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® There is an estimated 200 million
tons of plastic littering our oceans.

* The majority of this plastic debris ultimately finds
its way to one of these massive swirling gyres.

= The largest of the oceanic gyres is the
Great Pacific Garbage Patch.

~ GREAT PACIFIC
GARBAGE PATCH

 In parts of the Great Pacific Garbage Patch, there are over
2 million pieces of plastic per square mile of ocean.

« While plastic is not biodegradable, it
is photodegradable. Sunlight breaks
it down into ever-smaller pieces

« Over 90% of plastic 1) 2 [y O

* Unable to distinguish
microplastics from food, 4
many animals starve to
\ death, their bellies choked
with plastic; others survive
Jjust long enough to
contaminate our
food chain

» Hindered by a stale way of thinking, gyre
cleanup has been virtually nonexistant.
Thanks to recent innovations in science and
technology, hope is on the horizon.
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DECOMPOSITION RATES

Bananna peel: 2-3 wks
Paper: 5-10 wks

|—AperD O R
Cigarette butt: 10-15 yrs
Aluminm can: 200-500 yrs
Glass bottle: 1,000,000 yrs|
Styrofoam: never *

Plastic bottle: never *
Fishing line: never *

Plastic bag: never *
* Plastic is not biodegradable



http://www.strangesounds.org/
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®
0 An even closer look: plastic accumulation Iin animals

www.coastalcare.org

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



®
o Even more closer look : endocrine  disruptors
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Sustainablegrocesses2020/2025 !

Bloomberg:the innovations will be driven by

philantropes /cities /companies !!

A New solutions / system integrations

A best based on biological resources

A biomimetic approaches

A New biobased monomers and polymers using
biofunctionality

A Materials designed even for misuse



Thechance biobasedeconomy
the misrelationof productandwaste




o i ] .
o Biomass: is it a scalabtessource

annual world oil production 4 kin

annualworld terrestrial biomass growth 120 km

6,7 % of biomass sufficient to compensatedade oll

11 % of biomass already part of farmieygles

Side products are a natural choice for chemistry

sugar 380 $ /t, recycled paper 100 $/t, pulpwood 28 $/t,
biomass waste: transport only..

o Po Po Do o Do
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HydrothermalCarbonization
a SotGel Chemistrnyof Carbon

a technigue to turn wet plant material
Ainto monomers
Ainto polymers
Ainto carbonaceous materials
fallin water

A colloid and interface chemistry
/Carbon efficiency & 1

Friedrich Bergius described 1913
the elemental steps of HTC



works via dehydration of carbohydrates
-at 180 °C1 200 °C
-for 271 16 h' s

-CeH, 0 A CeHgO3+3H ,0A CH,O+5H ,0
-quite cheap (ca.0.40 u/kg starch, 200 ua/t
biomass )

-leads to useful nanostructures

-with useful interface chemistry

- Ahe dispersion polymerization of carbon fi



()
O AL
S
o E
o O
o QO
o
v 2
=
o &
2 0
WO

o
o =
e.
S E
'l ®)
O «—
O —
wa
@)

¢

5 mm

EHT= 300 kv WD=



Glucose C¢H;,04

HO O

- 3H,0

o)
./
5-HMF C¢H¢O5
/

Diels-Alder reactions

towards PheneResins

——

Disproportionation/Polymerization

towards polyfuranes

Aldol Polycondensation towards
polyaldehydes




lon Exchange Resin for water purification

from sugar waste
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Replication of polystyrene latex
nanoparticles

Hydrothermal Carbonisation (HTC)

Water, 180 °C, 24 h
HTC Carbon / Latex Composite

>

Carbonisation (T > 400 °C)
Latex removal

Latex Spherical Nanoparticles
Tuneable Size (50 — 150 nm)

H OH

Sugar Based Biomass

» Hollow Carbon Spheres
 High Surface Area
* Tuneable Size 15



After removalof latex

Hydrophilic carboncapsules

HTC / Latex
Composite
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/Does 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 ?)
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Biocharanda ¢ S Mt Y

G polymersassoilconditioner

Biochar and Terra Preta Soils

www. biocharinternational.org

* Mosaikartig
*0,1-350ha
* Mittel 20 ha
*Terra Firme
*Bolivien
*Peru
*Sudafrika



Bilder: Dank an Dr Heiko Pieplow




Global status of human-induced
soil degradation

B Very high severity
B0 High severity ’ 3y -
B Moderate severity ) ' _ A

B | ow severity
. Stable land, ice cap or non-used wasteland

Source: FAO



EHT= 300kV WD= 7 mm Signal A= InLens Date :21 Apr 2006

no biotexture left




FromHydrothermalCarbonization

to Hydrothermalkefining

dopcutn Q0. 1
(e.g.patchoul9l

~S

Abase cut fi
70 % Afertility, fuel
e.g. methane, coal, fertilizer and

humic matter




WWw.amazon.com

Hot water processing of biomass : a commodity ..



A pilot plant movie

good for ca. 10000t/ vyeare




AgueousHTR-processes

providenewplatformchemicals
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HTR = hydrothermal reforming /digestion



o‘ Hydrothremal digestion of sugars /cellulose

to lactic acid

Reactivity scale: Ba(OH), > Sr(OH), > Ca(OH),

Lactic Acid Yield
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Figure. Lactic acid yield as function of the temperature for a
120 seconds reaction of 0.025 M glucose with 1eq barium
hydroxide in flow.



The Concentration of the Base...

Entry Reagent C(M) Time (s) Yield (%)
1 Ba(OH), 0,025 120 27
2 " 0,05 120 38
3 " 0,05 180 43
4 " 0,1 120 52
5 " 0.1 180 D)

Table 2. Lactic acid yields for the reaction of glucose
(0.025 M) with Ba(OH), in a flow reactor at 250 °C.

The process is scalable up to 100g and works on
cellulose and rye straw, albeit with longer reaction
times!!



The Chemistry Behind
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LEVULINICACID AND

METHYLENEMVALEROLACTONE

Levulinic Acid gValerolactone Methylene-g-Valerolactone
OH 0.5M H2804 O H2, Ra-Nickel e} H2CO, chOS, 0
HO > -
—
HO OH “OH (0]
From Cellulose ca. 50% quant. 40% Methyl Methacrylate
Paper and Milled AIBN
Wood ;
1% SDS ,
AT,
) ] quant.
The Idea: Converting Cellulose based Biomass Y

or Waste into sustainable Plastics

Dr. Klaus Tauer,. Chunxiang Wie.




Chemical composition of wood
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o. Today missing : hemicellulose




LIGNIN DEPOLYMERIZATION: A CLOSER LOOK

Model studies on di-aryl H,. TiN-Ni, 12 bar, 150°C
compounds. O EtOH, 3 min HO
Reaction are performed using a ©/ \© > * \O
fixed-bed reactor. quant.

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



o. Development of Heterogeneous catalysts
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°° SomeUseof Catecholes

OH
OH

R

Uruchiol Japan China

but also: protein glue, mussel adhesives , binds from
minerals to carbohydrates |,
A some creative polymer chemistry to d o é


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

RemixWood®...

...i1s a wood-like material.

From waste into value...
... just in few steps



C; Wood - Remixes

ADisintegrate wood into fragments :
- Cellulose micro /nanofibrils
- Lignin
- (hemicelluloses )

ARemix it with polymers , flame retarders , minerals , antifungals
AAny density (not only MDF)

AType of micro /nano fiberboard , but lignin glued

AAny pore structure

APerception and eco-acceptance of wood (all natural )



®
0 Easy preparation:Kitchen  Materials

Controlled density :
0,17 1 kg/L
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