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Supplementary background 

In the context of air filters, especially for facemask applications, standards and regu-

lations such as ASTM F2100 (medical face masks or surgical masks), ASTM F3502 (barrier 

face coverings),[1] or regulations such as 42 CFR Part 84 (NIOSH N95 respirators)[2] pro-

vide testing guidelines and performance criteria. These tests characterize the filter mate-

rials’ particle filtration efficiency and pressure drop under instantaneous conditions, high 

salt loading and high humidity. The pressure drop and particle filtration efficiency re-

quirements for level 1 and level 2 barrier face covering and N95 respirators is provided in 

table S1. 

Table S1. Summary of standards applicable to face coverings or face masks and respirators. 

Standard Mask type 
Class (if 

applicable) 
Testing air flow velocity 

Particulate Filtration 

Efficiency (%) 

Differential 

Pressure (Pa) 

ASTM F3502 
Barrier face 

covering 
Level 1 10 cm/s 20% 147.1 

 Barrier face 

covering 
Level 2 10 cm/s 50% 49.03 

NIOSH (42 CFR 

Part 84)  
Respirator Not applicable 

85 l/min for a flat sample 

of 100 cm2;            

14.2 cm/s for respirator 

>95% @ 0.075 +/- 0.2 

μm count median 

diameter 

343 Pa 

(inhalation); 245 

Pa (exhalation) 
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Figure S1. (a) SEM figure of crafted tissue paper substrate (b)Cracks on uncrosslinked zein filter 

after humidity conditioning for 1 hour; (c) un-uniform coverage of pleated filter along the fold lines. 

 

Figure S2. PFE and PD performance with different pleat width. 



 

 

 

Figure S3. PFE and PD of pleated crosslinked zein filter at (a) 5 min; (b) 15 min; (c) 25 min, (d) PFE 

and PD of 2-layer stack of pleated zein filter at various face velocities. 

 

Figure S4. SEM images of (a) flat zein filter, (b) pre-pleated zein filter, after one hour loading test. 

We also characterized the craft paper substrate, uncrosslinked filter, crosslinked filter 

materials by FTIR. The FT-IR spectra of those samples were measured via a Fourier trans-

form infrared spectrometer, Bruker Vertex 70 spectrometer (Bruker Ltd., Germany) from 

4000 to 500 cm−1. The crosslinked zein and uncrosslinked zein filter with paper substrate 



 

 

provided similar response under FTIR. The peak at 1481, 1566, and 1633 matched with 

previous study indicated the similar compounds in both samples[3].  

 

Figure S5. FTIR spectrum of paper substrate, crosslinked and uncrosslinked zein electrospun layer 

with paper substrate. 
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