
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF CHEMICAL SCIENCE AND ENGINEERING (CHE)

DOCTORAL THESIS IN FIBRE AND POLYMER SCIENCE
STOCKHOLM, SWEDEN 2014

Preparation and
characterization of
nanoporous cellulose
fibres and their use
in new material con-
cepts

ANNA SJÖSTEDT

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the Degree
of Doctor of Philosophy on Friday the 28th November 2014, at 10:00
a.m. in F3, Lindstedtsvägen 26, KTH, Stockholm.



ISBN: 978-91-7595-290-1 | TRITA-CHE-Report 2014:41 | ISSN 1654-1081
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-155530

Abstract

The overall objective of the work in this thesis is to better utilize the non-
collapsed structure of the delignified wood-fibre cell wall in the preparation of
new types of materials.

In order to utilize the fibres in new materials, it is crucial to have a well-
defined starting material and to know how it reacts to certain treatments of
the fibres. A new robust method for measuring the average pore size of water-
swollen fibres-rich in cellulose is presented. This method is based on solid-
state NMR, which measures the specific surface area [m2/g] of water-swollen
samples, and the fibre saturation point (FSP) method, which measures the
pore volume [water mass/solid mass] of a water swollen sample. These results
can be combined since they are both recorded on water-swollen fibres in
the presence of excess water and neither is based on any assumption of any
particular pore geometry. Delignifed wood fibres (chemical pulp fibres) have
an open fibrillar structure, with approximately 20 nm thick fibril aggregates
arranged in a porous structure with a specific surface area of 150 m2/g. This
open structure was preserved in the dry state by a liquid-exchange procedure
followed by careful drying in argon gas. The dry structure had a specific surface
area of 130 m2/g, which implies that the porous structure was preserved in the
dry state.

New fibre-basedmaterials were prepared by two different strategies.
The first strategy was to utilize the open nanoporous fibre wall structure

for the preparation of nanocomposites. The nanoporous structure was used as
a scaffold, allowing monomers to impregnate the structure and to be in-situ
polymerized inside the fibre wall pores. Poly(methyl methacrylate) (PMMA)
and poly(butylacrylate) (PBA) were synthesized inside the dry nanoporous fibre
wall structure, and an epoxy resin was cured in never-dried fibres oxidized to
different degrees by TEMPO. The composites prepared thus have a mixture of
fibril aggregates and a polymer matrix inside the fibre wall. The structure and
performance of the composite materials were evaluated both by high resolution
microscopy and mechanically. Characterization of the composite showed that
the polymer matrix was successfully formed inside the fibre wall pores. The
structural changes caused by oxidation were preserved and utilized for the
composite with the epoxy matrix. By tailoring the supramolecular structure of
fibres in their water-swollen state, it was hence indeed possible to control the
mechanical performance of the nanostructured fibre composites.

The secondbstrategy used to prepare composites was to improve the
thermoplastic properties of paper by adding polylactic acid (PLA) latex during
the preparation of fibrebsheets. By the addition of PLA-latex, it was possible to
form double curved sheets with a nominal strain at break of 21%.
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