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I Journey through the membrane

Self standing films, >50 um thick

Horizon 2020 development
Polymer Matrix Nanofiller
PVAM, PAA, PVA, SHPAA, + Nanocellulose or Graphene-
PTMSP, PDMS, PPO, PEG, ILs based
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NANOMEMC= Materials

Horizon 2020

PVAm, PVA, PAA,PPO, PTMSP,
PEBAX, Mod-PEBAX, SHPAA(A),
SHPAA(B), BmimNO,, PDMS

Emim Ac, ProK, L-Arginine,
Glyicine K, Cysteine K,
Ethylamine Sarcosinate

Additives

matrices 4 1st (50+), 2nd (~30),

and 3rd generation
membranes!!!

Polymer

Nanofillers

Graphene, GO, pGO, GO-PVAm,
MFC, CMC, MFC-PEG4, MFC-
PPG, MFC-B-Alanine
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NANOMEMCE Nanofillers

Horizon 2020
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InoFib

From Nature to the Future

* Cellulose nanofibrils are obtained through mechanical disintegration of cellulosic fibres
suspensions.

* INOFIB NFC are produced with a Masuko grinder after an enzymatic pretreatment (as
well as a chemical pretreatment to obtain carboxymethylated NFC)

Fibers suspension + Enzymes or Chemicals + Mechanical shearing = Cellulose Nanofibrils

Native-NFC —

M . O

Carboxymethyl-NFC (cmNFC)
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Horizon 2020

Nanocellulose modification :

InoFib Production
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From Nature to the Futur

* Thanks to the high amount of —OH group at the surface, NFC can be easily modified to
obtain NFC with differents functionalities keeping film forming capacity

Native-NFC

Carboxymethyl-NFC

Hydrophobic-NFC

Aminosilane-NFC
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Used as reference material

Suspension with high
surface charge and stability

-COOH functions

Increased barrier properties
and water resistance

Grafting of amine group on the
surface to increase CO2 affinity
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NANOMEMC2 Nanofillers

Horizon 2020

NTNU
Nanocellulose modification: NTNU actvity

* Thanks to the high amount of —OH group at the surface, NFC can be easily modified to
obtain NFC with differents functionalities

NTNU modified cellulose nanofibrils by adding on the 4 different types of CO,-philic molecules namely

PPG, 2 different type of PEG and one aminoacids
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Graphene & graphene oxide production NEWT

next generation materials

www.graphene-xt.com
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Wang, X.-Y. et al. (2017) Nat. Rev. Chem

Selected material: LPE graphene and graphene oxide are supply on a continuous
base to partners.
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Horizon 2020
Graphene and GO modification

Modifying Graphene or GO is more critical than NFC, due to the lower amount

of active site in the carbon nanosheets.

GNext, produced different types of modified

graphene nanofillers, by using Ball Mill method:

in N,, CO,, atmosphere and NH; in water.
Chemically modified GO was prepared by the
addition of amine functionalities.
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Horizon 2020

Nanocellulose characterization : InoFib Production 010 '
InoFib
From Nature to the Future
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* Each spectrum displays specific characteristic bands which are attributed to the vibration or deformation of the
corresponding molecules used for the chemical surface modification.
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Nanocellulose characterization : InoFib Production

Membrane produced for a grammage of 20q/m?
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From Nature to the Future

(umol/g)

Main characteristics | Native NFC | Carboxymethyl-NFC* | Hydrophobic-NFC | Aminosilane-NFC
Young Modulus
14.7 £ 3.2 7.5+ 0.5 6.3 £ 0.2 13.6 £ 2.4
(GPa)
Intrinsic Air permeability
(x10-17 m2) 1.2+0.2 1.1£0.3 2.6 £ 0.6 1.6 £ 0.3
Water absorption 60 seconds
Cobby, (g/m?2) 27 £ 4 50+ 6 14+ 2 19+2
Contact angle
©) Not measurable 80 £ 2 120+ 5 79 £ 6
Amount of negative charges <50 500-3000 i i

* Data corresponding to hydrophobic-NFC and Aminosilane-NFC have been made on native-NFC as substrates of

modification.

*Surface Charges : 780-860umol/g
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Horizon 2020

Self standing Membranes Production and characterization.
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Membranes characterization — effect of RH "%noﬁb ke
T
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Horizon 2020
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Membranes characterization — effect of temperature and mobile carrier e
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PVAm + carboxymethylated NFC + arginine 99% RH
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N NANOMEMCZ2 Membranes

Horizon 2020

Membranes Production: thin films NFC based membranes

HF membrane
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Horizon 2020

Membranes Production: thin films Graphene based membranes

Stable films are obtained by subsequent printing
of modified Graphene and PVAm layers.
Thermal treatment allow to obtain water
insoluble films with less than 1% graphene

1
e
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o

B CO2 Membrane Permeance (GPU) W CO2/N2 Selectivity

VY S R

Patent has been submitted in June 2018
PCT extension ongoing.

PVAM-XT8 membrane after 1 month in water

aterials Enhanced Membranes for Carbon Capture - Grant Agreement n.121134




NANOMEMC= Mem

Horizon 2020

Membrane characterization summary and conclusion
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Please refer to NANOMEMC?2 website (https://www.nanomemc?2.eu/public-documents/) to find the scientific

publication on project’s materials
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Horizon 2020

Membrane characterization next steps
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First prototype membrane
PVA/ProK

Second prototype considered
SHPAA/pGO

Pilot tests will be performed in
COLACEM and Sheffield

Next steps:

Pre-pilot or pilot test in field

Fabrication of TFC membranes
Tests at higher temperatures
Durability test of the selected
membranes

Tests on CO,/CH, & CO,/H,
separation
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Thank you!
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