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Figure S1. (a) Schematic of the atmospheric pressure DBD reactor; (b) Photograph showing the po-
sitioning of five foam samples in the DBD cell (sample length  width  thickness = 20  10  4 mm3). 
The black arrows indicate the gas flow direction. 

Figure S2. FTIR spectrum of the hydrocarbon polymer thin film deposited on a CaF2 substrate 
(Crystran, UK, length  width  thickness = 11  11  0.5 mm3) by DBD fed with He/0.5% C2H4 
mixture. 
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Figure S3. PU foam sample coated with a hydrocarbon polymer thin film deposited by a He/0.5% 
C2H4 fed DBD (deposition time = 10 min): (a) photograph of a water droplet deposited on the foam 
(WCA = 130 ± 5); (b,c) representative SEM images of the sample interior (i.e., cross-section). 

Figure S4. Representative SEM images of a PU foam sample coated with a hydrocarbon polymer 
thin film deposited for 30 min by a He/0.5% C2H4 fed DBD: (a) cross-sectioned ligament; (b,c) differ-
ent regions of the cross-sectioned ligament where the deposited coating is clearly visible (average 
thickness of 190 ± 40 nm).  
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Figure S5. Representative SEM images of plasma-treated PU foam samples after 20 compression-
release cycles using a 500 g weight which exerted on them a pressure of 24.5 kPa: (a) PU foam treated 
with the two-step plasma process (Step 1: He/0.5% O2 fed DBD, 20 kHz, 1.3 kVrms, 10 min; step 2: 
He/0.5% C2H4 fed DBD, 20 kHz, 1.3 kVrms, 10 min); (b) PU foam coated with a hydrocarbon polymer 
thin film deposited for 10 min by using a He/0.5% C2H4 fed DBD. 

Mechanical Characterization 

The Young’s modulus and the tensile strength of the PU foams were experimentally determined 
stress-strain curves performing uniaxial tensile tests using an Instron 3365 machine. Tensile testing 
was conducted at environmentally controlled conditions (20 °C, 40% RH). Dog-bone shaped sam-
ples were stretched at a rate of 10 mm/min until failure. Five measurements were conducted for 
each sample and averaged to obtain a mean value.  

Figure S6. Young’s modulus (a) and tensile strength (b) of the pristine and plasma-treated PU 
foams. Although a slight decrease can be seen, the Young’s modulus of the foams is almost unal-
tered together with the tensile strength, indicating that the materials’ modification induced by 
plasma was not detrimental to the foams mechanical features. Step 1 – etching/nanotexturing: 
He/0.5% O2 fed DBD, 20 kHz, 1.3 kVrms, 10 min; step 2 – thin film deposition: He/0.5% C2H4 fed DBD, 
20 kHz, 1.3 kVrms, 10 min. 
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Figure S7. Absorption capacity for water and light mineral oil of the superhydrophobic/superoleo-
philic PU foam prepared using the two-step plasma process (step 1: He/0.5% O2 fed DBD, 20 kHz, 
1.3 kVrms, 10 min; step 2-: He/0.5% C2H4 fed DBD, 20 kHz, 1.3 kVrms, 10 min) after immersion for 60 
min in acidic (pH =2) and basic (pH = 10) aqueous solutions, a saturated NaCl aqueous solution and 
hot water at 50°C and 80 °C. 

Figure S8. Separation efficiency of the superhydrophobic/superoleophilic PU foam prepared using 
the two-step plasma process  (step 1: He/0.5% O2 fed DBD, 20 kHz, 1.3 kVrms, 10 min; step 2-: 
He/0.5% C2H4 fed DBD, 20 kHz, 1.3 kVrms, 10 min) for  mixtures of light mineral oil with bidistilled 
water, acidic (pH = 2), basic (pH = 12) and saturated NaCl aqueous solutions as well as for light 
mineral oil/bidistilled water mixtures heated at 50°C and 80°C.  


