






 a    b 

Figure 2: 20% w/w PVDF-HFP sample produced using a SC-CO2/EtOH flow rates volume ratio of: a) 99/1, b) 
80/20 

 a     b 

Figure 3: 15% w/w PVDF-HFP sample produced using a SC-CO2/EtOH volume ratio of: a) 99/1, b) 80/20 

 a      b 

Figure 4: 10% w/w PVDF-HFP sample produced using a SC-CO2/EtOH volume ratio of: a) 99/1, b) 80/20 

These results demonstrated that this new process configuration, in which SC-CO2 and ethanol were fed 
together to the high-pressure vessel, probably induced an in-situ PVDF-HFP gelation during the process. In 
particular, when the ethanol flow rate was at least 20% v/v with respect to the SC-CO2 flow rate, during phase 
separation, also the gelation mechanism occurred, since ethanol behaves as a non-solvent with respect to the 
polymer. Operating in this manner, at the end of the process, a dried and nanostructured PVDF-HFP 
membrane was obtained, with the relevant advantage that the freezing/gelation step, generally used to induce 
the nanoporous structure formation after the addition of the non-solvent to the polymer solution (Cardea et al., 
2009), was avoided. 
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Another interesting result is that for ethanol flow rate lower than 20% v/v, a microporous morphology was 
obtained as in the case of PVDF-HFP solution processed by SC-CO2 alone; but, using this procedure, the 
morphology was modified and improved, since also a nanoporous sub-structure on the cells walls was 
induced due to the ethanol presence. It is worthy to note that the simultaneous addition to the process of 
ethanol and SC-CO2, at the adopted operative conditions, favoured ethanol interaction with the polymer 
solution at nanoscale, due to the peculiarities of the mixture at supercritical conditions, such as negligible 
surface tension, that avoid sample collapse, and high diffusivity, that makes this process faster with respect to 
the traditional ones (NIPS and TIPS). This can be the reason why also for small ethanol amount in the system, 
a different morphology was obtained with respect to the one observed for PVDF-HFP samples processed 
using SC-CO2 alone (Reverchon and Cardea, 2006). 
Since this trend was consistent for all the polymer concentrations tested in this work, it can be hypothesized 
that there is a critical ratio by volume between the SC-CO2 and EtOH flow rate that allows the gelation 
mechanism: i.e., when it was 99/1% v/v (SC-CO2/EtOH flow rate), the reduced amount of ethanol was only 
able to create a nanoporous sub-structure in the cell walls of the microporous membrane; whereas, when 
EtOH flow rate was at least 20% v/v of the SC-CO2 flow rate, an in-situ gelation was obtained and a 
completely nanoporous membrane morphology was produced, similar to the ones obtained in the supercritical 
gel drying process (Cardea et al., 2009). 
The modification of structures morphology also affected their peculiarities; in particular, the ethanol presence 
during the process allowed an improvement of PVDF-HFP structures porosity and surface area, as reported in 
Table 1. 

Table 1: Porosity and surface area for all the PVDF-HFP samples produced in this work 

SC-CO2/EtOH flow rate 
ratio, % v/v 

PVDF-HFP 10% w/w PVDF-HFP 15% w/w PVDF-HFP 20% w/w

Porosity, 
% 

Surface 
area, m2/g 

Porosity, 
% 

Surface 
area, m2/g 

Porosity, 
% 

Surface 
area, m2/g 

100/0 71 18.8 68 15.6 63 4.9 

99/1 74 21.1 70 17.6 68 12.0 

80/20 80 48.1 76 31.5 71 23.2 

50/50 88 95.3 83 78.8 79 66.6 

Increasing the EtOH content from 0 to 50% v/v, the porosity increased from 71 to 88% and surface area from 
18.8 to 95.3 m2/g for PVDF-HFP 10% w/w sample; the porosity increased from 68 to 83% and surface area 
from 15.6 to 78.8 m2/g for PVDF-HFP 15% w/w sample; the porosity increased from 63 to 79% and surface 
area from 4.9 to 66.6 m2/g for PVDF-HFP 20% w/w sample. These interesting results confirmed the high 
versatility of the supercritical fluids assisted processes: modifying the process parameters (i.e., EtOH content), 
an increase of porosity larger than 20% and an increase of surface area larger than 500%, with respect to the 
PVDF-HFP sample obtained without EtOH, were obtained. 

4. Conclusions and perspectives 

In this work, a simplified PVDF-HFP membranes production method was successful adopted. In particular, 
depending on the ethanol content, it is possible to generate two different PVDF-HFP structure morphologies. 
The first one, obtained at low ethanol content (i.e., 1% v/v), allowed to generate microporous membranes 
characterized by nanoporous cells walls; the presence of low traces of ethanol slightly affected the SC-CO2 
phase inversion process, overlapping a nanoporous morphology to the typical microporous one obtained for 
PVDF-HFP membranes. Increasing the amount of ethanol (i.e., larger than 20% v/v), the PVDF-HFP structure 
completely changed and an aerogel-like morphology (i.e., nanoporous) was generated, even if a 
gelation/freezing step was not performed. This result is very intriguing since it is the first time that this kind of 
morphology was obtained by a one-step procedure; for these reasons, this procedure can be a relevant 
alternative for the production of PVDF-HFP microporous and/or nanoporous filters at industrial scale. 
In perspective, PVDF-HFP membranes will be tested on contaminated water, to verify they capability to entrap 
particles and the different performances related to the two morphologies can be determined in order to select 
the best filter solution. 
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