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Outlines

1. Melt Flow properties of CNF/PA6 composite in KYOTO PROCESS®
2. Foaming properties of CNF/PA6 composite

3. Foaming properties of CNF/PA6 composite + PA6 type thermoplastic elastomer



Cellulose Nanofiber (CNF)

Cellulose nanofiber (CNF)

produced by mechanically disintegrating cellulose
fiber bundles, typically from wood, into nanoscale
fibrils with diameters ranging from 10-100 nm and
lengths varying by several micrometers.

Provided by Dr. Awano (Kyoto-univ.)

Excellent properties

- five times stronger but has 1/5 the density,
compared with steel

 1/50 the linear thermal expansion,
compared with glass

= a large specific surface area
Foryio4 Gty SEimiy, T Ik ey Moo * readily available

Various applications
For example, as a reinforcement fiber in plastics



Foaming

resin

. foaming

[Merit]

" Lightweighting

"Heat and electric insulation
*Sound and shock absorption

Dimension stabilization

[Demerit)
*Decrease of mechanical and
thermal properties

N

[Resolution method]
"Decreasing bubble radius

“reinforcing foaming material

CNF



Preparation of materials B
|Melt extrusion |

Thermoplastic resins CNF/thermoplastic resin
: 2 Compound pellet

Pulp Acetylated pulp
(facilitating fibrillation)

Chemical

| modification

/.
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Dry, Powder shape g

KEY POINTS
Simplifying a manufacturing process
*Reducing a manufacturing cost

.

High wet content, tackness



CNF morphologies s

Test piece

SEM observation
. 37 .\\ i

Pulp was fibrillated and became CNF during kneading process



Viscoelastic measurement

6 *Temperature: 250°C
10 *Strain: 0.5%
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*PA6(high molecular weight) = = * High n* at the frequency from 0.01 to 100 Hz
*Acetylated CNF = = = The same value as PA6(base resin) at high frequency (= equivalent injection moldability)
High n* at low frequency (= reduction of bubble size)




Spiral Flow test

L

Cylinder tmp.: 250°C
Mold temp.: 80°C
thickness: 2mm
Injection time: 3sec
Screw speed:100rpm

Injection condition | Plasticization | Flow length
Material Pressure | speed Torque L
[MPa] | [mm/s] [%] [mm]
10 9 188
PAG6 (base resin) 10 50 10 188
Measuring the flow length 100 10 188
10 |/ 23\ 24
(high moIeF::ﬁ?ar weight) 10 50 ( 20 ) 21
100 | N_21/ 27
10 || /187 86
Acetylated CNF10%/PA6 | 10 so | [ 12 | 98
Acetylated CNF10%/PA6.. | INSTIPZ T

"High injection speed - Long flow length

Low plasticization torque and long flow length, compared to PA6 (high molecular weight)



Foam molding

Physical foaming injection molding machine

Mold opening
operation

Back-Pressure Regulator Pressure Holding Decompression Regulator

Vessel S14MPa P)
i@ ® <10MPa A :,.
> Sealing Mechanism <. N2 | @ L
< Excess N2/ Injection
I | Valve Hopper
Check Rin '
Shut-off Nozzle \ ’ | Screw\ 7 Barrel
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-&, %/ ' N2 Gas Céntainer
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Pressure Sensor

(C) DeCOmpression Zone (A) Plasticization Zone

(B) High-Pressure
Mixing Zone

A. Yusa, S. Yamamoto, H. Goto, and M. Ohshima: FOAMS2015 Book of Abstracts, O-24 (2015).

(D) Pressure Defining Zone

Core back
operation

Mold
Core Cavity Pressure release - Foaming
///

1 injection | o=

@)
4 |::>Core back |, O | —

47
— e
|

Resin + blowing agent




Cell morphology

expansion ratio : 2

center side in a
8 thickness direction

center sidein a
thickness direction

Under skin layer center side in a Under skin layer

thickness direction

Under skin layer \

PAG6 (base resin) PA6 (high molecular weight) Acetylated CNF5%
Cell size

PAG6 (base resin) = PA6 (high molecular weight) > Acetylated CNF5%




Three-point bending test -flexural modulus-

C
@ acetylated CNF 10% -2 Cutting two bending test samples
@ acetylated CNF 5% §
A acetylated CNF 3% "5 Core back delay time: 5s
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* Although the flexural modulus decreased by foaming, the foams of acetylated CNF / PA6
which had higher modulus and lower density than the unfoamed PA6 were produced.
*Specific modulus showed a maximum at a relative density of 0.7

*Acetylated CNF10% showed 1.8 times the specific modulus of PA6 in a relative density of 0.7.




The effect of relative density in cell morphology

Content of CNF: 3%

x50
15kU X568 SEEMm Z1 500 pm

center side in a
thickness direction &

Under skin layer center side in a

thickness direction

) X 500
; "':'-1313 SHm =23 20 “’m

Relative density: 0.46 Relative density: 0.76

On low density (high expansion ratio) decrease in
conditions, Open cells were obtained at ‘ specific flexural modulus and

center side in a thickness direction. specific flexural stress




Scale up trial =

Car engine cover

expansion ratio :

High rigidity
*smooth surface

Acetylated CNF5%PA6

Molding: Daikyo Nishikawa



Expansion to thermoplastic elastomer .

Acetylated CNF10%/PA6
Compound pellet

PAG6 type thermoplastic elastomer

Polyamide block = Rigid semi-crystalline phase

/ e  Amazing mechanical properties PA6

o Different melting points
¢ Opfionally bio-based from 28 fo 97% (ASTM Dé866)

\" Polyether block = Soft phase

e Very low glass transifion femperature = -60° C
¢ Excepftional properfies at low temperature
¢ Hydrophobic or Hydrophilic

PEG

A
v

High miscibility

Y

Injection molding
Arkema PEBAX®



Foaming properties of CNF/PA6 composite + PA6 type thermoplas_
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Only 1wt% addition of CNF increasesn* - Good dispersion
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Compression test

Foam injection molded pieces
*Core-back
*expansion ratio: 2

Acetylated CNF1%/PA6 type

Acetylated CNF1%

A6 type elast

omer
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Strain [-]
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elastomer

Cell: Smaller, more homogeneous

Increasing compressive stress
while maintaining flexibility



CONCLUSIONS

1) The addition of CNF decreased the bubble size of PA6
foams while keeping moldability.

2) The Acetylated CNF10%/PA6 foams exhibited 1.8 times the
specific modulus of PA6 in a relative density of 0.7.

3) The addition of CNF to PA6 type thermoplastic elastomer
was found to be effective in reducing cell size and increasing
compressive stress while maintaining flexibility.
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