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UCONN TECH PARK

Centennial Professor, UConn Department of Chemical & Biomolecular Engineering
Executive Director, Connecticut Center for Applied Separations Technology
Deputy Topic Area Lead for the National Alliance for water Innovation
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U G U N N I SCHOOL OF ENGINEERING

qndustrial Experience and Awards A @Cientific Service and Accolades
*  Global Water Summit Technology Idol Winner *  Member of the Connecticut Academy of Sciences and
*  Faculty entrepreneur and startup founder Engineering (CASE)
*  3M Nontenured Faculty Award *  President, North American Membrane Society (NAMYS)
*  Young investigator awards from DuPont and Solvay *  Area Chair and Separations Division Director, American
*  Technical Group Leader of a university spinout Institute of Chemical Engineers
*  Consultant for companies ranging from startups to Fortune « EPA Early Career Award
500 companies on membrane technology *  FRI/John G. Kunesh Award for Separation Science
*  Scientific Advisory Board member for several startups »  Editorial Board of Journal of Membrane Science and
Manage rapidly growing contract R&D organization ) U Desalination
: )
Academic Performance
* 100+ refereed articles
* 6 issued/pending patents
* 100+ invited seminars, keynotes and webinars National Alliance for Water Innovation
* 200+ conference presentations o
*  $12M+ in external funding A I ‘ h E
*  Director of REU Program APPLIED SEPAR ATIONS TECHNOLOGIES
e 10 PhD students graduated )
* Manage 10 student researchers and staff 20 0l il N
Ml EE = EE =

NORTH AMER ICAN MEAMBRANE SOCIETY
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What we dO ™. UCONN TECH PARK

We serve the State of Connecticut by identifying opportunities
to implement membrane and other advanced separation
technology into various industrial and manufacturing
processes in order to lower energy use, reduce carbon
footprint, limit waste, and prevent adverse environmental and
health impacts.
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Opportunities for Separations Technology ™. UCONN TECH PARK

CUTTING COSTS

Chemical separations account for about half of US industrial
energy use and 10-15% of the nation's total energy consumption.
Developing alternatives that don't use heat could make 80% of
these separations 10 times more energy efficient.

Commercial
199%

Transportation
289,

TOTAL

Relative Energy Consumption

US ENERGY
CONSUMPTION
QUADS*
Residential . % Industrial
21% g 32%

Sholl, D., Lively, R.P., “Seven Chemical Separations to Change the World”, Nature 532,
2016, 435-437

There is a demand to move away from carbon-intensive thermal separations to

electrically driven processes
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Oak Ridge National Laboratory. Materials for Separation Technologies: Energy and Emission Reduction Opportunities (2005)



Our Capabilities ™.\ UCONNTECH PARK

PPE/ Mask
CONNECTICUT CENTER FOR
Test| ng j APPLIED SEPARATIONS TECHNOLOGIES

Bench scale RO

Using bench- to element-scale testing equipment, we can perform testlng and 3" party evaluation of new technologies and applications
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Membrane Manufacturing Capabilities s ucowrectean

We can fabricate membranes at small scale for testing and technical diligence

SFhIatt Hollow Nanofiber Printed Thin Film
ee '
Fiber Composite Scaled up

electrospinning/electrospraying
¥ i |

UG ONN | scroor o encineerine | UCONN | researct 6



Develop, Demonstrate & Deploy Separation

Technologies across Various Industrial Sectors

UCONN TECH PARK

Manufacturing
* (Gas separations
* Wastewater
Energy recovery and
storage

Oil & Gas

Produced waters

* Oil removal
* Brine dewatering

/

Agriculture
Biofuels
* Wastewater
Anaerobic digestion
Food processing

4

CO, removal

Food and Beverage
Dewatering
* Clarification
Process water

g

s/

Utilities and Power

* @Gas purification

Energy storage

e Water reuse

g

U G U N N l SCHOOL OF ENGINEERING

N/~ Healthcareand

Pharmaceuticals
* Drug purification
* Molecular separation /

testing
Wastewater

Separation Expertise

Membrane Technology (Organic &
Inorganic & Mixed Matrix)
Membrane Modules and Systems
Liquid Separations

Gas Separations / Vapor
Permeation

Particle Separations in Gas/Liquid
Separations for Energy Efficiency
and Production
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Services Offtered by CCAST ™ UCONN TECH PARK

. Contract research and specialized consulting

. 3" party validation of new technology

* Pilot-scale demonstration system desigh and
fabrication

* Customized membrane and process testing
services

* Membrane fabrication and characterization

* New product testing and evaluation

* Modification of existing products for new
applications
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Access to UConn Infrastructure B UCONN TECH PARK

UConn Utility Plant Wastewater Reuse Facility Water Pollution Control Rankin Lab — UConn
e ‘ P ‘ Facility Seawater Intake Facility

* 25 MW power plant * Upto 1M MGD UV/MF * Upto 2.1 MGD processing °* 2,400 square foot facility
* GTCC plant with steam tertiary treatment capability * 250 GPM raw seawater
boiler makeup and cooling * Typical operation at * Primary and secondary supply
water demand 400,000 GPD treatment * 16 GPM filtered seawater
* Largest water user on * Water sent to power plant * Chlorination/dechlorination supply
campus for boiler makeup and * 600 square foot dry lab for

* Softening and deionizing cooling water research and small classes.
water process train
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UCONN TECH PARK

Core Manufacturing Technology:
Membrane Additive
Manufacturing

UCONN | scHooL or encineerina UCONN | researc 10



Electrospray Additive Manufacturing

UCONN TECH PARK

'Needle
Tunable parameters

Substrate . Flow rate

= \Voltage

= Tip to drum distance
Tip configuration
Viscosity

Surface tension
Electrical conductivity

Rotating drum

V.

A

Ae—

Controls

Thickness
Chemistry
Morphology

UNIVERSITY OF

UBUNN | CONNECTICUT

CONNECTICUT CENTER FOR APPLIED SEPARATIONS
TECHNOLOGIES (CCAST)

U G U N N I SCHOOL OF ENGINEERING

MEMBRANES

3D printed polyamide membranes
for desalination

Magsud R. Chowdhury', James Steffes®, Bryan D. Huey”, Jeffrey R. McCutcheon'

Polyamide thickness and roughness have been identified as critical properties that affect
thin-film composite membrane performance for reverse osmosis. Conventional formation
methodologies lack the ability to control these properties independently with high
resolution or precision. An additive approach is presented that uses electrospraying to

Science

deposit monomers directly onto a substrate, where they react to form polyamide. The small RVARAS
AA

droplet size coupled with low monomer concentrations result in polyamide films that are
smoother and thinner than conventional polyamides, while the additive nature of the
approach allows for control of thickness and roughness. Polyamide films are formed with a
thickness that is down to 4 and a roug as low as

2 nanometers while still exhibiting good permselectivity relative to a commercial
benchmarking membrane.

un United States
uz Patent Application Publication (o) Pub. No.: US 2021/0339207 Al
Chowdhury et al. (43) Pub. Date: Nov. 4, 2021

(54) SMOOTH POLYMER MEMBRANES AND
ELECTROSPRAY PRINTING METHODS OF

Publication €lassfication

711 Applic

(&) Pro
28

o United States
2 Patent Application Publication (o, Pub. No.: US 2022/0226783 Al
Alexion e al. (3 Pub. Date: Jul. 21, 2022

(361 ABDITIVE MANUFACTURING OF
SELE-ASSEMBLED POLYMER FILMS

i
Barh w2
o iz

BALD 6118
conr 2w
p 1126

First additive manufacturing process
demonstrated to make membranes at

scale
11



Customized Membranes for Water Treatment ™ UCONN TECH PARK

* We can apply this process to making UGUNN TEXAS Argonneé

membranes with tailored properties UNIVERSITY OF CONNECTICUT o

* Targeted removal of specific contaminants

* Multiple research and commercialization A L \ : .
Jeffrey Mayur Ying Li Manish Jamie Yuepeng

efforts with collaborators from UT Austin, McCutcheon s onien - Jamie .
(P1)

Virginia, Argonne National Labs, and industry />,
* ~3M+ in total funding < NAL

ZwitterCo MEMBRANES

MF'D' .'I'MC

Z..“. Winner of the 2019 Water
— Ponmers or monomers can Technology Idol Fu ndlng
. . . . Competition at Global
be deposited into thin films Water Summit

, Rotating drum to offer customized
: chemistries

_NBWL

nal Alliance for Water In

\ation
i UGONN | researcy 12
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Printed Membranes for Biogas Upgrading ™. UCONN TECH PARK

Pebax-1657 PIM-1 HKUST

UEUNN ILLINOIS |N5T|TUTE‘EJ}.

UNIVERSITY OF CONNECTICUT

OF TECHNOLOGY

s

N
9
\ 4

wcusT- P, £ 3 oo ) __—ﬂ 80 TITITETTTITETTTEIITTIr O & s
Chioroform = u L — S
t L ] = L T u . qe
TFC i vorage ¥ 70 o = i ¢ ¢ . Jeffrey Noah Ferguson  Mayur Ostwal Sameh Elsaidi
Whles “..‘;‘I'I:;:’:ﬂ'.". S : 4 McCutcheon
= —— 260 : : (PI)
850 : '} + :
b L] = : =
o L Yo America’s
PiM-1, polyy . k=) : u
Uniform distribution ='30 = '_é_ .
of nanoparticles 8“ . "
O 20 ;.......................: .
HKUST-1 10
Our Membranes SBIR.STTR
= 0 10 20 30
PAN 400 porous support CO, Gas Permeance Units (GPU)

* We are using our manufacturing technology to make best in class
membranes for biogas upgrading and carbon capture
e ~S300k in total funding

UGUNN | scHooL oF ENGINEERING o UCONN | research 13




Low Cost lon Exchange Membranes UCONN TECH PARK

PN \\Vﬁ

il
= KN
MEDSA SASS UCONN UNIVERSITY ONIVERSITY OF
Hy  HN UNIVERSITY OF CONNECTICUT TIRGINIA South Crolla
\©/ /, OH /, O + , : I‘ :_ ,' -

Conventional Polyamlde RO Sulfonated Amine Monomers
Membrane Recipe (to add fixed charges to the polyamide matrix)

Jeffrey Geoff Geise Bill Mustain

McCutcheon
oA Printed ion exchange
membranes could be 10 Funding
less expensive than
el

conventionally

Fuel cells and Electrodialysis manufactured membranes
electrolyzers

€hce & Te chnom%

I
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Conflict of Interest Statement M UCONN TECH PARK

The Director of CCAST is an equity owner of a faculty affiliated
company at the University of Connecticut that is seeking to

commercialize technology related to some of the work described in
this talk.
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UCONN TECH PARK

Other Federally Funded Projects

UCONN | scHooL or encineerina UCONN | researc 16



Decarbonization of Wastewater Treatment with _

UCONN TECH PARK

MLA Controlled Anaerobic Digestion

Maximize value
ﬁ of products \9\
Internal Monitoring l(— e e g v
"s'-.ng MEA - Mixing, amendments, temperature, flow U E U N N
(temperature, pH, ne ra g Greater Lawrence

SRIORIE, 108 SCHOOL OF ENGINEERING Rl Sanitary District
Gas '

|
Solids
Value: Biosolids for
fertilizers, minerals
4 Biomass
Y

* Anaerobic co-digestion is an effective means of recovering value from food waste and
domestic wastewater

* We are usincF machine learning to develop control strategies to maximize value of products
created by digestion while reducing climate-related life cycle costs of wastewater treatment

e $2.4M in total funding
UG ONN | scroor o encineerine UCONN | researcs 17

Biogas
Value: Gas/Energy

-

Influent Sludge:
Value: Tipping Liquid
Value: water,

ammonia, VFA (quality, quantity, . . B
composition Jeffrey Baikun George Ranjan Matthew Ned Cheri Cousens
McCutcheon Li Bollas Srivastava Stuber Beecher (Municipal
(P1) (co-P1) (co-PI) (co-PI) (co-Pl) (co-PI) Collaborator)

I
I
I
I
I
I
I
I
1
I
I
I
I
I
: Fees
I
I
I
I
I
I
I
I
I
I
I
I
I
I




Printing lon-selective Membranes for Sensors

UCONN TECH PARK

Solid-State lon Selective Membrane Sensor (S-ISM) pE A,

- S-ISM \T\A’ v

UCONN

UNIVERSITY OF CONNECTICUT

Carbon electrode
Electrospray

Drop-casting

oy —~ High
- " 1.05 + 0.14 pm o o
— *va S ik : g ‘Sta?llltf\
. #
Time Ting Dr. Baikun Li Yuankai Huang Dr. Yingzheng Fan
100 um (_:;1 1 4
lonophore & o
= 1( . . / 2 o 8 Fast
= r*-;,-, = - | _ response
Q& » ¥ sdsm Time T
v
Stable long-term
Water layer g
a wastewater monitor
g | n—
Carbon electrode Carbon electrode
Time Time

New sensors cost pennies to make and offer 50% improved response time
without loss of sensitivity

Fan, Y., Qian, X., Wang, X., Funk, T., Herman, B., McCutcheon, J.R., Li, B., “Enhancing long-term
accuracy and durability of wastewater monitoring using electrosprayed ultra-thin solid-state ion
UCONN | scrooL or encineerine selective membrane sensors”, Journal of Membrane Science 643, 2022, 119997.
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Harnessing the Sun for Solar Desalination ™ UCONN TECH PARK

* We are developing ceramic membranes that enable solar-drive
desalination

e Partners: Fraunhofer, Oak Ridge National Labs, National
Renewable Energy Laboratory, Artic Solar, University of Texas, El
Paso, Kay Bailey Hutchinson Desalination Plant, Rauschert North
America, ALSYS

e $1.1M Project Funded by the DOE Concentrated Solar Program

* S$300k in prize money for the American Made Challenges Program

* S750k in potential prize money for next prize phase

Funding

w
*
AMERICAN

MADE

CHALLENGES

UCONN | researcs 19

U G U N N I SCHOOL OF ENGINEERING



|
UCONN TECH PARK

Examples of Industrial Client
Projects

UCONN | scHooL or encineerina UCONN | researc 20



Capturing Carbon Dioxide to Make Fuel ™. UCONN TECH PARK

Client: Prometheus Fuels
Location: Santa Cruz, CA

e Mattershift is a former
UConn TIP Company

* Mattershift spun out
Prometheus Fuels, the
country’s first carbon
neutral electrofuels

1
N
L l ‘
\\- .“ ;—,ﬁ
WL b

unicorn SCIENCE ADVANCES | RESEARCH ARTICLE
MATERIALS SCIENCE | J—
* We are evaluati Ng their Large-scale polymeric carbon nanotube membranes
with sub-1.27-nm pores
m e m b ra n e te C h n O | Ogy Robert L. McGzinnis,1 Kevin Rezimund,l'z Jian Rer;,z Lingling Xia,? Maq;ud R. Chowdhl;ry,2
e X hao Sun,” Maritza Abril,” Joshua D. M ,~ Melanie M. Merrick,” J Park,
fo r p e rfo r m a n Ce I n Klej:ir:i :?Stl:\;ens,grjle?‘farey ; Mt:‘é:t::j;eon,2 T;::my I;.aFnrleeeman;rrlc e Rob McGinnis aims to use renewable

energy to turn carbon dioxide and water into gasoline

other areas

By Robert F. Serviee, (0 San Fronss s Calpfme Phodrrenhy by LiPo Ching
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Using Membranes to Help Premature Babies ~ s uconnTect parx

WVCIETY

Client: Mother’s Milk is Best, Inc.
Location: Boston, MA

ﬁ We helped develop a new membrane
% Beth Shinkel devices that will gently dewater human
Elizabeth Nelson breastmilk so that it can be ingested by
premature babies.

Osmotic
dewatering of
breastmilk
enabled by
membrane
pouches

Good sealing!

S35k in total funding
$100k pending

UG ONN | scroor o encineerine UCONN | researcn 22



Verifying Client Marketing Data ™ UCONN TECH PARK

Client: Mott Corporation

Location: Farmington, CT ,
e Evaluated Mott’s porous

metal filter technology to
ensure their marketing
materials were accurate

e Custom built test stand
with automated data
collection

e Continuing work to better
characterize their filter
media for particle removal
efficiency and cleaning
potential.

UG ONN | scroor o encineerine UCONN | researcn 23



Building Systems to Test New Technology ™ UcoNN TECH PARK

Client: Henkel
Location: Rocky Hill, CT . .
. | * Built a pilot-scale reverse

: [R—1 .
i osmosis process to evaluate
§ ool i
s new membrane products
. = * Automated test rig providing

long term testing of
membranes rejection and
productivity

e Evaluate fouling potential of
new membrane materials

UG ONN | scroor o encineerine UCONN | researcn 24



UCONN TECH PARK

Mask/Materials Data and Testing

Fabric Testing on TSI 8130A by br Mayur Ostwal of CCAST

Penetration Mode, 100cm?® Membrane Area*, 2% NaCl
* All tests performed with 100cm2, except N95 Mask

UCONN | 2ienee:

CONNECTICUT

CONNECTICUT CENTER FOR APPLIED SEPARATIONS
TECHNOLOGIES (CCAST)

Not reproducible without permission of CCAST

Please email mayur.ostwal@uconn.edu about testing

Material

Layers

I Flow rate of 32Tpm
I Flow Rate of 85 Ipm

% Efficiency

N95, New & NIOSH Certified

Non-Medical Mask - Internally Procured Brand 1
Non-Medical Mask - Procured at Gas Station
Non-Medical - Internally Procured Brand 2
Non-Medical Mask - Provided by R&D Center

Cotton, Flannel 100%

Cotton T-shirt, 100%, Used

Cotton (95%) + 5% spandex

Cotton (60%) + 40% Polyester, Used Bedsheet

Cotton (60%) + 40% Polyester, T-shirt

1

N95 Requirement Greater Than - - >
50 60 70 80 90 101

UNIVERSITYOF

UGUNN CONNECTICUT

CONNECTICUT CENTER FOR APPLIED SEPARATIONS
TECHNOLOGIES (CCAST)

Mask, Respirator & Filter Testing

The Connecticut Center for Applied Separations Technologies (CCAST) is offering mask, respirator, and
filter testing services in Storrs, Connecticut. These services can evaluate the performance of PPE as well
as other filter media intended for air and gas filtration.

Mask and respirator evaluation are performed using a sodium chloride (NaCl) or dioctyl phthalate (DOP)
aerosol challenge test. This is based on the National Institute for Occupational Safety and Health (NIOSH)
testing protocol. These tests provide quantitative comparison to N95 and other standards using the NIOSH
standards.

The NaCl aerosol test uses a widely accepted method of challenging mask or respirators with NaCl aerosol
and measuring particle retention and air flow resistance. The DOP test is used to evaluate particle retention
and air flow resistance properties for a variety of filtration materials such as high efficiency particulate air
(HEPA) filters.

CCAST offers these tests using a commercial automated filter tester (TSI Filter Tester Model 8130A) and an
in-house built testing rig. The automated tester can test masks and filter media according to NIOSH
protocols while our customized testing rig offers customized “rough cut” testing for large particle sizes (300
nm and above) following NIOSH procedure.

Our testing service pricing is provided in the table below, with NIOSH certified testing offered alongside
customized testing services. Discounted rates are available for State of Connecticut Government
Organizations and healthcare/first responder agencies. If you are interested our services, please contact
Jeffrey McCutcheon, Executive Director of CCAST, at jeffrey.mccutcheon@uconn.edu. For more
information on the other services provided by CCAST at UConn, please visit our website at
https: .uconn.ed

Test Costs
With TSI Instrument
Basic Material Test' $515
. NIOSH NaCl & DOP Test’ $2,766
Coffee Filter Hourly Equipment Usage Cost $142
With Customized Material Tester
NaCl & DOP Test" $470

U G U N N I SCHOOL OF ENGINEERING

* Performing standard penetration NIOSH tests on one batch of sample material (useful for materials under development or with unknown
e“iency)

< standardized NIOSH test which requires 20 masks or 20 sample materials

.ith minimum of 8 hours & inclusive of labour

U c D N N | RESEARCH
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UCONN TECH PARK

Outreach

UCONN | scHooL or encineerina UCONN | researc 26



Industrial Workshop on Separations Technology B vconmireE e

We hosted a WorkShOp BT — ¢ BB 1 S - WATER DESALINATION REPORT
on industrial Separatlons "y el R THO N gen 7 e ORI

technology on
September 27, 2019

85 attendees from 60
separate businesses and
entities

Overwhelming supﬁort

from attendees to have

another workshop ﬁ
‘ ‘_\_/:-::.: *“"--:.\;.‘\ . i g ac .{S,e

Featured speakers from ppr) B gase (| (nopor s P ° =

Sta rtu pS to Fortu ne 500 - - G,E CrossTek A Ex¢onMobil §% United y

s 00l : . Technologies
compames Booly ¢ \LSYSix oy, TR Hazen oo nina - @ E
“““““““““““““““““““ ) EVOQUA W | sizraoes stuma
nd nel: (Y seteen » [ g DeSEER O
AN A aeva WG MR . KeKOCH
e | e A L 2 3M 2
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Past and Future Events / Outreach ™. UCONN TECH PARK

1. Invite-only Industrial Separations Workshop in Storrs: 85 attendees

1 u . I ot t. )
from 60 separate businesses and entities, September 2019 e

2. Upstream Oil & Gas Luncheon Roundtable in Houston, December
2019

3. WaterVent 2029 at Storrs CT, Which is an internat.ional.st.art up & Technislogy Innayations ThetAddress Wate]
investor matching forum, April 2020 (postponed indefinitely due to = Wastewater Challenges in Upstream O&G
Luncheon Roundtable
COVID-19 outbreak)

4. M emb rane Innovati OnS LunChe On inVite O nly Roundtabl e in B 0 StO n’ December 4th | 11:00 am to 3:00 pm | Barclays, 609 Main Street, Suite 3300, Houston
with BarClays & Marzarine, April 2020 (postponed due to COVID-19 o ————
outbreak)

An invite-only roundtable for executives and investors focused
on hardware and software technologies that enable improved
performance, risk mitigation and promote sustainability in O&G

11:30 am: Welcome and introductions

12:00 pm: Lunch

12:15 pm: Three 15-minute moderated discussions:
1) Technology trends, 2) Interviews with
four early-stage technology CEOs, and

5. 2" Industrial Workshop on Separations Technology (April 17-18, T
Storrs, CT) g%ogpt;n;: :Vtzozdg onandconclusions

Inquiries/RSVP: John Robinson (Mazarine),
ShtD(B\y)dShYg(F unhofer)

6. Connecticut Green Tech Venture Summit (planning post-COVID)
planned with New England Water Environment Association

MAZARINE & BARCLAYS Z Fraunhofer

s organized by Mazarine Ventures, Barclays, and Fraunhofer USA.

UG ONN | scroor o encineerine UCONN | researcn 28



Work with us!

UCONN TECH PARK

Contact us:

Jeffrey McCutcheon

Director of the Connecticut
Center for Applied Separations
Technology
jeffrey.mccutcheon@uconn.edu

Visit our website:

WWWw.ccast.uconn.edu

CONNECTICUT CENTER FOR
APPLIED SEPARATIONS TECHNOLOGIES

U G U N N I SCHOOL OF ENGINEERING

Our Team

Our Funding

UCONN | research
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