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Long term perspective: Patience required 

*Osaka Industrial Institute (at present: Kansai Center, NAIST) 
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Started full-scale commercial production of CF (1971) 

Adopted as  golf shafts and fishing rods（1972～1973）	

Adopted as secondary structure of Boeing 737(1975) 

Certified as primary structure 
 of B777(1989) 

B787 project 
started (2003) 

Started R&D（1961）	

（thousand ton／year）	

Industry 
Application 

Aircraft & Aerospace 
 Applications 

Sporting Applications 

1961 
・Dr. Shindo, Osaka Industrial   
  Institute＊ (Japan) announced  
  basic principle of manufacturing 
・Toray started full-fledged R&D. 
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(Estimated by Toray) 

Amount of CF ：30ton/aircraft 
(Estimated by Toray) 
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Ultimate performance: Responsibility 
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<PAN-based Regular Tow*type> ▼ :Business contraction  by Acquisition　　 X :Withdrawing or Sale 

Ｘ	

Ｘ	

Ｘ	

Ｘ	

Ｘ	

Ｘ	

▼ 

▼ 

▼ 

Entry Company 1970 1975 1980 1985 1990 1995 2000 Present  
Company Name  

Toray Toray 

Toho Rayon Toho Tenax 

Mitsubishi Rayon Mitsubishi 
Rayon 

Nihon Carbon 
/Asahi Chemical 

Hercules Hexcel 

Great Lakers/Akzo 

Celanese/BASF 

UCC/BP Amoco Cytec 

Grafil 

Courtaulds 

Sigri/Hoechst SGL Carbon 

Enka/Akzo 

Advanced commodity: new approach? 
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＜Estimated by Toray＞	

A total of 28,000 ton （2006）	Zoltek 
Fortafil 
Aldaila 
SGL 

Large Tow* 
17% 

Toray 
Group 34% 

Toho Tenax 
Group 19% 

Mitsubishi 
Rayon Group 

17% 

Hexcel 5% 

Cytec 3% 

Taiwan 
Plastic 

5% 

＊Tow consisted of more than 48,000 single filament	

World Market of PAN based CF’s 
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Automobile Aircraft CFRP Application 

20ton 
-50ton -1400ton 

20ton 

CO2 emission 
 in production 

CO2 emission 
 in life cycle* 

＊including emission  in manufacturing of CF 

Weight saving 
↓ 

Improvement 
 of mileage  

Synthesis 
/Carbonization 

CＦＲＰ: 17% 
30% weight saving 

CＦＲＰ: 50% 
20%weight saving 

(The Japan Carbon Fiber Manufacturing Association model: Tokyo Univ., TOYOTA MOTOR Copr. et. al.) 

*”Quantification of improvement on environment with utilizing CF” received the 5th LCA Japan Forum encouraging prize 

CO2 emission 
 in production 

CFRP Application 

CO2 emission 
 in life cycle* 

Carbon Fiber: How much impact? 

Carbonization 
（ 1000 ～ 3000 ℃ ） 

Mining of crude Petrochemistry Spinning of 
Acrylic Fiber 

Acrylic  F iber  Carbon Fiber 
C C C C C 
C ≡ N C ≡ N C ≡ N 
C C C C C 
C ≡ N C ≡ N C ≡ N 

Acrylonitrile 
H 2 C 

C H 
C ≡ N petroleum 
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USA 
Carribean Countries 

Spain	
North Africa	

India	

Australia 

( reference )IWMI Report 2006 

China 

Middle East 

 1.1 billion people(0.7 billion in Asia) don’t have good drinking water  
   (including water for daily life) 
 2.4 billion people(1.9 billion in Asia) don’t have sanitary accommodations  
   (wastewater and human waste treatment ) 

Fact: Water shortage 
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*Senator (at that time) John F. Kennedy has made a speech at 1960. 
(President has signed a law to address the seawater desalination as a national project at 1961) 

Announced concept of ＲＯ membrane(USA, 1953)  

Started R&D(1968) 

seawater 
desalination 

others 
sewage water  

recycling,  
ultrapure water 

 et. al.) 

RO membrane 
module 

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 

40 
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0 

Speech of President John F. Kennedy*(1960) 

Supplied for Large-scale brackish 
water desalination plant(1996)  

brackish water: groundwater contained salt et. al.  

Supplied for world largest-scale sewage 
 water reuse plant (2004) 

Supplied for Large-scale seawater 
desalination plant(2001) 

Photo credit：	
GE-Ionics(USA) 

brackish 
 water 

desalination  

1950 

(Million ton/day) 

Started full-scale commercial production 
(ultrapure water plant)(1980) 
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Another long term: water related 
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1 nm 

Bacteria 
Coliform 

Colloid 

High molecular 
 weight polymer 

Ion, Low molecule 
weight organics 

10 nm 100 nm 1000 nm 

Seawater Desalination, Drinking Water Production  
(Removal of hardly decomposed substances) 

Drinking Water production (Removal of suspended solids 
& microorganisms) Wastewater Reclamation & Reuse 

Size 

NF 
 (Nanofiltration) 

RO 
(Reverse Osmosis) 

UF 
 (Ultrafiltration) 

MF 
(Microfiltration) 

2000 nm	
Ultra fine pores of RO Membrane(0.6~0.8nm) 

500 nm	 500 nm	
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Filtration: simple but complicated 
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*Ｃ/Ｃ:Carbon Composites 

Separator(Aramid) 

Wind-power Generation Fuel Cells 

Hybrid Cars Solar Cells 

Back Sheet Films 

Carbon fiber 
composite 
materials for 
Windmill 
blades 

engine 

battery 

motor 

electrolyte 
membrane 

 hydrogen  oxygen 

 separator separator 

capacitor 

C/C Paper for Electrode 

Polymer Electrolyte 
Membrane 

 electrode 

PP Film for high- 
capacity capacitors 

Capacitor Case(PPS) 

Energy: Effective business expansion 
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3ＧＴ*	

Fossil material 

1,3-propanediol 
(+TPA) 

Flexible Heat 
Resistant Films 

Nanotechnology 

Cellulose 
melt-spinning  

Cellulosic Fiber 

Nanoalloy 

Ex) thinned wood 

Carbon Neutral *３ＧＴ：poly(trimethylene terephthalate) 

＋	

Polylactic acid 

Raw 
material 

Nylon 
Polyester 
Acrylics 

Polyurethane 
others 

Fibers 
 & Textiles 

Films 
Plastics 
others 

Refining / Synthesis Polymerization 

Biotechnology 
Polymerization 

Lactic acid 

Plant oil 

Plant-based  
raw materials 

Water, Carbon Dioxide 

Photosynthesis 

Examples of PLA 
 plastics products 

Toray’s  
Business 

Fields 

Polymerization 

Non-food biomass 

Bio-based chemical products 
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Past, Now, and Next decade: 
 My personal perspective 
   to contribute for sustainability   
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  Past:  
 Tangible criteria to pursue material science 
 Japanese expertise in supply chain management 

  Now: 
 Strategy of “Choose and Focus” 
  “Nano-tech” as New technology Platform  

Toray’s track in Green/Clean industries 
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For Next decade: 
  Technical expertise 

 But we have to be “Open” technologists. 

  Value Chain mix 
 Value of materials is defined not only from technical 
sense. 

  Responsibility as “Serious” manufacturer 
 Becoming to “Materials and Solutions” provider  

How materials provider stay “cool”? 
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