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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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Science Writer & Exec Producer

Deboki Chakravarti, PhD
Science Writer & Co-Host

TLNZ

scan this QR code

TO SUBSCRIBE
visit http://Www.acs.orq/tinvmatters or
’ 4

A science podcast by the American
Chemical Society about things small in
size but BIG in impact.

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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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 !
7
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 8
8
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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 |
R . could have ever dreamed! Thank you so much!”

GIVE TO THE
: A &~ C SCHOLARS
e 7, /% 2 PROGRAM

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

ATLANTIC BASIN CONFERENCE ON CHEMISTRY

388 ABCChem

CHEMISTRY BIOLOGY & HEALTH
GREEN CHEMISTRY
MATERIALS & NANO

EDUCATION & SCIENCE COMMUNICATIONS

Atlantic Basin Conference

on Chemistry REGISTER TODAY
Linking the World through Chemistry ABCChem.org

13-16 DECEMBER 2022 | MARRAKECH, MOROCCO

HOTEL: MOVENPICK HOTEL MANSOUR EDDAHBI MARRAKECH
CONVENTION CENTER: PALAIS DES CONGRES MARRAKECH

ABCChem.org #ABCChem2022
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5 Development & Education

ﬁ:% J&%ﬁ l»

Register for a 2022 Virtual Office Hour

How to Write a Resume 5 Careers in Government

APR MAY
@ april 7, 2022 @ may 5, 2022
-n..-— e
Pl Entrepreneurship E Networking
JUN JuL
@ June 2, 2022 @ July 7, 2022
4 Is Grad School Right for Me? 1 Leadership and Soft Skills Development - What You
AUG B Need to Advance in Your Career
@ September 1, 2022

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

i 2D 5_,;4.& L

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

‘, @ hugust 4, 2022
u \t’
L3 .
» \
octoFacityWarkshop  Caroe Kick Stater Workshop

Get in touch with the Office of Diversity,
Equity, Inclusion & Respect

The Office of Diversity, Equity, Inclusion & Respect (DEIR)
is the central hub at the American Chemical Society that
coordinates, supports, and guides all efforts by staff,
members, and governance toward Strategic Goal 5,
“Embrace and Advance Inclusion in Chemistry.” The Office
of DEIR at ACS is committed to empowering everyone,
irrespective of lived experience and intersectionality of
identities, to fully participate in the chemistry enterprise.
The Office of DEIR welcomes comments, suggestions,
and questions around issues of diversity, equity, inclusion,
and respect from members at any time. Please do not
hesitate to reach out to the Office through this form.

Please do not hesitate to reach out to the Office of
DEIR at diversity@acs.org

https://fs7.formsite.com/acsdiversity/ACSMemberFeedback/index.html

1
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ACS Bridge Program \.: 4 A

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.orqg

13
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CLICK ~ WATCH - LEARN - DISCUSS

TOMORROW!

Thurs., June 16, 2022 | 2:00pm-3:15pm ET Wed., June 23, 2022 | 2:00pm-3:15pm ET Wed., June 29, 2022 | 2:00pm-3:00pm ET
Starting a Company: How to Set Up  How to Approach Gender, Chemistry and the Economy:
Equity and Securities Structures Language, and Intersectionality 2022 Mid-Year Review
Co-produced with ACS Division of Small Chemical Businesses Co-produced with ACS Office of Diversity, Equity, Co-produced with ACS Industry Member Programs

and ACS Division of Business Development & Management Inclusion & Respect

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

14
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ACS POLY Exclusive Member Benefits v ﬁ}gerscﬁzi?? (L%?vl) .

1st Year Free Membership!

Eligibility for awards (including Member of the Month!)

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

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)

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

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

https://polyacs.org 15

15

ACS
W Chemistry for Life®

www.acs.org/acswebinars

I\
THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

16


https://polyacs.org/
https://polyacs.org/awards/
https://polyacs.org/poly-electronic-discussion-list/
https://polyacs.org/iab/
https://polyacs.org/poly-electronic-discussion-list/
https://polyacs.org/webinars/
https://polyacs.org/awards/
https://polyacs.org/student-chapters/

6/14/2022

AC S PDF E%v%\lagﬂgrect;xsentation @ ACS Webina rS
W Chemlstry for Life® o andouts Section ;

www.acs.org/acswebinars

LICK CH + LEARN »+ DISCUSS

How Polymeric Materials Protect Our Armed Forces

48
JOSEPH L. LENHART, PhD DAVIDE SIMONE, PhD Peter Zarras, PhD

Senior Research Chemist, Research Chemist, Naval Air
Air Force Research Laboratory Warfare Center Weapons Division

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

Chief, Polymers Branch, Weapons
and Materials Research Directorate,
DEVCOM Army Research Laboratory

17

Approved for Public Release

R AT

U.S. ARMY COMBAT CAPABILITIES DEVELOPMENT COMMAND -ARMY RESEARCH LABORATORY

Polymeric Materials for Army Applications

Joseph L. Lenhart
Chief, Polymers Branch
Weapons and Materials Research Army Research Laboratory
Aberdeen Proving Ground, MD

ACS Webinar Distribution A: Approved

June 15, 2022 for Public Release
Approved for Public Release

18
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ARL /ABERDEEN PROVING GROUND (APG)

B Ry 4 : | s e Bl

Fun life stuff Fun work stuff

+ Centrally located » Chemistry to processing

* On the Chesapeake Bay * Proto-type development

+ Cultural, sports, outdoor activities * Full-scale assessment

19
POLYMERS BRANCH OVERVIEW [GEveom
Overarching Polym rtise:

= Physics — structure / property T mechanics and functional)

Current State: = Synthesis — n¢w materials through chemis
= ~20 staff = Processing — hew materials through chemistry anths{ructural control

= Skilled workforce (PhD) * Modeling — insight-aRd-guidance (quantum, molecular,mgso-scales)

Underpinning Research Thrusts:

1. Polymer Processing: semi-crystalline, highly particle
loaded, multi-material, new feedstock

2. Resins/Adhesives: fiber and particle loaded
composites, complex laminate structures,
dynamically responsive feedstock

backer

Long Range Weapons:

Soldier Protection: Vehicle Protection: Small and large caliber
Body armor, signature Complex laminates, novel munitions, propellants
management mechanisms | . survivability, range, lethality .

20

10



6/14/2022

ACS N
W Chemistry for Life® ACL.% W%E”pa s

Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Have you considered a defense laboratory as a career option?

* Yes, | already work for a defense laboratory
* Yes, | am very interested
* | knew it was an option, but did not consider it

* | never knew it was an option

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

21

21

Approved for Public Release

POLYMERS FOR THE DISMOUNTED SOLDIER DEvVCOM
Protective Equipment Electronics
* Body armor * Night vision
* Helmet * Optics
 Fabrics for extremity / * Radio
groin protection + Batteries
» Eye protection
Uniform

« Camouflage — visibility
* Thermal management
+ Boots / pads

Armor 25-30 lbs

Helmet 4-5 Ibs

Gun 6 - 25 Ibs

Ammunition 7-30 lbs

Batteries 5-20 |bs

Water 10-15 lbs

Uniform, ruck sack, boots, glasses, light,
radio, food, grenades, shovel, first aid, ....

Lethality

» Small caliber weapons
* Ammunition

+ Grenades

Soldier carries 70 to 130 Ibs

depending on their job, mission
type, and mission duration

Approved for Public Release

22
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POLYMERS FOR GROUND VEHICLES !DEf vcom

= =2 Protection systems

' ... * Passive protection
'+ Active protection

» Laminate composite
armors packages

+ Transparentarmors

» Coatings — chemical
protection and visibility
control

Lethality systems

» Large, medium, and
small caliber munitions

» Missiles

+ Lightweight composites

» Propellants

Structural systems

+ Historically metallic

« Opportunities for
structural composites
laminates

« Composite track pads

Electronics systems

* Ruggedization

+ Sensor and electronics
protection

» Packaging

1. Many types of ground vehicles: tracked vehicles (Abrams
Bradley); Wheeled (Stryker, Humvee, transport vehicles)

2. Opportunities: Unmanned systems for fighting and resupply

Approved for Public Release 23

Approved for Public Release

AN CHALLENGE OF EXTREME ENVIRONMENTS z DEVCOM

1. Environmental Durability
*  Temperature
Humidity
Life-time
Fuel, solvent, dirt, mud
Chem / Bio / Radiological
» Electrical, optical, ...
* Cycling
2. Mechanical extremes
* Quasi-static, impact,
ballistic, blast strain rates
* High pressure
* Launch conditions

. | |1!lj!!£
Wit

Strain Humans Cars Airplanes Bullets
Rate:  104s?1 0 25 104s1 10651
N _10 Standard 19°S™ o )
Quasistatic Testing Impact Tests Ballistic Testing

+ Complex composites and structures are critical

» Understanding deformation / failure processes for both the
individual materials and the composites is critical

12
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POLYMERS RESEARCH RESINS [CEvcom
Introduction to Polymers Research for Vehicle
and Soldier Protection Applications:
1) Resins and adhesives
25
e S POLYMER NETWORKS: FUNDAMENTAL
i R 4 AND APPLIED RESEARCH [BEveom

Some Key Factors:
\ * Mc

4 * Interactions
» Stiffness

» Packing

Crosslinking  Crosslinking
junction chains
points

ARL laminate

£ contral

Armor (Vehicles, Rotorcraft, Body Armor):  Weapons: Protection Assessment:
« 30% weight savings for glass based « Propellant coatings for + ARL Room Temperature
transparent armor temperature compensation Insensitive Clay (ARTIC)

« Transparentand non-transparent * Insensitive munitions « Environmentally stable gel
+ Structured propellants for assessment of Pelvic

Armor Durability: Vehicles: Protection System
* Processing protocols + Fuel hose and storage - Anthropomorphic forms
+ Materials solutions « Fuel tank ballistic / fire
rpjprotection: reicase 2

26
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AN IMPACT TESTING WITH MODEL SPHERICAL BB:
IMPORTANCE OF GLASS TRANSITION C‘.E yYeoMm

Knorr DB, et al, Polymer, 53, DGEBA HG s
5917 (2012)

D2000 x=33 & o,
”ZN*IA *\( DGEBA/
Ha D-2000
Shear plug failure (rubber)

HaoN NHz
{IAO/):Y DGEBA/
Hs CHs D-400

D400 x=6.5
Extensive spall zone
Small radial cracking (low Tg glass)
HaN._ NH;
l\,[)/ DGEBA/

PACM PACM

Small spall zone
Extensive radial cracking (high Tg

glass) —(Low v50)

27

oved for Public Release

SEGMENTAL RELAXATIONS NEAR T ARE
CRITICAL FOR IMPACT PERFORMANCE C"E‘”-"’M

T Knorr DB, et al, Polymer, 53, 5917 (2012)

T
DGEBA
DGEBF

n
[ |
204 @ EPONEX 1510 i ZP
O DGEBA/D230 =
O DGEBAPACM e D/\o DGEBA o/\<l
1 B
g 154 KE50 = —M,V4 E =
> 2 I o
E & § DGEBF
3 )
E 104 g o
o [ 2 . » ?
= \s =4 T Eeonex” T
os{  Structural resins { 1 o .
200 -150  -100 50 0 50 100 °
T-T, (°C)

» Impact temperature relative to Tg is dominant
factor in epoxy network ballistic response

Increased flexibility

» Temperature dependent response correlates
with Vogel Temperature V¥ D230, D400, D2000, D000

Approved for Public Release 28

28
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ROMP RESINS FOR STRUCTURAL PERFORMA
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Approved for Public Release

AND TOUGHNESS Lo

Ring Opening Metathesis Polymerization (ROMP)
~~{ o~ -D ] P Deeea T
SagiBNE- 2N :
2 o st

ﬂ’)’m Ph
a
) Catalyst A DCPD DGEBF
Extension of “rigid” and
non-polar chain - i
\ EPONEX
=/ ring opening ﬁ
\ HzN'—< :)——ﬁ——< :)——NH,
‘éb M o DDS
L /O/\O\
crosﬁ\’kim site N PACM NHe

Cross-linked poly-DCPD H,N NH;

- _ Bulky pendant ? (\(\OW :
“Rigid” crosslink chain on backbone *
formation
Simons R., J Polymer Science A: Polymer Chemistry, 50, 89 (2012) D230’ D4OO’ DZOOO' D4000

1. Weak chain-chain interactions and high Mc provides ductility

2. Stiff junction points and chains enable higher Tg

AN UNIQUE BALLISTIC FAILURE FOR P-DCPD
= COMPARED TO GLASSY EPOXIES [BEveam

Knorr DB, et al, Comp. Sci. Technol., 114, 17 (2016) Bain ED, et al, J. Mater. Sci, 51, 2347 (2016)

b) Rubber

toughened Army

Standaw.
.

et N

pDCPD exhibits a ductile like failure during ballistic
impact with no large scale radial fracture

Approved for Public Release 30
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AN CONTROLLED CROSSLINK DENSITY [CEvcom

DCPD ENB HDMN
j TR Long, et al, Soft Matter, 14, 3344 (2018)
AbA /

Chain extender Cross-linker

Control effective

- - - : ' crosslink density and
Il T, with co-monomer
content

Z

1000

—— 100%ENB

——— 90%ENB

——— 75%ENB
50%ENB

100F Dowens

—— pDCPD 100000

——— pDCPD 5000

~——— pDCPD 3000

10+ 5% HDMN3000

10% HDMN3000

—— 20% HDMN3000 Effective Mc
—— 30% HDMN3000

Strorage Modulus (MPa)

40% HDMN3000

1 1 1 1
-100 .50 0 50 100 150 200 250
Temperature (°C)

Approved for Public Release 31

31

Approved for Public Release

::r CRITICAL Mc FOR BRITTLE-TO-DUCTILE TRANSITION / DEVCOM
' A) a2 Ve

T T TR Long, et al, Soft Matter, 14, 3344 (2018)
. 30% HOMN a0l 4 > | 3 + s -
38 | brittle a1 M . )l
i A4 ductile .
4 4
8 (249) - 1
8 1
g .
S mixed H pDCPD
2 @ High Cure Temp 1
A ENB/DCPD
. w HDMN/DCPD PC 175 °c ]
22 4@ HDMN/DCPD PC 220 °C |
20 4 Tg-75°C
"0 200 400 600 800 1000 1200 1400 1600
e M., (g/mol)
Linsar pENB Q_ ﬁ + Critical effective Mc (400-600 g/mole, 6 units)
ol * As Mc effective approaches persistence length
Linear pDCPD resin becomes brittle (lose orientational

correlation around 6 monomeric units)

Series of ROMP resins with: a) no radial fracture; b) Tg 120-1450°C; c) 3.5-4X
impact resistance relative to structural epoxy with similar Tg

ubli elease - 32

16
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33

4 l7 % MOLECULAR DYNAMICS INSIGHT INTO
\ Coge DEvCOM
T pDCPD TOUGHNESS  rmElder, et al, Soft Matter 14, 8895 (2018) C s
Knorr DB, et al, Comp. Sci. Technol., 114, 17 (2016) 1) Polar epoxy void formation is energetically
BlderR, etal, Soft Matter, 12, 4418 (2016) unfavorable. Non-polar ROMP void formation
102 L g @ pDCPD 500F is energetically neutral
= A DGEBA-PACM . . )
£ ) A DS ot a) 2) Atomic fluctuations (relaxation processes) are
E B DGEBA-D230 go.01 ; )
T 102 A s | 4 faster around voids than in bulk
£ 2 . . X
2 §° oy |1 3) Atomic fluctuations are suppressed with
(] *70.0 0.1 0.2 0. . . . . .
S 01l O increasing crosslink density and polarity
o
o . .
€ stidin=0% IS strain = 0.35 ROMP resins are more tolerant to formatlon
Z 0L 4 of molecular voids during deformation
16‘ .-162w103 o Increasing crosslink density and polarity
Void volume (&) b) suppresses local relaxations around the voids
1 T T T T T T T T T T T T
__ | ®pbceD 0.2- _
S 8 A DGEBA-PACM - = d)
> | m DGEBA-D230 £ o1
o E e =
@ 6 R 3
5] £
2 a4k Bl = 0.0~ ====ag==""K. - 58 et CEEEEEEETTELEE
2 %
g o
£ 1 T @—e pDCPD
= if A—A DGEBA-PACM
0- 1 -0.2- B—8 DGEBA-D230
1 1 1 L L 1 1 1
000 005 010 015 0.20 0.25 0.30 0.35 0.00 0.05 010 0.15 020 025 030 0.35
Strain Strain
Approved for Public Release 33
Approved for Public Release
POLYMERS RESEARCH RESINS DEVCOM

Introduction to Polymers Research for Vehicle
and Soldier Protection Applications:

2) Polymer gels

Approved for Public Release 34
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POLYMER GELS FOR TISSUE SIMULANTS [oEvcom

_ Density difference Velocity after
B\ between projectile penetration

and gel \

Styrene Bﬂg,:zrr::_co_ étyrene ' Fe _ (Ps — Pr )vgf f
eff —
___— G

RA Mrozek, et al, J. Mech. Behav..
Biomed. Mater, 44, 109 (2015)

Shear modulus

180 - v,
160 -
1404 4
120 5
E ."
E o, = 40%SEBS
= 80 = 4%seBs 2 P i
£ . 3susEBs @ © - * 35% SEBS
& %1 + 30%SEBS k. 4 30%SEBS
O 404 v 25% SEBS v 25% SEBS
20] + 20 % SEBS ¢ + 20 % SEBS
. o 15% SEBS 1] . < 15% SEBS
0 100 200 300 400 500 600 001 o1 1 To
Velocity (m/s) |=efo
Need: Tissue “simulants” to evaluate blast / ballistic effects
Tunable modulus, toughness, and ballistic penetration depth s
35
Approved for Public Release
POLYMER GELS FOR TISSUE SIMULANTS
» Material has better time, temperature, humidity
stability than ordinance gelatin
» Enabling testing that is difficult with ballistic gelatin
Pelvic Protection
System (PPS)
evaluation
Approved for Public Release 36
36
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| POLYMERS RESEARCH PROCESSING [CEveom

Introduction to Polymers Research for Vehicle
and Soldier Protection Applications:

3) Thermoplastic processing (~7000 ft2 of

processing laboratories)

a) Processing as tool to make new materials
(chemistry and structure in-situ)

b) Facilitate transition by enabling scale-up for
engineering evaluations (coupon to pilot scale)

c) Engineering controls for safe and reproducible
processing (clean rooms)

Approved for Public Release 37

37

Approved for Public Release

P/‘\(\l COMPOUNDING AND COUPON PREPARATION LABORATORY

T (CLEANROOM)

Compounding / Mixing

+ Capability from grams to 100 Kg/hr
(11, 16, 24, 35 mm twin screws)

* Upto52L/D

* Heated, cooled

w P

, high shear / torque

\4 - -

Fiber, filament, tape processing
* Single screw extruders

» Coupon scale continuous (1- 6 inch width)
+ Uni- and bi-axial stretching

Safety and room design

» Powder handling laminar flow hoods

* lonizers / stainless steel - static control

+ Temperature and humidity control

+ Emergency exhaust

Approved for Public Release 38

38
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<} FIBER AND FILM PROCESSING LAB (CLEANROOM) Evcom

Tape processing

* 5 layer cast film line

* Multi-layer forced assembly co-
extrusion processing (MLFACE)

E
ape rolling, drawing, and
high pressure lamination
* Machine direction orientation
on cast film line
» High pressure roll mill
Vi £

Fiber and filament processing
» Water or air cooling

+ Single or bi-component

* Flexible dies and drawing

We can use COTS or in-house

developed formulations from
twin screw extruders

39

39

Approved for Public Release

HOW DO WE USE FIBERS AND FILMS IN [Bevcone
BALLISTIC COMPOSITES Evee

SOA: UHMWPE and Kevlar-based composites arranged in a 0 — 90 configuration

Vargas-Gonzalez L, et al.
ARL MR 0769, (2011)

Limitations with current composites: What we would like

+ Fibers are macro-scale + Fine scale fibers — near theoretical

+ Resin starved composite with voids + Intimate binder-reinforcement contact
» Poor mechanical binder (~ 15% parasitic) * Tough binder with lower content

» Poorly designed binder-fiber interface » Designed interface

» Solvent heavy fiber processing is high cost * Low or solvent-less process

Gap: Manufacturing strategy to enable all of these improvements

Approved for Public Release 40

40
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<4
xK WHAT ARE WE TRYING TO DO? z ODEVCOM
Strike face Polymeric Fiber
(metal or ceramic)
Concept: 1) Fine scale (sub-micron) fibers and films are stiffer and stronger
than macro-scale; 2) quality binder and interface will enhance performance
Gap: Cost effective continuous manufacturing
8 8
| Current Work - Yield Str
—_ 74 4 Litvinov et al. - Tensile Str. 17 ~
&£ = Ohta et al. - Tensile Str. o
e & °1 sub-micron 1?e
a Coleman JN, et al., ACS Nano 2010 e 5 ) 5 £
3 Dzenis YA, et al., ACS Nano 2013 £ fibers ) 2
<3 Park and Rutledge, J Mater Sci 2018 S 4] 4 2
3 Greenfeld et al, Macromolecules 2016 (-3 3 .- 3 «n
2 3 2 o ‘ Mi 2 3
5 S 2] agmoA icron 12 g
3 7 e fibers {1t "~
: Sas SR S— S 0 -'- ; : ¢ : . —lo
4 5 6 7 8 9 10 0O 20 40 60 80 100 120 140 160
Fiber Diameter (um) . oved for Publ Young's Modulus (GPa) n
41
L‘ V&] MULTILAYER FORCED ASSEMBLY CO-
s EXTRUSION (MLFACE) COLLABORATION WITH [BEveom
o CWRU — PEAK NANO
v’ Tapes with fine scale reinforcement [§ 0urtesy of br. Ponting at PeakNano
structure (sub 100 nm dimensions)
v’ Intimate binder content due to co-
extrusion process
v’ Suitable for melt or gel casting
operations (cost and performance)
ASE. Gary Wnek
EEE Eric Baer
s aEIle] -S0min  Mike Ponting
Baer E, Prog Polym Sci, 102, 101210 (2020) (U)
Ponting M, et al., Macromol. Symp., 294, 19 (2010)
2 multipliers 4 multipliers 6 multipliers 11 multlpllers Layered Or
4000 layers [RILSICITSS
30 nm thick
8 layers. 32 layers 128 layers 4096 layers ©
16 um layers 4 um layers R W“I “{'!'.‘I?Y\eyﬁw. 30nm layers 4
42
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8 LA
[u; u;v WHAT DO WE NEED TO DO TO MAKE MLFACE WORK FOR ARMY? l D:EV_EDM

TASK 1: Feedstock for high performance MLFACE tapes
* Reinforcement phase: HDPE and HDPE/UHMWPE blends
» Binder phase: PE copolymers (co-crystallize at interface)

+ Temperature and shear dependent viscosity
/LDPE — low cryf/allinity

—

LLDPE - low crystallinit

HDPE — High crystallinity
Mw ~ 80K — 500K (Entanglement) UHMWPE — High crystallinity

Melt processable Mw ~ 500K — 12,000K (highly

Identified highly linear PE feedstock Sm=liells][Slo) NefelSlellglyligle .

43

Approved for Public Release

TASK 1: HDPE PROCESSING DEVELOPMENT EEVCDM
AND PERFORMANCE ASSESSMENT st

.+ Extrude 6 inch wide tapes
» Cut out dog-bones

» Draw with controlled rate
and temperature

v Draw coupons 20-40X
v 40-60 GPa modulus

v/ 600-900 MPa strength
(lower than we expected)

v Feedstock and properties
are OK but not great

Approved for Public Release 44
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HIGH MW TAIL

[(u:s.army)) 3
Drawin

Scattering shows that we are orienting
lamella and increasing crystallinity
Not forming extended chain crystals

Fiber axis

i
’\'i\\ -m
\§

Initial shish )

. i ! ; (o : \ Il LA
” il g
Stretching -; f

AR Q. !

SN e ,‘ |

We are here Solution: Blend UHMWPE
(increasing lamellae to create “shish” to get here

organization with draW) Hsaio Polymer, 2005 46(10), 8587

Approved for Public Release
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Approved for Public Release

UHMWPE BLENDS

| 3% UHMWP

Mixing temperature,
residence time, screw design
on twin screw extruders

Initial Sheets: Recent Films:
+ HDPE and UHMWPE poorly mixed  Higher quality and drawable blends
+ Low draw ratio and poor performance ERVEEEIlefoielinElgl-VE (I aili(=

Approved for Puf
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IMPROVING FEEDSTOCK PERFORMANCE: CDEVEDM

45

TASK 1: IMPROVING FEEDSTOCK PERFORMANCE: HDPE / CDEVCDM

46
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TASK 3: INITIAL DRAWING AND MECHANICS OF M

E
FILMS OEvCOM

+ Successfully MLFACE processing with our
feedstock materials

«Numerous multipliers to get pre-drawn fiber and
tapes with ~ micron dimensions

+ Initial tape drawing with' 20% binder
» Good mechanics but still need to improve
+ Semi-continuous structure

Challenges with tape uniformity

Refining feedstock

Moving to larger processing systems for _"3 T
compounding (52 L/D) and tape casting ~ ===
(better processing controls)

Good progress — long way to go

Approved for Public Release

a7

Approved for Public Release

LONG TERM RESEARCH OPPORTUNITIES? l D;%YEL?M

Long term research opportunities for ARL —
academic — industry partnership in polymers

» Higher risk, longer term, more labor than

ARL can invest in by itself

1) Dynamically responsive rigid systems
2) Complex multi-material processing

Approved for Public Release 48
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e | Tﬁ WHY DYNAMICALLY RESPONSIVE POLYMERS z DEVCOM

JM Dennis, et al, Polym. Internat., 70, 720 (2021)

R

microsecond millisecond

second

Response Times
1's 10's 100’s 1000’s

Magnitude of Change

Challenge: Broad range of potential performance parameters that are dependent on the
applications

Objective: Map out this space. What is possible under what conditions?

Major Gap: Dynamic response in rigid systems

Approved for Public Release

7N CHALLENGES TO THE LAYERED MATERIALS
ru._fm_ﬂ AND STRUCTURES COMMUNITY

B Particle loaded multi-layers
¥y + Near jamming limit (50+ vol%)
< + Continuous processing

« Controlled porosity

% » Complex form factors

Automated design

* Robotic assisted materials design
« Automated composite assembly

» Complex multi-material structures
» Al/ML integrated manufacturing

Multi-material processing

« Adapted to other materials

+ Co-processing of metals
ceramics, polymers

* In-situ interfacial control

+ Down-stream drawing / shear
deformation to refine and align
microstructures ;

Bradley, et al, Nature Chemistry, 11, 578 (2019)

Thick multi-materials
composites

* Interfacial control

» Curved and complex shapes
» High pressure consolidation

Processing directed cellular assembly
« Synthetic Biology and Cellular synthesis
» Polymer processing of cellular structures

Approved for Public Release
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TAKE HOME MESSAGES / AUDIENCE
QUESTIONS

LAl
AN
| oEveom

. ARL is great place to work and live
. Work on fundamental and applied programs
Excellent facilities for chemistry, processing, analysis, and

engineering evaluation
Polymeric materials are important for Army systems: soldier,
vehicles, weapons

* Are you interested in working or
collaborating with ARL?

* Needs: Generically in polymer science

» Specifically: processing, mechanics

« BS-PhD

Contact me at: joseph.l.lenhart.civ@army.mil

Approved for Public Release 51
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RESPONSIVE MATERIALS APPROACH

l D;EV,CTUM

1) Temperature /
Segmental relaxations

2) Molecular weight
between crosslinks (Mc)

3) Non-covalent
interactions (polarity)

42
T T T T T
1 . a0 3 ko ke 3 2 - 0%
.e 1 2 n A
. ‘i 8 brittl a 20 p
23 s, s Orittle A ductile
L8 0 e, of 34 .5
3 | Lo . E ] I
3 ] {
£ 53 el gm i
sz . £280 ¥ | mixed €
A s . 2 26 by
e 24 5
. *sel . 22
1 = | o5

If we can change temperature, Mc, or polarity dynamically then

we can make dynamically responsive polymer network glasses

~°7 e @A
f L g .

Diels-Alder
(thermal Mc change)

Questions

* How many responsive groups?
How should we organize them?

* How fastis local response?
How does local response perturb
surrounding polymer and how fast?
How does the response depend on
the polymer and environment?

Azobenzene
(optical shape change)

Approved for Public Release 52
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Materials Discovery and Development of
Aerospace Composites
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6/15/22
THE AIR FORCE RESEARCH LABORATORY
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A AFRL

Y
3

AFRL at a Glance OHIO

SHUMAN *AEROSPACE MATERIALS &
PERFORMANCE SYSTEMS ‘ RIEAPIRIUARITERE ‘ MANUFACTURING SRS

Employees USAF School of Aerospace
i Medicine

1,100 Military « Human Systems NEW YORK
(USAF/USSF) Integration |
5,400 Civilians +Alrman Systems S
4,700 Contracted NEVADA . VIRGINIA

SCIENTIFIC RESEARCH

* London, UK

« Las Vegas, NV
* Austin, TX
* Washington D.C.

* Tokyo, Japan

3in 5 Gov. Civilians
* Santiago, Chile

are Scientists and

Engineers (S&E) CALIFORNIA : TENNESSEE
79% of CIV S&Es hold an SYSTEMS WEST N g A\ SYSTEMS
S or Higher .. NEW MEXICO | / . \  FLORIDA
33% Hold a PhD S ¥ \
> W | roos ) O v e
$3.60
« Maui Research Site ‘ $7 B+ - $3.76

* Ft. Sam Houston Funding
| 63 [~ (FY20) = AFRL Budget Authority

Advanced Technoloay Other AF Funds Execued
Dovsiop Snas S External Customer Funds

THE AIR FORCE RESEARCH LABORATORY
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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A AFAL
Materials & Manufacturing Directorate
Accelerating
Technologies, Industrial Base, & Capabilities
Impose (Avoid) Tech Surprise via Leading Cutting-Edge Foundational Research
Risk-Abate with Industry to Insure Supply (materials, components, processes)
Expert Advice to DAF and OSD (operations, acquisition, policy, & planning)
_.x'\ -/ Readiness
- Root Cause Determ.
Sustainment
19%core N ! 23% core
3 _Eng 3
19% total at. & Proc. 31% total
Disc. & Dev.
Assess Unknown
Unknowns 57% core
i Risk Reduce / 50% total
465 SM Total Resources (FY19, 2.2xCore) Technology
400 ksqft, 9 Bldgs (55% Labs) |
400 Gov. Staff (373 civ/27 mil, 50% PhD)
350 FTE On-site Staff, 50% PhD DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
Cost-Imposing Technological Superiority Begins with Materials & Processes
56
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- CERAMIC MATRIX COMPOSITES
- POLYMER MATRIX COMPOSITES
- METALS

- MATERIALS STATE AWARENESS

- MATERIALS FOR SURVIVABILITY
AND PROTECTION

- MATERIALS FOR ISR AND ELECTRONIC WARFARE
- MATERIALS FOR MAN-MACHINE INTERFACE

Core Technical Competencies
Technology Applications for our Airmen

Aerostructures
Agile Manufacturing

Airmen Performance Assessment

Energy Efficiency and Assurance
Hypersonics

Integrated Computational Materials

Science and Engineering (ICMSE)

Intelligence, Surveillance, and Reconnaissance (ISR)

M&P Specification Standards
Mishap Prevention
Munitions
Nuclear Deterrence
Propulsion
Quick Reaction S&T Support
Space
Specialty Materials Affordability
Survivability

6/14/2022

- MANUFACTURING FOR ELECTRONICS
AND SENSORS

- MANUFACTURING FOR PROPULSION

THE AIR FORCE RESEARCH LABORATORY

AND STRUCTURES

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022

¥ A

AFRL

THE AIR FORCE RESEARCH LABORATORY

RX Research Teams

PMC Materials & Processing (RXCCM)

Dr. Hilmar Koerner hilmarkoerner.1@us.af.mil
« Composite Processing Science

* Multifunctional Composite Structures

Ceramics Materials & Processing (RXCCM)
Dr. Mike Cinibulk michael.cinibulk @us.af.mil

« Fiber Reinforced Composites

« Environmental Effects

Composites Performance (RXCCP)

Dr. Craig Przybyla craig.przybyla@us.af.mil

« Continuous Fiber Reinforced Composite Behavior & Life Prediction
« Ceramic Matrix Composite Durability in Extreme Environments

Metals Materials & Processing (RXCM)

Dr. Eric Payton eric.payton@us.af.mil

* Metals Additive Manufacturing and Processing Science

« Discovery and Design of New Alloys for Extreme Environments

Metals Probabilistic Performance Prediction (RXCM)

Dr. Todd (TJ) Turner todd.turner.5@us.af.mil

« High temperature durability assessment

« Location-specific (microstruct.-sensitive) probabilistic property
prediction

Characterization Sensing and Analytics (RXCA)

Dr. Mike Uchic michael.uchic@us.af.mil

 Materials characterization, with focus on nondestructive methods
 Analytics & uncertainty quantification

Digital Manufacturing (RXMS)
Dr. Sean Donegan sean.donegan@us.af.mil

* Material Process Monitoring & Automation
« Data Analytics & Visualization for Manufacturing

ing (RXAS)

Biological Materials & Pr

y Dr. Nancy Kelley-Loughnane nancy.kelley-loughnane.1@us.af.mil

* Biomacromolecular-Material Interactions
« Synthetic Biology for Materials

Polymers and Responsive Materials and Processing (RXAS)
Dr. Christopher Crouse christopher.crouse. 1@us.af.mil

« Conformal & compliant materials

« Novel responsive devices and architectures

Integrated Opto-Electronic Materials & Processing (RXAN)
Dr. Robert Bedford robert.bedford@us.af.mil

* Infrared Detectors & Quantum Sources

« Integrated Photonics

Agile Electronic Materials & P\ ing (RXAN)
Dr. Mike McConney michael.mcconney.1@us.af.mil
* High Power & Frequency Electronic Materials

* Reconfigurable RF Materials

Structured Optical Materials & Processing (RXAP)
Dr. Jonathan Vernon jonathan.vernon.2@us.af.mil

* Responsive Optical Material Systems

« Optical Thin Films and Coatings

Non-Linear EM Materials & Processing (RXAP)
Dr. Joy Haley joy.haley.1@us.af.mil

« Source Materials
* Broadband Nonlinear Materials

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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AFRL

Enabling Capabilities Faster

A

Limited Life

“New concepts are too high risk and evolve too slow for the
next aerospace revolution ...”(RX CS)

Exquisite

[P

/" Now/Future

[ — Jm=)
—

ISTRUPTIVE

SBIEIU'I[]NHJEII

THE AIR FORCE RESEARCH LABORATORY

Complexity

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.

59

Graduate and Post-Doc

.‘

Materials and Manufacturlng Dlrectorate
Graduate and Postgraduate Programs
Graduate Programs

SOCHE strives o find intemships for students at al academic levels
including high seheel, undergreduste, graduate, and pestdoctorate.
DEADLINE: Open

The AFRL STEMWorkforce Developrment Program Partfoio s
administered by Universibes Space Research Association (USRA).
USAA'steam is dedicaled fo ensuring quality programs are offered
atal supported sites and that scholars and mentors have a fuffling,

CHOLARS PROGRAM worhwhis experience hat Bromotes nterest and caresr development
in science, lecnnelogy. engieering, and mathematics. DEADLINE
JAN 100
The otjective of AFRL ML-RCPis lo enable, eniance. and expand
the research capabilties of Historicaly Black Coleges and
Universilies (HBCU)and Minority Serving Insttutions (MS) through
COlaboratve researcheions Wi AFRL. The program has been
recognized asa madel for diversity engagements, enabling more
than 750 students and 200 faculty panicgpants from 40 partnening
institutions to colaborate on AFRL directed research projects.
DEADLINE Open

MATIONAL  The Xorce Fallawship < 8 summer intemship program that
SECURITY provides graduate students and recen graduates a chane to serve
INNOVATION  their eounlry by soiving rest-workd national security prblems in
NETWORK  collaborsfion with the US. mitary. DEACLINE DEC 17

SMART
e
ot

The SMART Stholarshig- for-Service Program is a combined
educational and workdorce development oppartunity for

SMART
Scherars receive 1l Lation, arnual Sipends, and empioyment with the
DaDafler graduation. DEADLINE DEC 1¢

The STEM Stutent Employment Program provides iniemship
opportniies forundemraduats and graduale students in STEM fields
with DaD Seience and Technology Reinwention Laborstories (STRLS)
DEADLUINE: Open

AFRL STEM Student
Employment
Program (SSEP)

E’@

AFRL

Materials and Manufacturing Directorate
Graduate and Postgraduate Programs
Graduate Programs (Continued)

1360031 Defense S¢wee and Engrme
Nationu Defense Fellonstsp Prograrms 2 compesiwe eiow
Science an:

Engineering Graduate

Vi A0n of ¥ Choke CEALYE. FEB 7

The mssion of NSFs holars Internship Program (531
"

% federal e

Current e fec m!]u»«\‘ andmose win a0
reermsp

Program Recert -xr o«)4<\Acv.~.).ﬂa\\w.<)«>4fF.«nn

{PF) Program. CEADLNE. O

Vo
PATHWAYS

The Viorktorce Recrument Program 5 3 recrutment and referrs
Hege students and recernt graduies win dsabibes

WhO 31 €306 10 MOy 3te THisr ADIBES 1 Ihe WONKpiaCe I

InferrEhps. temporry. o permanent employment in T Federal
ovemment. DEACUNE. AQpiK

Workforce
Recruitment
Program (WRP)

Buking 3 worki-13s3 matenals schnce andengineenng workrce
proscientin T 3 16CPAIQUES NECEssary 10 BCekaale T
discorery, development. and deployment of advanced matenats
0EXC 1

ANE

"
0 recrut, tran and devekop colege gradustes to become

TH:US Air Force Research Lab Summer Faculty Fellwrsmp Phoql)ln
AFRL Summer to A Force it
Faculty Fellowship o-to tseck esearchreslenciesa paicipaing A Fort escurch
Program tacilfies for ful-time science, mathematics. and engmeering faculty
a! andior students af LS. coleges end universities. DEADLINE DEC 13%

[

peotessional Ax Force Ciian Scientists 8nd Engineers PAQ
FrOWeS tranig 8nd development. mertorng. and real workd work
xpenence leading 1o prolessindl emplyment. DEAOLNE Opee

Palace Aquire

Postgraduate Programs

T ‘and suppor wark-cl .

D ES'I Em;\r\eemg educalion and research progrems, thereby nmnwhng
A The

ngineering education and research
oppartuniies st the easters and ocios vl DEADUNE FEB
The Direst Hire Authority for the DoD for Post Secondary Students and
Recent Gradustes llows for irfemships for qualified post-secondary
students and recent gradates in non-STEM fiekds within AFRLIRX.

Direct Hire Authority
(DoD DHA)

THE AIR FORCE RESEARCH LABORATORY

The Technology and Natenl Security  an oppornty
for echnologists and entrepreneurs 1o serve ther country by
bedding wih key Gec 50N MKErs % the 10 kevets of e U S
penmiek, DEACLNE. JUN 37

NATIONAL

The Ax Force Scence B Tectnkgy Fetomtsp Program oies
510
SCieABIS 10 peetom colaboramve esoarcholt

ountry CEADLNE Vares

A Force research

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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Undergraduate

6/14/2022

AFRL

A Materials and Manufacturing Directorate

v ussk Undergraduate Student Programs

i The Pathways Program offers fodral internship and employment
WSS ooportunties for cunent students, recent gracLates and hose with
PATHWAYS anadvanced degree. There are thre
s vt Intomship Prog < s

L Management Fellows (PMF) Program, DEADLINE: Varle

SOCHE strives to find Internships for students at all acacemic levels
including high schoot, Lndergraduate, graduate. and post-goctorate.
DEADLINE: Open

S@CHE/nfern

The AFRL STEM Workforce Deveiopment Program Portfolio is
adminstered by Universities Space Research Associaton (USRA)
USRA's tear is decicated 1o ensuring quallty programs are
offered a1 a1 supported sites and that scholars and montors have a
SCHOLARS PROGRAM  1ulfling, worthwhile experience that promotes Interest and career
development in science, lechnology. engineering, and mathematics.
DEADLINE: JAN 10°

The objective of AFRL ML-RCP s 10 enabie, enhance, and expand e
research capabilities of Histor cally Black Colleges ard Universities
(HBCU) and Minorlty Serving Institutions (MSY) through cotaborative
research efforts with AFRL. The program has been recognized as a
modol for diversity angagements, enabling more then 750 studonts
and 200 faculty participonts from 40 partnering Insttutions to
coliaborate on AFRL directed research projects. DEADLINE: Ope

LEGACY Apprentice. The fnal phase of the LEGACY progr
sharpens the students’abilty 10 MUl-task and compietsthe research
5. The students polshed professiona sk wil complement
oot transition to the workforce.
DEADLINE: MAR

7 T Pania Colge e Pogam s desgned o peapae
Premier rticipants for future mession crilical and specialty positons n the
College Intern 2 Porce trough 1017 week ped sumime ships. Inter:
compiete soecial projects Using cuting edge technoiogy, while under
Program the mentorsnip of senlor managers. DEADLINE: DEC
NATIONAL
N SECURITY  undecgracustes a chance to serve thei country by soiving reakworid
INNOVATION national security problems in colaboration with the U.S. mititary.
NETWORK  DEADUNE DEC 17"

Invent the Stuf) that Makes the Future

THE AIR FORCE RESEARCH LABORATORY

The X-Force Fellowship is a summer internship program tat provices

Recruitment
Program (WR

p) Imermships, temporary. or

Materials and Manufacturing Directorate
Undergraduate Student Programs

€O

The SMART Scholarship-for-Service Progran is  combined
educational and workforce development opparunty f
uncergraduate, master's, and doctorl STEM studet R
Scholars receve full tuition, annual stipends, and employment with
the DoD after gradustion, DEADLINE. DEC T

The Workorce Recrultment Program ks @ recrultmens and e
program for college students and recert Graduates with disabilies
who are eager o demonstrate thes abirties in the workplace 1niough
parmanent employment i the Federal
Government. DEADLINE: Applications apan n late AUG

AFRL STEM
Student
Emple

The STEM Student Employ
opportunities for undergracuate and graduate
with DoD Science end Technology Reirvertion Laby

ployment
Program (SSEP)  DFADUNE:Open

Direct Hire
Authority
(DoD DHA)

T s AL o T i Koy B
and Recent Graduate: ‘ot Intemsips for quallfied post
secondiey sudents end recmmt cradustas T Nor STEM Rekcs wihin
AFRURX. DEADLINE: Oper

AIR FORC E

Cadet Summer Research Program [CSRP) provides opportunities
dets to solve relev leern through reakworld

application of classroom anc build lasting ¢

relationships while parti cn at the var

governmen 2 S s ougnout the wor

SEP-0CT

Center for

Excellence in

Education

The DoD Summer Lab Research Intern Program pairs college
students with DoD lab internships, using a blend of virtual and In-
persan modalities to nurtute careers of excellence and leadership In
STEM for acadenycaty talented students. DEADLINE JAN 14*

Invent the Stuff that Makes the Future

DISTRIBUTION STATEMENT A. Approved for public
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Student STEM programs (K-12)

AFRL

Materials and Manufacturing Directorate
Student STEM Programs (K-12)

3
Internship Opportunities

The Pathways Program offers federal ntership and employment
%o opporuniies or cutent stdets, tecontgraduates and hose weh
N —— n advanced llﬁgmﬁ T-ma are three ciffer paths avallable:
PATHWAYS Intermship Prog ‘Grads Program & Presidental
Mansgemrt Ealiows PAF) rogram
DEADLINE Varies

SOCHE strives to find internships for students at ol academic levels
Inckucsing high school, undergraduate, graduate, and post-doctorate
DEADLINE: Oper

S@CHEInfern

LEGACY Jx Apprertice Iroduces studerts o reskworki e
by providing qus rtors 'n world-class
Wi oAt profession aa whie buld

ors 10 he
phase of the LEGACY program. DEADLINE: NOV-DEC

Scholar Research Assistant program is an Al Force
Wright Scholar  Laboraon e desned to expose ighschol
Rasearch and sersors o var
ence i on alor 1 ther the pherest n e STEM caeer
Assistant Program oo on; pEADLINE: JaN 107

The AFRL STEM Workforce Development Progeam P
is acministered by Uniersties Space Reseacch Association
USRA) SRt amn dechcatnd 5 i il proeass

SCHOLARS PROGRAM
and career development in science. technology, engineering, and
DEADLINE: JAN 10/

Research Science Insttute (RS) Mass:

Tachnology MIT] Internship: RS! s the first cost-free to students,

summer science & engineering program to combine on-can

cowse work i scientific theory with off-campus work in s

and technology research, Completion of the RSI MT Internsiip s
equired for consideration for an undergraduate on-site Internship

wihin a Department of Defense [DoD) instal

the breadih anc depth of DoD research for future career planaing

DEADLINE: JAN 10

Center for
Excellence in |
Education

Invernt the Stuff that Makes the Future

THE AIR FORCE RESEARCH LABORATORY

Materials and Manufacturing Directorate
Student STEM Programs (K-12)

Team Competitions & Educational Outreach

(3XO)

FIRST' LEGO" Laague Expiore presents 3 new and
exching Chalenge sach vea 1 o the 3

of chlcren age § 1014 Wik expioring th

ineme, teas use basic engieerng concepts o buld

2 moel made of LEGO" elemens. DEADUNE MAY

FIRST Toch Chaflorge I5  robofics sport-like competiion for
students grades 7.12. Teams of Lp to 15 students desigi

an program tobots to compete head-fo-head against other
teams. Teams cevelop strategles and buiki thelr robots based on
comprenensive engineering principles. DEADLINE: TRD

Wl“lD!u
WRIGHT

Unter SUIEt ruies and ImEed Tme 6nd 1650urces, 16ams of Figh
schoo students are challengee 1o bulld industrial-size robots 1o
play @ dfhcult feid game n aliance with other &

and apprecistion for STEM within the local
community. DEADLINE: Varies

Resources for teachers, parents, and students, Ranges from
armanging WPAFB experts (o Visit classrooms 1o give STEM lessons,
borrowng kits for lessons. STEM activities for home, 1o resources
for homeschooling familles. DEADLINE: Open

SEMEDS is  unique program that brings focal swudents and their

teachers to Wright-Patterson. A't Force Base (WPAFB) to operate

state-of-the art scanning election microscopes in a real e
boratory setting. DEADUNE Ope

LEGACY Craftsman is a free, STEMHnspired, hands-on camp for
11115 yoar old students. This camp wil bulld knowledge while
reinforcing self-confidence end leadership, DEADLINE: MAR 1

D o
/Eo""“’
TUTORS

And Much
More!

DEADLINE: Various

Invent the Stuff that Malk,

Teachers or other school personnel can request volunteers
to come to thelr school during school hours to tutor students
There are many wonderful, dedicated volunteers wanting to
assistin nearly every subject taught. DEADLINE: Open

SCIENCE  Arfocescence  Read A
LFAIRY Engneeringfor  Amenca ’
JOSSHADOWDAY - SDNRENASIE. =

PROGRAM l\‘
me

s the Future

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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CUCK + WATEH « LEARN + DISC

4 CAmgstSryforLife" ACS Webinars

Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Which Armed Service was to first to test air vehicles and in which
year did they do so?

« US Air Force, 1947
* US Army Air Service, 1918
* US Army Signal Corp, 1908

* US Army Air Corp, 1927

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

63

63

N A AFmL

PMC M&P addresses the design and synthesis of specialty polymers, real-time
sensors, processing science, and predictive modeling

* Materials Discovery
+ Synthesis 600°F - 1000°F resins
* Resin discovery via ML/AI
+ Geopolymers
* SynBio

Domestic, low cost routes &5
towards high performance, resins

* Agile Processing
- Additive Manufacturing and Infusion
- Real-time measurements
» Process modeling & Integrated sensing

Process automation and part
unitization

* Multifunctional
* Boron rich epoxies (Nuclear) Agile, low cost
* MXenes (CDEW) processes

alignment, velocity

Resilient structures

THE AIR FORCE RESEARCH LABORATORY
INNOVATE, ACCELERATE, THRIVE - THE AIR FORCE AT 75 DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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\0’ AUSSF From Traditional to Agile Manufacturing AFRL

ﬁ.'_’é:-"‘"';—r—" Solvent-Free/Imidized Resin
| l Unitized Components
- Tolerances

UCycle Time

3D Preforms

Resin Transfer Molding

= (RTM)
,,774.(/’

Hand Lay-Up of PMC'’s )
UTime, UCost
Rapid Prototyping
Complexity
3D Printed Composites
Autoclave Processing
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 65
65

\" Avssr Key Metrics for Aerospace Resins AFAL

Toughness- Resins tend to be highly crosslinked “oligomers”.

Temperature Capability- Extending usage time and temperature would be advantageous to the physical
limit of bond strengths.

Balance requisite viscosities/TOS for RTM and AM applications.

Water uptake- One of the main root causes of failure in PMC’s. Dramatic loss in moisture during use
initiates micro-cracks that lead to further ingress of moisture and oxygen.

No truly non-invasive in-situ monitoring tools during cure and post-cure.

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 6
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N/ Avs=-  Air Force Interest With Helically Chiral Molecules and Polymers ~ AFmL

\ 4 X A4

= = ’ ;

‘ ‘ 5" I
2

In-Operando Strain Sensing Materials For Limiting IR High Temperature Polymers
Left-handed Right-handed
iMor =) P or+)
Hyp(:‘thesm" . tor high Synthetic Hurdles
Thermally Robust monomers for hig + Syntheses tend to be lengthy and low yielding.

temperature applications.

¢ Large Dichroism along the helical axis, has + Enantioselective synthesis is key for some applications.
implications for sensing.

Highly dichroic, non-planar, oxidatively robust fused aromatic rings.

THE AIR FORCE RESEARCH LABORATORY

67
\;4’ Aussp The Application: Strain Sensing AFRL
- Silicone El ~ [ Epoxy Thermosets =
Y 0
SN | & o
/\5‘{ " and yE ) Ami
0 Polyfunctiona mine or
" o’\s:’H \>‘L\. {>(\ /)\’\s‘/\f\ﬁ Epoxy or Epoxy 1 Anhydride
° @lx ili Catalyst
Qg‘g; Pt Catalyst Silicone atalys!
and
5 \saf./\
TN .
o SNV N
S I !
and
VARV
M “\ua{gxofj: ‘%
Pt Catalyst %ﬁ
\ J
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 68
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Optimization of Helicene Products AFRAL

[41+[1]

T
Precursor Design - 5

O OO0

Carbohelicene Precursor*

" w |
+ * a
(2]+(1]+(1] 55 10
°
B1+2) 2 Thermodynamics 3 :
vs Kinetics 2
!”
Carbohelicene Precursor* gm
: °% % %' 0 2 i 10 1w
2 . Temperature (°C)
[3]+(3]+(3] 54

Refs:
16]‘[41 45 1. Laarhoven, W. H., Prinsen, W. J. C., (1984) Top. Curr. Chem. 1984, 125, 63-130.
2. Weber, J.; Clennan, E. L. The Journal of Organic Chemistry 2018, 84 (2), 817-830.

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 69

69
\;4’ Aussp Inducing Enantioselectivity: Chiral Auxiliary Groups AFRL
l Br
) |
hv, I, toluene
UG
SO
AN
R={-)-Menthyl Chiral Auxiliary
Temperature (°C) Ratio of Diastereomeric
Diastereomers (+/-) excess
+80 20:80 60%
+25 24:76 52%
0 3862 :
I -78 98:2 96%
Refs:

1. Vanest, J.-M.; Martin, R. H Recueil des Travaux Chimiques des Pays-Bas 1979, 98 (3), 113-113.

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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N Avs= Synthetic Futures: Multifunctional Helicene Precursors AFRL

OH
Br. O fj
O S L PN . e

-
0 Pd{OAc)z, DMAc,
R,O (Cy)2NMe, Et,Cl

Versatile
Building Block

Dihydroxy[11]-Helicene

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022
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\,"’ AUESF DARPA-AMD Program Definition AFRL

Increase the Pace of Discovery and Optimization
Develop Closed Loop Systems that Exploit, Build and Integrate Tools for:

1) Extracting Existing Data from Databases and Text;
2) Execute Autonomous Experimental Measurement and Optimization;

3) Incorporate Computational Approaches to Develop Physics-Based Representations and Predictive Tools.

https://www.darpa.mil/program/accelerated-molecular-discovery

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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\j AUSSF UIUC Molecule Maker Research: Modular Suzuki Couplings AFRAL

e

Prof. Martin Burke,

Deprotection module Coupling module Purification module
uluc Molecule Maker
Pd, Base R or R’=Aromatic, Alkene
. . : _ + I_ - 4 ’
Suzuki Reaction: R B(OH?2 . R’-X 4’Aqueot§ R-R X= -1, -Br, -OTf etc..
Boronic Acid or Organic
(or Ester)

xL —acL xL —a& 5

6/14/2022

MIDA Borane
Modular Synthesis and Purification Using LC-MS as a DOR Probe

Science. 2015 March 13; 347(6227): 1221-1226.

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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\7 Aussp Molecule Maker ARES OS Dashboard AFRL

xv,u 3 MANUAL OPERATION

| Setup for Experiments

=)

Autonomous Command

Lines

Tl .
Hot Plate
“Plate Set Temperature
- Stir Speed

Syringe Pump
-8 Valve Posmons i On Board Planner to Integrate All

-Dr‘ﬁ??d Injectpnﬁ, Autonomous Commands, Reaction
Rate/Volumes Campaigns and Data Analysis Tools

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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\;j A‘JESF AFRL’s Version of the Molecule Maker AFRAL

Inert Gas Bubblers Hot Plate/Stirrer
16 vials x 20 mL

] Fluorescence 1D and 2D Capability
Uv-vis Detector
Spectrometer
4/8 Teflon
Valve Array
(192 valves)
First Molecule Maker with Closed Loop (Autonomous) NMR Analytical Tool:
Direct Structural Evidence of Reaction Outcome(s)
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 7
75

AFRL Autonomous Research Process

Power of Closed-Loop Iteration

5 e Autonomy: System designs its own
Experiment v 8

experiments using Al & Machine
‘ Make d Learning

]

Specifyk or

2 i * Automation: Execute experiments
Provide prior

automatically Modeling: Integrate
modeling & simulation directly in the
loop

Conclude

* AnalysisBl Knowledge Representation

Achieve Objective
Report Knowledge * Science through in-line hypothesis
Update Repository generation and testing

* More iterations >> More experiments

Experimental Convergence

THE AIR FORCE RESEARCH LABORATORY

Stach et al. “Autonomous Experimentation Systems for Materials
Development: A Community Perspective.” Accepted for publication in Cell
Press Matter, 2021.05

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022.
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60 MHz(1.4T) *H and 1°F NMR
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k;," AUESF Semi-autonomous, closed loop NMR acquisition AFRL

A0 W

Br B(OR), Q O b 2
L'xmﬂ M‘/J-./
O Continuous Variables MW.J// 0 min
Catalyst Loading
(2.1 equiv) T!mp:ra:m'e (30-100C) \J 30 min
Base: Cs;CO;3, excess Time (1-Shrs) W \__‘_,_,.,-/
Solvent: Toluene »\/ W\a&m 60 min
W L.,\M_A 90 min
WN/\NM/*/\&“& 120 min
N
Y2 l Z Y FhaP: % PRhy MM‘H—-/‘\_T__,_V-F—'/\\.W 150 min
r 2
" | N O O W\\NW 180 min
& Reaction is complete within 3-4hrs. ”\\w
X-Phos Xant Phos \\‘“\M“\ 210 min
240 min
W\M 270 min
I o o I o M o R
Cremical Sl ippm)
THE AIR FORCE RESEARCH LABORATORY
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. i
77
AUES" Autonomous NMR Data Workup and Analytics AFRAL

Phasing Baseline Correction : .
Reaction Progression

g N2
Min£ =~y Ik + P(R) Eldelliy= Z wily =)

w.r.L phe0. phel R, :I‘?"cos(dn) — I?sin(¢h,) _ x 2 _ _\2
o b Swaolhneg= 3 (si~z) =3 J(Ae]
LTI F=iphel el s 0=S+iR

S(M. P ].3) = P L(IM T L)+ = P G(M, o), 3),

_ PPt (m = par 4 2pia-nid) + Psa—nien) MxT?
i 1)+m+z+1 L(M.Foxclx)= g

G([M.I"A,\A]J):Msxp(—(,r—x. P2 xa:)),

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. e
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From Biotic to Extraterrestrial (Abiotic?) Organic Synthesis AFRL

Interstellar Medium Molecular Cloud Protosolar Nebula

Parent Body

Delivery
Recovery
Molecule Grain

Planetesimal Comet

Asteroid

IDP
Meteorite

EStellar Outflow Irradiation

&

Glavin D. P., Alexander C. M. O’'D., Aponte J. C., Dworkin J. P., Elsila J. E., and Yabuta, H. 2018. The origin and evolution of organic

matter in carbonaceous chondrites and links to their parent bodies. In Primitive meteorites and asteroids, edited by Abreu N.
Amsterdam, the Netherlands: Elsevier. pp. 205-271.

~10° kg/yr of organic carbon delivered to Earth

THE AIR FORCE RESEARCH LABORATORY

DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022
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k;:‘?; AUESF Extraterrestrial Sourcing of Organic Matter AFRAL
2y s 0.0 )
) ® Sase
& QO _ O
Aromatic
OH ©O 0 Hydrocarbons NHz Q 9
H:C OH HO OH ; NSy </N o | NH
NH NHa ¢ _J A PN
2 ' N7 NT N7 TNH, N7 O
threonine | Amino Acids serine H H
99% ee 80% ee adenine guanine uracil
2 2 9 RNA and DNA
0. oH Ho oH Nucleobases
OH NHz NH; T trially R
R erestrially Rare
aspartic acid glutamic acid v
55% ee 44% ee NH, NH,
H
Non-Proteogenic and Rare N S
4 o </ | N N 3 N
o OH P I )—NH,
. N P
he oH Sugar Acids H N NH, N N
H2N7\)LOH 3 OH QH 0
HsC NH, HO. : 2,6-diaminopurine 6,8-diaminopurine
: : OH
aminoisobutyric acid isovaline
Can the Space Force harvest, extract, modify and utilize?
DISTRIBUTION STATEMENT A. Approved for public release, AFRL-2022-2527, 5-27-2022. 80
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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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ACS Technical Division

ACS POLY Exclusive Member Benefits Polymer Chemistry (POLY)

1st Year Free Membership!

Eligibility for awards (including Member of the Month!)

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

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)

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

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

https://polyacs.org &

ACS ACS Webinars

WWW.aCS.Org/acswebinars
W Chemlstry fOr Life(p CLICK « WATCH - LEARN -

NEXT WEEK!

Wed., June 15, 2022 | 2:00pm-3:30pm ET Thurs., June 16, 2022 | 2:00pm-3:15pm ET Wed., June 23, 2022 | 2:00pm-3:15pm ET

How Polymeric Materials Protect Starting a Company: How to Set Up  How to Approach Gender,
Our Armed Forces Equity and Securities Structures Language, and Intersectionality
Co-produced with ACS Division of Polymer Chemistry Co-produced with ACS Division of Small Chemical Businesses Co-produced with ACS Office of Diversity, Equity,

and ACS Division of Business Development & Management Inclusion & Respect

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

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

=s———  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
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www.acs.org/acswebinars

@ ACS Webinars

CUCK + WATCH » LEARN = DISCUSS

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

Contact ACS Webinars® at acswebinars@acs.org

86

86

43


http://www.acs.org/acswebinars
http://www.acs.org/acswebinars
mailto:acswebinars@acs.org?subject=I%20have%20a%20question

