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Disclaimer 

 Data and pictures used in this presentation are either from public 
domain or from the sources as mentioned 

 Product specific data and benchmarks are average values and will 
vary with specific production conditions 

 Reflections on present and future market trends are presenter‘s 
personal opinions  
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BASF - Introduction 

Outline 

Latent Cure Technology  

Proven Benefits in Blade Production 

Summary 



BASF – The Chemical Company 
We create chemistry for a sustainable future 

 Our chemicals are used in almost all industries 

 We combine economic success, social 
responsibility and environmental protection. 

 Sales 2011: €73,497 million (~$100 B) 

 EBIT 2011: €8,586 million (~$11.6 B) 

 Employees (as of Dec 31, 2011): 111,141 

 6 Verbund (integrated) sites and around 370 
production sites worldwide 

 World-class, innovative, sustainable systems & 
solutions  

 R&D Expenditure (2011) : €1.6 B ( ~$2 B)      
#1 in chemical industry by Patent Asset IndexTM 

 World’s Most Admired Chemical Company : 
Fortune 2011, 2010 & 2009 

4 

Platzhalter für Bild 
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Presenter
Presentation Notes
BASF is the world’s leading chemical company: The Chemical Company. Its portfolio ranges from chemicals, plastics, performance products and crop protection products to oil and gas. We combine economic success, social responsibility and environmental protection. Through science and innovation we enable our customers in almost all industries to meet the current and future needs of society. Our products and system solutions contribute to conserving resources, ensuring healthy food and nutrition and helping to improve the quality of life. We have summed up this contribution in our corporate purpose: We create chemistry for a sustainable future. Source: BASF Report 2011, page 1BASF posted sales of approximately €73 billion in 2011. BASF shares are traded on the stock exchanges in Frankfurt (BAS), London (BFA) and Zurich (AN). BASF has subsidiaries in more than eighty countries and supplies products to a large number of business partners in nearly every part of the world. We operate 6 Verbund sites and approximately 370 other production sites worldwide. Our Verbund site in Ludwigshafen is the largest integrated chemical complex in the world that belongs to a single company.Source: BASF Report 2011, page 22One way in which a company measures its innovative power is by the number and quality of its patents. In 2011, BASF filed for around 1,050 new  patents worldwide. Furthermore, we ranked first in the Patent Asset IndexTM for the third time in succession. This method, which compares patent portfolios industry-wide, found BASF to be the most innovative company in the chemical industry worldwide.Source: BASF Report 2011, page 28 et. seq.
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Sales 2011 
Employees 

Production Sites 
R&D Sites 

~$20 Billion 
16,000 + 
100 + 
20 

BASF in North America 

Presenter
Presentation Notes
2nd largest chemical company in N America
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BASF in Wind Energy 
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Adhesive 
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Tower 
Coatings 

Wind  
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Foams 

in development 

Commercial 

Presenter
Presentation Notes
Our focus is to bring innovative solutions that help our customers address industry’s challenges – be it improving quality and productivity or reducing cost of repairs & maintenanceFor foams – we recently acquired B C Foam, an Italian manufacturer of PET foams, expanding our offering on core materials. So, we now have XPS and PET foams, PU foams are under development.



Infusion 

 Baxxodur® 5300 System (Latent) 

 Baxxodur® 5400 System  

Laminating 

 Baxxodur® 5500 System 

 Baxxodur® 5503 System 

Adhesive 

 Baxxodur® 4100 System  

 Baxxodur® 4200 System  (Latent) 

Tooling 

 Baxxodur® 3100 System (Infusion) 

 Baxxodur® 3601 System (Gelcoat) 

BASF Epoxy Systems  
Portfolio for Wind Turbine Blades 

5/30/2012 Copyright: BASF Corporation 7 

Presenter
Presentation Notes
Today’s discussion will be focused on our innovative latent cure technology and epoxy infusion system built on that technology.
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BASF Introduction 

Outline 

Latent Cure Technology 

Proven Benefits in Blade Production 

Summary 
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Chemistry in 
Rotor Blade Production 

Fabric 
deposition 

Prefab 
integration 

Fabric 
deposition 

Infusion 

Curing Bonding Curing Precoating Coating 

~40% of blade production cycle time is driven by chemistry... 
5/30/2012 

Presenter
Presentation Notes
Here are sequential steps in blade manufacturing process…steps in green are driven by chemistry…Roughly 40% of blade production time is limited by chemistry… and that’s where we come in…with the use of innovative chemistry you can cut down time consumed in these steps by  30-40%Next few slides will show you how….
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“Reaction Dilemma“ of VARTM 
(Epoxy Infusion) 

 
Fast 

 
 
 

Curing 
 
 

Slow 

Slow  Infusion  Fast 
  

 
Slow 

Curing 
 

 
Fast 

Curing 
 

Customers look for a combination of… 
 fast infusion with good fibre wetting through low reactivity  
 fast polymerization / vitrification through high reactivity 

Latent curing systems solves the „reaction dilema“.  

Customer 
need 

 
Latent 
Curing 

 

5/30/2012 

Presenter
Presentation Notes
In most epoxy systems, chemical reaction kicks-in from the moment you mix the resin and hardenerFaster the reaction, faster the curing and slower the infusion as resin system starts building up viscosityIf you have slow curing systems, they will infuse faster, however, will remain slow curing post-infusion step and will take long time to get onset TgWhat you need is resin system that is faster at infusion and faster at curing…our latent system does just that…



Copyright: BASF Corporation 11 

Advantage  
Longer pot life, Faster infusion  Better process 
control 

 During infusion at temperatures  
below 55°C the Baxxodur 5300  
system reacts slowly allowing long 
open time (pot life) 

 The lower viscosity at e.g. 40°C  
with the slow reactivity enables  
fast infusion and improved fiber 
wetting 

Novel infusion system reduces infusion time around 40% 
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Presenter
Presentation Notes
Below 55 C, system reacts very slowly, allowing long open time and infusion at higher tempViscosity of the latent system is lower to begin with, with ability to infuse at higher temperature, viscosity of the system drops even further, allowing faster infusion and better fiber wetting…
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Advantage  
Faster Curing  Cycle Time Reduction 

 Once the temperature inside the 
laminate rises to 70°C, the latent 
curing mechanism “kicks in” 
 

 At this temperature System cures 
much faster than the standard 
system 

Curing at 70°C 
Δ Reverse Heat Capacity [mJ/°C] 
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System 

BASF Latent System 
Faster Curing 

Latent infusion system reduces curing time by 30-40 % 
5/30/2012 

Presenter
Presentation Notes
Once laminate temp rises to 70 C – with combination of higher mold temperature and heat generated from chemical reaction, latent curing kicks in and final curing is achieved much faster than traditional systemsBlade producers are able to achieve 30-40% cycle time reductions with use of latent system
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Crosslinking / Tg Development at 70°C 
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 Latent Baxxodur® system allows faster curing and higher Tgmax (~85 C)   

Latent Baxxores® ER 5300 / Baxxodur® EC 5310 

Copyright: BASF Corporation 5/30/2012 

Presenter
Presentation Notes
This chart shows Tg development with latent system and traditional systems at 70 CAs you can see, latent system enables full curing (final Tg) within 5.5 hours which generally takes 9+ hours with traditional systemsTg Max with latent system is 82-85 C
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BASF Introduction 

Outline 

Latent Cure Technology 
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Cycle time reduction in rotor blade production 
 

 

 

 

 

 

Baxxodur epoxy systems with latent but fast curing agents enable 

 fast infusion at low viscosity with inactive reactants at low temperatures 

 fast curing above temperature threshold with activated reactants  

Infusion 
30-40 % 

Curing 
30-40 % 

5/30/2012 Copyright: BASF Corporation 

Presenter
Presentation Notes
Several customers worldwide have adopted latent system in production Bigger the blade bigger are the cycle time reduction benefits
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Produce 2 Root Rings per mold set instead of 1 

Produce 1.5 sets of Spar Caps per mold set instead of 1 set 

Current production 

Potential with 
BASF resin 

Current production 

Potential 
with BASF 

Mold set 1 
Mold set 2 

hours 

hours 

Taking advantage of cycle time reductions 

Reduced tooling costs 
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Proven benefits in blade production 
High Quality Structural Parts 

 Latent Baxxodur® systems produce high quality composites 

Reduced 
Spring In 

No Waves 

X 

X 

5/30/2012 

Presenter
Presentation Notes
Better fiber wetting results into better quality parts…no dry spots, no spring in, no wrinkles due to exotherm (due to better process control)
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 Lower viscosity and longer stability of 
latent system allows direct infusion of 
root ring in shell molds 

 Successfully adopted in production 

Proven benefits in blade production 
Direct Infusion of Root Ring 

Thickness:     22 cm (~9 inch) 
No. of layers: 270 
Fabric type:   TRIAX 1200 g/m2 

5/30/2012 

Presenter
Presentation Notes
200 layers of glass laminate – you will see it on display at windpowerBetter stability of latent system allows you to infuse root ring directly into shell molds, eliminating need for prefabricating it in separate molds So blade producers can save on tooling costs and time in production. Will also save on floor space on production floor



Baxxodur® Latent System 
 

Typical Cure Profile for 200 layers fiberglass laminate 
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Curing Cycle for 200 layer thick part 

Table temp °C

Bottom °C
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Top °C

Top (outside
bag) °C

Source: Data generated in BASF lab 
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Presenter
Presentation Notes
This is an example of a cure behavior of a one foot by one foot laminate with 5-inch thickness that we produced in our Tarrytown lab.  The dark blue line is the heating table temperature.  The part was infused at 30C and remained at the same temperature until the peak exotherm is over.  The table temperature was raised to 40C  for about one hour, followed by a final cure of 60C.  The laminate temperature was controllable with maximum temperature of 90C.Despite higher resin content in 200 layers, we could control exotherm to 90 C 
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Proven benefits in blade production 
Infusion of Carbon Fiber Spar Cap 

 Lower viscosity & better stability 
of latent system allows infusion 
of carbon fibers at higher 
temperature 
 

 Only epoxy infusion system in 
commercial production of carbon 
spars 

90 layers of UD carbon fabric in 1000 X 600 mm 
laminate; thickness 55 mm 
Infusion time: 100 minutes @ 35C 
Curing time  2 hours @ 50 C +  2 hours @ 75C 

5/30/2012 

Presenter
Presentation Notes
Perhaps the biggest advantage - as blades are getting longer and use of carbon fibers increasing - is latent system’s ability to infuse carbon fibersWe could infuse this 55 layer carbon laminate in two hours Because of better heat tolerance of carbon fibers, we could ramp up cure temperatures and cure the laminate in 4 hours…Only infusion system being used in commercial production of carbon spars



Summary 

 Significant scope for innovations in blade production through creative use 
of chemistry 

 BASF’s Latent Cure Technology enables cycle time reductions and quality 
improvements 

 Several blade producers are successfully using latent system for direct 
infusion of root ring and for infusing carbon spars 

 Latent system offers substantial opportunity for capital and operational cost 
reduction 
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* * * 
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