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1.1.1.
BIS; Department for Business, Innovation and

Skills 2009 11 THE UK
COMPOSITES STRATEGY

Low Carbon Industrial Strategy

1 2
2020 20GW
5 2
1 CFK-Valley Stade CFRP
2 Augsburg
Nantes
Airbus EADS
Aquitaine Moselle
4
17,000
2009 Gamesa
Torres



1.1.2.

Polymer Composite

1
1

PLATFORM GRANT
Processing and 2005/5
performance of textile 2009/4 EPSRC £ 445,000
composites

: : ()
UV curing of textile

: 2005/1 DTI
composites £ 150,000

2007/12 | Technolo
(CURE-TEX) Programn%}(:,
High Value Composite
Materials from 2005/7 DTI
Recycled Carbon 2008/9 Technology £ 333,000
Fibre(HIRECAR) Programme
Fatigue, dampi_ng and 2006/1
Impact properties of (damping property) 2009/4 EPSRC £ 168,000
textile composites
Fibre reinforced 2006/10
healthcare 2009/9 EPSRC £ 477,000
Analysis and modeling LCM
ysi i

of advanced preform gg%ﬁg EPSRC £ 495,000
processing(AMAPP)
Warpage compensation
in composite laminate TexGen 38%751 Technol DTI £ 242,000
manufacture(WILMA) P?gg rna%"non%}é
Carbon Fibre
Recycling-Materials 2007/5 .
and Product 2007/12 Boeing £ 260,000
Development
Affordable innovative
rapid production of
off-shore wind energy gg%ﬁ TechnoloDTI £ 302,000
rotor-blades(AIRPOWE 9y
R) Programme




DoE-BES(Department of Energy - Basic Energy Sciences, Materials Science)
NSF-MPS(National Science Foundation-
Mathematical and Physical Sciences, Materials Research)
NIST(National Institute of Standards
and Technology)

DoE-BES 2009 1126
NSF-MPS 2009 283 NIST 2005 63
NASA
(MPG) (FhG)
(HGF) (2009 Karlsruhe
Karlsruhe Institute of Technology )
BAM

BAM

2
National Physical Laboratory National Engineering Laboratory
National Weights and Measures Laboratory LGC Ltd(

)

EPSRC(Engineering and Physical Sciences Research Council) EPSRC
(Research Council) BIS(The Department for Business,
Innovation and Skills) 850
50
TSB(The Technology Strategy Board)
TSB BIS 200



(Framework

Programme:FP) 2007 2013 FP7
FP6 286
FP7
500
2 4
GERD?®
[million US$]
2006
[million US$]
OakRidge 1060
Ames 34 (2010 )
Argonne 630
343,748
Brookhaven 531 (2008 )
Lawrence
600 (2008 )
Berkeley
MPG 2160 (2009 )
FhG 1690 (2007 )
75,700
Karlsruhe 412 (2005 )
BAM 170 (2008 )
EPSRC 1190
32,484
TSB 280
Vol.52 2007
4 1€=1.3% 1£ =1.4%

5 Gross domestic Expenditure on Research and Development

32% 28%

30%



1.1.3.

EU
EU
EU 3 2008 11
The New Waste Framework Directive 2008/98/EC
2011 EU
6
End of life product
CFK
Valley Stade Recycling
3 EU 7
EU
91/156/EEC
94/31/EC

91/689/EEC

87/101/EEC

94/62/EC

93/85/EEC
2000/53/EC ELV
2002/96/EC(WEEE)
2002/95/EC(RoHS)
2000/76/EEC
99/31/EEC
REACH
EU REACH
2007 6 6 EU ECHA

6 CFK Valley Stade Recycling

7 http://lwww.meti.go.jp/policy/recycle/main/data/research/h16fy/model16-1_5.pdf
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EU EU
2008 EU REACH
4 REACH
9
10 11
12
CFRP
JCMA EU REACH
8 EU REACH
3 http://www.carbonfiber.gr.jp/reach/guideline.pdf
9 PAN
10
11 Imm

12
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1.1.4.

11

11 5
11 5
11 5
11 5 2006 2010
5
11 5
11 5 11 5
) 1 5
| 11 5 2006 2010
= 1 5
- " 1 5
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) 1 5

11 5 « " HH$[14
2007 4 28
11 5 2006 2010
11 5
50 15
100
2010 8,000
30
14 ! T HLR
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2010 GDP

10 9
2.2
1 5
(3)
[E X AT e e Rt it 863 FtX” 863
° 1 5
16
1986 3
* A 863 Akl
16 863 11 5

1-11



863

863 21
15 863 2,000 560
4 200 100
863
11 5 863
10
863 1,220 13.9
55.92 17
863 “ ”
500kV
2MW
2009
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4)
B K B AR TR TR 973 BRI

18 11 5
1997 3
973
973
11 5 973
8
4
2008 11,060
79 7
19 19
973 2010
/
C/C
C/C

18 [E5¢ AU AERER JE R AT AI 973 R
10 2009

1-13
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11

11

11

11

2007

20

20 1 ”

3 2007 595

10 5

11 5
PPS HMWPE

3,000 T700
500
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PAN

11

HMWPE Lyocell

PLA

1.1.5.
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1.2.

1.2.1.
PAN 7 3 9 4

Cytec Industries, Inc. ( )
Cytec Industries, Inc Engineered Materials Building Block Chemicals
Surface Specialties Performance Chemicals 4
Engineered Materials PAN

1993 18 2005 UCB SA
Surface Specialties 18
2008 36
2008
2 25
PAN 2009
2010 1
65 Cytec Engineered Materials

Hexcel Corp. ( )
Hexcel Corp. 1946

Hexcel
Airbus  Boeing
2

60 Hexcel structural fabrics

2008 13

1-16



2008 Airbus A350 XWB

Airbus
Hexcel 2025 40 50
Hexcel HexTow
HexPly
HexMC
2008 HexPly® M19
HexPly® M19
HexPly® M19
20
30
EU
Zoltek Companies, Inc. ( )
1988 Panex®
Pyron®
Systems A.S.
4  Zoltek
2007
Crysel
2006 Zoltek
1
2008 2
2011 6 2000

1-17

Hexcel

Wind
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£75
£50
Z25
zao
Z 175 4
5 150
= 115
F
1an
75
a0
25
4]
2006 | 2009
Yaar
B Thermaplastic/Elettronice B InfrastructuresConstrction W ARernate Energy/Wind Energy
B TransporiationMarine B Automative B Seorting Geods
W ndustral B CiDdr-Shess Drilling B Aircoreft Asrospece
4 Zoltek
http://www.zoltek.com/carbonfiber/future.php
SGL Carbon ( )

SGL Carbon Group

Carbon Fibers &

Composites (CFC) Performance Products Graphite Materials & Systems 3

CFC

Cc PANOX®
SGL
100
SGL 2007 4 2300

Greenfield

5 SGL Carbon

SIGRAFIL®
SIGRAFIL®T SGL
38
3
2012 12,000
2
4,000
2500 4000

1-18



120

100
&
o
o
= 80 -
©
C
g O Sports
3 60 - | Aerospace
2 @ Industrial
§ 40 -
a
@)
20 -
0
2008 2009 2010 2011 2012 2013 2014 2015 2020
5 SGL Carbon
AKSA( )
AKSA
2008 2008 34
2009 Yalova 1500
8500
RTM
LNG
Reliance Industries Ltd )
280 2008 Gujarat Vadodara

National Aerospace Laboratories (NAL)
4000t

1-19



Atomenergoprom )

100
2008
Khimpromengineering
Khimpromengineering Chelyabinsk Carbon and Composite Materials
Plant Saratov Balakovo Argon LLC
2020 3000

1-20



TZ-1

HEXCEL

CYTEC

ZOLTEK

SGL carbon

AKSA

1,325millon US$ (2008)

3,639millon US$ (2008)

139millon US$ (2009)

1,611millon € (2008)

1,191millon US$ (2008)

PAN
PAN 4

Yalova(
5,000t/  (2009) 2,000t/ 2004 10,050t/  (2007) 4,000 / 2008 1,500t/
2007~2009 200-250 million US$ 3

180 2011 -

85million US$
million US$ 1.5

LNG
: : (

)
2013 12 2013 5.8
2009
2007 2012
R&D
2008 3 12,000

Tubitak-Teydeb




1.2.2.

21

1960 PAN
PAN
1976 PAN
| T200 6 b5 22 T300
T300
T300
2004 4,000
PAN 2007
200 2009 7,500
9
PAN
T300
360
800
T300
CVv
15 3
21 2009
(2008 ) 35
2 6 5 1981 1985 5 5

1-22



1.2.3.

23 2006 PAN
12 1,310 /
40 / 1K 12K
2007 200
2000 1,200 2002
2,000 2005 5,400 24
9 11
2010 2014
2010 8,600 2013 16,000
10 2013
40
13,000 16;565 45
16,000 1 40
14,000 | _— 1 35
12,000 | _ 1 20
510,000 | 125
< 8,000 | 1 20%
6,000 T 115
£,000 | 1 10
2,000 15
20002 20104 011% 20128 20188
| ==gEe (1 v) —emEs () |
6 2009-2013
25 2010 2014
2009 12
23 33

24

URL: http://www.ccfxx.com:8082/
25
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2008 2009 2010 2011 2012 2013 2014
42,950 49,850 56,200 59,200 59,200 59,700 60,700
27,958 36,390 42,150 44,400 44,475 45,150 45,525
20,500 23,750 25,750 25,750 31,750 32,250 32,750
18,860 21,850 20,850 23,690 29,210 29,670 10,130
26 63,450 73,600 81,950 84,950 90,950 91,950 93,450
27 46,818 58,240 63,000 68,090 73,685 74,820 -
2010 2014
2009 12
2010
2014
7
2010 2014
2009 12

26
27

1-24




28

8 9
8
2004 2,741 5,081 12,858 20,680
2005 3,215 5,101 13,604 21,920
2006 3,775 5,135 15,280 24,190
2007 4,170 5,097 17,003 26,270
2008 4,741 5,107 17,892 27,740
2009 5,201 5,104 19,205 29,510
2010 5,389 5,118 21,408 31,915
2008 12
2008
2003 60 3,000 200 3,260
2004 90 3,600 340 4,030
2005 120 3,800 500 4,420
2010 250 4,000 1,900 6,150
2008 12

2008

28

URL:http://www.gjyj.cn/zhici.asp

1991

1-25




1.2.4.

10

26

1 Al g AL T A TRA ]
2

3

4

5

6

7
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9
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1.2.5.

PAN
PAN 3
3 PAN 7
PAN
PAN
HADPANRRFEMETIE =7
Hex%% Cytec %gj’- )
=ELAIY BEITIAFVT 6% Zoltek
TN—7 | S—Tby < S6L
19% | / 17% {%
BHTFYIR
gI—
19%
8 PAN 2008
2009
PAN 7
2008
11 PAN
2010 3
[ton/ ]
8,300
SOFICAR 5,200
CFA 5,400
6,400
5,100
2,000
8,100
2,000
750

1-28




4 9
900GPa
12
[ton/ ]

1000 HP

120 - 180 HP

1100 - 1450 GP

300 - 600 GP

Cytec 230 HP
21 2008 2 29

29

http://www.yes-mpi.com/tanso/shohin_info.html

1-29




1.3.

1.3.1.

@ HIRECAR
HIRECAR Hlgh value composite materials from REcycled CARbon fibre

BMC
Bulk Moulding Compound SMC Sheet Moulding Compound
50%
1997 90% 75%
1kg
1
BMC
HIRECAR
> SMC 3D
> 3D
> 3D
HIRECAR (Department of Trade
and Industry DTI) Advanced composite materials and

structures technology programme
Advanced Composites Group, Technical Fibre Products 4

2 AFRECAR
AFRECAR (AFfordable REcycled CARbon fibres)

1-30



HIRECAR

>
> (supercritical fluid processing)
>
(Technology Strategy Board) £900,000
Boeing Ford Motor Company Advanced
Composites Group Technical Fibre Products
Milled Carbon
3

® PILATFORM GRANT?30
>
>

® UV curing of textile composites(CURE-TEX)3!

> )
> UV

uv
> uv

CURE-TEX
7500

30 http://gow.epsrc.ac.uk/ViewGrant.aspx?GrantRef=GR/T18578/01
31 http://www.berr.gov.uk/files/file34996.pdf

1-31



Fatigue, damping and Impact properties of textile composites32
> 6
2D (
) 2D (
PA/TPU) 3D

Fibre reinforced healthcare33

>

>

> ( glass fibre)

Analysis and modeling of advanced preform processing(AMAPP)34
» LCM

» 3D 2D

>

Affordable innovative rapid production of off-shore  wind

rotor-blades(AIRPOWER)3>
>

http://gow.epsrc.ac.uk/ViewGrant.aspx?GrantRef=EP/C538137/1
http://www.nottingham.ac.uk/~eazwww/composite/biomedical_apps.htm
http://www.nottingham.ac.uk/~eazdkm/index.html
http://www.windturbinecomposites.co.uk/

1-32
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4 NCC
1600 National Composite Centre
2009 11 National Composites
Network
GKN Aerospace Bristol Filton Isle of Wight Cowes
6000 /64,600
2011 4 13 NCC
2005 National Composites Network
13 NCC
GKN Aerospace

Vestas Wind Systems As

Airbus

Rolls-Royce

South West RDA

Bristol University

5)
CFK Valley Stade

CFK Valley Stade
CFRP
73
Services, Convention, Campus, Recycling, Science

CFRP Technology
development /

engineering

>

training /
education

Technology,
6

9 CFK Valley Stade

»

Manufacture Recycling

9 CFK Valley Stade
CFK Valley Stade Recycling

1-33



14 CFK Valley Stade

Airbus
Volkswagen (

Hexcel

SAERTEX

KARL MAYER

etc

CFK Valley Stade Recycling (

/ Fraunhofer (
Composite Technology Center
FASERINSTITUT

(6) CTC
CTC The Composite Technology Center GmbH Airbus
CFK Valley Stade

RTM Resin Transfer Molding VARI Vacuum Assisted Resin Influsion
10 CTC

CAD

10 CTC
CTC

1-34



@) PAMELA
Airbus 20

End of life Aircraft

200

PAMELA Process for Advanced Management of

LIFE Environment

Programs (L'Instrument Financier de I'Environnement)

240
85 95
PAMELA
Back to service
Repair shops
Back to service
extraction
decision
Airlines 5 = ]
Parking & Storage ':'?E::fp"":;mg Smart dismantling Channals
Leasing of Alrcraft i & Parts and iR Valorisation
Companies | Channels
|
D 1 DECOMMISSIONING | D 2 DISASSEMBLING D 3 DECONSTRUCTION
® Cleaning : * Equipment removal * Materials diagnosis
* Draining of tanks | * Parts removal * Final draining of systems
* |mplementation of safety | under EASA Part 145 * Removal of hazardous
procedures | materials
under EASA Part 145 | * Arcraft Dismantling &
| categorisation of materials
| » Shipping of categorised
| extracted materials to waste
| treatment channels
|
Reversible decision Irreversible decisison
upon conditions
11 PAMELA
Airbus
(8) TAPAS
TAPAS
2005 Memorandum of
Understanding 2009 6 TAPAS
1300 Dutch
Ministry of Economic Affairs 660
TAPAS
Netherlands

Agency for Aerospace Programmes (NIVR)

Affairs

2009

1-35
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(9)

50

15

TAPAS

Airbus

TenCate

Stork Fokker

Airborne Composites

KVE Composites
Group

Dutch Thermoplastic
Components

Technobis

OEM

1961

1842

NLR

ORNL

ORNL Oak Ridge National Laboratory

ORNL

1-36
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PAN

PAN
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DOE ORNL
Automotive Composites Consortium
1 $5 $7

(10) AFRA
AFRA Aircraft Fleet Association

40
Nottingham
Adherent Technologies
(11) NCC
NCC: National Composite
Center 1966 University of Dayton

Research Institute Dayton Development Coalition EMTEC Air Force Research
Laboratory State Ohio Department of Development

Defense Electronics Supply Center (DESC) Kettering Business
Park General Motors/Delphi Chassis Division 2
1 NCC
2002 Boeing Phantom Works 450 Robotic fiber
placement machine 2003 Bob Taft
Wright Capital Project Fund 100 NCC
NCC
Wright Capital Project Fund 200 NCC NCC

1-37



Rapid Fiber Preforming

NCC

CAFE standard
Corporate Average Fuel Economy

MACT standard
NCC

Composite Pick Up Truck Beds 2000 United States Consortium for Automotive

Research (USCAR) Automotive Composites Consortium (ACC)
Focal Project 11
100 ACC Big Three ProTec

GM  Chevrolet
Liteflex® 2001
Liteflex LLC

Litecast®

ACC SRIM
Focal Project 111 4

Programmable Powder Preform Process for Aerospace (P4A)

Programmable Powder Preform Process for Aerospace (P4A)
C-17 Boeing C-17 P4A 2
P4A
Indiana 21 Aircraft
C/iC
NCC
Purdue University = Honeywell Aircraft Landing Systems

1-38



Z
Q
@]

Rapid Fiber Preform

Litecast™

Closed Molding

Nano-Technology

Thermoplastic Composites
Precision Filament Winding

SRIM (Structural Reaction Injection Molding)

Design & Optimization

16 NCC

ASHLAND

Boeing Company

daytaOhio

Wright

Dayton Development
Coalition

first financial bank

Honeywell

Kurz-Kasch

Manufacturing-Works

(NIST:National
Institute of Standards and Technology)
Manufacturing Extension Partnership

Quickstep
Technologies

Quickstep
Holdings Ltd.

(12) Freedom CAR
Freedom CAR
2010

Ford GM DaimlerChrysler

1-39
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1.3.2.

T300
4.9GPa

2050

2020

2030

36

36

T1000

2020
100ppm

2008
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2020
/
2050
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2.1
2.1.1.
CFRP
17
17
(Off-spec)
(Short spool)
Selvedge ﬁ
Short rolls V
A
Firebird Advanced Materials
400 1800 CFRP
37 Firebird Advanced
Materials 13
18

37 Adherent Technologies

1-43



38

—

—

I T T S
!

- (road-able)

4% 8%
11%

15%

62%

13
Firebird Advanced Materials

18

Firebird Advanced Materials

38
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CFK Valley Stade Recycling

500t CFRP 10 30%
39

CFK Valley Stade Recycling

10 20 / CFRP

787 CFRP /
50 100 / CFRP
CFRP
2.1.2.
2011 EU
A380 787 Dreamliner

39 CFK Valley Stade Recycling

1-45



CFRP 787
15 16 2016 90 95%

Composite Solutions Applied

Snt it L Throughoutthe 787

10%

[l carbon faminate Titanium Composites
[l carbon sandwich 15% "
M Fiberglass
B Aluminum Aluminum
[[] Aluminum/steel/titanium pylons
Z‘me
15 787 Dreamliner CFRP

HP

J

75w I~719 -*{?-.il-

cAIRBUS

16 A380 CFRP
HP

1-46



2.2.

17 CFRP

CFRP —

17 CFRP

2.2.1.

Adherent Technologies, Inc
1992 (DARPA) DOE

CFRP
1000t/
(Vacuum
pyrolysis, Dry process (Low temperature liquid process)
(High temperature liquid process) 3

19

787

1-47



19 Adherent Technologies

ANSI(

Adherent Technologies

18 Adherent Technologies

50 Ibs/hr
HP
Firebird Advanced Materials
2005
North Carolina State University CFRP

1-48




North Caloraina State University
Boeing, Recycled Carbon Fibre, Adherent Technologies ANEA/Karborek,
Firebird Advanced Materials
VaRTM, BMC,
Injection Moulding 3

2.2.2.

Nottingham University

AFRECAR HIRECAR

Fluidised bed process
Pyrolysis Thermal fluid process
20

\4i \2i

Vf

19

20

CFRP

1-49




A 4 ¢

BMC SMC/

Vi —10% Vi 10—-40%

19

Imperial College London
Boeing -
Fibre Products -

LT

Vf 20—-40% Vf 30—60%0

Recycled Carbon Fibre -
Imperial College

V£30%

Warwick University

SICOMP (Swedish Institute of Composite)

1-50
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Recycled Carbon Fibre
Milled Carbon
West Midlands 1,200 /

90%

Waste Off-site Commercial
Plastic Recycling

Nt Off-site Commercial
Fapor & Recycling
Cardboard

Waste Off-site Commercial
Metal ycling

]

Ly

g

Milling il or Chop c

20 Recycled Carbon Fibre

Recycled Carbon Fibre, “Converting Composite Waste
Into High Quality Reusable Carbon Fibre”, JEC Paris

1-51



2.2.3.

Fraunhofer ICT

1959
LFT
KITE
hyLITE
Fraunhofer ICTm
Unuversitat karlstuhe, KIT-CART SGL Carbon Audi, BMW
RTM
Resin Transfer Molding LFT RTM

"In-situ”

LFT RTM

particle

|

21 SMC
Fraunhofer ICT

1-52



22 SMC

KITE hyLITE
FASERINSTITUT
CFRP
70 150 DMA
66
(PPS)
Co-woven
30mm
2.2.4,
KARBOREK Recycled Carbon Fibres
2008 7 Alenia Aeronautica
ENEA Milled
Carbon 1000 /

Alenia Aeronautica

1-53



KARBOREK

2.2.5.

NEDO
21
21
CF ’ CF CF ’ CF 5
100-200 500-700 250-350 300-400
5-10MPa 1-4MPa
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12

/ 1000

/

(GFRP)
(GFRP)

2006-2008

2002-2005

100-200

GFRP

PAN
50
(CFRP)
(
100  /

1-55

GFRP

2005-2006

(CFRP)

(

30%

)




()

2007 NEDO
40

350 41

40

http://app3.infoc.nedo.go.jp/informations/koubo/press/CA/nedopressplace.2008-11-26.1174332432/ne
dopress.2009-02-23.5630056298/
41 Vol.53 No.7 (2008)
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NEDO

24

2008

15 19

(

)

2006

50

(

1-57

)

NEDO

CFRP

700

(
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NEDO 20

CFRP

NEDO

CFRTP

CFRTP
CFRTP
CFRTP

P w DR

CFRTP( )

LCA

(1) PEResis S PATTEHEEEIC LSRN TIECFRT PR B 5

LCA

il SAETEER —FRETEER
B
@%g 2 RIIESES PIE
) 5% RERZE RERZ
NS
(3) CFRTPEAHI (2) CFRTPEM T
EEHH
// (ET2—IlAb) / y
4
r
(4) UDA 2L /
UL 21 /
57
LCAEFE
ORGRB(EE. OfyhS)
8&8o
Y
RRATEIE
25
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