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Questions or
Comments?

“Why am I muted?” 
Don’t worry. Everyone is 
muted except the Presenter 
and the Host. Thank you 
and enjoy the show.

Type them into the
questions box!

www.acs.org/acswebinars
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Chat
Announcements and

hyperlinks from our team
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linkedin.com/company/
american-chemical-society@amerchemsociety@AmericanChemicalSociety@AmerChemSociety

Let’s Get Social!
Follow the American Chemical Society on Twitter, Facebook, 
Instagram, and LinkedIn for the latest news, events, and 
connect with your colleagues across the Society.

Contact ACS Webinars® at acswebinars@acs.org

www.acs.org/acswebinars
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Where is the Webinar Recording?

All Registrants
Watch the unedited recording 
linked in the Thank You Email 

for 24 hours.

www.acs.org/acswebinars

ACS Members w/Premium Package

Visit the ACS Webinars® Library 
to watch the edited and 

captioned recording.
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5https://chemidp.acs.org

A Career Planning Tool For Chemical Scientists

ChemIDP is an Individual Development Plan 
designed specifically for graduate students and 
postdoctoral scholars in the chemical sciences. 
Through immersive, self-paced activities, users 
explore potential careers, determine specific skills 
needed for success, and develop plans to achieve 
professional goals. ChemIDP tracks user progress 
and input, providing tips and strategies to 
complete goals and guide career exploration.

6www.acs.org/careerconsulting

Career Consultant Directory

• ACS Member-exclusive program that allows you to arrange a one-on-one appointment with 
a certified ACS Career Consultant.

• Consultants provide personalized career advice to ACS Members.

• Browse our Career Consultant roster and request your one-on-one appointment today!
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ACS Career Resources

https://www.acs.org/content/acs/en/careers/personal-career-consulting.html

https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html

If you are a student from a group underrepresented in the chemical sciences, we 

want to empower you to get your graduate degree!

The ACS Bridge Program offers:

• A FREE common application that will highlight your achievements 

to participating Bridge Departments

• Resources to help write competitive grad school applications and 

connect you with mentors, students, and industry partners!

Are you thinking of Grad School?

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org

ACS Bridge Program
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ACS OFFICE OF DEIR
Advancing ACS' Core Value of Diversity, Equity, 

Inclusion and Respect

Resources

https://www.acs.org/content/acs/en/about/diversity.html
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acsgcipr.org

https://www.youtube.com/c/ACSReactions/videos 12
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cen.acs.org/sections/stereo-chemistry-podcast.html 14
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ACS Industry 
Member Programs

• ACS Industry Matters

ACS member only content with exclusive 
insights from industry leaders to help you 
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

• ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about 
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Designing Polyelectrolyte Coatings

Thurs., Jan. 26, 2023 | 2:00-3:30pm ET

Co-produced with ACS Division of Polymer Chemistry

Using Your Chemistry Expertise to 
Advise Policymakers

Thurs., Feb. 2, 2023 | 2:00-3:30pm ET

Co-produced with ACS Student & Postdoctoral Scholars 
Development Office and ACS Office of Government Affairs

Breaking Barriers: Women in Green 
and Sustainable Chemistry

Wed., Feb. 8, 2023 | 2:00-3:15pm ET

Co-produced with ACS Green Chemistry Institute and the 
ACS Office of Sustainablity

18

THIS ACS WEBINAR® 

WILL BEGIN SHORTLY…

🖐 Say hello in the 
questions window!

www.acs.org/acswebinars
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Creative Director, 
MJPhD, LLC

MARK JONES, PhD

Electrochemical Wastewater Refining: 
Converting Pollutants into Products

This ACS Webinar ® is co-produced with ACS Industry Member Programs.

Assistant Professor of Chemical 
Engineering, Stanford University

WILLIAM TARPEH, PhD

Electrochemical Wastewater Refining: 
Converting Pollutants into Products 

William Tarpeh 

January 19, 2023

ACS Webinar

@TarpehDiem
Tarpehlab.com

19

20



1/19/2023

11

21

Pollution is nothing but 

the resources we are not 

harvesting. We allow 

them to disperse because 

we've been ignorant of  

their value.

-R. Buckminster Fuller

J. Lokrantz/Azote based on Steffen et al. 2015.

Conventional chemical extraction, manufacturing, and disposal have 
exceeded planetary boundaries. 

1
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Electrochemical separations
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Closing
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The nitrogen cycle is overdue for a 21st century redesign.

Lightning 10 

Bio N fixation 

120 

Denitrification 85 

Storage 45

Inert 

Nitrogen

N2

Reactive 

Nitrogen

NO3
-, NH4

+, N2O, NOx… 

Natural N cycle: 130 Tg N/yr

Haber-

Bosch 130

Combustion 

40 

WWTP 

Nutrient 

Removal 

2.3

Anthropogenic N cycle: 170 Tg N/yr

Data from Fields 2004. Env Health Perspectives
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Current nitrogen management poses environmental and equity challenges

23
Image taken by NASA/USGS Landsat satellites

119 Mt aqueous N pollution US

$550/tonne N

$66k GDP/capita

Mali

$1106/tonne N

$2.4k GDP/capita

Smith et al., 2020

Comer et al., 2019

Environmental Equity

320 Mt CO2 emitted
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Wastewater nitrogen can substantially offset Haber-Bosch

24

Both ammonia and nitrate-polluted 

wastewaters present opportunities 

10 Mt N/yr

12 Mt N/yr

30% of total Haber-Bosch N can be recovered 

from fertilizer runoff and municipal wastewater
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Treating wastewaters requires money, energy, and chemical inputs. 

25

Total=100

Water

Legend
20%

CA Energy
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Wastewaters contain valuable chemical resources. 

26
van der Hoek et al., Resources, Conservation and Recycling (2016)
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What is the most valuable type of wastewater? 

* If your answer differs greatly from the choices above tell us in the questions window!

• Reverse osmosis concentrate

• Municipal wastewater

• Fertilizer runoff

• Lithium-ion battery leachate

• Geothermal brine 

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Audience Survey Question

Wastewater refining is the next frontier of pollution mitigation. 

28

Miller, Abels, Guo, Williams, Liu, Tarpeh, in prep
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Co-designing catalysis and separations as reactive separations can 
achieve wastewater refining using minimal inputs. 

29

Commodities

NH3 as fertilizer

NH3 as precursor

Other value-added products

Contaminants

N2O GHG 

NOx emissions

NO3
-, NO2

-

Electrocatalytic 
Reactor

Purification Capture 

Use separations to control catalytic microenvironments

Valorize feedstocks that degrade in quality

Design multifunctional or cascading reactors

Removal Recovery
Refining
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Closing

5

Closing

Electrochemical Wastewater Refining Tools

30

Electrocatalysis

Electrochemical 

separations

Stoichiometric 

electrochemical conversions

Modular (flexible-scale)

Integration with renewable energy

Facile process control

Replacing chemical inputs with electricity
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Envisioning Electrochemical Wastewater Nitrogen Refineries

Tarpeh and Chen. Environmental Science & Ecotechnology (2021). 

1
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Closing
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Tarpeh Lab: Designing Reactive Separations + Wastewater Refining

32

Contaminant 

fate

Resource-constrained 

communities

Electrochemical 

processes
Selective 

Materials 
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Electrochemical stripping selectively recovers nitrogen from 
wastewaters based on charge and volatility. 

33

+

I/V
e−

–

Cathode Chamber

(Basifies)
Anode Chamber

(Acidifies)

Acid Trap Chamber

CEM

Cation exchange 

membrane

GPM

Gas permeable 

membrane

NH4
+

NH4
+

Anode Cathode

0.1 M H2SO4
Ammonium-laden 

wastewater

OER HER

0.1 M NaCl

OH- + NH4
+
→ NH3(aq)

NH3(g)
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Proof-of-concept: Nitrogen is recovered to the trap chamber

34
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Tarpeh, Barazesh, Cath, Nelson (2018), Environmental Science & Technology. 

Li, Tarpeh, Nelson, Strathmann. (2018). Environmental Science & Technology.

Liu, Neo, Tarpeh (2020). Water Research.  
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Electrodialysis and Nitrate Reduction (EDNR) uses dynamic bias to mitigate

ammonia and nitrate pollution by recovering both as ammonia.

𝐍𝐎𝟑
− + 𝟗𝐇+ + 𝟖𝐞− → 𝐍𝐇𝟑 + 𝟑𝐇𝟐𝐎

NH3 Synthesis

𝐍𝐇𝟒
+ + 𝐇𝐎− ⇌ 𝐍𝐇𝟑 + 𝐇𝟐𝐎

NH3 Recovery

35

Matthew Liu, 

PhD student

Jinyu Guo, 

PhD student

Dynamic Bias 
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Both sides of the electrocatalyst-electrolyte interface influence 
electrochemical activity and selectivity. 

36

NO3
-

Mn+

Az-

H+

NO3RR activity and selectivity 

Electrocatalyst structure

• Chemical composition

• Crystal structure

Electrolyte properties

• pH

• Species concentration

Reaction microenvironment
Initial structure

Final structure

Restructuring

Bulk composition

Interfacial 

composition

Mass 

Transport 
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Characterizing an optimal nitrate reduction electrode

37M. J. Liu, J. Guo, A. S. Hoffman, J. H. Stenlid, M. Tang, E. Corson, K. H. Stone, F. Abild-Perdersen, S. R. Bare and W. A. Tarpeh, JACS (2022). 

2 hr 4 hr 6 hr 8 hr

-0.6 VRHE

-0.8 VRHE

-1.0 VRHE

• Investigate post NR surface structure with combined spectroscopy and computation

• Control in-situ electrochemical TiH2 formation via NR applied potential and duration

• Identify TiH2 as predominant species 

127 µm

Bulk

Surface

GIXRD
2–200 nm

XAS
5–10 nm

DFT
10 Å

Ti Cathode

NO3
−

NH3

Electrolyte
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Characterizing an optimal nitrate reduction electrolyte

38

• Cation: Na+ > K+

• Anion: ClO4
- > Cl-

• Concentration: 1 M > 0.1 M

• pH < 2 is crucial for NR activity 
and ammonia selectivity 

+ 10 mM HNO3

Ti foil, -1 V vs. RHE
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Applying EDNR to real wastewater treatment

Engineered NR microenvironment

39

• NR electrolyte: 0.1 M KClO4 → 1 M NaClO4,

Left chamber pH = 1.8 before starting NR

• NR electrode: Ti → TiH2/Ti 

• Influent: real RO concentrate (50 ppm 

NH4
+ + 85 ppm NO3

-)

3.4×

Validation with real wastewater
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Opportunities and Barriers for Homogeneous Catalysis 
for Wastewater Treatment

Barriers
1. Requires separation

2. Mass transport limitations

3. Scaling up challenges

40

Opportunities
1. High product selectivity

2. Well-defined active site

3. Integration with separations
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Co-DIM is an ammonia-selective NO3RR molecular catalyst   

41

Co-DIM
Co center at 2,3-dimethyl-1,4,8,11-

tetraazacyclotetradeca-1,3-diene (DIM) ligand 

butanedione 
1,2-Bis(3-

aminopropylamino)ethane

+

1. 2 eq. HBr, 1 eq. Co(OAc)2, stir under N2

2. Excess HBr, bubble air

3. Excess HClO4

Methanol

Matthew Liu, 

PhD student

Dean Miller, 

PhD student
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Substrate titration demonstrates the first-order nature of 
NO3RR on Co-DIM. 

42

0.1 M KClO4

2 mM CoDIM

pH 3.7

Ar-purged and blanketed

Polished glassy carbon (3 mm disk)

Graphite rod counter in glass chamber with porous frit

Calibrated 3 M KCl Ag/AgCl reference electrodeLiu, Miller, Tarpeh, in prep

1

Intro

2

Electrocatalysis

3

Electrochemical separations

4

Closing

5

Closing

41

42



1/19/2023

22

Reactive separations highlight benchmarks for wastewater refining

43

Co-DIM mediated NO3RR in ECS: 0.344 kWh/g-N

Conventional NDN + HB: 0.025 kWh/g-N

Electrochemical Stripping (ECS)

1

Intro

2
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Electrochemical separations

4

Closing
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3 hours

4.5 hours

16.7 hours

Foot-of-the-wave analysis can also be used as an in situ catalyst 
monitoring tool

44

16.67 hr [Co-DIM] from FOWA

6.73 ± 0.45 mM

16.67 hr [Co-DIM] from UV-Vis

6.22 mM
8.2% error

Increasing 
concentration

16.67 hr

Catalyst deactivation is one contributing factor to 
performance losses in real wastewaters
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Wastewater composition influences NO3RR activity 
more than selectivity. 

45

Simplified WW
Simulated 

WW
Real WW

Nitrate

(mg N/L)
28 28 28

Chloride

(mg/L)
217 242 228

Bicarbonate

(mg/L)
- 84 79

Sulfate

(mg/L)
- 106 102

Sodium

(mg/L)
- 120 120

Potassium

(mg/L)
- 20 20

Magnesium

(mg/L)
- 36 36

Calcium

(mg/L)
- 76 77

pH 6.50 8.55 8.30

pH (with 8 

mM Co-

DIM)

3.06 3.42 3.58
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Takeaway: Molecular catalysts can be characterized and 
integrated in reactive separations that treat real wastewater. 

46

Co-DIM activates by 

outer sphere electron 

transfer

NO3RR catalysts can be 

benchmarked and 

characterized in ECS

Quantifiable catalyst degradation 

contributes to transient activity 

loss in electrolysis
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Electrochemical Wastewater Refining Tools

47

Electrocatalysis

Electrochemical 

separations

Stoichiometric 

electrochemical conversions

Modular (flexible-scale)

Integration with renewable energy

Facile process control

Replacing chemical inputs with electricity
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Separations play critical roles in electrochemical wastewater refining

48
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Criteria of an ideal resin for selective aqueous separations

49

Capacity

Loaded 

adsorbent

- -
-

-

-
-
-
-

H+

NH4
+

H+

H+

H+

NH4
+K+

NH4
+

NH4
+

NH4
+

H+
H+

H+

H+

H+

NH4
+

Na+

NH4
+NH4

+

NH4
+

H+

Regenerability 

Fresh adsorbent

-
-

-

-

-
-

-

-

H+

H+

H+

H+

H+

H+

H+

H+

-
-

-

-

-
-

-

-

Selectivity
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Selectivity depends on the material and solution. 

50

Observed selectivity: majority of sites 

occupied by N due to urine composition

Intrinsic selectivity: equimolar solutions

Tarpeh et al. 2017, Environmental Science & Technology

N-selective adsorbents
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Metal 

Loading
Selective N 

Adsorption

Selective N 

RecoveryHigh Purity 

N Products

Transition metal-loaded resins can achieve selective 
nitrogen recovery. 

Clark and Tarpeh (2020), Chemistry: A European Journal

Weak Acid Cation 

Exchanger=  WACG

Sodium Iminodiacetate 

Resin= SIR

Brandon Clark, 

PhD student
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TAN and K+ concentration

Ammonia as weak base

Complex as leaving 

group for ion exchangeLigand exchange

(b)(a) (c)

Low Optimal High

Achieving selectivity with ligand vs. ion exchange introduces an 
optimal concentration range. 

Clark and Tarpeh (2020), Chemistry: A European Journal Shifts depending on resin mass per solution volume
52
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Metal-loaded resins achieve unprecedented nitrogen selectivity without 
sacrificing capacity. 

Clark and Tarpeh (2020), Chemistry: A European Journal

N-selective adsorbents

53

WACG

SIR
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Resin-mediated pH control enhances adsorption efficiency and minimizes zinc elution. 

Clark, Gilles, Tarpeh (2022), ACS Applied Materials & Interfaces 54
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Adsorbent regeneration is a critical part of material and 
process design. 

55

1. Kavvada, Tarpeh, Nelson, Horvath (2017), Environmental Science & Technology

2. Tarpeh et al. (2018), Environmental Science: Water Research & Technology

3. Tarpeh et al. (2018), Development Engineering 

Sulfuric acid dominates energy and 

greenhouse gas emissions.1

Regenerant concentration influences 

product concentration and volume.2

Regenerant dominates cost in 

decentralized installations.3

1

Intro

2

Electrocatalysis

3

Electrochemical separations

4

Closing

5

Closing

Electrochemical regeneration can reduce energy 
and chemical inputs for adsorption. 

56

Hang (Lucas) 

Dong, Postdoc

Dong, Wei, Tarpeh (2020), Water Research.

Dong, Wu, Liu, Tarpeh (2021), Chemical Engineering Journal 
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Intraparticle diffusion path length and diffusivity 
dictate regeneration kinetics. 

Dong, Wu, Liu, Tarpeh (2020), Chemical Engineering Journal.

VS.

Intraparticle diffusion path length

57
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Electrified ion-

exchange stripping 

(EXS) for nitrogen 
recovery from urine

Effect of proton 
production mechanism

Effect of operating 

potential

Effect of electrolyte 

composition

Effect of resin 

functional groups

Dong, Laguna, Liu, Guo, Tarpeh (2022). Environmental Science & Technology. 
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EXS exhibits selective, tunable separation of ammonia from real urine. 

59

• Ongoing: regeneration of ammonium-loaded metal-ligand exchangers

• Future: applications to phosphate for combined N and P recovery 
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Electrochemical Wastewater Refining Tools

60

Electrocatalysis

Electrochemical 

separations

Stoichiometric 

electrochemical conversions

Modular (flexible-scale)

Integration with renewable energy

Facile process control

Replacing chemical inputs with electricity
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Wastewater refining can achieve element-specific circular economies. 

Electrochemical Ammonia Sensors

Chemical Production from Desalination Brine

Mu, Wang, 

Tarpeh (2020), 

ACS Sus. 

Chem. 

Electrochemical-Adsorption Phosphorus Recovery

Dong, Wei, Tarpeh 

(2020), Water 

Research

Dong, Wu, Liu, Tarpeh 

(2021)

Chem Eng. J. 

Nitrogen-Selective Adsorbents

Clark and Tarpeh (2020), Chem. Eur J. 

Clark, Gilles, Tarpeh (2022), ACS App. Mat. 
Lalwani et al., (2021)

AIChE Journal  

Lithium Recovery from 

Spent Batteries

61

Machala*, Chen*, Bunke* et al. 

Submitted
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wtarpeh@stanford.edu

Tarpehlab.com

Questions?

63

TarpehDiem @tarpeh.lab
63

Any useful statement about the future 

should at first seem ridiculous. -Jim Dator
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ABOUT TO BEGIN!

Keep submitting your questions 
in the questions window!

www.acs.org/acswebinars
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ACS Industry 
Member Programs

• ACS Industry Matters

ACS member only content with exclusive 
insights from industry leaders to help you 
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

• ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about 
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub
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www.acs.org/acswebinars
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Designing Polyelectrolyte Coatings

Thurs., Jan. 26, 2023 | 2:00-3:30pm ET

Co-produced with ACS Division of Polymer Chemistry

Using Your Chemistry Expertise to 
Advise Policymakers

Thurs., Feb. 2, 2023 | 2:00-3:30pm ET

Co-produced with ACS Student & Postdoctoral Scholars 
Development Office and ACS Office of Government Affairs

Breaking Barriers: Women in Green 
and Sustainable Chemistry

Wed., Feb. 8, 2023 | 2:00-3:15pm ET

Co-produced with ACS Green Chemistry Institute and the 
ACS Office of Sustainablity
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Edited Recordings
are an exclusive benefit for ACS Members with the 
Premium Package and can be accessed in the 
ACS Webinars® Library at www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to 
chemistry professionals at all stages of their careers, presented 
by top experts in the chemical sciences and enterprise.

Live Broadcasts
of ACS Webinars® continue to be available free to 
the general public several times a week generally 
from 2-3pm ET. Visit www.acs.org/acswebinars to 
register* for upcoming webinars. 

*Requires FREE ACS ID

www.acs.org/acswebinars
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ACS Webinars® does not endorse any 
products or services. The views expressed in 
this presentation are those of the presenter 
and do not necessarily reflect the views or 
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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