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FINAL WRITTEN REPORT 

(Please use the space below to describe your research project and objectives, any findings and results you can share, and 
graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.) 

 
 Throughout the Winter Session, I built upon my work during the previous semester to investigate sustainable 

membrane separations using diafiltration processes. The mathematical model, implemented using Python, provides the 

foundation for exploring diafiltration optimization on both the process and experimental scale. I strengthened this foundation 

by updating the model to handle all mathematical limits, ensuring its robustness. To enhance model accessibility, I 

standardized the code into user-friendly functions with explanatory documentation. This work concluded the diafiltration 

modeling of a flat (constant) dialysate profile system. I then began to explore different dialysate profiles, namely “linear ramp 

up” and “linear ramp down” profiles, where the dialysate increases linearly as a function of position and decreases linearly as a 

function of position, respectively. These linear profiles are pivotal to understand, as they increase permeability by reducing the 

tendency for the solute to become saturated on the surface of the membrane. By altering the governing mathematical 

equations, I derived expressions to describe both profiles in terms of their concentration profiles and recovery of the solute. 

These expressions were then implemented in Python to visualize how the systems perform at various operating conditions. 

These profiles have yet to be put into practice in the laboratory, but they provide many insights into how diafiltration 

performance may be improved using these systems. The flat dialysate profile matches the experimental set-up in the WATER 

Lab, prompting the use of my original model for optimization and experimental adaptation. 

  Prior to exploring the experimental applications of my diafiltration model, I developed codes to graphically and 

analytically optimize the flat dialysate profile system. Through graphical optimization, the intersection between the recovery of 

the solute and the selectivity of the membrane was established visually. Alongside these plots, the concentration profile was 

plotted to visualize the dilution of the solute at given operating conditions. This led to the development of an analytical 

expression that quantifies where the concentration of the retentate becomes diluted and where it is concentrated. This 

information, which is dependent on the membrane properties, is informative to the experimental process. Additionally, I 

developed a code that optimizes the system using a non-linear regression function. The code precisely identifies optimal values 

that strengthen the results of the graphical optimization. 

 In collaboration with Jonathan Ouimet, a graduate student running both filtration and diafiltration experiments in the 

WATER Lab, I re-derived the flat dialysate profile model to match experimental parameters. The adapted model now depends 

on the time of the experiment and reactor volume. Using pre-existing data from Jonathan, the model predicts the 

concentration of the retentate at various times throughout the experiment. This feature allowed for comparison between the 

model and experimental results. Unfortunately, due to complications with lab equipment, there was limited diafiltration data 

available to analyze. The next steps in the research process include gathering diafiltration data in order to validate model 

performance and investigate diafiltration system performance. The model predicts the results of the filtration data with a 

strong agreement, showing its initial capabilities in predicting data trends. Further analysis of the diafiltration process, which 

will take place during this semester, is necessary to develop a correlation between model and experiment. The research goals 

achieved during Winter Term have nicely set the stage for future diafiltration experimentation and optimization. Below is a 

description of the technical details of the diafiltration model and various results. 

 



 

Schematic of single cell diafiltration process: 

 

 

 

 

 

 

 

 

 

Expressions/Terminology: 

𝑌" ≡ 	𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦	𝑜𝑓	𝐷𝑖𝑎𝑙𝑦𝑠𝑎𝑡𝑒 – The volume of the solute permeated through the membrane / Total solute volume 
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∝	≡ 	𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦  =	 FG(HIJKLJ	C)
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 , The ability for the membrane to selectively separate solutes of different sizes 

𝑌 ≡ 	𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦	𝑜𝑓	𝑆𝑜𝑙𝑣𝑒𝑛𝑡 – The volume of the solvent permeated through the membrane / Total solvent volume 

𝐷 ≡ 	𝑅𝑎𝑡𝑖𝑜	𝑜𝑓	𝑡ℎ𝑒	𝐹𝑙𝑢𝑥	𝑜𝑓	𝑆𝑜𝑙𝑢𝑡𝑒	𝑡𝑜	𝑆𝑜𝑙𝑣𝑒𝑛𝑡 STG
TU
V 

𝐺 ≡ 	𝑅𝑎𝑡𝑖𝑜	𝑜𝑓	𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝑆𝑜𝑙𝑢𝑡𝑒	𝑖𝑛	𝐷𝑖𝑎𝑙𝑦𝑠𝑎𝑡𝑒	𝑡𝑜	𝐹𝑒𝑒𝑑 SYG
YZ
V 

𝑆 ≡ 	𝑆𝑖𝑒𝑣𝑖𝑛𝑔	𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡	𝑜𝑓	𝑡ℎ𝑒	𝑀𝑒𝑚𝑏𝑟𝑎𝑛𝑒 – Describes the permeability of the membrane at a particular solute size 

Results: 

   

Here, we have plots of the percent recovery of the solute and selectivity as a function of solvent recovery and flux ratio. These 
three surface plots were all calculated for solute sizes 𝑎D = 3 nm and 𝑎_ = 6 nm for a fixed pore radius,  R = 10 nm. It can be 
easily noted that the highest values of selectivity occur when solvent recovery is low and the flux ratio is high. These 3D plots 
encompass a wide range of operating conditions, providing import information and primary insights into optimization. 

 

𝐽",𝐶" 

𝑄cd, 𝐶e  

𝐽f,𝐶g 

𝑄hij,𝐶k  



Below is a sample of the graphical optimization data; Each pair of plots was evaluated at a different value of the flux ratio, D 

The plots below are for D = 0.25, 0.50, and 0.75, respectively. The values of S1 and S2 are 0.5 and 0.3, respectively: 

 

The 1st column of plots shows the intersection between percent recovery of solute and selectivity, from which the optimal 
value of the percent recovery of the solvent (Y) can be found. The 2nd column of plots shows how the concentration profile of 
the retentate changes depending on the value of the flux ratio, D. Where the concentration profile is constant corresponds to 
the critical value of D. Below this value, the concentration increases and after it decreases, becoming increasingly diluted. This 
information is important to the development of experimental conditions and optimization of the diafiltration process. These 
results, along with the many others found during the Winter Term, have provided me with a strong foundation to continue my 
research and explore diafiltration through experimentation. 


