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M echanism of Paper Surface Roughening (1)
I nfluence of In-plane Internal Stresson Surface Roughening

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

@ Surface roughening of paper is a phenomenon, which occurs when paper becomes wet in contact
with moisture, water or agueous liquid, and adversely affects print quality. Release of internal stress
of paper was reported as one of the causes for surface roughening of paper. It is generally recognized
that internal stress of paper is created in a sheet during drying under tension, and it is released when
the sheet is wetted. However, there is anisotropy of created internal stress; in-plane stresses induced
by drying tension and out-of-plane stresses. The contribution of in-plane internal stress to surface
roughening was investigated. Machine-made sheets were subjected to cycles of caendering and
soaking in water. In-plane internal stress of those samples was determined in terms of a rate of
tensile stress relaxation to logarithmic time by Kubét's method. In-plane internal stress decreased
remarkably by soaking, but did not change by calendering. Smoothness of the samples with intenser
calendering conditions decreased more substantially by soaking in water. Reduction in smoothness
of the samples after soaking depended on that before soaking, but not on the degree of reduction in
internal stress. Consequently, release of in-plane internal stress could not be always a main cause for
surface roughening on a printing-related smoothness scale, but may be responsible for deformation

onalarge scale.
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江前 敏晴
日本語要旨

紙の表面ラフニングは、紙の表面が水などに接触した際に表面の粗さが増加する現象であり、印刷品質を損なうなどの問題がある。紙の表面ラフニングが起きる要因として、内部応力の解放が指摘されている。紙の内部応力は、面内応力と面外応力の二つに分けることができる。面内内部応力はシートの乾燥時に面方向に張力を加えたときに蓄えられ、湿潤時に解放されると定義される。本研究では、面内内部応力の大きさと表面ラフニングとの関連について明らかにした。
機械ずき紙を用い、水への浸漬処理及びカレンダリング処理を繰り返し行い、カレンダリング条件及び水への浸漬処理が内部応力と平滑度に及ぼす影響を調べた。Kubatによると紙の面内内部応力は、時間の対数に対する引張応力緩和速度によって定義される。この面内内部応力は水への浸漬処理により著しく減少したが、カレンダリングによる変化はなかった。また、浸漬処理前の平滑度が高い紙の方が、浸漬処理による平滑度の低下が大きかった。浸漬処理後の平滑度は処理前の平滑度だけによって決定され、面内内部応力の減少量には依存しなかった。面内の内部応力の解放は印刷に影響を及ぼすミクロな平滑性のレベルでは表面ラフニングとは無関係で、シート全体の大きな変形を引き起こす原因になっていることが推測された。
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Tablel Treatment of machine-made wood-free paper.

Samplename | Treatment Target smoothness after calendering (9)
0] Original 40 (Measured value)

C Caendered O 160

CS Soaked and dried C

S Soaked and dried O

SC Calendered S 40 (Equivalent to O)

SC, Calendered S 160 (Equivalent to C)

SS Soaked and dried S

SCS Soaked and dried SC

SC,S Soaked and dried SC.

Table2 Calendering conditions of machine-made wood-free paper.

Linear Threading )
Temperature Threading
Treatment Roll type pressure speed )
@) ] times
(KN/m) (m/min)
O-2C metal and cotton 25 52 5 2
S - SC metal and rubber 70 12 5 1
S - SC, metal and cotton 25 59 5 1

Table 3 Changes in Bekk (Oken type) smoothness by soaking in water for machine-made
wood-free paper with different calendering and soaking histories.

Smoothness
Sample Treatment _ .
Before soaking, s After soaking, s Change, %
(@) 57 25 -57
C 151 33 -78
SC 41 21 -49
SC., 171 39 =77
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Fig. 1 Response of paper surface to water in coating (after Skowronski®).
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Fig. 2 Stress relaxation curves at different
initial (maximum) loads.
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Fig. 3 Stress relaxation curves based on a log
time scale.
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Fig. 4 Kubat's plot between relaxation speed

and initial load.



ol

#/\BiifiEE, 53(12): 1639-1645(1999)
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Fig.5 Freedrying method of handsheets.
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Fig. 6 Kubat's plot of wood-free paper for
different periods of soaking time.
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Fig. 7 Kubét's plot of handsheets under
different wet-pressing conditions.
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Fig. 8 Kubat's plot of handsheets compared
between free drying and restrained drying.
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Fig. 9 Kubat's plot of wood-free paper under
different conditions of calendering and soaking.
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Fig. 10 Kubat's plot of wood-free paper under
different conditions of calendering and soaking
(continued).
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Fig. 11 Kubat's plot of wood-containing paper
under different conditions of calendering and

soaking.
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Fig. 12 Relationship between decrease in internal
stress and increase in roughness for machine-
made papers.
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