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Qualitative assessment of the porous properties of aerogels - Visualization of the 3D-structure: Schematic presentation of the experimental setup for holotomography
= » REM, TEM etc. are valuable tools for assessment of 2D-structures of high resolution s I
O * No high-resolution 3D-structure ot organic aerogels accessible so far due to destruction of the aerogels by ' .
|: absorption of high-energy irradiation / E::Yiﬁp;t;r)ay eam
< » Holotomography could provide a solution since it does not rely on absorption!! A A | i
2 Quantitative assessment of porous properties of aerogels — deduction of surface area and pore size distribution: Detector | Sample
= * Methods based on sorption are limited in scale (e.g. N,-sorption allows only mesopores to be analyzed) e distance -
. . . 2] . -
O Due to aerogel compression mercury porosimetry may lead tp erroneous results o | Holotomography involves the treatment of samples with
E . I—]oloto.mography can provide hlghly resolved 3D-reconstructions to be analyzed quantitatively in terms of surface area and pore hard x-ray irradiation under variation of the angular position
size using specific software (e.g. Avizo®) of the sample and its distance from the detector. A
o Well-resolved 3D structure data would be helpful for understanding and tailoring the (nano-)mechanical and thermal properties subsequent numerical phase retrieval allows the resulting
of aerogels two-dimensional images to be composed to a three-
dimensional picture. [}
> - Tomography and processing of data:
< Preparation of aerogel samples for holotomography: grapny P g -
P 1. Sol-gel synthesis yielded stiff and flexiblel3! resorcinol-formaldehyde monoliths. 1. Irradiation with hard x-ray at Beamlme ID16a with X-ray energy of
LLJ 2. Carbonization yielded monolithic stiff4! and flexiblels! carbon aerogels. 17 keV at room temperature. During the tomographic scan the
E 3. Characterization revealed particle size (scanning electron microscopy), porosity specimens were rotated around the vertical axis. The samples were
— (pycnometry) and surface area (nitrogen sorption isotherms) |maged with 2000 projections at four different distances. Voxel
a'a 4. Suitable milling/ abrasive grinding yielded small particles that retained the properties of sizes of 10 nm and 60 nm were used. |
] the monoliths (as indicated by scanning electron microscopy and nitrogen sorption) 2. ieconst.ructm.)n Of the projections at ESRF gave raw volumetric data.
B 5. The aerogel powder was transferred to thin glass capillaries (100um diameter), sealed 3. Processing W'th_ Avizo" allowed visualization and extraction of
5 with paraffin wax, and glued onto sample holders for nanotomography. pOrous properties.
Flexible carbon aerogels could be visualized for the 10 nm voxel size experiments. The computed porosity| | Stiff carbon aerogels could be visualized for experiments with 60 nm
accounts for approximately half of the porosity and the surface area as determined by pycnometry and| |Voxel size. Little pore space and hardly any surface area were identified
nitrogen sorption (BET isotherms). Unaccounted pores are supposed to be micropores and small mesopores| | Indicating that only micropores and mesopores yet almost no macropores
(diameter <15 nm) are present in that material.
-
i Porous properties ot aerogels subjected to holotomograph
= | | | Prop 9 J grapny
o - g for flexible RF aerogels, experiments with 60 nm voxel - T T e R oy r———
o size  were computed to account for a large fraction of the (N; sorption) | (Pycnometry)| 1" 25782 | (Avizo software)
Ww total pore volume (72 % porosity), but only approx. 20 % of erible orme30mm | 005 asam N o | 267mire o
W the surface area. So, although mesopores seem to account Carbon '
: for Only d quarter of the total pore VOlume, the surface area Stiff Carbon not determined 0,2893 g/ cm’ 557 m*/ g 86% 1,19 m*/g 30 %
U is still dominated by mesopores (80 % mesopores and small |
m maCrOpOreS). Resorcincfll—iﬂ?rlr?aldehyde 110 nm +/-23 nm 0,069/ cm’ 52m*/g (0 7 10,0m*/g R
W) Additionally, flexible RF aerogels could be evaluated in terms | e e S — o
— of pore size distribution. Our processing resulted in 8317 y: | - e
— macropores with average diameter > 60nm within a box of | D
- 15 pm edge length. This size distribution of these | s 1 - o
4 macropores was then calculated indicating a multimodal - . T
g distribution of pores in the sub-micrometer level. Since many AN S O I T 1000
pores appear at the size of one voxel (here: 60 nm), a higher Rece -« LW e "
resolved structure would be needed in order to discriminate - ’
the size of the smallest macropores turther. L ‘*f
“é Average pore diameter / ym
Conclusion:
Holotomography could successtully be applied to resorcinol-formaldehyde and carbon aerogels yielding 3D-structural data in the higher nanometer range. Therefore, macropores could be
visualized , and the porosity and surface area were computed. In the case of flexible resorcinol-formaldehyde, the (macro)pore size distribution could be calculated and pointed towards a
multimodal size distribution at the macropore level.
The pore size distribution of carbon aerogels is subject to current investigations. Further studies will be devoted to extracting further data from experiments with 10 nm voxel size.
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