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Alternative feedstock CO, — BA
Motivation for chemical utilization E

R

Sustainability
« Resource efficiency
« CO, recycling
« Climate protection

=) [ndustrial value creation
- Process improvement

 Market needs

* International competitiveness
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Strategies for CO, conversion

\E(ER
and utilization R
Existing Emerging Exploratory
Urea
(80 m. t/a) = CO, based = [socyanates
| polymers = Organic
Methanol . bonates
=D f carbona
(2 m. t/a) ry reforming
= CO, hydrogenation " Lactone
Cyclic to formic acid } synthesis
((:g r&? ?natte/a) = Fuels (DME) etc., = Carboxylic acids
| | Intermediates .
Salicylic acid Formaldehyde
(0.025 m. t/a) 2
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Dream Polymers — YER
Direct and indirect use of CO,

D O — @ @

CO,-based
intermediate

» New development: Direct and indirect usage of CO,

Bayer MaterialScience



Polyoxymethylene-polyols — BAYER
A renewable ressource for PUR &

Bio-methanol
from bio methane or
bio synthesis gas

Methanol mEA - pFA - ST e
from CO, Monomeric Polymeric— folil (;?gOISOC
and renewable H, formaldehyde formaldehyde POy

Methanol
from fossil methane

4

= p-Formaldehyde as a polyoxymethylene building block for polyols
= Lower carbon footprint
= Lower raw material costs

» Making C1 building blocks available for PUR chemistry and technology
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Synthetic strategies pursued in YER
Dream Polymers

H cat 0 1. direct FA/CO, copolymerization
Y=0 + CO, - Jf \+
H n

alternating / statistic copolymer
JCJ)\
o O
m

H graft 2. grafting of FA to obtain pFA segment
COZ'PET + O S -

H BAB block copolymer

mFA

3. pFA as starter-OH segment
cat

H % CO, ——
&O/\]\OH + /Q + 2 ABA block copolymer
pFA

PET = polyether polyol
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An integral approach — BAYER
Polyurethanes from sustainable sources \&

Federal Ministry
of Education
and Research

Direct and indirect use of CO, for polyols %

)
Dream More than 40% Polyoxymethylen-
Polymers from CO, poly-carbonat-polyol

or CO, based feedstock

Polyols

Dream . 20% of CO, Polyether-
Production directly used Polycarbonat-Polyol

> Isocyanate

» Direct and indirect use of CO, offers new opportunities
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Q Federal Ministry
of Education
and Research

B
Dream Polymers: Polyols from CO, BAYER
Research and development along the value chain =

Scrubbing and Process development and Production and testing of
supply of CO, conversion of CO, polyurethanes with CO,

VORWEG GEHEN - Bayer Technology Services ‘ /—”‘

I @%Eﬁ!!ﬂfi I Z Fraunhofer I
ICT

RWTHAACHEN .
Fundamental research % ® Life Cycle Assessment
L UNIVERSITY
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http://www.catalysis.de/

B
A

\E(ER
Polymeric formaldehyde as starter-OH R

Molecular architecture defines opportunities

H&O/to"' ' /& v 0 ——— HOE/\OJ?LOJ]J[O”HO)OL}O/\J(OH

« Evolutionary approach
« Block copolymer structure
« Saving potential for fossil

materials

HO PO/CO, POM PO/CO, OH

PFA-CO,-PET

HO PO POM PO OH

PFA-PET

Ho- S - W O

standard PET

PET = polyether polyol
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Scale-up of technology developed

&

Bayer Technology Services, LEV
" LT
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New pFA-CO,-based polyols for PUR \E(ER

Focus on TPU, elastomers, adhesives first

Global polyether
polyol market 2012*

4%

m Conv. Polyol ® HR Polyol
m All Filled Polyols = Other Polyols

* Estimate based on IAL studies
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Thermal plastics stability test (TPU)

CO,-pFA based plastics show good performance =

* CO, and p-FA is chemically fixed inside the polyurethane backbone

* Thermal plastics stability matches that of conventional PO polyols

* TGA: Thermo-Gravimetric Analysis (heating rate: 10 K/min)

ISR roco. F _row _J roco. RN 100% 100%
PFA-CO-PET
83% 83%
100 4
20 wt.-% pFA —
go { 14 wi.-% CO- ..Ee
20
—_ TGA analysis w
= o0 | Y @
- €
[}
E 40 -
20 A
temperature [°C]
— -
0 SKImin,Arlatmospherel , . . ,
0 50 100 150 200 250 300 .
Conventional CO,-based
Polyol Polyol

» No release of gaseous monomeric formaldehyde in final product
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How does it perform?

E
Good properties in Thermoplastic Polyurethanes (TPU) R

® Modul 100%
® Modul 300%

Shore A: 83-89,
MDI based TPU 2 |

Tensile strength > 500%

100% PO PET pFA PO CO, PET

» p-FA PO CO, polyethers behave like PO/C3 polyethers in TPUs

» Addition but no substitute for Dream Production polyethers
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Okobilanz (Life Cycle Assessment) | W

e Betrachtung des gesamten
Lebenszyklus
(d.h. inkl. Vorketten)

e Analyse von potentiellen
Umweltauswirkungen:

- Klimawirkung
-~ Ressourcenbedarf

- Toxizitat, Versauerung,
Uberdungungen, ...

Referenzen: von der Assen et al., Energy Environ. Sci., 2013, 6, 2721-2734;
von der Assen et al., Chem. Soc. Rev., 2014, DOI: 10.1039/C3CS60373C.
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Systemflie3bild Dream Polymers T | RWiH

Kraftwerk mit
CO,-Abscheidung

Polymethylen-

Propylenoxid Polyol- 1] 1olycarbonate-
Synthese P ypolyole

Formaldehyd

l

katalytische
Oxidation

T

Methanol

T

Methanol-
Synthese

Systemgrenze
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Global Warming Impact T | RWTH

t

)

i

g Legende:
=3

g% Andere
!

5~ Co,

43

E pFA

C

Ho-{§8) oH

PO-PET

konventionell Fehlerbalken: Allokationseinfluss
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Alternative Methanol-Herstellung aus CO, ||

Kraftwerk mit [—» —>
Propylenoxid POlyoR | polycarbonate-
Synthese polyole
Formaldehyd
Stro_m Wind T
RUILLS katalytische
l i Oxidation
Elektrolyse T
L v Methanol
H, T
> -
C e
] Systemgrenze
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Ausblick: pFA Uber Methanol aus CO,/H, TIF [

pPFA uber MeOH aus CO, und H,:

Strommix
heute

Strommix Wind-
strom

Legende:

Andere

co,

Global warming impact
kg CO,-eq / kg polyol

pFA

Ho-{§8) oH S[O8 PO/CO, POMPOICOJe)E

PO-PET PO/CO,-pFA-PET
konventionell 16% CO,, 21% pFA einfluss

Fehlerbalken:
Allokations-
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Ausblick: pFA Uber Methanol aus CO,/H, TIF [

pFA uber MeOH aus CO, und H,:

] Strommix  Strommix Wind-
Konventionell  heyte 2050 strom

(CH,— MeOH)

@
oo

—
o

o
u

Global warming impact
kg CO,-eq / kg FA

o
o

1
o
Ul

Fehlerbalken: Allokationseinfluss
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Thank you!

v It works!
v Very good material properties
v Improved CO, footprint

Science For A Better Life
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