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CHEMISTRY ENABLING
NEW MATERIALS
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Prof. Karppinen: Inorganic Cemistry
Prof. Kontturi : Physical Chemistry; Nanoparticles
Prof. Koskinen: Organic Chemistry

Prof. Krause: Industrial Chemistry; Catalytic materials and @sses

Prof. Aittamaa: Chemical Enineering
Prof. Laine: Chemistry of Forest Industry
Prof. Seppala Polymers, Polymer reaction engineering
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X Materials and nanotechnology

Self organized structures
Tailored synnthesis, new molecular structures
Catalysis

Soft nano
Hard nano
Nano devices
Bionano

So what? For what?
How really implemented?

J. Seppala



10—3m m|”| devices

fibers
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10 m mikro  cells
length of polymeric molecules
) lamellar thicknesses in polymer crystals10nm
10 m nano enzymes

catalytic structures

-C-C-bond 1A =0,1nm \




Secondary interactions
between molecules




EXACT SYNTHESIS;

CATALYSIS IS THE KEY
ke

X
ﬁ\H

"ﬂ;\y

Gas phase
reactor #

Loop reactor
Prepoly-

Catalyst merisation
reactor

Flash

A
4
FIS

\ Diluent recycle e Polymer

B ————— | b Dgg@s.ing
)] Pelletising
s : J

Polymer I-': s .

Ethylene
Comonomer }
Hydrogen




CONTROLLED POLYMER STRUCTURES

Minimal termination
polymerizations

Polymerizaton
ith metal complexes

Template
polymerizations

Polymerizaton with
metallocene catalystg

Combinatorial
techniques

CONTROLLED SYNTHESIS
AND POLYMERIZATIONS

v

NEW MOLECULAR

DendrimD
ARCHITECTURES

/ Molecular
Rotaxanest \ recognition
On/Off Chiralic
konformations QognitiD

Supramolecular
assemblies
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CHEMISTRY ENABLES EMERGING
TECHNOLOGIES IN FOREST INDUSTRY

- Tailored polymers
Nanotechnology

prof. Jukka Seppala

Helsinki University of Technology



“* From cost based pricing to
market price based costing”



Self-assembly of amphiphilic
polymers on surface
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Coating of cellulose fibers with
amphiphilic polymers

e 1ydrophobic
e [Ty droOphilic




\ TEEMILLINEN KORKEAKOULL

Polymeeriteknologian laboratorio

PEO-OSA block copolymers:
water-based ink, non-calenderec

j Hj vV jogjogy 1% paper
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PEO-OSA —treated, PEO-OSA —treated,
Mw(PEQO)=6000 g/mol Mw(PEO)=4000 g/mol

Water-treated



Contact angles for the polymer-coated model surface s
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Contact angle

Pl-b-PO2 98,5:1,5 Pl-b-PO2 97:3 Pl-b-PO2 95:5

CisHszs

H3s5C1g \WC OFCH,CH,0+ c\/<
C=g
&=



FPS-PEO block copolymers: Ink
jet printing

Non-coated fine paper base (FPB) FPB coated withIHES



Cationic block copolymers

e Cationic block: strong interactions with anionuafaces
« Hydrophobic block: provides hydrophobic functiahal

A series of polymers with varying properties wasgared

Examples:

pH dependent charge, 72 : 18 (Mol%)
low charge density

stable charg_e, high 72 : 18 (Mot%)
charge density
longer hydrophobic

block 46 : 54 (mol%)

hydrophobic block
changed to PBMA 46 : 54 (mot%)



Cationic block copolymers

Self-organization:
different
structures with
varying surface
properties have
neen formed from
nolymer samples
on model

surfaces. AFM results by Susanna Holappa,
HUT







Nanocomposites

Nanosilicate

 Filler loading around 5-%

 Mechanical properties
better than with
conventional fillers

 Rheology and
processability



Electrospinning Coating with
Polymer Nanocomposites

sSurface characteristic can be modified with veanalb amount of material 0.03-0.5 ¢gfm
->Functionality is enough even as a single layer.

sComposites 5-20 nm particles and 100-400 nm strastof the network.

*Very low amount of material distributed evenly bles effective use of functional

materials.

PA6/nanoTiO,

Ristolainen et al. 2005



BIOMATERIALS



Fracture alignment Oral and maxillofacial surgery

Bone cysts/ tumors

Spinal fusion Revision surgery

BONE GRAFT SUBSTITUENTS

Autografts Allografts Synthetic Factor and/ or cell based
Ceramics tissue engineering
Processed
Polymers BMP. PDGF, IGF, FGF

Demineralised

bone Composites Mesenchymal stem cells

2003: 80% autologous and allogenic techniques a2®% synthetic
2010: This ratio will change to 50:50

Synthetic global market 2003 around 80mill eur, @snation 2010 175mill.eur



BIOMATERIALS; CENTRAL AREA IN BIOTECHNOLOGY

Regeneration Regeneration Therapeutic
Viaterials Actives Cells
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Bio- and nanopolymers research group

Tailored catalysts for
new pglymer synthesis

Tailored polymers for
hierarchically structured
materials

! Feedback for materials
\ / synthesis
—@®
1 #$ %
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New materials for tissue
reconstruction, guiding,
engineering and controlled
release applications



Tissue quiding films and
bone fillers

Today bone grafts or substitutes.
Target: own tissue regeneration



Photo cured P(CL/DLLA) , with CaCl2 hexahydrate

o With 72 vol-% and 85 vol-% of porogen

e Structure resembles that
of native bone



Bioactive 3D —tissue quiding
scaffolds



