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MODELING SCALES
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FLEX MODULUS/SOLUBILITY PARAMETERS FOR NYLON PLASTICIZERS

Current applications of 1,3-propanediol
(Bio-PDO): + Nylon market projected to grow by 5% annually driven by

automotive industry.

< _ + Proposed application of Bio-PDO: environmentally friendly
LN DuPont Tate & Lyle BioProducts nylon plasticizer

+ Incumbent plasticizer: n-butylbenzenesulfonamide (NBBS)

+ Environmental contaminant H
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Younker et al. Polym. Adv. Tech. 2016, 27, 273-280



FLEX MODULUS/SOLUBILITY PARAMETERS FOR NYLON PLASTICIZERS

Hypothesis: Rigidity of polymer is a function of intermolecular hydrogen bonding.

*  Workflows automated using Materials Studio Perl script R

ZT
.

* Data stored within MySQL database
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FLEX MODULUS/SOLUBILITY PARAMETERS FOR NYLON PLASTICIZERS

Predicting

nylon/plasticizer
compatibility
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FLEX MODULUS/SOLUBILITY PARAMETERS FOR NYLON PLASTICIZERS

High-throughput virtual approach has 25

been used to screen plasticizers. 40 Nylon6

poly(1,3-propanediol) n=4

Bio-PDO-based poly(1,3-propanediol)
is effective at reducing the flex modulus

G(gl(r))

20
of nyloné, but it not as effective as 15 oly(1.3-prdpanediol) bonzodte nd
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Younker et al. Polym. Adv. Tech. 2016, 27, 273-280



THERMAL INTERFACE MATERIALS

Obijective: Screen for and engineer thin films that have high thermal conductivity.
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THERMAL INTERFACE MATERIALS

Bulk thermal conductivity

K = Q
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Younker, J. M. in preparation



THERMAL INTERFACE MATERIALS

Bulk Silicon

Forcefield verification: Second Nearest Neighbor Modified Embedded Atom Potential (2NN-MEAM)

Phonon Density of S5tates
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THERMAL INTERFACE MATERIALS

Bulk Silicon

Forcefield verification: Second Nearest Neighbor Modified Embedded Atom Potential (2NN-MEAM)
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Normalized photon DOS G(g) (meV

THERMAL INTERFACE MATERIALS

Bulk

Copper

Forcefield verification: Second Nearest Neighbor Modified Embedded Atom Potential (2NN-MEAM)
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THERMAL INTERFACE MATERIALS

Bulk Copper
Forcefield verification: Second Nearest Neighbor Modified Embedded Atom Potential (2NN-MEAM)
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THERMAL INTERFACE MATERIALS

Bulk amorphous and crystalline polyethylene

Forcefield verification: Consistent Valence Force Field (CVFF)

Phonon Density of States
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Nucl. Instrum. Meth. Phys. Res. A 2005, 538, 686-691
Pro. Struct. Func. Gen. 1988, 4, 1-47
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THERMAL INTERFACE MATERIALS

Bulk amorphous polyethylene

Forcefield verification: Consistent Valence Force Field (CVFF)

MEHD Temperature Frofile
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THERMAL INTERFACE MATERIALS

» Bulk crystalline polyethylene

» Forcefield verification: Consistent Valence Force Field (CVFF)

HEHD Temperature Profile HEHD Tenperature Profile
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THERMAL INTERFACE MATERIALS

V(r ) =4ye [ (o/r)'2—(a/r)8]

Eq, =409 meV Eqyc=26.3 meV

O, =2.34 Angstroms 6 = Sart(e;e;) Ogyc=3.11 Angstroms

Ec= 1.7 meV o; =(0; ...Ujj);g Eqyn= 206.0 meV

O-=3.88 Angstroms Oqyn =239 Angstroms

ey=1.6meV

oy =2.45 Angstroms Qg (MK/W) = ATinterface [(KkcuVTeu) ' + 2(kpeVTre) ! + (KcuVTeouR) !
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THERMAL INTERFACE MATERIALS

V(r ) =4ye [ (o/r)'2—(a/r)8]

Eq, =409 meV Eqyc=26.3 meV

O, =2.34 Angstroms 6 = Sart(e;e;) Ogyc=3.11 Angstroms
Ec= 1.7 meV o; =(0; ...Ujj);g Eqyn= 206.0 meV
O-=3.88 Angstroms Oqyn =239 Angstroms
ey=1.6meV
oy =2.45 Angstroms Qg (MK/W) = ATinterface [(KkcuVTeu) ' + 2(kpeVTre) ! + (KcuVTeouR) !
HEHD Tenperature Profile HEHD Tenperature Frofile
338 T T 338 T T T T T T T T T
chi =1 + chi =1 +
chi = 2 * chi = 2 w
328 1 328
318 ”""*‘"‘“’ 1 a1g | i
S 380 - 14K #ki % 380 [
= % 10K
298 oa9a |
on@ | 1 288
Thermal conductance: 5.0-7.8 GW/m2K Thermal conductance: 0.7-1.8 GW/m?2K
L I ! . ! ! ! . , 278 1 1 L : !
278 o2 0.3 0.4 0.5 0.6 0.7 0.8 8.9 . a a.1 6.2 6.3 0.4 8.5 0.6 0.7 0.8 8.9 1

. . Hornalized distance
Hormalized distance




THERMAL INTERFACE MATERIALS

Hypothesis: The overlap of the acoustic modes (< 20 THz) is directly correlated with thermal conductance

Phonon Density of States Phonon Density of States
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Younker, J. M. in preparation



CARBON FIBER: ALTERNATIVE PRECURSORS

Replace “most” steel components of automobiles with carbon fiber

= 10X stronger than steel with 1/4 the weight

* Reduce vehicle weight by 40% and improve fuel efﬂaency by 30%

- LY i v ST 0BT b L4 dkoad 4 44 A4 44
Spoollng & Surface Carbomzatuoni Stabilization ’ Precursors
Packaging ITreatment! Graphitization & Oxidation
$0.61 $0.37 $2.32 $1.54  Baseline Today - $9.88 $5.04
$0.41 $0.33 $1.48 $0.99 High Volume - $7.85 $4.64
Precursor Yield (%) $/lb (as- Melt- Best achieved Problem
type spun) spinn properties
Theore | Practical able | Strength Modulus
tical (KSI) (MSI)
Conventional 68 45-50 >4 No 500-900 30-65 High cost
PAN
Textile PAN* ~ 68 45-50 1-3 No 300-400+ 30 High variation in
properties
Lignin* 62-67 40-50 0.40-0.70 Yes 160 15 Fiber handling, low
strength & slow
stabilization step
Polyolefin*™ 86 65-80 0.35-0.5 Yes 380 30 Slow stabilization
(sulfonatipn) step

“Ford--Dow Partnership Linked to Carbon Fiber
Research at ORNL,” Innovations in
Manufacturing, DOE, 2012.

“Green Car Congress," October 12,
2012.

Diagram courtesy of Harper
International, Lancaster, NY. Table
courtesy of Amit Naskar, ORNL.



CARBON FIBER: ALTERNATIVE PRECURSORS

Carbonization Stabilization Precursor
N N N N
Eﬂﬂ 1500 K NN NN 450-600 K ||| 11l 11l Il
— %5 /pound
AT A A 0,
$10/pound nH-0

P N <%0.50/pound

340 K l H,50,

<5%6/pound EI}H IEIZJH

) K - - SN 0=5=0 0=5=0
P N e T

Younker et al. J. Am. Chem. Soc., 2013, 135, 6130-6141



CARBON FIBER: ALTERNATIVE PRECURSORS

Internal elimination

Radical chain reaction

OH

0=5-0-D

r\hH

H

OH
0=5=0

:Hl

H

ﬂ

k(t) = x(T)

NN Y HSOg

‘OH

(:)H
O:(SZO

/\6%/\ — > AU\t HOSO0,
H

-SO,

kgT Qs(T) o—AE/RT
h Qu(T)

AE: zero-point corrected
activation barrier

Q: partition functions

K. Wigner tunneling
correction

Anharmonic effects
iIncorporated for low
frequency modes up to 110
cm (Python scripted)

Second-order rate
constants calculated
assuming thermodynamic
control: ki’ = kiKeq

Younker et al. J. Am. Chem. Soc., 2013, 135, 6130-6141



CARBON FIBER: ALTERNATIVE PRECURSORS

Calculating rate constants according to Transition State Theory
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Younker et al. J. Am. Chem. Soc., 2013, 135, 6130-6141




CARBON FIBER: ALTERNATIVE PRECURSORS

Calculating rate constants according to Transition State Theory
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Calculating rate constants according to Transition State Theory
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Calculating rate constants according to Transition State Theory
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Calculating rate constants according to Transition State Theory
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CARBON FIBER: ALTERNATIVE PRECURSORS

Integrate rate equations
using kinetic Monte Carlo

* Thermodynamically, both
the elimination and
radical mechanisms result
in an overall similar
change in energy (~27
kcal /mol).

= Kinetically, the radical
mechanism is the
preferred pathway at
lower temperatures.

* The presence of radicals
is supported by
experimentally observed
alkane cleavage.
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