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[1] Molinari, Raffaele., et al. "Can brine from seawater desalination plants Be a source of critical metals?." CHEMVIEWS (2022).

[2] Stuber, Matthew D., et al. "Pilot demonstration of concentrated solar-powered desalination of subsurface agricultural drainage water and other brackish groundwater sources." Desalination 355 (2015): 186-196.

Brine separation is of critical importance to 

many industries with brine effluent streams 

and/or brine concentration needs (e.g., 

agriculture, power production, mining) 

⚫ Reduce costs

⚫ Improve system robustness

⚫ Increase sustainability
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Motivation

[3] Song, Yuhua, et al. "Symmetric electrolyte nonrandom two-liquid activity coefficient model." Industrial & Engineering Chemistry Research 48, no. 16 (2009): 7788-7797.
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Refined eNRTL
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⚫ Increase accuracy of 

thermodynamic properties 

calculation

⚫ Improve accuracy of 

simulation results 

[4] Bollas, G.M., et al. Refined electrolyte‐NRTL model: Activity coefficient expressions for application to multi‐electrolyte systems. AIChE Journal 54(6): 1608-1624 (2008).
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Modeling accuracy in high 

concentration regime

⚫ Refined e-NRTL3

[4] Bollas, G.M., et al. Refined electrolyte‐NRTL model: Activity coefficient expressions for application to multi‐electrolyte systems. AIChE Journal 54(6): 1608-1624 (2008).
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Complexity of Refined eNRTL
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[5] Gottlieb, Robert X., et al. "Automatic Source Code Generation of Complicated Models For Deterministic Global Optimization With Parallel Architectures."
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AD

Complicated Expression
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[5] Gottlieb, Robert X., et al. "Automatic Source Code Generation of Complicated Models For Deterministic Global Optimization With Parallel Architectures."

Complexity of Refined eNRTL
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[6] Gowda, S., et al. "High-performance symbolic-numerics via multiple dispatch." ACM Communications in Computer Algebra 55, no. 3 (2022): 92-96.
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EAGO.jl

Deterministic global optimizer 

• High performance 

• Open-source and free for non-

commercial use 

• Extensible 

• Interval Arithmetic & McCormick based 

relaxation library

11AIChE 2023

[7] Wilhelm, Matthew E., and Matthew D. Stuber. "EAGO. jl: easy advanced global optimization in Julia." Optimization Methods and Software 37, no. 2 (2022): 425-450.
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Function Profile (n=3)
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Function Profile Animation
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Interval Extension (n=3)
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A Tight Interval Extension Rule
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A Tight Interval Extension Rule
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A Tight Interval Extension Rule
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• After conversion, although terms 

become more complex, the 

exponential terms in the numerator 

have been eliminated. 

• Only denominator contains 

exponential terms.1
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A Tight Interval Extension Rule
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McCormick Relaxations
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Parameter Estimation Result
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Scalability
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Conclusions
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➢ Implemented refined eNRTL model for single electrolyte case and generated 

activity coefficients as symbolic expressions using AD.

➢Reformulated problematic multivariate quotient term to significantly reduce 

overestimation of dependency problems.

➢Demonstrated the new rule by solving the parameter estimation problem for 

aqueous NaCl using EAGO. 

➢Currently implementing the multi-electrolyte form and expanding the AD work for 

all other thermodynamic properties

AIChE 2023
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Thermodynamic of Refined eNRTL
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A Novel, Tight Interval Extension Rule
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