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Esem Examination of Paper in High Moisture Environment 

Figure 2. Calendered basestock before wetting (a) and wet 
(b) 

drops of water could be seen condensing on the surface of 
the fibers. One could follow the drops growing and observe a 
wide range of contact angles (Figures 2a and b). This gives 
an indication of the non-uniformity in surface energy of the 
basestock. 
Electron beam irradiation damage 

In this work, there was no evidence of electron beam 
damage of the commercial papers examined even though 
severe irradiation damage of uncoated cellulosic fibers in an 
ESEM had been reported earlier by Sheehan [7] However, 
examination of laboratory handsheets in the ESEM in the 
presence of condensing water ( 15 kV, 50% condenser lens 
setting, 40 µm condenser aperture, 10 minutes exposure 
under 5-7 Torr water vapor pressure at l-4°C) confirmed 
that serious beam damage occurred with chemical pulp but 
not at all with mechanical pulp fibers 

The seriousness of the irradiation damage depended on 
the accelerating voltage, current intensity, scanning rate and 
magnification. It also depended on the environment (pressure 
and temperature of the gas) and on the specimen [3]. The 
beam damage of wood in a transmission electron microscope 
(TEM) has been reported earlier by Mary et al. [5]. 
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Figure 3. Handsheets of chemical (a) and mechanical (b) 
pulp after wet irradiation. 

Figures 3a and b show the border between the irradiated area 
and unirradiated areas after wetting and drying of handsheets 
of chemical fibers and mechanical fibers respectively. Both 
softwood and hardwood fibers (chemical pulp) lost all 
surface details and the images looked very fuzzy (Figure 3a). 
Some fibers or fiber fragments could be seen to fall apart or 
even disappear. Even the dry fibers were damaged if the same 
area was imaged long enough. However, the degradation of 
kraft fibers was accelerated significantly by elevated humidity 
(presence of water). The fibers either "melted" and 
disappeared or small bubbles were formed on the surface of 
the fibers. Mechanical pulp fibers did not show any evidence 
of irradiation damage even after prolonged wetting (Figure 
3b). 

The presence of lignin in the mechanical pulp fibers seems 
to protect them against irradiation damage. It has been long 
known that high energy irradiation reduces the degree of 
polymerization and crystallinity and increases the solubility of 
a cellulosic material [l]. Recently, Revol has shown that the 
most important effect of this damage in a TEM is a rapid loss 
of mass. About 30% of mass was lost for lignin, while the 
loss was close to 70% for cellulose. This would indicate that 
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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 1 b. 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. 


