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OAI Why aerogels?
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Sol Gel Aerogel

« Made by removing solvent from wet gels without collapsing the
structure

« High porous solids with extremely small pore size (typically 10-
40nm)

* Low density
* High surface area

» Good thermal insulation material
* reduces heat transfer (convection, conduction, and radiation)

http://en.wikipedia.org/wiki/Aerogel
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Cross-linked polyimide aerogels
OAI POly 9

« Low density and shrinkage

« High porosity, surface area, and
modulus

* Moisture resistant

* Low dielectric constant

« Low thermal conductivity

« Can be metalized with gold

* Flexible thin film
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OAl Potential applications of aerogels
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http://spinoff.nasa.gov/spinoff2001/ch5.html WWwWw.nasa.gov



National Aeronautics and Space Administration

OAl Potential applications of aerogels

Inflatable aerodynamic
decelerators

.

Habitat
structures

Actuators Cyrotanks
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Antenna Heat shielding
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OAI Cross-linked polyimide aerogels @

Cross-linkers
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Objectives

« Explore commercially available and less expensive
cross-linkers

« The aerogels still maintain the similar properties

7
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Cross-linker Cost Comparison

HoN NH,

octa(aminophenyl)silsesquioxane
(OAPS)
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Design of Experiment

* Cross-linkers:

HsC CHg CHy(CHp),CHs
0~ o o 0™ g o

0”0 0

PMA-D PMA-O

« 10 wt% polyimide oligomer _ PIMA
o 0 <

: : 2 PMAO
« Dianhydride: ¢ ® g 5

o © PEMA

BPDA

Diamine:

120
100 g, 60

ODA 0-100%

DMBZ (100-ODA)%
* Polyimide oligomer repeat unit:
n=20-30

9
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OA] Network formation using poly(maleic @
anhydride)s as cross-linkers
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H. Guo and M. A. B. Meador LEW-19108-1 10
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OA] C NMR proves imidization was completed

Cross-linked polyimide aerogels
Cross-linker themselves POYY &
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FTIR spectra

1716 cmt 1377 cmt
symmetric v v imide C-N
imide C=0 A

1774 cm?

asymmetric

v imide C=0

CH,
stretching \
vibrations

\

3180 2680 2180 1680 1180 680
Wave number (cm™)

Typical Fourier transform infrared (FTIR)
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OALI Density, shrinkage, and porosity @
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OAL N, adsorption/desorption shows the aerogels
have mesoporous structure
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— e — diluted 50% DMBZ+50%0DA

Quantity absorbed (cm3/g)

surface area (m2/g)
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P/PO
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PMA-D/DMBZ+ODA
PMA-O/DMBZ+ODA
- PMA/DMBZ+ODA
PMA-D/DMBZ

PMA-O/DMBZ
- PMA/DMBZ
PMA-D/ODA

 PMA cross-linked aerogel has the least
surface area.
 Increase DMBZ% and n value, surface
areas increase
« DMBZ+ODA formulations have sharp ——
7 10 20 30 40 50 60 70 80 90
peaks around 6nm. Pore Size (nm) 14
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OAI Scanning electron microscope (SEM) images
50% ODA+50% DMBZ DMBZ

PMA-O

PMA

 DMBZ containing formulations had larger diameter strands than ODA
alone formulations

* Aerogels have fibrous network structure
15
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COA] Lower Magnification SEM images

ODA 50% ODA+50% DMBZ DMBZ

iy

PMA-D

50.0um

PMA

 PMA-O cross-linked aerogels show cavities in lower magnification

SEM images
* 50%DMBZ+50% ODA formulations show spherical balls connecting
together with polymer strands. »
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OA] Td of the polyimide backbone is determined
by the chemical components of the
polyimide
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OA] Compression tests were performed on the

Stress (MPa)

12

10

aerogels by compressing to 80%

— PMA/ODA
— — PMA-D/ODA
== PMA-O/ODA
— PMA/DMBZ+0ODA
— — PMA-D/DMBZ+0ODA
- - - PMA-O/DMBZ+ODA
— PMA/DMBZ
— — PMA-D/DMBZ
- - PMA-O/DMBZ

Modulus (MPa)

Strain

PMA cross-linked aerogels have higher modulus than PMA-O and PMA-O
cross-linked aerogels

50% ODA+50% DMBZ formulations have lower modulus than DMBZ or ODA
only formulations

Increase n value, modulus increase slightly

18
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OA] Compression tests were performed on the @
aerogels by compressing to 80%
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* Higher or similar modulus compared to .

The higher n, the higher the 10% stress
TAB,OAPS or BTC cross-linked

PMA cross-linked polyimide aerogels
and ODA
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-300 °C-24h (%)

Weight loss
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Density change after heated at 200°C and
300°C

°C(g/cm3)
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 50% DMBZ+50% ODA formulation

heated at 200°C and 300°C for 24h,

48h, and 120hour: Major density

changes occur before 24h
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Density heated at 300 C
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OA] Surface area after heated at 200°C
and 120h
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OAI Water uptake after 48h show 50% s
DMBZ+50% ODA absorb less water
120
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OAI Summary

New aerogels made with amine capped polyimide oligomers and cross-linked by
poly(maleic anhydride)s were synthesized

PMA-O and PMA-D cross-linked aerogels have lower density, higher porosity
and higher surface area

PMA cross-linked aerogels have higher density and higher modulus

The poly(maleic anhydride) cross-linked ODA capped aerogels have higher or
similar modulus values compared to TAB, OAPS or BTC cross-linked ODA
aerogels

Density and shrinkage change when heated at 200°C and 300°C occur before
24 hour

Cross-linkers have no effect on the shrinkage of the aerogels when heated at
200°C

PMA-D cross-linked aerogels derived from DMBZ or ODA only have lower
density than PMA-O and PMA cross-linked aerogels after heated at 200°C for
24h

Cross-linkers have no effect on the density and shrinkage of the aerogels when
heated at 300 °C

WWWw.nasa.gov
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Thank vou!
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