2020

CFRPP

Mtoe

of Final C

by Sector from 1971 to 2003
IEA Total

=2

o
1971

1973

1975

1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997

W Industry @ Transport 0 Others sectors” M Non-energy use

1999

2001 2003




Mtoe

Breakdown of Sectorial Final Consumption by Source in 1973 and 2003
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FRP

ITS

STRUCTURAL | NCEX for | Integration | Menber ‘Panel/Sheet
o Specific | Specific
Young's cific ]
Material 9 Spe ) Tensile Young’'s E E
Modulus  Gavity P P
Srength | Mdul us
E P alp Elp x 10° x 10
GPa Mra GPa Pa¥’? Pa¥?
62
Seel 210 7.8 27 59 76
(480/7.8)
213
Ti alloy 108 4.5 24 73 106
(960/ 4. 5)
168
A alloy 75 2.8 27 98 151
(470/2.8)
M all 42 17 18 25 121 204
¥ . (200/1.7)
50
Qass 73 2.4 30 113 175
(120/ 2. 4)
2
@nerete 15 2.5 6 49 99
(42.5)
GRP S\C 50
12 2.0 6 55 114
M 60% (100/ 2. 0)
CFRTS RIM 438
46 16 29 134 24
M 60% (700/1.6)
e 23 12 167 19 126 236
M 30% ) (200/1.2)
200
Vgod 14 0.5 28 236 482

(100/0.5)
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E J | )
] b
J

/
Thermosets /C)

Thermoplastics (olefinic polymer)

(PRP)

Carbon fiber

* 1.8 g/lcm? of density — lightweight
* 4,900 MPaof ultimate tensile strength — high strength
+ 230 GPaof Young's modulus — high stiffness
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Crystalline poly-ethylene (HDPE) poly-propylene (isotactic)

Polymers

Structure J\/E\ﬁ/
/\/\C/Hz\/ -

Density (g/cm?) 0.941 -0.970 0.850 — 0.943

Crystallinity (%) 65 -85 60-70

Weather proof X o

Deflection temp. 60 — 83 118

under load () (at 0.45 MPa) (at 0.45 MPa)

Application films 50% automobile, appliance 60%

bottles, containers 15%
pipes 6%

film 20%
fiber and yarn 6%

/O
~—_ /
/O
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18

17
(450) @15)
[70%]
(225)
[50%] @25)
[50%]
(200) (200) (155) (180)
[78%) — [40%)
[75%]
(150)
[75%]
(350) (350) (350) 270)
[77%) (180)
1000kg 865kg 730kg 645kg [51%) |510kg
(250) (250) (250) (200) (200)
(50) (50) (50) (50) (50)
(50) | 350kg (50) | 350kg (50) | 350kg (50) | 300kg (50) | 300kg
1350kg 1215kg 1080kg 945kg 810kg
| m— | — | — | E—
-10% -20% -30% -40%
CFRP 100kg 150kg 250kg 350kg
19

Energy Consumption by automobiles, Mtoe

IEA Logistic Model

6000
World
5000 -~ - Reference(IEA) P
— Negative(IEA) el
4000 r — Positive(IEA)
-o- Reference(Logi.)
3000 —— Negative(Logi.)
—— Positive(Logi.)
2000 - e e
1000
0

2000 2010 2020 2030 2040

Introduction | Ratio of ULA occupied | Lightening rate [ Maximum
begging year | to newly possessed of ULA lightening
of ULA automobiles rate of ULA
- OECD 2010 10% first 10% first 40%
2 +10% / year +10% / year
2 | Non- 2015 5% first 10% first 40%
@
OECD +5% / year +10% / year
= OECD 2015 5% first 5% first 20%
{9': +5% / year +5% / year
:ED" Non- 2025 5% first 5% first 20%
OECD +5% / year +5% / year
20
g 6000
= World P
1% -
% 5000+ --- Reference 1 e
g —— Negative Py o
g 4000 - — Positive el
F] -
> L
E 3000 r ////,—'
= -
E 2000 F 25
(%)
8
> 1000 U6
2
| 0
2000 2010 2020 2030 2040 2050
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« CF/PEEK CF/PA

27 28

Polypropylene
backbone

/ Bulk palymer matrix

) r Residual
Physisorbed |interphase (A—endgroup
A O e
a A is] Y ic
i G TN 2 e anhydride
f AN A " N )
N OH.T. ?O\f ! i I Silica
AR Glass fiber
“Molecular
entanglement * Covalent band " Chemisorbed sizing

E K Ganstedt et al.: Gonposites Science and Technol ogy., 59(1999), pp. 759-768
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Intensity

XRD
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35

Crystallization of matrix, %

o o @ ‘e % e o
° with slow cooling
60 l /i’_,r
5| - e
s . ]
Wl L I
ol / with super cooling |
10 e — igh-molecular weigft polymer |
. pur m.oldi ng condi‘tion is.here ‘_wamemawe'mpdm

2 4 6 8 10 12 14 16 18 20

Annealing Time, hours

Crystal
zone

Carbon
Fiber
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T T preins e
LT s P
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= f ¢ 130
g os ¢
= ¢ P 1 w.
S 04| | / 132 1
2 Pog £ !
g il /. a
oibee ,
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Time (sec)
a.
125 130
1 = - e m e
YA 1.
Z s ¢ 7 Fim -
£ 4/
= 2,
E 06 | / 135
) h /
2 04 p ﬁ.‘" ¢ /’/
2 [/ v Y.Seo, J.Km KUKmM&Y.CKm
2 0 "\ y{/\ { Study of the crystallization
& P r / b behavi or s
~.‘4f e G b 1 of pol ypr opyl ene and nal ei ¢
0 100 200 300 400 500 600 700 800 anhydri de grafted pol ypropyl ene,
Time (Sec) Pol yner., 41(2000), pp.2639- 2646.
35
gN Fi ber nudi fication Pol ypr opyl ene MR (g/ 10ni n) v Tenp. () Process type
w1 None PPL 2 0.30 180 H
e aw PPL 2 0.30 180 H
uxs aw PP2 30 0.30 180 H
w4 aw PP2 30 0. 40 180 H
053 aw PP2 30 0. 40 230 H
6 aw PP2 30 0. 40 180 LC
w7 aw PP2 30 0. 40 230 LC
[5:) aw PP2 30 0. 40 230 HA
Q Wneans chenical washed to fibrillate of carbon fiber bund e.
MR
u X X X 180
ue o X o 180
s o o o 180
] o o o 180
s o o o 230
U6 o o o 180 - -
o7 o o o 230 - -
s o o o 230 - -

STEP 1 STEP 2 STEP 3
Set up Carbon fiber bundle Get on Polypropylene sheet Press molding by 0.5 MPa Finish
o e —
8]
5
5
5
3 2
1= S
2 8
28 =
££ 3
e
g3
1
85 | ity o] —
250
36
200
@
<
e g
150 ©
g HA ¢
z 2
4 00 ¥
[
g
K}
50
0
30 40 50 60 70 80
Processing Tine, nin
40 250
35 |
200
o 8
=
£ xt 150 8
S LC ¢
i : 3
100 ©
g B z
10 2
50
5
0 0
0 50 150 200 250 300 350

Processing Tine, nin




38

3 4 5 6 7
D spl acenent, nmm

o
n
=]

Hexura nodul us,
1zod I npact Srength,

80
Ga
KkJ/ nt

37
‘ MR
180 ¢ T300/ 2500
—uw | X X X )
160
wl —2 O X O
wl —w O O O
b4
100
g !
—
.
40,
20 - VF=30%
0 1 2 3 4 5 6 7 8
D spl acenent, nm
39
Hexural strength, M
0 100 200 300 400 500 600 700, 800 900
@ﬂ;,
§ T e
S UD
gy
- =
< @*
i 2
s
oL
40 60

MPa

Maximun Tensile Stress o;

1600

1400

1200

1000

800

600

100

10t

10?

10° 10¢ 10° 100 107

cycles of failureN, cycle

10



ubD8
AE

CFRP

AE

41

]

43

1]

2T FEFLAY D0 DiSP DATA aCOVISITION TEST e 25,006 15211 T72-TPR.ITh REFLY 01 1igk DA ACOUISITION TEST Jan 25,2006
ot pRA ] 0 05:04: 405oriE Z-TREG3.PE 00
ENEREY vs TIFECsec) EVERE vs TINECsec)
. hamels: Chamels: -2
1 1
> >
Rhalts s 16
@ @
S . S .
T fo) 16
— 18 — 18-
B B
pus pus
5
4
th 1k
. ® L] w o omom E . L] W o owm
EVENTS va TIHEsec) EVEHTS vs TIFE(sec)
harnele:d=) Chamels: -2
s 10
o a0
s s
% 08 % 98
e a0
LI A — L — L— Uy
0 1] @ w @ w1 E 0 ] woow w1
$EvE7 Sner:éion)  Low Lr 0000 bR ke e T

20733

42
2-TLIT FEFLAY D0 DiSF LATA ACOUISITIIN TEST Jan 85,2006 152 44: L 2-TF8. DT REFLIY 01 1iSP TATA ACUISITION TEST dan 25,2606
ok TR 0 4z dnSerk? Z-TREGR.PE 0 i
APLITUIECGE) ve THEisec) APLIUIECD) 5 TTHECsec)
Sharneleif-) Chamels:
10 108 -
w @
[aa] [aa]
° °
sa sa
S ow S o
- -
g- o g- o
w S
‘ b ‘ L] I
FoFA, #10V0lEs) o5 TIHE(sen) PRAL HLAolts) vz THEGeo)
X 2.8
2 2
- 2 - 2
- -
16 16
5 he}
g e g u
= { =
X X
g R e LA S e s e e s
0 ] LI w ' omom E 0 L) W owmowm
Hitsizrss — #Ewe FE] Sneris  Low i G0 tHsi  pEGL ke SErerid  Load 15 -0.00m0
RLRIR SLR

44

11



S.ERE BE1E

1Sk

45

CFRPP

46

AE

SEM

MPa

AE

CFRPP

CFRPP

90GPa

47

48

12



FRESH OFRP RECYALED GFRP Loop RECYQLED GFRPP Loop

Pol ypr opyl ene

Fresh Ghopped GF
Fresh GF Epoxy Prepreg

aRP /| PP
COFRP PRIDCTS RECYQALE
U= PROIOCTI ON
RE
‘17 (incl ude Rebui I d) I
REPAIR OGP RO NG
S\C G ade
BMVC G ade
I NJECTI N Grade

Thernal Recovery

FREH FFP 49

ORP
PROIOCTI ON

COFRFP FRODUCTS

U=
RE
(incl ude Rebui I d) ‘17
REPAIR
WASTE

D
s o)

Horizontal Recycle
Cascade Recycl e
Cascade Recycl e Loop

— Fina Recycle

Shredding

Drying Mixing and Kneading

2 hrat120

Pressremolding Annealing

lhr

50

Kneaded compound

» o

Recycled CFRTP

Recycl ed CH PP
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?5)3 V=15 % (23:1 V=15 %
200 20
150 15
100 ' 10

50 5

0 0

PP CFi-PP 1 2nd  3rd PP CFiPP 1 2nd  3d

M v 20 %

PP CF/i-PP  1st 2nd 3rd PP

Flexural Srength

CF/i-PP  1st 2nd 3rd

Flexural Mdul us

Vf

CFRPP

52

Vf
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Load, N

Load, N

300

350
300
250
200
150
100

50

— CFRPP  — CFRPP hybrid

Displacement, mm

10

— R-CFRPP — R-CFRPP hybrid

4 6 8

Displacement, mm

10
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CFRPP O
0.5mm CFRPP
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350 -
Strain energy h — Non-reinforcement ( Experiment )
L eor
300 « A Non-reinforcement ( Theory )
250 — hybrid ( Experiment )
z — hybrid ( Theory )
_g 200 r « Experiment
3 150t
100
50 r
dmmal
0

4

Displacement, mm
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Failure strain, % 57
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[ O Failure strain
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& i |
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L I I I I I
0 100 200 300 400 500
Hexural strength, Mra
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Maximun Flexurd Stress oy, MPa

450 \ \ \ \
- Ultimate flexural static strength of HY -CF/PP specimen
400 [ UI(irrLaefla(urd s&ai‘csrmg‘h o HY-‘CFRF’/FP speu'rr‘\en @ HY-CF/PPgroup
350 @ HY-CFRPIPPgroup
300
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250 \
200 \
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100 - e >
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50
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Cyclesto Failure, cycle

58
[
60 Ultimate tensile static strength of CF/PP specimen Il CFPP goup
Il CFRP/PPgroup

&
S 50 -

:

S 40+ s e R

g -
2]
o 30r —
% - Ultimate tensile static strength of CFRP/PP specimen —
= 20t
c .
g T,
§ 10 - —

0
1 10 102 108 104 10° 106 107
Cyclesto Failure, cycle
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CFRPP

15



R

61

62

63

[12] [13] [14]

[1 [3] [6] [16] [19]

[4 [5] [19] [17] [29]

[2 [91 [20

[7 [8] [10 [17]
[21] [22] [23] [24]

[1 [3] [13 [16] [19

(2

[1g

64

16



