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Abstract

The objective of this project is to reduce greenhouse gas (GHG)
by replacing talc -reinforced polypropylene (PP) composites, which
are currently used for a case of an automotive air conditioner , with acetylated
cellulose nanofiber (CNF) -reinforced bio -based polyethylene (PE)
composites produced through the Kyoto process. In this fiscal year , CNF -reinforced
bio-based PE composites were manufactured through the Kyoto process on
a labor atory and an industrial scale,
and their performance was evaluated. Furthermore, the potential
use of CNF -reinforced bio -based PE composites for a case of an automotive air
conditioner was assessed by comparing their performance to that of talc-reinforced
PP composites. In this study, some excellent results beyond all
expectations were obtained: (1) the CNF -reinforced bio -based PE composites had
mechanical properties comparable to talc -reinforced PP composites,
and (2) the CNF -reinforced bio -based PE composites had
better resistance to high temperatures (i.e., higher heat
distortion temperature under high-load condition s) than talc -reinforced PP
composites. Moreover, the CNF -reinforced bio -based PE was found to be recyclable.
On the other han d, some challenges were identified: when a full -scale prototype of
an automotive air conditioner was manufactured, (1) the CNF -reinforced bio -based
PE composites had inferior flowability to the currently used talc -reinforced PP
composites, which caused a part of the product to get swollen,
and (2) the CNF -reinforced bio -based PE composites emitted
about ten times more volatile organic compound s (VOC), which consist primarily of
acetaldehyde, than talc-reinforced PP composites.

The results from life cycle as sessment (LCA) indicated that (1)
use of the CNF -reinforced bio -based PE composites reduced CO2 emission (GHG
emission) by nearly half, compared to that of talc -reinforced PP composites,
and (2) recycled CNF -reinforced bio -based PE reduced CO:2 emission to an even
greater degree. In the next fiscal year, we will solve the challenges mentioned
above and demonstrate the feasibility of GHG reduction
by replacing the c urrent ly used talc -reinforced PP composites with CNF -reinforced
bio-based PE composites produced through the Kyoto process.
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4.2.3 CNF P wm0 PE—

CNF P um0 PE| 8 147 wafi w' k. H™ fi  MAPP8 CNP% |-
Ri k— # td{v @42 P e MB-— 8 2.CNPs — <
o] ferPemo PE + MB— 8 — # 144 ° mB| & -

< Lzfio vi «nd (FM10C/® (dD.©® )& ™=

2000 rpme 2 min <V 8 2 4-1 8 weot zi Z
2 = = oV 9l — MBLP wmo PEA™ ¢ < =8 #
A1 s#8 R K L %o%|F CNF P emo PEL AN L
P mm0 PE< A= ¥wi Rike~|s # -VRI k%[
DsS=0.9 & - 0= =V e
4.2.4 CNF P wm0 PE—
=V CNF P =m0 PE| % |} 4 — —V k-
4-1 ~F4 &80 mmx10 mmx4 mm <V
4-1
43 CNF P wmo PE— % |}
=V CNF P wm0o PE— | — 4 [ Vo
4.3.1 —
- %1 z—Ri kK — | ® DFC450C
LEICA & ™y % | # v e | % —

Le' @ - 7 210C% 30 F2k” © & «at D g - =
Vg Ve —Ri k— | ¢ — 0 e W[ -
Tofid ms 4L -8 = JEM
2100P # - A
4.3.2
CNF P wmo PE— - % | | JIS K7171~ # %s

38



AGX plus 8 d ™= 10 mm/mis 5 mm

2 mm 64 mms< o= sV o g Vs | JIs K
7110% |4 JISK7111-1+ # %8 = wmd P J 2%
"'JO"iH,D I ™= QJ’\/Q $|
-t 2mm—+t ey _ - MY 9 3V 8 mmd P
2| 27538 " i HO> | 20 J-— —tfivdd m™yo
4.3.3
(CTERA |- VT (HDTH: =V o ™ — -
8 700C % 48 50 fia v L ™y CTE]|
TMA608 d m=s1cm - 4 o= g20 oV
AL 8 5¢0mine -300C % | 100CS # — # -
Vv o 8 HDT| HDT HDT.TESTER 624 L m=s
12020h# 0.45 MPa ;|4 1.80 MPa— # eV o
44 = ¥ wi  — o CNF |4 oV P mmo PE—
P wm0 PE— - ™ CNF—= ¥ ii < CNF P wmo PE— —
AL A-"\/I:S.é]-ﬂi — Q.”RiKL ™= AL -
Voo | Ri k&L ™= 0 CNF % 5wt9s 10wtk o | |
er =V 4-1 °
4-
o Rod S R'K_() MAPP ® P wmo PE
CNF Ac Lig
1 051 5 068 0.16 5 5k 0 89.16
2 10 1.36 0.31 10 10k 0 78.33
3 0.82 5 110 0.16 5 5k 0 88.74
4 10 219 0.31 10 10k 0 77.50
5 191 5 162 0.16 5 5k 0 88.22
6 10 324 0.31 10 10k 0 76.45
(@)= ¥ i Ri Kk | (CNF)+ ¥ i i (Ac) ' = zfi (Lig) # tdl s ==
(b) | - sy @4dP e %1 K < o=
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4.4.1 -

4-2- CNF P =mo PE — - %1 5
Voo — - ™8R Kk — % g % % % %
ZBLEN # ot - % 0 %
o= ™9 53 VRI k— < — - 0 | £ Yor ™O

No. 2 (DS=0.5) No. 4 (DS=0.8) No. 6 (DS=1.2)
2 : = - ey -
/ ')/l(." <

MB, B 1R B

MB, iBfE2E B

NAAPEFR R (B
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LJ L LJ
4-3 - - - % |4V LMy Le 420 frq ¥
Ly -4 ac No.6 (DS=1.218 CNF 10wt~ 2 ™= 7D
J < e o 25 -— % t 44 0= 8CNF - e
— % A Ve gve e ¥ % 08 Y%= CNF %
™ > . 24 ”_ d 5 Y - 8 - e — 1L
td <% td Ve cY%eo Ylke PRAT . -
S
60 _
30 .""'n*... No.1
= RN No.2
g 40 e No.3
2 f— ‘N..’\
:I:_'\: 30 v No.4
g No.5
10 ---- Bi7H
0
0 5 10 15 20
BT T (246)
4-3 = ¥y — o1 CNE =V P mmo PE— e
4-2 = ¥y — o4 CNE =V P mm0 PE—
Ri k CNF - - (kd/m?)
No. (DS) (Wt% MPa MPa lzod o T HD
A2 - 0 1110 22.5 3.61 3.34
1 0.5 5 1760 34.3 1.75 2.13
2 0.5 10 2410 46.9 1.66 1.76
3 0.8 5 1610 31.2 2.90 2.83
4 0.8 10 2400 46.1 2.92 2.71
5 1.2 10 2650 49.5 2.83 2.49
6 1.2 5 1810 36.5 1.66 1.97
@ - 0 3450 56.2 3.52 4.48
(a) PRaT <
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4.4.3 CNF —

4-3 - - “nl Vyq  EysEve &
- 8 2% |4 Vo -= ™= L CNF—« ¥ i %
o0 g2 — % o 1dl Ve 10-30C ~ = ™= | 52 J
£ 132 ppm/K# Nef —~ =8 La y i % t 9 CNF 5wt%
— (No.1)# Nof = L 57 ppm/Ks # =8 a ¥ i 1.28 CNF 10wt%

— No.6 # | 42ppm/Kg # t9ePRaT

<

47 ppm/K — L oveCNF -~ | A=% | VT
— # Nof ° 1.80 MPa— — - % ™= 50 | # | 470C# Nof — -
-8 No.6# 1020Cq # A o= — Y% | | %q < td Vo
o pp L L foyd |- | s <-— # t 4 v CNF
~F{E ey 0 %Pamo PE # «f %q< td=™f 4 o=
™o g Ve e ¥y % ™Eg2 PE< — % AV E-® CNF
R Y% ™pze RIi k— dEes:Dde— % Fo =
J4v L I - e Vs s M
4-3 = ¥ i — o1 CNE =V P mm0 PE—
. VT
Ri K CNF MD ppm/ K (BT
No.
(DS) (Wt % . 8 8 ; 0.45 1.80
0-1000C 10-308C 30-500C 'O oo
A2 - 0 176.8 131.8 1746 843  47.1
1 0.5 5 86.9 86.3 102 114 735
2 0.5 10 33.8 56.9 52,5  127.3 94.2
3 0.8 5 79.3 87.2 93.6  116.1 69.2
4 0.8 10 45.6 58.0 55.2  127.1 99.4
5 1.2 5 58.4 74.3 69.6 1185 83.6
6 1.2 10 15.4 42.2 28.3 1274 102.4
@ - - 71.4 47.2 73.3 1335 926
(@) PP-ai <
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(b) °* 1
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4-5 = ¥ Wi

(a)
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No.§
Mo
RiTH
20 40 B0 80 100
BE(C)
— o4 CNRE: Y
_ Ik
No.1
No.2
No.3
No.4
No.5
No.6
............. ﬁﬁﬂ
|
60 80 100 120 140
BE(°C)
—_— Ik
No.1
No.2
No.3
No.4
No.5
No.6
.............. BiTH
40 60 80 100 120
RE(°C)
— o4 CNet i -
0.45 MPa (b) 1.80 MPa

— TMA
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45 CNK a1 ¢ — - |4 oV P amo PE—

CNF P weo PE— o 1L < -8 ai o4 -V CNF P
-0 PEL oV oAl o — AL AV ks 44~ v {015
Wt%- o i o 4 -V CNF 10vt% AL - AL oV o -
| DS=0.9-Ri k& -V 93 v 8 CNRL SRLET P mmo PEL

< o= oV 9

4-4 —

i i a
" R K = ¥ oM Ri K (a) MAPP ®) Wi P P_Eo
(DS) CNF Ac Lig

7 0 77.28

8 5 72.28

9 0.9 10 241 031 10 10k 0 10  67.28

10 15  62.28

11 20  57.28

12 90

13 5 85

14 - 0 10 0 10 80

15 15 75

16 20 70
(@)= ¢ i Ri Kk | (CNF)+ ¢ i (Ac) ' = afi (Lig) # tdl s ==
(b) | - s MB - %1 i < o=
4.5.1 —

4-6 | No.7-No.11— - %1 —
#Nefogve 47| o < # Ak
v 4L == -V e # A v s#s % | % e
™om %efist el |o v Ve ™M4d — - ™M= —
™ ™ 3 =244 8 3 V8 ai o — < - | 0 |

2 %0 %[ Ve 4-8] No.7< No.10/ 4 - 4 21 « 0wt
15 wt%) Y[k« o 7 fi & ™= -V — SEM #Nef © ™4 LR
k % | t 4 v 10-5000m  — % 1 Ve 28 o0 o —

- | — | % — < - % Yoo ™9
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4-5 - | - 5 2 |4 v 8 4-9r- - 2
B R R R I R e
o= Lk. s e=™ 410%fFL |[%o fer -
| 21 - — << L~ - «8 o od 10 wit% =V CNF
P wm0 PE(N0.9)- %6™= PR « < — 3156 MPa 1 |
~ 20 wt% # | 4000MPa ™ % 14V #m2 —Fr 4
3 vV 8CNF- 2 - AL A{<e 9ai -« — # | CNF
L o<z - % 1500 MPa o= ™ o - o= | ™
4 - -2m= Lgo - { %eCNEE 5 0™ 2| Al o —
o™ d e A -~ =8 CNE: 5 2| 15wt%— o |
- 3| 1- - Nof °CNEz 211 <% A1 <2 4k
s 3 k- % o= < 4 g ~ e
w e
4-5 o i o — o —
CNF Al < - Izod ot T HD
No. (Wt % (Wt % (MPa) (MPa) (kJ/m?) (kd/m?)
A2 0 0 1110 22.5 3.61 3.34
7 0 2716 48.5 2.54 2.28
8 5 2888 50.4 3.02 2.41
9 10 10 3156 52.5 3.07 2.73
10 15 3554 54.5 3.03 3.35
11 20 3836 55.7 1.75 1.77
12 0 1142 24.6 3.08 3.25
13 5 1376 27.2 2.87 2.30
14 0 10 1554 29.0 2.79 2.33
15 15 1777 29.0 2.69 2.28
16 20 2060 32.4 2.58 2.31
(@ 0 15 3450 56.2 3.52 4.48
(@) PP-ai <
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No.9

No.10

No.11
No.14
No.16

......... IR{T#t

0 al 1 " 1
0 5 10 15
UTH (%)
4-9 o i o — o — -L e
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- 4000 . ® 3
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2 3000 ° L =
H ot o
; & 30 o o
Eul i o
B 2000 (e} N
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1000 ® CNFH V) 10 ®@CNF#HY
OCNF 7 L OCNF7#ZL
0 I 0 I ]
0 5 10 15 20 25 0 5 10 15 20 25
LIV TRIE (wis) R T HINE (wt%)
(c) 4i (d) 4£
S °
&~ 3 8 b ® § 3T
£ ® °© o = °
= jiid
= % & 8 o0 o o
il 2 o 2
gt L I [ J
l T
B o —_— o -
B k O CNFH Y i\‘J ! -
N ¢ N ®CNFH Y
OCNFZEL i OCNF 7 L
0 1 0 . . . : ;
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KLY HME (wt%) KT HRIE (wt)
4-10 =i - A —K. B
i 8

Q'I l -

@:" T H>

¢ (b) -

8 (c) lzod
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4.5.3 CNF —

4-6 - No.7-No.16 — % |} 4 R g < kv
53 — < A < - 2% |} 4 R — ™
MNd L %o % 14 Ve 4 1030C— - %t L

A< md 2 | 132 ppm/KE Nef —— =8 2i o —q 15wt% =

v No.15 # | 97ppm/K CNF10wt%= = i « 15wtk =V

No.10 # | 54 ppm/KS 0 [ V 2 0 %8 CNF P wm0 PE-= ™= | 8 o i o —
15Wt%- z L m % 1d=™|L——= 0 <

o= | Al o — Y 0 ™Mp28 | + ™  %Ne ° vV

1 N - ={<8&8CNk i o4& oV

- % 4 L v gy < A gai «—4 =

— | — %t - %% N 10ec - # Nof Vv %® CNF

i o =V — # | s 40-50Clv 4 % oV 9 %hE

e —q =V 2|8 ai «— — - =V %[ =8 Vg %

A Y% Nof| %8 CNRE g — 2|/ —|eo | oo Fr

% Nof| © =V %J =8 CNEE - %1 VT % ||

— | e oV Al «#| 0o CNF | % Y%™M< 4 |Fd

— =k
No. 12

No. 13

No. 14

— No.15

— No. 16

0 20 40 60 L 100 0 20 40 60 80 100
JREE ("G BE(C)
4-11 =i o - 0 — TMA
(@CNFL & (b)CNFL 3 o™
(a) (b)
03 - -
‘E‘ No.7
02 No.8
o No.8
+ No.10
0.1 No.11
No.14
No.16
o o IATH
BT ()
4-12 A4 o — o — HDT
(a) 0.45MP& (b) 1.80MPa
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4-6 9 i o — o —
CNF Al - MD ppm/K VT (20
No. (Wt% (Wt% 0-100¢C 10-30C 30-50¢C 0.45 MPa 1.80 MPa
A2 0 0 176.8 131.8 174.6 84.3 47.1
7 10 0 34.4 55.9 50.1 127.8 101
8 10 5 51.5 66.5 63.9 128.9 101.8
9 10 10 48.5 65.0 58.2 126.3 101.1
10 10 15 38.4 54.0 51.6 128.9 102.8
11 10 20 57.6 66.2 66.6 127.5 100
12 0 0 111.0 110.5 136.0 80.2 58.5
13 0 5 101.0 99.6 115.0 87.0 57.6
14 0 10 80.4 94.4 107.8 90.0 62.3
15 0 15 100.1 97.4 111.4 92.1 64.8
16 0 20 87.5 97.7 101.2 95.5 68.2
@ 0 15 71.4 47.2 73.3 133.5 92.6
(@ PP-a1 <
CNF#& V) CNF7Zz L
200 200
}%‘__r- ®10-30°C ‘L“-}-_‘-—_r_ *10-30°C
150 = 030-50°C 150 - 0 30-50°C
/ ®0-100C -/ ®0-100'C
= x Q
E 100 E 100 ] g g
50 9 Q 2 S 50
0 " 0 :
0 5 10 15 20 25 0 5 10 15 20 25
A2 F R (wid) )7 B IE (wi%)
CNFd ) CNFZ L
140 100
® o ©* o . o °*
S 120 5 ° Py
B 100 @) o} o 0 & o
% 570 o
L 80 e ==t o
+ 4 60 o
fml 50 I ®0.45MPa ? . ® 0.45MPa
d ot8ompal 90 0 1.80 MPa
40 " L 1 1 ) 40 | L " L )
0 5 10 15 20 25 0 5 10 15 20 25
RILDFNE (wid%) RILDFINE (wtd)
4-13 =i . - A —K. B
94l o
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4.6 —3 <k

2| 8 CNF Puemo PE —V E— D = AL < =8 P um
o PE- A CNF-= ¥ i - 4 8 A{ CNF 8
< o= —ai o — JL e 9 o _ |3
4 d ™y — — 4 — 8
s - H - - H % |
S A A & Y [le NS
i i | 1 s | 10wt% CNK -l oA 1520wt% AL
<#8PRayI o < — = 3800 MPa
48 Jv HDT 10@C@1.80 MPa 8 50ppm/K & L v
P wmo PEL 2% 1<% #%Ve Yok CNF P wmo PE%
— < e= #Nef 1 <% # % °
I —|fe~ CNF P =mo PE% 71— - d s - 4V
L oy | Ke ¥ ®r- 33™= <V CNP4P wm0 PE - «f %9 <
8F p )DL o= ™V Bz Ne| < 4 |Fq ] %/ — e
-V - Ri k — % o= Ma ™ oo, fi— ™
Y = TM_" 1 < Ls 2/ ”_J L ™y
F fwror=ms e 4RIk - e\
- 4L A<z o L Ao
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5 ONF Pumo PE—E®cdi = pk
5.1 -
®**D1i #— CNF P =m0 PE— - Z£ Y8 «-=
~ 1V CNF Pumo PEm®*D2i = £k d  Tvs
=V S ®*Di = Pk = eV — u -
=0 PE — @D = ek | -4 S Ve
5.2 CNF P emo PE—®cDi = Pk
- ®*DJ1i =« pk # =V 2 —eodcve ~
i Z eV 2 —eoQr <L oy o
2 @ O
e-' * D 15 mm
0.3 kg/h
2 ®@*Di = pk
o-' ~ O 42 mm
20 kg/h

2

J &
o
STl wra-, - -
[ L \1_

P

5-1
® D i P K = =
TME HD'QJI \ 4 (
No.10~ 9 & 60kg

4 < — #

oD

L o _ |
) - ™ Y8 ! J|
= No.17 ° 5
-8 AL [ Ve

®* DI
TM_" 4
8 =

«fi > @
®@**Di #
Vv 9 CNF P

< 8
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5-

i . H o i k@ _ —0

No. ' pS CNF AcR Iljig MAPP Vo TR

10 0.90 10 241 031 10 10k 0 15 62.28

17 0.79 10 2.05 0.31 10 10k 0 15 62.64
(@)= ¥ i Ri k| (CNF)+ ¢ i (Ac) T = mfi (Lig) # td s ==
(b) | - sy @adP e - 2%1 K < o=
53 @D i =« Pk —
531 P wmo PE — —

5-2| s L my — % | - #Nef o@D
i = Pk o= = No.17 < @+ 2 i # e 4 A
f<e - . - ™ Fdne SRR
2] @i = rkrff{teveKo [o™s g

No.17
5-2 - —

(a)e (b)| @*>i P> 2008 m| 50 géna)-(d) | 8 (e)s (f)

| s (c)s(e)s (A< (f)|aofiki —
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5.3.2

®*Di = Pk o = 8 @+ *Di # = -
o PE s2J 8 PRai o - — L 525
SI=\/9=|\/ 5-3|—| - # |IEJ||\/ Ll_l-n 4L = ° ® D
- oV No.10 (CNREL 10wt% =i < 4 15wt% - P O
PE)) PRaT « < FET — N o 3554 MPa
- 545 MPa & ~= ™ 4~ <= No.10< — )
»Di s Pk o oV No172 | - 3411MPa - 53.7 MPas< 8
o> ghnpr o™ % cf=mfe g= |
—v k- - L 2N 1 =% 14 Ve
5-2 -
R K CNF Al o - - Izod ot 1T HD
No. DS (Wt%) (Wt%) (MPa) (MPa)  (kJ/m?) (k3/m?)
i A 0 0 1108 22.5 3.61 3.34
10 0.90 10 15 3554 54.5 3.03 3.35
17 0.79 10 15 3411 53.7 2.77 2.50
@ 0 15 3450 56.2 3.52 4.48
(a) PRI «
60
50
“< 40
[a
2 30
R
12 20
10
0
0 5 10 15 20
UTH (%)
5-3 -
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5.3.3 —

®*Di = Pk = = 8 @ *Di # = 8 P e
o PE 52J 8 PRai . — MD — 8
VT — L 53-r5<kVvegv 54 — TMA 8
55| HDT 2 [F4 Vv V1 ZFNefo 4 2L =v s
®-Di # =V CNF P wmo PE| 72 . < - 0 2
ta=m™° -~ 1.80MPa # — Vv 37 | 220 <
- 502C o= ™{oqVEPRaI . < A s

— L <vo@:dinscpk == -V No.17# | ® % ®:*D
i -V No.10s =844 %oof V% 4 10-300G - 2B
= No0.10# | 54 ppm/K- <8 No.17# | 64ppm/K @ VT | Fr

- ™

ir 0.45MPa- % ™= No.10# | 128.9¢C~ <8 No0.17# | 127.2

ac o — | — < - 8 ~|Ff = CNF P
w0 PE—®:2i = £k Y6 #Nef 1 sd =™
5-3 —
) MD v T
Ri Kk CNF R ppm/ K o
No. DS
(Wt% wit% 0-100 10-30  30-50 0.45 1.80
%9 (%9 (%9 MPa MPa
A - 0 0 176.8  131.8 174.6 84.3 47.1
10 0.90 10 15 38.4 54.0 51.6 128.9  102.8
17 0.79 10 15 53.7 63.9 68.0 127.2 97.6
(a - 0 15 71.4 47.2 73.3 133.5 92.6
(a) PRI «
200 r
150
€
= —_ ——}
og 100 |
= No.10
® No.17
50 | .
BITH
0 1 1 1 1 1 1 1 1 1 ]
0 20 40 60 80 100
BE (°C)
5-4 — TMA
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04
03 |
5 — =
% 02
? No.10
1 No.17
01 474t
0__ ' = f 1 1
30 50 70 90 110 130
aE (°C)
(b)
04
_:_',\
No.10
No.17
RATM
70 90 110 130
aE (°C)
5-5 - -\/f'n
(8  0.45 MP& (b) 1.80 MPa
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