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Summary

In this project, cellulose nano fibers (CNF) as reinforcement in thermoplastic
composites have been evaluated general mechanical properties. Car
components using CNF have been manufactured and tested. The potential
environmental benefit of using CNF for making car components lighter has
been investigated by conducting a life cycle assessment (LCA) analysis.

In this year, three projects have been summarized from materials,
components and LCA points of view.

First, CNF reinforced plastic (CNFRP) was investigated the possibility for
adopting car components. Specifically, battery carriers and power slide door
units were selected and manufactured with CNFRP. Second, various molding
methods except the injection molding were reviewed with CNFRP and also it
was investigated for the relationship dispersed state of CNF in the base
polymer and the properties of CNFRP. Finally, carbon dioxide (COg)
emissions were calculated for the battery carrier and the power slide door
unit which have potentials for adopting and transferring with CNFRP.
Results are indicated as below.

The technical issue for the battery carrier which was vibration proof test has
been solved from the point of designing the product shape and also it was not
for losing the lightness of the component. The power slide door unit had the
initial performance capable of passing basic tests as the component. However
heat shrinkage of CNFRP was clearly larger than plastics with conventional
fillers. Especially it has to be considered for using as a long component such
as the power slide unit. For the above reasons, it was revealed cost,
manufacturing and technical issues for using CNFRP to car components.

In terms of molding methods, CNF was suitable for the extrusion and
vacuum forming in comparison with wood flour. Mechanical properties of
CNFRP were improved by dispersing CNF uniformly in the base polymer
which showed fundamental possibility of using CNF for composite material.
LCA was calculated on the assumption of using CNFRP for the battery
carrier and the power slide door unit as car components, the reduction of
COzemission was calculated at about 2.45kg-COg/ the battery carrier and
40.16kg-COgz/the power slide door unit. In comparison with existing products,
CNFRP products reduce COz emission of 11.61% and 82.01% each.
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2. 2.3 ERRS

PERIZH A TR T T AT REB AT 2 2 & T, PP I/ LD
CNF #&E5 2 &N TE =, 20O CNF I cE by hU—27 %
L, PP DI ATHREMOEERE RV IG5,

ZOZ &L Y, CNFRP ORIfE, MHEWETREERICT E9 2 2 & 38 57
oz, E2, MEMEITELS AR5 D0, +o5HBRIERRETH D Z & 2
RBEN, &SN RIS ORI IRE R T/ S0,

VL EI% CNF T PP #8954, WAz R"THETHLEVZ D,
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3 CNF & B OTE AERED CO2 HEH B2 S D Kk

REH TOFIRI R TH D, Ny TV —F¥ UTKONNT—RF A KK
7= ;O CO2 P H BTN R 2 MEE L 7=,

B 1Y 72 0 oG R OH B HEITRFO CO HEH &2 R L7z, B5h Rl
IXFEM S BRI, BN Lo =50 TENL 5, MRS D& B,
K TREOEB] CO JLHNALIIFUEMED < BIRTE R, 207, = TROA
BREROHZRT L & Lic, ZOBE, FMRIEICZI T 250 COz HEH R HL
A& LT, HR LCA 74 —F L0757 —2_X—20fE%5H L7z, 7=, B#)
BAEITREO CO PEHEORHITIZLL RIS 2 T — X 2 L=, A#jEH
BfrE &, HAETS720 O COxHEH&E L LT 0.15g-COo/(kg-#4 /L & + km-
EAT) & Uz, TR EITIRELE L22imA Dk oo B O i i B B A
HAWRMWHAAE] 225 10,576km & L7z, HEVEO LM HELIIVERE A B 8
HRARERT 1 ToDNEOBEEAAEM ] LV 11.044F L L,
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3.1 RNyTU—Fx U7
3.1.1 PEFM ML D CO2 HEH &
PESRAAHBL T ISR K OVBHIE CHRERR S 41, 184720 O EEIX 1,031g TH -
7o B HRLGERE L O A By BT TR CESE HEECEIT O A% 4
3.13(kg-COx/) J T8 17.98(kg-CO/ ) & 72 > 7=,
B B BUETTRFCEAE HAFHCETT 0% 8) D COx &I L 5,
1.03(kg/fi#) X 0.15(g-CO«/(kg- L 5 FE & « km-£47)) X 10,575(km) X 11.0(4F)
=17.98(kg-CO2/f)

L7=08> T, COx B EIIMA L v, 21.11(kg-CO/E) & 72 o 72,
3.13+17.98=21.11(kg-CO2/{#)
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3.1. 2 CNFRP /&S D CO HEHI &

CNFRP {§ H#H 1% CNFRP H SRR O Z—, A b Ty e Lo
ol CRER S, B 1472 @ DOEEIT 654g ThH 5, WELHERFD CO2 HEH
F1% 7.25(kg-COo/fE) TH %, = Z T, CNFRP i& HELL O E@Jﬁ%ﬁﬁ#@ COq
P EZRT, E@ﬁ%ﬁﬁ#@ CO2 Pk ECEME HFEECETT OGA)IFR AU
v, 11.41(kg-CO/E) & 72 > 7=,

0.654(kg/f)x0.15(g-CO2/(kg-#L i E & - km-7E17))%10,575(km)x11.0(4F)

=11.41(kg-CO/{#)

L7223 o> T, COoeHEHEITWA L V| 18.83(kg-COo/f) & 72572,

7.25+11.41=18.66(kg-CO2/{#)

CNFRP iFHHLL 2 V5 Z &2 X 5 CO BEHMEIER I, TR TS
ZEMNTE, 2.45(kg-CO/ME) & 72072,

21.11-18.66=2.45(kg-COs/{#)

HIEEI S IZL FoXE Y, 11.61% L 72 o7,

2.45/21.11%100=11.61 (%)

U EDRENGHA LI LT DD,

CNFRP #HEHHEO N7 J—% % U TIEHT 5 Z L1 Xk 5 CO HEH AR
HHRIE, 2.45(kg-CO/ME) & 720 | HIEEISIEL 11.61% & 72 o 7=,
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3. 2 NU—RF7 Rax=vw |
3. 2.1 PERATEHRLEL D CO2 BEH &

PESRAAHBL L I SRR K OVBHIE CHERR S 41, 1 E24 7= O BRI 2,400g TH -
7o S HLGE R KON E B 3T R CES 6 H A BUETT 0% 6) 134 # 7.09(kg-
CO2/f) Je TF 41.88(kg-COo/ M) & 72 o 7=,

B B BUETTRFCEAE HAFHCETT 0% 8) D COx &I L 5,

2.40(kg/f#) X 0.15(g- CO2/(kg- B HE & - km-E1T)) X 10,575(km) X 11.0(4)

=41.88(kg- COx/f#)

L7225 T, COzfedE &I L v, 48.97(kg- CO/ME) & 72~ 7=,
7.09+41.88=48.97(kg- COx/{#)
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3. 2.2 CNFRP /&G D CO HEH &

CNFRP {§ H#H 1% CNFRP H SRR O Z—, A b Ty e Lo
ol CRER S, B 1472 @ OHEEIL 324g ThH 5, RELELERFD COg HEH
H13 3.16(kkg-COo/fE) TH %, = Z T, CNFRP i& FHELL D E@Jﬁiﬁﬁ#@ CO2
P EZRT, 5@@%@%@ CO2 Pk ECEME HFEECETT OGA)IFR AU
X v, 5.65kg-CO/H) L2257,

0.324(kg/f)x0.15(g-CO2/(kg-#L i E & - km-7E17))x10,575(km)x11.0(4F)

=5.65(kg-COs/f#)

L7223 -> T, COxeBEHEIIWA L Y, 8.81(kg-CO/ME) & 72~ 7=,
3.16+5.65=8.81(kg-CO2/{)

CNFRP iFHHLL 2 V5D Z &2 X D CO HEHMEIERN RIZ, YT o THRS
T EMTE, 40.16(kg-COo/E) & 72> 7=,

48.97-8.81=40.16(kg-CO2/{H)

HIEEIGIZLL TR LD, 82.01% L 72 -7,

40.16/48.97%100=82.01 (%)

U EDRENGHA LI LT DD,

CNFRP # HENHDONRTU—RX T4 Fa=v MIJEHT5Z 12Xk % CO2
B SR 1E, 40.16(kg-COo/ME) & 72 V) . HITEEIA1X 82.01% & 72 o 7=,
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3.3 F£&®

NyTV—=Fx VT KVONRNT—XF7 4 FRRT7=2=>y MICNFRP Zi{HH L7z
BED COs HERhRixEn ., 2.45(kg-CO/ME) K& T 40.16(kg-CO/ME) T
. Eo, TNDOERMEHGICKTT 5 COz HIEEI G ITZNZE4. 11.61%
KN82.01%THdH Z EBREH ST,
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4 ¥eEE

AK7vv =y MTIE, BEEHSETS OB 20, S DKk
#72 CNFRP Z W\ C, HEHEE L ORME & M 21T - 72, 4B
ORIEIL TER SN BRI O HEIEOBRE M) L& T CO2 BTN D
FRREZIT - T2,

LAEFIL 3 ODZ L BT o 72, —DHIL, CNF & 7= BB HE ST,
BARIIZIZ, N7 U —Fx UT ENNU—XT7 4 KRT7 2= D 2554 5
R ER UMRERHM 21T o 72, D B, SR LA O s L~ fEt
wAToTz, E72 CNF ORIEH ~D Rk L HEREICET 2t b 1T o7, =
DHIZCNF ZHWe Ny TV —Fx U T ERXU—RXT7 (4 NKT72=v F&H
eSS & LT L72EED CO2 B R 2 BfE I L7z, #ERZLITITRT,

NyT V=% U T OHEAMRERBROFE R, ETH - IREMAME ORI E
ERRARICL VBB EZER D <R THZENTE, NTU—R T
A FR7 2=y b OERMREFMOM R, FIHMEEICE L TIMEZRWZ &2
MR T 7=, AL, MM OHEBEN B R E W L3000 . BRI
IZOWTIE, BRAEE & L < 13MEFC OIS OIRERFE~D 6 SN B 72 =
EVFTNT D oTz, Lo b BB 2 X R §kGE, il BRI &R,
O EF~DOHRF SR T X 7=,

SHHBZ LIS O TIERGT T, fHARIE., BEZEB0BIZIE. K7 4« 7 =080
SNTZEELY CNF ZHWeb OO E L T\WD 2 Ensginoiz, CNF %
PP HicT) ) LULTHEEE D & . CNFRP OMREN A 45 2 & RN ho 7=,
ZiLH1L CNF T PP 2T 220K, WML RTHRTH D L1 D,

LCAIZoWTiZ, Ny TV —F Y U T LUONRT—XT7 A4 RRT7T2=v [Z
CNFRP ZiGH L7236 D CO HIEh R ITZn 2L, 2.45(kg-COo/fE) L O}
40.16(kg-COo/fE) TH Y . F7=. Z O ORERMEHLTIZH T2 CO BINEEIA
TENEN, 11.61% M4 1 82.01% TH 5 Z & NEH &Sz,

BB DOREIZOWVWTIL, CNFRP ORfr, BEABEMTCEoDT, RiTxlE
ML, EEIRR TR E_ L, £O ETHE L TRELETED T
WE7ZW, I A NMIELTE, FEELEEVORBURTH L7, Mz =
A MHREEFT > TR T L 5720, CNFRP & Wb BFET 5 2
ETHIO T COLHIBIZHMRCTE 5720, EinOEMALEED TV E 720,
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