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Introduction. 
 
This Deliverable falls within Subproject 2 Lean and Effective Fibre Based Packaging and is 
assigned to Workpackage 2.1 - Nanofacilities. 
 
A key task in Workpackage 2.1 is to manufacture nanoelements from minerals 
(montmroillonites and other layer minerals) and cellulosic fibres in laboratory scale quantities 
to supply all Sub-projects in SUSTAINPACK. This activity involves the chemical 
modifications to enhance swelling and/or to decrease internal cohesion in cellulosics and 
minerals so that structures can be delaminated (cellulosics) or exfoliated (minerals). Substrate 
modification involves chemical and biochemical modification (cellulosics) and the use of 
alkylammonium ions (minerals). Moreover, various surface modification procedures will be 
integrated in the production of nanoelements to tailor their surface characteristics. 
 
The manufacture of these nanoelements (cellulose nanofibrils and whiskers and exfoliated 
minerals) has been achieved by the development of two nanofacilities. The first at STFI 
Packforsk has specialised in the mechanical disintegration of cellulosic fibres and the second, 
at SHU, has focussed on the chemical modification of nanoclays. 
 
These two nanofacilites have now been established.  
 
In each case there is a manufacturing production element which is supported by sophisticated 
materials characterisation techniques including Transmission Electron Microscopy (TEM), 
Atomic Force Microscopy (AFM), wide angle X-Ray Diffraction (XRD), Thermogravimetric 
Analysis coupled to Mass Spectrometry (TG-MS) and Fourier Transform Infra Red (FTIR) 
spectroscopy. 
 



Nanofacility for the Manufacture and Characterisation of Microfibular Cellulose 
(MFC) – STFI Packforsk, Stockholm. 
 
The stiff constituents in plant cell walls are the cellulose microfibrils. Microfibrillated 
cellulose (MFC) is liberated microfibrill aggregates from pulp fibres, which offers unique 
possibilities due to its fine scale, high stiffness and strength as well as its combination of high 
crystalline perfection and hydroxyl groups at the surface.  
 
MFC is prepared by delaminating cellulose fibres in high-pressure homogenisation equipment 
and MFC was first prepared in the early 1980’s. So far, however, MFC has not been produced 
in industrial scale, mainly due to the high energy consumption demanded for its production 
and problems such as clogging of homogenisation equipment and control of materials 
properties.  
 
A new method for the production of MFC has now been developed by STFI-Packforsk 
together with the Sustainpack SP2 project enabling production of MFC with much less energy 
(80 % less energy compared to an old study) and no clogging. The method is a combined 
mechanical and enzymatic delamination method. The cell wall delamination is carried out by 
treating a sulphite pulp in four separate steps:  

1. Moderate refining step in order to increase the accessibility of the cell wall to the 
subsequent enzyme treatment. 

2. Enzymatic treatment step using monocomponent endoglucanase. 
3. Intense refining step.  
4. Homogenisation of the pulp slurry using a high pressure homogeniser which 

introduces intensive shear forces in z-shaped chambers (see figure 1). 
 
The resulting MFC has a width of 17-30 nm and a high aspect ratio (see figure 2 and 3). 



 
� ��� ���� 	�
 ��� �� ��

� ���� � � � ��� �
���� 
�� ��� ���� ��� �� � � ���� � �� ��� � � �� ��� � � ��� � �� �� �
� ��

�

�
� ��� ���� 	�Transmission electron micrograph of freeze dried MFC produced at STFI-

Packforsk.�
�



�
� ��� ��� 	�! � � ��� � ��
�� ��� � � �� �� � � ��� �� ��� � � ��� � �� �� �
� ��" ���	�� ���� ���� � ��#�$��� �	�� � � 
���� � ��#��

� �� � �
�%�	�� �&� #�' ��� � ��	�( ) �� � �	
�

�



Nanofacility for the Manufacture and Characterisation of organomodified 
Nanoclays – Sheffield Hallam University. 
 
In order to support the range of different (bio)polymers being investigated in the different 
Subprojects SHU has focussed on the production of mixed modifier clays. This approach will 
facilitate the matching of the clay surface with polymers of differing polarity. The clays 
produced are prepared via the controlled modification of commercially available clays to 
ensure continuity of supply. 
 
The nanofacility is a DS-100 Precision Mixing and Homogenising System manufactured by 
Dena Systems BK Ltd. The clay suspension is pushed around the system at 10 Bar provided 
by compressed air. The system is capable of working with one litre of suspension and is a 
single/multi-pass system that disperses clay more rapidly than, for example, a dispermat.  
 
Subsequent clean-up off the mixed modifier clays is then carried out using a high speed 
centrifuge. The materials are then dried, mixed with solvent and polymer and thin films are 
cast for x-ray diffraction analysis. 
 
Figure 5 illustrates the enhanced dispersion of the mixed modifier clays in the model polymer 
system (polycaprolactone) compared with the dispersion of a commercially available 
organoclay in the same polymer prepared by the same method. 
 
 
 

 
 
 
 
 
 
 
Figure 4. DS-100 Precision Mixing and Homogenising System (left) together with a 
schematic illustration of the pertinent system components. 
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Figure 5. X-ray diffraction patterns illustrating how the mixed modifier clays are 
better dispersed in the PCL nanocomposite compared with the commercially available 
C10A clay. 


