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Effects of Fiber Wall Thickness on
Paper Properties Using CLSM™
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ABSTRACT

Refining in papermaking plays an important role in changing fiber properties as well as
paper properties. The major effects of refining on pulp fibers are internal and external fibrilla-
tion, fiber shortening, and fines formation. Many workers showed that internal fibrillation of
the primary refining effects was most influential in improving paper properties. In particular,
refining produces separation of fiber walls into several lamellae, thus causing fiber wall
swelling with water penetration. This leads to the increase of fiber flexibility and of fiber-to-
fiber contact area. The importance of fiber flexibility lies in the development of fiber-to-fiber
contact during drying. If the fibers are very flexible, they will be drawn into close contact with
each other by the force of surface tension as the water is removed during the drainage process
and drying stages.

In order to study the effect of fiber wall delamination on paper properties, cross-sectional
images of fibers in a natural condition had to be generated without distortion. Finally, it was
well recognized that confocal laser scanning microscope (CLSM) could be one of the most effi-
cient tool for creating and quantifying fiber wall delamination in combination with image
analysis technique.

In this study, the CLSM could be used not only to observe morphological features of trans-
verse views of swollen fibers refined under low and high intensity, but also to investigate the
sequence of fiber wall delamination and fiber wall breakage. From the CLSM images, increas-
ing the specific energy of refining decreased the degree of fiber collapse, fiber cross-sectional
area, fiber wall thickness and lumen area. High intensity refining produced more external fib-
rillation.
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Table 1. Effect of beating load on fiber length
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Fig. 1. CLSM images showing morphologi-
cal change of fiber cross-sections in
refining stages.
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Fiber length(mm)
Load (kgf) ‘SR Arithmetic Length weighted Weight weighted

average average average

16 1.018 2.591 3.252

2.5 20 0.758 1.985 2.766

40 0.661 1.598 2.345

70 0.605 1.327 1.975

20 0.697 1.642 2.373

5.6 40 0.532 1.141 1.723

70 0.388 0.715 1.075
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Table 2. Changes of fiber cross-sectional shape with beating degree
-!;Fiber Center | Fiber . . ] . ) -
Beating |Freeness| wall line wall Lumen | Fiber F }ber Fiber .F iber
load °SR) area |perimeter|thickness areoa thickness| width are?a diameter
(umz) (Um) (Hm) (um“) (Hm) (ﬂm) (Umz) (Hm)
16 P83.01 71.29 | 674 | 12956 | 19.61 | 42.69 | 612.57 | 27.94
6.30* | (0.98) | (0.13) | (3.19 | (0.50) | (0.30)
Low 20 | 498.95 | 61.11 835 | 111.86 | 20.05 | 41.12 | 610.80 | 27.90
. . (8.16) | (0.38) | (0.08) | (7.60) | (0.62) | (0.43)
1(“2“;151?)’ 40 ] 496.12 | 60.45 | 845 | 110.85 | 20.06 | 41.43 | 606.97 | 27.81
058 9.16) | (0.51) | 0.09) | (3.10) | (0.59) | (0.83)
70 | 489.81 | 62.08 7.53 | 116.32 | 20.52 | 40.95 | 606.13 | 27.79
| 9.33) | (0.23) | (0.08) | (5.78) | (0.23) | (0.95
16 | 483.01 | 71.29 6.74 | 129.56 | 19.61 | 42.69 | 612.57 | 27.94
| P 63D | 098 | (0.13) | (3.19) | (0.50) | (0.30) |
. 20 495.81 | 61.21 8.28 | 112.27 | 19.62 | 41.11 | 608.08 l 27.83
| High (1.47) \ 0.66) | (0.09 | (298 | ©.500 | (0.5D
intensity 0 492.69 | 61.26 815 | 111.61 | 20.26 | 41.35 | 604.30 l 27.75
(5.6keh) (7.46) | .90 | 0100 | (.62 | 090 | 0.70) |
70 | 487.82 | 65.37 7.44 | 118.66 | 20.63 \ 42.00 | 606.48 | 27.80
| (8.86) | (0.1D) | (0.08) | (5.83)l 0.77) | (0.66)

*Mean standard deviation, fiber area=lumen areatfiber wall area
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Fig. 2. Definition of lumen area (LA), lumen
perimeter (LP), fiber wall area (WA),
center line perimeter (CP), fiber width
(W), fiber thickness (T), projected
width (W) and fiber wall thickness
(WT = WA/CP).
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