Scanning Microscopy

Volume 8 | Number 1 Article 3

3-10-1994

Environmental Scanning Electron Microscope Examination of
Paper in High Moisture Environment: Surface Structural Changes
and Electron Beam Damage

Paivi Forsberg
University of Maine

Pierre Lepoutre
University of Maine

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy

6‘ Part of the Biology Commons

Recommended Citation

Forsberg, Péivi and Lepoutre, Pierre (1994) "Environmental Scanning Electron Microscope Examination of
Paper in High Moisture Environment: Surface Structural Changes and Electron Beam Damage," Scanning
Microscopy: Vol. 8 : No. 1, Article 3.

Available at: https://digitalcommons.usu.edu/microscopy/vol8/iss1/3

This Article is brought to you for free and open access by
the Western Dairy Center at DigitalCommons@USU. It

has been accepted for inclusion in Scanning Microscopy /[x\

by an authorized administrator of DigitalCommons@USU. /\

For more information, please contact fl ,()A]_ UtahStateUniversity
digitalcommons@usu.edu. ‘@~ MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/microscopy
https://digitalcommons.usu.edu/microscopy/vol8
https://digitalcommons.usu.edu/microscopy/vol8/iss1
https://digitalcommons.usu.edu/microscopy/vol8/iss1/3
https://digitalcommons.usu.edu/microscopy?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol8%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol8%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/microscopy/vol8/iss1/3?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol8%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/










P. Forsberg and P. Lepoutre

cellulose is more susceptible to beam damage than lignin [6].

Printing papers such as SC and LWC papers are made
from a mixture of mechanical and chemical pulp fibers. In
chemical pulping, lignin, the "glue" that holds fibers together
is dissolved by treating wood chips with an alkaline solution
under pressure. Further bleaching removes the residual lignin,
leaving fibers consisting mainly of cellulose and
hemicelluloses. In contrast, in mechanical pulping, fibers are
separated by mechanical action so that they still contain lignin
on their surfaces and also other components of wood, such as
resin (abietic acid) and fatty acids. The presence of lignin, a
complex aromatic compound and of these other chemicals
seems to protect the mechanical pulp fibers but also the
chemical pulp fibers in these commercial papers. We are
currently examining this aspect further.

Conclusions

ESEM observations of LWC and SC papers as water
condenses at the surface demonstrate that extensive
roughening takes place even on papers for which the changes
are almost completely reversible upon drying.

While extensive irradiation damage by the electron beam
occurred rapidly upon wetting of chemical pulp fibers, no
damage could be observed on mechanical pulp fibers, nor on
any of the commercial paper samples examined even though
they contained a large fraction of chemical fibers.
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Discussion with Reviewers

T.A. Kuster: It appears that only certain fibers swell during
wetting in Figure 1b. Could these be the same fibers that are
subject to beam damage?

Authors: Interactions between water and paper can lead to
undesirable changes in the paper structure. The most
important effects are a reduction of gloss and roughening of
paper surface, also called fiber-rising. This phenomena affects
especially wood-containing papers like LWC and SC papers.
The processes that cause fiber-rising are believed to be due to
stress relaxation, swelling, and debonding. The fiber-rising
phenomenon has traditionally been linked to mechanical
fibers, as chemical pulp fibers (kraft) collapse when dried,
and don’t swell without mechanical action. In our
experiments, chemical pulp fibers are damaged by the
electron beam, while mechanical pulp fibers are not.

T.A. Kuster: You mention that perhaps the presence of
lignin and other remaining chemicals seem to protect the
mechanical pulp fibers from beam damage. Could it be just
the opposite? The removal of lignin and other chemicals
during chemical pulping could make the chemical pulped
fibers susceptible to beam damage.

D. Caufield: Can you suggest possible mechanism by which
the presence of lignin or lignified fibers prevents beam
damage?

Authors: We hypothesize that the irradiation damage is the
result of attack of the cellulosic polymer by free radicals
whose production is accelerated by high humidity. Because
the ESEM chamber is filled with water vapor, radiolysis
products of water are always present and thus can degrade
beam-sensitive specimens even in “dry” conditions. The
presence of lignin in mechanical pulp fibers seems to prevent
degradation. This could be due to the presence of aromatic
groups in lignin that can absorb and stabilize free radicals that
otherwise cause degradation. Indeed, lignin’s ability to
capture free radicals has already been utilized in the rubber
industry where it is used as an antioxidant.




