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Introduction
Cellulose nanofibrils (CNF) can be regarded as versatile and biobased alternatives for synthetic membrane materials. In this study, water
stable membranes were prepared from (2,2,6,6-tetramethylpiperidin-1-yl)oxy
(TEMPO) oxidized CNF with an addition of 10 w-% of poly(vinyl
,
alcohol) (PVA). Furthermore, TEMPO CNF membranes were modified with a thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) to
gain control over the hydrophilicity of the membrane surface. Modification routes developed in this work can also be used to modify other
CNF based membranes.
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Figure 3. a) Photograph, b) SEM micrograph and c) AFM height image of
TEMPO CNF-PVA membrane.
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•

Hydrophilicity
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Oxygen delignified hardwood kraft pulp was TEMPO oxidized
(DSCOOH 0.2) and modified into ethyl ester
• Allyl functionalities were introduced via aminolysis of allylamine
(DSA 0.1)
• Allyl functionality were used for grafting PNIPAM
• Alternatively, esterified TEMPO CNF was mixed overnight in 1:1
PNIPAM-NH 2 : esterified TEMPO mass ratio

• TEMPO CNF membranes with 10% PVA were prepared by solvent
casting
• Membranes were transparent (Fig. 3a), had uniform surface
morphology and web-like structure (Fig. 3b) and thickness of less
than of approximately 15 µm
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Fig 4. FT-IR spectra of surface
modified membranes.

• Surface
modification
was
evaluated by FT-IR
• After grafting with PNIPAMNH2 a band arising from amide
structures is visible
• At room temperature water
permeance of unmodified and
modified membranes were 51
and
23
L/hm2MPa-1
respectively

Figure 1. DSC thermographs of membrane materials and a schematic
illustration of PNIPAM behaviour .

• DSC shows phase transition behavior around 30 °C
• Effect is more pronounced in CNF modified via monomer route
• Turbidity of PNIPAM grafted CNF increased from 10 to 400
NTU around 33 °C (Fig. 2b) when hydrophobic properties of the
modified fibril became more prominent

Fig 5. Water permeance curves of a) unmodified membrane and b)
PNIPAM-NH2 modified membrane at 2 bar pressure and room temperature.
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Conclusions
• Two chemical modification routes were used to prepare
thermally responsive CNF
• Effect seen in DSC and turbidity measurements
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Figure 2. 0.05% dispersions of a) TEMPO, b) TEMPO-PNIPAM and
c) TEMPO-PNIPAM-NH2 below (left) and above (right) LCST with
turbidity value (NTU).

• Water stable TEMPO CNF membranes with 10% PVA were
made by solvent casting
• Membrane surface was modified by grafting thermally
responsive PNIPAM
• Permeability decreased after PNIPAM modification
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