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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.



mailto:acswebinars@acs.org
http://www.acs.org/acswebinars

1/25/2023

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
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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
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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
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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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CONGRATULATIONS POLY MEMBERS RECEIVING

-4

ACS Award in Polymer
Chemistry

ACS Awardin

ACS Award in Applied Chromatography

Polymer Science

ACS Awardin
Colloid Chemistry

N Christopher A. Pohl
Mark W. Grinstaff

)
N
N
ACS Awardin
Pure Chemistry
JuliaA. Kalow
- Northwestern University

Kathryn C. Hach
Award for
Entrepreneurial Success

Joanna Aizenberg Karen I. Winey

CAP Chromatography

Consulting Harvard University

Boston University University of Pennsylvania

Arthur C. Cope Late
Career Scholars Award

Arthur C. Cope Mid-
Career Scholars Award

E. V. Murphree Award
in Industrial and
Engineering Chemistry
Vincent M. Rotello Javier Read de Alaniz |
QinghuangLin
University of
Massachusetts at Amherst

University of California,
Santa Barbara

Lam Research Corp.

Ronald Breslow Award for
Achievementin
Biomimetic Chemistry

Priestley Medal

CatoT. Laurencin

Philip J. Wyatt Laura L. Kiessling
University of Connecticut

Health Center

Wyatt Technology Corp. MIT

https://polyacs.org

THE ACS DIVISION OF POLYMER CHEMISTRY

BENEFITS EXCLUSIVE TO POLY MEMBERSHIP:

v' Eligibility for awards Alerts for academic, national lab, and industrial job opportunities
shared through the POLY list serve

v Networking and professional development events at local/national ACS meetings and
local POLY/PMSE chapters.
Industrial scientist support and networking through IAB (Industrial Advisory Board)
Polymer science-related conferences and workshops advertised through the POLY list serve

Online educational webinar and webshop series covering cutting-edge polymer research

Opportunity to vote for the executive committee (annually)

Recognition for membership (5th, 10th, 20th, and 30th anniversaries)

™

A N N NN

Student support — student awards, student symposia, career panels at ACS meetings,

Join us today!  swortforstudentchapters

The first year of v An excellent support group for building strong networks in the polymer community!
membership is free.

https://polyacs.org -

18
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Chemistryfor Life‘p CLICK « WATCH « LEARN + DISCUSS

Thurs., Feb. 2, 2023 | 2:00-3:00pm ET Thurs., Feb. 8, 2023 | 2:00-3:15pm ET Thurs., Feb. 9, 2023 | 2:00-3:00pm ET

Using Your Chemistry Expertise Breaking Barriers: Women in Green 10 More Tips for Publishing in
to Advise Policymakers and Sustainable Chemistry ACS Journals
Co-produced with ACS Student & Postdoctoral Scholars Co-produced with the ACS Green Chemistry Institute Co-produced with ACS on Campus and ACS Publications

Development Office and ACS Office of Government Affairs

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

20
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Designing Polyelectrolyte Coatings:
Coacervates, Assemblies, and Complex Materials

é

SARAH L. PERRY, PhD JAIME C. GRUNLAN, PhD RONG YANG, PhD

Associate Professor, Department of
Chemical Engineering, University of
Massachusetts Amherst

Assistant Professor, Cornell Atkinson Center
for Sustainability, Robert Frederick Smith
School of Chemical and Biomolecular
Engineering, Cornell University

This ACS Webinar ® is co-produced with the ACS Division of Polymer Chemistry.

21

Molecular Engineering of Polyelectrolyte
Complex Materials

.0 (J .
® Active
R ORBOBROE .
B OOBROORE ® Materials
44 *.*.*.* 44 *. ﬁ

DOSBAOOODE

+ 444"

Sarah L. Perry

University of Massachusetts Amherst

11



1/25/2023

Inspiration: Phase Separation in Biology

. B ]
In vivo Membraneless Organelles/Biomolecular Condensates

= Phase separation of intrinsically disordered
proteins and RNA

= Can selectively sequester specific enzymes
during periods of stress

P granules

Nucieoli

* Need to understand the basic physics
controlling these systems

* Can we design analogous materials?

23

An associative phase separation resulting from electrostatic
complexation of polyelectrolytes

Polyelectrolyte Complexation

* Soluble complexes

* Complex coacervation
— Drug delivery
— Food and personal care
— Adhesives

* Precipitated solid complexes

Hoffmann, Perry et al., Soft Matter, 2015, 11, 1525.
Meng, Schiffman, Perry, Macromolecules 2018, 51, 8821. Patel et al., Cell, 2015, 162(5), 1066.

24

24
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Preparing Coacervates

Salt

solution

Poly(glutamate)

1/25/2023

Polyanion Polycation Coacervate

in water in water suspension

Mix

v

ONa
cle)

Poly(lysine)

25

Controlling Coacervation: Charge Stoichiometry

Turbidity

0.07

--O-- No Salt
—e— 100 mM NaCl
0.06 -
0.05 -
0.04 -
0.03 -
0.02 -
0.01 - L
IS SRRt o ;\
______ =i t‘:ﬁ@@ - 0* ONa
0.00 + ot T el s
T . T . T CRES : NH,CI ee
0.0 02 04 06 08 10 ® 0
Mole Fraction pLys (mol/mol) Poly(lysine)  Poly(glutamate)

* Maximum complexation = charge stoichiometry

 Salt screening facilitates coacervate formation

26
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Coacervate Stability: Salt-Polymer Interactions

0.10
0.08
P 3 3 i n
= High salt destabilizes L
-g the phase separation |G TEa
F 0044

NH,CI
® 0
o)

A,
DJ‘ONa

o
Pon(qutar%ate)

Poly(lysine)

0.02 - ‘\
0.00 4 ¥ .iigt

v 1 v 1 v 1 v 1
0 1000 2000 3000 4000
NaCl Concentration (mM)

Perry, et al., Polymers, 2014, 6, 1756.

jk‘ AL C1°S ; 27
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Charge Patterning and Phase Behavior

Charge patterning

000000, 00000000000.0000 0 VR
408 5 mM y
No Coacervales 28pm
500 - = s = . .
EE\_ = Patterning modulates phase behavior
RN | ” without changing composition.
% 300 — =
B 5 CREEEREEERRREEEEERREEEEER
20200 M
= = L 500 - = =2
© o
tD'IOO—_ O s 4 ooiv :0‘ o 1=4
omit 2] _ E 4001 |, Vo s 1=8
05 & NEEERR c 11w A v e =16
1322 =4 _fﬂr S 300d b 2 L. voe =24
[e) Block Size g - o e s Ve Prof. Charles
n ) S 1 ™ 2. A ve Sing (UIUC)
e 20041 = = A ve
WH n & {te----- e A ve
o o i ue A ve
= 100 |,
ONa ® ] o
— " NH-CI 0 o® 0—& m e A vv”_A i .
Dr. Li-Wei Chang, Jon Vélez ® 39 T T T T L} T
0 200 400 600 800 1000 1200 1400 Dr-™ertyte
Chang, Lytle, Radhakrishna, Madinya, Vélez, Sing, Perry, Nature Comm. 2017, 8, 1273. Polymer Concentration (mM)
28

28

14



1/25/2023

Charge Patterning - Thermodynamics
I Bl
Condensed counterions spread nearly uniformly along chain for small T

=4 coéogoogoogoosogggcgogooogo@oooo
= 16880880 H000000008 B LB e BEe00000000
=4

Condensed counterions cluster near charged blocks for large T
6 t=2
0
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Counterions condense differently
on different patterns

—TAS (kJ/mol)

N
(&}

Chang, Lytle, Radhakrishna, Madinya, Vélez, Sing, Perry, Nature Comm. 2017, 8, 1273.

INassAmbers

29

29

More Complex Patterns

Lytle, Chang, Markiewicz, Perry, Sing, ACS Central Science, 2019, 5, 709.

IMassAmbhers 30|

15
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More Complex Patterns

T T T T T T T T T T T T T T T T T T T
600F 2 o 4 5
‘}wﬁgf‘u’fn N ]
500 - -
o ONa é
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¢
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Charge Fraction (f,)

Lytle, Chang, Markiewicz, Perry, Sing, ACS Central Science, 2019, 5, 709.

T T T T T T T T ]
0.08 I polyampholyte o =24 06 F O polyampholyte
® T=28 O homopolyelectrolyte
> e T=32 — i |
= e =3 s 0°
0.06 "-__:-.___ ® 40 -
Prof. Charles ik ® T=48 8 0.4
Sing § = —— c
s - 358 8
0.04 |-~ 1 Q03
0
[}
o
= 02
0.02 3
0.1
Jason Madinya
0.00 u 0.0
0.00 0.02 0.04 0.06 0.08 0.10
. *p .
charge-sign charge-sign charge-sign
interface interface interface Blockiness iS key fOf
00 %0 o 000 © o0 00®e® self-coacervation. Phase

separation occurs for 7 < 16.

exterior block interior block interior block exterior block

Madinya, Chang, Perry, Sing, Mol. Syst. Des. Eng. 2020, 5, 632-644.

JMassAmber:
32
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Effects of Salt on Complex Coacervation

Hgfw_giggg Series 15
e ; =
& +\£f% +’! ® 5@&} S 10
¢ @’ L Cogee 2]
gs! e&ﬁ ﬂ ti & .Qaé 3
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S
£-10
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2
Waakly hyd¥etes . Strong-hydrated 2-20-
' -
Water/salt interactions control phase -30 -
behavior and rheological properties

mm_ 32

The Need for Protein/Biomolecule Encapsulation

e = .
g Y
o ’ .’ '-
7T oA " .
rh.- \'
p MO Tteell, P granules
HO

McGuf‘fee and Elcock, Plos Comp. Biol, 2010, 6, e1000694. Taylor et al., Soft Matter, 2016, 12, 9142.

34
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Charge Neutrality and Ternary Coacervation

1.0

Ishifted Peak o Protein

0.8 -
:' o
= e
S 06-
>
2 044
5 |
|—
0.2 -

0.0 ‘]
0.0 0.2 0.4 0.6 0.8 1.0
oot whitney Charge Fraction Polymer(+) (mol/mol)

Blocher McTigue
Blocher McTigue and Perry, Soft Matter, 2019, 15,3089.  Samples prepared in 10 mM HEPES, pH 7.0

25 ® (O]
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_ ’LtE!OTE' ® +® ®
I £ » hy
L 15 &
L 10| 8
o
- - o
- 0.5]
- [ 00l &
--0.0m
Y

0.0.0 0.0.2 0.40.4 0.6 0.60.8 0.81.0 1.0
Eharge Fraetien Polyfri() (mol/mol)

Blocher McTigue and Perry, Soft Matter, 2019, 15,3089.  Samples prepared in 10 mM HEPES, pH 7.0
36
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Encapsulation Scales with Protein Charge

BSA Lysozyme
pl 5.5 pl 11.7
Increasing L 100 Increasing| 100
,\1 000 Charge s < ,\1 000 Charge <
! - ~ ! | ~—
E _ 80 ? ; _ 80 ?
8 100 L 60 g 8 100 L 60 g
(&) - E (&) - E
S - 40 W £ - 40 W
£ 10 i g 2 10 i g
t L 20 ] t - 20 i
o LT & a 1
1 0 1 0
6 7 8 6 7 8
pH pH

Blocher McTigue and Perry, Soft Matter, 2019, 15, 3089.

,~|»|~.~.~i,-"~|-|~”,~.~.1~,|~n~,~|ﬂm|~|\,~|~|~|~|\|~|»|—|~,~.~q,~.».~.~|»|~,~",

= Uptake is facilitated by charge clustering

= Diffuse surface charge enables uptake, but is
less sensitive to design parameters

Blocher McTigue and Perry, Soft Matter, 2019, 15, 3089.
g(r) calculations performed using PDB: 3V03 for BSA and 1DPX for lysozyme, 2A resolution for integration.

38
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Charge Patchiness and Charge — Applying these Design Rules

o <

Net Charge
pH 7.0
BSA 55 -15.3 66.4
Hemoglobin 9.0 2.8 64.5

39

Charge Patchiness and Charge — Applying these Design Rules

Net Charge q .
p! O R Net charge and charge patchiness
BSA 55 -15.3 66.4 promote encapSU|ati0n
Hemoglobin 9.0 2.8 64.5
Chymotrypsin 9.7 3.0 51.0

)
3

4.0y

40
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Protein Encapsulation vs. Peptide Charge

- 1000
N —_
~)n\('g/\u')'n 5
Yo
e Hg 100
o} H o
Lysozyme ‘)?(’g/\ﬁ%" c
pl 11.7 o 10
Sy E
Tt
q . . ©
Encapsulation is dominated by [fa¥ 1

competition between protein

and peptide charge ++/-- ++[- H-- /-

Peptide System

Blocher McTigue and Perry, Soft Matter, 2019, 15,3089.  Samples prepared in 10 mM HEPES, pH 7.0

MassAmbers a1
41

Encapsulating Viruses

Nucleic Related Human
Acid Viruses

Capsid ‘ Family

Porcine
parvovirus
(PPV)

Non- Parvoviridae | ssDNA | 18-26 | ~5.0 B-19 human

enveloped parvovirus “prof. Caryn

Heldt (MTU)

Bovine Viral
Diarrhea Enveloped | Flaviviridae SSRNA 40-60 - Hepaititis C
Virus (BVDV)

Dr. Xue Mi

Mi, Blocher McTigue, Joshi, Bunker, Heldt, Perry, Biomaterials Science, 2020, 8, 7082.

42|

42
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Selective Virus Encapsulation
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0.8
.. . . L. 07
Turbidity shows evidence of two distinct 06 ] 2
populations s 05
. pe . 2 0-4-_ '.."
Quantification methods only measure 2 03 A %‘
. . . S 024 S Y
infectious virus "] g
Possible purification strategy oo T . B
Rhodamine- 0%harge-Fractiori Polyn?é?(ﬂ (mdlslmol) !
labeled BVDV 100
T 80
;’ ]
£ 60
§ ]
& 40+ “'-.
> 1 Y
% 20 Y]
0_- -|- T |-:"

.0 0.2 0.4 0.6 0.8 1.0
Charge Fraction Polymer(+) (mol/mol)
Mi, Blocher McTigue, Joshi, Bunker, Heldt, Perry, Biomaterials Science, 2020, 8, 7082.

43

43

Uptake and Stabilization of PPV

—~ 9
- Solution
£ 8 1 ---m--- Coacervate
3 7
- m.
-
s 61 "=
6 5 R
g 'i' -------------- E. ................. 3§
>
Coacervate environment
can stabilize biomolecules

1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Days of Treatment at 60°C

Mi, Blocher McTigue, Joshi, Bunker, Heldt, Perry, Biomaterials Science, 2020, 8, 7082.

44
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Summary: Molecular Design of Material Environments

Understanding the self-assembly and phase behavior
of coacervation is critical for its utility and translation

= Charge patterning dictates phase behavior

Design of materials affects protein/cargo uptake

Interplay between phase behavior and rheology

Effective functional materials

* Control interactions through chemistry
* Design materials for specific applications

Dye Free

45

e ——
Postdocs:

* Dr. Vanda Liadinskaia (Univ. Twente)

* Dr. Priyanka

* Dr. Pankaj Pandey

* Dr. Mingjun Zhou (Yantai Univ.)

Grad Students:
* Prof. Whitney Blocher McTigue (Lehigh)
* Julia Bonesso Sabadini (UNICAMP)
* Nicholas Bryant (MacDermid)
* Dr. Li-Wei Chang (Regeneron) Undergraduates:
* SeungBo Hong * Yaozu Chen
* Dr. Yalin Liu (Henkel) Umme Habeeba
* Dr. Zoey Meng (UCSB) Nickolas Holmlund
* Isaac Ramirez Marrero Arjun lyer
* Diwakaran Rathinam Palaniswamy Mayayi Izzo
* Sarthak Saha Rachel Maher
* Arvind Sathyavageeswaran Shannon Mclintosh

CMMI: 1727660 ACS I PRF Dr. Shuo Sui (Pfizer) Emily Ng
CBET: 1804177 \\ ’/ Juanfeng Sun (Complete Genomics) Jon Vélez
DMR: 1905559 $\ //4 Yimin Sun (WuXi STA) Timothy Wheeler
DMR: 2118788 S Xianci Zeng Henry Xu
jk‘ Y/ Tromy | R 46
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POLYELECTROLYTE-BASED COATINGS
FOR FIRE AND FOOD PROTECTION

Jaime C. Grunlan

DEPARTMENT OF MATERIALS SCIENCE AND ENGINEERING,
DEPARTMENT OF MECHANICAL ENGINEERING,
& DEPARTMENT OF CHEMISTRY
TEXAS A&M UNIVERSITY

ACS Webinar — 26 January 2023 A I‘ M

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu)

Copyright © 2020 by Jaime C. Grunlan

47
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| TEXAS A&M Texas A&M University

TOP 10

TEXAS A&M

GRADUATE ENGINEERING
RANKED IN TOP 10

A

Copyright © 2020 by Jaime C. Grunlan

TEXAS A&M UNIVERSITY

Engineering

Overall, U.S. News & World Report g

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu) 49

49

L TEXAS A&M Jaime Grunlan’s Research Thrusts

Scientific Pillars:

ssPolyelectrolyte complexation / assembly
“*Polymer-nanoparticle interactions
s*Water-based processing

“*Renewable chemistry

50

Nature Rev. Mater. 2020
ACS Mater. Lett. 2020
ACS AMI 2018
J. Mater. Sci. 2017
Adv. Mater. Interf. 2015
Advanced Materials 2011
ACS Nano 2009

Adv. Mater. Interf. 2019
Macro. Rapid Comm. 2017
Green Materials 2016
Macromolecules 2015
Langmuir 2015
Macro. Rapid Comm. 2015
ACS Macro Lett. 2014

Adv. Electronic Mater. 2019
Advanced Materials 2018
Nano Energy 2016
Adv. Energy Mater. 2016
Advanced Materials 2015
ACS Nano 2010
Nano Letters 2008

Copyright © 2020 by Jaime C. Grunlan

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu) 50
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L TEXAS A&M Presentation Outline

x> Overview of polyelectrolyte complexes of fire problem

X>Flame retardant treatments

[X> Gas barrier from polyelectrolyte-based coatings

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu)
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I TEXAS A&M Polyelectrolyte Complexes

Coulombic interactions cause
polyelectrolyte complexation (PEC).

» Entropic driving force through expulsion of
small counter ions and water.

» PEC form along a spectrum from insoluble
complex to soluble solution.

€~ @2, -

Solid (undoped) Solid (doped) Coacervate Solution
“\PSS “\_~ PDDA water oK* ®Br
Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540. Wang, Q., et al. Macromolecules, 2014, 47, 3108.

Copyright © 2020 by Jaime C. Grunlan 53
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L TEXAS A&M Polyelectrolyte Complexes

» Entropy-driven association of oppositely charged
polyelectrolytes
— DS > 0 due to expulsion of bound counterions

>
e ° ° - ° _°+ ‘l ':\ Crosslinking intrinsic site
= (+)m - —lp | ) . o
+ QA6 C
~

i
~ N .
+ 1 Plasticizing extrinsic site
+ + -)
O e o

— Complex can be plasticized with salt or water
» Complexation requires high charge density

J. Fu, J. B. Schlenoff, Journal of the American Chemical Society 2016, 138, 980.
J. Fu, H. M. Fares, J. B. Schlenoff, Macromolecules 2017, 50, 1066.

Copyright © 2020 by Jaime C. Grunlan 54
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Weak Polyelectrolytes

 Polyelectrolyte with pH-dependent charge

— Example: polyethylenimine

(\N/\/NHz
HoN N\/\ AN NH,
k/NHz

High pK,
High pH = Low Charge

(\ /\/NH
3N N NH,
k/NHs

High pK,
Low pH = High Charge

Solution pH can serve as a stimulus to form a PEC

on demand

Copyright © 2020 by Jaime C. Grunlan
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UNIVERSITY

Fire is a Problem...

More than 1.3 million fires reported in the U.S. in
2017

Resulted in about 3400 civilian deaths, 15000
civilian injuries, and $23 billion in property damage

Increased to $25.6 billion in property damage in
2018 as a result of a $12 billion loss due to wildfires
in California

Heat and flame protection of polymeric materials
continues to be a major area of concern

https://www.telegraph.co.uk/news/2017/07/19/grenfell-tower-cladding-would-have-burned-quickly-petrol-expert,

https://www.vox.com/world/2019/4/15/18311852/notre-dame-cathedral-fire-spire-collapse-photos-pictures-paris-france

https://www.niehs.nih.gov/health/materials/flame_retardants 508.pdf

http://www.latimes.com/local/lanow/la-me-In-school-bus-fire-20150909-story.html

https://www.nfpa.org/News-and-Research/Publications/NFPA-Journal/2018/September-October-2018/Features/2017-US-Fire-Loss-Report

Copyright © 2020 by Jaime C. Grunlan

56

28


http://aggieengineer.tamu.edu/
http://aggieengineer.tamu.edu/
https://www.telegraph.co.uk/news/2017/07/19/grenfell-tower-cladding-would-have-burned-quickly-petrol-expert/
https://www.vox.com/world/2019/4/15/18311852/notre-dame-cathedral-fire-spire-collapse-photos-pictures-paris-france
https://www.niehs.nih.gov/health/materials/flame_retardants_508.pdf
http://www.latimes.com/local/lanow/la-me-ln-school-bus-fire-20150909-story.html
https://www.nfpa.org/News-and-Research/Publications/NFPA-Journal/2018/September-October-2018/Features/2017-US-Fire-Loss-Report

1/25/2023

& TE. ‘iz 2 of flame retardant nanocoatings
o 1 using layer-by-layer assembiy o t Facts

Review of flame retardant surface treatments... frolytes

nature reviews materials

. Holder, Ryan J. Smith & Jaime
lan

s Science

purnal of Materials Volume 832 « Mumber 22

Journal of Materials Science

$:12923-12959
-017-1390-1

Copyright © 2020 by Jaime C.
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L TEXAS A&M Flame retardant PEC

Polyethylenimine (PEI)

Ny NN N A

/\/\/wad/\p Ka Of BC%istry helps to form insulating char
H / " « pH affects PEI degree of protonation

Hsz polycation * Polyelectrolytes flocculate at pH < 8, but

mutually suspended above pH 9
Sodium hexametaphosphate (PSP)

Na

. . J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to
M. Haile, C. Fincher, S. Fomete, J. C. Grunlan, Polym. Degrad. Stab. 2015, 114, 60-64. Impart Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629.

Copyright © 2020 by Jaime C. Grunlan
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TEXAS axM PEC coating of cotton fabric

acid buffer * PEC suspension
@?ﬁsl amin a < PEl is ym
ted PEC’ lng is rticlefSize is
_ ble to_vigo )

doing

fabric

Untreated
PEC

hle tordnsingc

PEC Citric acid/citrate
suspension buffer
pH<6

J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart

M. Haile, C. Fincher, S. Fomete, J. C. Grunlan, Polym. Degrad. Stab. 2015, 114, 60-64. Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629,

Copyright © 2020 by Jaime C. Grunlan 59

59

TEXAS A&M

UNIVERSITY

Uncoated control Untreated PEC coating PEC coating treated by pH 2 buffer

J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart

M. Haile, C. Fincher, S. Fomete, J. C. Grunlan, Polym. Degrad. Stab. 2015, 114, 60-64. Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629,

Copyright © 2020 by Jaime C. Grunlan 60

60
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I TEXAS axM Microscopy of coated cotton

Uncoated control Untreated coating pH 6 treatment

J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart

M. Haile, C. Fincher, . Fomete, J. C. Grunlan, Polym. Degrad. Stab. 2015, 114, 60-64. Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629.

Copyright © 2020 by Jaime C. Grunlan 61

61

L Y R PEC for nylon-cotton

* Nylon-cotton (NYCO) fabric particularly challenging substrate
» Phosphate acts to catalyze the charring of cellulose
» Melamine polyphosphate can add further FR protection

Treated
PEC

PEC Melagiitie
suspension acbtafter

M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7.
Copyright © 2020 by Jaime C. Grunlan 62
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TEXAS A&M Flammability of NYCO

no coating 19 wt% (PEC + Mel?*)

M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7.
J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart Antiflammable Behavior

to Various Substrates,” U.S. Patent 9,840,629.
Copyright © 2020 by Jaime C. Grunlan 63

63

control PEC PEC + Mel?*  PEC + Mel®%

PEC: 7 wt% PEI + 14 wt% APP

J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart

M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7. ) K K
Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629.

Copyright © 2020 by Jaime C. Grunlan 64
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TEXAS AxM Melamine for char-improvement

UNIVERSITY

no coating

’z(r?‘.- : B -

Zid il vt WS it i )
Melamine addition creates strong, dense char that acts as heat shield
and barrier to oxygen and volatiles.

M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7.

Copyright © 2020 by Jaime C. Grunlan

65
Y R Heat release of NYCO

300
_ i No coating
= 250 a 2 peaks
= [ THR: 19.1 kJig
@ 200 f
T :
< i PEC
@ 150 ¢ 3 peaks
% r THR: 13.6 ki/g
@ 100 f
ks i PEC + Mel2%
T 50} 3 peaks

? THR: 13.7 ki/g
0 L T L |
200 300 400 500 600
Temperature (°C)
PCFC (aka MCC) not able to detect char density or cooling effects.
M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7.
Copyright © 2020 by Jaime C. Grunlan Patent Pending 66
66
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I TEXAS A&M Heat sink during pyrolysis

VET THR Energy balance*
(by PCFC) (260 — 500°C)
no coating burned off 19.1 ki/lg +340J/g
PEC burned off 13.6 ki/lg + 70J/g
PEC + Mel?* self-extinguishing 13.7 kilg - 60Jg

* measured by DSC in N, at a heating rate of 10 K/min

DSC reveals a change in the energy balance during pyrolysis that
reveals melamine addition making a more endothermic situation.

J. C. Grunlan, “Aqueous Polyelectrolyte Complex as One Pot Nanocoating Solution to Impart

M. Leistner, M. Haile, S. Rohmer, A. Abu-Odeh, J. Grunlan, Polym Degrad Stab, 2016, 122, 1-7. Antiflammable Behavior to Various Substrates,” U.S. Patent 9,840,629,

Copyright © 2020 by Jaime C. Grunlan 67
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L TEXAS A¢M PEC Flame Retardant for Wood

+ 7.5 wt% Polyethenylenimine (PEI) o

— M, = 10 kDa, M,, = 25 kDa, pH 9 H N\A'G/H Rl
» 15 wt% Sodium hexametaphosphate (PSP)
— M, ~ 3 kDa (estimated) 1

« Citric Acid (100 mM, pH 3) Na*
* Wood (Slices of untreated 2x4 stud)

Wood Coated

Dip )
Rinse
r & Dry
ﬁ
PSP

T. J. Kolibaba, J. C. Grunlan, Macromol. Mater. Eng. 2019, 304, 1900179.

Copyright © 2020 by Jaime C. Grunlan
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I TEXAS axM Properties of Coated Wood

* Preserves aesthetic of wood

« Weight gain PEC,,
. . . x = Dip time
— Depends on dip time and cure time y = Cure time

13+03 1305 42%02 5910

Weight Gain (%)

* Conforms to wood microstructure

T.J. Kolibaba, J. C. Grunlan, Macromol. Mater. Eng. 2019, 304, 1900179.

Copyright © 2020 by Jaime C. Grunlan

69

|_ TEXAS ASM Fire Testing of Wood

* Homebuild blowtorch test
— Burn sample for 45 s with butane torch

Uncoated  PECg,, Uncoated PECq

Control

Weight Gain (%) = 13+03 13+05 42+02 59+1.0

Afterflame (s) 246+18 171+23 139+92 53+73 4.3+06
Residue (%) 158+0.6 52+17 65+18 78+16 90.4+0.6

T.J. Kolibaba, J. C. Grunlan, Macromol. Mater. Eng. 2019, 304, 1900179.
70

Copyright © 2020 by Jaime C. Grunlan
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TEXAS axM Depth of PEC Penetration

* Analyzed with EDS mapping of phosphorus
— Natural wood contains almost no phosphorus
— Phosphorus signal indicates penetration by PSP

) PECg 1 PECq0,10 .
(1.3% wt. gain) (1.3% wt. gain) (4.2% wt. gain) (5.9% wt. gain)

T. J. Kolibaba, J. C. Grunlan, Macromol. Mater. Eng. 2019, 304, 1900179.

Copyright © 2020 by Jaime C. Grunlan
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TEXAS A&M i i
Fire Protection of Wood
100 —Uncoated | *°
——PEC 60/10 .
80 a0 § Uncoated | PECg,,, | Change
° 80 § TTI(S) 499 626 +27%
i 203 pkHRR(KW/m?) 3799  338+18  -11%
= 40 =
= THR (MI/m?) 29.0£0.8 19.0£0.7 -35%
10°%
20 a TSR (M?m?) 209+9  210+12 N/A
0 - il 0.0 Residue (%) 26+3 42+3 +62%
100 200 300 400 500 600
Temperature (°C)
PECe0,10
Post-burn
100" 4
T.J. Kolibaba, J. C. Grunlan, Macromol. Mater. Eng. 2019, 304, 1900179.
Copyright © 2020 by Jaime C. Grunlan M. Jimenez, T. Guin, S. Bellayer, R. Dupretz, S. Bourbigot, J. C. Grunlan, Journal of Applied Polymer Science 2016, 133, 43783. 72
72
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I TEXAS A&M Additive Manufacturing

* Fused Filament Fabrication &S

— Filaments are flammable thermoplastics
* Causes fires, limits part applications

t https://3dprintingindustry.com/3d-printing-basics-
. free-beginners-guide
3

*5 counterproductive for filaments
// ., retardant not localized to surface of part

— N @
. FE3

3D printer blamed for fire inside Cain Building on Texas
A&M campus

printer started a fire inside a classroom Wednesday afternoon inside the James J. Cain Bullding on the Texas

https://kbtx.com

" —
400 pm
C. B. Sweeney, B. A. Lackey, M. J. Pospisil, T. C. Achee, V. K. Hicks, A. G. Moran, B. R. Teipel, M. A. Saed, M. J. Green, Sci. Adv. 2017, 3, e1700262.
Copyright © 2020 by Jaime C. Grunlan 73
73

L TEXAS A&M Flame Retardant Filament

 Polyvinylamine (PVA)
— BASF Lupamin 9095 n

— Estimated M ~ 205 kDa NH;
i
 Sodium hexametaphosphate (PSP) P—0
— M, ~ 3 kDa (estimated) ?\l—aJ’
n

* Polylactic acid (PLA)
— 3D Solutech filament /é\[(o;

— Most common 3D printing filament

T. J. Kolibaba, C.-C. Shih, S. Lazar, B. L. Tai, J. C. Grunlan, ACS Materials Letters 2020, 2, 15.

Copyright © 2020 by Jaime C. Grunlan 74
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I TEXAS MM PEC Production and Processing

* Mix PVA & PSP o
— Separate solutions each pH 7, 0.25 M

1}
pH7 I}
/%\)n/ + PI -0 ﬁ» /Nn/ P—0O
o f}rlH;; I n

- o
NH; CI

+
n

— Dry in overnight at 120 °C

Na

* Resultant PEC can be extruded
— Plasticize with DI water, extrude at 90 °C

* Intrinsically flame retardant

T. J. Kolibaba, C.-C. Shih, S. Lazar, B. L. Tai, J. C. Grunlan, ACS Materials Letters 2020, 2, 15.

75
& - o
I TEXAS A&M 3D Printing
i TAMU SoMF

* Filament
— 25% PEC, 75% PLA

— Mixed in microcompounder/extruder
* Plasticized with DI water prior to extrusion

— Printed at 200 °C, 3000 mm/min

* Identical to ‘normal’ parameters for PLA

a 1140 150 160170 180 1m
b e e P A
0

1) Filament

(2) Nylon tube

4) Wall cutout
(partial)

Hot-end

(5) Heat sink | g

(6) Heater 1 1
.................. () Nozzle PLA PLA-PEC
T. J. Kolibaba, C.-C. Shih, S. Lazar, B. L. Tai, J. C. Grunlan, ACS Materials Letters 2020, 2, 15.
Copyright © 2020 by Jaime C. Grunlan 76
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TEXAS A&M Printed Part Flame Retardancy

UNIVERSITY

» Microscale Combustion Calorimetry

Char Yield | pkHRR | pkHRR Temp THR

Sample | g | (wig) C) (KJ/g)
PLA 0.8+0.2 530 + 40 392+5 16.8+0.1

PLA-PEC 13.6 0.3 309+3 391 13.6+0.1

Change +1600% -42% -19%

* Open flame test

T. ). Kolibaba, C.-C. Shih, S. Lazar, B. L. Tai, J. C. Grunlan, ACS Materials Letters 2020, 2, 15.

Copyright © 2020 by Jaime C. Grunlan
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2elid 7[ lat 1"
Medical Packaging
www.alcan-packaging.com Flexible Displays

http://flexdisplay.asu.edu

Food Packaging

http://www.cptplastics.com/Low%2002trays pouches cr.html

Inflatable Objects

Tires

Sports equipment

Seals
www.sealmaster.com Pumps

Copyright © 2020 by Jaime C. Gruntan DUV bfgoodrichtires.com www.spalding.com

78
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TEXAS A&M Established Transparent Barrier Technologies

100 nm SIO/PP )
o

6%

& Silicon Oxide (SiO,) Barrier Film
o Transparency, microwavability
o Cracking, poor adhesion to polymer

o Requires vacuum processing (PECVD)
Roberts et. al. J. Membr. Sci. 2002, 208, 75.
Leterrier, Y. Prog. Mater. Sci. 2003, 48, 1.

% Bulk Composite
o Poor transparency

o Relatively low barrier
Nazarenko et. al. J. Polym. Sci. B: Polym. Phys. 2007, 45, 1733.

Kirwan, M., Food and Beverage Packaging Technology, Wiley-Blackwell, 2011, 157.

Polyelectrolyte complex coatings combines the best features of these systems without the drawbacks.

Copyright © 2020 by Jaime C. Grunlan
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TEXAS A&M PEC Gas Barrier Deposition
Sp— @ i
150 °C Dry
Polyelectrolyte
Complex
» PDDA mixed with PAA in a 1:3 mol:mol ratio.
» 1.5, 3,4.5, and 6 wt% in water
» PDDA 400-500 kg/mol PDDA PAA
> PAA 250 kg/mol clo
» pH2 W %
» Citric Acid (curing buffer) pH 3
( g )P H3C/(%\CH3 HO 0O
> 25,100, 200, 300 mM
> NaCl added to 25, 100, and 200 mM solutions to
keep ionic strength ~150mM.
» Poly(ethylene terephthalate) (PET)
» 178 pm thick
» Purchased from Tekra.
Copyright © 2020 by Jaime C. Grunlan Smith, R. J.; Grunlan, J. C. et al, Langmuir 2018, 34, 11086. 8
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PEC Transparency

&
S
>
o
c
e
5]
o
(2]
G
= 70 ; o No NaCl e NaCl added
65 L L L
0 100 200 300 400
Citric Acid Concentration (mM)
300 mM CA
Roughness 25 mM CA 100 mM CA 200 mM CA 300 MM CA
(Ry) [nm] [nm] [nm] [nm]
No NaCl 55.7+3.0 239+13 74+07 33+14
With NaCl 29.0+5.2 11.5+0.4 45+0.2 N/A

Transparency of PEC thin films increases with buffer concentration and added salt due to

decreasing surface roughness.

Copyright © 2020 by Jaime C. Grunlan

Smith, R. J.; Grunlan, J. C. et al, Langmuir 2018, 34, 11086.

81
TEXAS A&M i
PEC Gas Barrier
~ 10 86
;%
e
S o1t
"’E 0.237
= }
S
x 01
e 0.027 0.024
(@) - 0.019
0.013 0.013
0o H - B =
Bare PET NoCure 25mM 25mM 200mM 200 mM 300 mM
CA CA+ CA CA + CA
NaCl NaCl
Curing Conditions
Reduced No Cure 25 mM CA 100 mM CA 200 mM CA 300 mM CA
Modulus [GPa] [GPa] [GPa] [GPa] [GPa]
No NaCl 6.95+0.11 12.53+3.69 13.01+1.55 12.43+0.96 11.37+0.35
With NaCl N/A 12.00+2.11 12.86+1.21 11.98 +0.61 N/A
» Uncured coatings reduce the OTR by a factor of 36.
» Curing the films leads to another order of magnitude reduction.
» Curing solutions with salt improves barrier (~2x) with an overall ~660x reduction in OTR.
Copyright © 2020 by Jaime C. Grunlan Smith, R. J.; Grunlan, J. C. et al, Langmuir 2018, 34, 11086. 82
82
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Frans kM Clay-Filled Complex Gas Barrier
N ,/,pH . E .
= Branched Polyethylenimine e ﬂnmﬂw»\ﬁ .
(BPEI) (
HaN" Ny,
(Purchased from Sigma—Aldrich) : :
Mw = 25,000 g/mol N Branched polyethylenimine, BPEI .
Positively charged in water
pH 8 Ow OH »%v’g_i‘ 25 @S
. . . S AGTAKE/ @Al
Poly(acrylic acid) (PAA) + B Qon
(Purchased from Sigma—Aldrich) @0

n

Mw = 250,000 g/mol
Negatively charged in water

= Kaolinite clay (KAO)
(Purchased from Sigma—Aldrich)
Negatively charged in pH8 —
Stabilized in PAA solution
coacervate ﬂ ﬂ

Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540.

poly(acrylic acid), PAA Kaolinite, KAO (Al,Si,O5(0OH),)

Copyright © 2020 by Jaime C. Grunlan

83
TEXAS A&M
UNIVERSITY
s =
coacervate, 7mil PET, rod-coated cured in pH4 humidity post- dried in 150 °C
annealed in corona-treated 200 mM CA treatment for 2h
70°C for 2hr buffer for 5Smin
- Total solid | KAO content BPElg
Film A 10 wt% 495 wt% 4.95 wit%
Film B 10 wt% 4.75wt% 4.75 wt%
Film C 10 wt% 45wt% 4.5 wt%
Film D 10 wt% 4.0wt% 4.0 wt%
Film E 10 wt% 3.0wt% 3.0 wt%
Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540.
Copyright © 2020 by Jaime C. Grunlan 84
84
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Rheology for Rod Coating PEC

Rheometry
(40 mm cone plate, PElg + PAA/KAOg, 1 wt% clay)

NaCl conc. in nat1021/s | nat 103 1/s
mixture

0.50 M 15262 P 5624 cP Ideal range of viscosity for Meyer-rod technique
0.75 M 5377 cP 2778 cP is around 1000 cP.

( 1.00 M 1684 cP 1088 ¢cP |
150 M 49 cP 23 cP

Film Thickness — ] ]

Rod Wire Dia. Wet Film Thickness

v No. (Inches) [ Thickness (um) (um)
i 25 0025 6.4 1.74+0.37

1 € :ﬂ
n t 3 .003 7.7 2.12 £0.01
TILM PATH WIDTH PLUS 1 L]
e " 5 .005 12.8 2.85+0.04
A A A Gardeo.com 10 010 25.6 3.78+0.62
Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540.
Copyright © 2020 by Jaime C. Grunlan 85
85

TEXAS A&M TEM Imaging of KAO Coatings

Increasing clay conc.

| 900 nme / 7
p
0.5 wt% clay in PEC

% cléy in PEC 1.0 wt% clay in PEC

Cross-sectional TEM shows clay alignment.

Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540.
Copyright © 2020 by Jaime C. Grunlan 86
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TEXAS ASM Transparency and Oxygen Barrier
Transparency
€ 100 100 g53 Film D
c 100 - rim D
S 0.0  g45
3 80
.g 60
g 2
£
X 9
Bare PET FilmA FilmB Film C FilmD
Oxygen Transmission Rate
€ 10 9.50 5.61 353 34 wt% clay in the film
R
£ OTR is reduced by
™ two orders of magnitude.
«
° 0.01
Bare PET Film A Film B Film C
Chiang, H.-C.; Grunlan, J. C.; et al. Macromol. Rapid Comm. 2021, 42, 2000540.
Copyright © 2020 by Jaime C. Grunlan 87
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TEXAS A&M
UNIVERSITY
-~ NH2
r\NHz ” H o OH
HoN N\/\ﬁ/\/N\/;“/\/N NH,
NN, | .
Branched Polyethyleneimine (PEI) poly(acrylic acid) (PAA)
1) 5 min dipping 2) Drying 3) Buffer-curing 4) Drying
PEI \ PAA .
N & substrate Dried PEC
& - PEI/PAA Coating
&L ) <: D) <; )
\ \
<< =P )| ¢ 2
o772 W =) =) 2
m‘i))l:t:r ! PH 8- i
e < il 3 '
| mixture ! Buffer |
- (s 70¢ _ 0¢
Copyright © 2020 by Jaime C. Grunlan Chiang, H.-C.; Grunlan, J. C.; et al. J. Appl. Polym. Sci. 2023, 140, e53473. a8
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UNIVERSITY
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Correlation Between Density and Gas Barrier

Chiang, H.-C.; Grunlan, J. C.; etal. J.
Appl. Polym. Sci. 2023, 140, e53473.

J. C. Grunlan, M. Haile, R. Smith,
“Method for applying gas-impermeable
coatings,” U.S. Patent 11,518,903
(issued December 6, 2022)

Edible Gas Barrier

90
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——After buffer curing E
— Before buffer curing 7 0 <0.005 0.019 0.011
3600 3400 3200 3000 2800 Bare 1:1 11 1:2
Wavenumber (cm) PET pH3 pH4 pH3
8.6 252
2.2 24.4 .
= 8 s | 22.1 2%
) m o
% 6 00
E 8
E 16 5
S 4
14 10 =
5 Fi
> 2 5 5
[=] @
o <0.005 <0.005 <0.005 0 x
Bare PET 1:1pH3 1:1pH4 1:2pH3 1:2pH4 1:3pH3 1:3pH4
Copyright © 2020 by Jaime C. Grunlan
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TEXAS A&M
UNIVERSITY
OH OH coon
HO HO ' HO
NH, ;L
Chitosan (CH) pka~6.5 Pectin (PT) pKa 2.8~4.1
1) 5 min dipping  2) Drying 3) 30 min buffer-curing 4) Drying
chitosan | substrate Oven-dry or
Blow-dry
_ Dried CH/PT
pectin | ——— |
e
pH 2 Coatin:
CHIPT Citric Acid <
Mixture Buffer
Chiang, H.-C.; Grunlan, J. C.; et al. ACS Food Sci. Technol. 2021, 1, 495.
Copyright © 2020 by Jaime C. Grunlan
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I TEXAS A¢M Transparency and Oxygen Barrier

100% 10
a 8.6
c 79.20% £
S © 8
7} < .
2 &) 30X reduction
E S
5 E
~ o 4
s §
x 2 1.51
'_
9 - 0.291
0 S |
Bare PET Oven Dry Blow Dry Bare PET Oven Dry Blow Dry

* The as-deposited films has good optical transparency.

* The better gas barrier performance of blow-dried film is likely due to the
thicker deposition.
Chiang, H.-C.; Grunlan, J. C.; et al. ACS Food Sci. Technol. 2021, 1, 495.

Copyright © 2020 by Jaime C. Grunlan 1
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L TEXAS A&M Preservation of Fresh Fruit

O T

Coatedr— ™~ Coated =" Coated*«= "= Coate
)

P -

Control Control ==t E Control et - . control GO

Before coatin—g Day 4 Day 7

0 min 10 min 30 min 3 hour

CH/PT edible coating can slow down aging and browning of fruits.
Chiang, H.-C.; Grunlan, J. C.; et al. ACS Food Sci. Technol. 2021, 1, 495.

Copyright © 2020 by Jaime C. Grunlan 92
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| TF?(ASR é‘f‘M Other Properties from Polyelectrolyte Complexes...

Copyright © 2020 by Jaime C. Grunlan

93

Anti-Corrosion

ACS Appl. Nano Mater. 2018, 1, 5516 [nanobrick wall protection of aluminum].
ACS AMI 2018, 10, 21799 [nanobrick wall protection of copper].

Thermoelectric (Body Heat — \Voltage)
Advanced Materials 2018, 30, 1704386 [> 1000 S/cm and PF > 2000 p\W/m-K?].

Antimicrobial / Antifouling

ACS Biomater. Sci. Eng. 2017, 3, 1845 [prevention of bacterial adhesion to polyester].
Langmuir 2009, 25, 10322 [tailoring efficacy of quaternary ammonium-based system].

UV-Resistance

RSC Advances 2020, 24, 8314 [chitosan and lignin protection].
ACS Macro Letters 2015, 4, 335 [melanin-based multilayer nanocoatings].

High Dielectric Breakdown Strength

Macromolecules 2022, in press [multilayer nanocoatings with high breakdown strength].

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu) 93

Copyright © 2020 by Jaime C. Grunlan
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> Polyelectrolyte complexes (PEC) provide an
opportunity to guickly deposit functional films

[X> Effective flame retardant and gas barrier coatings
deposited in 1 or 2 steps from water-based solution

Polymer NanoComposites (PNC) Lab (http://nanocomposites.tamu.edu)
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I TEXAS A¢M QUESTIONS???

Copyright © 2020 by Jaime C. Grunlan %
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!
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THE ACS DIVISION OF POLYMER CHEMISTRY

BENEFITS EXCLUSIVE TO POLY MEMBERSHIP:

v Eligibility for awards Alerts for academic, national lab, and industrial job opportunities
shared through the POLY list serve
v Networking and professional development events at local/national ACS meetings and
local POLY/PMSE chapters.
Industrial scientist support and networking through IAB (Industrial Advisory Board)
Polymer science-related conferences and workshops advertised through the POLY list serve

Online educational webinar and webshop series covering cutting-edge polymer research

Opportunity to vote for the executive committee (annually)

Recognition for membership (5th, 10th, 20th, and 30th anniversaries)

™

SN NN NN

Student support — student awards, student symposia, career panels at ACS meetings,

JOin us tOd ay! support for student chapters.

The first year of
membership is free.

<

An excellent support group for building strong networks in the polymer community!

https://polyacs.org
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www.acs.org/acswebinars

@ ACS Webinars

CLCK « WATCH - LEARN = DISCUSS

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.

° Edited Recordings

=9—— 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

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
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ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
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policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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