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Mechanism of Paper Surface Roughening (Part(] )

Influence of out-of-plane internal stress on roughening and its evaluation
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Abstract

Release of Internal stress has been referred to as one of the causes for surface roughening of paper.
However, occasionally drying-induced stressis not corresponding to the roughening. The authors
assumed that roughening is not caused by release of in-plane internal stress built in drying, but of
transverse internal stress built in transverse processes such as calendering and wet-pressing. The
analytical procedure of Kubét for determining in-plane internal stress was attempted to apply to the
transverse compressive mode to determine the transverse internal stress. A straight-line portion was
found at higher initial stressesin the plots of relaxation speed per unit logarithmic time versusinitial
stress (Kubét's plot). The slope and the offset of this straight-line portion were varied with the
forming process. Theinitial stress at arelaxation speed of 25 N/log(s) was defined as an index of
transverse interna stress. Consequently, the greater the calendering, wet-pressing and beating, the
higher the transverse interna stress (the slower the relaxation). But, the amount of loaded calcium
carbonate did not affect it. The transverse interna stress had influence on surface roughening of

paper, but the relationship was observed to be different between the papermaking processes. Besides,
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江前 敏晴
和文要旨
内部応力の解放は紙の表面ラフニングの原因の1つであるといわれてきた。しかし、乾燥応力に由来する内部応力の解放がラフニングに結びつかないことがしばしばある。本研究ではこのような面内の内部応力ではなく、カレンダリングやウェットプレスなどの厚さ方向に作用する工程で蓄えられる面外内部応力の解放がラフニングに関係しているのではないかとの仮説を立てた。Kubatが提案した面内の内部応力を求める手法を圧縮モードに適用し面外の内部応力を求めた。時間の対数に対する応力緩和速度を初期荷重に対してプロット（Kubatプロット）すると高荷重側に直線関係を示す部分が見出された。この直線部分の傾きと位置はその紙の持つ製造履歴と密接な関係があった。理論的な議論をさらに要するものの、緩和速度が25 N/log(s)となる初期応力を面外内部応力指数と便宜上定義した。結果としてカレンダリング、ウェットプレス及び叩解を強くすると、圧縮応力緩和速度が小さくなり、面外内部応力は増加した。しかし、炭酸カルシウムの内添配合量は影響しなかった。面外内部応力の解放量は紙の表面ラフニングと関係があったが、その関係は抄紙工程にも依存するものであった。さらに面外内部応力は、繊維の種類や抄紙法にもよるが紙の見かけ密度と関係があった。繊維の潰れの度合いや粘弾性が面外内部応力に密接に関係すると考えられた。
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the transverse internal stress was likely to be associated with apparent sheet density depending on
the fiber source and the way of sheet making. The authors considered that the degree of fiber

collapse and viscoel asticity are closely related to the transverse internal stress.

Keywor ds: Beating, Calendering, Filler loading , Out-of-plane internal stress, Surface roughening,
Wet-pressing
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Table1l Furnishand process of paper samples used

Process Fiber source Sheet-making Composition Condition
Wood-containi Softwood kraft/ Uncalendered
Calendering n Machine-made GWD/TMP 29 kN/m supercalendered
9 =15/40/45 49 kN/m supercalendered

49 kPafor 1 min

Wet-pressing  Wood-free Handsheet Hardwood kraft 100 % 343 kPafor 5 min
686 kPafor 20 min
Unbeaten, 639 ml CSF

Beating Wood-free Handsheet Hardwood kraft 100 % 5000 rev. PFI,460 ml CSF
20000 rev. PFI, 260 ml CSF
Unloaded

Filler loading Wood-free Handsheet Hardwood kraft 100 % 10 % to dry pulp

30 % to dry pulp




00000, 54(5): 685-692(2000)

Table2 Physical properties of samples used and transverse internal stress defined as an initial load at 25

(N/log(s)) of relaxation speed
Total basis Transverse
Process Condition (’)\Iflg:geet; weight, thi l?t ack deﬁsliaf arg;e/nctms internal stress
g/mz ICKNESS, pm Y, index, N
Uncalendered 8 586 1087 0.540 649
(soaked & dried) 8 501 1240 0.477 372
, 29 kN/m 8 581 989 0.588 766
Calendering  (spaked & dried) 8 589 1184 0.497 364
49 kN/m 8 588 941 0.624 743
(soaked & dried) 8 597 1202 0.497 376
49 kPa, 1 min 8 493 946 0.521 401
(soaked & dried) 8 487 970 0.502 397
. 343kPa,5min 8 447 752 0.595 555
WeL-pressing (snaked & dried) 8 444 808 0.550 505
686 kPa, 20 min 8 445 689 0.647 698
(soaked & dried) 8 448 749 0.598 623
Unbeaten 7 491 1059 0.463 345
(soaked & dried) 9 465 1045 0.446 288
. 5000 rev. PF 7 453 765 0.592 521
Beating (soaked & dried) 8 444 808 0.550 505
20000 rev. PFI 7 448 620 0.722 867
(soaked & dried) 7 444 645 0.689 722
_ Unloaded 8 522 849 0.615 407
l':c;gd‘“'irng 10 % to dry pulp 8 549 894 0.614 399
30 % to dry pulp 8 545 899 0.606 441

10
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8 sheets

Load cell

Fig.1 Schematic diagram of sheet stacking in the compressive tester.
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Fig. 2 Load-compression curve and procedure to determine relaxation speed of compressive stress.
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Relaxation speed, -N/log(s)
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50
M Uncalendered
€29 kN/m
40 + A 49 kKN/m
O Uncal. soaked & dried
A 49 kN/m soaked & dried
30 | © 29 kN/m soaked & dried
20 |
10
0 1 1 1
0 200 400 600 800

Initial load, N

Fig. 3 Relaxation speed of compressive stressvs. initial load (Kubét's plot) for wood-containing sheets

variously supercalendered.
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Relaxation speed, -N/log(s)

Fig 4.

50
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W49 kPa, 1 min
& 343 kPa, 5 min
A 686 kPa, 20 min

40 | O49 kPa, 1 min, soaked & dried
¢ 343 kPa, 5 min, soaked & dried
A 686 kPa, 20 min, soaked & dried

30 F

20

Initial load, N

600 800

Relaxation speed of compressive stress vs. initial load (Kubét's plot) for handsheets variously

wet-pressed.
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50
H Unbeaten
O Unbeaten, soaked & dried
#5000 rev.
40 Tl & 5000 rev., soaked & dried
w A 20000 rev.
8 A 20000 rev., soaked & dried
<30 |
©
o O
73 O
c
220 f o H o A
g [ |
3 $A
2 $i
10 F ‘ i
O 1 1 1
0 200 400 600 800

Initial load, N

Fig.5 Relaxation speed of compressive stressvs. initial load (Kubét's plot) for handsheets of different

revolutions in beating.
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50
M Unloaded
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Fig. 6 Relaxation speed of compressive stressvs. initial load (Kubat's plot) for handsheets |oaded with

calcium carbonate.
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Fig.7 Relationship between transverse internal stress determined by Kubat's method and Bekk smoothness.
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Fig.8 Relationship between transverse internal stress determined by Kubat's method and Apparent sheet
density.
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