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Biennial Meeting of the Macromolecular Division of the G

Makro 2024
Polymers for a Sustainable Future

Sustainability is now all across the chemical sciences and especially, a highly important topic for the
polymer community. A sustainable future will hence benefit from a vivid polymer community that
embraces sustainability in polymer synthesis, materials properties and industrial applications. Makro
2024 covers all physical and chemical aspects of polymers and sustainability, combining insights from
academia and the chemical industry.

Welcome Address

Polymers for a Sustainable Future

Sustainability is now all across the chemical sciences and especially, a highly important topic for the polymer community. It ranges from using renewable and more
sustainable resources, green production, material life span and end of use considerations, new recycling and material reuse concepts, to high performance polymers
enabling new sustainable technologies. A sustainable future will hence benefit from a vivid polymer community that embraces sustainability in polymer synthesis,
materials properties and industrial applications. The scope of the conference covers all physical and chemical aspects of polymers and sustainability, combining

insights from academia and the chemical industry.

/ &=
N e
Prof. Dr.
Brigitte Voit

Lei nstitut fiir Polymerforschung

Conference Chair
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4. RPN RA R OEERER

4.1. MY K ETEIR SR

20214 1E ] 3 A (&R & (Naturschutzbund Deutschland, NABU) F& & B & BA £
LI10fEMERIER R - SSA7RMERE - Palin IS mAE 1 - HIFRAR MO - (ERDHFE
JFORIZY13(RNE - EMHENEENEE R 16 i - MR NMEZFEEOEE > BEHEE
SMEERECIR m ( RFsE) BVERDMEE - MR E 2 ET170E - [CEL1F A UG
o HAE—/ N R AL« TERIRVEE AR SR TGS T T N 2 JEERAE TS - TEIRM
BIFIAIER (CMU) FE20174F48 12% » BEZAE IR ED Ry B Y &R Bl U 55— 441y
B - B bRV IEER [ FRIEA2.5% » A EEER: T 1 B RE RSN ER 73 4

Rohstoffverbrauch in Deutschland, pro Jahr
Zu viel wird verbrannt, zu wenig recycelt

e Rohstoffabbau Importe
in Deutschland (netto)* A
1.048 Mio. t 255 Mio. t "
evee

Y Recycling
L D 14amio.t

L L
o v Energetische
. - @ Wineralische Rehstoffe Mutzung
% Verflillung™ 70T Mio. t
¢ 102 Mio. t Metalle
Energetische Nutzung umfasst

@ Fossile Rohstoffe
) Biomasse

Mineralische Abfille (z.B. Bauschutt) wannung (Kahle, Erdal
wierden u.a. zur Verfillung von
Gruben und Tagebauten eingesetzt.
Ein Teil wird auBerdern deponiert.

etc.) sowie Nutzung van Pflanzen

und Tierhutter fur Lebensmittel

. ARG
™ ABFAL LyERWERTY 4 ,
- Deponierung Bestinde I
WOl 47 Mio. t 482 Mio.t L_TEE
L ] e Rohstotfe werden berm Bau von
Hiusarn, Strallen etc, sinpesetrt
m ggf;g:e;bfen ﬂl.ll"lg und fallen erst in Jahren oder

Jahrzehnten als Abfall an,
REBRE s oy T AORHER

&1 - TERHY2017 SR RER B R ER - B Ay ERARERESE R L MR R
EYE ~ 28 A LLURAETENR - AR ¢ 1EE H 2ACREE TS NABU ZRtiBE AR

IRIEIHIE AT ifeu B2 202188 3% hitps://www.nabu.de/umwelt-und-
9



https://www.nabu.de/umwelt-und-ressourcen/abfall-und-recycling/kreislaufwirtschaft/29818.html

ressourcen/abfall-und-recycling/kreislaufwirtschaft/29818.html)
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g2 P1166% 000000 cececccccccceees 17,5%
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€ 15] “mccncacccmecc-- i’y
ro 11,0% -
<
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hd

=

et 2,3 2,5

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

— nsgesamt ZEA Biomasse 48
= = = Metallische Erze &5 = = = Nichtmetallische Mineralien
- = = Fossile Rohstoffe 1L IEE R EY)

B2 - 2010520194 R S EIFURKY CMU- (TEERPPRHIEFISR) + AN B LR
¥R - AR ¢ ifeu (2021)

[E]3 Ry BIOM ZEIE EESE i B (PlasticsEurope) f22024 548 HA IR IEERCORE > B TH
TSR | SARIENE T EUERY 2050 FFEHHIRITEERAA B o hothRae i
PO R S o H P EERECEE — (Bl edmic B A LAV ETR
[B{EZ 2850 > 71 EBRE (o 58 SR IR A8 H A ~ AR5 MRy e LU R AETE
BRI ER A AR TE 22 - MEERA ) H A Ry lil D 2BHE 2 e B 3 Rtk PG B ~ AHL
SRR A2 — o Hfe A A pe 2 [ S (i B R (B s R T S AR BB - i 5e B
HWEE 2 SRIVERYIEIE 2 [ PR FHHUTEER 2080 - IR SRR S R R AU S
TTENE S B BE YA 4 ~ B ATHr MERY RIS > SRR PRI N E
FEAEPTE A S bR A AE NV TERRIFRIAVEE A - B3P EiRBUR a2 20224 - BOM
FEELT/\H/HEEAZEHETTEE - BIREIEILER018FH MK 23 ER
VEFR VIR ESES - BEBUE Koy R BT - TR EIBE BN - AETR S8
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https://www.nabu.de/umwelt-und-ressourcen/abfall-und-recycling/kreislaufwirtschaft/29818.html

VSRS

Export/Import

Fossil-based feedstock Plastics Conversion

Bio-based feedstock > S production Overall plastics to plastic
Carbon-captured feedstock Polymerisation &for production products & parts
compounding by companies

5.4.10.0.1 c 2
13‘2.f 803 lz,-u.f 80.8

>
58.8.

Chemical Recycling by Mechanical Pre-consumer plastics waste'
Recycling? dissolution Recycling Export/Import
8.7
Recycling® Products in use .
yeling Waste (<10 250 years) Consumption
collection of [)\DSEI.C ducts
& sorting & parts by
Reuse, end-users
repair &
l I 32.3u  \ rorisienoa 53.3..
rocondly Landfill
2018-2022 evolution W Mechanically recyeled (pre-consumer)
o —6.2% Fossil-based B Eio-based and bio-attributed
16.0. 7.6

[ Mechanically recycled (post=consumer) [ll Chemically recycled (post-consumer)

B3 ~ YRGB E 57 2018 58202 24F 5 = 85 HMHE - #KJE - Plastics Europe 2024

FH2022EF BN A2 28 15 57 TR RMEZCE (814) > 19.6%HY 5 EE A B ERAATRHE [H]
WesBst ~ A B > HoAthdg B OB AV BRSOk H R P IE (PP Z MG (PEMS 15
A [37% -

1.0+

Bio-based and
5.4‘?5. bio-attributed
Mechanically recycled

pre-consumer)
13.2:

Mechanically recycled
(post-consumer)

13.4+

PE-LD, -LLD

10.8

Other
thermoplastics'

in 2022

7.3:

Other thermosets

(excl. PUR)
500%
PET 5 2 8.7%
|-._:._: " 5.43{_ PE-HD, -MD
o PS PS

Foss\

PVC

&4 ~ 2022 OB /& 47 T4 7 S AR » 2K ¢ Plastics Europe 2024
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Packaging 39.0%

Building & Construction 22.9%

Automotive 8.3%

Electrical & Electronics
Agriculture,

Farming & Gardening o -
Houseware,
Leisure & Sports e O * ® L4 . e L] . [ ] ) . . 41%
Others
PSR S & gt e e < o
O 0 e L
i ‘(,'x o, &
Q < o X
f-:\\‘gﬂ
Fossil-based Circular

&5 ~ 20224 @M IE A 77 28 8B /= 57+ » 2KJ @ Plastics Europe 2024

AENES T HFEVIREER AR S BRVER T (& 5) - —XMEEEE
A R E A LURG S PE ~ PP PET S Ry T - SE MRS AT S8 SAL EIUY - fE5E &0
FEEYIER A 2 Bt i nI e — T TR AT RER B » 55— T I A B
REMHMRGIERSRE b S R EM R EYRER LA (PVOE - BEEEHEA TS
AR R RN - Bl 8 2 ] DI REI R R R - ARIREON 1S S
> BONEEASE202240 DU L SEIE R Y BB IR TEER A AR FE i ) (41 7% B 3RR) » HAR i
SENE FH(29. 9% B3R R) Je B (17 3% 535 K) » SRl A FE A (AT R Ry BE 1 EF(6.4%) -
SERAEREOE T - MEaERH O EERR T HEAARENRISATRSL > IRE EREYEM
TE s Ay a] oy AT ARA T i A — AR, - TS i i B H R &
e o3 MO R DA PR B A mI el B IR & o3 TR - DU RE FR AR IR T SE (2
ERMNEREES - ERNEIIESYEREOFAMEERRR  BERE%TF
FEPEREZRBINY & - &5 n] RS IR AT RO 5 > 4 S A o o A
FEERL - RIELERIRTEYAEEE - AR R RS B A TSR DN R H
Hrakat > FrAlE T TRIAR SR MBI BUR E AT -
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SCENARIO FORTHE PLASTICINDUSTRY 2050

bio-based 10% @

CO0,-based 20% |cO,
recycling-based 70% 'i‘,'}

-10%
losses in
production

fossil-based 0% | & |

-10%
losses in
recycling RENEWABLE
CARBON
CYCLE
-10%
losses in
collection
available at www.renewable-carbon.eu/graphics @ ﬁ-lnsﬁlulﬁ.eu | 2021

[El6 ~ FEHE NIRRT S T B A SRR G

4.2. HEBRRE—4EMER S TRE

4.2.1. EYBERELEERE

Katja Loos 2f: Ryfaf it 4R SEAR KSR (University of Groningen)/SE/E s SLH#ERTIEHITFE
FT B IE £ S 0 TALERNE A S 0 TR R EE - BRI ZEON S 77 78
(European Polymer Federation) R(T-88 ¥ » e ARG R T LA T =
TER

EIEEEEER S - fils ] #8(Hermann Staudinger » 1953435 HF{LE28%(G L) 5
A& TSR - S RliE 07 B EHE A B & YA a]BararHk} - 17E
BEETHYEERL > BRI FISRIVECE S MEREAR] - B E R A B E R R
B BARAEE M EEMEUYL - AR ERBIYA E IR ER B E &Ry
TR EIRIBIREE - REBEREEVNBBRERLEITELER » T RAFE
NEREEYINEER - ZHE - EH'EEEE B R A CRHT SRy - B DU
B E M ER R T EHRERNE T BRI T (B RS EE R E
{EEBEYEERE SRSV AT » (EHRARERET R e RS N EHIE
e KB R R 2B R e H B AEVEEN > 8 e n LU E B A 108G B8 s&
SGEIEVEIN IR EY) - BIEST IR RN S B n LI R (L - PR XX (Y& AL
i2 |H [ (Oxidoreductase) ~ ## % fiff (Transferase) ~ 7K f# fif (Hydrolase) F1 7# 3% fi
(Ligase)[200] = Hirft » x5 (Polyester, 411 PET )RR TE ST BEIZAIRGY) © HERG

I (Lipase) & Bl & & A S AP B -
13



Enzyme class Reaction catalyzed Typical enzymes Typical polymers

Polyanilines
EC 1. Oxidoreductases Oxidation/Reduction Peroxidase Polyphenol
AH; + B A+ BH» Laccase Polystyrenes
Poly(methyl methacrylate)
PHA synth Polyest
Group transfer synihase oyesters
EC 2. Transferases AX + B A+ B-X Hyaluronan synthase Hyaluronan
Phosphorylase Amylose
Lipase io:yestg(jrs
olyamides
EC 3. Hydrolases Hydrolysis by H0 Cellulase Cel:{ulose
Y A-B + H50 AH + BOH Hyaluronidase . .
) (Oligo)peptides
Papain )
Glycosaminoglycan
Bond formation requiring triphosphate
EC 6. Ligases A+ B P A-B  Cyanophycin synthetase Cyanophycin

ATP  ADP+Pi

27 ~ Katja Loos HFAZERIFERIN & & 2 EVIEZEMEE - KK
doi.org/10.3390/polym8070243

— ARG > RERI G (Lipase) B3R FE & Rl o] DUEFT = fER S0 (E8) : (1) &P
- E458X (Step-growth polycondensation) ; (2)BHEREE4 (Ring-opening polymerization) ;
CIFERFE SN MERAVHE FRRIIRE SR G) - Hd - §ENEREE2EMREE
B R (5 Y 774

(1) Step-growth polycondensation

(a) Carboxylic acids or their ester derivatives and alcohols

I I . Lipase I I .
X-0-C-R-C-0-X + HO-R'- C-R-C-0-R—-0
n

”\

X = H, alkyl, halogenated alkyl, vinyl, etc.

(b) Oxyacids (hydroxyacids) or their ester den'vatr'ves

9 Llpase
H-0-R-C-0-X O-R- C

X =H, alkyl, halogenated alkyl, vinyl, etc.

(2) Ring-opening polymerization of cyclic esters (lactones)

9 Lipase
C O O-R- C
g/

(3) Ring-opening addition-condensation polymerization of carboxylic anhydride and alcohols

O, O - O 0

A Lipase

e~ 4 Ho-rR—-oH P %E—R—&—O—R'—O+
n

R o

(8 ~ HE R b G RCRERAY L2 SR - A ¢ doi.org/10.3390/polym8070243

14




Katja Loos Z#5 B B R AT AR T LLA B AL ER Ak Ing BRAG 128 1 I 2R AR I T T2
B T FE(E9) » SEPR A 2 BE e DU B 2239 Ry AR DA > S DA 8% fr S B UK SR
SO TR BT -

# o #JE - doi.org/10.1002/cssc.201802867

(00 He
Unleashing the Potential of Enzymes
for Green Furan-Based
Polymer Synthesis

10 -~ Katja Loos A 550N 8RS
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4.2.2. EBESFUEE SRR

FEHH T B[ (Karlsruher Institut fir Technologie)fy Michael Meier 21578 B B[ 2
TR AR IR E Rydk bbb SS - MARGRL B AR S ENEERE MARER BT
FFRHETTSR O L2/ MR G B8 - RERMBEROME B EFE - KE -2
BV EY) - HhRE R BB 24N — 25 RRDIRE WP DIEE ~ 4Y)
[ ~ PlEEEE > EBEREHFE RS EEERS e T AMAEE - BEESRKKE
RIVETIREIER S - RERET ERLEVINE—E R - 7 LS By
STIEEEYE - BEARERE R RS TR EEYSEEmn - HEEE
SAFER/ NS I AOEHERT - BERRER A EIREL © Michael Meier ZHZRR{g
NERIEEL RLUENE > B XF2%0 B AHEFIA - BRTRIIsE(EARE 2= H1E
FEYra ki E BiG(macromonomer) AR R AN EVIER B — BRI 2 — » KEER
SR BRI AN TS B RAE Y B B M SN E R E G BT NUE DIaka T4k
BRI ER -

AR EHEE T Meier BIXHY Celeste Libretti 2170 T AT INUE R E R (T NIPU
(non-isocyanate polyurethanes) M RIAVIFSE » DIRE 2 K 7R E B (Erythritol) AV ER bR B Bg
TV B SN " T AT B S R E R 62 NIPU (F Rk AR BAE R
%% ([E11) - Michael Meier FFZFETRAZZHINTE ZBH(polyurethanes, PU)ZE—JHIRH
HNEEY)  2NESBIBEF100050 - HAFSEH ~ FBEZE - BFREEM - J785%
FENEFEmFEHESAEZEEN » 5/ PU £ R G -2 LA AT EHER
AR BIANE S ERAVRE I ~ ARG R N - 1937 (8B LR Bt /W
(Otto Bayer){E{&E[EY 1.G. Farben /=AY E Bgs B M T REHT R &SI HY — 2 & L FR
(diisocyanate) T H i & pi T3 G » 16 I EAIATEAL ML, » BB bR E RS
VEANZE R R O T8 - AR EWLRE (polyisocyanates) pE(E1% - ZX & FEHY
R BT ZATHE 5% IR lar Y B (5 A 22 R Bk R (isocyanate) » HAKS A
EA%  EBFECRABEENDCRKRETER A FHRZRE NIPUFEREIEET RS
FEPTEHYBESE o DIEREREEFEEA N SOIEIE SR NIPU i (S G AR » Ry 2
MR B &R EERIE A T A 2 2B - BT A RERERHIE - 38
b RN (R RAYEEME - 2RI R R BE Ch S SRR Ba i (R S M MR 28 o T 2 (5 R fiE AT
i o NIPU AORPETY &R AT PEE - AL TR SRR NIPU RS T
AR S E T -
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[E11 - Michael Meier 1% 5 B E 5t sk 0PI R G REITIN AR G Z R
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4.2.2. BRI EE R E—L Y R (Biorefinery)

{arf Avantium 42B L2/ E|RI4E Heleen Goorissen - AR & 7 14054 A H
FEAVEYIHERALELmIERS - Avantium f£20004F HH7 A H 742 (Spin off)iHiZk » —F
4a LA i & (high-throughput) i LRHIER 240 55 HUMBEEROMTHEE S - FE 0 LR EEAE AT
P ACEAEY) AR YRS — S kb - FPRAE EEREMR K E 58 BERERE
RAEACER Y

[E12 ~ Avantium 4B {EEE T\ E]REI4E Heleen Goorissen ffA- AR &gy A B (LT
FDCA &L

Avantium A FELEEE PEF 2 LR EE — 1 Foa% A FIHURARY YXYORiT (E13) - 5%
Feffo T2 Ryt LAEY RO LA FDCA (2,5-Furandicarboxylic acid, BRI —#21%) - AE{F
%y PEF (polyethylene furanoate) =57 TV H4HE > PEF fy—TE100%HY) 2K )R H 58 2 1]
[EUg AR R > AT TS R PET B BEE AT MERE (B S84 H bk /2 B o ([
14) - Avantium 55 "IARZOHNTE Ray Technology™ £ 3 By — DALk L & £ B2
(glycol) 84S plantMEG™ LK Y R EHAG plantMPG™ - {i( 5y PEF i1 PET HYEEZEEEAG 1 A]
DATHEEMERASEE A (AIBRIK ~ BYEHELE) o Avantium 5 =JAF{l7/Z Dawn Technology™ >
Z B Al R R R BB R A EE L TR E R - R EE At
BhELEE A IEC (LR BmER - FIRIEE A YEE R RRIRES I Rk E =
s ] DK GEHES) © Avantium R T S8R FIAE YRR 2 A= Vg st - TRBEE LS4k
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i (CO2) ERFAERIRHIIERE (E17) » Avantium Y Volta Technology & —{[& B8 22 AV
FHEEEARI (ccu) FeipbBE » DI b BB i E e iU A0 #F CoE by
{EEERISEY) ~ BRRGHIS (BB sl 5l (oxalic acid) FIFEE: ZEE (glycolic acid)ZE A/ fy
T EREREN LA -

; 1]
oy e
% © roca B\ packaging
* PEF >$150bn
sugars
{ 7
<’
. ™ - textiles
non-food biomass 1@"?}‘ - §’ i >540bn ‘QI
y = m 100% plant-based 1
! ) & plantMEG™ X fim 5
forestry & ogri | 5 >S8bn *
waste N _ -~ closed-loop

T -~~~ recycling / reuse

[E13 ~ YXY® F i {5 {E gt il - 7¢ 4B FR 2] FDCA FI PEF » DLz T2 FH#EHY Dawn
Technology™ F{sE FHFEYRHERY plantMEG™ [y Ray® Technology™ - ZJE : Avantium

PEF

0 = Recyclable
' 100% BIOBASED & RECYCLABILITY Exisﬁzg recycling
B:qobasild o \ 4y systems are
enewable %tﬁ ‘' . a compatible with PEF
material v‘ 4
GAS HEAT
BARRIER RESISTANCE
Shelf Life MECHANICS Hot Fill/ Hot Serve
Improvement )

12°C higher Tg

Factor vs PET & than PET

Light-weighting
60% higher modulus and strength than PET

E14 ~ 45 PEF HY{EEMA ) - ZRKJE - Avantium

Avantium 220244 /)52 THIERE: PEF TJRG(EI15) - 7728 52 P FE F 5 (Koningin
Maxima der Nederlanden)i210 H22 H 55T o Avantium 1F PEF HYBH2E F 2 4%8%%
T T8 - S tEMT IR A B B TS - FE20114E 51 Geleen FE 175
B T (pilot plant) HFEEHERE - 22/ AT CLEE(L T FDCA/PEF £l » B2 ERZ & F

19



R Z M5 FDCA 1 PEF HYMER] - PEF ST HIGLA A EE ARt A T A Y
AR ~ =N TEMEFIHY PEF B4 > Avantium MBS EREGME R N i EXE

My & {FEEE(E16) -

o’?‘ ;!.»‘.
R

avantium

Avantium’s first-of-a-kind FDCA plant on
stream in 2024

NETHERLANDS
Chemie Park Delfzijl

Progress
15 offtake agreements signed
First commissioning activities have started
in Q1 2024 and we are close to start up
FDCA production expected on stream
in H2 2024

FDCA at scale — Flagship plant avantiom

Avantium FDCA Flagship Plant Aerial 21-August-2024 (youtube.com)

4 North MAJOR EQUIPMENT DELIVERY DATES

PU-4200 €1320 ©110 PU-1300 PU-1400 £1603  pU1s00
15.09.2023 13032023 13.00.2023 20002023  11.052023  16.02.2023 11.05.2023

C1520
13.05.2023

1521
02.03.2023

R1200
[T T 05013 C-2601 PU-1100 01201
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1
Bottles ! PEF Textile community
- 2
D) Gl-lslvcrg : kvadrat "
bev | ANTE
Resiluxe) am 1 @ .
Cosmetics | sge”
packaging A | SALOMON -
') ! "
PERFUMES & COSMETICS PEFerencefor innovative supply chain
@ Collaborations o reo =
| (Henkel) « Tereos
Fibre 0 suisse kvadrat t. —
avanium i Worley
PANGAIA
At the centre of
the eco-system Th . ; "“‘
sig f fossil-b »olyesters, such os
TOYOBO i \ PE 15 polyomide layers in multiloye
' \ pa g. and packoging materials like glass and
\ N metol with 100% bio-bosed polymer materiols
Film / Sheet "'@"' ' N such as PEF
7 ,Licensees 1,
sux.‘no (Henkel) .
= 1
Other HIRIGIN ', BIRIGIN
applications |
|

[E16 ~ Avantium HYESEH N SERAEETT - ZKJE © Avantium

[0}
Lactic Acid
Lactic Acid
from Biomass
H, OH
oo, Eh L* PLGA PH &
a[a[s[s] O %50 900 7] T HO
=]

Glycolic Acid
CO, Capture OX(’I'C Acid Conversion ¥

[& 17 ~ Avantium 1 SCGC G 1E# S bIRELE &9 AslBalEE: - 25 © Avantium

SANERAM A EERY & Avantium 1Y CCU(tiFl FH ) MH AR i ~F & 22 — R M FTes
iy Volta ffi » I FHEEALE K — S Ll b Ay e (E (E A L A LIS SRS BRTE N HY LR
1 o B LSRR P AL R4S G > Avantium T] DUSE—0 A4 FE R HL G- SRR LRV (PLGA) »
HAHENERNRRIERRME - RFAVBEIRIELRE ~ AT IR A DU 5z AT HE R
AffEfEE - B TREFNARTEEY) » B0 U PLGA B AR BN (L AR EYE
FOK MR i © B 2023 FAILISK » Avantium H1 Z5E 2 S/ EEE T
I{EE2NE] SCGC — EAE & E#E— b 3F(l PLGA VAL E - BT B &% -
TR ohage » TEARZRRVEE I 2 B2 1 BE S R PLGA T BE 04 EE A A B 5 T -
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4.3. S5 FEBUK &R

1= 70 T BB ARG A 18 5 5% A i e T 2 SO RSV R R I &
BRI R - REA 5 P85 H SR - RLREIE A i BB R AT & B a0
RE - BAENIEFEE - AT o ERBAN M ROR IR H s B AV RS - Bl
VAR EYBNAREZNE T ESML - BRER SR MAEY T EEERR 55 - B
BHVE Rt —E HIRR E A B (E 2 - N REEM RSB A S
H R R AR P g SR - B A B SR B R R R
IR IR AR RE A GRS RIEE - W BAS AR T E R OR & ALk IS
FHE K EE Ina Vollmer AT &R A/bHERHVE 8RB E 81 =
& > Wt - BEEERAERE BN _A(bRPHT - SEEHE R E R 2 EREHERHY2% -
fEdE&HFEY - ST ERMERKER B Oay &0 s0g) - B RS Esr EbHE
JRTEAE AR H BIS MY IR EERL - B B R AS O HIsE) - BREERY—TH B ATARLIR
TIHFESHIE - A SRS F12030F fE DL A1y 7 20AT [BIE AT A - L
FE(E[EECE SR A A A& - 8 LA RERHE (L BUS RS 01T S M L SR B TR -
HIREE DT DIBERAY TN E B EERE - HAMER B R MEUNRY BRI ALY ~ 4511
ST} g e A DA R S Ay 28 Se PR A e T Y SRR O MR D ~ B A R A
Wk Tt A S e BRPKER - 38 (8RR = 0 T BREADRHER © B 18 KL T E B BASF &
=70 T-H0FI6Y Bernhard von Vacano i+ ARG iR = 0+ 2 &V E E# A4
ap AR - TR SRR SR - SRER YRR - BEEtFy CCU BiRFIHES4R - KB HE
RPN BRI ES 4R -

[E18 ~ {8 BASF R A & ik P o n I g R = o T-E EH -
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BRI SOREE Bert Weckhuysen i #om TS (AR e 2 7 (AT RERF 2
ELEHRBEAE A (End of Life, Eol) Ry S EhRFERE(R - EEERER TR &IRAY
A > [B19 R A [E RS SR FRE (BoL) & F g B 5 AV HRE LEE e+ - DIR[E[L
RETRHIAE BRI Ry 2k A4E(100%) o JBE 32 MAIRHSE F s i B e PR 5%~ RN > (HEHEE
(BT EMERABVES - HFEEAEL AR HES g AAEYHEZA
TR N PRIESRELED R HITHPEHE - 1218 xx S (IR ERE/ DUBIE bR R (& -
NHA TR TR E T bR - HIR ISR (solvolysis)f it m] 3 it 5L s
= EREEMED PET FHAR - 2 RIIEIRYE S SR TR B Y P AR
o B 2 A T P L B = IR P > ZAAR (Pyrolysis) EE ) a5 FOPRIHI IR 2205 LA
EA S T AR R

100% O OO OO

CO,-equivalent emission index

90%
O
80% S
70% Incineration Q
O o) o
60% " Incineration O O 5
v with energy
50% .—1‘ recovery ‘ O o
Pyrolysis o
40%
el Landfill - . Sl O o
30% /;\\.,”‘-— ‘ Mechﬁmcal 2 O
BLNEA recycling & Dissolution/
20% ' ; =< —
v A 2 precipitation
10% & -
o e he e O
>E'Url—|n% >E'or71ng ZI>E'or,—lng 3 >E'Ur,—ln o) )>E,m
12 GodomoisiEIorcl O 2O 21°Hl %I 23T

[E19 ~ N [E B RHE &5 F I (Bol) 2 B B T AR HEE L FE R - KR
doi.org/10.1002/anie.201915651

LURBRHVERRACE - B R ERTA U (8 T A (RS - (NH R
BRI ~ BVRE RRETRAVORRE - (RS E P AL e R B 5 L AR AR HE T TR SR B T B AP
FPOBRNR SRR TRHIRHE © RARHYIR SPA4E o] RE G =5 K Al Ry BEaGACRIR TR - fl
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AR R AR TAE R R S AE B RRE - 20 BV B S IR PERL -

4.3.1.FERE LSRR E S R

TEEIRE IHZLRER Stefan Mecking St &sf /MR LB RHE AL R AR AT
EHVER LR - B AGRMER LA ERBRARNSIHESY)  FEEEE N
[RGB R E N =0 2 — - SHMERAELE - 4 E ST R LI
ot 2 SR H R E AR > (IR BRG] DARE TR [ ST H S Fee s o Y R {1 A= A5 FA
FEEFANTERIIGANTH _S(bRE 8 - A FESEAER G R A E SR
VIR s & RIS WIS A F > F RAVSEER LM (HOPE) ~ R R 5%
(LDPE) AI&R B TR £ (LLDPE) &% H AT A EIRYES - HANTAE Y GRS
=T RBE LM (UVHMWPE) - SfE RS TRRy ME 28 B Z 218 B - K ZIGHIIEH]
HEJEE R ~ 58 B - M EIRRES > HAMEHTRERAFENAR
JEEAYERE > € — R B ER AR R EE AR S0E A M A -

B LSRR B SRR RS BB AR (B T PET 41 EEAHETRREA -
{B Stefan Mecking FAZFRIEERYREEETR ZIG AL H AT 2858 P02 A R I A 4
£ F 22 BIAHEIE A A Dl e B ARV BARR SRR [0 28 - E R AR N AR = 0 TAO(E
HEEZRESVIEREN AL DUREA AR FE S T-E53 M ~ ARRER ~ ARB)
Bl E g R R O SRS B RS - fy T AEBR P SR M ER A ERET RR B 1 AT 7 4
TERRATS 0 T MR - DFREIEAR SR HAEER B - PURERET AT B s
B FHIASREEY) -

Stefan Mecking 2 EIME LI LER B PIREAE I 50 £ M h B A B s sy A B
SEMA C-C iy — SR E DU R B LR EAG - H B S s b S B RS E
B EZEHH > (FEZ BN EERNEAE A SETT - HINEBOEEIA
HYELEE (Pyrolysis) A= BRARRR G L&) R H 26723 (Steam Craking) DLAE SRS Y i {12
SERIY TR = 2800°C HYSUREHARERNERER - HAEHAMEERIRIE T ZIGHIEE/[H]
WCRIRBIAELY—F] e » RyRIE SR (4300°C) LLUR D RERE - TR ZImHIMEE
SRR IR 2 FIREE - Stefan Mecking EAE AR G RHIR L5 R BR &)
A BB USSR RO RAT R (T T T T (R9{E72200°C) - b AT ERAEU A6 O s R NS R (R,
[E20) - FEREFEAIL ~ RIME YD EN ] F A4 AR 5 &R AN BUSE TR LB - 5
AR 2N B PR B A D RE A B AN B B A 2 M B FRA B ER B - it A= e RO
Ry TEOREETRNE - B 1EA S E AR R R ER IR T B
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Post-consumer HDPE

o
:
@D
d
s

A

Natural Oil

Long-Chain Building Blocks

H,C = CH,

[&20 ~ Stefan Mecking RN &k B~V E LG EAAMDRI B2 BTG IR SRS > (L8
TR ZSEMRE ~ RIMEYIH ~ 0l S B v P AR RNR I ZSEE Ry BE S 2GRk -
A& 10.1021/acs.chemrev.3c00587

121 + Stefan Mecking $HHFe B 5 FI K A% AT (AR T 2P
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M Haulller, M. Eck, D. Rothauer, S. Mecking, Nature 2021, 590, 423 - 427

Universitat

Konstanz

[E]22 ~ Stefan Mecking ZAA/T 7 B3 (5 FI R MBI BH 38 rTBER B0 2 5 I JR L

{E 53D SIS T ORE R

5 kg batch Kilo scale up

e bio-based

e closed loop-recyclable

e non-persistent

M. Eck, S. Mecking, Acc. Chem. Res, 2024, 57, 971 — 980,

123 - Stefan Mecking ZHZHT4CBIRER % o (LA B ZKBEAPR > REIEF - 2
B BT R P % ({1 T A 401 BASF ~ LANXESS ~ BYK RJATHL{f] Sabic AT/ ]

SRR -
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4.3.3. {8 Covestro A E|EEM L Z Kk EIER

Covestro (5/ETHRHEA) A F&—RAEALATEE Leverkusen HY{LEEARIELERY -
Z N HE Y 2015 F{EfEE] Bayer A FEIAVHRBEIFTHE A - ZHifE Ky Bayer Material -
Covestro FEBUM ~ sMFISEMNIT AR IERIFASE ~ AEMNFHEREYIME - &S
NENLREAL o« RIBZ AT #H - 20235 3% A E 4 34 B %H143.77(5 BT (BT—4 ¢
179.68EEIIT ) » ERLATFIE (EBIT) #ZE1.86(8EBUT (HI—4 @ 2.67(FEIT) -
Covestro i AHIAHEEZ — Ry Zhiki& B (Polycarbonate, PC) » ERAE LIy 2 — YR
BEEEIS Ry A EIFTAEEE © Covestro FTHAMEHHY RP 2 5IZEOREEFEFA 41 Makrolon® RP 5
BB A LB B Y HY O B 1% 5g SR B AV 2 i 49 2 /0 25% 77 By [BIORHE -
Makrolon® RP HYJERIHHETERLLE Neste A1 Borealis $2fE : Neste FEAE 5 FE AV EARL -
2%t Borealis R FHLEEAL By 75 By AP B > Fef% 24 5] Covestro Y LM I 42 2
Makrolon® RP ([&]25) °

'covesuo\

N’

Sustainability and circularity
of technical thermoplastic
polymers in industrial life
cycles

Eckhard Wenz
Business Entity Engineering Plastics
R&D — Development Blends

[E24 - Covestro TRZEEYIEHII% & Eckhard Wenz fi LA A2 & ek
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TURNING OLD TIRES @
INTO NEW CAR PARTS

Driving circularity with strong partners

T:res are
liquefied
via pyrolisis

The polycarbonate is
used to make car parts nESTE
like headlamps or grilles

Neste provides
high quality
chemically
recycled raw
material

‘ @ (covestrod «—— VA4 soreaLis
§ Borealis in turn produces
the chemicals phenol and

Covestro uses that feedstock acetone from this raw
to make polycarbonate from it material

Mass balance applied along the value chain

[E[25 ~ Covestro B {ERS H-(E 55 BRI AL FETEER AR B BE a1 ) » 2 © Covestro

Covestro %E@E&‘Eﬁ?ﬂ%ﬁﬂ’% EEEEIRGE —E R AR BEE R Ll H R
RS DUEME R (AURRHR [ A AR - HATIEAE TSRAEERVEE - SRR ERET
FIPEES LIEILIQE’WEH%ESMJCTéEFEPE’JiiEf L} - Covestro BRI MR & [BIUL
T A B R P ARIER ST R - o BB A B AR [ E sl R P REL I ]
W RIS Y BSR4 B D o - B B R e S5 HL BT S b e s 2 P e 7 KR - &7
FBAERREASIYRERIEIUYL - Covestro 58 /R BER[BUS AT BRI SR EAHRIC » (BER =] AT
DU 8 e A AR A Y B A m] (k[ Rl R BELAG - ] DR EE TR e X
reinE FORIYE TR o

28



Summary

Circularity has a chemi

Part
production

New rade
(muo m ent &
yroduction

Use phase

[E]26 ~ Eckhard Wenz fH--¥f}A Covestro Fa=$4 7

Circular Solutions already available

Certified circular solutions / design support

High quality, certified® PC with m

baiance

propefties

= All applications

« Large CO
potentia
Global portfolio of

[&27 ~ Covestro {EHRTRHE

A R A EER B E’JFE B

— R TEPRIEIUL(R Z:51)
{(RP Z:51) >

"*\%\

coves!ro*

Engineering plastics like Polycarbonate have a broad
variety of « !

cycles

application life-

o

Thus, different recycling processes, chemical &
mechanical, are under development & scaling

Life-cycles ne (‘d to be assessed combining the

chemical and
to the m

e application |if
circular so

Efficiency includes
entire life cycle

and the collection of
future produ

compor ent desiq

Ry up e o Tl SR

;’ﬂ\‘

w
covestroll

avalilable half of decade

CREEHEARRRE 251)
H— %Mﬂu"”rLiT@Lléwﬁfa%E

29



4.3.5.BASF HJ{E¥82=F4 Go Create

We create chemistry

We create chemistry
for a sustainable future

[E28 ~ BASF AT HFEHAY{EHR — A Go! Create LIRS ~ {8 FH K [IUS MU Ry — (&5 B i

[E29 ~ ErsRiEE] BASF HYEN

fH Y BASF {5585 7 T-328F9AYHH H 2 & Bernhard von Vacano - 1E A& HH14H
T BASF F{EIE S 77 THIREISELRFE » sl BT MR IEER G - R4S RETEY)
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JREINZRCHFE Rl AT B - FR SRR NHYEOR EEREE - SRR
A TR P S an &t oAy M Ry SR RN - HERIV AT M ~ i R (BRI E
E{E A SEAIRRAE -

Bernhard von Vacano {81 G A\ FAHIAY S o7 < F 3 A1 T RSB A ([830) » A2 ek
S EETEHE RS MRHIDNRE ~ THIE A RIRR A E S - e iR s 45
TR I (i TP B P 45 i ) A L P 22 B 2 FE F B & ) (BB M SR Sy R [EIGH AT > 36
Y VERERF L o7 g R KGVERL ~ TARMBRPRIE 2 TAZ IR} o BEE MERERVEE TR (B A%
g BF o ERSIEREIL - 2B 5T/ A TR BRI BB E T/ A T e R R E RS
YIRE - DI A S AR B M E LR MBI Rl g e E A - RILE &Yy EEE
HURA MHERE TR KAV I 70 1 AR [FIRF R A e M » B — G el DU A e & bt m] DA 22
AR - FERRE MR BB S MERE AR 4 2 2 2R -

Higher
Price 4 1 Performance
(Temperature resistance,
chemical resistance,
Better mechanics, ...)
PESU/RPS Specialty
Engineering
10 $/kg Plastics
TPUO
QPC UHMW-PE
0
OPBTN other
/\ Py Engineering
(\PABG \ :
) X- Plastics
K PET: \PAG\\ % PUR/
@ / PP
PVC |
1 $/kg le/ ( Lope™®PE ‘
\ 5 Commodity
- /“"/ Plastics
Amorphous Thermoplasts Semicrystalline Thermoplasts

[ 30 - Bernhard von Vacano LA ARK & HIERINVEEYEFE » IRIBS 0+
R — RISV T (EMREETR - GIREER) o v B RS
HER TR IR RE ~ T 2R DU B T A RHMEN B (LAZE TTET/20154F) - [&]H &{E E]
FROBAY R/ NI T 2015 HIEE R E S - BN EKT & LOPE : (REEE LG -
HDPE : &[S 2N » PP BENNG » PS + R LN » PVC : EE LN - PA6 © FEfifid-6
PA66 : TX[i[#6,6 - PET @ R " HIig 2 —fEf5 - x-PUR : SCHRE & RS » PBT : ¥R
TG T RSl 0 PC O EXBRILES - UHMW-PE @ S TEERLM - TPU  BVATEESR
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Bi5 > PESU : ZETitHRE > PPS  FEORAREE o * x-PUR N EEIBMAEHE & T ELEL AN A BN -
A&JE : BASF K% doi.org/10.1002/macp.202100488 -

Bernhard von Vacano [#--FRREH GY)e 8 R EAAMRHE R Bl sk e 5 14
BE  FHEZE T —EMERESUIRYIER » 36 DAHA MR A B SR REA HI AR AR 1T
R o B R RO R E T A8 5 Z A0 B N A B AR B K B G B
KA RPEEA R STRCER AV T - (] B & 1% B B PEREAR
REAFEAORES S o [ ISR B F DRI E EHER [E ¢ AN R RIS - TE
WLEE ~ S BRNTHER ERAVRA o [P A2 28 BOAS A HE R R SUE AR AP BRAY A FTERAR, ©
R EOoRER - FRR R EVEERREL - W ARG = AR T FEAE I T AR A
BHE o ORI S E R SV RHN GRS RO 5 AN E E S E HREE T Mk
SIAHE ¢ 1) BRI ERUEPERECA | 2) BISCHETERYGRE 5 DU 3) AIZEFIRYE
PERERHAERITISAY AT RE 18 - Ry T EBURANIAE T S 2B - W BRI 3 U2 RRISE Y
AERIR(F o PET BRHEEI S0 —(E S U EERELR] - fEEIER PET AV SR -
HINEREEIS%HY PET FRAELIRE SAUMIREICE - RS SUF SRR A 5 1E
5 e

[E[31 ~ BASF EE[E ol sh UMM IR & 2023 A8 73t B Ak > (HEFZ20505 K
GELUEYE ~ B ~ A{b+CCs ~ 8 +CCU EMU{EbE -
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RET (R A (G ER PR 8 ] 70 T-8% 5T %R % » Bernhard von Vacano -t & -H RS
EJTA - SRRV B SR EE S AR EYRIERB IR E EE o 41 bk
Stefan Meking 2% B HIATTRASE » Bekl/Bein DRt CAHEH S ATEIRT S
W Taat - BT 2 EalE (polyesteramides) FIEK & 5 (PU) B A AH (AT E
T o HEB2FTR » BEEMORIIEIRVE IR 3 RIS B © (1) B+ E i+
TEAR AR 2470 g T B RHE R MR 20 008 o (42 » (2) 5 B B AS L (o0 Al o AE
JERY BRLAG B A A H (F) DA HE RIS RE - (3) ARFENE] MRt Ry BB AL - [RIRSHTY
2w e MHERYERIRE K » DA (4) B BB A N R ARAEY SV IR -

k,- Jr A

(1) (2)
My distribution engineering Introduce cleavable Leverage ring-opening
for simplified monomaterials sites in backbone and -closure

s GG

J-_-\J o C O: *CO :f‘?":' Q

\ \/\ (4) . o \ o .
Transmomng a thermoset Modification of

into a thermoplast bio-macromolecules

[&32 ~ Bernhard von Vacano fli A &g ie 210 " (EHENEERTERYE 0 e TR | - 2K
JE: doi.org/10.1002/anie.202210823

T Bl B (SEF A FEHARF A 2 1 S B ) [ A ol s (L {EL I P T4 e [ S B2
—R(Virgin){E AR ERIMERERE A R SYMEER NI LA LR By PAERERE DL
K LI BE S R RO A B 3 S Y S ME FPTRI S T B i iR APk > INEER & # S
B BERENEREE - BRI TRIE MRy TR ERAGR - (MR RR g
E B REEL T A H S MR Ae 2R (AR AR B A 2 o e AR B RIS
EEE > MR RS By ME IS SR S R RIS f2 O 1
TEERY SR RIS K E(E - BERRIRHY ] MG R BB EVRR N R > EWE
PR AR OGS ~ [EYMERRET (design for recycling, DfR) A AV{EIR A E
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PRAARR o SRR (e EETEER AR QAR DA ~ (B R SR IRV E SR ~ etk i o
AYSERIIN L - DAURALER IS H [E] e 7 B o 1 e th e (X B2 R B R 22 » B A1
BRHU [ TR YA (6 P S G R ] DURR (B ES - (BAE T S5 e L B A BB 1 T P e
FHYEERE [y S B I T e — D SRR IR OB Y S8 e - SR
A TEBMREEIEEREOR - FRAAEEEHRE DETEE > BREERELE - A8
AE ~ PP R AR - T aR nl e PATERIRY T SR E A - BURFE BRI BURSCFF
KA > LR EE VIR A A B 151 Bk 5 [ 07 DA 2R a0 - HLEA W
ZR [T s PR R A m] AR RIS T S5 75 SR AR 2 OR » WV MR bORT B2 [BISdE
LT 2 e ARy AR ER B R M R R E R OB M O B > Rl
(E{E e R =) )5 T (8133) - BaE bt e b it g 2e RIS o DU 5 A (R ] F5 48
[t > S A8 SR ] LA AR A i P TS A (LCA)EFTRYAS - M IR EE =
RS ] DU — 25 (R 2 (B U e $ BN B Y S SR ) DU = A (B R, - i tb e
e~ Rflo S HYENRE DL R B ER AR BUR = RAC PR TR 2 FEIH N ERE S - Re & R
KA IS i oy T BB A SRR K -

Less energy consumption, purer input needed

Mechanical Recycling ) #

Ny esdelee 1

. 000000
1 cevsese High value
| Polymer products
oo,

) 0° o ¢
Monomers

Vi
/ O

hermoplasti ond U

~ UL O o y uci ol )
Thermoplastic Halogenated Polymers

Feedstock

More energy consumption,
better contaminant removal,
achieving virgin-like quality

preferred
suited for gasification
..... s----- detrimental even in trace amounts

(6133 ~ R S o P T PSS+ P 17 (L 7 T B O
AT o NS A TR SR - RSB R R R (LR R
R o BB % T L B SR AR S 0B BB
(LT R B S L1 5 ) < A/ ¢ doi.org/10.1002/macp. 202100488
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pdeUC|ng high-quality polyols from
; u_sed mattresses instead of fossil |

[&[34 ~ BASF [H[USPREMARL » STl FAS A PRE LA

%Il o B1ER M Neveon HEEHILATRIE

> Eorp 80%H YR I3 Fs[E| SOt » 2 © BASF

BASF SRy [EIiE e LA EE I
1T > BUSH S E HYREE 2 5808

Standard Verpackungsfolie mit PA 6-Regranulat

Anteil
100%
66%

2%
100%

Rohmaterial

mLLDPE

mLLDPE

Marlex
Marlex

lmI.
PA ( Ba

ar Retain

Marlex

Schichtdicke Schichtfunktion im Verbund

8,5 um

it aus

rierefolie 33 pm

8,5 um

Opnsche und mechanische Eigenschaften

Zahigkeit; Steifigkeit

Wiederverwendung von Produktionsabféllen
Kompatabilitat von PA 6 mit PE

Optische Eigenschaften und 329%

Siegeleigenschaften Anteil n.ganuu in der Mittelschicht
= 21% Anteil R amG

Z'zirdng

wrl 0g :@)olpusl 04
Wb 00 :gorssny

6,4% Anteil regranuliertes PA 6 in der Mittelschicht = 4,2% Anteil regranuli PA6am

[E]35 ~ BASF B {ERS1ERHZE 2 N PEER olUzay PE/PA (F] I B e s ) ELAEH S IR
S3E o FJE - Windmoller & Hélscher
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5. Gk A BT A BIBUR Z ROl s& Fam Ui 5

*The synthesis of €O.-containin
challenging.
* Also, controlling the polymers'
content s difficult to achieve {1].
+ Understanding the kinetics hel

A growth beyond this was not observed '( 2

+Catalyst selection Is crucial and €C; sele
50% is archivable (3],

+ The basicity of the catalyst determings the GQ,
wvllasthenwlarmofmepmﬂ :

+The transfer of the catalyst (Figure 3}, is th

rate step that determines the molar mass of

b

ﬁl‘:;- :. ’HB’\ .b-g(.‘ L
LTS R
':‘?_. . ° Q{-ﬁ-s“f" Ayt

'S

53 NWWmMMWmMM

psc), an
* Polystyrene carbonate
po)?mu (Figure 5, Table 1), was WMW
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UNIVERSITAT S T

WURZBURG Nanogels with pH- and ROS-Responsive
Crosslinking
MAKROMOLEKULARE

o:’r.’.
CHEMIE d/j\m . Johannes Kockelmann. Lutz Nuhn'

resioffe und Biol

Faaltit lr Chomie und Pharma

1rikation, Lehrsiunl for Makroenoleso

Jlare Chemie, Julius-Maximilians-Uriversitat Wirzburg
polymerzation (ROMP) of ONC-(T-Ca-bIYCINZ 2 1lhept-S-ene-2 carboyte s |
Dlock: sopolymerization wit hycroohilc clgolathyene glyca)-cortaling (o

Cores The crassinking reagon:, H3upped with 8 ketal maiaty 1, g ay ve o
roptilc natre of the polymar, the susturos then fall apan in squcous mads Acaranaly FTVNC 2
petont Immaromeculmery droga, ths, vontraing ther raskvt bicacsvy
bisamine croaminkers, we alie nlrocuced cxsats cro
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Background Approach

While pol\fmers offer many advantages as materials, they must

be ve—bmagmed to be part of a sustainable future, 3D printing is
an excelient manufacturing technology, by producing littie @ e ._. o)

waste and having a low energy usage ! To fully explot this
potential, systems designed for printing must refy mostly on
bio-based feedstocks, have an end-of-life option cther than
landfill and adiere to green chemistry principles” Lactate 270 o memsenbe
esters are a Suitable source of bio-based molecules that have

not been exploited for 3D printing. Thus, our aim is to create é "LY /..Q-.'

newinks based on lactate esters that can be upcycled to ut-m-u

1.
printable' molecules ta be re-used in further ink formulatiens.”  Dmethacryate oo
Objectives
L]
' " Metharndats Aeringt
Bio-based Green chemistry Upeyeling &y Iy ppE

Results and discussion &G 5 00 Ot
First, three lactate esters (R = | . o 7 S LT 3 '( &
Me, Et. and Bu} were ) TR l NS . 7 < SO % JUN, ¢
functionalised for 3D printing ) & ) ™ f i

in a methacrylation reaction, »kr--,-k.--\ ..".j--" ' o SEIL B
Mild reaction conditions. of = iR H 3¢

70 °C for 1-14 h rasultad In . o

high conversions (80 — 90%), syt RPN =

with  a re-usable catalyst, l“ IR

Amberlyst 15, and ne solvent SR v = ' z
(Fig- w IR Eiethae b ivas:) R £18 G54 80521 0 s sspir kA N e -

observed that the reaction Figute 1.+ NME s2ettrg of thew X W SR 3 it S >
kinetics were influenced by the et eer metharrsons The crosslinker, dimethacryfate N-lactoyl amine (OME), for the
alkyl chain lenclh with methyl being the fastest and botyl the f:armu anon] W:?S».(hmm S?..‘.T‘”.” w.”" “” i. S5 et
<owest. The new monomers were then incorporatad in an - 0¥ UeEveing the pr 'T" = ':' 5 “f’t A LA
ink formulation 2} resulting in high printability (Fig. 3 IR RS ORR S 3. PHINtec. SLTUCTLES Clspiiyec. Thenma!

LSSy "('-h:__'__ et G y (Fig- 3) stability up to 180 °C and storage modull ranging from 1.08
:'u:usu-m 1.78 GPa at 25 'C. After printing, the 30 structures could be
: upcycled fallowing the procedure shown in Fig. 4, The first 520

- consisted of an aminolysis reaction of the printed structures to
&WMM - obtain N-LEA and 3 subsequent methacrylation resulting in DMES

i which could be included in further ink formulations ]
' = X
i \
! Conclusion
3 Lactate esters have been proven to be 2 sutable basis for o
E based monomers and were successfully incorporated in inks that

Ik i displayed good 30 printability. Upr,rlm; of printed structure 1%
.
.

ittt

oeen demonstarated resulting in the crosst

wer used In the initia

2: ok compmneres of  Tamre S U0 Brinted wnistares mth MEMA, formulation being obtained. The developed ink formulsti
it Vot e, l‘”‘"ﬁ““‘“" therefore contributes towirds more sustainable systerms
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