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Excessive carbonization of coconut fiber membrane will not only weaken the me-

chanical strength of the surface of the photothermal layer, but also significantly reduce 

the thickness of the back side (uncarbonized part). The decreased evaporation rate and 

efficiency in excessively carbonized evaporator can be attributed to the reduced water 

supply of back side. 

 

Figure S1. Coconut fiber membrane with excessive carbonization: (a) front view, (b) back view, and 

(c) side view. 

The sealed plastic/aluminum cylinder with a flat top cover is adopted as the vapor 

condenser and freshwater collector. Transparent top cover is conducive to light transmis-

sion. For the blow collection scheme (vapor condensation by blowing to side wall), a fan 

is fix at a position a little higher than the photothermal membrane, with the front side 

facing the vapor and the back side having a gap to the side wall. For the pump collection 

scheme (vapor collection by pumping out), an air pump is applied by connecting to a pipe 

inserted into the closed system. For the blow + pump collection scheme, both of a fan and 

an air pump are simultaneously applied. Aluminum has good thermal conductivity, 

which is expected to enhance the condensation performance. 

 

Figure S2. The sealed (a) plastic and (b) aluminum cylinders with a flat transparent top cover. 
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The carbonized coconut fiber membrane shows a weak D peak and an obvious G 

peak of carbon in Raman spectrum. The board Raman peaks indicate the transformation 

of coconut fiber to amorphous carbon during carbonization. 

  
(a) (b) 

Figure S3. Raman spectra of (a) coconut fiber membrane, and (b) carbonized coconut fiber mem-

brane. 

The tensile mechanical strengths of the coconut fiber membrane and carbonized ones 

were identified and compared. The coconut fiber membrane shows a relatively high elon-

gation over 25% tensile strain. However, the carbonized ones become brittle, and breaks 

at ~2.5 and ~6.0% tensile strain for 375 °C and 325 °C carbonization, respectively. This 

result suggests that the 375 °C carbonized membrane is too fragile to use, and the 325 °C 

carbonized membrane still has enough mechanical strength for solar evaporation. 

 

Figure S4. Tensile strength-strain curves of the coconut fiber membrane and carbonized membranes 

at 325 °C and 375 °C. 

  



Membranes 2022, 12, 899 4 of 4 
 

Table S1. Collection efficiency of this work compared with previously reported solar desalination 

systems. 

Solar desalination system 
Evaporation perfor-

mance 
Collection efficiency Ref. 

Cu2SnSe3 nanoparticles on 

filer membrane/ PMMA box 
1.657 kg m−2 h−1 

45.2% (4h) 

53.7% (8h) 
[1] 

TiNOx coated Al plate/ Hon-

eycombed structures of 

highly thermal-conductive 

materials with hydrophobic 

nanostructures 

1.063 kg m−2 h−1 >70% [2] 

Graphene array coated on 

commercial nickel foams 
73.4% 82.3% [3] 

Commercial spectrally selec-

tive solar absorber (B-SX/T-

L/Z-Z-1.88,Linuo-Para-

digma)/ Graduated cylinder 

5.78 L m−2 h−1 (Ten 

stages) 

81% (Single stage) 

385% (Ten stages) 

75% [4] 

This work: coconut fiber 

membrane/ Optimized col-

lection device 

5.15 kg m−2 h−1 >90% / 
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