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{4 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.

linkedin.com/company/
american-chemical-society

@AmerChemSociety | @AmericanChemicalSociety @amerchemsociety

Contact ACS Webinars® at acswebinars@acs.org
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CUCK » WATCH - LEARN = DISCUSS

Where is the Webinar Recording?

ACS Members w/Premium Package

All Registrants

Watch the unedited recording
linked in the Thank You Email
for 24 hours.

Visit the ACS Webinars® Library
to watch the edited and
captioned recording.
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ACS

A Career Planning Tool For Chemical Scientists Y cremistryforLife”

ChemlIDP 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.

https://chemidp.acs.org °
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Career Consultant Directory W Chemistry for Life®
Find a Career Consultant
Academia Government Industry
W -
Nonprofit Independent Retirement
* 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!
www.acs.org/careerconsulting 6
6
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ACS Career Resources

<ional Development & Education
™ 2

Register for a 2022 Virtual Office Hour
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https://www.acs.org/content/acs/en/careers/personal-career-consulting.html
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https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html

ACS Bridge Program

Are you thinking of Grad School?

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!

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

Email us at bridge@acs.org
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ACS Scholar Adunoluwa Obisesan
BS, Massachusetts Institute of Technology, June 2021

(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

GIVE TO THE

A &~ SCHOLARS
e\ PROGRAM

Donate today at www.donate.acs.org/scholars

':us

ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

NTAS AN
e Q]

Diversity, Equity, Inclusion, and Respect
**Adapted from d

Resources

Inclusivity Style Guide ACS Webinars on Diversity

Inclusion**

m the Ford Foundation Center for Social Justice: Builds a culture of belonging by

actively inviting the contribution
ACS Volunteer and ACS and participation of all people.

ACS Publications DEIR Hub
W L s Meetings Code of Conduct

Diversity**
Th

Every person's voice adds value,
and ACS strives to create balance

Equity**

ower differences. In

ide P

fairness In access to information ethnicity, gender, disal
should be called upon to represent

and resources for all. We believe orient ender identity,

10

C&EN Trailblazers

Quick Guide: Inclusion
Moments

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

this Is only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that vented the

full participation of some groups

national origin, tribe, caste, socio-
economic status, thinking and

tyles,

u nd, and draw on a variety
of perspectives.

an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/content/acs/en/about/diversity.html
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TWENTY-SEVENTH ANNUAL
GREEN CHEMISTRY & A
ENGINEERING CONFERENCE 4%

CLOSING THE
June 13-15, 2023 | Long Beach, CA

Closing the Loop: Chemistry For a Sustainable Future

Call for
Abstracts

Will Open January 2023

ACS Green Chemistry Institute

gcande.org Chemnistry for Life
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REACTIONS

PRODUCED BY THE AMERICAN CHEMICAL SOCIETY

\m\\ TR 7{ 25 oy,
V m\sm\\ S BSs
C \ —— R ) ) :“: |
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https://www.youtube.com/c/ACSReactions/videos
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ACS Sam Jones, PhD

Chemistry for Life® Jo) Science Writer & Exec Producer
/5

Looking for a new science podcast ™
to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
T % I\I :.J’ TO SUBSCRIBE
..:.. visit http://Www.acs.orq/tinvmatters or
MATTE RS scan this QR code
e [m] 32 [m]
& ”

Check out Tiny Matters, from the American Chemical Society.

13

c&en’s
STEREO
CHEMISTRY

Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)

HEMCONVOS

Jess Wade on Wikipedia and The sticky science of why we

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

cen.acs.org/sections/stereo-chemistry-podcast.html
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Heroes of Chemistry

This award is one of ACS’s highest
honors for industry, recognizing
companies which have developed

successfully commercialized products.

NOMINATIONS ARE OPEN
THROUGH FEBRUARY 1.

Amoss o acs.org/heroes | chemhero@acs.org| #HeroesOfChemistry - 4 f;gfy,m .
C

HEMISTRY

15

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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CLICK « WATCH - LEARN +

Thurs., Jan. 26, 2023 | 2:00-3:30pm ET Thurs., Feb. 2, 2023 | 2:00-3:30pm ET Wed., Feb. 8, 2023 | 2:00-3:15pm ET

Designing Polyelectrolyte Coatings  Using Your Chemistry Expertise to Breaking Barriers: Women in Green
Advise Policymakers and Sustainable Chemistry

Co-produced with ACS Division of Polymer Chemistry Co-produced with ACS Student & Postdoctoral Scholars Co-produced with ACS Green Chemistry Institute and the
Development Office and ACS Office of Government Affairs ACS Office of Sustainablity

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

17
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

18
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Electrochemical Wastewater Refining:
Converting Pollutants into Products

WILLIAM TARPEH, PhD MARK JONES, PhD
Assistant Professor of Chemical Creative Director,
Engineering, Stanford University MJPhD, LLC

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

19

Electrochemical Wastewater Refining:
Converting Pollutants into Products

William Tarpeh
January 19, 2023 Stanford | ENGINEERING @TarpehDiem
ACS Webinar Chemical Engineering Tarpehlab.com

20
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Electrocatalysis Electrochemical separations Closing

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

BIOSPHERE INTEGRITY

Pollution 1s nothing but

CLIMATE CHANGE

the resources we are not

9 NOVEL ENTITIES
{Not yet quantified)

harvesting. We allow
them to disperse because
Ty we've been ignorant of

LAND-SYSTEM
CHANGE

their value.
-R. Buckminster Fuller

FRESHWATER USE

ATMOSPHERIC AEROSOL
LOADING
(Not yet quantified)

\CEAN
ACIDINCATION

I o by 80 J. Lokrantz/Azote based on Steffen et al. 2015.

In zone of uncertainty (increasing risk)
B Beyond zone of ncertainty(hgh isk) 21

BIOGEOCHEMICAL
FLOWS

21

Electrocatalysis Electrochemical separations

The nitrogen cycle is overdue for a 215t century redesign.

Natural N cycle: 130 Tg N/yr Anthropogenic N cycle: 170 Tg N/yr

Inert

N|trogen
WWTP
Nutrient Denitrification 85 Lightning 10 Haber-
Removal Storage 45 Bio N fixation Bosch 130

2.3 120 Combustion
40
Reactive
Nitrogen

NO;-, NH,", N,O, NO,..
NO3_ + 10H* + 8e- — NH4+ + 3H20

Data from Fields 2004. Env Health Perspectives

22
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Electrocatalysis Electrochemical separations Closing

Current nitrogen management poses environmental and equity challenges

Equity
119 Mt aqueous N pollution us Mali
$550/tonne N $1106/tonne N
$66k GDP/capita $2.4k GDP/capita

320 Mt CO, emitted

t
L3 °>»\;£’?> §
- A

% !\'ax\

B -, é
D AN
Z( V.
{

)
, iy 7
i / ,§_m;iti(et al., 2020

i
J Comer et al., 201¢

o

Fraction of Land

Image taken by NASA/USGS Landsat satellites Dedicated to Farming

{

23

Electrocatalysis Electrochemical separations Closing

300 T T T T T T 104
- Bl TAN
050 | [ HB NH_-N Production ] . Nitrate
Wastewater-derived N 10
Tomengr 1
200 | o 1024
= =z
S N
Z 150 E 40 |
] | !
= ! I
100 100 i :
|
|
50t 107" = _i
& <\‘§q
_({\\2' ‘Q"\)
- AD
1980 1990 2000 2010 2020 2050 < ®<;\\<'“
Year <
30% of total Haber-Bosch N can be recovered Both ammonia and nitrate-polluted
from fertilizer runoff and municipal wastewater wastewaters present opportunities

24
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Electrocatalysis Electrochemical separations Closing

Treating wastewaters requires money, energy, and chemical inputs.

ITotaI Needs: $ 270,964.2M |

$44,490.1M - $48,002.0M
—$19,185.8M
$51,236.0M —$6,085.2M
B s 2016 MARKET SHARE

$49,607.7M -

SCALE &
CORROSION
INHIBITORS
5.08%

FLOCCULANTS
32.63%

BN - Secondary Wastewater Treatment - 19.3%
[T - Advanced Wastewater Treatment - 18.3%
1II - Conveyance System Repair - 18.9%
IV - New Conveyance Systems - 16.4%
V - Combined Sewer Overflow (CSO) Correction - 17.7%

COAGULANTS
30.43%

B VI - Stormwater Management - 7.1%

[ X - Recycled Water Distribution - 2.2%
g 25
Ftechnavio

25

Electrocatalysis Electrochemical separations Closing

Wastewaters contain valuable chemical resources.

“ A

HEALTH &  pharmaceuticals
LIFESTYLE  Fine chemicals

Food
4 FOOD P

w Performance materials é
o | 3 Fermentation
e | MATERIALS & CHEMICALS Commodity chemicals E
g Fertilizer 5
f
2 TRANSPORTATION FUELS Blohfl:
P
1 rowera Hear i
v

26

van der Hoek et al., Resources, Conservation and Recycling (2016)

26
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Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

What is the most valuable type of wastewater?
* Reverse osmosis concentrate
¢ Municipal wastewater
* Fertilizer runoff
¢ Lithium-ion battery leachate

¢ Geothermal brine

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

27

27

Electrocatalysis Electrochemical separations Closing

Wastewater refining is the next frontier of pollution mitigation.

1E+6 —avmul v uvaanil
Produced brines

Global wastewater value (Billions USD)§

1E+5 Geothermal brine D -

] LIB Leachate ‘ L b
—_ 1 . " Reverse osmosis concentratef
= 1 Hydrolyzed urine—— i
g’ Pulp & paper wastewater
= 1E+4 - [l Inorganic nitrogen (mg-NiL) // -
%) I TOC (mg-CiL) d
[a) { B IC (mg-CiL) A
= 1L |Sulfur (mg-SiL) e

| I Phosphorus (mg-PiL) Dairyflivestock industry wastewater

[ | Potassium (mg/L) ST

_| [ |Magnesium (mgrL) ; 4
1E+3 3| Calcium (mg/L) Iron/steel mill wastewater g
1 I Lithium (mg/L) \
{ B Transtion metals (mgiL)
1/ |Rare earth elements (mg/L) - "-\

1 D?::?;:i?e(ﬁﬁ) Municipal wastewater  Fegtilizer runoff |
= e
1E9 1E11 1E13 1E15

Global flow rate (L/yr) 28

Miller, Abels, Guo, Williams, Liu, Tarpeh, in prep

28
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Electrocatalysis Electrochemical separations Closing

Co-designing catalysis and separations as reactive separations can
achieve wastewater refining using minimal inputs.

Contaminants Commodities
N,O GHG NH; as fertilizer

NO, emissions NH; as precursor
NO;, NO, Other value-added products

Purification

Removal Recovery

Use separations to control catalytic microenvironments
Valorize feedstocks that degrade in quality
Design multifunctional or cascading reactors 29

29

Electrocatalysis Electrochemical separations Closing

Electrochemical Wastewater Refining Tools

Electrochemical Stoichiometric
separations electrochemical conversions
o ® ) |E%O @/%@
2% RN
¢ ThReh,
' ARARSRRRRARR RS,
o © @)

Modular (flexible-scale)
Integration with renewable energy
Facile process control
Replacing chemical inputs with electricity

30

30

15
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Electrocatalysis Electrochemical separations Closing

Envisioning Electrochemical Wastewater Nitrogen Refineries

A) Conventional Electrodialysis B) Electrocatalysis C) Capacitive/lon Insertion

N

Anion Cation lon-insertion
exchange exchange O Product electrode
membrane membrane
: i ; Reduction
Nitrogen Oxidation State NO, + 10H* + 8e- — NH,* + 3H,0
-3 -2 -1 0
Ammonia Hydrazine Hydroxylamine Nitrogen Nitroxyl Nitric oxide Nitrite Nitrate
NH3 N2H4 NHZOH N2 HNO NO NOZ_ NOS—

B —
Oxidation  NHg + 90H- — NOs- + 6H,0 + 8e-

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

31

Electrocatalysis Electrochemical separations Closing

Tarpeh Lab: Designing Reactive Separations + Wastewater Refining

Electrochemical
processes

Selective
Materials

Resource-constrained
communities

Contaminant
fate

32

32
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Electrocatalysis Electrochemical separations Closing

Electrochemical stripping selectively recovers nitrogen from

wastewaters based on charge and volatility.
e~ — f\

IV
A\
) )
OER HER
+ O
Anode Cathode
+
-41-» NH
NHa(g) 4
\/ ]
1
+
-—— e ) - +
NH, » OH"+ NH,"> NHy
Anode Chamber Cathode Chamber Acid Trap Chamber
(Acidifies) (Basifies)
CEM GPM
Ammonium-laden Cation exchange 01MNac) ~ CGaspermeable | ., H,SO,
wastewater membrane membrane 33

Electrochemical separations Closing

Proof-of-concept: Nitrogen is recovered to the trap chamber

Mass N (g)

100 93 o5 -
6= 86
T _ 80+
5- ‘\’\i
i B8 Anode &
.:‘_)’ 60 -
-©- Cathode ¢
w
=7 Trap >
2 40
Q
O
(5}
14
Z 204
0 5 10 15 20 25 0-
- Real Hydrothermal Anaerobic RO
Time (hl') Urine Liquefaction = Digestate Concentrate
Effluent

Tarpeh, Barazesh, Cath, Nelson (2018), Environmental Science & Technology.
Li, Tarpeh, Nelson, Strathmann. (2018). Environmental Science & Technology. 34
Liu, Neo, Tarpeh (2020). Water Research.

34
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Electrochemical separations

Electrodialysis and Nitrate Reduction (EDNR) uses dynamic bias to mitigate
ammonia and nitrate pollution by recovering both as ammonia.

NH; Recovery NH; Synthesis

NH; + HO™ = NH; + H,0 NO3 + 9H™ + 8e~ — NH; + 3H,0

Dynamic Bias

Jinyu Guo,
Matthew Liu, PhD student]
PhD student

35

(1) ()
Intri

Electrocatalysis Electrochemical separations

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

Electrocatalyst structure

. pH
* Species concentration

Chemical composition
Crystal structure

Mass
Restructuring Transport
NO3RR activity and selectivity 3

36
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Electrocatalysis Electrochemical separations Closing

Characterizing an optimal nitrate reduction electrode

* Investigate post NR surface structure with combined spectroscopy and computation
» Control in-situ electrochemical TiH, formation via NR applied potential and duration
+ Identify TiH, as predominant species

A i
Electrolyte s | I
7
'
NO3 \// & 1 I:T:u.ammosm
T | Ti foil
200
&
> 20 .

! | G 222
=~ 2
\ =
S\ &
o ©
127 um Ti Cathode E
=z

N\
N\
\
T T T T T T T T T T 1
25 30 35 40 45 50 55 60 65 70 75 8O
L k Bulk 200)
M. 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) 37

37

Electrocatalysis Electrochemical separations Closing

Characterizing an optimal nitrate reduction electrolyte

e Cation: Na* > K*

« Anion: ClIO - > CI- * pH < 2 is crucial for NR activity
. 4 . . .
» Concentration: 1M >0.1 M and ammonia selectivity
80 00 & —
— E ® 02 *0E
F Q2 = e — <
£ p Cal <
w o 105 = ju 05 =
£ 604 — = £ 60 - =
2 -0.9 g Ef g
5 | V- — — .2 2 :
g {10 2 102
£ 5 £ 5
E 40 1 4 -1i3 % < 40 g
o 4 &) 5 &)
% {-15 E 3 15 5
£ 5 2 IS
2204 @ 20 b=
2 {205 ° 20 §
2 43 2 £ 33 g
25 & 0 25 &
1MKCI  1MNaCl 1M NaClO, 0.1 MNaCIO, pH =24 pH=17
+10mM HNO3 [ |Nitrate removal 1M NaCIO, + 10 mM NOy
[ |Ammonium FE
Ti foil. -1 V vs. RHE ® Ammonium partial current density 38

38
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Electrochemical separations

Applying EDNR to real wastewater treatment

Validation with real wastewater

04

Engineered NR microenvironment

[ | simulated wastewater, averaged
| Il Real RO concentrate

03+

- NR electrolyte: 0.1 MKCIO, > 1MNaClo, = °°
Left chamber pH = 18 before starting NR 1 3.4)((
* NR electrode: Ti > TiH,/Ti 011

« Influent: real RO concentrate (50 ppm

0.0

+ R
NH,* + 85 ppm NOjy) )
Cycle
lon identity NH,* | K* Na* |Ca?* |Mg* |NO; |CI Br S0 | PO
Concentration |49 110 784 | 366 123 |85 1396 |10 1898 |46
(ppm) %

39

- 2)
Electrocatalysis Electrochemical separations Closing

Opportunities and Barriers for Homogeneous Catalysis
for Wastewater Treatment

.Barrlers : Opportunities
L. Reqiues separa_t|o_n _ 1. High product selectivity
2 Mas; transport limitations 5 Wallibfined dctivelste
SR R Tenges 3. Integration with separations

40

40
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Closing

Co-DIM is an ammonia-selective NO;RR molecular catalyst

N .

1,2-Bis(3-
aminopropylamino)ethane

Activation

41

butanedione

Catalysis

Electrocatalysis

1. 2 eq. HBr, 1 eq. Co(OAC),, stir under N,
2. Excess HBr, bubble air
3. Excess HCIO,

»
>

Methanol

)
b

H\
N,
E ."V'Co.c\
SN
/

Performance in real wastewaters

Matthew Liu,
PhD student

Electrochemical separations

Co-DIM

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

tetraazacyclotetradeca-1,3-diene (DIM) ligand

Dean Miller,

PhD student
41

Closing

Substrate titration demonstrates the first-order nature of
NO,;RR on Co-DIM.

0.24
0.0 -
0.22- b
-
-0.5 - 0.20 1 e
— '
Ema- e
1.0 b 7
& $ 0.16 1 A
p= §
£ 15 © 0141 B
< 3 e
%.zo _ 0 mM KNO, & 0127 o
0.10 » -
25 sl
304 0o 1 20 30 s 6 70 80 90
(KNO] (mM)
35 0.1 M KCIO4
- T T T T T 2 mM CoDIM
1.2 08 04 0.0 0.4 0.8 oH 3.7

E (V vs. Ag/AgCl)

Liu, Miller, Tarpeh, in prep

42

Ar-purged and blanketed
Polished glassy carbon (3 mm disk)

Graphite rod counter in glass chamber with porous frit 42
Calibrated 3 M KCI Ag/AgCl reference electrode

21
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Closing

Electrochemical separations

43

1 0 /’//_,—:/
,1 - AR R R 7
NH; (gas)
!
|
| —_
| E
! = 34
1
i
+
H30* + NH; = NH} -5
Cation Exchange Gas Permeable A
Membrane 1 Membrane -6 Without Co-DIM
) With Co-DIM
0.1 MKCl04 Secondary Effluent with Co-DIM Acid Stream
(NO_ rich) -7 T T T T T T T T T
3 -1.2 -1 -08 -06 -04 -02 0 02 04 086

E (V vs. Ag/AgClI)

Co-DIM mediated NO;RR in ECS: 0.344 kwWh/g-N
Conventional NDN + HB: 0.025 kWh/g-N 43

Electrochemical Stripping (ECS)

o D

Electrochemical separations Closing

Electrocatalysis

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

monitoring tool

o

h— ()
h
1.0 T T T T T
DIM ¢ ¢
N {CoOM) . NHg [Co-DIM} 00 ]
o R R e e LD Ls
]t : , o 1
— 7 r 16.67 h
NO3 - : T —~a7 ' 4
= 9 e =
Pyrolytic CEM Pt foil E 208 1
graphite — 54 rs e
= 205 ]
Nitrate-rich. 0.1 MKCIO, = 44 La g
serandary ofluent Qé 504 Increasing
8.08mM Co-DIM O, 34 3 Zos concentration_|
2
* Actual from Electrolysis,
1 14 1 0.1 1
0 - - - - [1] 0.0 T T T T T T
0 1.5 hr 3hr a5hr 16.67 hr 450 500 550 600 650 700 750 800
L Wavelength (nm)
o 3 hours .
£ 4.5 hours 16.67 hr [Co-DIM] from FOWA 16.67 hr [Co-DIM] from UV-Vis
2., 16.7 hours 6.73 £ 0.45 mM 6.22 mM
8.2% error
3
Catalyst deactivation is one contributing factor to

06 08
Overpotential (V)

44

1 12

performance losses in real wastewaters

44

22



1/19/2023

Electragatalysis Electrochemical separations Closing

Wastewater composition influences NO;RR activity
more than selectivity.

0 2 4 6 8 simpiiedww | STUAS ] gea v
2 30
T r T T r
Simplified PA WW Nitrate Ammonia Selectivity Ammonia FE Nitrale Removal Nitrate Conversion
15 R - - (mg NIL) 28 28 28 (%) (%) (%) Rate (umol cm? h)
C(':r']‘;'l'l‘_’)e 217 242 228 L 100 1
Bicarbonate
mgll) 84 79
High Fidelity Simulated PA WW £ ?:Z?S 106 102 + 75 | 075 |
1% g Sodi
odium
5 mall) 120 120
g Potassium 20 2 B 50 [ 05
£ (mg/L)
0 Z
Magnesium
Real PAWW (mg/L) - 36 36
3 o 25 025 -
Calcium
mgll) 76 77
Nitrate
: AN pH 6.50 8.55 8.30
m— Nitrate Removal
PH (with 8 I simplified ww [l High fidelity simulated Ww [BIlll Real WW/
mM Co- 3.06 3.42 358
0 2 4 6 8 DIM)
Experiment time (h) 45

45

Electro;atalysis Electrochemical separations Closing

Takeaway: Molecular catalysts can be characterized and

integrated in reactive separations that treat real wastewater.

\'\—6'@
oo et
:‘EC o e

Activation Catalysis Performance in real wastewaters
Co-DIM activates by NO;RR catalysts can be Quantifiable catalyst degradation
outer sphere electron benchmarked and contributes to transient activity
transfer characterized in ECS loss in electrolysis

46

46
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Intro Electrocatalysis Electrochemical separations Closing

Electrochemical Wastewater Refining Tools

Electrochemical Stoichiometric
separations electrochemical conversions
o ® ® IJ;;. @%@
0\/'0\0 Q O' Jz;.,}f g
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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

Adsorbent Regenerative Membrane
Adsorbent
Bases/

. - acids .

O
Oh) ' Q,

Nitrogen Oxidation State NO,~ + 10H* + Be- —» NH,* + 3H,0 Reduction
-3 -2 -1 0
Ammonia Hydrazine Hydroxylamine Nitrogen Nitroxyl Nitric oxide Nitrite Nitrate
NH, NzHs NH,OH Nz HNO NO NO;~ NOy~

—p
Oxidation  NHz + 90H- — NO;~ + 6H,0 + 8e~
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Electrocatalysis

Criteria of an ideal resin for selective aqueous separations
® o O

Capacity
_ Selectivity e Mg
PP

Loaded B i
adsorbent @

Fresh adsorbent = .

49

Regenerability
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Electrochemical separations

&
Electrocatalysis

Selectivity depends on the material and solution.

Observed selectivity: majority of sites
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Tarpeh et al. 2017, Environmental Science & Technology
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Transition metal-loaded resins can achieve selective
nitrogen recovery.

Metal wn, Selective N u

. . 3
Loading - l Adsorption |

a\& wr K /'\f'\ Brandon Clark,
/_ O\vr'o PhD student
eak Acid Cation
Exchanger= WACG N)
4 +
3/M2 electlvel_N
High PurltyNa TO (rec
N Products Sodium Iminodiacetate
Resin=SIR

Clark and Tarpeh (2020), Chemistry: A European Journal
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Intro Electrocatalysis Electrochemical separations

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

TAN and K* concentration

Optimal

Complex as leaving
group for ion exchange

Ammonia as weak base Ligand exchange
(a) R (b) R (c)
A A:;L/K+ . A ‘#_/K* K
o~ HaN ~au . 7
070 NG HaN:. 070 i,
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/N AN
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Clark and Tarpeh (2020), Chemistry: A European Journal Shifts depending on resin mass per solution volume
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Metal-loaded resins achieve unprecedented nitrogen selectivity without
sacrificing capacity.
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Clark and Tarpeh (2020), Chemistry: A European Journal B
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Resin-mediated pH control enhances adsorption efficiency and minimizes zinc elution.
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Adsorbent regeneration i
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s a critical part of material and

Closing
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Sulfuric acid dominates energy and
greenhouse gas emissions.!

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
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decentralized installations.3
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Electrochemical separations Closing

147 e Anolyte
124 & Catholyte
Hang (Lucas) T e
Dong, Postdoc ]
T 8
lon exchange pretreatment Regenerant production Y
urine | S
0 T T d
N 0 20 40 60
Time (min)
HPO,? £ 1501
’ 4= NH,* @
) 4 E ~70% capacity
F
o 100
— £ W RS N
Z
=]
Discharge § 504
(&}
2
=l

Dong, Wei, Tarpeh (2020), Water Research.
Dong, Wu, Liu, Tarpeh (2021), Chemical Engineering Journal
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1st 2nd 3rd

Cycle

Electrochemical regeneration can reduce energy
and chemical inputs for adsorption.
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Intraparticle diffusion path length and diffusivity
dictate regeneration kinetics.
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Dong, Wu, Liu, Tarpeh (2020), Chemical Engineering Journal. 57
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ey Step @
Electrlfled Ion' Ammonium removal by ion exchange resins (no electricity)

exchange stripping i |
(EXS) for nitrogen Anode Middle Cathode|| Trap

recovery from urine -

Treated urine 4 WAC Effect of operating

discharge potential

Step 9 %

Resin regeneration & ammonium recovery (with electricity)
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Effect of proton ode Middle Cath;de ;r:;i
production mechanism J‘I
@« W NH.

GPM |

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.
E!EOOG — T
£ 5000F, ¢ iNHs
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+ Ongoing: regeneration of ammonium-loaded metal-ligand exchangers
« Future: applications to phosphate for combined N and P recovery 59

59

3

Electrocatalysis Electrochemical separations Closing

Electrochemical Wastewater Refining Tools

Electrochemical Stoichiometric
separations electrochemical conversions
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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.
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Any useful statement about the future
should at first seem ridiculous. -Jiz Dator

NH
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Activation Catalysis
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