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The derivation of Equation (17) in the main text is as follows. 

Case 1: The top pore is large and the bottom pore is small. Subscript t and b in Equation (16) of the main text 

are replaced with l and s, respectively, and 𝐽 is called 𝐽𝑙/𝑠. Then, 
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 Since 
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Both denominator and numerator is multiplied by 𝑟𝑙
4 , then 
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Now setting 
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 Hence, 
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Case 2: The membrane is flipped. Now the top pore is small and the bottom pore is large. 

From Equation (16) of the main text 
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Multiplying both denominator and numerator with 𝑟𝑙
4, 

 𝐽𝑠/𝑙 =
∆𝑝𝑟𝑙

4−
𝜌

4
(
𝐽𝑠/𝑙

𝜋𝜌
)
2

{𝑘(
𝑟𝑙
𝑟𝑠
)
4
+2𝛼2}

8𝜂𝛿𝑙𝑟𝑙
4

𝜋𝜌𝑟𝑠
4 {

𝛿𝑠
𝛿𝑙
+(

𝑟𝑠
𝑟𝑙
)
4

}

=
∆𝑝𝑟𝑙

4−
𝜌

4
(
𝐽𝑠/𝑙

𝜋𝜌
)
2

{𝑘(
𝑟𝑙
𝑟𝑠
)
4
+2𝛼2}

8𝜂𝛿𝑠
𝜋𝜌

{(
𝛿𝑙
𝛿𝑠
)+(

𝑟𝑙
𝑟𝑠
)
4
}

 (S15) 

Using Equations (S5) to (S8) 

and setting 
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 Rearranging, 
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 From Equations (S12) and (S19), 
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Figure S1. Comparison between the BSA rejection of PES and ceramic membrane in normal and inverted position. 

Table S1. BSA concentration in feed and permeate samples produced from PES and ceramic membrane in normal and 

inverted position. 

Membrane Position 
BSA Feed 

(ppm) 

BSA Permeate 

(ppm) 

PES 
Normal 100 4.0 

Inverted 100 91.7 

Ceramic 
Normal 500 300 

Inverted 500 490 

 

 

 


