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5-10-1 60. 60 5-10-3 77.52
5-15-1 78.74 5-15-3 67.57
8-5-1 79. 37 8-5-3 75.76
8-10-1 69. 93 8-10-3 84. 03
8-15-1 75.19 8-15-3 98. 04
2-b-2 86. 96 2-b—4 75.76
2-10-2 126. 58 2-10-4 64. 52
2-15-2 125. 00 2-15—4 76. 34
5-5-2 81. 30 5-5—4 79. 37
5-10-2 64. 94 5-10—4 72. 46
5-15-2 62. 50 5-15-4 75.76
8-b-2 80. 65 8-b—4 8b. 47
8-10-2 86. 21 8-10-4 74. 63
8-15-2 59. 52 8-15—4 64. 52
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- I, AW
BN, | & 5
LT | WT(gfrem/cmt) | RT %) | G(gf/cm-degree) | 2 HG (gf/cm)

warp 0.913 1.47 10. 20 0.63 2.90
5-10-1

weft 0.90 5.63

warp 0.874 0.73 20. 55 0.91 3. 35
8-10-1

weft 1.09 6. 60
g-5_9 warp 0. 870 0.70 22. 86 0.83 3.25

weft 0.95 6. 63

warp 0. 897 0.87 18. 39 0.76 3.05
8-10-2

weft 0.85 5.35

warp 0. 870 0. 95 18.95 0. 80 3.13
8-15-2

weft 1.04 6. 58
9_5_3 warp 0. 869 0.71 22.54 0.91 3. 68

weft 0.97 6. bb
5.5 3 warp 0. 838 0.44 27.27 0. 89 2.63

weft 1.04 6. 55
8-5_3 warp 0.811 0.43 32. 56 0.90 2.48

weft 1. 20 6. 53

warp 0. 844 0.54 25.93 0. 89 2.90
5-10-3

weft 1. 20 6. 78

warp 0.973 1. 08 11. 11 0.54 2.60
5-10—4

weft 0.61 5. 65
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o | thiF R A
FUENo. A B(gf-cm | 2HB(gf - B B SMD (it -~ WC (gf -
/cm) cm/cm) MIUG) | WD (=) m) LCe) cm/cii) RC(%)

s 1oy | varp | 0.0269 [ 0.0257 [ 4.007 [ 1110 | 5400 | o f
weft | 0.0015 | 0.0057 | 4.110 | 1.623 | 13.073

s 15y | varp | 0.0227 [ 0.0176 [ 4.208 [ 1.480 | 6400 | [ oo o
weft | 0.0044 | 0.0029 | 4.673 | 2.047 | 12.597
warp | 0.0239 | 0.0213 | 4.540 | 1.403 | 6.550

8-10-1 0.687 | 0.0553 | 52.677
weft | 0.0035 | 0.0040 | 4.697 | 3.017 | 10.293

| warp | 0.0252 | 0.0242 [ 3.947 | 1.123 | 5.300

20 e T 0.0095 | 0.0119 | 4.007 | 1217 | 2,430 | 01| 01220 ) 65.297

9-15-9 |arb 0.632 | 0.1090 | 66.853
weft

s 10y | varp | 0.0110 [ 0.0325 | 4.207 [ 1.103 | 5.563 | . | s | 53013
weft | 0.0037 | 0.0130 | 4.537 | 1.913 | 11.657

5-15-2 P 0.741 | 0.0457 | 57.097
weft

o5 o |Warp | 0.0247 | 0.0220 | 4.437 | 1563 [ 7.057 | oo | oo | oy peg
weft | 0.0032 | 0.0108 | 4.847 | 4.040 | 9.593

~ |warp | 0.0237 | 0.0207 | 4.407 | 1.283 | 6.320

8102 1 re | 00051 | 0.0044 | 4.820 | 2.533 |11.330 | 2077 | 0-0440 ) 52.963

~ |warp | 0.0210 | 0.0198 | 4.317 | 1.290 | 6.200

81572 1= r | 00025 | 0.0042 | 4.420 | 2.050 | 14457 | O 752 | 0-0440 ) 53.350

9-5-3 |arb 0.664 | 0.0477 | 48.720
weft

o 10 | varp | 0.0815 [ 0.0312 [ 3.677 [ 1.090 [ 6,790 | [ | ..
weft | 0.0047 | 0.0075 | 4.450 | 1.630 | 11.827

2-15-3 b 0.677 | 0.0380 | 51.837
weft

5-5-3 (b
weft

~ warp | 0.0239 | 0.0216 | 4.763 | 1.823 | 7.370

o103 I e T 00022 | 0.0055 | 4.767 | 3.197 | 11080 | 019 0-0453 | 44.130

| warp | 0.0259 | 0.0194 | 4.337 | 1.733 | 7.090

o1 I e T 00022 | 0.0042 | 4.770 | 3.157 | 12,770 | 2680 | 0-0510 153.150

o5 | arp | 0.0254 | 0.0200 | 4.370 [ 2.013 | 8.983
weft | 0.0017 | 0.0047 | 5.057 | 3.733 | 13.747

o 10 | varp | 0.0271 [ 0.0104 [ 4.497 [ 1610 [ 8.060 | oo o | e
weft | —0.0015 | 0.0046 | 4.847 | 3.050 | 17.867

o 15 |Varp | 0.0205 | 0.0173 [ 4.440 | 1.547 | 7.357
weft | 0.0022 | 0.0033 | 4.897 | 4.673 | 12.210

254 |t 0.623 | 0.0893 | 62.100
weft

| warp | 0.0393 | 0.0358

20 e T 00034 | 0.0051

~ |warp | 0.0217 | 0.0226 | 4.050 | 1.213 | 6.060

0 T 00042 | 0.0060 | 4.130 | 1.860 | 10,923 | 014 | 0-0570 | 53.617

~ |warp | 0.0210 | 0.0191 | 4.027 | 1.097 | 5.663

O T 00037 | 0.0035 | 4.403 | 1.707 | 9.733 | 0% | 0-0990 | 54.393
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Property of Fiber Board from Paper Sludge of Sanitary Paper

Keiichi Chikamori and Teruo Kimura*

Abstract: In order to develop the new recycling system of paper sludge (PS) of sanitary
paper, the molding of fiber board was performed by using PS. The NBKP was also used for
the molding as a reference virgin material. Moreover PS/NBKP mixed board was molded.
And their mechanical properties were discussed. It is concluded here that the paper board
with high density and high strength can be obtained from PS.

Keywords: Paper sludge, Recycling, Fiber board, Compression molding

1. Introduction

A large quantity of paper sludge (PS) occurs in a paper manufacture process. The
quantity amounts to 2 million ton / year in Japan at dry condition?. These PS has been
recycled as cement raw materials, soil improvement materials, and thermal retention
materials for iron manufacture and so on by a major company. However, recycling is
difficult in a minor industry because of an economic reason such as high transportation
cost of PS for recycling. Therefore it is expected to develop a new economic recycling system
with high added value. For example, high mechanical properties are expected for dried PS
of sanitary paper without filler because of good hydrogen bond and little deterioration of
fibers included in PS23).

Therefore, the molding of fiber board by using PS of sanitary paper was performed and
the mechanical properties of molded board were investigated in this paper.

2. Material used and Experimental Method

Paper sludge used here was discharged from the sanitary paper mill in Kochi Prefecture.
And NBKP (Canfor Co., HOWE SOUND 300) was used as a reference virgin pulp. Figure 1
and Table 1 show the aspect and measured length of both materials. It is clearly seen in
Fig.1 that PS becomes fibril finely and has very short length. The compression molding of
boards was performed by using PS, NBKP and PS/NBKP mixture, respectively. Figure 2
shows the aspect of molding apparatus. Two cases of molding method were performed.
Namely, in Case 1, the wet material (PS, NBKP, PS/NBKP) was dried in the die without
pressuring. On the other hand, the material was dried with pressuring in Case 2 in order to
regulate the density of molded board. And the thickness was controlled 3 mm by using
spacer. It is 105°C in dry temperature of both Cases.

The mechanical properties of molded board were evaluated by bending and impact tests,
respectively. Bending and Izod impact tests were performed in accordance with JIS K7171
and K7110, respectively.

*Kyoto Institute of Technology
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Fig.1 Micrographs

Table 1 Average length of material used ,
Dic
PS NBKP n
Arithmetic ;
average () 0.14 1.08 = F—Ejlq

Length weighted - Y

average(mm) 0.73 2.27 J,"‘“ i
Weight weighted N

average(im) 2.33 2.88 ‘ - - ]

O\ Filter paper and nct

Pressare

Fig.2 Aspect of molding apparatus

3. Result and Discussion

Figure 3 shows the relation between density and weight fraction of PS (Wf) in Case 1.
Here, Wf=0% and 100% mean the boards molded from only PS and only NBKP, respectively.
It is noted here that the density of molded board increases with increasing Wf and the
remarkable increase can be seen in Wf>75%. This fact means the large shrinkage of PS and
can be seen in Fig.4 of microscope observation, namely, the void is not seen very much in
PS100% whereas many voids are seen in NBKP.100%.

Figure 5 shows the bending strength of molded boards. The bending strength increases
with increasing Wf and the remarkable increase can be seen in Wf>75% as same as the
result of density said above. It is concluded here that the board with high density and high
strength can be obtained without pressuring it by using the PS as raw material.

1.4

1.2}

=
=
T

Density (g/cm3)
o o
clx =]

0 25 50 75 100
‘Weight fraction of PS Wf (%)

Fig.3 Relationship between weight fraction of PS and density



(a) PS100% (b) NBKP50%PS50% (c) NBKP100%

Fig.4 Microscope observations
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Fig.5 Relationship between weight fraction of PS and bending strength

Figures 6(a) ~(c) show the aspect of cross section of boards molded with pressuring. The
density of boards shown here is approximately 1.23~1.28 g/cm3. It is seen in the case of
NBKP100% that long fiber intertwines with each other. On the other hand, most fiber
overlaps and does not intertwine with each other in the case of PS100%.

(b) PS50%NBKP50% (c) NBKP100%

Fig.6 Microscope observations



Figure 7 shows the relationship between bending strength and density for various boards.
Here, the bending strength was evaluated with maximum load shown in Fig.7. It is noted
here that the bending strength increases rapidly with increasing the density. Three
materials in the figure such as PS100%, NBKP100% and PS50%/NBKP50% show the
almost same strength, though character shown in Fig.7 is different each.

Figure 8 shows the aspect of edge side of the fractured boards. It is seen that the fracture
occurs at the tensile side of the boards and the cracks progress horizontally for NBKP100%.
On the other hand, the crack progresses vertically for PS100%. The direction of cracks may
be depend on the fiber orientation and length, namely the long fibers which oriented
horizontally protect the vertical progress of cracks for NBKP100%, and short fiber with
random orientation does not promote the vertical progress of cracks.

120
| | <= Ps100%
S100F | - PS50% NBKP50% T
S | | O NBKP100%
= 8o
o0
= L
2
% 60
o0
= r
T 40
D
2 |
201
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Fig.7 Relationship between density and bending strength

(a) PS100% Density=1.33g/cm3 (b) NBKP100% Density=1.28g/cm3
Fig.8 Typical aspects of bending strength fracture

Figure 9 shows the relationship between bending elastic modulus and density. It is noted
here that the elastic modulus increases with increasing the density. Here, it should be
noted that the elastic modulus of PS100% is fairly larger than that of NBKP100%. As
discussed above, the fiber length of PS is very short. Therefore the number of contact points
between neighboring fibers may be larger for PS100% than that for NBKP100% with longer
fiber. As a result, the smaller freedom for deformation occurs for PS100%. This fact may
lead the higher elastic modulus for PS100%.
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Figure 10 shows the relationship between Izod impact value and density for various
boards. It is noted here that the Izod impact value increases with increasing density, and
value is larger for NBKP100% and smaller for PS100%. The pull out of the fiber can be seen
at the fracture cross section as shown in Fig.11. The pull out is easy to occur for short fiber
such asPS100%, then the Izod impact value of PS100% may take a smaller value.
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Fig.10 Relationship between density and Izod impact value
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Fig.11 Typical aspects of Izod impact fracture
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(c) NBKP100% Density=1.16g/cm3 (d) NBKP100% Den51ty 1 28g/cm3

Fig.12 Typical aspects of Izod impact fracture

4. Conclusion
In order to develop the new recycling system of paper sludge (PS) of sanitary paper, the
molding of fiber board was performed by using PS. The followings were concluded.

1) The large shrinkage occurs during the drying process of PS boards. This lead the high
density and high bending strength of PS board.

2) The bending strength of PS board is nearly equal to that of NBKP board under the
condition of same density though the fiber length is shorter for PS100% than that for
NBKP100%.

3) Izod impact value takes a smaller value for PS100% because o f the short fiber length.
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