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Fundamental Study For Paper-Making Process

Sadayoshi WATANABE
Jisuke HAYASHI
Nobuhiko SHOJI

Abstract

We have derieved the X-ray methods for the determination of the fibre orientation in
a sheet with respect to the sheet plane, that is defind by the compressibility, and the degree
of fibre orientation in the direction of the machine, that is defined by the degree of ori-
entation.

We have gathered the materials from each part at the process of remanufactured news
paper, and looked for the compressibility and the degree of orientation. The high speed
machine as well as the low speed machine, both increase abruptly the degree of orientation
at the first press, and at the high speed machine, this value shows a considerable increase
at the dryer and the calender. On the contrary, at the low speed machine the change of
this value after the first press is small. The compressibility has a large value from the
start and goes up gradually at the whole machine parts.

Stress-strain curves for the same samples are taken with the tensile tester mounted a
dialgage.

Tensile strength and young’s modulus, both increose at the press parts. Wet press
makes fibers closer contact each other and may results to incleas of hydrogenbonds be-
twssn fibre and fibre. The increase of their values at the second press is larger than at the
first press. This change coresponds with the tendece of the increase of the compressibility
at the first press and the second press.

At the dryer the tensile stresgth and the young’s modulus, both increase most re-
markably. It is for this reason that drawing force id this interval where constract of the
fibre network structure take place prevents to form such fibrefibre bonds as which are
received concentrated stress and destroied easily.

At the calender the tensile strength decrease but the young’s modulus changes a little.
When we consider that the degree of orientation increases at this part where the structure
of paper has been constructed, we may conclude that few part of fibre-fibre bonds in fibre
network structure are destroied and a mechanical conditioning of the paper occurs in the

direction of the tention.
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Fig. 1. Sampling places at the papermachine
(Arrows show sampling places.)

Table 1. The operating condition of machine.

Machine Machine speed| Paper width Stuft
’ (feet/min) (inch) GP (%) SP (%) SCP (%)
High speed machine 1300 142 74.4 15.6 10.0
Low speed machine 750 100 84.7 4.6 10.7
B U o R A 1 BGhE O sie B PRIECIRIE L, X 8030 1 Wk B nofit Uz, #kiEo

g4 Table 112579,
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of simple fibre A or B in the sheet.
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Distribution of locus of perpendicular to (002) plane of fibres in the

Fig. 3
sheet, direction of incident X-ray and reflection circle.

A Ideal orientation of fibre with respect to the sheet plane.
B Case had distribution of fibre orientation.
comp. : The compressibility. orient.: The degree of orientation.
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Fig. 4 A. X-ray photograph for ramie obtained with the cylindrical camera.

Project X-ray vertically to the fibre axis.
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a) at the suction couch Arrow shows
the direction of photometer trace.

b) at the second press.

»

a) at the couch.

b) at the second press.
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c) at the calender.

Fig. 4 B. X-ray photographs for samples
taken at each part in the high speed ma-
chine obtained with cylindrical camera.
They show the compressibility of sam-
ples.

Project X-ray parallel to the sheet plane
along the machine direction.

c) at the calender.

Fig. 5. X-ray photographs shown the
degree of orientation, in the high speed
machine.

Project X-ray vertically to the sheet
plane.
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a) at the suction couch. b) at the second press.

¢) at the calender.

Fig. 6. X-ray photographs shown the degree of compressibility and orientation,
in the high speed machine.
Project X-ray parallel to the sheet plane along the cross direction.

Table 2. The compressibility, the degree of orientation, and the degree
of compressibility and orientation through high speed machine
(cylindrical camera method).

The breadth at half
Parts taken samples maadmigs ) Value (%)
the suction couch 66 76
the first press 65.5 Tt
23 a1 the second press 63.5 79
The compressibility s S oBthae 62 79
the dryer 59.5 81
the calender 58 82
the suction couch 90 50
the first press 81 55
; : I d 5
The degree of orientation Eﬁ: zfncgcr)lthe}; HESs Sg g(l)
the dryer 83 54
the calender 70 61
the suction couch 55 69
the. first press 54 70
The degree of compressibility the second press 53 71
and orientation the smoother 49 73
the dayer 41 77
the calender 36 80
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Fig. 11. Tensile tester mounted a dialgage.
@ gear box @ operation handle @ rod @ dialgage & weight ® carriage
stop @ fulcrum cramp (@ sample cramp @ balance weight @ carriage
@ carriage rod
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Fig. 12. Stress-strain curve for sample taken at the

Strain (%)

Fig. 13. Stress-strain curve, at the first press

of the high speed machine.

Stress (Breaking Length} Km

suction couch of the high speed machine.

M. D. Machine direction
C.D. Cross direction

3t
ol
L
M.D.
i+
c.D
1 ? 3

Strain (%)

Fig. 14. Stress-strain curve, at the second
press of the high speed machine.
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Fig. 15. Stress-strain curve, at the smoother
of the high speed machine.

M.D.

Strain (%)

Fig. 17. Stress-strain curve, at the calender
of the high speed machine.
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Strain (%)

Fig. 16. Stress-strain curve, at the dryer of
the high speed machine.
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Fig. 18. Stress-strain curve, at the suction

couch of the low speed machine.
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