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ABSTRACT

Confocal Reflection Microscopy (CRM) was applied to investigate external fibrillation of different types
of fibers such as Kajaani reference fiber, Whatman filter fiber, thermomechanical pulp (TMP), and re-
cycled TMP fiber. It was confirmed that the CRM images are created from surface structures of the fiber
cell wall. Confocal Laser Scanning Microscopy (CLSM) captured overall shape of the fiber, but minute
details of the surface of the fiber were missed. CRM captured the minute details of the fiber surface. From
the CRM and CLSM images, it was observed that the CRM images mainly appeared on the fiber surfaces.
External fibrillation of the fiber occurs at the fiber surface, not inside the cell wall. Thus, it was concluded
that investigation on the external fibrillation of the fiber was possible by utilizing CRM images. A direct
qualtitative and quantitative method for analysis of external fibrillation of fiber was demonstrated by uti-
lizing surface area to volume ratio, volume fraction, and roughness calculated from 3-dimensional im-
ages reconstructed from stacks of CRM images from the different fibers.
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Fig. 3. Grayscale picture of Figure 2c. The upper
part of the fiber showed very rough surface
(top arrow), but the lower part of the fiber
showed very smooth surface compared to
the upper part (bottom arrow).
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Fig. 4. Morphology of TMP fiber by CRM (a, ¢)
and CLSM (b, d). The CRM micrographs
showed more surface details than the CLSM
micrographs.
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Fig. 5. Mormphological differences between TMP and
recycledTMP fiber by CRM.a, ¢, and e) virgin
fibers; b, d, and f) recycled TMP fibers. The
virgin fibers showed rough surface on the
outer part of the fiber (middle lamella side),
but the recycled TMP fibers showed much
more morphological changes inner part of
the fiber (lumen side).
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Fig. 6. MIP images of extemal fibrillation of different
types of fibers. a) Kajaani reference fiber
for FiberLab (Metso), b) Whatman filter
paper, ¢) TMP, and d) recycled TMPfiber.
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Table 1. Surface characteristics of different types of fibers

Fiber Rq Rt VF SA:V
Kajaani Fiber 11.75 60.68 0.127 2.389
Whatman Filter 15.47 66.57 0.088 3.653
TMP-Virgin 32.18 134.09 0.094 2.645
TMP-Recycled 39.64 148.95 0.172 2.559

Rq(Root Mean Squareof Height Profile), Rt (Total height of profile), VF (Volume fraction), and SA:V(Surface Area to Volume Ratio),
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