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INTRODUCTION - WHAT AND WHERE?

What? Isocyanates Polyols

Polyurethanes (PUs) — 6 most Hard Segments  Soft Segments
widespread group of polymers,

0 H O HH
~18Mtlyear E—N—@—é—@—m ¢-0-C—C-
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PUs made by reacting di- or

oligo-isocyanates with polyols Urethane linkage
A

R-NCO + HO-R’
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INTRODUCTION - WHAT AND WHERE?
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oligo-isocyanates with polyols Urethane linkage
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R-NCO + HO-R’
Where?
PUs are versatile materials =

with many applications:
elastomeric materials in
medical industries [1], heat
insulators in construction [2,3],
seat cushion in automotive [4].
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INTRODUCTION — ENVIRONMENTAL PROBLEMS & SOLUTIONS

Problems!
1) Recycling of PUs is complicated and
expensive
thermoset character - difficult to be

disintegrate and incorporate back to the
environment

2) They made from petrochemical based
starting materials which raised severe
health and environmental concerns
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INTRODUCTION — ENVIRONMENTAL PROBLEMS & SOLUTIONS

Problems!
1) Recycling of PUs is complicated and
expensive
thermoset character - difficult to be

disintegrate and incorporate back to the
environment

2) They made from petrochemical based
starting materials which raised severe
health and environmental concerns

Solutions?
1) Design polyurethanes based on
natural polyols — easier recycling, ?
cheaper, sustainable production |
2) Substitution of petro-based polyols with ™™ Reserivy
bio-polyols - improve biodegradability and
mechanical properties of the polymers.

Synthesis
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INTRODUCTION — CHALLENGES

Functional Properties

 Non-renewable
* Non-degradable
 Environmental issues

Petro-based
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INTRODUCTION — CHALLENGES

e Abundant

Bio-based °* Promising degradability
« Biocompatible

Functiong| Properties

« Non-renewable
« Non-degradable
« Environmental issues

Petro-based
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METHODS — MIOLECULAR DESIGN

Real System

Carbohydrates
+

Isocyanate

Ongronat® 2100

« How the reaction happen? :
* Which carbohydrate is the :
most promising? :
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METHODS — MIOLECULAR DESIGN

Real System Model
Carbohydrates Carbohydrates
+ P +
Isocyanate : ij Phenyl isocyanate
Ongronat® 2100 — m
| B
« How the reaction happen? : Mec:\a(;nstlc Reactivity
« Which carbohydrate is the : Study

most promising? Build a model and compute the
reactions & compare the reactivity
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METHODS — MIOLECULAR DESIGN

Carbohydrates = Natural Polyols

. s
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4HO" "“OH 2
on  OH &
E 4 4 HO OH 3

2 HO OH 6
3 OH

Sucrose Maltose Mannitol Glucose Fructose
8 OH 8 OH 6 OH 5 OH 5 OH
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METHODS — MIOLECULAR DESIGN

Carbohydrates = Natural Polyols
; ‘F“ s 8 i o LOH1 o
N [ PO YT B N

2 HO OH 6
3 OH

Sucrose Maltose Mannitol Glucose Fructose

8 OH 8 OH 6 OH 5 OH 5 OH
\ GaussView 5.0
+ . Reaction between the model Visualization®
cZ isocyanate and every OH
NF i Input/Output
group is calculated P P
 The reactivity of the groups TextFiles
| iIs compared within the
= carbohydrates and between Gaussiani9
them ElectronicBtructure
ISocyan ate Calculations
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RESULTS — MIOLECULAR DESIGN — REACTIONS

Carbohydrates 4+  Phenyl Isocyanate
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RESULTS — MIOLECULAR DESIGN — REACTIONS

Carbohydrates 4+  Phenyl Isocyanate
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RESULTS — MIOLECULAR DESIGN — REACTIVITY

Carbohydrates =  Phenyl Isocyanate

4
OH

3 5
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3 OH

Sucrose Maltose Mannitol Glucose Fructose
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Ay G* —— Glucose-PU
........................................ T— *— Maltose-PU
150 1 =  ManniolPU
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~ 100 “Transition e « Higher the barrier height
g £ States — lower the reactivity
S . v/ i\ « Lower the barrier height
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RESULTS — MIOLECULAR DESIGN — REACTIVITY

Carbohydrates =  Phenyl Isocyanate

2 HO’& K[/\lJ ‘OH 6 | /-\’i?\ on EO/Y[\lNDH J:O\Q(’j “om 2
Sucrose Maltose Mannitol Glucose | Fructose
wd >
200 , ;(5{‘ A5 Fructose-PU
Ao G* —— Glucose-PU . . .
150 [ A=t " amwrv  *  Higher barrier height
- 10 Hmransitionl, ™ lower reactivity
E ,,'7'/ States
3 50 K Y . :
= N * Lower barrier height
2 0 v ./ NS . . .
S A\ — higher reactivity
R tant \“i
“ eactants \ 3
Products
-100

Reaction Coordinate

Molecular Design of Bio-Based Polyurethanes
M.-Y. Lu, A. Suranyi, B. Viskolcz, B. Fiser

PRACEdays18
Ljubjana, 29t of May 2018  MiskcLC!

EGTETEM




REsUTS—SvNTHESS
Fructose-based Polyurethane

o0 LT, 0
C\\N N//C

Ongronat® 2100

+

Solvent: DMF

Blowing agent: Water Fructose
Catalyst: DMCHA
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RESULTS — SYNTHESIS

Fructose-based Polyurethane
‘C\ ‘ ‘ ,co )

Ongronat® 2100

Solvent: DMF

Blowing agent: Water Fructose
Catalyst: DMCHA
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CONCLUSIONS
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