady pure water flux was recorded (Jw0) using a balance and data acquisition software. The tank was then filled with the BSA solution and filtration was carried out at 0.5 bar for 2 hours and foulant flux was recorded (Jwf). The BSA was removed by mechanical agitation and then backwashing with water applying a pressure of 1.5 bar internally-externally for 5 min. Finally, a last external-internal filtration cycle with water for 20 min at 0.5 bar was performed and the steady flux was recorded (Jw1). The total fouling ratio (Rt), flux recovery ratio (FRR), the reversible fouling ratio (Rr) and the irreversible fouling ratio (Rir) were estimated using equations ( 2)-( 5), respectively [START_REF] Alkhouzaam | Novel polysulfone ultrafiltration membranes incorporating polydopamine functionalized graphene oxide with enhanced flux and fouling resistance[END_REF] :

𝑅 𝑡 = 𝐽 𝑤 0 -𝐽 𝑤 𝑓 𝐽 𝑤 0 𝑥100 (%) (4) 𝐹𝑅𝑅 = 𝐽 𝑤 1 𝐽 𝑤 0 𝑥100 (%) (5) 
𝑅 𝑟 = 𝐽 𝑤 1 -𝐽 𝑤 𝑓 𝐽 𝑤 0 𝑥100 (%) (6) 
𝑅 𝑖𝑟 = 𝐽 𝑤 0 -𝐽 𝑤 1 𝐽 𝑤 0 𝑥100 (%) (7) 
The feed BSA solution, BSA retentate and permeate concentrations are calculated from Beer Lambert's Law using the constant k = 0.6439 L/g and an ultraviolet (UV) spectrometer on the absorbance at 280 nm (Uviline Connect Series 940). The rejection of protein was obtained from equation (2) where Cp and Cf are the protein concentrations of BSA in permeate and feed.

Results and discussion

Glycerin conditioning

The successful deposition of TiO2 by ALD on HF membranes is challenging because of the temperature and pressure sensitivity of the polymers. A first study was carried out to observe the influence of glycerin conditioning on the morphology and water permeability of membranes after the deposition of TiO2. It is necessary to know whether the glycerin brings a protective effect to the polymeric membranes that underwent ALD process. The internal and external diameters of the membranes as well as their lengths were measured before and after ALD treatment. It can be seen that the diameters and lengths are not affected by vacuum (~10 -2 mbar), temperature (100°C) and TiO2 deposition as the values before and after are nearly identical. SEM images of the PSF HF membranes cross sections are presented in Fig. 1. All fibers present a sponge-like asymmetric structure characteristic of HF membranes. In the case of P-10 (without glycerin), SEM images show that most of the pores have collapsed during the deposition, which some are pointed out by the circles, whereas for P-g-10 (sample with glycerin) it is not possible to distinguish any significant change comparing to the raw PSF HF membrane. We assume that glycerin originating from conditioning and settled in the pores of the fiber allows protecting the structure during the preheating (100 °C) and under vacuum acclimation (~10 -2 mbar). Without glycerin, the HF structure is damaged by temperature and vacuum. No other difference was noticeable between raw and TiO2 deposited membranes on SEM images. The mean pore diameter of the raw PSF HF membrane was determined by liquid-liquid porometry to be 25 nm. It was believed that ALD deposition may reduce the pore size [START_REF] Wang | PVDF membranes with simultaneously enhanced permeability and selectivity by breaking the tradeoff effect via atomic layer deposition of TiO 2[END_REF] which was not possible to quantify via this technique as they are too small. Pore size reduction will be evaluated in the last part of this paper using dextran rejection.

The necessity of glycerin conditioning was also evidenced by the results of permeability measurements presented in Table 2. On one hand, membranes without glycerin conditioning P-0 and P-10 display a very low permeability (5±1 and 4±1 L/h -1 m -2 bar -1 respectively) after ALD process. In accordance with SEM images, the deposition damaged the structure of the membrane leading to the collapse of the pores and thus the diminution of water permeability. On the other hand, the glycerin allowed P-g-10 to show a 26 % higher permeability around 170 L/hm 2 bar against 135 L/hm 2 bar for raw membrane P. The 27 L/hm 2 bar permeability of P-g-0 pointed out that glycerin is no longer able to prevent the pore collapsing during the whole vacuum time residence. In fact, as presented in Table 2, P-0 and P-g-0 membranes spent the most time in the ALD chamber under vacuum: 40 min against 15 min for P-10 and P-g-10. So during the fifteen first minutes, the glycerin managed to counteract the pore reduction under vacuum at 100°C, then it is fully evaporated and the membrane structure is altered for the twenty-five other minutes. This explains the drop in permeability for P-g-0. For P-g-10, after the 15 min vacuum acclimation at 100°C, the deposition started and vacuum was stopped. According to SEM pictures and water permeability measurements, the efficiency of glycerin conditioning has been clearly proved. Moreover, the acclimation period before ALD cycles process was a key parameter to allow a good TiO2 deposition. Several tests have been performed and it was observed that, even for HF with glycerin, an acclimation time superior to 15 minutes deteriorate the HF membrane. After more than 15 minutes in the ALD chamber under vacuum at 100°C, the HF was totally dried and the result is a water permeability close to zero. This proved that glycerin conditioning is efficient only coupled with an acclimation no longer than 15 minutes. Indeed, the boiling temperature of glycerin was reduced from 290°C at atmospheric pressure to 96°C at the pressure applied during deposition (10 -2 mbar) [START_REF] Lide | CRC HANDBOOK of THERMOPHYSICAL and THERMOCHEMICAL DATA[END_REF] . We can propose that all the glycerin available on the HF surface is evaporated and only a few amount bounded onto the pores maintain the internal morphology at the end of acclimation at 100°C. The evaporation of glycerin was proved in Fig. 2 (a) with FTIR analysis. Indeed, pure glycerin showed two signals between 2800 and 3000 cm -1 corresponding to C-H stretching and one broad and intense band around 3300 cm -1 corresponding to O-H stretching. Three fibers were analyzed, the PSF industrial fiber reference conditioned with glycerin P-g, the PSF industrial fiber conditioned with glycerin placed in the ALD chamber under vacuum and at 100°C during 10 cycles for TiO2 deposition P-g-10 and the PSF industrial fiber reference washed after conditioning. The band around 3300 cm -1 also corresponds to water but the three fibers have been placed in a 60°C oven overnight before analysis, which lead to water evaporation as shown by the P spectrum (washed membrane containing no glycerin). The absorption band at 3300 cm -1 is not visible anymore. P-g spectrum presents the same O-H pic than glycerin but less intense whereas P-g-10 did not show any pic in this area. Therefore, it can be concluded that 15 min acclimation in the ALD chamber at 100°C under vacuum eliminate all the glycerin by evaporation as the IR characteristic signals of glycerin have disappeared of the sample after deposition. When the TiO2 deposition started, TiCl4 reacted directly with PSf support. Based on these observations, glycerin conditioning and 15 min acclimation were applied for all the following ALD tests.

Influence of ALD cycles on membrane properties

Structural and physico-chemical characterizations

The formation of TiO2 layers on the PSF HF membranes was investigated by ATR-FTIR spectroscopy. In Fig. 2 (b), the characteristic IR peaks of PSF are visible in raw and modified membranes. Signals observed at 1105, 1488, 1506 and 1586 cm -1 correspond to the vibrations of PSF aromatic ring (C=C stretching). Bands at 1151 cm -1 and 1240 cm -1 were attributed to the -O-S-O-symmetric and aromatic ether bond (-C-O-C-), respectively. The peak at 1295 cm -1 was related to SO2 group stretching vibration [START_REF] Cabasso | Polysulfone Hollow Fibers[END_REF] . Additionally, absorbance peak at 1676 cm -1 could be attributed either to the C=O stretching vibration of NMP or PVP that might remain on the membrane surface. Any new peaks could be observed for the ALD modified membranes in the investigated frequency range. Thus we can assume that the amount of TiO2 is too low to be detected via this technique, as a consequence of a low number of ALD cycles. Actually, Jia et al. studied the deposition of Al2O3 on porous polypropylene HF by ALD technique, and they only noticed a new absorption peak after more than 100 deposition cycles [START_REF] Jia | Atomic layer deposition of Al2O3 on porous polypropylene hollow fibers for enhanced membrane performances[END_REF] .

Moreover, Wang et al. studied the deposition of TiO2 by ALD on PVDF membranes and they suggested that the pic intensity was similar under 100 deposition cycles and began to drop after, as the number of ALD cycles increased. The TiO2 coating layer may reduce the depth that the light beam can reach in the material, thus the detected IR signal of the PVDF membrane is weaker. [START_REF] Wang | PVDF membranes with simultaneously enhanced permeability and selectivity by breaking the tradeoff effect via atomic layer deposition of TiO 2[END_REF] The same trend is observed for our samples, the intensity of the peaks decreases when increasing the number of ALD cycles. Any evidence of the deposition of TiO2 on the PSF HF membranes using ALD technique was found by ATR-FTIR spectroscopy technique. In addition, Waldman et al. focused on the SIS of Al2O3 in PES membranes and were able to understand the molecular interactions during ALD process through FTIR experiments. They explored in situ FTIR of TMA in-diffusion and out-diffusion to elucidate the nature and kinetics of an attractive interaction between the TMA and the PES moieties. All their FTIR measurements allowed them to confirm that TMA associates with the sulfonyl and aryl ether groups of the PES polymer in a qualitatively similar way to the association with the carbonyl and ester groups of PMMA. [START_REF] Waldman | Sequential Infiltration Synthesis of Al2O3 in Polyethersulfone Membranes[END_REF] This study could help us understanding the molecular interactions that took place in our ALD process supposing that TiO2 may react with sulfonyl and ether groups of the PSF membrane. SEM analyses performed on the top surface of raw PSF HF membrane P, and modified PSF HF membranes are presented in Fig. 3. They showed that for raw PSF HF membrane P and the membrane that undergone 10 cycles ALD no change was observed on the surface, which supposed a thin and uniform coating. However, for the PSF HF membrane with 50 ALD cycles, P-g-50, a geometric and regular structure on surface was observed most likely corresponding to the TiO2 thicker layer that may have cracked. Similar micrographs were obtained for P-g-100. In order to quantify the amount of TiO2 deposited on membranes, EDX of all raw and ALD modified PSF HF membranes was performed. The measured atomic percentages of C, O and Ti are presented in Table 3. The detected atomic percentages of Ti were very low for P-g-10 and P-g-20 samples ( 0.1) due to small layer thicknesses of TiO2 (1 and 2 nm respectively), but the Ti atomic percentage increases for P-g-50 and P-g-100 following the increasing number of ALD cycles. These results are in good agreement with SEM observations which allow the observation of the deposit starting from 50 ALD cycles. Moreover, we can add from EDX cross-sectioned mapping in Fig. S1 and Fig. S2 that TiO2 was uniformly deposited onto the membrane network. To go further, XPS analyses were performed on raw and modified membranes. No difference was observed between raw and P-g-10 and P-g-20. We assumed that, according to the other analyses methods, for 10 and 20 ALD cycles the amount of TiO2 was too low and under the detection limit. P-g-50 and P-g-100 presented the same spectra. The survey of C 1s, O 1s and Ti 2p deconvoluted spectra of P and P-g-50 are presented in Fig. 4. The XPS survey spectra of both membranes (Fig. 4a) consist of two peaks at the binding energies of 284.85 and 532.05 eV assigned to C and O atoms respectively with an additional peak around 458.36 eV for P-g-50 assigned to Ti atom. The C signal in the highresolution spectra of the raw membrane P could be deconvoluted into three peaks (Fig. 4b): Carbon atoms attached to hydrogen/carbon, sulfone and ether groups exhibit C 1s core-level binding energies of 284.80, 286.20 and 287.90 eV respectively. The C 1s spectra of P-g-50 (Fig. 4d) was similar which supports that the PSf matrix was not damaged during deposition. However, the deconvoluted spectra of O 1 s included two peaks for P (Fig. 4c) at 532.70 and 531.75 eV corresponding to O-C and O=S bonds respectively while a third peak appeared for P-g-50 (Fig. 4e) at 529.86 eV corresponding to the O-Ti bond. This confirmed that TiO2 was well deposited and reacted with the oxygen atoms of the PSf matrix. For P-g-50, in the deconvoluted Ti 2p spectra (Fig. 4f), two peaks are positioned at 458.36 and 464.16 eV, corresponding to Ti 2p3/2 and Ti 2p1/2 states indicating that Ti is 4+ valence. 

Membrane performances

Mechanical tests were performed on raw and modified membranes. Young modulus and the strength at break values are presented in Table 5. The results showed that ALD-modified membranes displayed a higher Young modulus around 147 MPa in average compared to raw membrane (132 MPa), which corresponds to a lower resistance to stress deformation. Any correlation between the increasing number of ALD cycles and the increase Young modulus has been noticed. Because the ALD modified membranes were more rigid, the strength applied to break them was lower than for raw PSF HF membrane decreasing from 2.10 ± 0.02 to in average 1.76 N. However, TiO2 could act as crosslinker between the polymer chains, improving consequently the rigidity of the network and therefore, the mechanical strength [START_REF] Galiano | Novel photocatalytic PVDF/Nano-TiO2 hollow fibers for Environmental remediation[END_REF] . This observation is in accordance with Diez-Pascual et al., who studied the effect of TiO2 nanoparticles insertion on the performance of polyphenylsulfone. They observed a gradually increasing Young's modulus upon raising nanoparticle loading, by up to 62 % at the highest concentration tested. They attributed this improvement to the effect of the rigid TiO2 with the interactions (H-bonding) it established with the membrane matrix. This results in a decrease in polymer chain motion and in promoting the adhesion between the two phases [START_REF] Díez-Pascual | Effect of TiO2 nanoparticles on the performance of polyphenylsulfone biomaterial for orthopaedic implants[END_REF] . In Table 4 are also presented the permeability values which matched with the SEM observation. In fact, a thin and uniform TiO2 layer on the membrane surface for P-g-10 and P-g-20 allowed a 26 to 50 % higher permeability value compared to raw membrane P. However, starting from 50 cycles when the coating was thicker a drastic drop in permeability is observed. From these results, 50 and 100 cycles could be discriminated, supposing that the layer is too thick to allow great performance. For the rest of the study, P-g-100 was forsaken and P-g-50 was still studied to compare with P-g-10 and P-g-20. SEM did not permit to measure the pore size reduction reported in other works [START_REF] Wang | PVDF membranes with simultaneously enhanced permeability and selectivity by breaking the tradeoff effect via atomic layer deposition of TiO 2[END_REF] . To complete, different sizes of dextran were filtered through raw and ALD modified PSF HF membranes (P-g-10 and P-g-20). The evolution of the rejection rate versus molecular weight of dextran molecules is presented in Fig. 5 (a). The correspondence between the molecular weight and the pore diameter of dextran molecules was calculated based on Equation (3) and is presented in Table 5. All dextran molecules were able to pass through the raw PSF HF membrane pores from a rejection rate near zero for the smallest molecule to 80% rejection for the biggest at 55.3 nm. It can be observed that even if the mean pore size of raw PSF HF membrane was measured at 25 nm, there is a large distribution that allows molecules up to 55.3 nm going through the membrane. On the other side, P-g-10 presented already 20% rejection rate for smallest dextran at 4.7 nm, 50% for 10 nm sized molecules and reached 90% for 30.2 nm dextran. P-g-20 follows the same trend. Other works from the literature gathered in Table 6 confirmed a noticeable reduction of pore size and pore size distribution after ALD process. Dextran rejection rates support SEM observations to evidence the deposition of TiO2 on all the PSF HF membrane surface and subsurface. 3 It is well known that surface hydrophilicity affects the membranes antifouling properties. Membranes' WCA were measured for P, P-g-10 and P-g-20 and the results are presented on Fig. 5 (b). Initially, the raw membrane had a WCA of around 90° and this value was gradually reduced down to 70° as the number of ALD cycles increased. These results are in good agreement with literature as reported in Table 5. Indeed, Zhang et al. prepared PSF hybrid ultrafiltration flat membrane with TiO2-g-HEMA and studied its antifouling characteristics. The best hydrophilicity improvement they obtained with a WCA of 72° was for 2% concentration [START_REF] Zhang | Novel polysulfone hybrid ultrafiltration membrane prepared with TiO2-g-HEMA and its antifouling characteristics[END_REF] . The filtration performances of raw and ALD modified PSF HF membranes are depicted in Fig. 6 (a). The raw membrane exhibited a pure water permeability of 135 L•h -1 m -2 bar -1 and a retention of BSA around 80%. However, after the ALD deposition of TiO2, the permeability increases slightly reaching the higher value for 20 ALD cycles, then it decreases drastically for P-g-50 which displayed a water permeability of 15 L•h -1 m -2 bar -1 . P-g-10 and P-g-20 not only showed an increased water permeability but also a higher BSA retention compared to raw PSF HF membrane. Wang et al. deposited TIO2 on PVDF membranes via ALD process at 80°C. They observed a decrease of permeability that they attributed to the pore size diminution which is probably the result of the ALD process. Indeed, in addition to the surface, the TiCl4 molecules can also penetrate into the subsurface of the membrane. Water vapors pulsed into the chamber reacted with the TiCl4 entrapped in the free volumes between the polymer chains producing layers of TiO2. When the number of ALD cycles increases, the TiO2 keeps growing inside the membrane pores until they are completely blocked [START_REF] Wang | PVDF membranes with simultaneously enhanced permeability and selectivity by breaking the tradeoff effect via atomic layer deposition of TiO 2[END_REF] . In our case, a pore size reduction was (a) also noticed from dextran filtration accompanied by an increase in hydrophilicity. These two combined parameters explain the membrane filtration performances. Hypothetically, during acclimation all the glycerin was slowly evaporated which prevented the pores from collapsing and maintained the internal morphology. Above 20 ALD cycles, in accordance to SEM images, the observed TiO2 layer for P-g-50 and P-g-100 could block the pores on the membranes' surface causing the drop in water permeability.

Antifouling performances of the ALD modified membranes were investigated using BSA as a fouling agent, for that the FRR, Rt, Rr and Rir of the membranes are calculated from equations (4) to (7). All the calculated values are represented in Fig. 6 (b). FRR is at 100% for P-g-10 and P-g-20 compared to 88% for raw PSF HF membrane. This means that due to TiO2 addition, ALD modified PSF HF membranes were recovering all the flux after BSA filtration. Indeed, all ALD modified PSF HF membranes exhibited lower Rt, furthermore interestingly the Rr decreased with the increase of the number of ALD cycles. A reducing Rr means that BSA adsorbed reversibly was removed after water backwashing, which is a good result as membranes lifetime is threatened by fouling and most of all irreversible fouling and chemical backwashing needed to clean them. Rir initially at 12% for raw membrane was at 0% for both P-g-10 and P-g-20 and around 19% for P-g-50. P-g-100 was tested but the result was not detectable. On the one hand, the ALD modified PSF HF membranes demonstrated lower BSA fouling but also a 0% Rir which means that all the BSA adsorbed can be removed with water backwashing. This shows that with TiO2 the PSF HF membranes are less sensitive to BSA fouling and would have a longer lifetime. They display higher fouling resistance against protein compared to the raw PSF HF membrane. These results are very interesting since the values are even better than that reported in other studies (Table 6). Yang et al. [START_REF] Yang | Preparation and properties of polysulfone/TiO2 composite ultrafiltration membranes[END_REF] and Zhang et al. [START_REF] Zhang | Novel polysulfone hybrid ultrafiltration membrane prepared with TiO2-g-HEMA and its antifouling characteristics[END_REF] inserted for instance TiO2 nanoparticles into flat PSF membranes and obtained respectively 97 and 95% BSA rejection. Jia et al. [START_REF] Jia | Atomic layer deposition of Al2O3 on porous polypropylene hollow fibers for enhanced membrane performances[END_REF] deposited Al2O3 on PP HF membranes and obtained a maximum of 75% BSA rejection. To go further, BSA hydrodynamic radius is 10 nm and for P-g-10 40 % of corresponding Dextran molecule (Mw = 4.10 4 Da) passed through against 0 % of BSA molecule. This proved that BSA is not only rejected because of its size but thanks to the higher hydrophilicity of the membrane due to TiO2 deposit. Table 6. Comparison of this study with results reported in literature

Conclusion

Atomic layer deposition of TiO2 on PSF HF membranes was studied. The protective effect of glycerin to prevent pore collapsing during ALD process when the polymeric membrane is exposed under vacuum at 100°C was clearly demonstrated. By this way, TiO2 deposit onto the surface and the porous substructure can be achieved to give better performances in terms of permeability and anti-fouling properties with BSA. Moreover, the acclimation duration in the ALD chamber must not be too long because of the drastic reduction of glycerin boiling temperature under 10 -2 mbar vacuum (98°C against 290°C under atmospheric pressure). The duration of the ALD process cannot be much more longer than the glycerin evaporation. Based on these conditions, different number of ALD cycles were tested from 10 to 100 corresponding to thicknesses between 1 and 10 nm. The presence of TiO2 was proved by EDX analysis. On SEM images, TiO2 layer was observed only upon 50 ALD cycles. Thanks to XPS analyses, the reaction between TiO2 and the oxygen groups of PSF membranes was confirmed. Dextran molecules filtration showed a clear pore size and pore size distribution reduction for ALD modified PSF HF membranes compared to raw PSF HF membranes. Hydrophilicity improvement was confirmed by WCA reduction from 90° for raw PSF HF membrane to 70° for 20 ALD cycles modified PSF HF membranes. These two parameters explain the enhanced water filtration and fouling properties results of ALD modified PSF HF membranes. Indeed, the ones with 10 and 20 ALD cycles showed the best results, with water permeability up to 26 % higher compared to raw HF membrane and an optimum 100% FRR and a 0% Rir. All ALD modified PSF HF membranes' mechanical properties were not altered by ALD process. The obtained results are a first step for a more in-depth study on TiO2 coating by ALD on PSF HF membranes. It would be interesting to open the test in real membrane measurement and for filtration of other contaminants. Finally, to the best of our knowledge, this work is a first report on TiO2 ALD on PSF HF membranes and may pave the way for further studies.
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 1 Figure 1. SEM pictures of raw PSf HF (P), PSf HF with 10 ALD cycles (P-10) and PSf HF conditioned with glycerin and with 10 ALD cycles (P-g-10)

Figure 2 .

 2 Figure 2. (a) Comparison of ATR-FTIR spectrum of glycerin with those of PSF membrane with glycerin (P-g), washed PSF membrane (P) and PSF membrane with glycerin after 10 ALD cycles and (b) Raw and ALD modified PSF membranes ATR-FTIR spectra

Figure 3 .

 3 Figure 3. SEM Images of raw (P) and ALD modified membranes surface (10 and 50 cycles)

Figure 4 :

 4 Figure 4: Survey XPS spectra (a) and deconvoluted XPS spectra of P C 1s (b) and O 1s (c) and P-g-50 C 1s (d), O 1s (e) and Ti 2p (f)

Figure 5 .

 5 Figure 5. (a) Different sized dextran rejection rate and (b) WCA of raw and ALD modified membranes (the error referred to standard deviation of 3 samples)

Figure 6 .

 6 Figure 6. (a) Water permeability and BSA retention and (b) Fouling resistance parameters for raw and ALD modified membranes (the error referred to standard deviation of 3 samples)

Table 1 :

 1 Water permeability values of P, P-0, P-g-0, P-10 and P-g-10 membranes (the error referred to standard deviation of 3 samples)

	Fiber's name	Residence time	Residence time	Permeability (L/h -1 m -
		under vacuum	with TiO2 deposit	2 bar -1 )
		(min)	(min)	
	P	0	0	135 ± 14
	P-0	40	0	5 ± 1
	P-g-0	40	0	27 ± 4
	P-10	15	25	4 ± 1
	P-g-10	15	25	170 ± 17

Table 2 .

 2 EDX data showing the composition of the raw and ALD modified membranes (the error was calculated based on a 10% EDX measurement uncertainty)

		Atomic percentages (%)	
	Samples	C	O	Ti
	P	86.8 ± 8.6 9.9 ± 0.9	0
	P-g-10	86.3 ± 8.6 11.3 ± 1.1	≤ 0.1
	P-g-20	87.2 ± 8.7 9.9 ± 0.9	≤ 0.1
	P-g-50	76.8 ± 7.7 20.5 ± 2.1 0.8 ± 0.1
	P-g-100 74.7 ± 7.5 22.2 ± 2.2 1.2 ± 0.1

Table 4 .

 4 Tensile properties of raw and ALD modified HF membranes (the error referred to standard deviation of 3 samples)

		Young Modulus (MPa)	Strength at break (N)	Permeability
				(L/hm 2 bar)
	P	132 ± 5	2.10 ± 0.02	135 ± 14
	P-g-10	153 ± 9	1.72 ± 0.11	170 ± 17
	P-g-20	143 ± 6	1.84 ± 0.05	200 ± 20
	P-g-50	144 ± 4	1.76 ± 0.06	15 ± 2
	P-g-100	150 ± 6	1.71 ± 0.08	< 1

Table 5 .

 5 Correspondence between molecular weight and hydrodynamic radius values of dextran molecules

	Mw (Da)	6.10 3	4.10 4	10 5	2.10 5	5.10 5	2.10 6
	rp (nm)	4.7	10	14.9	20.2	30.2	55.

(BSA) 
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