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Recovery bucket




N/ Waste of synthetic fiber (Direct Injection Molding)

1 any —mws |

ke

M + whUwox
TRl R
SRUTF L
e l{
AUFOEL
IR

B i ftia

‘T‘H%*Afr’)ﬁ{ﬁll Aspect of feeding zone (GFRP)
EEle > R EE > (ERlS

AR e m L
BN b

E ey - g

e it
LR > %mm)‘ﬁn@
SR8 Glass fiber reinforced composite

5T H R &R g (k==L okttt ]




ERXRFE—IEELEDT
HZ=AhILLER—k

TR RAHEBDTND
KREAMNSEEREMR

HATORA !

EEEFHLEBHHO
HEIEETD,

EATHIENRERD KK

Infrared heater Melting surface layer Compressing with cooling

Molded one side Molded both sides

Insulating boad




Fiber recycling

Fiber waste is one of the potential resources.

Waste of Apparel
Compression molding

Waste fiber/PP

Composites
which can be treated
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Fiber recycling el
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Silk Composite (Silk fiber reinforced plastics)

Tensile Tensile | Breaking
strength | modulus |elongation
(MPa) (GPa) (%)
non-used 417 5 14
used 123 5 4

Waste of non-used silk fabric Waste sd silk fabric
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Application of silk composites to decorative board \/

laminate
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Decorative board

“Application of silk composite to decorative laminate” , Teruo Kimura, Shinpei Aoki, 10
Adv. Composite Mater., Vol. 16=No. 4, pp. 349-360, 2007
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COLOR RECYCLE SYSTEM

Colour Recycle System — — Colour Recycle System
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Products based on COLOR RECYCLE SYSTEM
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http://www.polyplastics.com/jp/support/mold/outline/ani1.htm
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Cryptomeria bark (Japanese Cedar Bark) >/
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Backgraund
A processing method of various waste is a serious problem

Development of an effective utilization way 1s strongly requested.

We pay attention to feather waste.

A feather Futon of more than Smilion a year is circulated in Japan

A disposal feather is discharged
in manufacturing process

of a feather futon.

The durable number of years
is short for a low-price feather futon.

2

Consideration of an effective utilization way
of disposal feather is main point here.



N4 Natural Fiber Consumption

FRPOBMI RS H TIEASRAEHCRBBEDOKE Consumption in tone of natural fibers in
ELTERABMERIEM ELI-ARMEA automotive industry in Europe, 2005
Fibre 1996 1999 2000 2005 2010
2010
Lin 2,100 15,900 20,000
Chanvre 0 1,700 3,500 e
Jute 1,100 2,100 1,700 5 2000
b
Sisal 1,100 500 100
1999
Kenaf 0 1,100 2,000
Coir 0 0 1,000 tos .
. . . ra . .
4,300 21,3200 28,300 50.000- = a 20000 40000 GO0 BO000 100000
TOTAL 70,000 100,000 Tetal Demand [Tons]
Automotive Parts Made of NF Composites *Biomedical
- *Transportation
*Construction
*Energy
*Sport
*Aerospace
*Packaging...
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Natural Fibres

Mineral fibers

Plant fibers
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Structure of Feather

Feather |——| Rachis Quill point
‘ Quill shaft
Barb Barbule
barb

rachis
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100.00 (¢ m/div




Materials used

PLA fiber Feather Pulp
Unitika Teramac Barb and Barbule NBKP:LBKP=4:1
EU-1500Length:5mm Length(barb):12mm Length:2.7mm

Fineness:1.7dtex Diameter:66um Diameter:11um




Feather
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Experimental

Pulp PLA fiber
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Pre-molding of Mixed Paper

*Tensile Test

Il

*Surface observation
*Absorption and

Evaluation of Mixed Paper

desorption Tests

*Observation of cross section
*Bending Test
*Izod Impact Test
*Absorption and
desorption Tests

Il

Compression Molding

2z

Evaluation of Composite Materials




Properties of Feather and Pulp

Fiber Tensile Tensile Elongation(%)
strength(MPa) | modulus(GPa)
Feather(barb) 50 2.8 X104 10
Pulp 33 2.3 0.4

It 1s noted here that the elongation of feather 1s extremely large.
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Pre-Molding: Mixed Paper making

Mixed Paper  Dryer(120°C) Compression — Removal of water
(0.34MPa . 10min)



Mixture ratio of fiber and PLA

feather/PLA paper
Mixture ratio(%) | Weighing(g/m?)
(feather/PLA)

80:20 66
70:30 i)
60:40 84
40:60 72
30:70 80
20:80 87

pulp/PLA paper
Mixture ratio(%) | Weighing(g/m?)
(pulp/PLA)
80:20 82
60:40 87
40:60 83
30:70 83
20:80 87




SEM observation of Mixed paper

FE
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WD23.0mn 17. 0kV' x250°  200um

feather:PLA=80%:20%

pulp

WD24.9mm 17. OkV' x250  200um

pulp:PLA=40%:60% pulp:PLA=80%:20%




Compression Molding of Composites
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Molding temp.:190°C  Molding time:353
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Vacum drying
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Aspect of cross section of composites

Feather

WD21. 5mm 15. OkV x900 50um

Pulp

WD24. 8mm 15. 0kV x900 ~ “50um

pulp:PLA=40%:60% pulp:PLA=80%:20%




Bending properties of composite

JIS K 7055 Three point bending, Span:48mm, Cross head speed:5mm/min
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The bending strength and modulus decrease with increasing the weight fraction
of feather for feather/PLA composite.

The other hand, the bending strength and modulus of pulp composite show the
maximum value at Wt=60%



lzod impact value of composite

JIS K 7062 1zod Impact Test, Weight of Hummer:5.5J, Flatwise direction
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& feather/PLA
® pulp/PLA
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Izod impact value AK(KJ/nf)

0 20 40 60 80 100

Weight fraction of fiber Wt(%)

The impact value for the composite is lower than that for PLA resin in the small range of
weight fraction of fiber.

Especially the impact value for feather/PLA composite is fairly larger than that for pulp/PLA
composite.



How to make use of the merits
of Feather and Pulp?

}
Hybrid!!

Feather/Pulp/PLA



Composition of Hybrid Paper

Mixture ratio(%o) Weighing(g/m?)
(feather/pulp/PLA)

60:20:20 82

0% { 40:4020 82
20:60:20 94

< 40:20:40 34

60% 30:30:40 93
20:40:40 95

30:10:60 71

40% { 20:20:60 78
10:30:60 83

15:5:80 91

20% —»< 10:10:80 |} 93

5:15:80 88




Compression Molding of Hybrid Composites
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Molded composite

Vacum drying

Press with heating



Bending properties of Hybrid composite
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|zod impact value of Hybrid composite
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Process of Absorption and
Desorption Tests

Initial Condition Absorption Test Desorption Test
Temp. : 23°C Temp.: 23°C Temp.: 23°C
Humidity: 43% Humidity:93% Humidity:43%
16hours 24hours 10hours




Absorption moisture(%)

Absorption and Desorption of Fibers

Absorption

16
—@®— feathrer

14  —®—pulp

—a— PLA
12

10 |

0 10
Absorption time(Hr)

20

Adsorbtion time(Hr)

16

14

12

10 f

Desorptin

—@®— fecather
—ll— pulp
—a— PLLA

5 10
Adsorbtion time(Hr)

The absorbed moisture increase rapidly for feather in comparison with that of PLA.

And the desorption value decreases rapidly for father.

Feather has good advantage for absorption and desorption properties of moisture.




Absorption moisture(%)

Absorption and Desorption of Composites

Absorption Desorption

0.9 0.9
VIi=22% Vi=22%
08 —— feather 0.8 —— feather
0.7 . pulp % 0.7 —— pulp
0.6 } é 0.6 |
0.5 'g 05 F
0.4 B 5 0.4
0.3 g 03 |
0.2 2 02
0.1 0.1
0 0
0 10 20 0 5 10
Absort time(Hr) Adsorb time(Hr)

The moisture increases gradually as time proceeds. The moisture changes largely for the composite
with larger content of feather.

In the desorption process, the moisture decreases gradually as time proceed. Especially, the larger
decrease can be seen for the composite with larger content of feather.



Conclusion

The recyclability of waste feather as a reinforcement
of biodegradable composite was discussed in this
presentation. The feather reinforced composite was
obtained by using the compression molding method in
which the feather/PLA mixed paper was used for the
base material.

It is concluded here that the waste feather is effective

to improve the impact property and adjustment of
moisture of PLA resin.




Thank you for your kind attention!
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