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Internal Stress and Physical Properties of Multi-layered Paper
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ABSTRACT

The study was carried to investigate the change of internal stress and physical properties of paper by the
mutiplying of paper structuring that is an useful means to maximize the performance and use of the fiber raw
material. The effects of recycled fiber on the physical properties of multiplied paper also were studied.

The beating increased the internal stress of single layered paper, while filler loading decreased the internal
stress. Multiplying the structure of paper decreased the internal stress and the most of physical properties except
for tear index. It was found that the properties of paper could be changed by the pulp type, beating and the
combination of raw materials. The introduction of filler in the middle and/or outer layer could improved the
internal stress, tensile index, tear index and burst index. The addition of recycled fiber increased the opacity and
stiffness of paper in both single layered and multiplied paper. Multiplying the structure of paper improved the air
permeability and stiffness, while decreased burst index.

Key words : multi-layer structuring, filler, internal stress, physical properties
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Fig. 3 Cellulose in wood fiber wall,
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Fig. 4 Shrinkage behavior of web during drying.
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Table 1. Multilayer structuring condition
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Table 2. Effect of pulp type and beating on the physical properties of paper

Tensil Burst
! Freeness Ir;:ernal Opacity Stiffness ier;;e Tear index inlcllr:x
pulp ress n
ml, 9 . N - ni/
(ml, CSF) (N - m/g) (%) (gf - cm) (N - m/g) (m g (kPa -+ ni/g)
500 7.094 82.0 17.3 71.7 28.3 6.21
SwBKP 400 10.530 81.8 17.3 86.1 20.4 7.78
300 11.250 81.6 17.3 87.0 18.8 7.49
500 2.490 85.5 14.0 49.3 13.0 3.24
HwBKP 400 3.918 85.4 13.6 56.9 12.9 4.10
300 5.044 82.8 134 64.9 15.7 5.14
HWBCTMP 275 4.173 85.4 154 45.2 8.74 2.25
v 176 8.309 73.1 10.4 60.5 714 3.81
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Table 3. Effect of ash content on the physical properties of paper

Int 1 Tensi
Pulp Ash nterna Opacity Stiffness .e;xsﬂe Tear index ?l;mt
stress index index
% % . N-'n
@ w0 g [N (kpa i)
10.12 8.309 84.37 16.00 73.75 20.37 6.29
SwBKP 19.65 6.541 85.67 16.75 69.87 20.35 5.43
28.01 4.093 87.12 16.75 58.67 19.93 4.65
11.17 2.218 86.75 16.00 44.58 11.12 2.40
HwBKP 18.83 1.953 87.83 16.25 35.19 8.69 1.77
29.46 1.363 88.34 16.25 25.25 7.84 1.26
10.61 1.517 88.23 15.40 28.25 5.37 1.10
HwBCTMP 21.07 1.061 88.50 15.10 23.79 4.71 0.81
31.09 0.998 89.23 - 18.11 4.37 0.68
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Table 4. Effect of multilayer structuring on the physical properties of paper

Internal Opacity Stiffness Tens1le Tear index }.Surst
Structure stress (%) (gf - em) index (mN - m/g) index
(N - m/g) (N - m/g) (kPa - ni/g)
a-b-a 6.697 54.85 18.33 70.39 19.78 5.19
a-c-a 3.995 58.03 2883 57.23 19.70 3.86
ab 7.981 57.32 13.50 74.66 18.79 5.59
ac 4.105 57.97 12.83 59.48 18.51 3.85
b-a-b 4.608 54.70 12.17 68.99 24.35 4.71
b-c-b 3.029 61.75 13.00 51.82 9.65 2.82
ba 8.910 56.32 13.83 77.75 23.10 5.96
be 2.850 61.17 10.33 51.37 9.01 2.92
c-a-c 4.235 55.44 12.50 61.42 21.06 4.32
c-b-¢ 3.421 58.71 717 52.44 10.54 3.02
ca . 5.750 56.75 14.00 67.24 21.18 5.04
cb 4.013 60.62 11.00 57.71 10.28 3.37
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Table 5. Effect of clay on the physical properties of multilayér structured sheet

Internal . . Tensile . Burst
Ash Opacity Stiffness . Tear index .

Sturcutre (%) stress (%) (gf - cm) index (mN - mi/g) index
(N - m/g) (N m/g) (kPa - ni/g)

a(20)-b-a 21.14 6.688 33.18 13.0 70.36 18.35 5.42

a-b(20)-a 19.11 6.842 81.85 13.4 70.87 16.74 492

a(10)-b(10)-a | 20.35 5.558 82.17 155 66.60 15.93 4.76

ab(20) 19.82 3.185 86.75 17.75 51.90 15.40 2.85

b(20)-a-b 20.46 8.456 82.11 13.75 76.24 17.70 5.02

b-a(20)-b 21.02 8.675 78.19 13.10 76.95 16.51 5.57

b(10)-a(10)-b 22.00 7.320 78.98 11.90 72.46 17.31 5.71

ba(20) 19.22 5.606 86.28 17.50 66.76 18.73 4.47
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Fig. 10 Effect of recycled fiber on the air
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Fig. 12 Effect of recycled fiber on the
stiffness of multilayered paper.
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