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ICIQ Finances

ﬂ Institute of Chemical
Research of Catalonia

Subvencions oficials a

les activitats de I'Estat Subvencions de capital transferides
37M € al resultat de I'exercici
’ 1,6M €

Projectes de recerca
amb la industria
1,4M €

Subvencions oficials a les
activitats d'ens publics
0,8M €

Altres
0,3M €

Subvencions oficials a
les activitats de la UE
41M €

20.149.558,38 €

Subvencions oficials a
les activitats de la Generalitat
8,0M €
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Visio general del projecte
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Objectius del projecte

Dissenyar | assajar quatre

tecnologies diferents de captura i
us de CO,.

Desenvolupar una col-laboracio
solida entre agents del coneixe-
ment | industria del territori.

hemical

ICIQ @ Institute of Cl ical
Research of Catalonia

Avancar en la maduresa
tecnologica de TRL4/5 a TRL6/7.

Assajar solucions pre-industrials

per contribuir als objectius de zero
emissions de CO.,.
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ICIQ Arees de recerca

ﬂ Institute of Chemical
Research of Catalonia
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Excel-lencia aconseguida mitjancant sinergies entre investigacio
computacional i experimental



Examples from Prof.
. Arjan Kleij’s group
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Monomers derived from biomass and waste

Chemical modification of starting
monomers and final polymer in
order to fine-tune polymer properties

Platform to provide several
sustainable polymer types:
Polycarbonates
Polyesters
Polyethers
Other polymers...

Catalysts (Al, Fe, Cr) designed in-
house

Polymers with incorporation of CO,
ic1Qe - Polymers as fossil-fuel substitute or to increase bio-sourced contents




Monomers employed

Terpenes

Fatty acids

= W

Rose Lavander Bay leaf tree Citrus fruits Pine tree Peppermint Clove Ginger
Curcuma wenyujin

| I R O R N AW ) O
. oH ) Oleic acid Caproleic acid
O b b 9 bk Y

Sugars
Geraniol (R)-Linalool  Myrcene (R)-D- a-Pinene B-Pinene (S)-L- L-Menthol Carophyllene (-)-B-Elemene g

Limonene Limonene HO_HOH
Activation of the monomers

HO o)

R> m o
R1)\/R3 R1/(L>/R3 OH OH o;)\
cIQs
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Ring Openning CO-

Polymerization (ROCOP)

Ring Openning CO-
Polymerization (ROCOP)

_Ring Openning_ '
Polymerization (ROP)

Polycarbonate

Polyester

Polyether



Examples

Citrus peels
(waste)

(R)-D-Limonene

708
ICIQE

Institut Catala.
d'Investigacié Quimica

(with ICIQ-KTT Innovation
and Valorization Laboratory)

o) 1o ]
CO, O._|  Polycarbonate from
> @ \W Limonene Oxide (PLC)
: [AI®*] >
: : Scaled-up
X A Ca. 2 Kg produced
Limonene 3 -n
Oxide (LO) N
(L)
(TBD) S ,
aci [AIR*] Chemical
o .
1 recycling
o N Me O
= AN
L =g -
= /

Angew. Chem. Int. Ed. 2023, 62, €202314659



Examples of applications
Ad hQSives an d Coati ngs (with ICIQ-KTT Innovation and Valorization Laboratory aUP)

—  Chemical modification TO
\g_ : O\ﬂ_— + H2N O NH2 . .
© x Cross-linking
: X=6.1

- R
n
ACS Sustainable Chem. Eng. 2022, 10, 2708-2719

ChemSusChem 2022, e202102624

i

Composite materials providing structural strength
0 0
H%Z@%%Mogellulose fibers

(with ICIQ-KTT Innovation and Valorization Laboratory and U. Potsdam)

S —OH K L k \
T on ol o] 4§ N ALY
—OH :

HO— A . N —0 o HS/\/\/SH (

HO™ Cross-linking o~ 2

\OH .
n H S/\/\/S
| CIQ R Covalently-bonded A
PLC to Cellulose Fibers Cellulose fibers covalently-embedded within a PLC matrix:

Institut Catala
d'Investigacié Quimica

WQ02025/195720 biosourced materials in matrix (PLC) and reinforcement (cellulose)
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Block co-polymer:
Polyester from Lactic Acid (PLA) and

- -n

Polyester from Limonene
+ Phthalic Anhydride

5

Polyester from Menthol + Phthalic

Anhydride

Polyester

- N\ Jn
Polyester from B-elemene
+ Phthalic Anhydride

(0]
é/ojho
_ (0] (0]

n
Polyester from Limonene +
Glycolic Anhydride

Polyester from Oleic Acid +
Phthalic Anhydride

n

Meé |

Payester from Linalool &

Phthalic Anhydride

—

Institut Catala
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Polyester from Limonene +
Myrcene-derived Anhydride

\

Polyester from Caproleic Acid Polyester from Elaidic Acid +

+ Phthalic Anhydride Phthalic Anhydride

Limonene (PLC) Citronellol from Oleic Acid Caproleic Acid Ribose Limonene + Menthene Polycarbonate from Limonene (PLC)
Polycarbonates
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Block co-polymer: n

Polyester from Lactic Acid (PLA) and
Polyester from Limonene + Phthalic Anhydride

n

HO OH H H

(0] O. _N N
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Polyurethane from B-elemene
+ diamine

Polyurethanes
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Examples from Dr.
Jose Berrocal’s group
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Smart polymers

Provide a macroscopic
response.
Change of color
Reorganization
Self-healing materials

sty Compression @T?
=t —_— \ W

Response to:
Light
Mechanical stress
Magnetic field
Temperature
Moisture
Changes in pH




Chemical recycling of polyureas

Polyureas:

Outstanding properties
.. but

Challenging to recycle

Acac .\N
sfep 1 sfep 2

urea Vlnylogous amlnoketoenamlde
_3-2"% amide (AKE)

ICIQ#E
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Chemical recycling of polyureas
M OCNNCO

Acetylacetone Diphenyl diisocyanate
N '.{o,s{),\,n NN 140 °C y L4 4o 40 - 100 °C \EC;H L 1O
. ito-Si NG T g TN A4 P
{ ~ i | E] >\;/N\/\/Il(o’|9;\/r~l\;/ > [ Wu'(c'ui-;\/
Polyurea Vinylogous amide Polyaminoketoenamide

SR N8 > UNg |

Thermal reprocessing of polyaminoketoenamides Thermal healing of polyaminoketoenamides

Heat
>

!Q!Q ‘ Angew. Chem. Int. Ed. Engl. 2023, 62, €2022128

Investigacio Quimica

Hot press
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New inks for 3D-
. photoprinters

nstitut Catala
d'Investigacié Quimica



ICIQ-KTT Innovation and Valorization Laboratory
with UPC

Photopolymerizable ink from Phenylalanine Excallent piecs resolution @

B |Od eg ra d a b Ie Monomer Linker Reactive solvent Pho‘:;:;;tll]ator UV absorber Resistant pieces, in all

i ) \ dimensions ¥
Non-toxic PADEG

18,02 %(w/w) 36,04 %(wiw) 45,04 %(wiw) 0,50 %(wiw) 0,40 %(wiw)

Ao i 0 . . 0,0 )
TG b fogest X@Hﬁ%

PEG-DA 250 dimethylacrylamide BAPO 2,5-Bis(5-tbutyl-benzoxazol-2-yl)thiophene
Colored pieces

Macromol. Rapid Commun. 2023, 2300132

Photopolymerizable ink from biomass

g t o) ]
S o 2T \/\)W\/\ + PEGDA Biodegradable
o Succinic acid ¥ BAPO Colorless M1
Corn
0 Weaker pieces
Q)g oH 2 Br/\/ + PEGDA Worst resolution X
NaOH acetone
+ BAPO 3
D.L-Malic acid o
App|e DAM: dlallyl malate
D YE OH 0 OH
P e L I + PEGDA
5 NaOH, acetone + B AP O

Tartaric acid

DAT: dially tatrte RSC Appl. Polym. 2024, 2, 284-295
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