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The Strategy

NanoMEMC2 – Nano Material Enhanced Membranes for Carbon Capture
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Materials 

Cellulose polymer chains

PolyVinylAmine
(PVAm)

Nanocellulose (CNF)Graphene Oxide  
(GO)

Lupamin 9095

ÁProvided by BASF Italy S.p.A
ÁHydrolysis degree: 95 % (=X)
ÁMolecular weight: ~340 000 Da
ÁPresence of impurities and stabilizers.

NH
n(1-X)C

OH

NH2
nX

Graphene Graphene oxide

Thickness

[nm]

lateral size

[mm]
% oxygen

1 1-2 50

diameter

[nm]

Length

[mm]

Surface charge

[µequiv/g] 

20 > 5 30
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Lupamin® membranes

Several membranes were obtained by directly casting lupamin ïNFC/GO Aqueous 
solution at different concentration. 

Á Pure Nanocellulose and NFC-Lup films at 30 %wt, 50 %wt and 70%wt of nanocellulose were
obtained and tested

Á Pure Lupamin as well as Lupamin-GO (3%wt) films were not considered for permeability due to
their very poor mechanical properties.

Single component humid permeation tests were conducted to test membrane 
performance at different RH. Tests were conducted at 35 °C with humidified CO 2 and N 2.

Water vapor Sorption experiments were also considered at the same temperature to 
understand the importance and the role of water in the transport process. 

PVAm 
(water sol.) NFC

2 h, 1500 rpm Three-roll milling
Solvent casting Drying, 35 ÁC
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NFC - Lupamin® membranes

IR characterization

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

800130018002300280033003800

A
b

s
o

rb
a

n
c

e

Wavenumbers [cm^-1]

Lup(100%)

NFC(30%)/Lup(70%)

NFC(50%)/Lup(50%)

NFC(70%)/Lup(30%)

NFC (100%)

C=O 
stretching 

peak
(Lupamin )

C-O 
stretching 
and C-H 
bending 

peaks (NFC ) 

Overlapping of
peaks from N-H
and O-H stretching

C-H bending peak
from the polymer
backbone



Jeju (KR) 24-26/01/2018

NFC - Lupamin® membranes

Permeability and selectivity

ÅSelectivity of the different material reaches a
maximum around 60% RH to then decreases
likely due to massive swelling of the membrane.
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materials considered
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From Lupamin® to PVAm

Different purification  steps have been considered

Purified Lupamin was used to produce by casting, composites with

Á 3%wt GO

Á 50%wt NFC 
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From Lupamin® to PVAm

Different purification  steps have been considered
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Water vapor sorption

Purified Lupamin as well as NFC composites have been tested for water vapor solubility
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Permeation performances

Permeability tests where performed on NFC and GO composites as well as on Purified 
lupamin

Á Permeabilty shows a decrease at increasing purification
Á General behavior is similar to that of unpurified lupamin composites with permeability with 

results to be mainly influenced by water content
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Permeation performances

Permeability tests where performed on NFC and GO composites as well as on Purified 
lupamin

Á Permeabilty shows a decrease at increasing purification
Á General behavior is similar to that of unpurified lupamin composites with permeability with 

results to be mainly influenced by water content
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Permeation performances

Permeability tests where performed on NFC and GO composites as well as on Purified 
lupamin

Á On Robeson’s plot Purified Lupamin-NFC membranes shows better stability with respect to non 
purified lupamin based membranes, while maintaining very similar separation performances

L9095 HP + 50%NFC

L9095 LP + 50% NFC

L9095 LP + 3% GO

L9095 HP + 3% GO

L9095 + 50%NFC

L9095 HP + 50%NFC

L9095 LP + 50% NFC

L9095 LP + 3% GO

L9095 HP + 3% GO
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Permeation performances

Permeability tests where performed on NFC and GO composites as well as on Purified 
lupamin

Á On Robeson’s plot Purified Lupamin-GO membranes shows a monotonous behavior up to 90% 
RH and better stability with respect to non purified lupamin based membranes, but they also 
result in a lower overall separation performances.
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L9095 LP + 3% GO

L9095 HP + 3% GO
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L9095 HP + 50%NFC
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Conclusion

Polyvinylamine nanocomposites membranes were developed by using Graphene 
oxide or cellulose Nanofibers as filler. 

ÁWater vapor solubility and gas permeability were measured at 35°C for the 
different membranes considered. 

Áthe effect of Lupamin purification on the membrane stability and performance was 
assessed

Commercial PVAm (Lupamin® ) coupled with NFC showed permeability increasing 
with water content in the membrane and CO2/N2 selectivity higher than pure PVAm
membranes, which however showed a maximum at about 60%RH due to membrane 
swelling

Purification allowed to decrease water uptake and increase membrane stability with 
respect to water as non monotonous behavior of selectivity was actually observed 
above 80% RH.

Addition of 3%wt Graphene Oxide also allowed to increase membrane stability  but 
reduced overall separation performance due to reduced membrane permeability 
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The problem

Increasing concentration of greenhouse gases in the
atmosphere is causing a global warming which can severely
endanger our standard of living as well as our health.

CO2 has been recognized to be the major contributor to
current level of global warming, due to the massive increase
of its concentration in the atmosphere after the beginning
industrial revolution.

Carbon Capture and Storage (CCS) is still considered one of
the main tools to reduce CO2 emission thus reducing the
effect of global warming.


