Advanced industrial wastewater Reuse and Resource Recovery Technology
: Summary

Expansion technical applications area to brine and energy reduction and resource recovery

for efficient and economical reuse of advanced industrial wastewater
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o Electrodialysis (ED)
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® Energy saving Technology @ High-Purity Industrial Water Production Technology
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Advanced industrial wastewater Reuse and Resource Recovery Technology
: @ Wastewater Recycling : Energy Reduction technology MABR Process

[0 MABR(membrane aerated biofilm reactor) Process
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-Specialized for nitrogen removal compared to other - utilizing existing facilities (Installation MABR module in existing pre-denitrification tank)
Advantages . . ” -
biological processes - Increasing Removal Efficiency by up to 30%
Note - Multiple case studies. -Commercialized in 2016, applying in two overseas locations - Research on

applicability to advanced industrial wastewater is underway.
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W Chung(2024) Enhanced nitrogen removal from high-strength ammonia
containing wastewater using a membrane aerated bioreactor (MABR).
Membrane and Water Treatment, 15(2), 59-66.

B Chung(2025) An innovative MABR-MBR integrated A2/02 system for
treating high- ammoniacal nitrogen containing wastewater, Journal of

Membrane Science, Under Review




Advanced industrial wastewater Reuse and Resource Recovery Technology
: @ Wastewater Recycling : Energy Reduction technology MABR Process

[0 MABR(membrane aerated biofilm reactor) Process

: A study on microalge-bacterial biofilm based MABR for simultaneous CO, sequestration, emerging pollutants and resource
recovery following wastewater treatment
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Advanced industrial wastewater Reuse and Resource Recovery Technology
: ® Wastewater reuse technology : MBR or Development Pre-Membrane Fouling Prediction Technology

[0 MBR(membrane bioreactor) Process

: Chung(2024) Predicting membrane fouling in membrane bioreactor systems using viscosity. Journal of Environmental

Management, 370
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Direct Causes of Membrane Fouling
=2 AP=JxuxR;
(AP: Transmembrane pressure, J: Flux, y: Viscosity, Rt:
Resistance)
Lab Test Results
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Advanced industrial wastewater Reuse and Resource Recovery Technology
: @ Resource technology (Semiconductor, Second-Battery): Crystallizer Resource Recovery Process

¢ Crystallizer for resource recovery ¢ Study case: Crystallization system for CaF, resource recovery
® Overview % F removal efficiency : 97% (F 300 ppm > 9.6 ppm), CaF, purity: 90%
= Fluidized bed crystallization (FBC) is an advanced and efficient technology designed for the removal ® Design drawing of FBR reactor ® Optimal operating conditions (RSM)
and recovery of pollutants. such as fluoride and phosphate. from industrial wastewater. This process
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converts valuable ions into their crystalline form by reacting them with appropriate chemicals to e Ny, BT T
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Reactor setup:
= Fill the fluidized bed reactor with silica seed materials.
= Ensure proper connection of inlet and outlet ports for influent and recirculation flow.

® SCI paper
Ope:am'mnl pmamt"tel A % A B % - Optimization of Calcium Fluoride Crystallization Process for Treatment of High-Concentration Fluoride-
. Xsm F"’Wfk,i’,'e' Ma;)tam'al consistent upflow velocity to ensure proper fluidization and uniform Containing Semiconductor Industry Wastewater, International Journal of Molecular Sciences (2024)
spersion of silica seed particles.
. P by ) sdd 111) tiemicsl Z g o 3 £ ble i in th - Process Intensification for Enhanced Fluoride Removal and Recovery as Calcium Fluoride Using a
Beagent Dosing: Add the chemical agent in proportion;tg;the concentration‘of reusable jons!in;fhe Fluidized Bed Reactor, International Journal of Molecular Sciences (2024)

influent.
pH Control: Adjust and maintain the pH to optimize crystallization on the silica seeds.
Silica Seed Support: Ensure uniform distribution of silica seed materials to promote effective
nucleation. ® Patent
* Crystal Formation and Recovery: Monitor the growth of crystals on the silica seeds for uniformity.
Once the crystals reach a sufficient size for reuse, discharge them from the reactor’s bottom and recycle
them as a resource. - System and Method of recovering high purity calcium difluoride particles (10-2023-01-86845)
| * Treatment Monitoring: Analyze effluent samples for residual fluoride to assess treatment efficiency.

- Fluoride removal from wastewater and potential for resource recovery, Environmental Engineering Research
(2024)

- Crystallization reaction apparatus of Calcium fluoride (10-2023-01-86845)




Advanced industrial wastewater Reuse and Resource Recovery Technology
: ® Resource Recovery (Secondary Battery): High-purity Gypsum Recovery Process
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Advanced industrial wastewater Reuse and Resource Recovery Technology
Q : ® Resource Recovery Technology (Semiconductor, Secondary-Battery): BPED Process

X Electrodialysis :Using DC voltage as the driving force to selectively separate ions based on their charge

O Bipolar-membrane electrodialysis, BPED
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Advanced industrial wastewater Reuse and Resource Recovery Technology

: @ Wastewater Recycling technology: CDI Process

© CDI (Capacitive Deionization)
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® Selective Ca?* Removal through surface
modification of activatd carbon

® Urea removal through surface modification of
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W Chung(2025) Selective adsorption of calcium and
magnesium ions for capacitive deionization by surface
modification on porous carbon electrodes, Water

Research, In Preparation.
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