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A closer  look : the  Ăgreat  garbage  patches ñ  

www.strangesounds.org  
www.io9.com  
www.  bodhisurfschool.com  

http://www.strangesounds.org/
http://www.io9.com/


An even  closer  look : plastic  accumulation  in animals  

www.wikipedia.org  www.coastalcare.org  

www.  plastictides.wordpress.com  www.  plungediving.com.au  



Even more  closer  look : endocrine  disruptors  

www.wikipedia.org  
www.greenliving.about.com  
www.youtube.com  
www.  Integrative -
pediatricsonline.com  
 

http://www.wikipedia.org/
http://www.greenliving.about.com/
http://www.youtube.com/




Sustainable processes2020/2025 !  

 Bloomberg:the  innovations  will be driven  by  

philantropes / cities / companies  !!  

 

Á  New solutions / system  integrations  

Á  best  based  on biological  resources  

Á  biomimetic  approaches  

Á  New biobased  monomers  and  polymers  using  

    biofunctionality   

Á  Materials designed  even  for  misuse  



The chance: biobased economy 
the misrelation of product and waste 



Biomass: is it a scalable ressource 

Å           annual world oil production 4 km3 

Å annual world terrestrial biomass growth 120 km3 

Å 6,7 % of biomass sufficient to compensate for crude oil 

Å 11 % of biomass already part of farming cycles 

Å           Side products are a natural choice for chemistry 

Å           sugar 380 $ /t, recycled paper 100 $/t, pulpwood 28 $/t, 

             biomass waste: transport only.. 

 
  



Hydrothermal Carbonization,  

a Sol-Gel Chemistry of Carbon 

a technique  to  turn wet  plant material  

Áinto  monomers  

Áinto  polymers  

Áinto  carbonaceous  materials  

Áall in water  

    Ą colloid  and  interface  chemistry   

ÁCarbon  efficiency  å 1 

 Friedrich Bergius described 1913 

the elemental steps of HTC  



HTC  

works  via dehydration  of  carbohydrates  

- at  180 ° C ï 200 ° C 

- for  2 ï 16 h´ s 

- C6H12O6  __Ą C6H6O3 + 3 H 2O Ą C6H2O + 5 H 2O  

- quite  cheap  ( ca. 0.40 ú/kg starch , 200 ú/t 

biomass )  

- leads  to  useful  nanostructures   

- with  useful  interface  chemistry  

-Ăthe  dispersion  polymerization  of  carbon ñ 



Carbonaceous structures to be made: 

(all from glucose/starch/biomass) 
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Diels-Alder reactions 

towards Phenol-Resins 

Disproportionation/Polymerization 

towards polyfuranes 

Aldol Polycondensation towards 

polyaldehydes 

ĂAvalancheñ model of molecular chemistry 



Ion Exchange Resin for water purification 

from sugar waste 
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Replication of polystyrene latex  
nanoparticles  



SBET=367 m2/g 

Vpore=0.58 ml/g 

 

SBET=39 m2/g 

Vpore=0.01 ml/g 

 

After removal of latex: 

Hydrophilic carbon capsules: 

 



ÁDoes  HTC also work  with  (german ) 

waste  biomass ? 
 industrial  biomass  waste : sugar  beets  (5Mt), 

rapeseed  straw  (20 Mt ), waste  water  sludges  

(10 Mt ), orange peels  (2Mt) etc.   

  

(And  can  we  make  plastics  out of  it  ?)  



A pilot plants, in cooperation with 
the MaxPlanck Society 



A video : 1 kg/secé 



Biochar and α¢ŜǊǊŀ PretaάΥ  
C- polymers as soil conditioner 

www. biochar-international.org 



Ăclassicalñ reaction engineering 

Bilder: Dank an Dr Heiko Pieplow 



Global Soil degradation 

Source: FAO  



Formation of bicontinous nanosponges 

On molecular and nanoscale: 

no biotexture left 



From Hydrothermal Carbonization  

to Hydrothermal refining 

Ătop cutñ 0.1 %  

(e.g.patchoulol) 

Ămedium cutñ 

30 % platform chemicals 

e.g. lactic acid, xylene, green solvents 

Ăbase cutñ 

70 % Ăfertility, fuels and energyñ 

e.g. methane, coal,  fertilizer and 

humic matter 



Hot water  processing  of  biomass : a commodity ..  

The X -Presso -Refinery  

www.amazon.com  



A pilot  plant movie   

good  for  ca. 10000 t/ yearé 



Aqueous HTR-processes  

provide new platform chemicals 

Lactid 

Acid 

Gamma-

butyrolacton 

HTR = hydrothermal reforming / digestion  

p-xylene 



Hydrothremal  digestion  of  sugars / cellulose  
to  lactic  acid  







LEVULINIC ACID AND 

 METHYLENE-ɱ-VALEROLACTONE 
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Di = 160 nm (DLS) 

Mw = 2 * 105 g/mol 

Levulinic Acid g-Valerolactone Methylene-g-Valerolactone 

Methyl Methacrylate From Cellulose, 

Paper and Milled 

Wood 

  

The Idea: Converting Cellulose based Biomass 

or Waste into sustainable Plastics 

Dr. Klaus Tauer,. Chunxiang Wie.  

 



From : https://www.slideshare.net/SappiHouston/basics -of-wood -pulp -and -paper -november -2012  

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiL3NmMidXbAhXBI1AKHRxtCZAQjRx6BAgBEAU&url=https://www.slideshare.net/SappiHouston/basics-of-wood-pulp-and-paper-november-2012&psig=AOvVaw0gC3COEr-r6zu2zqpVMeX9&ust=1529131549942115


Today missing : hemicellulose  



LIGNIN DEPOLYMERIZATION: A CLOSER LOOK  

V. Molinari, C. Giordano, M. Antonietti, D. Esposito, J. Am. Chem. Soc. 2014, 5, 1758. 

Model studies on di-aryl 

compounds. 

Reaction are performed using a 

fixed-bed reactor. 

Mono-Aromatics 

aliphatic 

Poly-Aromatics 

Reaction on real lignin 



Development of  Heterogeneous  catalysts  



Some Use of Catecholes 

Uruchiol  

but also: protein  glue , mussel  adhesives , binds  from  
minerals  to  carbohydrates , 
Ą some  creative  polymer chemistry  to  doé 

Japan  China  

http://en.wikipedia.org/wiki/File:Urushiol.svg




Wood - Remixes  

ÁDisintegrate  wood  into  fragments :  

- Cellulose micro / nanofibrils  

- Lignin  

- (hemicelluloses )  

 

ÁRemix it  with  polymers , flame  retarders , minerals , antifungals  

ÁAny  density  (not only  MDF)  

ÁType of  micro / nano  fiberboard , but lignin  glued  

ÁAny  pore  structure  

ÁPerception  and  eco-acceptance  of  wood  (all natural )  



Easy preparation:Kitchen  Materials  

Controlled  density :  
0,1 ï 1 kg/L  



Easy  to  shape   
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