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Who are we?

Allison Lim
PhD Candidate, Colorado School of Mines

| am a fourth year developing novel plastic
scintillators in Dr. Alan Sellinger’s group, with an
interest in developing soft functional materials.
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Who are we?

Allison Lim Jonathan Arrue

PhD Candidate, Colorado School of Mines Master Student, Georgia Institute of Technology

| am a fourth year developing novel plastic | am a second year masters student working on
scintillators in Dr. Alan Sellinger’s group, with an the testing and qualification of organic scintillators

interest in developing soft functional materials. in LANNS research group lead by Dr. Anna Erickson.
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How do we detect special nuclear materials?

Single Crystal Liquid Plastic
Detection of special v v v 299
nuclear materials nt
Ambient Stable x x x v
Scalable x x v v
Economical x x x v

Plastic scintillators are a cost-effective first line of detection for special nuclear materials.
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Plastic scintillators are limited to applications suitable for thermoplastics.

What are thermoplastics?

ol

Thermoplastics are meltable
but when solid tend to be
hard and brittle.
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Plastic scintillators are limited to applications suitable for thermoplastics.

What are thermoplastics?

ol

Th e r m O p I a St i CS a re m e Ita b I e https://www.washingtonpost.com/business/dhs—plans—to—spend—300—mi|Iion—on—troubled/ZOl1/07/13/g|QA6g:nPDI_storyhtmI
but when solid tend to be
hard and brittle.
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Plastic scintillators are limited to applications suitable for thermoplastics.

What are thermoplastics?

ol

Thermoplastics are meltable
but when solid tend to be
hard and brittle.

or o Z ]
L)
PS PPO

polymer dopant

—~N—oac=oo N

R

https://www.washingtonpost.com/business/dhs-plans-to-spend-300-million-on-troubled/2011/07/13/glQA6gmPDI_story.html
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Plastic scintillators are limited to applications suitable for thermoplastics.

What are thermoplastics?

ol

Th e r m O p I a St i CS a re m e Ita b I e https://www.washingtonpost.com/business/dhs—plans—to—spend—300—mi|Iion—on—troubled/ZOl1/07/13/g|QA6g:nPDI_storyhtmI . .
but when solid tend to be Cros;-/mkmg agents reduce
hard and brittle. undesirable plasticizing effects

or @\CYO
&
PS PPO
polymer dopant

+
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Plastic scintillators discrimination neutrons from gamma rays via pulse shape discrimination.

Polymer matrix Primary dopant Wavelength Shifter

—_— hv

Non-radiative '/1 \ hv
NAANANAA (LS —eee - - o AAAAY @\CY@AO SANANANAD
\
N \ ,{l
o . @ Y - o

polyvinyl toluene
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Plastic scintillators discrimination neutrons from gamma rays via pulse shape discrimination.

Polymer matrix Primary dopant Wavelength Shifter
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Plastic scintillators discrimination neutrons from gamma rays via pulse shape discrimination.

Polymer matrix Primary dopant Wavelength Shifter
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FoM quantifies the separation between neutrons and gamma rays — bigger is better!
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How can organic and polymer chemistry help fabricate the next generation of plastic scintillators?

Data sets from maker communities, Data sets from sensors,
signatures, and manufacturing methods biota and robotic instruments

Advanced Center for Novel
Manufacturing for Data Science and Instrumentations
Nonproliferation Autonomous Solutions and Sensors

Algorithms, optimization, data analysis
from Thrust 1 to benefit Thrusts &3
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How can organic and polymer chemistry help fabricate the next generation of plastic scintillators?

Previous work:

Novel dopants

Thermal neutron
detection

"’J§<
10
e

PSD capable Polymerizable

(o}
@‘{j/g\o/\/\o)‘j‘/
\ |
N
10.1021/acsapm.9b00188

10.1038/srep13401 O

10.1016/j.nima.2016.01.073

allisonlim@mines.edu

Matrix modifications

Cross-linked

F;C CF;

10.1016/j.nima.2017.11.091

Photopolymerized

10.1002/app.47381

Georgia &
Tech
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Polysiloxanes can be used as a flexible matrix for plastic scintillators.

P Op0 e+ 00

— n
T n 20-30 wt% ? wt%
Traditional Plastic Scintillators Polysiloxane Plastic Scintillators
Flexibility Rigid Elastomeric
Fabrication Air sensitive Not air sensitive
PSD Yes, high dopant loadings P77
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Polysiloxanes can be used as a flexible matrix for plastic scintillators.

Literature: S8 cwtn FPER
05 g: : R
2 “HE - = .
»: ° e o+ + O O
9 it ® | \
3 O 6% PPO,1”,3m &8 R N N
o [F g
03+ | g ? wt%
o2(§ Polysiloxane Plastic Scintillators
01> Elastomeric
ofs Not air sensitive
e FoM = 0.684 + 0.005
_01 —‘-;»‘gf{ 1 l 11 1 1 1 11 1 1 l L1 1 1 l | l 11 1 1 l L1 1 1 l 11 1 | 1 0“‘ ? ? ?
0 500 1000 1500 2000 2500 3000 3500 4000

Light output (keVee)

Marchi et. al. showed polysiloxane-PPO scintillators
capable of PSD, but FoM was less than 1.
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Polysiloxane scintillators can be fabricated in 3 hours and are not sensitive to oxygen.

Our work:

e

PPO

(commercial)

Zi RS

(synthesized)

o il Bl |
1 wt% 2 Wt% 3wt 4 wt% 5 wt%

3 hour cure at 150°C in air of a commercial polysiloxane resin produced clear samples.

Lim, A.; Arrue, J.; Rose, P. B.; Sellinger, A.; Erickson, A. ACS Appl. Polym. Mater. 2020 https://doi.org/10.1021/acsapm.0c00641.
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Polysiloxane scintillators can be fabricated in 3 hours and are not sensitive to oxygen.

-~

Our work: Upcoming work

e

PPO

(commercial)

C. Chandler
chandler@mines.edu

Zi RS

| = — >
) % ‘.l.‘ -
3 - . & g i “ .."
(e } : iy 0N
20k N - e » ,
i A - N\ -\ .
= - 1 3

> HO—Si—O—S:i—O—Si—O—S:i—O—Si—OH
_—t
L il | |

1 wt% 2 Wt% 3 wt% 4 wt% 5 wt%

(synthesized)

Synthesizing custom polysiloxane

3 hour cure at 150°C in air of a commercial polysiloxane resin produced clear samples. matrices Withh lcg_”i“_’t') °t‘_’er phenyl-
metnyl aistribution

Lim, A.; Arrue, J.; Rose, P. B.; Sellinger, A.; Erickson, A. ACS Appl. Polym. Mater. 2020 https://doi.org/10.1021/acsapm.0c00641.
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Polysiloxane scintillators with PPO have better FoM than commercial PVT scintillators.

Relative LY, from 13’Cs Compton Edge Position

50 140 —e— PPO
1.5 1 m 1301
o
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120 -
< 1.0- =
P )
L
>3 110 1
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0.0 - —— 4% PPO o -
—— 5% PPO 90 4
—— EJ-299-33
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Energy (keVee)

Concentration dopant (wt%)

PPO-polysiloxane scintillators had a higher FoM than EJ-299-33 at just 3 wt% PPO. LY was slightly worse but still comparable.

Lim, A.; Arrue, J.; Rose, P. B.; Sellinger, A.; Erickson, A. ACS Appl. Polym. Mater. 2020 https://doi.org/10.1021/acsapm.0c00641.
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Polysiloxane scintillators with PhF have comparable FoM but higher LY than commercial PVT samples.

Q.O ! Relative LY, from 137Cs Compton Edge Position
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PhF-polysiloxanes appeared more stable than PPO analogues. The trend in higher LY was not observed in PhF-PVT scintillators.

Lim, A.; Arrue, J.; Rose, P. B.; Sellinger, A.; Erickson, A. ACS Appl. Polym. Mater. 2020 https://doi.org/10.1021/acsapm.0c00641.
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Polysiloxane scintillators capable of PSD comparable to EJ-299-33 were fabricated, but why do they work?

Summary:

FoM of PPO-Polysiloxanes at 450 keVee

FoM of PhF-Polysiloxane at 450 keVee
1.35 { —e— PPO FoM S
PPO LY [ s
1.30 . O 111EJ-299-33 FoM: 1.13
$1.25 Q O . &
E L9 1.0 1
=120 vvacker g
n o
< n
2115 v 0104
\ / \ S ©
s Sae A G e e / SEn be
w 1.10 1 N eyl A o
/ EJ-299-33 FoM: 1.13 \ | =
1.05 - T E—— ‘/' ——
[ 1 7 —e— PhF FoM
1.00 1 0.7 N ) »— PhF LY
1 = .3 4 2 1 2 3 4 5
Concentration PPO (wt%)

Concentration PhF (wt%)
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Polysiloxane scintillators capable of PSD comparable to EJ-299-33 were fabricated, but why do they work?

Summary:

FoM of PPO-Polysiloxanes at 450 keVee

FoM of PhF-Polysiloxane at 450 keVee
1.35 { —e— PPO FoM S
et e
1.30 . O 1.11g)-299-33 FoM: 1.13 y
$1.25 Q O i 4
E L9 1.0 1
o 1:20 \ vvacker g
g \ a
£ 1.15 : 3 , > 094
.............. R S A st | Y R ©
P v, X~ / i =1 3
' / EJ-299-33 FoM: 1.13 \ R £ o |
1.05 s ‘/' s
[ 1 ? —e— PhF FoM
1.00 1 0.7 N ) »— PhF LY
1 2 3 4 5 i 2 é zll 5
Concentration PPO (wt%) Concentration PhF (wt%)
Future Work: Sellinger Group ETI Students:
L]

R * Fabricate custom polysiloxane matrices
S'i-o * Explore alternative dopants

R * Mechanical testing

e Alternative fabrication methods

C. Chandler D. Astridge
chandler@mines.edu dastridge@mines.edu
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Questions?
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Polysiloxane scintillators capable of PSD comparable to EJ-299-33 were fabricated, but why do they work?

Summary:
1.35 { —e— PPO FoM
----- EJ-299-33 FoM 1.1+
;: js (o} l{ :7 1.30 {|—e— PPOLY
\ r{l K 1.25 A Q'O O £1.0
g 1.20 ‘ vvacker g
: \ | 2 09
© 1.15 ' / 2 ©
S [ecdicees it e A e S e ron e | ‘/y o . -~
e 1.10 - / / = ' b e | h —
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1.05 1 e l i 4 / e EJ-299-33 FoM
1.00 T 0.7 1 —e— PhF LY
i : 3 ; 5 1 2 3 4 5
Concentration PPO (wt%) Concentration PhF (wt%)
Future Work: Sellinger Group ETI Funded Students:
R * Fabricate custom polysiloxane matrices
S'i-o * Explore alternative dopants
R * Mechanical testing
n .

Alternative fabrication methods ‘ _
C. Chandler D. Astridge
chandler@mines.edu dastridge@mines.edu
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