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Anatomy of a Polyhedral Oligomeric
Silsesquioxane (POSS™) Molecule

Nonreactive organic (R) —> @ o\ @ <—— May possess one or more
groups for solubilization functional groups suitable for

and compatibilization. Regi / O\Si<o \o polymerization or grafting.
R
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Nanoscopic in size with an o 50 Thermally and chemically

Si-Si distance of 0.5 nm g TOTTON -« robust hybrid
and a R-R distance of 1.5 nm. (organic-inorganic) framework
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Precise three-dimensional structure for molecular level
reinforcement of polymer segments and coils.

Key Aspects of POSS™ Technology

Hybrid (inorganic/organic) Composition NanostructuredTM Chemical Remforcement
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Toughness, Lightweight &
Ease of Processing

POSS™ technology does not
require manufacturers to

retool or alter existing
THF processes.
N Catalyst . . \1,«

W .

h(::?/ /gf e s‘/l /P ~ s /‘T "
e/ DY ‘/’ (oo s

L4 S AR
Y X

v
N Lichtenhan et. al. Macr lecules 1993, 26, 2141.
Lichtenhan, Polym. Mater. Encyclopedia 1996, 10, 7768.




Solid Propellant Insulation Program
Project Goals 6.2 (IHPRPT)

Case Insulation

POSS-Insuiation Sample

POSS for Ablative Materials

Traditional Polymer

heat % burn P I
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polymer melt carbon char

POSS Polymer

%m m protective ceramic SiO, layer
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increased melt temp

The Silicon to Oxygen ratio of 1:1.5 is the key!!!




Comparisons of POSS in EPDM

R = cyclopentyl

A& AL 50 wi% lpadings relative to a proprietary\b\ase-line material

\
Hardness: \ 15%7T no change \ 17%7T
Tensile: 5% 27% 1%
Elongation:j nochange no change _ no change
Viscosity: | 35%/ 21%4 _ 36%
Density: 15%T 3% | 12%7T

|

- Convergent Cone SRM Insulation Tests

0.50

0.40 ~— EPDM Standard
—50% ViCp7T8
0.30 —50% V8T8

o
Ny
o

Erosion (mm)
=]
-
o

0.00

-0.10

-0.20 £ : :
Mach #
Negative numbers represent formation of structural char




Goal: Develop Multi-Functional,
Space-Resistant Materials

Bond (Dgf,s)”‘a"“ Energy * (nm) Material
-C¢H,-C(=0)- 3.9 320 Kapton®
C-N 3.2 330 Kapton®
CF,-CF; 4.3 290 FEP Teflon®
CF,-F 5.5 230 FEP Tefion®
Si-0 8.3 ) 150 Nanocomposite
Zr-O 8.1 150 Nanocomposite
Satellites & Space Systems Al-O 5.3 230 Nanocomposite

Obijectives
» Increase Space Resistance (AO, particle & VUV radiation, thermal cycling)

of Polymeric Materials

» Self-Passivating/Self-Rigidizing/Self-Healing based on organic/ inorganic
nanocomposite incorporation

Wigsnriais intornationat
Space Fmuon EXperiment
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POSS Siloxane
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XPS survey spectra obtained from a solvent-cleaned, POSS-PDMS film (a) after insertion
into the vacuum system, (b), after a 2-hr (¢) 24.6-hr and (d) 63-hr exposure to the
hyperthermal AO flux, and (e) 4.75-hr air exposure following the 63-hr AO exposure.
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High Resolution Si 2p spectra obtained from a solvent-cleaned, POSS-PDMS film (a) after
insertion into the vacuum system, (b), after a 2-hr (c) 24.6-hr and (d) 63-hr exposure to the
hyperthermal AO flux, and (e) 4.75-hr air exposure following the 63-hr AO exposure.

New POSS-Polymers

POSS-Kapton™

Goal: Determine if POSS incorporation into high-performance

polymers will improve SOTA systems. : v
Z-\Si/ O\Si(/\/O > A

Have Targeted Four Polymer Systems: “~/s///°\5i<°'\o

POSS-Polyimides °\ gzi\o_}’js/; o
POSS-Epoxies o s > t
POSS-Polyphenylenes T

POSS-Polycarbonates




Mechanical Analysis - POSS Kapton™

DMTA Experiments

0,5, and 10 wt % POSS in Kapton
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N(E)/E (afrbitrary units)
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Composition, at %

Trestment o c N
As entered 18.1 77.7 4.2
20hr 14.4 78.4 7.2
246 hr 8.2 83.2 7.8
3 hrin air 17.9 78.2 3.9
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Grossman, E.; Wolan, J.T.; Mount, C.K.; Hoflund, G.B.;J. Spacecraft
and Rockets, 36, No. 1,75-78

XPS survey spectra obtained from a solvent-cleaned, Kapton film after (a) insertion into the vacuum
system, (b) 2 20-min, and (C) a 24-h exposure to the hyperthermal AO flux, and (d) a 3-hr air
exposure following the 24-hr exposure.
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N(E) (arbitrary units)
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y| Surface Topographical Analysis/Profilometry

Hyperthermal AO Beam

O-Atom Etching Experiment
8.47 x 1020 atoms cm
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SUMMARY

Significant advances in materials and processing
technologies have been made within AFRL/PRSM
- demonstrated ceramic char layer of POSS-insulation
- synthesized POSS-Kapton (up to 20 wt% POSS)
- demonstrated significant (9x) atomic oxygen survivability and
formation of ceramic SiO2 layer

Basic (6.1) and Applications (6.2) research have been
successfully integrated in Air Force Propulsion Programs
- successful technology transfer of POSS nanotechnology

- POSS nanotechnology on critical and high risk path for the Air
Force

Materials Applications Branch is willing/eager to transition technology
(CRADA'’s, SBIR’s, DUS&T’s, Academic Collaborations, etc...)
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