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Application of cellulose nanofiber (CNF) - reinforced bio-based polyethylene (PE)
composites to automotive parts : Application to automotive air conditioner case

NG ME BB S HER BA HE BMX
IKazushige KOJIMA Shinya GOTO Yasuhiro TAWARA Toshifumi KAMIYA

Carbon-neutral composite material from bio-polyethylene (bioPE) and cellulose nanofiber (CNF) with plant
resources that absorb CO, in the atmosphere by photosynthesis, was applied to air conditioner cases. The
composite material that consists of bio-PE with low modulus and highly dispersed CNF led to material
with high modulus, which could replace current PP-talc material. Although the composite material
with nanocomposite structure showed high viscosity especially in low shear rate, which deteriorated
moldability, air conditioner cases could be molded by optimizing die (multi gates) and molding condition
(higher molding injection rate). The automobile air conditioners assembed with bioPE-CNF air conditioner

cases were evaluated and the possibility of the application was shown.
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Table1 Required properties and the specification for air conditioner case and the material

Required properties

Specification for material

Air conditioner case Material

Moldability

Melt viscosity

Same level as current PP-talc material

Surface rigidity

Flexural modulus

Same level as current PP-talc material

VOC* amount VOC amount

Same level as current PP-talc material

*VOC: volatile organic compounds
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Table2 Developed material

Sample name Material Remarks
HS1911 BioPE-CNF10-TD10
HS2011 BioPE-CNF10 No talc

Talc addition

200

150 Moldable highest viscosity

100 1

50 EEE— —

Melt viscosity(Pa * s) @1200sec™!

BioPE-CNF10-TD10 (HS1911) BioPE-CNF10 (HS2011)

Resin temp. 190 200 190 200
(c)

Fig.1 Melt viscosity of bioPE-CNF10-TD10 and
bioPE-CNF10
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Fig. 4 Coefficient of linear expansion of bioPE-
CNF10-TD10(HS1911)

Fig.5 Dispersion state of CNF in bioPE-CNF10-
TD10(HS1911)
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PE-CNF D%t % DT 5.
*VOC: acetaldehyde
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Fig. 6 VOC amount of PP-talc, bioPE-CNF10-TD10,
and bioPE-CNF10
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Fig. 7 Relationship between molding condition and

VOC amount for bioPE-CNF10(HS2011)
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Fig. 9 Blower case (upper part) and gate position
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Table 3 Influence of injection molding condition to moldability
Condition Material Injection temperature | Injection pressure (MAX) Injection rate (MAX) Result*
[degree] [MPa] [mm/s]
@ BioPE-CNF10-TD10 190 186 50 X
® (HS1911) 190 186 70 )
©)] PP-talc 190 96 50 @)

*QO : Resin injection is completed , X : Resin injection is not completed.
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L7 (Table 3 %M@, Fig.10). L72°L, SH#E%
50 A5 70mm/sec (Z#HL B E, ¥ a— Ml VY,
WARD B WEETH - 7 (Table 3 &14:@), Fig. 11).
—75. BUTO PP-% )V 7 ¥ & 55 IH 3 EE 50mm/sec THE
L7225, /N4 % PE-CNF10-TD10 (HS1911)
DRSO E — 7 ETH - 72 (Table 3 543 :
96 MPa vs. 51D : 186 MPa).

Side view

Top view

O Resin injection is not completed.

Fig.10 Molded sample by molding condition M

Top view
Molding condition ®

Top view
Molding condition @

Fig. 11 Molded samples by molding condition @ and ®
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Fig.12 Evaluated component parts of air conditioner
case with bioPE-CNF10
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Table 4 Molding condition for each component part of air conditioner case with bioPE-CNF10

component|  Gate Injection Injection FeEMEH | Injection rate (MAX) Result* |Molding weight
part number | temperature |pressure (MAX) [sec] [mm/s] [g]
[degree] [MPa]
o 3 190 139 1.85 (57)** O 442
® 3 190 138 1.81 (67)** O 490
® 4 190 117 1.57 50 O 359
® 4 170 133 1. 65 50 O 359
@ 5 190 146 2.12 (91)* O 606
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#0O : Resin injection is completed , **Estimated value
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BioPE-CNF10-TD10 PP-talc

e—

I!A i . ‘;l

Warpage amount: /13. Omm

Warpage amount: /3. 0mm

Warpage amount: /3. 6mm

i

& i : ;l . & i

i

lg‘ i .lsA,a A;.

i ¢ & e -i.

Warpage amount: /J4.2mm

Warpage amount: /5. 4mm

Fig. 13 Warpage evaluation result of molded
component of bioPE-CNF10-TD10 and PP-
talc by comparison with mold dimension
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Fig.14 Evaluated air conditioner case assembly
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Table 5 Wind leakage amount from air conditioner case assembly after high temperature leaving test

<> Wind leakage amount to the outside of air conditioner case assembly

Wind leakage amount
Material Measured Part Initial | After test Changed | Result*
amount
[m/sec] [m/sec]
[m/sec]
Case fitting part, door shaft
pgnetratlon part, and outer 468 7 670 2990 %
. circumference of heater core
BioPE-CNF10 .
(packing seal part)
MODE door seal part 0. 047 0.109 0. 062 @)
Case fitting part, door shaft
penetration part, and outer
circumference of heater core 0.750 0.85 0. 100 O
PP-talc .
(packing seal part)
MODE door seal part 0. 057 0. 054 -0. 003 @)

*O: Satisfaction of provisional specification, X: No satisfaction of provisional specification

{Sealing properties inside air conditioner case assembly

Wind leakage amount
Material Measured Part Tnitial | After test Changed | Result*
amount
[m/sec] [m/sec]

[m/sec]

VENT blowout part 0.016 0.012 -0. 004 O
BioPE-CNF10
DEF blowout part 0. 032 0.079 0. 047 ©)
VENT blowout part 0.011 0.013 0. 002 O
PP-talc

DEF blowout part 0. 033 0.033 0. 000 O

*O: Satisfaction of provisional specification
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Fig1?7 Observation of wind leakage-increased part after thermal impact test
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