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Cellulose (1981-), Starch (1982), Pulullan (1983-86), Chitosan(1986, 2020-21),

Glucomannan(1984-1988), Polyvinyl acetate (1983-85),  Poly g-benzyl  L glutamate (1983-85), 

Poly g-methyl L-glutamate (1985-2000), Polybutadiene (2005, 2015-16), 

Polycarbonate (2020-21), Polyvinyl chloride (2020-21) 

Y. Motozato, C. Hirayama, H. Ihara, S. Nagaoka, et. al.
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a) c) 

10 mm

b) d) 

a) Cellulose (1981-),

b) Glucomannan (1984-1988)
c) Starch (1982),

d) Chitosan (1986, 2020-21)

10mm 100mm

100mm10mm
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a)

a) Polybutadiene (2005, 2015-16), 

b) Poly a-amino acid (1985-2000),

c) Polycarbonate (2020-21)

d) Polyvinyl chloride (2020-21) 

c) 

b) d) 

500mm 500mm

50mm 500mm
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: 0.924 : 0.998

PVC SEM

a) PVC , b) ₩ PVC

a) b) 
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(CNF)
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1) ACC-CNF ( ) in Fukuoka, 2019, 11.20
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+ CNF 

CNF (w-CNF)

or

CNF (a-CNF)

CNF:  , Chuetsu Pulp & Paper Co., Ltd.
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2.5 wt% PVC-CH2Cl2 sol. 150 mL 

+ 1.5 wt% w-CNF or a-CNF 32 mL

Homogenization
(5000 rpm, 2 min)

1.5 wt% PVA aq. 450 mL 

Stirring
(40ęC, 300 rpm, 20 h )

Filtration

Washing

Vacuum drying

w-CNF (1.34 wt%)

Acetone

Centrifugation

Agitation

a-CNF
500 nm

CNF (a-CNF)

Drying

4 times

a-CNF

Supernatant

Removal

PVC:CNF

= 100 : 3 (w/w)



15

PVC SEM

Surface

Surface Cross-section

5mm100mm

5mm 100mm

Surface
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PVC/w-CNF or PVC/a-CNF SEM . 

Cross-section

1.0 mm2.0mm

Surfaceb)

É PVC + a-CNF PVC/CNF

500 nm

Interface

Cross-section

1.0 mm

Inner site

2.0 mm

Surface

50mm

a)

100 mm

É PVC + w-CNF CNF PVC

Pore & CNF

50mm

CNF: 2.72 wt% 

CNF: 2.36 wt% 
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PVC

PVC/w-CNF

PVC/a-CNF

PVC, PVC/w-CNF and PVC/a-CNF FT-IR(ATR) .

nC-O-C

1050-1080 cm-1

nO-H

3200-3600 cm-1

4000 3000 2000 1500 1000

Wavenumber (cm-1)

A
b
s (CNF-inclusive PVC)

(core-shell microbeads)

PVC

PVC/w-CNF

PVC/a-CNF

1 mm

1 mm

1 mm

CNF
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w-CNF

PVC-CH2Cl2 PVC

w-CNF
CNF

Phase-separationPhase-separation

PVA aq. PVA aq.

CNF (w-CNF) PVC
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a-CNF

PVC-CH2Cl2 PVC

a-CNF

PVA aq.

CNF

CNF (a-CNF) PVC

PVA aq.

Moving of CNF
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500mm

a) b) c)

Polymer : CNF = 100 : 3 (w/w)

500mm500mm

CNF SEM

a) PEVA b) PS c) PC

500 nm 500 nm 500 nm

CNF PS, PEVA, PC
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Wavenumber (cm-1)

4000 3000 2000 1500 1000

Wavenumber (cm-1)

4000 3000 2000 1500 1000

Wavenumber (cm-1)

PEVA PCPS

Non-Adsorption

PEVA + a-CNF
Non-Adsorption Non-Adsorption

PC + a-CNFPS + a-CNF

SEM FT-IR(ATR)

1mm

PEVA PEVA+CNF PS+CNFPS PC PC+CNF
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CNF
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a-CNF

PVC-CH2Cl2 PVC

a-CNF

PVA aq.

CNF

CNF (a-CNF) PVC

PVA aq.
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Retention time

Interaction: 

Peak tailing & 

Retention up

Tailing

Retention up

Chlorine 

compounds

Detector

Injector

Pump

Mobile phase

Ethanol

Surface of cellulose microbead

Cellulose microbeads
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3-

Column size: 300 X 8 mm, packings: cellulose beads, mobile phase: EtOH, flow rate: 0.5 ml/min   

10.30 min

Mw: 86.18

Retention min

150 5 10 20

3-methyl pentane

11.73 min

Mw: 84.93

Retention time (min)

150 5 10 20

Methylene dichloride

Peak tailing

11.37 min

Retention time (min)

150 5 10 20

Mw: 98.96

Dichloroethane

Peak tailing

10.80 min

Retention time (min)

150 5 10 20

Chloroform

Mw: 119

Peak tailing

Non-Peak tailing
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Column size: 300 X 8 mm, packings: cellulose beads, 

mobile phase: EtOH, flow rate: 0.5 ml/min   

Retention time (min)

150 5 10 2520

11.62 min

Br

Br H
H

H
H

C C

Peak tailing

Dibromoethane

Retention time (min)

150 5 10 2520

10.93 min

C

Br
Br
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Peak tailing

Bromoform


