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Mechanism of Paper Surface Roughening (111)
Effects of Press-Drying on Restraining Surface Roughening of Paper

Kiyoshi Sasaki, Toshiharu Enomae and Fumihiko Onabe
Graduate School of Agricultural and Life Sciences, The University of Tokyo

Press-drying, that is, a concurrent process of wet-pressing and drying is potential to restrain
surface roughening because it provides strong interfiber bondings. Press-dried handsheets for
thermo-mechanical pulp (TMP) and hardwood bleached kraft pulp (HBKP) were compared with
calendered handsheets in terms of response to water treatment.

It was found that the water absorption rate was much lower for press-dried handsheets than
calendered ones. This can be attributed to the structural differences as clearly shown by scanning
electron micrographs, where fibers of press-dried sheets appeared intensively densified near the
heated-side surface, while those of calendered sheets were transversely uniform in density. The
dense structure peculiar to press-drying was considered to obstruct water penetration. Furthermore,
press-drying effects on restraining surface roughening was confirmed by the result that even at the
same level of water absorption, roughening of the press-dried sheets was much lower than that of the
calendered sheets for TMP. In contrast, effects of press-drying on restraining surface roughening
were not so striking for HBKP, probably because of some degree of its irreversibility observed even
for the calendered sheet. Consequently, it was considered that water was allowed to penetrate
through small intra- and interfiber pores gradually and that hornification of the fiber walls caused by
heat and pressure in press-drying prevented fibers from swelling that would lead to surface
roughening.

Keywords: Caendering, Press-drying, Smoothness, Surface roughening, Water absorbency
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Tablel Sheet properties depending on papermaking process of HBK P handsheets.

Appa(rge;r;tmds?si v Oken smoothness () Gloss (%) Air resistance ()
95% 95% 95% 95%

Average | confidence | Average | confidence | Average | confidence | Average | confidence
level level level level
D 0.613 +0.007 29.5 +1.0 9.8 +0.6 4.2 +0.3
DS 0.602 +0.005 16.8 +0.5 5.9 +0.3 3.6 0.2
P 0.822 +0.019 122.6 +11.1 21.8 *£15 37.2 +75
PS 0.770 +0.025 67.0 +4.3 12.8 *10 19.0 +5.1
DSP | 0.793 +0.035 74.1 +11.0 20.9 40 11.9 +39
DSPS | 0.710 +0.034 50.9 +83 11.1 +0.9 7.1 +24
DC 0.821 +0.007 107.3 +1.6 15.3 05 10.8 +0.6
DCS | 0.693 +0.006 32.3 +04 7.2 +0.3 5.0 +0.3

Table2 Sheet properties depending on papermaking process of TMP handsheets.

A ppz?rgtir(l:tm%()ans v Oken smoothness () Gloss (%) Air resistance ()
95% 95% 95% 95%
Average | confidence | Average | confidence | Average | confidence | Average | confidence
level level level level
D 0.414 +0.006 18.9 +1.3 6.1 +0.3 31.1 +24
P 0.804 +£0.012 1464 4200 41.7 +34 3067 +£315
DC | 0.949 +£0.022 975 +27 30.9 *+1.1 1162 51

Table3 Mechanical properties depending on papermaking process of HBK P handsheets.

Internal | Tensileindex | Stretch at Modulus of elasticity
stress (N) (Nm/g) break (%) GPa)
95%
Average Average Average | Average | confidence
level
D 4.8 47 3.0 3.57 *£0.15
DS 2.5 39 3.4 2.73 £0.11
P 7.5 54 2.2 5.52 +0.14
PS 3.8 46 2.5 4.04 +£0.13
DSP 7.9 54 2.1 5.24 *£0.14
DSPS 3.7 42 2.6 3.70 *£0.15
DC 4.9 46 2.8 4.55 *£0.12
DCS 3.1 46 3.6 3.36 *£0.12
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Fig. 1 Stacking of aset of a handsheet and filter
papersin press-drying.
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Fig. 2 Press-drying effect in Kubat's plot of HBKP handsheets
(Compared with calendering).
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Fig. 4 Water absorbency of handsheets compared between
calendering and press-drying.
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Fig. 6 Effect of paper making process on surface roughening of
TMP handsheets.
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Fig. 7 Chanage in centerline average roughness (Ra) in dry, wet
and redried states.
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Fig. 8 Relationship between decrease in internal stress and
increase in roughness for press-dried handsheets.
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Photo 2 SEM image of press-dried TMP sheet wetted and redried. Top side was
heated.
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Photo 4 SEM image of calendered TMP sheet wetted and redried.
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Photo 5 SEM image of press-dried HBKP sheet. Top side was heated.

Photo 6 SEM image of press-dried HBKP sheet wetted and redried. Top side
was heated.
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Photo 8 SEM image of calendered HBKP sheet wetted and redried.
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Photo 9 SEM image of press-dried TMP sheet cross-sectioned by FIB. Bottom
was heated.

'hoto 10 SEM image of press-dried TMP sheet wetted and redried then

cross-sectioned by FIB. Bottom was heated.



