








Figure 2 shows an example of the analysis of a commercial
18650 battery that was cross-sectioned and imaged using
RISE. Fig. 2a reveals an EDS map of the cross section. This
technique is very sensitive to elemental distribution and
reveals the composition of the Li-Cathode and the metallic
conductors. However, EDS is blind to low k materials such
as an anode consisting of graphite and polymers. Raman on
the other side is sensitive to chemical bonds, thus it reveals
the various allotropes of carbon in the anode and the com-
position of the polymeric separator (Fig. 2b, ¢). The Raman
analysis of the battery separator reveals three polymeric
layers as shown in Figure 2c: two PP layers depicted in
yellow and a middle PE layer in green. The presence of the
three different layers was impossible to identify using EDS
analysis.

An additional analysis was performed to characterize the
battery separator after cycling to observe how the structure
changes. Figure 3 shows a comparison between a fresh
separator and a separator from a cycled battery. The Raman
analysis reveals a change of the orientation of the PP chain
molecules in bulk polypropylene. The direction of the struc-
tures is indicated by the arrows. The fresh separator consists
of uniaxial PP, while the separator from a cycled battery is of
bi-axial polypropylene. This indicates a rupture of the long
uni-axially oriented polypropylene chains after cycling and a
reorientation of these shorter chains, which can significantly
influence the Li transport, impedance and thus the lifetime
of the battery.
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Figure 3 Raman analysis of the battery separator: (a) before aging, (b) after aging and (c) Raman spectra'™.



Correlative Raman Imaging Scanning Electron
Microscopy in the Paper Industry

The paper processing industry faces many challenges in
improving the quality of paper in addition to understanding
and optimizing the manufacturing process. To obtain a high-
quality paper, coatings are usually applied to enhance the
properties of the paper or the quality of the printing process.
The distribution of binders and pigments in coated paper in
both the paper cross-section and on its surface need to be
understood with high resolution imaging. RISE provides the
capability of imaging paper without sputter coating it as well

Figure 4 shows an example of the RISE analysis of a paper
cross section, emphasizing the advantages of being able to
correlate information from the SEM as well as the composi-
tional mapping of the region of interest. In this case, three
different layers have been identified: caolin, polymer, calcite
and cellulose. This analysis allows the researcher to observe
the distribution of calcite and also measure and observe the
thickness of the caolin and different polymer coatings to
improve the surface of the paper. RISE provides a thorough
analysis and understanding of the quality of the paper and
can contribute to the improvement of the manufacturing

as the analytical capability of obtaining compositional maps. process.
This information is essential in the industry to reach commer-
cial profitability and productivity targets.
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Figure 4 RISE analysis of paper: (a) FE-SEM image, (b) Raman and FE-SEM overlay and (c) Raman spectra for caolin (red), polymer layer (blue), calcite (green)

and cellulose (grey).

Correlative Raman Imaging Scanning Electron
Microscopy of Polymer Blends

In some applications, it is challenging to understand the
structure of the samples without using complementary
techniques. For example, Figure 5 (a) shows a polymer blend
between poly methyl methacrylate (PMMA) and polystyrene
(PS). The image was acquired by scanning electron micros-
copy using a low accelerating voltage and beam energy on
an uncoated sample.

The two polymers form a blend that can be imaged using
the FE-SEM with the surface and domain structure observed

with high contrast. However, since it is not possible to fully

differentiate the domain structures and separate the two
phases by FE-SEM alone, additional techniques are needed.
EDS analysis is limited in this case as it cannot easily distin-
guish the polymers due to their compositions. The fully
integrated RISE technique is an excellent solution to fully
understand the structure of the sample.

Using RISE, the domains can be distinguished, as shown in
Figure 5 (b,c). PMMA is shown in red and PS in blue. Raman
data can be overlaid and correlated with the high resolution
SEM image so domain structure can be imaged at the same
region of interest.
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Figure 5 RISE analysis of a PMMA-PS polymer blend: (a) FE-SEM image of the surface of the polymer showing its morphology, (b) overlay of Raman mapping on
the FE-SEM images showing the distribution of the two polymers in the blend, and (c) Raman spectra for PMMA (red) and PS (blue).

Conclusion

Polymers are complex materials that require advanced micro-
scopic characterization techniques. A complete evaluation

of these materials implies high resolution imaging of beam-
sensitive and non-conductive samples and a thorough chemical
analysis. The RISE integrated system provides a user-friendly
correlative workflow and offers the capability to do analysis
beyond EDS via vibrational spectroscopy, while being fully
integrated into an SEM.

RISE gives researchers the capabilities to determine the chemi-
cal and structural fingerprint of the sample, i.e., recognize
molecular and crystallographic information and perform 3D
analysis of the sample. Raman mapping can easily be correla-
ted with SEM imaging (using multiple different detectors) or

EDS data for a complete analysis of the sample. Any region of
interest is automatically transferred from one objective to the
other, in an integrated workflow. With numerous applications
in different industries such as pharmaceuticals, paper manu-
facturing, energy materials or packaging, RISE is a powerful
tool that helps researchers improve the quality of their mate-
rial, better understand processes and optimize productivity
and profitability.
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